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AB STRACT 

G l ut en i s  t h e  mix t ur e  o f  p r o t e i n s  r em a ining in wh e at f l o u r  a f t e r  

s t arch an d .w a t e r  s o l ub l e  c o m p o n e nt s h a v e b e e n  ext r a c t e d  b y  

w a shin g .  I t s  u n i q u e  d o u gh f o r m i n g  p r o p e r t i e s  a r e  d u e  t o  t h e  

s t r u c t u r e  o f  t h e  p r o t e ins . A f e at u r e  o f  t h e  p r o t e i n  i s  t h e  h i gh 

g l ut amine  c on t ent . ab o u t  3 0% o f  t h e  t o t a l  amino  a c i d s .  A n umb e r  

o f  s t ud i e s  h a v e  s h o wn t h a t  g l ut en ' s  p r o p e r t i e s  o f  i n s o·l ub i l it y  

and  wat e r - b inding  c an b e  s ub s t an t ia l l y m o d i f i e d  b y  m i l d  a c i d  

hydro l y s i s .  Th e p r i n c i p a l  e f f e c t  o f  t h e  m i l d  a c i d  t r e atment  i s  

t o  hy d r o l y s e  t h e  a m i d e  s i d e  c h a i n  o f  g l u t amine  s u c h  t h a t  t h e  

a m i d e  g r o u p  i s  r e p l a c e d  b y  a c ar b oxy l g r o up . I n  a d d i t i o n .  i t  is  

known that  hy d r o l y s i s o f  p e p t i d e  b o n d s  c an h ay e  a l ar g e  

i n f l u e n c e o n  t h e  f u n c t i o n a l p r o p e r t i e s  o f  p r o t e ins . 

The aim s o f  t h i s  s t udy w e r e  t o  d e t e rm i n e  t h e  k in e t i c s  o f  t h e  

a c i d  c at a l y s e d  de amidat i o n  an d p e p t i d e  b o n d  hy d r o l y s i s  

r e a c t i o n s . a n d  t o  c omment o n  t h e  r e s u l t ant  chang e s  i n  f u n c t i o n a l  

p r o p e r t i e s . 

A s t at i s t i c a l l y  d e s ign e d  exp e r i m e n t  w a s  u s e d  t o  d e t e rmine  t h e  

e f f e c t  o f  t em p e r a t u r e ,  hy d r o g e n i o n  c on c en t r at i o n  a n d  g l ut en  

c o n c e nt r a t i o n .  An init i a l  r a t e  an a l y s i s  of  the  r e s u l t s  s h o w e d  

t h a t  r e a c t i o n s  c o u l d  b e  d e s c r ib e d  b y  e q u a t i o n s  o f  �b e f o rm : 

Rat e o f  ami d e  b o n d  hy d r o l y s i s  

a n d  Rat e o f  p ep t i d e  b o n d  hy d r o l y s i s = k 2 [ P e p t i d e ]  [ H+ ] 

... E I 
wh ere  k = k e 

lf:"r 
0 

A s t o i c h i o m e t r i c  a n a l y s i s  o f  t h e  exp e r im e n t a l  d a t a  c o n f i r m e d  

t h at hyd r o g en i o n s  w e r e  c o ns um e d  i n  b o t h  r e a c t i o n s . 

A nume ri c a l  s o l u t i o n  w a s  d e v e l o p e d  t o  p r e d i c t  t h e  e x t e n t  o f  

r e a c t i o n  w i t h  t im e . A c o m p u t e r  p r o g r am in c o r p o r a t i n g  t h e  

s o l ut i on w a s  u s e d  t o  s im u l at e  t h e  r e a c t i o n  a n d  t e s t  t h e  
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s o l ut i o n .  The  s imu l at i o n  r e s u l t s  a p p e ar e d  t o  o v e r e s t im a t e t h e  

p r o g r e s s  o f  t h e  r e a c t i o n  w i t h  t im e .  

A s e r i e s  o f  t en g l u t en p ow d e r s . hy d r o l y s e d  t o  d i f f e r en t  ext e n t s  

w a s  p r e p a r e d  a t  s m a l l p i l o t  s c a l e .  T h e  c o mp o s i t i o n  o f  t h e  

s amp l e s  w a s  d e t e rm in e d  a n d  c omp a r e d  with t h e  e x t e n t  o f  

h y d r o l y s i s  p r e d i c t e d b y  t h e  r e a c t i o n  s imu l at i o� .  

a g r e em e n t  w a s  � c h i e v e d .  

R e a s o n ab l e  

A s e l e c t i o n o f  t h e  func t i o n a l  p r o p e r t i e s  o f  t h e  p r e p a r e d  s amp l e s 

w a s  examin e d .  

The quant i t y  o f  a l k a l i  r e qu i r e� t o  d i s s o l v e  e a c h  p r e p a r at i o n  t o  

t h e  ext e n t  o f  i t s  s o l ub i l it y  a t  p H  7 . 6 inc r e a s e d  m a rk e d l y  with 

the  e x t e n t  o f  h y d r o l y s i s d u e  to  the  a d dit i o n a l  c arb oxy l group s 

r e qu i r i n g  n e ut r a l i z at i o n .  

Th e f l a v o u r  o f  e a c h  p r ep a r a t i o n  w a s  e x amin e d. A c e r e a l  f l a v o ur 

w a s  f o u n d  t o  d e c r e a s e  with the  ext ent  o f  hy d r o l y s i s . A 

l in g e r in g  b i t t e r f l a v o u r  was  f o und  t o  in c r e a s e  w i t h  t h e  ex t ent  

o f  hy d r o l y s i s . 

T h e  s o l u b i l i t y  o f  a l l p r e p a r a t i o n s  a t  p H  7 . 6 i n  0 . 1  M p h o s p h a t e 

b u f f e r  i n c r e a s e d  w i t h  t h e  e x t e n t  o f  t r e a t m e n t  s o  t h a t  t h e  mos t  

h y d r o l y s e d  s amp l e s  w e r e  a l m o s t  c omp l e t e l y  s o l ub l e .  N o  

( s igni f i c an t )  d i f f e r e n c e  w a s  f o un d  b e tw e e n  f r e e z e  d r i e d  and 

s p r ay d r i e d  s am p l e s .  S amp l e s  p r e p a r e d  with o u t  d i a l y s i s  s h o w e d  

no  s o l ub i l i t y  d i f f e r e n c e  f r o m  t h o s e  p r e p a r e d  w i t h  d i a l y s i s  a t  a 

s imi l a r e x t e n t  o f  h y d r o l y s i s .  

The  hy d r o p h o b i c i t y  o f  t h e  p r e p a r a t i o n s  w a s  m e a s u r e d  u s ing t wo 

d i f f e r e n t  f l u o r e s c en t  p r ob e s  a n d  was  found  t o  i n c r e a s e with the  

e x t ent  o f  h y d r o l y s i s . Th e emu l s i on- f o rming p r o p e r t i e s  of  the  

p r e p a r a t i o n s  w e r e  f o und to  d e p e n d  o n  the  o i l  u s e d  i n  the  t e s t . 

a s  w o u l d  b e  e x p e c t e d i f  h y d r o p h o b i c i t y  was  e qu i v a l e n t  t o  t h e  

hy d r o p h i l e  l i p o p h i l e  b a l an c e .  wh i c h  i s  c o mm o n l y  u s e d  t o  c l a s s i f y  

e mu l s i f y i n g  a g e n t s .  T h e  p r e p a r at io n s  d i d  n o t . h o w e v e r .  s h o w  

t h e  a d d i t i v it y  p r o p e r t i e s  o f  emu l s i f i e r s . I t  w a s  a l s o  shown 



t h a t  o n l y  t h e  s o l ub l e  p or t i o n  o f  th e prep arat i o n s  w a s  

re s p o n s ib l e  f or em u l s i o n  f orm a t i o n .  

iii 

Th e p o s s ib i l ity o f  a c h i e v in g  d e am i d a t i o n  o f  g l ut e n u s i n g  t h e  

e n z y m e s  p e p t i d o g l ut ami n a s e  I a n d  I I  w a s  e x ami n e d .  No a c t i v i t y  

a g a i n s t  g l u t e n  or p art i a l l y  hy dro l y s e d  g�uten w as f o un d .  
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d e g r e e  o f  ami d e  b o n d  hydr o l y s i s  

Re s u l t s  o f  P e a r c e-Kins e l l a  t e s t  f o r  

d e t e rmina t i o n  o f  r e qu i r e d  HLB o f  o i l s  

R e s u l t s  o f  m i c r o-ha emat o c r i t  t e s t  f o r  

d e t e rmina t i o n  o f  r e qu i r e d  HLB o f  o i l s  
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6 . 8 

6 . 9 

6 . 1 0 

6 . 1 1  

6 . 1 2 

6 . 1 3 

6 . 1 4 

6 .  1 5  

R e s u l t s  o f  P e a r c e - K in s e l l a  t e s t  f o r  

d e t e rmina t i o n  o f  emu l s i f i c a t ion  p r o p e r t i e s  o f  

s amp l e  p r e p a r a t i o n s  

R e s u l t s  o f  m i c r o- h a emat o c r i t  t e s t  f o r  

d e t e r m in a t i o n  o f  e mu l s i f i c a t i on p r o p e r t i e s  o f  

s amp l e  p r e p a r a t i o n s  

An a l y s i s  o f  s amp l e s p r e p a r e d  f o r  e m u l s i o n s  

w i t h  c o n s t a nt s o l u b l e  t o t a l nit r o g e n  

R e s u l t s  o f  P e a r c e - K i n s e l l a  t e s t  f o r  

d e t e rmin a t i o n  o f  em u l s i f i c a t i on p r o p er t i e s  o f  

s amp l e  p r e p a r a t i o n s  w i t h  c o n s t a nt s o l ub l e  

t o t a l  n i t r o g e n  

Re s u l t s  o f  m i c r o - h a emat o c r i t  t e s t  f o r  

d e t e rm i n a t i o n  o f  emu l s i f i c a t i on  p r o p e rt i e s  o f  

s amp l e  p r e p a r a t i o n s  w i t h  c o n s t a nt s o l ub l e  

t o t a l  n i t r o g e n  

R e s u l t s  o f  P e a r c e-Kin s e l l a  t e s t  f o r  

d e t e rm i n a t i o n  o f  emu l s i f i c a t i o n  p r o p e r t i e s  o f  

s amp l e  p r e p a r a t i o n s  w i t h  c o n s t ant s o l ub l e  

t o t a l  n i t r o g e n  

R e s u l t s  o f  P e a r c e-Kins e l l a t e s t , p H  and 

s o l ub l e  t o t a l  n i t r o g e n  d e t e rmina t i o n s  f o r  

d e t e r m in a t i o n  o f  e mu l s i f i c a t i on  p r o p e r t i e s  �f 

s amp l e  p r e p a r a t i o n s  at v a r i o u s  l e v e l s  o f  

s amp l e  

R e s u l t s  o f  P e a r c e-Kin s e l l a t e s t  f o r  

d e t e rmin a t i o n  o f  emu l s i f i c a t i on p r o p e r t i e s  o f  

mixt ur e s  o f  s amp l e  p r e p a r a t i o n s  

xviii 

2 2 9  

2 3 0 

2 3 4  

2 3 6  

2 3 7 

2 3 9  

2 4 4  

2 5 1 



6 . 1 6 

6 .  1 7  

7 .  1 

S e d im e nt and t o t a l  nit rdg e n  (TN) v a l u e s  o f  

s u p e rn a t ant s o f  p r e p a rat i o n s  dis p e r s e d  w i t h  

a n d  w i t hout  S D S  

S ur f a c e  h y d r o p h o b i c i t y o f  s u p erna t a nt s o f  

s amp l e  pr e p ara t i o n s  d i s p e r s e d  witho u t  S D S  

The  e v o lut i o n  o f  amm o ni a wh en N- a c e t y l - L­

g l ut amin e .  c a rb o b e n z oxy- L- g l u t amin e .  g l u t e n 

and  s amp l e  w e r e  r e a c t e d with 

p�p t i d o g l u t amin a s e s  I and I I  
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LI S T  O F  F I GURE S 

1 .  1 

1 . 2 

1 . 3 

3 .  1 

3 . 2 

3 . 3 

3 . 4 

3 . 5 

3 • 6 

3 . 7 

4 . 1  

Ex t e n t  o f  g l u t en d e am i d a t i o n  a f t e r  3 0  m i n u t e s  

r e a c t i o n  ( d a t a f r o m  v a r i o u s  a u t h o r s )  

E f f e c t  o f  t emp e r a t u r e o n  d e amid a t i o n  r e a c t i o n  

( d a t a  f r o m  v ar i o u s  a u t h o r s )  

Emu l s i f i c a t i o n  p r o p e r t i e s  o f  d e am i d a t e d  g l u t e n 

( d a t a  f r o m  T ab l e s 2 a n d  4 o f  Wu ( 1 9 7 5 ) ) 

The  f l u o r e s c e n c e  r e s p o n s e  o b t aine d w i t h  g l u t e n  

and  f l u o r e s c am i n e  

Th e f l u o r e s c e n c e  r e s p o n s e  o b t a i n e d  w i t h  L-g l u  

an d L- g l u  p l u s g l u t e n  an d f l uo r e s c am i n e  

Th e f l u o r e s c e n c e  r e s p o n s e  f o r  amm o n i a w i t h  

f l u o r e s c am i n e  

Th e f l u o r e s c e n c e  r e s p o n s e  f o r  amm o n i a  w i t h  

f l u o r e s c am i n e  

Th e r e a c t i o n  o f  L- g l u  a n d  L-g l u  p l u s  g l u t e n 

w i t h  2 .  4 .  6 - t r in i t r o b e n z e n e  s u l f o n i c  a c i d  

( T N B S )  

Th e e f f e c t  o f  ammon i a  o n  t h e  d e t e r m i n a t i o n  o f  

N- t e rm ina l amino g r o u p s  u s ing TNB S 

A c o r r e c t i o n  f o r  t h e  e f f e c t  o f  amm o n i a �on  t h e  

d e t e rm in a t i o n  o f  N- t e rm in a l amino g r o u p s u s ing 

T N B S  

Th e r a t e  a t  wh i ch b o t t l e  c o nt ent s a r e  h e at e d 

t o  b a t h  t e mp e r a t ur e 
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4 .2 

4 . 3  

4 . 4 

4 .5 

4 . 6 

4 . 7 

4 . 8  

4 . 9  

4 .1 0  

4 . 1 1 

4 .1 2  

4 .1 3  

I l l us t r a t i on o f  a c i d  e r r o r  data  f o r  p H  

e l e ctr o d e  

I l l u s t r at ion o f  exp e r im ent a l  dat a f r om  Run 6 

I l l u s t ra t i on o f  e x p e r im e n t a l  dat a f r o m  Run  1 2  

P l o t  o f  p e ak h e i g h t  a g ai n s t  s amp l e  

c o n c en t r a t ion  t o  c h e c k  f o r  l in e a r i t y  i n  

m e a s ur em en t  o f  t o t a l  p e p t i d e  b onds  a v a i l ab l e  

f o r  a c i d  hy dro l y s i s  o f  g l u t e n  

Amm o n i a  e v o l u t ion  w i t h  t im e  f o r  i ni t i a l  r a t e 

e s t imat i o n  f o r  Run 7 

Amm o n i a  e v o l u t i o n  w i t h  t im e  f o r  i ni t i a l  r a t e 

e s t imat i o n  f o r  Run 8 

Amm o n i a  e v o l u t i o n  w i t h  t im e  f o r  i n i t i a l  r a t e  

e s t ima t i o n  f o r  Run 6 

P ep t�de b o n d  hy d r o l y s i s  at  r e du c e d  g l u t e n  

c o n c e n t r a t i o n  w i t h  2 M  a c i d 

P e p t i d e  b o n d  hydro l y s i s  a t  r e d u c e d g l u t e n  

c o n c e n t r a t i o n  w i t h  0 . 2 M  a c i d  

P e p t i d e  b o n d  hy d r o l y s i s  at  r e du c e d  g l u t e n  

c o n c e n t r a t i o n  w i t h  0 .0 2 M  a c i d  

R e a c t i o n  r a t e c o e f f i c i ent s f o r  ami d e  b o nd 

hy d r o l y s i s  p l o t t e d  t o  s h o w  t h a t  th e r a t e d a t a  

c an b e  r e p r e s e nt e d  b y  Arrhenius ' L aw 

R e a c t i o n  r a t e c o e f f i c i e n t s f o r  p e p t i d e  b o n d  

hy d r o l y s i s  p l o t t e d t o  s h o w  t h a t  t h e  r a t e  d a t a  

c an b e  r e p r e s en t e d  b y  Arrheni u s ' l aw 
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4 . 1 4 

4 . 1 5 

4 . 1 6 

4 . 1 7 

4 . 1 8 

4 . 1 9 

4 . 2 0 

4 . 2 1  

4 . 2 2  

5 • 1 

5 . 2 

5 . 3 

6 . 1 

M e a s ur e d  hy d r o g e n  i o n  a c t i v ity 

P e p t i d e  b o nd  hy d r o l y s i s  f o r  Run 6 

Am i d e  b o nd hyd r o l y s i s  f o r  Runs 2 and  9 

Am i d e  b o n d  hy d r o l y s i s  f o r  �un 6 

Amm o n i a  dat a f r om r e p e t it i o n  runs  o f  

e x p e r im e n t a l  d e s i g n  u s e d  f o r  t e s t  o f  

r e a c t i o n  s im u l at i o n  

N- t e rminal  amino g r o up d e t ermin a t i o n_ d a t a  f r o m  

r e p e t i t i on  r u n s  o f  e x p e r im e nt a l  d e s i gn u s e d  

f o r  t e s t  o f  r e a c t i o n  s im u l a t i o n  

Hy dro g e n  i o n  a c t iv i t y  d a t a f r o m  r e p e t i t i o n  

run s o f  exp e r im e n t a l  d e s i g n  u s e d  f o r  t e s t  

o f  r e a c t i o n  s t imu l a t i o n  

The  am i d e  b o n d  hy dr o ly s i s  dat a o f  V i c k e r y  

( 1 9 2 2 )  

Th e p e p t i d e  b o n d  hy d r o ly s i s  d a t a o f  V i c k e ry 

( 1 9 2 2 ) 

P r e d i c t e d and exp e r i m e n t a l  l eve l s  o f  p e p t i d e  

b o n d  hydro ly s i s  f o r  p r o du c t  p r e p ar a t i o n s  

P r e d i c t e d and e xp e r im en t a l  l ev e l s  o f  a m i d e  

b o n d  hyd r o ly s i s  f o r  p r o du c t . p r e p a r a t i o n s  

P r e d i c t e d  and exp e r i m e n t a l  l e v e l s  o f  p ep t i d e  

b o n d  hy d r o ly s i s  f o r  p r o du c t  p r e p ar a t i o n s  

A lk a l i  r e qu i r em e n t  l ev e l s  o f  a c i d 

hy d r o ly s e d  g l u t e n  s am p l e s  
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6 . 2 

6 . 3 

6 . 4 

6 . 5 
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6 . 1 0 

E f f e c t  o f  in c r e a s ing  l ev e l s  o f  a c i d  hy d r o ly s i s  

o n  t h e  b u rning / b i t t e r at t r i b u t e o f  g l u t e n  

The r e lat i o n s h i p  b e t w e e n  alk a l i  r e qu i r em ent 

and  s o lub i l i t y  f o r  a c i d  hy d r o ly s e d  g l u t e n  

s amp l e s · 

Th e - r e l a t i o n s h i p  b e t w e e n  alk a l i  r e q u i r e m e nt 

and  d e g r e e  o f  amid e b o n d  hy d r o ly s i s  f o r  s amp l e  

p r ep ar a t ions  

D i f f e r en c e s  i n  a p p a r ent  o p t imum d e g r e e  o f  

ami d e  b o n d  hy d r o ly s i s  f o r  emu l s i f i c a t i o n  w i t h  

d i f f e�ent o i l s  u s ing t h e  P e ar c e - K in s e l l a  t e s t  

D i f f e r enc e s  i n  a p p a r e n t  o p t imum d e g r e e  o f  

a m i d e  b ond hy d r o ly s i s f o r  emu l s i f i c a t i o n  w i t h  

d i f f e r e nt o i l s  u s in g  t h e  m i c r o h a e m a t o c r i t  t e s t  

S ep ar at ion un d e r  g r av i t y  o f  c a s t o r  o i l  

e m u l s i f i e d  w i t h  s amp l e  p r e p ar a t i o n s  

Th e e f f e c t  o f  t h e  d e g r e e  o f  ami d e  b o nd  

hy d r o ly s i s  o n  e m u l s i f i c at i o n  p r o p e r t i e s  o f  

s amp l e  p r ep ar at i o n s  w i t h  c o n s t ant s o l ub l e  

t o t a l n it r o g e n  a s  d e t e rm in e d  b y  t h e  P e a r c e­

K in s e l l a  t e s t  

S ep ar a t ion un d e r g r av i t y  o f  c a s t o r  o i l  

e mu l s i f i e d  w i t h  d i f f e r e n t  l eve l s  o f  s amp l e  

R e s u l t s  o f  P e a r c e-Kins e l l a  t e s t  f o r  

d e t e rminat i o n  o f  emu ls i f i c a t i o n  p r o p e r t i e s  o f  

s amp l e  p r ep a r a t i o n at  v a r i o u s  l ev e l s  o f  s am p l e  
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6 . 1 1  

6 . 1 2 

6 . 1 3 

6 . 1 4 

6 . 1 5 

6 . 1 6 

6 . 1 7 

6 . 1 8 

Re s u l t s  o f  P e a r c e-Kin s e l l a  t e st  f o r  

d e t e rmin a t i o n  o f  emu l s i f ic a t i o n  p r o p e r t i e s  o f  

s amp l e  p r e p a r at ion  a t  var i o us l eve l s  o f  

s o l ub l e  t o t a l  n i t r o g e n  

S ep a r a t i o n  u n d e r  g r av i t y  o f  c a s t o r  o i l  

emu l s i f i e d  w i t h  d i f f er e nt  l ev e l s  oL s am p l e  

w i t h  and  w i t h o ut ins o l ub l e  mat e r i a l  r em o v e d  b y  

c e n t r i fu g a t i o n  

Re s u l t s  o f  P e a r c e-Kin s e l l a  t e s t  f o r  

d e t e rmina t i o n  o f  emu l s i f i c at i o n  p r o p e r t i e s  o f  

s am p l e  p r e p a r a t ions  a t  v a r i o u s l e� e l s  o f  

s amp l e  w i t h  a n d  wi t h o u t  i n s o lub l e  mat e r ial  

r em o v e d  b y  c e n t r i f u g a t i o n  

Re s u lt s o f  P e a r c e-Kin s e l l a  t e s t  f o r  

d e t e rmin a t i o n  o f  emu l s i f i c at i on p r o p e r t i e s  o f  

s amp l e  p r e p a r a t ions  a t  v ar i o u s  l e v e l s  o f  

s o l ub l e  n i t r o g e n  w i t h  and w i t h o u t  i n s o l ub l e  

ma t e r i a l s  r em o v e d  b y  c en t r i fu g a t i o n  

To t a l  n i t o g e n  in  s o l u t i o n  at  var i o us l ev e l s  

o f  s amp l e  c o n c e n t r a t i o n  

S e p a r a t i o n  u n d e r  g r a v i t y  o f  c a st o r  o i l  

e mu l s i f i e d  w i t h  mixt ur e s  o f  p r o d u c t  

p r e p a r a t i o n s  

S u r f a c e  hy d r o phob i c i t y  o f  t h e  s o l ub l e  p o r t i o n  

o f  s amp l e  p r e p arat i o n s  m e a s ur e d  w i t h  8-

ani l in o - 1 - na p h t h al e n e s u l f o n a t e ( AN S )  

S u r f a c e  h y d r o phob i c i t y  o f  t h e  s o l ub l e  p o r t i o n  

o f  s amp l e  p r ep a rat i o n s  m e a s ur e d w i t h  

c i s  p ar i n a r i c  a c i d  ( CPA)  
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7 . 1  

7 . 2 

The e v o lut ion  o f  ammonia  wh en N- a c e t y l- L­

glut amine and c a rbob e n z o xy- L- g lu t am i n e  w e r e  

r e a c t e d  with p e p i t i d o g l u t aminas e I 

Th e e v o lut i o n  o f  ammon i a wh e n  g l u t e n  a n d  

s amp l e  I I  w e r e  r e act e d  w i t h  p ep t i d o g l u t amin a s e  

I a n d  p e p t i d o g lu t ami n a s e  I I  
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L I S T  OF A P P EN D I C E S  

1 . 1 

1 . 2 

1 . 3 

3 .  1 

3 . 2 

3 . 3 

3 . 4 

3 . 5 

3 . 6 

3 . 7 

4 . 1  

4 . 2 * 

4 . 3  

Th e s o l u t i on  p r o p e r t i e s  o f  ammo nia 

D e r i v a t i o n  o f  r a t e e q u a t i o n s  f o r  ami d e  

hy d r o l y s i s  u s ing t h e  s t e a dy- s t a t e  t r e at m ent 

F u r t h e r  d e r i v a t i o n  o f  am i d e  hy d r o l y s i s  r a t e  

e q u a t i o n s  

N i t r o g e n  a n a l y s i s  r e s u l t s  t o  show 

s o l ub i l i z a t i o n  o f  g l ut e n  by SDS in v a r i o u s  

b u f f e r s  

P e ak h e i ght d a t a  o f  f l uo r e s c e n c e  r e s p o n s e  f o r  

L- g l u  s t an d a r d s  and  g l ut e n  with f l u o r e s c amin e 

P e ak h e i gh t  dat a o f  f l uo r e s c e n c e  r e s p o n s e  f o r  

amm o ni a  w i t h  f l u o r e s c am i n e  

F u r t h e r  p e ak h e ight d a t a o f  f l uo r e s c e n c e  

r e s p on s e  f o r  ammo ni a wit h f l u o r e s c am i n e -

T h e  r e a c t io n  o f  L- g l u  a n d  L-g l u  p l u s  g l ut e n 

w i t h  TNB S  

Th e r e a c t i o n  o f  L- g l u  a n d  ammoni a w i t h  TNB S 

Th e r e a c t ion o f  L- g l u .  g l u t e n  an d amm o n i a  w i t h  

T N B S  

C a l c u l a t i o n  o f  p H  v a l u e s  f r om o t h e r  a ut h o r s  

R aw d a t a f r o m  e a c h  hyd r o l y s i s  exp e r im e n t  

C a l c u l a t i o n  o f  t h e  am o un t  o f  r e a c t i o n  d u e  t o  

a c i d i f i e d  g l ut e n s t an d i n g  at  r o o m  t emp e r a t u r e  

xxvi 
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4 . 4  

4 . 5 * 

4 . 6 * 

4 . 7  

4 . 8  

4 . 9  

4 . 1 0 

4 . 1 1  

4 . 1 2  

4 . 1 3 

4 . 1 4  

4 . 1 5 

M e t h o d  and  examp l e  o f  c a l c u l a t ion o f  

c o n f i d en c e  l imit s f o r  c om p o n e nt s o f  v a r i an c e  

An a l y s is  o f  s t and a r d s  f o r  d e t ermin a t i o n  o f  N­

t e r m i n a l  amino g r o u p s  u s in g  f l u o r e s c am i n e  f o r  

d e t erminat i o n  o f  t o t a l  a v ai l ab l e  p e p t i d e  b o n d s  

An a l y s i s o f  s t an d ar d s  f o r  amm o ni a in  

d e t e rminat i o n  of  t o t a l  a v a i l ab l e am i d e  b o n d s  

Ex amp l e  o f  i n f o rma t i o n  g e n e r a t e d  bj t h e  

M i ni t ab p r o g r amme a n d  c a l c u l at ion o f  l a ck o f  

f i t ( L O F )  

Ca l c u l at i o n  o f  t - t e s t  f o r  k i n e t ic e qu a t i o n  

c o e f f i c i e nt s 

C a l c u l a t i o n  o f  a c t i v a t i o n  e n e rgy f o r  

hy d r o l y s i s  r e a c t i o n s  

Ca l c u l a t i o n  o f  s t an d a r d  d e v i a t i on f o r  hy dr o g e n  

i o n  s t oi c h i o m e t ry d a t a 

F u r t h e r  c a l c u l at i o n  o f  s t o i c h iome t ry o f  

hy d r o g e n i o n  c o n s um p t i o n  

M a n i p u l a t i o n  o f  d a t a  f r o m  r un s  2 .  6 a n d  9 t o  

t e s t  f o r  r e a c t i o n  m o d e l 

A p r o g r amm e tp s imu l a t e  t h e  mi� d  a c i d  

hy d r o l y s i s  o f  g l u t e n  

C a l c u l a t i o n  o f  r e a c t i o n  r at e  c o e f f i c i en t s f r o m 

t h e  d a t a  o f  F i g u r e s  4 . 1 5  a n d  4 . 1 7 

D a t a  f r om r e a c t i o n  s imu l a t ion f o r  t e s t  o f  f i t  

t o  e x p e r i m e n t a l  d a t a f r o m r u n 6 o f  t h e  

e x p er iment a l  d e s i gn 

xxvii 

3 1 7 

3 1 9 

3 2 9  

3 3 2  

3 3 3  

3 3 4  

3 3 5  

3 3 6  

3 3 8  

3 3 9  



4 . 1 6 

4 . 1 7 

4 . 1 8 

5 . 1 *  

5 . 2 * 

5 . 3 *  

5 . 4 * 

5 . 5 *  

5 . 6 *  

5 . 7 *  

S m o o t h e d  d a t a  f r o m  r e p e t i t i on  run s o f  t h e  

e x p e riment a l  d e s i g n  

D a t a  f r o m  r e a c t i o n  s im u l a t i on  f o r  t e s t  o f  f i t 

t o  exp e r iment a l  d a t a f r o m  r e p e t i t i o n  r u n s  o f  

t h e  exp e r iment a l  d e s i gn 

C a l c u l a t io n  o f  s l o p e s  o f  l in e s  f r o m  F i g ur e s  

4 . 2 1  a n d  4 . 2 2  

Ab s o rb an c e  (A3 4 0 ) f o r  ammonia  s t a nd a r d s  f o r  

t o t a l  d e ami d a t i o n  o f  s p r a y  dr i e d  p r o d u c t  

p r ep a r at i ons 

Ab s o rb an c e  (A3 4 0 ) f o r  s amp l e s f r om t o t a l  

d e am i d a t i o n  o f  s p r ay d r i e d  p r o d u c t  

p r e p a r a t ions  

Ab s o rb an c e  (A3 4 0 ) f o r  ammo nia  s t a n d a r d s  f o r  

s t o r e d  l i quid  hy d r o l y s a t e s  

Ab s o rb a n c e  ( A3 40 ) f o r  s amp l e s  f o r s t o r e s­

l i q u i d  hy d r o ly s a t e s  

Ab s o rb an c e  (A3 40 ) f o r  amm o n i a  s t an d a r d s  f o r  

t o t a l  d e ami d a t i o n  o f  f r e e z e  d r i e d  p r o d u c t  

p r e p a r a t i o n s  and hy d r o l y s at e  o f  s amp l e s  

p r e p a r e d  with o u t  d i a l y s i s  

Ab s o rb an c e  (A3 40 ) f o r  s amp l e s f r om  to t a l  

d e am i d a t i o n  of f r e e z e  d r i e d  p r o du c t  

p r ep a r a t i o n s  

Ab s o rb an c e  (A3 40 ) f o r  ammonia  in  hy d r o l y s a t e  

o f  s amp l e s p r e p ar e d  w i t h o u t  d i a l y s i s  

xxviii 

3 40 

3 4 1  

3 4 3  



5�8 * 

5 . 9 *  

5 . 1 0  

6 . 1 

7 . 1 * 

7 . -2 * 

P e ak h e ight s o f  L- g l u  s t a n d a r d s  f o r  

d e t e rminat i o n  o f  N- t e rmin a l  amino g r o up s ,  

u s i n g  f l uo r e s c amine o f  s p r ay d r i e d  p r o d u c t  

p r e p a r a t ions  

P e ak h e i ght s for  s amp l e s  f o r  det e rminat i o n  o f  

N- t e rmin a l  amino g r o u p s , u s in g  f l uo� e s c am i n e  

o f  s p r ay d r i e d  p r o du c t  p r ep a r a t i o n s  

R e a c t i o n  p r o g r e s s  c a l c u l a t e d  from s imu l a t i o n  

f o r  F i gu r e s  5 . 1 .  5 . 2 and 5 . 3 

E v a l u a t ion o f  the  f l a v o u r  c h a r a c t e r i s t i c s  o f  

s amp l e  p r e p a r at ions by  P r o du c t  U s e  and 

E v a l u a t ion S e c t i o n  of  th e New Z e a l an d  D ai r y  

R e s e a r ch I n s t it ute 

Ab s o rb an c e  (A3 4 0) f o r  amm o n i a st and a r d s  f o r  

m e a s u r ement o f  r e a c t i o n  w i t h  

p e p t i d o g l u t aminas e e n z y m e s  

Ab s o rb an c e  (A3 4 0 ) f o r  s amp l e s f o r  m e a s u r ement  

of  r e a c t i on w i t h  p e p t i d o g l u t aminas e e n z ym e s  

* I n  f i che 

xxlx 

3 4 4  

3 45 
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1. INTRODUCT I ON AND LI TERATURE REVIEW 

1 . 1  Wh e a t  glu t en  

1 . 1 . 1 Wh e at g lu t en p r epar a t i o n  

" Wh e a t  g l u t e n h a s  b e e n  p r od u c e d  t r a d i t i o n a l l y b y  two 

s im i l ar p r o c e s s e s , t h e  M a r t in and the b a t t e r p r o c e s s e s .  I n  

t h e  M a r t i n p r o c e s s . f l o u r  i s  m i x e d  i n t o a s t i f f  d o u g h  

c on t aining  ab o u t  6 0 % w a t e r .  Aft e r  hy d r a t ion  and  

d e v e l o p m e n t , t h e  d o ugh  is  kn e a d e d  w i t h  r e c i p r o c a t i n g  r o l l s 

u n d e r  w a t e r  a t  high p r e s s u r e .  Th e k n e ad�n g p r o c e s s  was h e s  

o u t  t h e  s t a r c h  a n d  l e a v e s  t h e  g l u t e n  a s  a c o h e r e n t  m a s s .  

T h e  g l u t e n i s  t h e n d r i e d ,  u s u a l l y b y  a t y p e  o f  f l a s h ­

d ry in g .  s o  as n o t  t o  d am a g e  i t s n a t i v e  p r o p e r t i e s .  Th i s  

p r o du c e s  s o - c a l l e d v i t a l  g l u t e n.  D e v i t a l i z e d g l u t en c an 

t h e n  b e  p r e p ar e d  b y  u s in g  h i gh e r  d rying  t em p e r a t ur e s  t o  

p r o d u c e  a d e s i r e d  d e g r e e  o f  d e n a t u r at ion . I n  t h e  b a t t e r 

p r o c e s s , t h e  f l o u r  a n d  w a t e r  a r e  f e d  c o n t i n u o u s l y  int o  a 

b at t e r m i x e r .  A f t e r  a s h o r t  r e s t  p e r i o d , t h e  b a t t e r  i s  

p ump e d  t h ro ugh a d i s p e r s a l  p um p  and wash e d  with w a t e r  o n  

r e c i p r o c a t ing  o r  c y l in d ri c a l  s c r e e n s .  Th e g l ut en p art i c l e s 

a r e  c o l l e c t e d  f r o m  t h e w a s h i n g  s c r e e n s  an d ar e p r o c e s s e d 

i n t o  d ry v it a l  g l u t en a s  i n  t h e  o l d e r  M a r t in p r o c e s s .  

Oth e r  p r o c e s s e s  f o r  i s o l a t i n g  wh e a t g l u t e n  h a v e  b e en 

d e s c rib e d  b u t  n o n e  h a s  b e c om e  imp o r t ant c omme r c i a l l y " .  

( Bu s huk . 1 9 8 1 )  

1 . 1 . 2 Chemi s t ry o f  g l ut en 

The c h e m i s t ry o f  g l ut en h a s  b e en e x t ens i v e l y s t u d i e d  

b e c au s e  o f  i t s g r e a t  imp o r t an c e  i n  d o ugh  f o rma t io n  and  

b r e a d  p r o du c t ion.  G l u t en is  n o t  how e v e r  a s im p l e  

s y s t em b u t  a c o mp l e x o f  m any p r o t e i n s  whi c h  int e r ac t 

w i t h  e a c h  o t h e r  a n d  o t h e r  i n g r e d i en t s .  A l t h o u gh t h e r e 

i s  a g e n e r a l  unde r s t a n d i n g  o f  i t s c h e mi s t ry and  m o d e  

o f  a c t i o n  much r e m a i n s  t o  b e  c l a ri f i e d .  B e c au s e o f  

t h e  ext e n s i v e  s t u d y  t h e  s ub j e c t  h a s  a l s o  b e e n 

ext ens i v e l y r e v i ew e d .  A b r i e f  o u t l in e  o n l y  wi l l  b e  
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g i v e n  h e r e .  ( Bu s huk . 1 9 8 1 ;  Shuk l a .  1 9 7 5 ; K a s a r d a  e t  

a l .  1 9 7 1 ;  S c h o f i e l d  and B o o t h . 1 9 8 3 ) . M o s t  c e r e a l  

p r o t e i n s  h a v e  b e e n d e s c r ib e d  i n  t e r m s  o f  s o l ub i l i t y  

u s in g  th e m e t ho d o f  c l as s i f i c a t i o n  d e v e l o p e d  by  

Osb o rn e  ( 1 9 0 7 ) . T h i s  d i v i d e s  c e r e a l  p r o t e i n s  in t o  

a l b um e n . g l o b u l in .  p ro l am i n e  a n d  g l ut e l in b a s e d  o n  

s o l ub i l i t y  in w a t e r .  d i l u t e n e u t r a l  s a l t  i� l u t i o n .  7 0% 

e thy l a l c o ho l a n d  d i l ut e a c i d  o r  a lk a l i  r e s p e c t i v e l y .  

T h e  m a j o r  f r a c t i o n s  i n  g l u t e n  ( 6 8% o f  wh e a t  p r o t e i n )  a r e  

g l i a d i n  ( p r o l ami n e )  a n d  g l ut en in ( g l u t e l in )  ( 1 6 %  o f  wh e a t
. 

p ro t e in s ) . A l l f o ur maj o r  s o l ub i l it y  f ra c t i o n s  h a v e  b e e n 

f o un d  t o·b e  p o l y d i s p e r s e and  h e t e r o g e n e o u s  b u t  r e p r e s e nt 

c h e m i c a l l y  d i f f e r en t  g r o u p s o f  p r o t e i n s  wh i c h  exh ib i t  

d i f f er e n t  p hy s i c a l  p r o p e r t i e s .  

G l ut e n in h a s  a n  a v e r a g e  m o l e c u l a r we ight o f  ab o u t  2 m i l l i on 

b u t  c o ns i s t s  o f  s ma l l  s ub unit s l ink e d  by i n t e r p o l y p e p t i d e  

d i s u l f i d e  l ink a g e s .  G l i a d i n  p r o t e i n s  h a v e  in t r ap o l y p e p t i d e  

d i s u l f i d e  l ink ag e s  and a n  a v e r a g e  mo l e c u l a r  w e i g h t  o f  ab out 

2 8  0 0 0 .  

G l u t en  r ep r e s e n t s ab o u t  8 0% o f  t h e  t o t a l  p r o t ein o f  wh e at 

f l o u r  a n d  t h e  d r y  s o l i d s  c o n t a i n  7 5  t o  8 5 %  p r o t e i n  

d e p e n d i n g  o n  t h e  t h o r oughn e s s  o f  washing . Ap p r o x i m a t e l y 7 %  

o f  t h e  t o t a l  p r o t e i n  o f  g l ut e n  i s  wat e r  s o l ub l e .  

The  c h em i s t ry a n d  f un c t i o n  o f  g l u t en a r e  dominat e d  b y  t h e  

v e ry h i gh c o n t e n t  o f  g l ut amin e . and .  t o  a l e s s e r e x t e n t . 

p r o l in�. The  �m ino a c i d  c o mp o s i t i o n  o f  g l u t en-is  s h own in 

T a b l e  1 . 1 .  

G l u t amine  h a s  a s i d e- ch a in ami d e  g r o u p  whi c h  i s  a c i d  

l ab i l e . A c i d  t r e at m e n t  c o n v e r t s t h e  ami d e  g r o u p  t o  a 

c a rb oxy l g r o u p . c o n v e r t in g  g l u t amine  t o  g l u t am i c  a c i d .  with 

t h e  r e l e a s e  o f  ammo n i a .  



Table 1 . 1 :  Amino add composi. tion of gluten, gl iad nm and glutenin a (moles amino add per 1 o5 g) 

Ami no Gluten Gl'iad' in Glutenin Am;ino Gluten G liadin Gluten·in 

Add Acid 

Arginine 20 1 5  20 Valine 45 43 4 1  

Histidine 1 5  1 5  1 3  Leucine 59 62 57 

Lysine 9 5 1 3  Isoleucine 33 37 28 

Threonine 2 1  1 8  26 Proline 1 37 1 48 1 1 4 

Serine 40 38 50 Tyrosine 20 1 6  25  

Aspartic acid 22 20 23 Pheny !alanine 32 38 27 

Glutamic acid 290 3 1 7  278 Tryptophan 6 5 8 

Glycine 47 25 "78 Cystine/2 1 4  1 0  1 0  

Alanine 30 25 34 Methionine 1 2  1 2  1 2  

Ammonia 298 30 1 240 

a Data of Wu and Dimler, ( 1 963) 

IJ.) 
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I t  i s  t h i s  r e a c t i o n  wh i c h  f o rms  t h e  b a s i s  o f  t h e  p r e s ent 

s t udy . 

1 . 1 . 3 F un c t i o n a l  prope r t i e s  o f  glut e n  

Th e f u n c t i o n a l  p r o p e r t i e s  o f  g l u t e n  w i t h  r e s p e c t  t o  its 

r o l e  in d o u gh f o rm a t i o n  and b r e a d  l o a f  s t r u c t u r e  h a v e  b e en  

ext e n s i v e l y s t u d i e d  b e c au s e  of  t h e  e c o nomi c imp o r t an c e  o f  

b r e a d a n d  b ak i n g .  Th e b a s i c  d i s c o v ery  f o r  s u ch  s t u d i e s  was 

the d emo n s t r a t i o n  o f  a s t r o n g  p o s it i v e  c o r r e l a t i o n  b e t ween 

t h e  p r o t e i n  c on t e n t  o f  f l o u r  a n d  l o a f  v o l um e  ( S c h o f i e l d  and 

Bo o t h .  1 9 8 3 ) .  O t h e r  r e v i e w s  a r e  by Py l e r  ( 1 9 8 3 )  and  

M a c R i t c h i e ( 1 9 8 4) . S t a r ch- l i p i d- p r o t e in i n t e r a c t i o n s  h a v e  

b e e n  r e v i ew e d  b y  P o m e r a n z  a n d  Ch ung ( 1 9 8 1 )� 

The  d i f f e r e n c e s  i n  fun c t i o n a l p r o p e r t i e s  b e t w e en g l ut enin 

and g l i a d i n  h a v e  b e e n s umm a r i z e d  by Shuk l a  ( 1 9 7 5 )  a s  

f o l l ow s : 

C OMPARI S ON OF GLUTEN I N  AND GLIAD I N  PROPERT I E S  

Gl u t e n i n  

1 .  Non- Ne w t o n i an f l uid 

2 .  Co n s i d e r ab l e  m o l e c u l ar a t t r a c t i on  

3 .  Mo l e c u l e s  are  r andom  c o i l s  

. 4 .  T e n s i l e  s t r e n g t h  3 . 3 8  x 1 0- 3  p s i  

5 .  F i l m  e l o n g a t i o n  6 3 %  

6 .  L e s s e x t e n s ib l e  

7 .  E l a s t i c  

8 .  No n s w e l l in g  

Gl i a d i n  

Newt o n i a n  f l u i d  

L e a s t  m o l e c u l a r 

a t t r a c t i o n  

N e a r  g l o b u l a r  m o l e c u l e s  

T e n s i l e  s t r en g t h  
- 3  1 . 4 2  x 1 0  p s i  

F i l m  e l o n g a t i o n  7 2% 

Ext en s i b l e  

L e s s  e l a s t i c  

S w e l l s  i n  w a t e r  
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Th e s t r u c t u r e  o f  d o ugh i s  a c o n t inuous  m a t r ix o f  p r o t ein 

with e mb e d d e d  s t ar c h  granu l es. M e chan i c a l  w o rk i s  

imp o r t an t  in e s t ab l i s hing  t h e  p r o t e in mat r ix .  

Ac c o r d i n g  t o  K a s a r d a  e t  a l  ( 1 9 7 1 )  " the hy d r o g e n- b o n d ing  

p o t en t i a l c on t r i b u t e d  b y  the  many amid e s i d e  c h a i n s  of  t h e  

g l u t e n p r o t e i n s  i s  l ar g e l y  r e s p o n s ib l e  f o� t h e  c o h e s i v en ess 

o f  t h e s e  p r o t e in s .  Th e a m i d e  g r o u p  is b o t h  an  a c c e p t o r  and 

dono r o f  hyd r o g e n  b o nds c ap ab l e  o f  int e r a c t i n g  w i t h  o th e r  

ami d e  g r o u p s  a n d  w i t h  g r o u p s  t h at a r e  o n l y  a c c ep t o r s  o r  

o n l y  d o n o rs. W a t er  mo l e c u l es p e r f o rm a n  imp o r t an t  fun c t ion  

by s at i s f y ing  s o m e  of  t h e  hy d r o g en-b ond i n g  s i t e s and 

f a c i l it at ing i n t e r c h an�e o f  hydTo g e n  b o n d s  amo n g  p r o t e ins 

and o th e r  m o l e c u l a r s p e c i e s .  Too  much wa t e r .  o f  c o u r s e .  

wi l l  w e ak e n  a d o ugh  b y  o c c upying  many s i t e s  n o rm a l l y 

invo l v e d  in p r o t ein-p r o t e in i n t e r a c t ions. 

Hy dro p h o b i c  and  o th e r  ap o l a r t yp e s  o f  b o n d i n g  p r o b ab l y  

c on t r ib u t e t o  t h e  c oh e s i v e n e s s  o f  t h e  g l u t en p r o t e i n s . 

s in c e  t h e s e  p r o t e i n s  h a v e  m any n o n  p o l a r  s i d e  c h a in s .  

Th e r e  i s . h owe v e r .  l i t t l e  d i r e c t  e v iden c e  f o r  s u c h  b o nding . 

A r e a s  o f  n o np o l a r char a c t e r a r e  p r ob ab l y in v o l v e d  i n  l ip i d 

b inding  a s  we l l  a s  p r o t e in- p r o t e in int e r a c t i o n s .  The 

nonp o l ar p ar t  o f  phospho l ip i d  m o l e c u l es may i n t e r a c t with 

nonpo l ar s i t e s  on the p r o t e i n  m o l e c u l es.  l e a v i n g  t h e  p o l ar 

g roup  f r e e  on  t h e  s u r f a c e .  S u c h  p o l a r g r o u p s c an c h a n g e  

t h e  s u r f a c e  p o t e n t i a l  o f  t h e  p r o t e i n s  by a d d i n g  c h a r g e s  o r  

b y  f o rmin g i o n i c  b o n d s  w i t h  o p p o s i t e l y c h ar g e d  s i d e  ch ains . 

Ob v i o u s l y .  b in d in g  of e i t h e r  p o l a r  o r  n o np o l ar l ip i d s  c an 

a f f e c t  p r o t ein a g g r e g a t i o n  iri a·numb � r  o f  w ay s .  A l t h o u gh 

t h e  g l ut en p r o t e i n s  hiv e  r e l at i v e l y  f ew i o n i z ab l e  s i d e  

chain s . i o n i c  b on d s  b et w e e n  o p p o s it e l y c h ar g e d  g r o up s  may 

b e  i n v o l v e d  in p r o t ein-p r o t e in an d o ther  t y p e s  o f  

int e r a c t i on s".  

V ar i o u s  m o d e l s  f o r  the p r o t e in s t ru c t ure  o f  d o u gh h a v e  b e en  

p r o p o s e d ( Bu shuk . 1 9 8 1 ) ; the  mo s t  r e c ent b e i n g  that  o f  

Grav e l an d  e t  a l  ( 1 9 85 ) . 



6 

1 . 1 . 4 S o lub i l i ty o f  glu t e n  

T h e  s d l ub i l i t y  c h a r a c t e r i s t i c s  o f  g l i a d i n  w e r e  d e s c r ib ed b y  

H o l m e  a n d  B r i g g s  ( 1 9 5 9 ) . 

" G l i a d i n . i n  c on t a c t  with  w a t e r . imb ib e s  o r  c omb i n e s  

p hy s i c a l l y w i t h  a c on s i d e r ab l e  amount o f  w a t e r  and 

y i e l d s  t h e  d o ugh l ik e .  hyd r a t e d  m a s s  c h a r a�t e r i s t i c  of t h e  

p r o t e in a t  a n d  n e ar n e u t r a l  p H  v a l u e s .  Th i s  h y d r a t ion 

t e n d e n c y  o f  the  g l i a d in m o l e c u l e s  is . h o w e v e r .  n o t  

s u f f i c i e n t  t o  o v e r c om e  an  inh e r e n t  int e rmo l e c u l a r 

at t r a c t i o n .  p r o b ab l y t h r o u g h  h y d r o g e n  b o n d s  i n v o l v ing t h e  

ami d e  g r o u p s  o n  t h e  p r o t e i n  a n d  thus  n o t  s u f f i c i en t  t o  

a l l o w t h e  g l i a d i n  t o  d i s p e r s e  m o l e cu l a r l y  i n  t h e  a qu e o u s  

s o l v en t . I mp o s i t i o n  o f  an e l e c t r ic a l  c h ar g e  o n  t h e  g l i a din 

m o l e c u l e s .  as  b y  t i t r a t i o n  t o  pH v a l u e s  b e l o w 4 .  s h i f t s  t h e  

b a l an c e o f  hydrat i o n  v e r s u s  int e rmo l e c u l a r  b in d ing  

t en d e n c i e s  in f a v o u r  of  the  f o rm e r .  and t h e  p r o t e in p a s s e s  

i n t o w h a t  a p p r o a c h e s mo l e c u l a r d i s p e r s i o n  i n  wat e r .  A 

s m a l l  in c r e a s e in i o n i c  s t r e n g t h  of  s u c h  a s o l u t i o n  

n e u t r a l i z e s  t h e  c h a r g e  e f f e c t  an d t h e  g l i a d i n  p r e c ip i t a t e s  

a g a i n  a s  a hy d r a t e d  m a s s .  I n d e p en d e n t  o f  t h i s  p e p t i z in g  

a c t i o n  o f  a c h a r g e  o n  th e p r o t e i n  mo l �c u l e .  a d d i t ion o f  

s ub s t an c e s  s u ch as  ur e a .  f o rmamide  o r  a c e t am i d e .  wh ich a r e  

s t r o n g e r  hy d r o g e n  b o n d e r s  t h a n  wat e r .  s e r v e s . t h r o ugh 

c omp e t i t i o n  w i t h  t h e  in t e rm o l e c u l a r hy d r o g e n  b o n d s  in t h e  

p r o t e i n  m a s s .  t o  l o w e r  t h i s  in t e rmo l e c u l a r c r o s s - l ink ing 

t e n d e n c y  a n d  t o  p r o mo t e  the  p a s s age o f  the  p r o t e i n  in t o  

d i s p e r s i o n  o r  s o l u t i o n . I n  a 2 t o  3 m o l a r  s o l u t i o n  o f  

u r e a .  f o r  e x amp l e .  t h e  int e rm o l e c u l a r  at t r a c t i on  o f  g l i a d i n  

i s  s o  c o mp l e t e l y  nu l l i f i e d  t h a t  mo l e c u l ar o r  n e ar l y  

m o l e c u l a r d i s p e r s i o n s  a r e  a t t ained  in t h e  u r e a- a qu e o u s  

s o l v en t  i n d e p e n d e n t  o f  th e p H  and i o n i c  s t r e n g t h  o f  t h e  

s o lu t i o n" .  

" P ar t i a l l y  d e am i d i z e d  c r u d e  g l i adin . a f t e r  10- 5 0 % o f  t h e  

a mi d e  n i t r o g en  h a s  b e e n r e m o v e d  un d e r  c o n d i t i o n s  

a c c om p an i e d  b y  n o  d e t e c t ab l e  p ep t i d e  b o n d  hy d r o l y s i s . shows  

e l e c t r o p h o r e t i c a l l y  o n l y  a s t a t i s t i c a l  h e t e r o g en e it y  
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i n d i c a t e d  b y  a s p r e a d i n g  o f  a s i n g l e  p e ak g r e a t e r  t h a n  t h a t  

due  t o  d i f fu s i o n .  A mark e d  c h a n g e  in s o l ub i l i t y  

charac t e r i s t i c s  a c c o m p an i e s  t h e  d e amidat i o n .  h o w e v e r ;  t h e  

d e ami d a t e d  g l i a d i n  b e c o m e s  s o l ub l e  a t  n e u t r a l  p H  r a n g e  with 

l it t l e  or  no  e f f e c t  o f  chan g e s  i n  ionic  s t r e n g t h " .  

Th e e f f e c t  o f  ami d e  g r o u p s  o f  g l u t amin e o n  g l ut e n  

s o l ub i l i t y  w a s  f u r t h e r  s t u d i e d  b y  B e ckwi t h  e t  a l  ( 1 9 6 3 ) . 

G l u t e n w a s  m o d i f i e d  e it h e r  b y  c o n v e r s i o n  o f  s o m e  o f  t h e  

s i d e- chain  a m i d e  g r o u p s  t o  e s t e r s  b y  r e a c t io n  w i t h  m e thano l 

c on t aining  hy d r o g e n  c h l o ri d e  �r b y  c on v e r s i o n  o f  ami d e  

g roup s t o  c arb oxy l g ro u p s  b y  d i g e s t i on  i n  0 . 6  o r  1 . 2 N H C l  

a t  3 0 ° C  f o r  p e r i o d s  o f  u p  to  4 8  h o ur s .  Th e r e  w a s  v e ry 

l it t l e  p e p t i d e  b o n d  h y d r o l y s i s  an d no s i gn i f i c an t  c h a n g e  in 

the s e c o n d a r y  s t ru c t u r e  o f  t h e  n a t i v e  p r o t e in s . Th e m e t hy l 

e s t e r d e r i v a t i v e s  w e r e  m o d er a t e l y s o l ub l e  n o t  o n l y  a t  p H  3 .  

a s  i s  n a t i v e  g l ut e n .  b u t  a l s o  a t  n e ut r a l it y  wh e r e  n a t i v e  

g l ut en i s  i n s o l ub l e . Un l ik e  t h e  e s t er i f i e d  p ro t e in s . a 

p r o d u c t  i n s o l u b l e  a t  p H  3 b u t  s o l u b l e  a t  p H  8 w a s  o b t a i n e d  

when a d d i t i o n a l f r e e  c arb oxy l g r o u p s  w e r e  p r o du c e d  in 

g l ut en  as  a r e s u l t  o f  ami d e  h y d r o l y s i s .  Th e s e  r e s u l t s  

c o n f i r m t h e  r o l e  o f  t h e  s i d e  c h a i n a m i d e  g r o u p s i n  

int ermo l e c u l ar hyd r o g e n  b o n d i n g  wh i c h  c o n t r ib u t e s  t o  t h e  

i n s o l ub i l i t y  o f  t h e  p ro t e in .  A s im i l ar r e s u l t  w a s  o b t a in e d  

f r o m  a s t u dy b y  Kru l l  a n d  W a l l ( 1 9 6 6 )  u s in g  s yn t h e t i c  

p o lyp e p t i d e s  c o nt aining  g l u t am i n e  and g l u t am i c  a c i d .  

M e a s u r em e n t  o f  s o l ub i l i t y  and  o p t i c a l  r o t a r y  d i s p e r s i o n  a t  

v ar i o u s  p H  v a l u e s  e s t ab l i s h e d  t h a t  the  p r e s en c e  o f  ami d e  

g r o up s  inc r e a s e d  �h e  m i n imum p H  f o r  s o l ub i l it y  a n d  

d e c r e a s e d  t h e  h e l i c a l  c onte n t  o f  t h e  p o l ym e r s . I t  w a s  
.· 

c o n c l u d e d  t h a t  hy d r o g e n  b o n d s  a n d  hydrophob i c  b o n d s  a c t  

s y n e r g i s t i c a l l y  t o  m ai n t ain m o l e c u l ar s t ru c t ur e  a n d  t o  

r e d u c e ag g r e g a t i o n  a t  t h e  i s o e l e c t ri c  p o in t . D i s t u rb i n g  

e i t h e r  t yp e  o f  b o nd m ay r en d e r  t h e  a s s o c i a t i o n s  

s u f f i c i en t l y  u n s t ab l e  s o  t h a t  t h e  s o l v at ing a c t i o n  o f  w a t e r  

m ay o v e r c om e  t h e  r emaining  int e r a c t ions . A f u rt h e r  s t u d y . 

u s ing.synth e t i c  p o l yp ep t i d e s  c on t a i n ing  s i d e- ch a i n  ami d e  

g ro u p s  s h o w e d  t h a t  t h e s e  g r o u p s  m a y  b e  as s o c i a t e d  w i t h  
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i n d i c a t e d  b y  a s p r e a d i n g  o f  a s i n g l e  p e ak g r e a t e r  t h a n  t h a t  

d u e  t o  d i f f u s io n .  A •ark e d  c h an g e  i n  s o l ub i l i t y  

c h a r a c t e r i s t i c s  a c c om p an i e s  t h e  d e amidat i o n ,  h o w e v e r ;  t h e  

d e am i d a t e d  g l i a d i n  b e c om e s  s o l ub l e  at n e u t r a l  pH r an g e  with 

l i t t l e  or no e f f e c t  of  c h a n g�s in ionic s t r e n g t h " .  

Th e e f f e c t  o f  ami d e  g r o u p s o f  g l u t amine o n  g l u t en 

s o l ub i l i t y  was  f u r t h e r  s t u d i e d  by  B e ckwi t h  e t  a l  ( 1 9 6 3 ) . 

G l u t e n  w a s  m o d i f i e d  e i t h e r  b y  c o n v e rs i o n  o f  s om e  o f  t h e  

s i d e- c h a i n  ami d e  g r o up s  t o  e s t e r s  by  r e a c t io n  with  m e t h ano l 

c o n t a i n i n g  hy d r o g e n  c h l o r i d e  o r  b y  c o nv e r s i o n  o f  ami d e  

g r o u p s  t o  c arb o xy l g r o up s b y  d i g e s t ion  i n  0 . 6 o r  1 . 2 N H C l  

a t  3 0 ° C f o r  p e r i o d s  o f  up  t o  4 8  h o ur s .  Th e r e  w a s  v e ry 

l i t t l e  p e p t i d e  b o nd  hyd r o l y s i s  and no  s i g n i f i c ant c h a n g e  in 

t h e  s e c o n d ary s t r u c t ur e  o f  the n a t i v e  p r o t e in s .  Th e m e thy l  

e s t er d e r i v at i v e s  w e r e  m o d e r at e l y  s o l ub l e  n o t  on l y  a t  pH  3 .  

a s  i s  n a t i v e  g l u t e n ,  b u t  a l s o  at  n e u t r a l i t y  wh e r e  na t i v e  

g l u t e n i s  i n s o l ub l e . Un l ik e  t h e  e s t e r i f i e d  p r o t e i n s . a 

p r o d u c t  i n s o l u b l e  a t  p H  3 b u t  s o l u b l e  a t  p H  8 w a s  o b t a i n e d  

w h e n  a d d i t io n a l  f r e e  c a r b o xy l g r o u p s  w e r e p r o duc e d  i n  

g l u t e n a s  a r e s u l t  o f  ami d e  hy d r o ly s i s . Th e s e  r e s u l t s 

c o n f i r m t h e  r o l e  o f  t h e  s i d e  c h a i n  a m i d e  g r o u p s  i n  

i n t e rm o l e c u l ar hy d r o g e n  b o n d i n g  wh ich c o n t r i b u t e s  t o  t h e  

i n s o l ub i l i t y  o f  t h e  p r o t e i n .  A s imi l a r r e s u l t  w a s  o b t ain e d  

f r o m  a s t u dy  b y  Kru l l  a n d  Wa l l  ( 1 9 6 6 )  u s i n g  s yn t h e t i c  

p o l y p e p t i d e s  c on t aining  g l u t amine and g l u t am i c  a c i d .  

M e a s u r em e n t  o f  s o l ub i l i t y  a n d  o p t i c a l  r o t a r y  d i s p e r s i o n  a t  

v ar i o u s  p H  v a l u e s  e s t ab l i s h e d  t h a t  t h e  p r e s en c e  o f  ami de 

g r o u p s  i n c r e as e d  t h e  minimum pH for s o l ub i l i t y  and 

d e c r e a s e d  the h e l i c a l  c o n t e n t  o f  ih e p o l ym e r s .  I t  w a s  

c o n c l u d e d  t h a t  hy d r o g e n  b o n d s  a n d  hyd r o p h o b i c  b o n d s  a c t  

s y n e r g i s t i c a l l y  t o  m aint a i n  m o l e c u l ar s t r u c t u r e  and  t o  

r e du c e a g g r e g a t i o n  a t  t h e  i s o e l e c t ri c  p o in t . D i s t u rb ing  

e it h e r  t y p e  o f  b o n d  m ay r e n d e r  t h e  as s o c i at io n s  

s u f f i c i e n t l y  un s t ab l e  s o  t h a t  t h e  s o l v at in g  a c t i o n  o f  wat e r  

m ay o v e r c o m e  t h e  r emaining  int e r a c t i o n s . A f u r t h e r  s t udy . 

u s i n g  s y n th e t i c  p o l y p e p t i d e s  c o n t aining s i d e- c h a i n  ami d e  

g r o u p s  s h o w e d  t h a t  t h e s e  g r o up s may b e  a s s o c i a t e d  w i t h  
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p ep t id e  ami d e s  o r  s i d e- c h a in am i d e s  in t h e  s am e  o r  o th e r  

mo l e cu l e s t h r o ugh hy d r o g e n b o n d i n g  t o  a f f e c t  s o l ub i l i t y  and 

c o n f o rm a t i o n  o f  the p r o t e in (Kr u l l e t  a l . 1 9 6 5 ) .  I t  was  

a l s o  f o und t h a t  p o l y g l u t amine o f  high  m o l e c u l a r  w e i ght d i d  

n o t  d i s s o l v e  i n  wat er  wh e r e a s l o w-mo l e c u l ar wei ght 

g l u t amine- c on t aining p o l ym e r s  d i d .  A s imi l a r e f f e c t  is  

f o und f o r  o t h e r  known p o lyme r s  c o n t ainin g-hyd r o g e n-b o n d i n g  

g r o up s . s u ch a s  amy l o s e  o r  p o l y a c ry l ami d e .  t h e  l ar g e r  

po l ym e r s  b e i n g  i n s o l ub l e . T h i s  s ug g e s t s  a r e a s o n  f o r  t h e  

di f f e r e n t  s o l ub i l i t y  ch ara c t e ri s t i c s  o f  t h e  g l ut enin  and  

g l i a d i n  f r ac t i o n s  of  g l u t en wh i ch a r e  v e r y  s imi l a r ap a r t  

f r o m  m o l e cu l a r w e ight.  

An und e r s t an d i n g  o f  t h e  f a c t o r s a f f e c t in g  the  s o l ub i l i t y  o f  

p r o t e ins  i s  f u n d ament a l  t o  t h e  s t u dy  o f  p r o t e in s .  Th e 

e f f e c t s  o f  p H .  i o n i c  s t r e ngt h .  t h e  p h e n o m e n a  o f  s a l t in g  i n  

a n d  s a l t ing  o u t . u r e a  an d t h e  r e d uc t i o n  o f  di s u l p h i d e  b o n d s  

a r e  a l l  we l l -k n o wn a n d  h a v e  b e e n  a p p l i e d  t o  t h e  s t u dy o f  

the  p r o t eins  o f  g l u t e n .  

Re c e n t  s t ud i e s  h a v e  s h o wn t h a t  p r o t e i n s  c an b e  r en d e r e d  

s o l ub l e  d ep e n d i n g  on  t h e  e n e r g y  u s e d  i n  d iss o l v i n g  t h e m .  

Thi s  w a s  s h o w n  f o r  s o y  p r o t e i n  i s o l at e s  b y  Shen ( 1 9 7 6 )  a n d  

a l s o  b y  Furuk aw a and  Oh t a  ( 1 9 8 3 )  wh o examin e d  t h e  e f f e c t  o f  

u l t r a s o ni c a t i o n  and  n o t e d  t h e  imp o r t an c e  o f  o r d e r  o f  s a l t  

ad d i t i o n  in a v o i d i n g  s a l t ing  o u t . Th e e f f e c t  o f  high  s p e e d  

hom o g e n i z at io n  i n  r e n d e r i n g  g l u t e n  p r o t e i n s  s o l ub l e  was  

no t e d  by  Patey and  S h e ar e r  ( 1 9 8 0 ) . 

Pro t e in s  c an b e  s o l ub i l i z e d in t h e  p r e s e n c e  o f  s u r f a c t an t s 

and t h e  u s e  o f  s o d ium d o d e c y l  s u l f a t e  ( S D S ) f o r  t h i s  

pur p o s e  h a s  b e e n  e x t e n s i v e l y s t u d i e d .  

Th e w o rk o f  R e y n o l d s an d Tan f o r d  ( 1 9 7 0  a . b ) e s t ab l i s h e d  t h e  

c on d i t ions  n e c e s s ary f o r  S D S  t o  b in d  t o  p r o t e in s .  The s e  

ar e t h a t  a p p r o x i m a t e l y  1 . 4 g S D S  w i l l b i n d  t o  1 g o f  

p r o t e i n .  The b i n d i n g  d e p e n d s  o n  t h e  c o n c e n t r at i o n  o f  S D S  

in t h e  m o nome r i c  f o rm a n d  t h i s  mu s t  b e  > 1 . 0 m M  f o r  maximum 
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b in d ing . The i o n i c  s t r e n g t h  o f  t h e  m e dium d e t e rmin e s  t h e  

c r i t i c a l  mi c e l l e  c o n c e n t r a t i o n  ( C M C) f o r  S D S  an d t h u s  t h e  

a m o un t  p r e s en t  in t h e  mono m e r i c  f o rm .  Th e m ax imum b in d ing 

o f  S D S  t ak e s  p l a c e  when i o n i c  s t r e n g t h  u _ 0 . 1 .  

S e v e r a l  s t u d i e s  h a v e  no t e d  t h e  e f f e c t iv en e s s  o f  SD S in 

s o l ub i l i z at i o n  o f  g l u t e n  p r o t e in s .  D anno -· e t  a l  ( 1 9 7 4) 

f o un d  t h a t  7 6 % o f  d e f a t t e d  wh e a t  f l o u r  t o t a l  n i t r o g e n  was  

s o l ub i l i z e d  by  1 %  S D S  i n  0 . 0 5 M pho s ph a t e a t  p H  6 . 8 .  and  

Gr av e l an d  et  a l  ( 1 9 7 4) s o l ub i l i z e d  6 5 - 6 7 %  o f  t o t a l  n i t r o g e n  

w i t h  1 . 5 %  S D S  s o l u t i o n. Wh e n  0 . 0 6 9 M  S D S  in.  0 . 1 M  t r i s  H C l . 

p H  8 . 0 .  w a s  u s e d .  B o t t om l ey e t  a l  ( 1 9 8 2 )  a c h i e v e d  

a p p r oxim a t e l y  9 5 %  s o l ub i l i z a t i on  o f  f l o ur a n d  g l u t e n  

p r o t e i n s . A l mo s t  c o mp l e t e  e xt r a c t i o n  o f  p r o t e i n  f r om wh e at 

f l o u r  w a s  a c h i e v e d  b y  D anno ( 1 9 8 1 )  u s in g  t w o  e x t r a c t i o n s  

w i t h  0 .5 %  S D S  in 0 . 0 5 M  ph o s p hat e .  p H  7 . o .  i n  c omb i n a t i o n  

w i t h  W a r i n g  B l en d e r  s t i r r in g .  

I t  w o u l d  a p p e a r  t h a t  a c o mb i n a t i o n  o f  t h e  f a c t o r s S D S .  pH 

and m e c h a ni c a l  a c t i o n  are e f f e c t i v e  in s o l ub i l i z in g  wh e a t  

f l o u r  p r o t e in s .  

1 . 2 A c i d  Hyd r o lys i s  

1 . 2 . 1  D e t e rminat i o n  o f  k i n e t i c  d a t a  

Th e f i e l d  o f  c h emi c a l  r e a c t i o n  kin e t i c s  a n d  d e s i g n  o f  

r e a c t o r s  i s  d e s c r ib e d  in a n umb e r  o f  r e v i ews a n d  t ex t b o ok s .  

T h o s e  u s e d  a s  a b a s i s  f o r  t h e  p r e s e n t  s t u d y  w e r e  b y  L a i d l e r  

( 1 9 6 5 )  a n d  L e v e n s p i e l ( 1 9 8 2 ) . D e t a i l s  o f  t h e  t e ch n i qu e s  

a n d  d i f f i c u l t i e s  o f  int e r p r e t i ng  e x p e rimen t a l  d a t a  u s ing a 

s t at i s t i c a l  ap p r o a c h  a r e  g i v en b y  K i t t r e l l  ( 1 9 7 0 ) .  

1 . 2 . 2  A c i d  hyd r o lys i s  o f  ami d e s  

Ami d e s  a r e  s u s c e p t ib l e  t o  b o th a c i d  a n d  b as e  c a t a l y s i s  and 

t h e  p h e n o m e n a  h a v e  b e e n  ext e n s i v e l y  i n v e s t i g a t e d .  A 

g en e r a l  t r e at m e n t  o f  a c id-b a s e  c a t a l y s i s w a s  g i v en b y  Mo o r e  

a n d  P e a r s o n  ( 1 9 8 1 ) a n d  i s  s ummar i s e d  b e l ow .  
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T h e re  a r e  s e v e r a l  d i s t i n c t  t y p e s  o f  a c i d - b a s e c at a l y s i s . 

a l mo s t  a l l o f  wh i c h  i n v o l v e  a p r o t o n  t r ans f e r  i n  a t  l e a s t  

o n e  s t ep .  Th e s e  a r e  t r e at e d .  in g e n e r a l . in ·t e rms  o f  

s ub s t r at e  S o r  S H  o n  wh i c h  t h e  a c i d s  o r  b a s e s  w o rk .  S t h e  
+ c o nj u g a t e b a s e  o f  t h e  s ub s t r a t e S H .  B a g e n e r a l  b a s e .  B H  

i t s c o n j ugat e a c id . HA  a g en e r a l a c i d .  a n d  A i t s  c o n j u g at e  

b a s e .  B a n d  A m a y o r  m ay n o t  b e  t h e  s a m e  a s  m ay B H+ a n d  

HA . R i s  s ome o t h e r  r e a c t an t  n o t  a c t in g  as  a b a s e  o r  a c i d .  

F o r  a c i d  hy d r o l y s i s  o f  ami d e s  t h e  ap p r o p r i at e g e n e r a l c a s e  

i s  o n e  i n  wh i c h  p r i o r  e qui l i b r ium b e twe e n  sub s t rat e an d 

hy d ro g en ion  i s  

w i t h  o t h e r  r e a gent : 

f o l l ow e d  b y  a r a t e- d e t ermining r e a c t i o n  

s + ( 1 )  

s l o w  p r o du c t s  ( 2 ) 

rat e = = kK [ S ]  [ H+ ] [ R ]  e q  ( 3 )  

wh e r e  K i s  t h e  e qui l ib r ium c o n s t an t  f o r  ( 1 )  and k i s  e q  
th e r a t e c o n s t an t  f o r  ( 2 ) � 

An i mp o r t ant f e a t u r e  o f  t h i s  t y p e  o f  r e a c t i on i s  that  t h e  
+ c o n c ent r a t i o n  o f  t h e  c o mp l ex S H  d ep e n d s  on l y  o n  t h e  

hy d r o g e n  i o n  c o n c e n t r at i o n  in s o l ut i o n .  r e g ar d l e s s  o f  t h e  

s o u r c e  o f  t h e  hyd r o g e n  i o n .  H en c e  t h e  r a t e  a l s o  i s  

d e p e n d e n t  o n  t h e  h y d r o g e n i o n  o n l y  an d n o t  o n  t h e  

c on c e n t r a t ion o f  any o th e r  a c i d s  in t h e  s o l ut i o n .  This i s  

an  examp l e  o f  s p e c i f i c  hydro g e n  i o n  c at a l y s is . The 

o b s e r v e d  kine t i c s  d ep e n d  a g r e a t  d e a l  o n  t h e  v a l u e  o f  t h e  

e qu i l ib rium c o n s t an t  o f  ( 1 )  an d t h e  r e l at i v e  c o n c e n t r a t i o n s  

o f  H+ and S .  I f  K i s  l a r g e  e n o ugh . S o r  H+ . wh i c h e v e r  i s  e q  
p r e s e n t  i n  l e a s t  amoun t . i s  c o mp l e t e l y  c o n v e r t e d  t o  S H+ . 

Th e o b s er v e d  k in e t i c s  a r e  s e c o n d  o r d e r . f i r s t  o r d e r  i n  S H+ . 

a n d  f i r s t  o r d e r  in R .  Th e mo r e  u s u a l c a s e  i s  f o r  K t o  e q  
b e  s m a l l s o  t h a t  S a n d H + a r e  p r e s e n t  i n  a m o u n t s i n i t i a l l y  

a d d e d  minus amoun t s  t h a t  ha v e  r e a c t e d .  Th e ob s e r v e d  
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k i n e t i c s  a r e  t h i r d  o r d e r . f i r s t  o r d e r  i n  H+ . s .  a n d  R .  

S in c e H+ i s  f r e qu e n t l y  c o n s t an t . b e i n g  r e g e n e r a t e d  in s t e p 

( 2 ) . t h e  kin e t i c s  m ay b e  p s u e d o - s e c o n d  o r d e r o r  p s eudo-

f i r s t  o r d er . d e p en d i n g  on  t h e  c h a n g e  in R .  T h e  p s e u d o -

c o n s t ant s .  ho w e v e r .  a r e  d e p e n d e n t  o n  t h e  h y d r o g e n  i o n  

c on c e n t r at i on  in s o l u t i o n .  

I n  t h e  c a s e  o f  a m i d e  h y d r o l y s i s  H+ i s  n o t  r e g e n e r a t e d 

( f o rm s  NH4
+) a n d  R i s  H2 o .  I n  s t r o n g  a c i d s  t h e  r a t e o f  

hy d r o l y s i s  l e v e l s  o f f a n d  m ay d e c r e a s e .  Th i s  i s  d u e  t o  t h e  

c o n c e n t r a t i o n  o f  H2 0 b e c oming a s i g n i f i c ant f a c t o r .  

A l s o  t h e  a c i d  hyd r o l y s i s  o f  ami d e s  p r o v i d e s  e x amp l e s  o f  K e q  
l a r g e  e n o u g h  t o  c a u s e  t h e  r a t e t o  l e v e l  o f f a t  a b o u t  3 M  

h y d r o g en i o n  c o n c e n t r a t i on s .  

D ay and  I n g o l d  ( 1 9 4 1 )  l i s t e d  e i gh t  m e chan i s m s  f o r  e s t e r 

hy d r o l y s i s  a n d  s u g g e s t e d  t h e  f o l l owing n o t at i o n :  

A a c i d  hy d r o ly s i s  

1 unimo l e c u l a r  r e a c t i o n  

a c y l - o xy g e n  s c i s s i o n  

B b a s e  hy d r o ly s i s 

2 b imo l e c u l a r  r e a c t i o n  

" a lkyl- oxy g e n  s c i s s i o n  

T h e  m e ch a n i s m  f o r  a c i d  h y d r o l y s i s  o f  am i d e s  i s  o f  t h e  A ' 2 

t y p e  

H 2 0 + R C ONH3
+ 

f a s t  ' R C ONH + 
3 

s l ow RCO 

+ 

-- - - -

R C O OH 

o+ � 
H 

+ NH3 "-.... H 

H2 0 

+ H 0 + 
3 
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I n  a c i d  s o l u t i o n  N H 3 e x i s t s  a s  NH 4 + 

+ - - - -) NH + 
4 + ( s e e  Ap p e n d ix 1 . 1 )  

S e v e r a l  aut h o r s  h a v e  d i s c u s s e d a n d  r e v i e w e d  t h e  k i n e t i c s  o f  

ami d e  hydro l y s i s .  La i d l e r  ( 1 9 6 5 )  n o t e d  t h a t  t h e  a c i d  

hy d r o l y s i s o f  ami d e s  w a s  a s e c o n d  o r d e r  r e a c t i o n  i n  d i l u t e  

s o l u t i o n .  A t  l o w a c i d  c o n c en t r a t i o n s  a g o o d  c o r r e l a t i on  

ex i s t s  b e twe e n  p H  and the  l o ga r i t hm o f  the  r a t e  c o n s t an t . 

"A c omp l i c a t i o n  exi s t s ,  h o w e v e r . in that  t h e  r a t e  c e as e s  t o  

b e  l in e ar in (H+ ) at  h i g h e r  a c i d  c o n c en t r at i o n s . and  

a c t u a l l y r e a c h e s  a maximum v a l u e  at  an  a c i d  c o n c en t r a t i o n  

t h a t  i s  u s u a l l y  b e t w e e n  2 a n d  5 M . Thi s r e s u l t w a s  a t  o n e  

t i m e  e x p l a i n e d i n  t e r m s  o f  t h e  h y p o t h e s i s  t h a t  a t  h i g h  a c i d  

c o n c en t r at io n s  t h e  p r o t o n at e d  ami d e  c omb in e d  w i t h  t h e  anion  

of  t h e  a c i d , f o rming an unhydro l y s ab l e c omp l ex .  Thi s .  

howe v e r ,  was  s h own t o  b e  i n c o r r e c t  b y  t h e  f a c t  t h a t  t h e  

p o s i t i o n  o f  th e max imum r a t e was  i n d e p e n d e n t  o f  t h e  amid e 

c o n c e n t r at io n .  I t  h a s  b e e n sugg e s t e d that  t h e  f a l l ing  o f f  

o f  t h e  r a t e  a t  high a c i d  c o n c en t r a t ions  i s  d u e  t o  t h e  

d e c r e a s e d  a c t i v i t y  o f  t h e  w a t e r .  Thi s  hyp o th e s i s h a s  b e e n  

f o u n d  t o  p r o v i d e  a s at i s f a c t o ry qu an t i t a t i v e  t r e at m e n t  o f  

ami d e  hydro l y s i s  i n  a c i d  s o l u t i o n .  I t  i s  t o  b e  n o t e d  t h a t  

t h e  hyp o thes is i s  o n l y  c o ns i s t e n t  with an  A ' 2  m e chanism" .  

( Laid l e r .  1 9 6 5 ) . 

To a c c o un t  f o r  t h e s e  p h en omena  o n  a t h e o r e t i c a l  b a s i s  

v ar i o u s  a c i d i t y  fun c t i o n s  h a v e  b e e n d e f i n e d  a n d  w e r e  

r e c e n t l y  r e v i e w e d  b y  F in s t o n  a n d  Rychtman ( 1 9 8 2 ) . Laid l e r 

( 1 9 6 5 )  s h owed  t h a t  t h e  s i t u a t ion may b e  f o rmu l at e d  in t e rms 

of t h e  g ener a l  A' 2 m e c h an i s m .  

H o+ K l  S H+ + R 0 s -
+ � 2 3 k 

S H+ � x* --+ p r o d u c t s  + H
2 0 ...--
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App l i c a t i o n  o f  t h e  s t e a dy- s t a t e  t r e a t m e n t  ( Bai l ey and 

O l l i s .  1 9 7 7 )  l e a d s  t o  t h e  r e s u l t  t h a t  t h e  r a t e  i s  

V 

= 

( 1 ) 

( 2 )  

Wh e r  e t h e  j 1 s a r e a c t  i v i t y c o e f f i c i e n  t s • D e  r i v a t  i o n o f ( 1 )  

and  ( 2 ) i s  g i v e n in Ap p e n d ix 1 . 2  ( La i d l e r ,  1 9 6 5 ) . 

Th e quan t i t y  js .; H +jf X* i s  b e l i e v e d  t o  b e  f ai r l y  

c o n s t an t . s o  t h a t  t h e  r a t e  c an b e  writ t e n as : 

V = ( 3 )  

wh e r e  k '  i s  a s e c o n d - o r d e r  r a t e c o n s t ant f o r  t h e  r e a c t i o n .  

T h e  exp e r iment a l l y d e t ermin e d  f i r s t - o r d e r  r a t e  c o n s t ant k 1 , 

wh i c h  exp r e s s e s  t h e  v ar i a t i o n  i n  r a t e with 

c o n c e n t r a t i o n ,  i s  g i v en in t e r m s  o f  t h e  s um 

c o n c e n t r a t i o n s  o f  s and S H+ . 

V = k l ( [ s ]  + [ SH+ ] )  

H amm e t t ' s  a c i d i t y  f u n c t i o n  h i s  d e f in e d  b y  0 

[ S ]  

a l t e r n a t iv e ly , H = 0 = 

a c i d  

o f  t h e  

w h e r  e a H + e q u a 1 t o [ H + ] /I,J. + • i s t h e  a c t i v i t  y o f t h e  

hydr o g en i o n .  

( 4 )  

( 5 )  

E l i m i n a t i o n  o f  [ S ]  a n d  [ S H+ ] f r om E q s . ( 3 ) . ( 4 ) a n d  ( 5 )  

t h e n  l e a d s  t o  



= 

Th e f o l l o wing s p e c i a l  c a s e s  o f  t h i s  equa t i o n  ar e o f  

int e r e s t : 

1 5  

( 6 )  

1 .  I f  t h e  a c id c on c e n t r a t i o n  i s  s u f f i c i en t l y  s m a l l .  

h 0 < <  K S H+ t h e n  t h e  r a t e c o n s t a n t  i s  g i v e n b y  

( 7 )  

2 .  A t  s u f f i c i ent l y  h i g h  a c i d  c on c e n t r a t i o n s . h 0 > >K SH+ 

s o  that  

= 

( 8 )  

A t  c o n c e n t r a t i o n s  g r e a t e r  t h a n  ab o u t  2 M .  h i n c r e a s e s  much 0 
m o r e  r ap i d l y  t h an [ H+ ] .  w i t h  t h e  r e s u l t  t h a t  k 1 d e c r e a s e s  

with in c r e a s in g  a c i d  c o n c en t r at i o n  ( Laid l e r .  1 9 6 5 ) .  

T h e  r a t e  o f  a m i d e  h y d r o l y s i s  b y  a c i d s  h a s  a l s o  b e e n  

r e v i ew e d  b y  Ch a l l i s  an � Ch a l l i s  ( 1 9 7 0 ) who n o t e d  t h a t  f o r  

m o s t  ami d e s  

b u t  w i t h  a r a t e maximum a t  s om e  high ac i d i t y  d e p en d e n t  o n  

b o th t h e  s o l v ent a c i d  and  am i d e  s t r u c t ur e u s u a l l y  i n  t h e  

r e g i o n  o f  2 M  t o  S M  f o r  s u l p h u r i c a c i d .  Th i s  i s  wh e r e  m o s t  

ami d e s  a r e  e x t en s i v e l y p r o t o n at e d  o n  the o xy g e n  a t om and a 

l o g i c a l  d e du c t i o n  i s  t h a t  t h i s  s p e c i e s  i s  t h e  r e a c t i v e  

int erme d i at e .  

B e l ow t h e  r a t e  m ax imum in c r e as in g  a c idity  r ai s e s  t h e  

c on c en t r a t i o n  o f  t h e  r e a c t i v e  int e rmedi a t e .  wh e r e a s  b ey o n d  
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t h e  r a t e m ax imum t h e  c h i e f  e f f e c t  o f  in c r e a s i n g  a c i d i t y  i s  

t o  d e c r e a s e  t h e  c o n c en t r a t i o n  o r  a c t i v i t y  o f  w a t e r .  

A r e l a t i o n s h i p  b e t w e e n  t h e  v a r i ab l e s rat e c o e f f i c i e n t . 

a c i d i t y  f un c t i o n  and w a t e r  a c t i v it y  was  f o un d  t o  a p p l y  t o  a 

n umb e r  o f  ami d e s  o v e r  a r an g e  o f  0 . 6 t o  1 0 . 1 M  H C l  ( Ya t e s  

a n d  S t e v en s . 1 9 6 5 ; Y a t e s  an d Ri o r d an .  1 9 &5 ) . 

Th e a c i d i t y  f un c t i o n  w a s  d e f i n e d  as  

= 

+ wh e r e  A a n d  AH r e f e r  s p e c i f i c a l l y t o  ami d e s  a n d  t h e i r  

c o n j u g a t e a c i d s  and KAH+ = aH+ aA/ aAH+ i s  t h e  

t h e rm o d y n am i c  d i s s o c i a t i o n  c o n s t an t  o f  t h e  c o n j u g a t e  a c i d .  

I t  w a s  s ho w n  t h a t  f o r  hy d r o l y s i s  o f  weak l y  b a s i c am i d e s  

i . e .  p r e s en t  i n  t h e  r e a c t i o n  m e d ium a s  e s s ent i a l l y  an 

unp r o t o n a t e d  am i d e .  t h e n  

r k o b s  
= k / K S H+ hA a H 0 

2 
Tak i n g  l o g ar it h m s an d r e a r r an g i n g  g i v e s  

k o b s  + HA = r l o g  aH 0 + c ons t ant 
2 

( 1 )  

and f o r  mo r e  b a s i c ami d e s  wh i c h  ar e p r e s e n t  a s  a mixt u r e  o f  

t h e  am i d e  and  i t s  c o n j u g a t e a c i d  t h e  c o r r e s p o n d i n g  

r e l at i o n s h i p  i s ; 

I n  t h e s e  e qu a t i o n s  k b i s  t h e  o b s e r v e d p s eu d o  f i r s t  o r d e r  0 s 
r a t e  c on s t an t .  KAH+ i s  t h e  d i s s o c i at ion c o n s t an t  o f  

p r o t o n a t e d  ami d e .  an d r i s  a hy d r at ion p ar am e t e r  whi c h  

g i v e s  a d i r e c t  m e a s ur e o f  t h e  n umb e r  o f  w a t e r  m o l e c u l e s  

n e e d e d t o  c o n v e r t  a p r o t o n a t e d  s ub s t r at e mo l e c u l e  t o  t h e  

t r ans i t i o n  s t a t e .  
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I f  t h e  a s s ump t i o n s  in v o l v e d  in t h e  d e r i v a t ion  o f  E q s  ( 1 )  

and ( 2 ) a r e  j u s t i f i e d , p l o t s  o f  e i t h e r  ( l o g  k o b s  + HA) o r  
l o g  k o b s  - l o g  ( h A / K S H+ + h A) a g a i n s t  l o g  a H 2 0 s h o u l d  b e  
l i n e a r . 

V a l u e s  o f  HA i n  H C l  w e r e  g i v e n b y  Y a t e s  a n d  R i o r d a n  ( 1 9 6 5 )  

wh o a l s o  c on s i d e r e d  t h e  e f f e c t  o f  m e a sur e m e n t  o f  r e a c t i o n  

r a t e s  at  t emp e r a t u r e s  o t h e r  t h a n  2 5 ° C  at  wh i c h  a c i d i t y  

fun c t i o n s  an d wat e r  a c t i v it i e s  a r e  u s u a l l y  m e a s u r e d .  

M i t t a l , e t  a l  ( 1 9 8 2 )  s t u d i e d  ami d e  h y d r o l y s i s w i t h  H C l .  

Th e c on c e n t r a t i o n  o f  t h e  ami d e s  w a s  v ar i e d  o v e r  a r an g e  o f  

1 - 2 0 M  d e p en d i n g  o n  t h e i r  s o l ub i l i t y .  The c o n c e n t r a t i o n  o f  

H C l  was k e p t  c o n s t an t  a t  O . l M . Ra t e s  in c r e a s e d  t o  a 

m ax imum b u t  p e ak e d  a t  h i g h e r  c o n c e n t r a t i o n  ( e a  1 6 M ) t h an 

f o r  a c i d  c on c e n t r at io n .  I t  w a s  s h o w n  t h a t  

wh e r e  a l t e rn a t i v e  d e s c r i p t i o n s  a r e ;  

( a) 

d t  

(b ) 

= kK [ H+ ] [Amid e ]  

1 + K [ Ami d e ]  

( a ) - - - �  ( b ) wh e n  1 > >  K [ Am i d e ]  

The d e r i v a t i o n  o f  e quat i o n  ( a )  ab o v e  i s  g i v en in Ap p en d ix 

1 . 3 .  

M i t t a l  e t  a l  ( 1 9 8 2 ) a l s o  s t u d i e d  hy d r o l y s i s  o f  ami d e s  w i t h  

v ar i o u s  c a rb o x y l i c  a c i d s . 

They s h owed t h a t  t h e  c a t a l y s i s w a s  i n d e e d  d u e  t o  p r o t o n  

t r ans f e r  f r o m  a s p e c i f i c  hy d r o n ium i on.  



o r  k o b s  
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= 

A c i d  c o n c e n t r a t i o n s  w e r e  0 . 1  - 0 . 4M and i n c l u d e  a c e t i c  

a c i d . a s  u s e d  b y  Wu e t  a l  ( 1 9 7 6 )  a n d  b y  Aranyi and 
+ H aw ry l e wi c z  ( 1 9 7 2 ) f o r  g l u t e n  hyd r o lys i s . - [ H  ] was 

c a l c u l at e d from the d i s s o c i a t i o n  c o n s t an t s .  

1 . 2 . 3  A c i d  hyd r o lys i s  o f  pro t e in s  

A c i d  hy d r o l y s i s  o f  p � o t e in s  h a s  no t b e e n  i n t e n s i v � l y  

s t u d i e d  i n  r e c en t  y e ar s . As a c o n s e quen c e  t h e  r e views  and 

m o s t  o f  t h e  p ap e r s  r e f e r r e d  t o  a r e  not r e c e n t . Th e r e a s on 

f o r  t h i s  i s  that m o s t  r e c e n t  h y dr o l y s e s  o f  p r o t e ins  h a v e  

u s e d  p r o t e o lyt i c  e n z ym e s  b e c au s e t h ey g i v e  t h e  s p e c i f i c  

p a r t i a l  hy d r o l y s i s  r e qu i r e d  f o r  amino a c i d  s e qu e n c e  

s t u d i e s . 

T h e  h y d r o l y s i s o f  p r o t e i n s  b y  b o th a c i d  a n d  e n zymat i c  

m e t h o d s  h a s  b e en r e v i e w e d  b y  Hi l l  ( 1 9 6 5 ) .  P ar t i a l  a c i d  

h y d r o l y s i s o f  p r o t e i n s  h a s b e en  r e v i ewe d b y  Light ( 1 9 6 7 )  

a n d  K a s p e r  ( 1 9 7 0 ) . 

I n  a c om p r e h en s i v e  r e v i e w .  L e a ch ( 1 9 5 3 )  e x am i n e d  

m e a s u r e m e n t  m e t h o d s . r e a c t i o n  kine t i c s  a n d  ami d e  and 

p e p t i d e  b o n d  hyd r o l y s i s m e c h an i sms  f rom a " r a t e o f  

a t t a ck "  p o in t  o f  v i e w .  S o m e  p o int s o f  p a r t i c u l a r 

i n t e r e s t  a r e  d r awn f r o m  t h i s  r e v i e w .  

1 . 2 . 4  Ac i d  hyd r o lys i s  o f  ami d e  b o n d s  i n  pr o t e in s  

T h e  a m i n o  a c i d s  g l ut amin e a n d  a s p a r ag in e  h a v e  am i d e  s i d e­

c h a i n s  wh i c h  ar e r e l at i v e l y  m o r e  a c i d  l ab i l e  t han p e p t i d e  

b o n d s  ( S t e inhar d t  a n d  F u g i t t .  1 9 4 2 ;  Leach  a n d  Lind l ey .  

1 9 5 3 ) . 

O t h e r  imp o r t ant  p o in t s  n o t e d  in t h e  r e v i ew b y  Leach ( 1 9 5 3 )  

a r e  a s  f o l l o ws :  
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( 1 )  Th e r a t e s  o f  hy d r o l y s i s  f o r  g l ut am i n e  and 

a s p a r a g i n e  within p e p t i d e  c h a i n s  are not the s am e  

f o r  a l l p r o t e i n s  b u t  a r e  s imi l a r .  

( 2 ) Comp a r a t i v e  s t u d i e s  i n v o l v i n g  p r o t e in s  and 

s imi l a r ami d e s  h a v e  s h o wn s imi l a r r e a c t i o n  r a t e s  

but  f r e e  g l u t amin e hy d r o l y s e s  m�ch mo r e  rap i d l y  

than i t s  p e p t i d e s . G l u t am i n e  i s  v e ry m u c h  m o r e  

l ab i l e  t h an as p ar agin e .  R e v i e w s  o f  s e v e r a l  

s t u d i e s  h a v e  s h own t h a t  t h e  k i n e t i c s  c an b e  

d e s c r ib e d b y  t h e  l o g i c a l  a s s ump t i o n  t h a t  rat e o f  

hy dro l y s is  = k 1 [Ami d e ]  [ H+ ] 

Th e r e  d o e s  n o t . how e v e r .  a p p e a r  t o  b e  a 

d e f init i v e  d e mo n s t r a t i o n  o f  t h i s  p o int . 

( 3 )  Th e s t u d i e s  a l s o  s u g g e s t  t h a t  t h e  ami n o  a c i d  

environment  within t h e  p r o t e in h a s  l i t t l e  e f f e c t  

u p o n  t h e  r a t e o f  h y d r o l y s i s  o f  t h e  a m i d e  s i d e  

chain . 

( 4 ) I f  t h e  r a t i o  o f  g l ut am i n e  t o  a s p a r ag in e  w e r e  l ow 

(this  i s  n o t  t h e  c a s e  w i t h  g l u t en .  s e e  Tab l e  1 . 1 ) 

then t h e  ap p ar ent k i n e t i c s may n o t  b e  f i r s t  o r d e r  

in [Ami d e ]  b e c au s e  o f  t h e  d i f f e r e n c e  i n  l ab i l i t y  

o f  g l u t amin e and  a s p a r a g i n e .  

( 5 )  Th e a c i d  o r  o t h e r  a d d e d  a n i o n c a n h a v e  a l a r g e  

e f f e c t  o n  t h e  r e a c t i o n .  

1 . 2 . 5  A c i d  hyd r o lys i s  o f  pept i d e  b o n d s  i n  pro t e ins  

The m e c h anism of  a c i d hyd ro l y s i s  o f  p e p t i d e  b o n d s  h a s  b e e n  

d e s c r ib e d by  Law r en c e  an d M o o r e  ( 1 9 7 1 )  a n d  i s  i l l u s t r at e d  

h e r e  f o r  a d ip ep t i d e .  
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I t s h o u 1 d b e n o t e d t h a t ·o n e h y d r o g e n i o n i s c o n s u m e d f o r 

e a c h  p e p t i d e  b o n d  b r ok e n .  Th e s t ab i l i t y  o f  p e p t i d e  b o n d s  

t o  h y d r o l y s i s  v a r i e s  c o n s i d e r ab l y .  t h e  r e l a t i v e  s t ab i l i ty  

o f  the  d i f f e r en t  b o n d s  d e p e? d i n g  o n  t h e  hy d r o g e n  i o n  

c o n c e n t r a t i o n .  Ac i d  hy d r o l y s i s  o f  p e p t i d e  b o n d s  c an 

t h e r e f o r e  b e  r e g ar d e d  a s  h a v i n g  a p ar t i a l  s p e c i f i c i t y  

( Le a c h .  1 9 5 3 ) . Th e p r e f e r ent i a l  l ib e r a t i o n  o f  a s p ar t i c  

a c i d  w a s  s t u d i e d  b y  B l a ck b u r n  a n d  L e e  ( 1 9 5 4) .  Oth e r  

a p p a r e n t l y  p r e f e r e n t i a l  l ib e r a t i o n s  o f  amino a c i d s  b y  a c i d  

h y d r o l y s i s  h a v e  b e e n r e v i ewe d b y  L e a c h  ( 1 9 5 3 )  a n d  m o r e  

r e c e n t l y  b y  Han e t  a l  ( 1 9 8 3 ) . 

S t u d i e s  o f  t h e  k in e t i c s  o f  p e p t i d e  b o n d  hyd ro l y s i s  o f  

p r o t e i n s  h a v e  g i v e n  m ix e d  r e s u l t s  and  h a v e  b e e n  v ar i o u s l y  

i n t e r p r e t e d ( Le a c h .  1 9 5 3 ) . 

Car e f u l  s t u d i e s  o f  t h e  a c i d hy d r o l y s i s  o f  d i p e p t i d e s  s h o w e d  

t h a t  t h e  r e a c t i o n  w a s  f i r s t  o r d e r  in p e p t i d e  c o n c e n t r a t i o n  

a n d  t h a t  t h e  r e a c t i o n  r at e  w a s  d i r e c t ly  p r o p o r t io n a l  t o  t h e  

a c i d  c o n c ent r a t i o n  ( Ha r r i s e t  a l .  1 9 5 6 )  s o  t h a t  t h e  



r e a c t i on  r a t e  c o u l d  b e  r e p r e s ent e d  by  a s e c o n d  o r d e r 

e qu a t ion ( Lawr enc e a n d  M o o  re . 1 9 5 1 )  

i . e .  r a t e o f  hyd r o l y s i s  = k 2 [ p e p t i d e ]  [ H+ ] 

L e a c h  ( 1 9 5 3 )  c o n c l u d e d  that : 

2 1  

" I n  t h e  l i ght o f  m o r e  c o mp l e t e  k i n e t i c d a t a  o n  hy d r o l y t i c  

r e a c t i o n s  in s imp l e  s y s t ems s u c h a s  e s t e r s . ami d e s  and  

p e p t i d e s . it  s e ems m o s t  l ik e l y  t h a t  p r o t e i n  hyd r o l y s i s  at  a 

c o n s t ant  p H  i s  f i r s t - o r d e r  t h r o u g h o u t  w i t h  r e s p e c t  t o  any 

p ar t i c u l a r p e pt i d e-b o n d  t y p e .  How e v e r . it has a l r e a dy 

b e e n  p o int e d  out that t h e s e  b o n d s  d i f f e r  c o n s i d e r ab l y  in 

s t r en g t h  and  the hy d r o l y s i s c o u l d  n o t  b e  exp e c t e d t o  

p r o c e e d  a t  exac t l y t h e  s ame r a t e through o ut . T h e  f i r s t  

r a p i d  hy d r o l y s i s . in v o l v i n g  m ain l y  t h e  m o s t  l ab i l e  p e p t i d e  

b o n d s  is  c o mp r i s e d  o f  a s e r i e s o f  f i r s t- o r d e r  r e a c t i o n s  o f  

g r a du a l l y  d e c r e a s in g  r at e .  A f t e r  b r e ak a g e  o f  t h e s e  b o n d s . 

t h e  r emaining o n e s  m ay n o t  d i f f e r  s o  wid e l y  i n  r e a c t i v it y  

and  s o m e t im e s  p r o du c e  a l in e a r  f i r s t - o r d e r  c u r v e .  S in c e  

th e t emp e r a t u r e  and e v e n t h e  p H  d e p en d en c e  o f  r a t e m ay v ary 

with the n a t u r e  of  the b o nd  to  be  b r oken . the c h a n g e  i n  

s l o p e  o f  t h e  f i r s t- o r d e r  c u r v e w i l l  d e p e n d  n o t  o n l y  u p o n  

t h e  c on c e n t r a t i o n  o f  t h e  l ab i l e  b o n d s  in a n y  o n e  p r o t e in . 

b u t  u p o n  t h e  p ar t i c u l a r t emp e r at u r e  an d p H  c o n d i t i o n s  

c h o s e n f o r  t h e  m e a s u r e m en t s .  T h i s  m ay exp l a in t h e  ap p ar en t  

l a c k  o f  a g r e ement b e t w e e n  t h e  c o n c l u s i o n s  o f  d i f f e r ent 

a u t h o r s " .  

1 . 2 . 6  Ac i d  hyd r o lys i s  �nd pyr r o l i d o n �  c ar b o xyl i c  a � i d  

A b i t t e r t a s t e  is  c ommo n  i n  p r o t e i n  hy d r o l y s at e s .  Th e 

p h e n o m en o n  a p p e ars  t o  b e  r e l a t e d  t o  p ep t i d e  c h a i n  l ength  

an d hydro phob i c it y  ( Ad l e r-Nis s e n a n d  O l s en . 1 9 7 9 ) . Wh en  

r e v i ewing t h e  f o rmat i o n  o f  b i t t e r p e p t i d e s  in d a i r y  

p r o du c t s . Su l l iv an and  Jag o ( 1 9 7 0 ) a n d  E dw a r d s  a n d  

Ko s ikowski ( 1 9 8 3 )  n o t e d  t h a t h i g h  c o nt ent s o f  g l ut amic  a c i d  

a n d  p r o l in e  w e r e  c o n s i s t en t  c omm o n  f a c t o r s . G l u t amine  and 
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p ro l in e  a r e  the m o s t  c o mmon amino  a c i d s  in g l u t e n  ( T ab l e  

1 . 1 )  an d a s t r i n g e n t  o f f- f l a v o u r s  h a v e  b e en  r e p o r t e d  in a c i d  

h y d r o l y s e d  g l u t e n  ( F in l ey ,  1 9 7 5  a n d  Wu e t  a l , 1 9 7 6 ) . 

Un d e r  s o m e  c o n d i t i o n s  g l ut amin e i s  s u s c ep t ib l e  t o  

d e ami d a t i o n  a c c omp a n i e d  b y  a m o l e c u l a r r e a r r an g em e n t  t o  the  

c o r r e s p on d ing l a c t am ,  p y r r o l i d - 2 - o n e  c ar b o xy l i c  a c id 

( p yr r o l i d o n e  c arb oxy l i c a c i d o r  P CA o r  p yr o g l ut amic a c i d ) . 

P CA i s  t h o ugh t t o  b e  f o rm e d  b y  c y c l i z at i o n  o f  N- t e rmin a l  

g l u t am i n e  ( S u l l i v an and  Ja g o , 1 9 7 0 ) . 

/ 

0 0 

1 1  � c 

- - - - - - - - 7 

\ 
c = 0 

l 
X 

Glut aminy l r e s i d u e  

NH - CH 

I 
c = 0 

I 
X 

Pyr r o l i d o ny l r e s i due  

D e r i v at i v e s  o f  g l u t am i n e  i n  p e p t i d e s  were  r e v i ew e d  by  

B l o mb a c h  ( 1 9 6 7 )  who  n o t e d  that  th e d e amid at i o n  of  g l ut amine 

a t  n e u t r a l  and  s l i gh t l y  a c i d  or  a lk a l in e  c o n d i t io n s  is  

o f t e n a c c o mp ani e d  by a m o l e c u l a r r e a r r an g e m e n t  to  P CA .  

T h e  w o rk o f  M e l v i l l e  ( 1 9 3 8 ) s h o w e d  t h at p e p t i d e s  w i t h  

g l u t amin e in t h e  N- t e rmin a l  p o s it i o n  f o rm e d  P CA .  

A l t h o ugh t h e r e  i s  l i t t l e  d i r e c t  e v i d en c e ,  it  s e ems l ik e l y 

t h a t  P CA c o u l d  b e  f o rm e d  d u r i n g  a c i d  hy d r o l y s i s  o f  g l u t en .  
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1 . 2 . 7 Review o f  pr evi o u s  s t u d i e s  o f  ac i d  hyd r o lys i s  o f  

glu t en  

On e o f  the  e a r l i e s t  and m o s t  c o mp r eh ens i v e  s t u d i e s  of  the  

acid  hy d r o ly s i s  o f  p r o t e in s  was  m a d e  b y  V i c k e ry ( 1 9 2 2 ) wh o 

s t ud i e d  t h e  . r a t e  o f  hyd r o l y s i s  o f  wh eat g l i a d i n  i n  H C l . 

H2 s o 4 a n d  a l k a l i s .  The r a t e  o f  l ib e rat i o n  o f  amm o n i a  f r o m  

the  hy d r o lys i s  o f  ami d e  g r o u p s  a n d  f o rmat i o n  o f  amino 

g r o u p s  f r om the hy d r o l y s i s  o f  p e p t i d e  b o n d s  w e r e  m e a s ur e d .  

Wh e n  g 1 i a d  i n  w a s  b o i 1 e d i n  0 • 0 2 7 M H C 1 i t  w a s f o u n d t h a t  

amm o n i a w a s  a t  f i r s t  s e t f r e e  q u i t e r a p i d l y  b u t  t h a t  

"neut r a l i z at i o n  o f  t h e  a c i d  b y  t h e  ammon i a  s e t  f r e e  is . in 

this c a s e .  t h e  d e c i ding f a c t o r  i n  the r a t e o f  hy d r o l y s i s " .  

M e a s u r ab l e  p e p t i d e  b o nd  hy d r o l y s i s  w a s  d e t e c t e d  d uring 

hyd r o l y s i s  in 0 . 1 M  H C l . 

Ho l m e  a n d  Br i g g s  ( 1 9 5 9 ) s t u d i e d  t h e  d e ami d a t i o n  o f  g l i a d in 

in t h e  c o urs e o f  s t u d i e s  o f  it s p h y s i c a l  c h ar a c t e r i s t i c s . 

T h e  r a t e o f  l i b e r a t i o n  o f  am m o n i a  w a s  r e c o r d e d  f r o m  a 1 %  

g l i a d i n  s u s p e n s i o n  a t  1 0 0 ° C  w i t h  H C l  c o n c e n t r a t i o n s  o f  

0 . 0 0 8 M . 0 . 0 2 M an d 0 . 0 4 M i . e .  c o n d i t i o n s  v e ry s imi l a r t o  

tho s e  u s e d b y  V i ck e ry ( 1 9 2 2 ) . I t  w a s  n o t e d  t h a t  t h i s  

hydro l y s i s  ap p e a r e d  t o  f o l l ow s e c o n d - o r d e r  k i n e t i c s .  

G l i a d i n  w a s  s imi l ar l y hy d r o l y z e d  b y  M c D o n a l d  a n d  P en c e  

( 1 9 6 1 ) w h o  h e a t e d  a 5 .5 %  g l i a d in d i s p e r s i o n  i n  0 . 0 7 M HC l 

f o r  t h r e e  h o u r s  a t  9 6 - 9 8 ° C . T h i s  t r e at m e n t  r e m o v e d  ab o u t  

2 8% o f  t h e  t o t a l  ami d e  g r o up s .  

Arany i a n d  Hawry l ewic z ( 1 9 7 2 ) hy d r o l y z e d  g l u t e n i n  a 

c omb in a t i o n  o f  0 . 1 M  � c i  p l u s  4 M  a c e t ic  a c i d .  Thi� 
c omb in a t i o n  was  c h o s e n  b e c au s e t h e  g l ut en w a s  s o l ub i l i z e d  

init i a l l y  and w a s  c om p at ib l e  w i t h  s ub s e q u e n t  a n a l y s e s .  

Hy dro l y s e s  w e r e  c ar r i e d  o u t  a t  6 0 ° C  f o r  2 4  h o ur s .  Th e 

e f f e c t  o f  p r io r d i srup t i o n  o f  d i s u l f i d e  l ink a g e s  i n  t h e  

p r o t e i n  b y  p e r f o rm i c  a c i d  o x i d a t i o n  w a s  a l s o  exami n e d .  

Aft e r  h y d r o ly s i s . i t  was  f o und  t h a t  s t ar c h  c o u l d  b e  

e l i m i n a t e d  a s  a s e d i m e n t  a n d  l i p i d  a t  t h e  t o p  o f  a 

c e n t r i f u g e  t ub e  f o l l o wing c en t r i f u g a t i o n  a t  4 0  0 0 0  x g f o r  
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1 h o u r .  I t  w a s  c o n c l u d e d  t h a t  t h e  r at e s o f  ammo n i a  

p r o du c t i o n  and  p e p t i d e  b o n d  c l e a v a g e w e r e  s imi l a r in t h e  

unt r e a t e d  s amp l e s a n d  t h at p e p t i d e  b ond  c l e a v a ge  w a s  f a s t e r  

i n  t h e  p e r f o rm i c  a c i d  o x i d i z e d  s amp l e s .  Th a t  th e r a t e  o f  

p ep t i d e  h y d r o l y s i s and  amm o n i a  r e l e a s e  is s im i l a r  s e e ms 

un l ik e l y  i n  t h a t  it  is  a t  v ar i an c e  with a l mo s t  a l l  o th e r  

s t u d i e s  o f  ami d e  hy d ro l y s i s .  

A m o r e  ex t en s i v e  s t u dy o f  a c i d hy d r o l y s i s  o f  g l u t en and  t h e  

f unc t i o n a l p r o p e rt i e s  o f  t h e  t r e at e d  g l ut en  w a s  m a d e  b y  Wu 

e t a l  ( 1 9 7 6 ) . 

G l u t e n  s u s p en s i o n s  ( 5 % )  w e r e  h e at e d  in 0 . 0 2 . 0 . 05 . 0 . 1  and  

0 . 5 M  H C l  a n d  1 . 7 5 . 3 . 5 a n d 8 . 7 5 M  a c e t i c  a c i d  f o r  u p  t o  o n e  

h o u r  a t  1 2 1 ° C  a n d  d at a  f o r  t h e  r e s i d u a l  ami d e  l e v e l  w e r e  

o b t ain e d .  Th e d a t a  w e r e  n o t . h o w e v e r .  c o r r e c t e d  f o r  t h e  

e f f e c t  o f  t h e  a p p r o ximat e l y 1 5  m i nu t e s  r e qu i r e d  f o r  t h e  

a ut o c l a v e  t o  r e a c h  t h e  r e a c t i o n  t e m p e r at u r e  o r  t h e  c o o l in g  

t im e  o f  t h e  a ut o c l a v e  ( Wu .  1 9 7 5 ) .  

S imi l a r d at a  i n  r e s p e c t  o f  ammo n i a  r e l e a s e  an d e f f e c t  o f  

a c i d  s t r en g t h  w e r e  o b t ai n e d  b y  M a t s u d omi e t  a l  ( 1 9 8 1 )  u s ing 

g l u t e n  s u s p en s i o n s  ( 5 % )  h e at e d  in a n  aut o c l a v e  at 1 2 0 ° C  f o r  

5 - 9 0  m i n u t e s  i n  H C l .  0 . 0 5 . 0 . 1  a n d 0 . 5 M .  Th e d a t a .  

h o w e v e r .  a r e  i n s u f f i c i e n t  f o r  k in e t i c  an a l y s i s . 

The e f f e c t  o f  a c i d  s t r e n g t h . 0 . 3 3  a n d  0 . 6 7 M H C l . and  

t emp e r at u r e  40 . 5 0  and 6 0 ° C . w e r e  e x amin e d  b y  H amau z u  e t  a l  

( 1 9 8 2 ) . wh i l e  t h e  e f f e c t  o f  a c i d  s t r ength 0 - l . O M  H C l . 

t emp e r a t u r e  5 0 ° C . 7 5 ° C  an d 9 5 ° C .  a t  a fix e d  t r e at m e n t  t im e  

o f  3 0  m i nu t e s  w e r e  ex amin e d  b y  F i n l ey ( 1 9 7 5 ) . 

S o m e  o f  t h e  d a t a  o b t ain e d  b y  t h e s e  autho r s  a r e  s h o wn in 

F i g u r e  1 . 1 .  A c o n s i s t e nt  p a t t e rn o f  inc r e a s e d  r e a c t i o n  

w i t h  b o t h  i n c r e as in g  a c i d  c o n c e n t r at i on  an d in c r e a s in g  

t em p e r a t u r e  c an b e  s e e n .  T h e  d at a  o f  V i ck e ry ( 1 9 2 2 ) f o r  

g l i a d in . a r e  s imi l a r t o  th o s e  o f  F i n l ey ( 1 9 7 5 )  f o r  g l u t en .  

E a c h  a u t ho r  u s e d a d i f f e r en t  s o u r c e  o f  g l ut en and  t h e s e 



-
� 0 -
(J) 
(J) 
>. 

0 � 
1J 
>. 

.s::. 

1J 
c 
0 

..0 

Q) 
1J 

E 
ro 

-
0 

(]) (]) � 
Ol 
Q) 
0 

1 00 

80 

60 

40 

20 

0 . 2  0 . 6  

Concentrat ion of HCI ( M }  

Key 
• 50° C Fin ley (1 975} 
V 75° C Fin ley (1 975} 
0 95° C F in ley (1 975} 
• 93-95° C Vickery ( 1 922} 

f:. 1 20° C M atsudomi et a l · ( 1 98 1 } 

A 1 20° C Wu et a l  ( 1 976} · 

25 

75° C 

50° C 

·1 . 0  

Figure 1 . 1  Extent of gluten deamidation after 30 minutes 
reaction (data from various authors) . 
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d at a .  b e c au s e  o f  t h e i r  c o n s i s t e n c y .  s ug g e s t  t h a t g l u t e n  

f r o m  v a r i o u s  s o u r c e s  b eh a v e s  s im i l a r l y  in a c i d  d e amid a t i o n  

r e a c t i o n s . 

T h e  f i t  o f  t h e s e  d a t a  t o  A r r h e n i u s  l aw w a s  t e s t e d  b y  

d e f i n i n g  a p s e u d o  r at e  c o n s t an t  

K'  = t h e  ext e n t  o f  r e a c t i o n  a f t e r  3 0  minut e s  w i th 0 . 1 M  

a c i d  

A p l o t  o f  k '  a g a in s t  t h e  r e c i p r o c a l  o f  ab so l u t e t emp erat u r e  

o n  s emi- l o g ar i t h im i c  c o o r d i n a t e s  s h ows a s t r a i g h t  l ine  f i t .  
( !=, _,., .. t. I · �) 
Th 1 s  c o n f i r m s  t h at t h e  e f f e c t  o f  t emp e r a t ur e o n  r e a c t i o n  

r a t e c an b e  d e s c r ib e d  b y  Arrh e n i u s  l aw ( Le v e n s p i e l .  1 9 7 2 ) . 

Th e r e  d o  n o t  a p p e a r  t o  b e  any s t u d i e s  whi c h  s h o w  t h e  e f f e c t  

o f  v aryin g t h e  g l u t e n  c o n c en t r a t i o n  b u t . b e c au s e  o f  t h i s  

r e s u l t  a n d  t h e  n e a r  l in e a r  d e p e n d e n c e  o f  t h e  e x t ent  o f  

hy d r o l y s i s  o n  a c i d  c o n c e n t r at i o n  � hown in F i g u r e  1 . 1 .  it  

s e ems l ik e l y  that  t h e  a c i d  h y d r o l y s i s  of  the  g l u t amine 

ami d e  g r o u p  i n  p r o t e in s  c an b e  d e s c r ib e d  by  t h e  k inet i c s  o f  

hyd r o l y s i s  o f  ami d e s  a s  d i s c u s s e d in S e c t i o n  1 . 2 . 2 .  

p r o p o s a l  h a s  b e e n t e s t e d  i n  t h e  p r e s ent  w o rk . 

1 . 3 Glu t amin a s e e n zym e s  

Thi s  

G l u t amine  h a s  a c e n t r a l  r o l e  i n  t h e  n i t r o g e n m e t ab o l i s m o f  

b i o l o g i c a l  o r g an i s ms . I t s  f un c t i o n  i s  that  o f  a n i t r o g en o r  

amm o n i a  t r an s p o r t  m o l e c u l e .  T h e  ami d e  NH2 g r o u p  o f  g lu t amin e 

s e r v e s  a s  t h e  i mm e d i a t e s o u r c e  o f  n i t r o g e n  a t o m s  i n  a w i d e  r a n g e  

o f  b i o ch e m i c a l  s ub s t an c e s . i n c l u d i n g  p u rines  and  p y r imi din e s ; 

t h e  amin o a c i d s . t ry p t o p h an .  h i s t i d in e . as p ar a g in e . g l u t amic  

a c i d . and  a r g in i n e ;  amino  s u g a r s ; a n d  the  c o enzym e s  f o l i c  a c i d  

an d n i c o t i n am i d e  n u c l e o t i d e s  ( Har t man . 1 9 7 3 ) . Th e e n zymes  a n d  

p at hways i n v o l v e d  h a v e  c o ns e qu e n t l y  b e en t h e  s ub j e c t  o f  num e r o u s  

s t u d i e s  ( e . g .  P r u s i n e r  and  S t a d t m an . 1 9 7 3 ;  Payn e .  1 9 8 0 ) . 

G l u t ami nas e s . and  e s p e c i a l l y L- g l u t am i n e  ami d o hy d r o l a s e  ( E . C .  

3 .5 . 1 . 2 )  wh i c h  c a t a l y s e s  t h e  r e a c t i o n :  

L- G l u t a m i n e  + H 20 - - � L- g lut amat e + NH3 
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h a v e  b e en s t u d i e d  ( P r u s in e r .  1 9 7 3 ) . and t h i s  e n z y m e  f r o m  E. c o l i 

i s  c o mm e r  c i a 1 1  y a v a i 1 ab 1 e • 

Hy d r o l y s i s  o f  p e p t i d e  b o und  ami d e  o f  g l u t amine  i s  t h e  b a s i s  o f  

t h e  p r e s e n t  s t udy  and i f  t h e  r e a c t i o n  c o u l d  b e  c a t a l y z e d 

e n zymat i c a l l y  a s  w e l l  a s  b y  h y d r o g en i o n s  an  i n t e r e s t in g  

c omp ar i s o n  s h o u l d  a r i s e .  

Th e r e  a p p e a r  t o  h a v e  b e e n  f e w  s t u d i e s  o n  t h e  e n z y m e - c a t a l y z e d 

hy d r o l y s i s  o f  p e p t i d e - b o u n d  g l u t amin e .  a l t h o u gh t h e  s p e c i f i c ity 

o f  g l u t am i n a s e f r om E. c o i i  h a s  b e e n  s t u d i e d  ( M e i s t e r e t  a l  • . 

1 9 5 5 ;  H a r t m a n . 1 9 6 8 ) . Th e e n z y m e  c at a l y s e s  r e a c t i o n  w i t h  L­

g l u t am i n e  a n d  w i t h «-me thy l - D L- g l u t amine  b u t  n o t  w i th 

0 - g l u t am in e . D o r  L a s p a r ag i n e  o r  o th e r  ami d e s . O t h e r  s ub s t r at e s  

h a v e  b e en e x am i n e d  and  n o  r e a c t i o n  w a s  f o und  w i t h  v a r i o us 

r e l at e d c o m p o u n d s  in c l u d i n g  N- a c e t y l - L- g l u t amin e an d L­

g l ut am iny l - L  a s p aragine) . b u t  s o m e  r e a c t i o n  w i t h  s ub s t r at e s  

s ub s t i t ut i n g  v ar i o u s  g r o u p s . m e thy l . e t hy l .  e t c . f o r  the  

¥- ami d e  ( Ha r t m an ,  1 9 6 8 ;  T o w e r .  1 9 6 7 ) . It  w a s  thus  found  t h at 

a l l  o f  t h e s e  c om p o u n d s ,  w h i c h  a c t  e i t h e r  a s  s ub s t r a t e s  o r  a s  

c omp e t i t i v e  i n h ib i t o r s  h a v e  t h e  c o mmon s t r u c t u r a l  e l emen t s :  

X 

NH + 
3 

I t  a p p e ar s  un l ik e l y ,  t h e r e f o r e .  t h at t h i s  en zyme  w o u l d  r e a c t  

w i t h  p ep t i d e  b o und g l u t amin e .  G l ut amin a s e f r o m  a numb e r  o f  

s o u r c e s  h a s b e e n  u s e d  i n  t h e  p r o d u c t i o n  o f  s o y s a u c e  t o  p r e v e n t  

l ib e r at e d  g l u t amine f r o m  b e i n g  c o n v e r t e d  t o  p y r o g l u t am i c  a c i d .  



29 

In c r e a s e d  l e v e l s  o f  g l u t am i c  a c i d  w e r e  sh own in t h e  f in a l  

p r o d u c t s .  Th e r e  was  howe v e r . n o  in d i c a t i o n  o f  wh e t h e r  the  

d e am i d a t i on t o ok p l a c e  o n  p e p t i d e  b o und  or  f r e e  g l u t amine  

(Yok o t s uk a  et  a l .  1 9 7 4 .  1 9 7 5 ) .  

The p r o p e r t i e s  o f  e n z y m e s  a n d  m e t ab o l i c  p athways f o r  o r g an i c  

ami d e s  t h a t  h a v e  no  s p e c i a l  r o l e  i n  c e nt r a l  m e t•b o l i s m  b u t  

enab l e  amid e s  t o  b e  u s e d  b y  mic r o o r g an i s m s  f o r  g r o w t h  as  c a r b o n  

and/ o r  n i t r o g e n  s o u r c e s  h a v e  b e e n  r e v i ew e d  b y  C l ark e ( 1 9 8 0 ) . A 

l ar g e  numb e r  o f  ami d a s e s  f ro m  a w i d e  r an g e  o f  o r g an i s m s  h a v e  

b e e n d e s c r ib e d .  Th e v a r i o u s  s ub s t r at e s  t e s t e d  d i d  n o t  i n c l u d e  

p o lyami d e s . 

2 +  Trans g l u t aminas e s  c at a l y z e a C a  - d e p e n d e n t  a c y l - t r an s f e r  

r e a c t i o n  i n  wh i c h  t h e  - c arb oxam i d e  g r o u p  o f  p e p t i d e- b o un d  

g l ut am i n e  r e s i d u e s  a r e  t h e  a c y l  d o n o r s .  P r i m ary a m i n o  g r o u p s i n  

a v ar i e t y  o f  c o mp o un d s  m a y  f un c t i o n  a s  a c y l  a c c e p t o r s  w i t h  t h e  

s ub s e quent  f o rm a t i o n  o f  m o n o s ub s t i t u t e d  - ami d e s  o f  p e p t i d e­

b o un d  g l u t ami c a c i d .  In  t h e  p r e s en c e  o f  l e s s  t h a n  s at u r at in g  

l e v e l s  o f  a p r i m a r y  a m i d e  o r  i n  t h e  ab s e n c e  o f  a n  a m i n e .  w a t e r  

c an a c t  a s  t h e  a c y l  a c c e p t o r  with f o rm a t i o n  o f  p e p t i d e- b o u n d  

g l u t am i c  ac i d . 

H 

I 
I NH2 I N- R 

G l u  - + R- NH 2 ---? G l u - + N H3 

o r  NH 2 I 
- G l u - + H OH - G l u - + NH3 

Tran s g l u t am in a s e  a c t i v i t y  h a s  b e e n  f o und  t o  b e  wi d e l y 

d i s t r i b u t e d  i n  anim a l  t i s s u e s  and o r g ans . M any s t u d i e s  h a v e  

d e a l t  p r i n c i p a l l y w i t h  t r an s g l u t amin a s e  f r o m  g u i n e a  p i g  l i v e r  

b e c au s e  t h i s  o r g an o f f e r s  a p ar t i c u l ar l y r i c h  s o u r c e  o f  e n z ym e .  
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T h e r e  h a v e  b e e n a n u mb e r  o f  s t u d i e s  o f  t h e  e n z y m e  a n d  t h e s e  h a v e  

b e e n  r e v i e w e d  b y  F o l k  a n d  Chung ( 1 9 7 3 ) . 

T h e  u s e  o f  t h i s  e n z y m e  f o r  g l u t en d e am i d a t i on c o u l d  b e  u s e fu l l y 

i n v e s t ig a t e d  b u t  w a s  n o t  p u r s u e d  i n  th i s  p r e s e n t  s t u d y .  

K ik u c h i  a n d  S ak a g u c h i  ( 1 9 7 3 )  s e a r ch e d  f o r  a m i c r o o r g a n i s m  wh i c h  

w o u l d  p r o d u c e  an  e n z ym e  t o  c a t a l y z e t h e  d e ami d a t i o n  o f  g l ut amine  

in  p r o t e in or  p e p t i d e .  C B Z- L- g l u t am i n e  ( c arb ob e n z o xy- L-g l n) 

a n d  t - A O C- L- g l  u t aminy l - L- p r o  l in e  ( t e r t - amy l ox y c arb o ny 1 - Lg l n­

Lp r o )  w e r e  u s e d  as  s ub s t r a t e s  f o r  t h e  s c r e en i n g  o f  t h e  e n z y m i c  

a c t i v it y  f o r  t h e  r e a s o n  t h a t  they  a r e  r e s i s t an t  t o  hy d r o l y s i s  b y  

p r o t e a s e s  o r  p e p t i d a s e s  a n d  d e ami d a t i o n  b y  a l r e a dy k n o wn L-

g l ut am i n a s e s .  Two n ew g l ut aminas e s  w e r e p r o d uc e d  f r o m  a s o i l  

i s o l at e  m i c r o o r g an i s m  i d e n t i f i e d  a s  B a c i l l u s  c i r c u l an s . T h e y  

w e r e  n am e d  p e p t id o g l u t am i n a s e b e c au s e  o f  t h e i r  s p e c i f i c it y  

t o w a r d  p e p t i d e  b o u n d  L- g l u t amine  a n d  t h e i r  n e g l i g ib l e  a c t io n  o n  

f r e e  L- g l u t am i n e  (Kiku c h i  e t  a l ,  1 9 7 1 ) . P e p t i d o g l u t amin a s e  I 

w a s  f o und t o  b e  s p e c i f i c  f o r  c a t a l y s in g  t h e  hy d r o l y s i s  o f  t h e  

¥ - ami d e  o f  L- g l ut am i n e  w i t h  th e c arb o xy l  g r o up f r e e b u t  t h e  

o{ _  amino g r o up s ub s t it ut e d .  P e p t i d o g l u t amin a s e I I  w a s  s p e c i f i c  

f o r  hyd r o l y s i s  o f  t h e  ¥- am i d e g r o up o f  L- g l u t am i n e t h a t  w a s  

s ub s t i t u t e d  a t  t h e  c a rb oxy l p o s i t i o n  b u t  t h e o(- am i n o  g r o up c o u l d  

b e  e i t h e r  f r e e  o r  s ub s t i t u t e d .  Th e r e a c t i on  r a t e s  f o r  b o t h  

e n z ym e s  w e r e  a f f e c t e d b y  t h e  s ub s t i t u e n t ( s )  f o rm i n g  t h e  p e p t i d e  

b o n d s . 

C o n d i t i o n s  f o r  e n z y m e  p r o du c t io n  a n d  i s o l at i o n  in h o m o g e n e o u s  

f o rm h a v e  b e en s t u d i e d  (Kikuchi  an d S ak aguchi , 1 9 7 3  a ,  b ) . The 

h i gh e s t  e n z y m e  f o rm a t i o n  o c c u rr e d  d u r i n g  the s t at i o n a ry g r o w t h  

p h a s e o f  t h e  b a c t e r ium i n  a b as a l  m e d ium c o n t ainin g l a c t o s e  

( 0 .5 % )  a n d  p o l y p e p t o n e  ( 1 % ) . 

Th e p H  d e p en d en c e ,  max imum ab out  p H  8 ,  and t em p e r a t u r e 

d e p e n d e n c e ,  m ax imum a b o u t  5 0 ° C , o f  t h e  e n z ym e  a c t i v i t i e s  w e r e  

s t u d i e d . Fur t h e r  s ub s t r a t e s p e c i f i c it y  s t u d i e s  s h o w e d  t h a t  L­

g l u t am i n e  p r e s ent e d  in p o l y p e p t i d e  ch a i n s  c omp o s e d  o f  m o r e  t h an 

f o u r  amino  a c i d s  w a s  a p o o r  s ub s t r at e .  L- g l ut amin e i n  n at i v e  
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in s u l in w a s  s c arc e l y d e am i d a t e d  b y  p e p t i d o g l u t am in a s e I I .  but  

ab o u t  1 . 9 m o l e s o f  a m m o n i a  p e r  1 m o l e  o f  i n s u l i n  w e r e  l i b e r a t e d  

b y  the  e n z y m e  when n a t i v e  i n s u l in w a s  o x i d i z e d  w i t h  p e r f o rmic 

a c i d .  Wh e n  oxid i z e d  in s u l in A c h ain was incub at e d  with p e p­

t i d o g l u t am in a s e  I I .  ab o u t  1 . 7 m o l e s o f  ammoni a p e r 1 m o l e  o f  

p o l yp e p t i d e  ch ain w e r e  l ib e r a t e d .  U n d e r  the  s am e  c o n d i t i o n s  

a l m o s t  n o  ammonia  w a s  l ib e r a t e d  f rom t h e  insu l in B c h ain 

(Kiku chi and S akaguchi . 1 9 7 3 c ) . 

The s t ud i e s  r e v i e w e d  i n d i c a t e  t h a t  an e x aminat i o n  o f  t h e  

p o t ent i a l  o f  p e p t i d o g l u t amin a s e f o r  d e am i d at i o n  w o u l d  b e  an 

int e r e s t in g  c on t r a s t  t o  t h e  s t u dy o f  a c i d - c at a l y s e d  h y d r o l y s i s  

o f  ami d e  b o n d s  i n  g l ut e n .  

1 . 4 Fun c t i o n ality � f  pro t e i n s  

1 . 4 . 1  D e f in i t i o n  and  r e vi e w  

Fun c t i o n a l i t y  i s  any p r o p e r t y  o f  a s ub s t an c e .  b e s i d e s  it s 

nut r i t i o n a l  o n e s . t h a t  a f f e c t s  i t s  ut i l i z at i o n  ( P o u r- E l . 

1 9 7 6 ) . 

I n  r e c e n t  y e ar s . i n  p ar a l l e l  w i t h  t h e  d e v e l o pm e n t  o f  a 

g r e at e r  v ar i e t y  o f  p r o c e s s e d  f o o d s  an d t h e  d e v e l o p m e n t  o f  a 

r an g e  o f  p r o t e in i s o l a t e s  a s  ing r e d i ent s f o r  t h e s e f o o d s . 

t h e  s t u d y  o f  p r o t e i n  fun c t i o n a l it y  h a s  d e v e l o p e d  a s  a 

s p e c i a l i z e d s ub j e c t  s ep ar a t e  f r o m , but  r e l at e d  t o  

c omp o s i t i o n a l an d n ut r i t i o n a l  s t u d i e s . An e x t e n s i v e  

d i s c u s s i o n  o f  t h e  d i f f i c u l t i e s  o f  d e f ini t i o n  a n d  

g en e r a l i z at i o n  i s  g i v e n  in r e v i ew s  b y  Kins e l l a  ( 1 9 7 6 .  

1 9 8 2 ) . and P o ur- E l  ( 1 9 8 1 ) . 

"Al t h o ugh t h e  u n i qu e  f un c t i o n a l  p r o p e rt i e s  o f  s e v e r a l  f �� d 

p r o t e in s  hav e b e en  exp l o i t e d  and e n j o y e d  f o r  m any y e ar s . i t  

i s  o n l y  r e c e n t l y  t h a t  r e s e a r c h  h a s  b e g u n  t o  f o c u s  o n  t h e  

r e l at i o n ship  b e t w e e n  t h e  phys ic a l  p r o p e r t i e s  o f  t h e s e  

p r o t e in s  and t h e i r  f un c t i o n a l  b eh a v iour in f o o d  s y s t ems . 

I r o n i c a l l y .  mu ch  o f  th e imp e t u s  f o r  thi s  o r i g in a t e d  w i th 

a t t emp t s  t o  s imu l at e  t r a d i t i o n a l p r o d uc t s  ( m e a t . c h e e s e ) 

f r o m  l e s s  exp e n s i v e  o i l s e e d  p r o t e i n s  o r  t o  u s e  t h e s e  
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p r o t e i n s  as f un c t i o n a l  i n g r e d i en t s  t o  r e p l a c e  e s t ab l i s h e d  

s o u r c e s , e . g .  c a s e i n ,  e g g  wh i t e ,  g l ut en .  Th e r e  i s  a n  

i n c r e a s ing r e a l i z a t i o n  o f  t h e  c r i t i c a l  nat u r e  o f ,  a n d  n e e d  

f o r ,  c omp r eh e n s i v e  a n d  o r gani z e d  in f o rm a t i o n  o n  f un c t i o n a l  

p r o p e r t i e s .  L o n g- t e rm and  s y s t em a t i c  r e s e a r c h  i s  n e e d e d  t o  

e l u c i d a t e  t h e  fund ament a l  r e l a t i on s hip b e twe e n  t h e  

s t r u c t u r e  an d phy s i c a l  p r o p e r t i e s  (Tab 1 e -1 . 2 ) . S u c h  

r e s e ar c h  r e qu i r e s t h e  d e v e l o pm e n t  a n d  a d o p t i o n  o f  

s t an d a r d i z e d  m e t ho d s  f o r  m e a s u r i n g  s p e c i f i c  f un c t i o n a l  

p r o p e r t i e s .  H o w e v e r .  d e v e l o p m e n t  o f  t h e  b e s t  m e t h o d o l o gy 

d e p e n d s  u p o n  an  un d e r s t anding  o f  th e phy s i c o - c h e m i c a l  b a s i s 

o f  f un c t i o n a l ity" .  

(Kins e l l a . 1 9 8 2 ) . 

I t em s  th r e e  and  f o u r f r om Tab l e  1 . 2 d e s c r ib e ob j e c t i v e s , 

w i t h  r e s p e c t  t o  t h e  s t u d y  o f  f un c t i o n a l  p r o p e r t i e s , o f  the 

p r e s e n t  s t u dy . 

Th e r e  a r e  a l ar g e  numb e r  o f  f u n c t i o n a l  p r o p er t i e s  o f  

p r o t e i n s  r e c o g n i s e d  and an e v e n  l a r g e r  numb e r  o f  p o s s ib l e  

t e s t s  f o r  e a c h .  a l m o s t  n o n e  o f  whi c h  a r e  r e c o g n i s e d  

s t an d a r d  m e t h o d s .  Th e s e  are  s umm a r i s e d  i n  Tab l e  1 . 3 

(Kins e l l a , 1 9 8 2 ) . 

"Th e l i t e r a t u r e  i s  r e p l e t e  w i t h  p ap ers  o n  t h e  f un c t i o n a l 

p r o p e r t i e s  o f  p r o t e i n s  a s  m e a s u r e d  by a v a r i e t y  o f  m e t h o d s 

und e r  d i f f e r i n g  c o n d i t i o n s . The  t endency  h a s  b e e n  f o r  e a ch 

i n v e s t i g a t o r  t o  d e v i s e  m e t h o d s  an d / o r c o n d i t i o n s  t o  s u it  a 

p a r t i c u l a r s i t u a t i o n  w i th l im i t e d  c on c e r n  f o r  a n  

exp e rime nt a l  d e s i g n wh i c h  w o u l d  f a c i l i t a t e  exp l a n a t i o n  o f  

t h e  p hy s i c a l  p r o p e r ty b e ing s t u d i e d .  Much o f  t h e  p ub l i s h e d  

d a t a  a r e  o f  v e ry l imit e d  v a l u e  f o r  p r a c t i c a l  o r  c om p a r a t i v e  

p u r p o s e s .  T h i s  s i t ua t i o n  r e f l e c t s  the  h e t e r o g e n e o u s n a t u r e  

o f  th e p r o t e i n s  i n v o l v e d .  t h e  v e ry c omp l ex s e r i e s  o f  

i nt e r a c t i o n s . whi c h  a r e  n o t  a m e n ab l e  t o  e as y  m e as u r ement , 

i n v o l v e d  i n  a p ar t i c u l ar fun c t i o n a l  p r o p e r ty , t h e  mu l t i p l e  

int e r a c t ing f a c t o r s  w h i c h  imp a c t  o n  t h e  r e s u l t a nt  

r e a c t i o n s , a n d  th e l ac k  of  a p p r o p r i a t e m e a s u r i n g  d e v i c e s  



33 

Tab l e  1 . 2 Re s e a r c h  n e e d e d  t o  d e v e l o p  an unde r s t an d in g  o f  t h e  

phys i c o - c h emi c a l  b a s i s  o f  f un c t i o n a l i t y  

1 .  D e f init i o n  o f  f un c t i o n a l  p r o p e r t i e s  

2 .  D e v e l o p m e n t  o f  s t an d ar d i z e d  m e th o d s  b a s e d o n  p hy s i c a l  

p r o p e r t i e s  

3 .  Re l at ing f un c t i o n a l  p r o p e r t i e s  t o  s t r u c t u r a l  f e a t u r e s  a n d  

s e c o ndary  i n t e r a c t i o n s  

4 .  M an i p u l a t i o n  o f  p r o t ein s t r u c t u r e  by c h emi c a l  o r  phys i c a l  

a l t e r ai t o "' s  

5 .  As s e s s ment  i n  f o o d  s y s t ems 
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T ab l e  1 . 3 F un c t i o n a l  p r o p e r t i e s  o f  p r o t e i n s  i n  fo o d  

a p p l i c a t i o n s  

Gen e r a l  p r o p e r t y  

O r g ano l e p t i c  

K in e s th e t i c  

Hy d r a t i o n  

S u r f a c e 

B i n d i n g  

S t r u c t u r a l  

Rh e o l o g i c a l 

Enz ymat i c  

' B l e n d  ab il i t y ' · · 

Ant i o x i d an t  

Fun c t i o n a l  c ri t e r i a  

Co l o u r . F l avour . O d o u r  

Tex t ur e . M o u t h f e e l . S m o o t hn e s s . 

Gr i t t in e s s . Turb i d i t y  

S o l ub i l i t y . We t t ab i l i t y . Wa t e r 

Ab s o r p t i o n . Swe l l ing . T h i c k e n ing . 

Ge l l in g . S y n e r e s i s . Vi s c o s it y  

Emul s i f i c a t i o n .  F o ami n g  ( a e r a t i o n . 

wh i p p in g ) . Film f o rmat i o n  

l i p i d - b i n d ing . F l avour-b i n d ing  

E l a s t i c i t y . Cohe s i ve n e s s . Chewin e s s . 

Adh e s i o n . N e two rk c r o s s b i n d ing . 

Ag g r e g a t i o n . - Dough  fo rm a t i o n .  

T e x t u r i s ab i l ity . F ib r e  f o rm a t ion . 

Ext r u d ab i l i t y  

Vis c o s it y . Gelat i o n  

C o a g u l a t i o n  (renn e t )  T e n d e r i z at i on 

( p ap a in ) M e l lowi n g  ( p r o t e i n a s e s ) 

Comp l em e n t a r ity ( wh e a t - s o y .  g l ut en­

c a s e in)  

O f f- f 1 a vour  p r e v e n t i o n  ( f l u i d  

emu l s i o n s ) . 
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a c c ur a t e l y q u a n t ify ing t h e  r e s u l t s  o f  t h e s e  i nt e r a c t i o n s  in 

t e rms  o f  t h e  inh erent  p r o p er t i e s  o f  the p r o t e i n  a n d  

en  v i ronmen  t a  1 f a c t o r s " .  

(Ki n s e l l a . 1 9 8 2 ) . 

Giv e n that  i t  i s  de s i r ab l e  t o  t ry t o  re l at e  f un c t i o n a l  

p r o p e r t i e s  t o  p r o t e in s t r u c t ur e .  e x p erim e n t s mu s t  b e  

r e s t r i c t e d  s o  a s  t o  t ak e  a c c ount  o f  the e n v i r o nm e n t a l  and 

p r o c e s s  f a c t o r s  whi c h  a l s o  a f f e c t  p r o t e i n s . 

a r e  l i s t e d  i n  T ab l e  1 . 4  (Kin s e l l a . 1 9 8 2 ) . 

S om e  o f  th e s e  

Al l o f  th e s e  f a c t o r s  h a v e  b e e n  s h o wn t o  b e  imp o r t an t  f o r  

g l ut e n  and  mus t b e  c o ns i d e r e d  i n  p r e p arat i o n  o f  s amp l e s f o r  

fun c t i o n a l  t e s t in g . 

1 . 4 . 2  Revi ew o f  pr e v i o u s  s tu d i e s  o f  fun c t i o n a l i ty o f  a c i d  

hyd r o lys e d  glu t en 

Al l th e s t udi e s  m a d e  o f  a c i d  hy d r o l y s i s o f  g l u t e n  o r  

g l i a din h a v e  n o t e d  d r am a t i c  chang e s  i n  fun c t i o n a l i t y  

at t r ib u t e d  t o  d e am i d a t i o n  o f  g l ut am i n e .  M at s u d o m i  e t  a l  

( 1 9 8 1 )  f o und t h a t  d e am i d a t i o n  o f  u p  t o  40%  i n c r e a s e d  th e 

emu l s i f i c at io n  a n d  f o aming  ab i l i t y  o f  g l u t e n .  Th e r e  w a s  a 

l in e ar r e l at i o n sh i p  b e t w e en d e am i d at i o n  a n d  i n c r e a s e d  

s u r f a c e  hy d r o p h o b i c ity  ( M a t s u d o m i  e t  a l .  1 9 8 2 ) . W u  ( 1 9 7 6 )  

a l s o  f o und  imp r o v e d  e mu l s i f i c a t i o n  and  f o aming ab i l i ty , 

wh i l e  t h e  f o am i n g  ab i l i t y  o f  g l i a d in was f o un d  t o  b e  

imp r o v e d  by  d e am i d at i o n  ( M c D o n a l d  a n d  P e a r c e .  1 9 6 1 ;  d e  

M e e s t e r .  1 9 7 4) . 

The c h ang e s  i n  v i s c o s i ty r e s u l t ing  f r om d e am i d a t i o n  o f  

g l u t e n w e r e  s t u d i e d  b y  Aranyi a n d  H aw ry l ��i c z  ( 1 9 7 2 ) . 

Fin l ey ( 1 9 7 5 )  a n d  Hamauz u e t  a l  ( 1 9 8 2 ) . I t  w a s  f o un d  t h a t  

v i s c o s it y  und e r  a v ar i e t y  o f  c o n d i t i o n s  d e c r e a s e d  a s  t h e  

l e v e l  o f  d e am i d a t i on  i n c r e a s e d .  T h e  chan g e s  w e r e  exp l a i n e d  

i n  t e rms  o f  t h e  g l u t a m i n e  d e amid a t i o n .  Th e p e r f o rm an c e  o f  

d e am i d a t e d  g l u t e n  in c omp l ex f o o d  s y s t ems . in c o n t r a s t  t o  

the m o d e l s y s t e m s  d e s c r ib e d ab o v e ,  h a s  b e e n  i n v e s t i g a t e d  by  

v a r i o us auth o r s . V i d a l  ( 1 9 7 2 )  t r e a t e d  wh e a t  g l u t e n  b y  a c i d  
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Tab l e  1 . 4  S o m e  o f  t h e  f a c t o r s  in f l u e n c i n g  t h e  f un c t i o n a l  

p r o p e r t i e s  o f  p r o t e i n s  i n  f o o d s  

I n t r in s i c  Envi r onment a l  

f a c t o r s  

Comp o s i t i o n  o f  p r o t e i n ( s )  p H  

Co n f o rmat i o n  o f  p r o t e i n ( s )  R e d o x  s t at u s  

Mo n o - o r  Mu l t i- c o mp o n e n t. S a l t s . I o n s  

Homo g e n e it y - h e t e r o g en e i �y Wat e r  

C a rb ohy dr a t e s  

Lip i d s  

S u r f a c t an t s 

F l avours  

P r o c e s s  t r e at m e n t s  

H e a t in g  

p H  

I o n i c  s t r e n g t h  

R e d u c ing  a g e n t s  

S t o r a g e  c on d i t ions  

D r y i n g  

Phy s i c a l m o d i f i­

c a t io n  

Ch e m i c al- e n z ym a t ic 

m o d i f i c at io n  
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hydr o l y s i s  and e x a mi n e d  i t s  u t i l i t y  in b r e a d  and c ak e s .  

Geb h a r d t  ( 1 9 8 2 )  s im i l ar l y c on c l u d e d  t h a t  d e am i d a t e d  

g l ut en a d d e d  t o  wh e a t  f l o ur w a s  a p o t e n t i a l l y  us e f u l  f o o d  

i ng r e d i e n t . 

F ung  e t  a l  ( 1 9 7 7 )  u s e d  a c i d  hy d r o l y s i s t o  s o l ub i l i z e  wh e at 

f l o u r  and  c o n c l u d e d  t h a t  i t  had  p o t e nt i a l - a s a nut r i t i o u s  

r ep l ac ement  f o r  c o r n  syrup . 

Wh e at g l ut en was  d e amidat e d  and t h e  a c i d  hy d r o l y s a t e  m ix e d  

w i t h  m i l k  t o  g i v e  a c a s ein-wh e at  p r o t e i n  e o - p r e c ip i t at e 

p r o du c t .  Func t i o n a l  p r o p e r t i e s  e qu i v a l e n t  t o  t h o s e  o f  

c a s e in w e r e  c l aim e d  ( Wa l k e r  and Conno l l y ,  1 9 8 4) .  

1 . 5 Emuls i o n s  and e mu l s i f i e r s  

1 . 5 . 1 D e f in i t i o n  a n d  r eview 

"An emu l s ion c an b e  c ons i d e r e d  t o  b e  a d i s p e r s i o n  of  o n e  

l i qui d  i n  an o th e r , t h a t  i s , f r o m  t h e  t h e rm o dy n ami c p o in t  o f  

v i ew,  a t w o  ph as e s y s t em ,  t h e  d i s p e r s e d  phas e c o n s i s t in g  o f  

m i c r o s c o p i c d r o p l e t s  u s u a l ly w i t h i n  t h e  s i z e  r ang e 0 . 1  t o  

1 0 0  p in d i ame t e r .  S u ch d i s p e r s i o n s  a r e  n e v e r  c om p l e t e l y  

s t ab l e  i n  t h e  ab s o l ut e  s en s e ,  b e c au s e  t h e  in t e r f a c e b e t w e e n  

p h as e s  i s  t h e  s e a t  o f  s ur f a c e  f r e e  e n e r gy . and i f  t w o  

d r o p l e t s  j o in t o g e th e r  t h e r e  i s  a n e t  r e d u c t i o n  in 

i nt e r f a c i a l  a r e a .  H e n c e ,  c o a l e s c e n c e  o f  d r o p s  i s  a 

th ermodynami c a l ly s p o n t ane o us p r o c e s s  wh e r e a s  t h e  r e v e r s e 

p r o c e s s  r e qu i r e s  e x p e n d i t u r e  o f  w o r k  and  t h e r e f o r e  d o e s  n o t  

o c c u r  s p o n t ane o u s l y" .  

(Kit c h e n e r  and Mu s s e l lwhit e ,  1 9 6 8 ) . 

M any o f  the  emu l s i o n s  in wh i c h  f o o d  p r o t e i n s  f ind  

a p p l i c at i on  a r e  o f  t h e  o i l  in wat e r  t y p e e . g .  s a l ad 

d r e s s in g s  and c o f f e e  wh i t e n e r s . Th e p r e s en t  w o rk a n d  

d i s c us s i o n  o f  t h e  w o rk o f  o th e r  aut h o r s  r e v i ew e d  i s  

c o n f i n e d  t o  o i l  i n  w a t e r  e mu l s i on s .  
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O p e r a t i o n a l l y .  a s t ab l e  emu l s i on  i s  o n e  wh i c h  i s  v e ry s l o w 

t o  und e r g o  t h e  v a r i o u s  p r o c e s s e s  wh i c h  r e s u l t  i n  s ep arat ion 

o f  o i l  and  w a t e r  p h a s e s .  ( P e a r c e and Kin s e l l a . 1 9 7 8 ) .  

Th e r e  ha v e  b e en  m any s t u d i e s  o f  e mu l s i ons . an d t h e  s ub j e c t  

h a s  · b e e n  r e v i ew e d  b y  B e c h e r  ( 1 9 6 5 ) . K it c h e n e r  and  

M u s s e l l wh i t e .  ( 1 9 6 8 ) a n d  D i cki n s o n  and  S t-ain s b y  ( 1 9 8 2) .  

T o  p r e p a r e  a s t ab l e  emu l s i o n .  mat e r i a l  i s  a d d e d  t o  p r ev ent 

t h e  c l o s e  a p p r o a c h  o f  t h e  d r o p l e t s .  Th i s  m a t e r i a l  is an 

e mu l s i f i e r  and p r o m o t e s  s t ab i l i t y  by 

( i )  

( i i )  

l o w e r i n g  t h e  f r e e  e n e r gy o f  t h e  i n t e r f a c e  and 

f o rming an  ab s o rb e d  f i l m  ar ound t h e  l i q u i d  

d r o p l e t s . 

An e mu l s i f i e r  i s  g e n e r a l l y a s u r f a c e- a c t i v e  m at e r i a l  

( s u r f a c t ant ) wh o s e  m o l e c u l e s  a r e  amphip h i l i c .  

Gr i f f in ( 1 9 4 9 )  d e v e l o p e d  a n  emp i r i c a l  p r o c e du r e f o r  

c l a s s i fy i n g  s u r f a c t ant s a c c o r d i n g  t o  t h e i r  s t ab i l i t y  

e f f i c i en c y  f o r  a p a r t i c u l a r  typ e o f  c o l l o i d a l  s y s t em.  It  

i s  b a s e d  u p o n  t h e - i d e a  t h a t . f o r  a g i v e n  o i l  a n d  w a t e r 

s y s t em .  t h e r e is  an  o p t imum b a l an c e b e twe e n  m o l e c u l a r 

hy d r o p h i l i c and l i p o ph i l i c c h ar a c t e r  wh i c h  l e a d s  t o  

e mu l s i f i c a t i on  e f f i c i e n c y .  Th i s  i s  the  hy d r o ph i l e­

l ip o ph i l e  b a l an c e  ( H LB) m e t h o d .  

U s e  o f  t h e  s y s t e m  f o r  e mu l s i f i e r  s e l e c t i o n  h a s  b e e n 

e x p l ain e d  b y  emu l s i f i e r  manu f a c t ur e r s  ( I C I Am e r i c as In c .  

1 9 8 0 ) .  Two k ey f e at u r e s  a r e .  f i r s t .  that e mu l s i f i e r s  c an 

b e  b l e n d e d  t o  g i v e  an  HLB v a l u e  wh i c h  i s  an  a l g e b r a i c  m e an 

o f  t h e  c o m p o n ent H L B  v a l u e s .  S e c o n d l y .  o i l s  c an b e  

c l a s s i f i e d  in t e rm s  o f  t h e i r  r e q u i r e d  HLB v a l u e  i . e .  t h e  

o p t imum e mu l s i f i e r  HLB v a l u e  f o r  that  o i l .  T h e  s y s t em h a s  

b e e n r e v i ew e d  b y  D i ck in s o n  and  S t a i n s b y  ( 1 9 8 2 )  an d 

c r i t i c i z e d  b y  Ri e g e l man and  P i c h o n  ( 1 9 6 2) . Furt h e r  s t u d i e s  

o f  th e H L B  p o s t u l a t e  w e r e  m a d e  b y  Boyd  e t  a l  ( 1 9 7 2 )  and 

O hb a ( 1 9 6 2 a )  a n d  o f  t h e  r e q u i r e d  H L B  v a l u e  o f  o i l s  b y  Ohb a 
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( 1 9 6 2b ) . A t e chnique  f o r  rap id  d e t ermin a t i o n  o f  HLB and 

r e qu i r e d  HLB v a l u e s  was p r e p ar e d  by Robb e r s  a n d  Bh a t i a  

( 1 9 6 1 ) . 

T h e  H L B  s c a l e  i s  f r o m 0 t o  2 0 ;  a n d  m ay b e  c a l c u l a t e d  a s  

f o l l o ws : 

HLB = 2 0  ( 1  - �) 

A 

Wh e r e  S = s ap o n i f i c a t i o n  ,numb er  o f  e s t e r 

A = a c i d  n umb e r  o f  r e c o ver e d  a c i d  

HLB m ay b e  a p p r oximat e d  o n  t h e  b a s i s o f  d i s p e r s ib i l ity a s  

f o l l o ws : 

No  d i s p e r s ib i l it y  in w a t e r  

P o o r  d i s p e r s ion 

Mi lky d i s p e r s i o n  a f t e r  s h aking 

S t ab l e  mi l k y  d i s p e r s i o n  

T r an s l u c e n t  t o  c l e ar d i s p e rs i o n  

C l e a r  s o l u t i on  

HLB 

1 - 4  

3 - 6  

6 - 8  

8- 1 0  

1 0- 1 3  

1 3 +  

Th e g e n e r a l r an g e  o f  HLB v a l u e s  f o r  v a r i o u s  a p p l i c a t i o n s  o f  

s u r f a c t ant  i s :  

H L B  Range 

4- 6 

7 - 9  

8 - 1 8  

1 3 - 1 5 

1 0- 1 8  

App l i c at i on  

W/ 0 emu l s i f i e r · 

Wet t ing agent  

0/ W_ e mu l s i f i e r  

D e t e r g e n t s  

S o l ub i l i z e r s  



40 

1 . 5 . 2 The emul s i o n  s t ab i l i z ing p r ope r t i e s  o f  pr o t e in s  

Emu l s i o n  s t ab i l i z a t i o n  i s  a n  imp o r t ant f un c t i on a l  p r o p e r t y  

o f  p r o t e in s  i n  f o o d  s y s t e ms . T h e  s ub j e c t  h a s  b e e n  r e v i e w e d  

b y  H a l l in g  ( 1 9 8 1 ) , Grah am a n d  Phi l l i p s  ( 1 9 7 6 ) , D i c k ins o n  

a n d  S t a i n s b y  ( 1 9 8 2 )  • Ch e r ry e t  a l  ( 1 9 7 9 ) . T o rnb e r g  ( 1 9 7 9 ) . 

M o r r  ( 1 9 8 1 ) . a n d  M c Wat t e r s  and Ch e r ry ( 1 9 8 1 ) . M o s t  o f  t h e  

s t u d i e s  r e v i ew e d  r e l at e  t o  m o d e l s y s t ems a n d  a s  w i t h  m o s t  

fun c t i o n a l  p r o p e r t y  s t u d i e s . a g r e a t d e a l  o f  in f o rm a t i o n  is  

a v a i l ab l e  but c o m p ar i s o n s  and c o n c l u s i o n s  a r e  d i f f i c u l t .  

H a l l in g  ( 1 9 8 1 )  a n d  F i s h e r  an d P ark e r  ( 1 9 85 )  s t a t e d  t h a t  

t h e r e  i s  n o  c o n s e n s us o n  h o �  p r o t e i n s  s t ab i l i z e  emu l s io�s  

and n o  c l e ar c o r r e l a t i o n  b e twe e n  any int e r f a c i a l  p r o p e r t i e s  

o f  p r o t e i n s  a n d  t h e i r  e f f e c t i v e n e s s  a s  emu l s i f i e r s .  I t  has  

h ow e v e r ,  l on g  b e e n  known that p r o t e i n s  c an f o rm a t o ugh 

' sk i n '  a r o und  o i l  d r o p l e t s  an d t h a t  the  a d s o r p t i o n  

a p p r o a c h e s  e qu i l ib rium o n l y s l ow l y a n d  i s  p r a c t i c a l l y  

i r r e v e r s ib l e ( K i t c h e n e r  and Mus s e l l whit e ,  1 9 6 8 ) . T h e  

p r o c e s s  o f  a d s o r p t io n  o f  p r o t e i n s  d uring  e mu l s i o n  f o rm a t i o n  

w a s  s t ud i e d a n d  d e s c r ib e d  by Gr ah am a n d  Ph i l l i p s  ( 1 9 7 6 )  a s  

h a v in g  t h r e e  s t a g e s .  

1 .  D i f f u s i o n  o f  n a t i v e  p r o t e i n s  t o  t h e  int e r f a c e .  

2 .  P e n e t r a t i o n  o f  t h e  mo l e c u l e  in t o  t h e  int e r f a c e  and 

un f o l d in g . 

3 .  The ab s o rb e d ,  s u r f a c e- d e n a t u r e d ,  p r o t e i n  mo l e c u l e s  

r e ar r an g e  t o  t h e  l o we s t  p o s s ib l e  f r e e  e n e r g y  s t a t e .  

I n  t h i s  and a f u r t h e r  s t udy ( Gr ah am and Phi l l i p s , 1 9 7 9 ) t h e  

d e p e n d e n c e  o f  t h e  s u r f a c e  o r i e n t a t i o n  and  p a ck i n g  o n  t h e  

f l e x ib i l i ty o f  t h e  p r o t e i n s  w a s  n o t e d .  A m a rk e d  

s e l e c t i v it y  o f  a d s o r p t i o n  o f  i n d i v i dua l wh e y  p r o t e i n s  w a s  

f o un d  b y  Shim i z u  e t  a l  ( 1 9 8 1 ) , wh i l e  Aoki e t  a l  ( 1 9 8 4) 

f o un d  t h a t  a d s o r p t i o n  o f  s o di um c a s einat e t o  o i l  d r o p l e t s  

e f f e c t i v e l y p r e v en t e d  s o y p r o t e i n  i s o l a t e  f r om b e i n g  

a d s o rb e d . 
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M any f a c t o r s .  t em p e r a t u r e .  r a t e  o f  o i l  a d d i t i o n  and  t h e  

m o d e  a n d  m e a n s o f  c r e a t i n g  t h e  d i s p e r s i o n  a s  w e l l  a s  t h e  

p H ,  i o n i c  s t r en g t h .  p r o t e in t yp e  a n d  p r e s en c e  o f  o th e r  

mat e r i a l  i n f l u e n c e  the  f o rm a t i o n  a n d  s t ab i l it y  o f  a n  

emu l s i o n .  The  e f f e c t  o f  d i f f e r ent  t yp e s  o f  e mu l s i f y i n g  

e qui p m e n t  was  e v a l u a t e d  b y  To rnb e r g  a n d  H e r m an s s o n  ( 1 9 7 7 ) . 

A f a c t o r  i n  t h e  d i f f i c u l t y o f  s t udying e mu l s i o n s  is  that . 

as  w i t h  m o s t  fun c t i o n a l t e s t ing , t h e  m e t h o d s  a r e  n o t  

s t an d ar d i z e d  a n d  this  m ak e s  c omp a r i s o n  o f  d a t a  b e t w e e n  

d i f f e r e n t  work e r s  d i f f i c u l t .  M e t h o d o l o gy  f o r  d e t e rminat i o n  

o f  emu l s i f i c at i o n  p r o p e r t i e s  was  r e v i ew e d  b y  Pusk i ( 1 9 7 6 ) . 

P e l t o n e n  ( 1 9 8 2 ) d i s cus s e d - t h e  phenomena  t o  b e  c o ns id e r e d  

when emu l s i o n s  a r e  c ent r i f u g e d .  A t urb i d em e t r i c  t e chn i que 

whi c h  i n d i r e c t l y m e a s u r e s  t h e  int e r f a c i a l  ar e a  o f  an 

emu l s i o n  w as s y s t emat i c a l l y e v a l u a t e d  by P e a r c e  a n d  

Kin s e l l a  ( 1 9 7 8 ) . and t h i s  � e chniqu e ,  w i t h  min o r  v ar i a t ions , 

i s  n o w  i n  c ommon  us e .  T h e  m e t ho d  s u gg e s t s  m e a s u r em ent  o f  

turb i d i t y  i n  a 0 . 1 %  S D S  ( s o d i u m  d o d e c y l  s u l ph a t e ) s o l u t i o n .  

Kamat a e t  a l  ( 1 9 8 4) p o in t e d  o u t  t h e  e f f e c t  o f  S D S  i n  

di sp e r s i n g  f l o c c u l at e d  o i l  d r o p l e t s  a n d  u s e d  t i t r at i o n  with 

SDS  t o  d e f ine  f l o c c u l at i o n  s t r en g t h  as  an emu l s i o n  

p aram e t e r . 

In  s e ar ch i n g  f o r  means  o f  r e l a t ing  p r o t e in s t r u c t u r e  t o  

emu l s i f i c a t i o n  p e r f o rman c e  t h e r e  h a v e  b e e n  v a r i o u s  

in v e s t i g a t i o n s  o f  t h e  s ur f a c e  a c t i v i ty an d .  m o r e  r e c ent l y .  

o f  t h e  hy d r o ph o b i c it y  o f  p r o t e ins . The s e  t w o  

a p p r o a c h e s  w e r e  b r ought t o g e t h e r b y  Kesh a v a r z  a n d  Nak a i  

( 1 97 9 )  wh o s h o w e d a n e g a t i v e  c o r r e l a t i o n  b e t we en 

hyd r o p ho b i c it y  ahd s u r f a c e t e n s i o n .  thus i n d i c a t i n g  t h a t  

m o r e  hy d r o p hob i c  p r o t e i n s  m a y  b e  m o r e  e f f e c t i v e  a s  

emu l s i f i e r s  s in c e a l o w e r i n g  o f  s u r f a c e  t en s i o n  c o n t r ib u t e s  

t o  emu l s i o n  s t ab i l it y .  Th e w o rk o f  Shim i z u  e t  a l  ( 1 9 8 3 )  

showe d o(s 1 - c a s e i n  i s  t i gh t l y  ads o r b e d  o n t o  o i l  s ur f a c e s  

p r inc i p a l l y b y  it s hydro p h o b i c  N- t e rmina l r e g i o n ,  and  t h at 

it  s t ab i l i z e s t h e  o i l  g l ob u l e s . 
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A n umb e r  o f  m e t h o d s  h a v e  b e en  p r o p o s e d f o r  t h e  m e a s u r ement 

o f  hy d r o p h ob i c i t y  o f  p r o t e in s .  B i g e l o w ( 1 9 6 7 )  s h o w e d how 

the a v e r a g e  hy d r o ph o b i c i t y  o f  a p r o t e in c o u l d  b e  c a l c u l a t e d  

f r o m  t h e  f r e e  e n e r g i e s  o f  t r ans f e r  o f  c on s t i t u e n t  amino 

a c i d  s i d e  c h a i n s  f r om an o r g an i c  e n v ironm e n t  to  an a q u e o u s  

e n v i r o nme n t .  I t  w a s . h o w e v e r .  s h o wn that h y d r o p h o b i c i t y  

c a l c u l a t e d  b y  t h i s  m e t h o d  w a s  n o t  r e l at e d -� o int e r f a c i a l  

t e ns i o n  o r  e f f e c t i v e  hy d r o phob i c i t y  m e a s u r e d  b y  hy d r o phob i c  

c h r o m a t o g r a phy o r  p a r t i t i o n  (K e s h a v a r z  an d N aka i .  1 9 7 9 ) . 

Hy d r o phob i c  i n t e r a c t ion c h r omat o g r a phy was  a l s o  u s e d  b y  

P o p in e a u  a n d  Go d o n  ( 1 9 8 2 ) t o  m e a s u r e  the s u r f a c e  

hy d r o p h o b i c i t y  o f  g l i adin c o mp o n e n t s and t h e  r e s u l t s  s h o w e d  

a g o o d  c o r r e l a t i o n  with hy dr o ph o b i c i ty d e t e r m in e d  b y  t h e  

a lk a n e  b i n d i n g  m e t h o d  o f  M o h amm a d z a d eh-K e t  a l  ( 1 9 6 9 ) . A 

t e chn i q u e  f o r  d e t e rminat i o n  o f  s u r f a c e  hy d r o phob i c i t y  u s ing 

a f l u o r e s c e nt  p r o b e was d e v e l o p e d  by Kat o a n d  N ak a i  ( 1 9 8 0)  

and  t h i s  t e chni qu e was s h o wn to  g i v e  r e s u l t s  p r o p o r t i o n a l  

t o  th o s e  o b t a i n e d  b y  u s in g  S D S  b in d ing (Kat o et  a l .  1 9 8 4) .  

Th e s i gn i f i c an c e  o f  th e s e  t e chn i q u e s  is  d i s c u s s e d  b y  the  

auth o r s  c i t e d  a n d  t h e  v a r i o u s  m e t h o d s  hav e b e en  r e v i e w e d  by 

N ak a i  ( 1 9 8 3 ) . 

A numb e r  o f  a u t h o r s  h a v e  a t t emp t e d  t o  re l at e  t h e  m e a s ur e d  

hy d r o p h o b i c it y  p r o p e rt i e s  o f  p r o t e i n s  t o  t h e i r  e m u l s i o n  

f o rm i n g  p r o p e r t i e s .  The s e  s t u d i e s  c an b e  d i v i d e d  i n t o  two  

g r o u p s .  Th e f i r s t  g r o u p  u s e d  a s in g l e  p r o t e i n  o r  p r o t e in 

m i x t u r e  w h i c h  w a s  m o d i f i e d  i n  s o m e  w a y  i n  o r d e r  t o  v a r y  t h e  

s ur f a c �  h y d r o p h o b i c it y .  M a t s u d o m i  e t  a l  ( 1 9 8 2 )  s h o w e d  that 

t h e  s u r f a c e  hy d r o phob i c i t y  o f  g l u t en in c r e a s e d  i n  

p r o p o r t i o n  t o  d e am i d a t i o n  a n d  w a s  l inear l y  c o r r e l a t e d  with 

an imp r o v e m e n t  in emu l s i f ying  p r o p e r t i es . K a t o  et  a l  

( 1 9 8 1 )  i n v e s t i g a t e d  th e p r o p e r t i e s  o f  p ar t i a l l y d en a t u r e d  

o v a l b um i n  a n d  l y s o zym e  a n d  s h o w e d  that t h e  e mu l s i f y ing 

p r o p e r t i e s  o f  the p r o t e i n s  in c r e a s e d  with d e n at u r a t i o n  and 

c o r r e l at e d l in e a r l y  w i t h  s ur f a c e  hyd ropho b i c i t y .  In a 

s imi l ar s t ud y . s o yb ean 1 1 S  g l ob u l i n was h e a t e d  i n  d i f f e r ent  

ionic  s t r e n g t h  s o l ut i o n s . The  emu l s ion s t ab i l i t y  
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c o rr e l at e d  l in e a r l y  with the s u r f a c e  hy d r o p h o b i c i t y  b ut a 

d i f f e rent  c o r r e l a t io n  w a s  o b t a i n e d  f o r  e a c h  i o n i c  s t r e ngth 

( M at sud omi et  a l ,  1 9 85 ) . M a t o r e l l a  and R i c h a r d s o n  m o d i f i e d  

b e t a- l a c t o g l ob u l in b y  amidat i o n , e thy l a n d  m e thy l -

e s t e r i f i c at i o n .  Hyd r o phob i c  p r o p e r t i e s  w e r e  m e a s u r e d  us ing 

c i s - p arinar i c  a c i d  b inding  at  d i f f er ent i o n i c  s t r e n g t h s . 

H e p t ane  b in d in g  a n d  e mu l s i fying  p r o p ert i e i  w e r e  a l s o  

m e a s u r e d .  Co r r e l at i o n s  b e t w e e n  th e s e  r e s u l t s  v a r i e d  

c o n s i d e r ab l y  a n d  i t  w a s  c o nc l u d e d  that  m e a s ur e m e n t s o f  

e f f e c t i v e  h y d r o phob i c it y  o f  p r o t e i n s  in l o w s a l t  

c o n c ent r a t i o n s  mu s t  b e  int er p r e t e d  c autious l y  b e c a us e o f  

p o s s ib l e  e l e c t r o s t a t i c  int e r a c t i o n s  b e t w e e n  th e p r o t e i n  and 

c i s - p arinar i c  a c i d .  -

A s e c ond  g r o up o f  s t u d i e s  a r e  t ho s e  wh i c h  c o n s i d e r  a numb er 

o f  d i f f e r e n t  p r o t e in s  and  a t t emp t t o  c o r r e l a t e  t h e i r  

func t i on a l  a n d  s t r u c t ur a l  p r o p e r t i e s . The e mu l s i f ying  

p r o p e r t i e s  o f  o v a l b umin , 7 S  g l o b u l in ,  k ap p a- c a s e in , b e t a­

l a c t o g l ob u l in and b o v i n e  s e r um a l b umin w e r e  f o l l ow e d  during 

h e at d e n at u r at i on  and c o r r e l a t e d  with t h e  c o r r e s p o n d in g  

s u r f a c e  hy d r o phob i c i t y  (Kat o e t  a l , 1 9 8 3 ) . A r e a s o n ab l e  
-

c o r r e l at i o n  w a s  e s t ab l i s h e d  o v e r a l l ,  but  in d i v i d u a l  

p r o t e ins s h o w e d  c o n s i d e r ab l e  v a r i a t i o n .  A s imi l a r e f f e c t  

w a s  found b y  N ak a i  e t  a l  ( 1 9 8 0 )  wh e n  s o y ,  s un f l o w e r  and  

r a p e s e e d  p r o t eins  w e r e  t r e at e d  with  s u r f a c t an t s  and  

B ac i l l u s  s ub t i l i s  p r o t e inas e .  M an g ino e t  a l  ( 1 9 8 5 )  t o ok 

whey p r o t e i n  c o n c e n t r a t e s  p r e p a r e d  f r om d i f f e r en t  wh e y s  

w i t h  v aryin g h e a t  t r e atment s a n d  m e as ur e d  emu l s i f i c a t i o n  

p r o p e rt i e s  a n d  hy d r o p h o b i c it y  u s in g  b o th c i s - p a r in a r i c  a c id 

and p �nt a n e  b in d in g .  Co r r � l at i o n  c o e f f i c i e n t s v a ri e d  

d e p ending o n t h e  p r o t e in p r e p a r a t i o n  and hy d r o phob i c i t y  

m e a s u rement  m e th o d .  

M u c h  o f  t h i s w o rk ,  w i t h  a n  emphas i s  o n  t h e  imp o r t an c e  o f  

p r o t ein hy d r o phob i c it y ,  was  r e v i ew e d  by N ak a i  ( 1 9 8 3 )  who 

d i s c u s s e d  t h e  ana l o gy  b e t w e en p r o t e i n  hy d r o p h o b i c i t y  and 

the hyd r o p h i l e- l ip o ph i l e  b a l an c e  ( HLB) v a l u e  o f  



44 

s u r f a c t an t s .  I t  w a s  s h o wn t h a t  t h e s e  c o u l d  b e  c o n s i d e r e d  

a s  r a t i o s .  v i z  

h y d r o p h o b i c i t y  ( p r o t ein)  = [ n o n  Eo l ar ]  

[ n o n  p o l ar ]  + [ p o l ar ]  

H L B  ( s u r f a c t ant ) = [Eo l a r ]  

[ n o n  p o l a r ]  + [ p o l ar]  

i . e .  h y d r o phob i c it y  ( p r o t e i n)  = 1 - H L B  ( s u r f a c t an t )  

H e r e .  p r o t e in h y d r o phob i c i t y  a n d  e mu l s i f i e r  HLB  a r e  d e f in e d  

a s  t h e p r o p o r t i on  o f  n o n  p o l a r  s i d e  chains  a n d  p o l ar 

r a d i c a l s  i n  t h e  mo l e c u l e s  o f  p r o t e i n  and e mu l s i f i e r . 

r e s p e c t i v e l y .  Th i s  d e f in i t i o n  d o e s  n o t  e x c l u d e  a furth e r  

s ub - c l a s s i f i c at io n  o f  p r o t e i n  hy d r o phob i c i t y  t o  t o t a l  o r  

s u r f a c e  ( exp o s e d )  h y d r o p h o b i c i t y  wh i c h  app e a r s  t o  b e  

imp o r t an t  f o r  c o r r e l a t i o n  w i t h  fun c t o n a l  p r o p e r t i e s .  

M o s t  o f  t h e  autho r s  quo t e d  ab o v e  a p p e ar e d  t o  r e c o g n i z e  t h a t  

h y d r op h o b i c i t y  i s  o n l y  o n e  o f  a n umb er  o f  f a c t o r s wh i c h  

d e t e rm i n e p r o t e i n  func t i o n a l i t y .  O t h e r  f a c t o r s  wh i c h  

c on t r o l t h e  c o n f o rm a t i o n  o f  p r o t e i n s  a t  int e r f a c e s  a r e  p H  

and  i o n i c  s t r e ngth . t h e  e f f e c t  o f  wh i c h  was  d em o n s t r a t e d  b y  

M at s u d om i  e t  a l  ( 1 9 8 5 ) . T h e  p r o b ab l e  impo r t a n c e  o f  p r o t ein 

f l ex ib i l i t y  was  d i s c u s s e d  by  S h im i z u  e t  a l  ( 1 9 8 1 ) .  

F l ex ib i l i t y .  d e t e r m i n e d  b y  m e a s u r i n g  sus c e p t ib i l i t y  t o  

p r o t e a s e  d i g e s t i o n . w a s  s h o wn t o  b e  r e l at e d  t o  

emu l s i f i c at i o n  p r o p e r t i e s  b y  K a t o  e t  a l  ( 1 9 8 5 ) . 

N o  c o m p r eh e n s i v e  s t udy  r e l a t in g  d i f f e r ing m e t h o d s  o f  

d e t e rm in a t i o n  o f  h y d r o p h o b i c i t y  a n d  fun c t i o n a l p r o p e r t i e s  

h a s  b e e n c ar r i e d  o u t . S m a l l d i f f e r en c e s  i n  t e c h n i qu e  a n d  

d i f f e r en t  i o n i c  s t r en g t h s  a n d  t e s t  o i l s  f o r  e m u l s i o n s  m ak e  

c om p a r i s o n  d i f f i c u l t .  The  m e as u r ement  o f  p r o t e i n  

hy d r o p h o b i c i t y  d o e s . h o we v e r .  r e p r e s ent a m a j o r  a d v an c e  i n  

t h e  u n d e r s t an d in g  o f  p r o t e i n  f un c t i o n a l it y .  



1 . 5 . 3 The u s e  o f  t h e  HLB c o nc ept in f o o d  sys t ems 

Emu l s i f i e r s  a r e  c o mmon l y  a d d e d  t o  p r o c e s s e d f o o d s . Th e 

u t i l i t y  o f  t h e  H LB s y s t e m f o r  s e l e c t ing e mu l s i f i e r s  f o r  

t h e s e c omp l ex s y s t em s  h a s  b e en  d em o n s t r a t e d .  Go v i n  and 

L e e d e r  ( 1 9 7 1 )  a n d  Lin and L e e d e r  ( 1 9 7 4) .  s h o w e d  that 

v a r i o u s  m e a s ur em e n t s o f  the p r o p e r t i e s  o f  i c e  c r e am 

d e p e n d e d  o n  t h e  HLB numb e r  o f  e mu l s i f i e r s ;  Titus  e t  a l  

( 1 9 6 8 )  s h o w e d  t h a t  the  s p e c i f i c  v o l um e  o f  c ak e s  w a s  

d e p e n d ent u p o n  and  h a d  an o p t imum v a l u e  o f  e mu l s i f i e r  HLB . 

B r e a d  v o l um e  an d t e n d e rn e s s  w e r e  s h own t o  h a v e  an o p t imum 

v a l u e  d ep e n d e n t  on t h e  HLB v a l u e  o f  s u c r o s e  - f a t t y  a c i d  

e s t e r s  ( Br ey e r  a n d  Walk e r .  1 9 8 3 ) . 

1 . 5 . 4 P r o t e in s  and  t h e  HLB c o n c ept 

I n  t h e  p a s t  p r o t e i n s  h a v e  n o t  b e e n  c o n s i d e r e d  in t e r m s  o f  

HLB v a l u e s .  R e c ent  maj o r  r e v i ew s  (Kin s e l l a 1 9 7 6 .  1 9 8 2 ;  

P o u r- E l . 1 9 8 1 ) o f  t h e  f un c t i o n a l p r o p e r t i e s  o f  p r o t eins 

i n c l u d i n g  e mu l s i f i c a t i o n  m ak e  l it t l e  or no ment i o n  of HLB . 

D e t e rmin a t i o n s  o f  t h e  HLB v a l u e  o f  p r o t e i n s  h a v e  b e en  mad e 

b y  v an E e r d  ( 1 9 7 1 } . Aok i e t  a l -( 1 9 8 1 )  and D e noy e r  and 

Gi r a r d ( 1 9 8 2 ) . 

The d e t e rmin a t i o n s  w e r e  m a d e  b y  f i r s t  d e t e rmining t h e  

r e q u i r e d  H L B  o f  o i l  o r  o i l  m i x t u r e s  a n d  t h e n  f i n d i n g  t h e  

mix t u r e  g i v in g  t h e  b e s t  emu l s i f i c at i o n  b eh a v i o u r  i . e .  an 

HLB v a l u e  w a s  f o un d  by i n f e r en c e .  Th e e f f e c t  o f  u s ing 

d i f f e r e n t  o i l s  with t h e  s ame p r o t ein . r a t h e r  than the 

c o mmo n  p r a c t i c e  o f  t e s t in g  v ar i o u s  p r o t e i n s  ag ain s t  th e 

s am�· o i l .  h a s  b e en inv e s t i gat e d  b y  Chri s t ian and S a f f l e  

( 1 9 6 7 )  wh o e x ami n e d  t h e  e f f e c t s  o f  d i f f e r en t  o i l s  and f r e e  

f at t y  a c i d s  a n d  f o und  s i gni f i c ant  d i f f e r e n c e s  i n  t h e  

quan t i t y  o f  e a ch emu l s i f i ed b y  a f ix e d  quan t it y  o f  s a l t  

s o l ub l e  m e at p r o t e i n .  



1 . 5 . 5  C r i t i c i s m  o f  previ o u s  s t u d i e s  

I n  r e c e n t  y e a r s  t h e r e  h a v e  b e e n m a n y  s t u d i e s  i n  wh i c h  

a c t u a l o r  p o t e n t i a l  f o o d  p r o t ein s h a v e  b e e n m o d i f i e d  f o r  

fun c t i o n a l imp r o ve ment . R e v i ews b y  F e e n e y  e t  a l  ( 1 9 8 2 )  and  

Wh i t ak e r  and  Pui g s e r v e r ( 1 9 8 2 )  d i s c u s s  t h e  r an g e  o f  

mo d i f i c at i o n s  an d r e s u l t in g  p r ot e in p r o p e r t y  c h ang e s .  In  

s om e  o f  t h e s e  s t u d i e s  chan g e s  in  emu l s i f i c a t i o n  p r o p e r t i e s  

w e r e  m e a s u red . Examp l e s  a r e  th e w o r k  o f  M a  ( 1 9 8 4) and Chen 

et a l  ( 1 9 7 5 ) . I n  e a ch c a s e  t he au t h o r s  c on c l u d e  t h a t  t h e  

p r o t e i n  mo d i f i c at i o n s  h a v e imp r o v e d  t h e  emu l s i fy ing 

p r o p e r t i e s  of  the p r o t e in . S u c h  c o n c l u s i o n s  c an b e  

c r i t i c i z e d f o r  two  r e a s o n s . The f i r s t  i s  t h a t  n o  a l l o wan c e  

i s  m a d e  f o r  chan g e s  i n  s o l ub i l i ty . i . e .  c h an g e s  i n  t h e  

s o l ub l e  p r o t e in c o n c e n t r a t i o n . in  t h e  e mu l s i f i c at i o n  t e s t s .  

The s e c on d  i s  t h a t  t h e r e  i s  n o  r e c o gn i t i o n  o f  t h e  

c on s e qu e n c e s  o f  us ing j u s t  o n e  o i l .  i . e .  i t  m a y  b e  t h a t  t h e  

i mp r o v e m e n t s  a r e  d u e  t o  t h e  p r o t e in b e c om i n g  m o r e  s u i t ab l e  

f o r  t h e  p ar t i c u l a r o i l  u s e d  b u t  n o t  n e c e s s a r i l y  f o r  a l l 

o i l s .  T h i s  c r i t i c i s m  c o u l d  b e  m a d e  o f  a l a r g e  n u mb e r  o f  

s t u d i e s  wh i c h  c om p a r e  t h e  e mu l s i f i c a t i o n  p r o p e r t i e s  o f  

p r o t e in s  u s ing a s ing l e  o i l .  

The b a s i s o f  t h i s  c r i t i c i s m  i s  mo s t  c l e ar l y  d emo n s t r a t e d  in  

t h e  w o rk o f  Wu ( 1 9 7 5 ) . Gl u t e n  d e am i d at e d  to  v ar y in g  

ext ent s b y  a c i d  hy d r o l y s i s  w a s  us e d  t o  p r e p a r e  e mu l s i o n s .  

Emu l s i fy i n g  c a p a c i t y  and s t ab i l i t y  w e r e  m e a s u r e d  and t h e  

d a t a  a r e  p l o t t e d  a s  shown i n  F i g u r e 1 . 3 .  T h e  d a t a  s h o w  an 

o p t imum l e v e l  o f  d e amidat i o n  and  Wu ( 1 9 7 5 )  c l a im e d  t h a t  

t h i s  w a s  t h e  b e s t  e mu l s i f i e r .  An a l t e rnat i v e  v i e w .  

howe v e r .  i s  that  t h e  � p t imum i s  f o r  t h e  o i l  u s e d .  i . e .  t h e  

g l ut e n  i s  a p r o t e in p r o b e  o f  t h e  o i l  p r o p e r t i e s .  I f .  

ins t e a d  o f  g l u t e n .  emu l s i f i e r  mixt u r e s  o f  v ar i o u s  H LB 

v a l u e s  w e r e  us e d .  t h e  s am e  s o r t  o f  d a t a  c o u l d  v e r y  w e l l  b e  

p r o d u c e d  b u t  w o u l d  b e  in t e r p r e t e d  a s  showing  t h e  r e qu i r e d  

H L B o f  t h e  o i l  a n d  n o t  t h a t  a p a r t i c u l a r e m u l s i f i e r w a s  

s u p e r i o r  t o  o t h e r s . I f  th e hydro phob i c i t y  o f  t h e  g l u t en  

i n c r e a s e s  with d e am i d a t io n . a s  s h o wn b y  M at s u d om i  e t  a l  

( 1 9 8 2 ) . t h e n  t h e  d a t a  o f  F i g u r e 1 . 3 sh o u l d  s h o w  a p o o r  
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p o s it i v e  c o r r e l at i o n  o f  e mu l s i f i c a t i o n  p r o p e r t i e s  an d 

h y d r o p h o b i c it y .  C l e ar l y .  howe v e r .  f a c t o r s  o t h e r  t h an 

h y d r o p h o b i c i t y  a r e  i n v o l v e d .  I f .  h o w e v e r .  hy d r oph o b i c it y  

i s  ana l o g o u s  t o  H L B .  a s  s u g g e s t e d  b y  Nak a i  ( 1 9 8 3 ) . t h e n  t h e  

a p p ar en t  o p t imum s hown in  Fi gur e 1 . 3 wou l d  b e  exp e c t e d .  

1 . 5 . 6 Hypo t h e s i s  f o r  t e s t  in  t h i s  w o rk 

I t  i s  p r o p o s e d  t h a t  t h e  d a t a  o f  s om e  e ar l i e r  s t ud i e s .  c i t e d  

ab o v e .  wh e r e  c h an g e s  i n  e mu l s i o n  c h ara c t e r i s t i c s  w e r e  

i n t e rp r e t e d  a s  imp l y i n g  c h ang e s  i n  t h e  emu l s i fying  p o w e r  o f  

t h e  p r o t e ins . m i g h t  e qu a l l y b e  int e rp r e t e d  a s  a m e a s u r e  o f  

t h e  c h a r a c t e r i s t i c s  o f  t h e  o i l / wa t e r  s y s t em .  I f  t h e  

ana l o g y  b e t w e e n p r o t e i n  hydro phob i c it y  an d H L B  s ug g e s t e d  b y  

N ak a i  ( 1 9 8 3 )  i s  c o r r e c t  t h en l in e a r  c o r r e l a t i o n s  b e tw e e n  

hy d r o ph o b i c i t y  a n d  emu l s i fying  p r o p e r t i e s  o f  p r o t e iri s  a r e  

t h e o r e t i c a l l y  i n c o r r e c t .  

That t h e  an a l o g y  b e t w e en p r o t e in hyd rophob i c i t y  a n d  

e mu l s i f i e r  H L B  v a l u e s  i s  v a l i d  h a s  b e en t ak e n  a s  a n  

hyp o t h e s i s f o r  t e s t  i n  t h e  p r e s ent  w o rk .  

1 . 6 S t at em ent  o f  r e s e ar c h  obje c t iv e s  

T h e  ob j e c t i v e s  o f  .t h i s  w o r k  w e r e .  f i r s t . t o  d e t e rm in e  t h e  

k i n e t i c s  o f  t h e  a c i d  c at a l y z e d  d e am i d at i o n  o f  g l u t e n .  

M e a s u r em en t s  o f  p e p t i d e  b o nd hyd r o l y s i s  w e r e  a l s o  m ad e .  A 

s e c o n d  ob j e c t i v e  w a s  t o  p r e p ar e  g l u t en d e ami d at e d  t o  

v a r i o u s  e x t ent s and  t o  c h a r a c t er i z e  the  f un c t i o n a l 

p r o p e r t i e s  w i t h  emp h a s i s  o n  th e emu l s i fy i n g  p r o p e r t i e s  i n  

r e l at i on t o  hy d r o p h o b i c it y  a n d  i t s  an a l o gy t o  t h e  HLB 

v a l u e s  o f  e mu l s i f i e r s .  
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Vit a l  wh e at g l u t en was s up p l i e d by Mani l d r a  S t a r c h e s  P t y  Lt d 

(Th e  C r e s c ent . Aub urn N S W  2 1 4 4 .  Aus t r a l i a) . 

Hyd r o c h l o r i c  a c i d .  f o r  l ab o r a t o ry exp e r iment s .  w a s  p r e p a r e d  

f r o m  c o n c en t r a t e d  v o l um e t r i c  s o l u t i o n  amp o u l e s  d e s i g n e d  f o r  

t h e  p r e p a r a t i o n  o f  1 . 0N s o l u t ion  ( BDH  Chemi c a l s  Lt d .  P o o l e .  

En g l an d ) . 

For  p i l o t  s c a l e  exp e r im e n t s t h e  hyd r o ch l o r i c  a c i d  w a s  

c o mm e r c i a l  g r a d e  ( p a c k e d  b y  S c i ent i f i c  S e r v i c e Lab o r at o r i e s  

Lt d . . N ap i e r .  N e w  Z e a l  and) . 

ANS ( 8 - an i l ino- 1 -naphtha l e n e s u l f o n a t e)  was s up p l i e d  by  S igma  

Ch emi c a l  Comp any . ( S t  Lo u i s  M o . 6 3 1 7 8 .  U SA) . CPA ( 9 . 1 1 .  1 3 . 

1 5 - c i s  t r ans  t r ans  c i s o c t a d e c at e t r a en o i c  a c i d  ( c i s  p a rinar i c  

a c i d ) · w a s  s u p p l i e d  by  M o l e c u l ar P r o b e s  Inc  • •  Jun c t i o n  Cit y .  

Or • •  9 7 448 . U SA) . Buty l at e d hyd r o xy t o l u ene  ( 2 .  6 - d i- t e r t ­

b u t y l - p - c r e s o l )  ( BHT) w a s  s up p l i e d  b y  BDH Ch emi c a l s  Lt d .  

P o o l e . BH1 2 4NN . Eng l an d .  A l l o t h e r  ch emic a l s  u s e d  w e r e  

r e a g e n t  g r a d e .  S oyab e an o i l  w a s  s up p l i e d  b y  An d r ew Indus t r i e s  

Lt d .  T ak ap un a .  New  Z e a l an d .  Cas t o r  o i l  w a s  s up p l i e d  b y  t h e  

Nat i o n a l D ai r y  As s o c i a t i o n  o f  New Z e a l a n d .  Fo r l ab o rat o ry 

exp e r im e n t s  and p r e p a r a t i o n  o f  r e a g e n t  s o l u t i o n s . w a t er  

p u r i f i e d  by  r e v e r s e  o s mo s i s  u s in g  a M i l l ip o r e  R O  s y s t e m  was  

fu r t h e r  p u r i f i e d  with a M i l l i- Q  a p p a r at u s  ( M Q) ( M i l l i p o r e  

Corp o r a t i o n .  B e d f o r d  Mas s a ch u s e t t s  U SA) . 

2 . 2 M e a s u r ement o f  pH 

M e a s ur e m e n t s  o f  p H  w e r e  m a d e  u s ing a g l as s  c omb i n a t i o n p H  

e l e c t r o d e  a n d  a d i g it a l  p H  m e t e r  ( M e t r o hm A G  CH- 9 1 0 0  Her e s au .  

Swit z e r l and) . Th e s am e  e l e c t r o d e  w a s  u s e d  t h r o u gh o u t  t h e  

exp e riment s .  Wh e n  n o t  i n  u s e  t h e  e l e c t r o d e  w a s  s t o r e d  i n  3 M  

K C l  s o l u t i o n  and t h e  int e r n a l r e s e r v o i r  was  k e p t  f i l l e d w i t h  
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3 M  K C l .  Th e e l e c t r o d e w a s  f u r t h e r  m a i n t a i n e d  b y  o c c a s i ona l 

s o ak i n g  i n  a p ep s in / H C l  m i x t u r e  t o  r e m o v e  p r o t e i n  r e s i du e s . 

T h e  e l e c t r o d e  w a s  c a l ib r at e d  us i n g  t w o  b u f f e r s . e it h e r  p H  2 

a n d p H  3 o r. p H  4 a n d  p H  7 .  d e p e n d i n g  o n  t h e  s a m p l e  r a n g e . Th e 

b u f f e r s  w e r e  g u a r a n t e e d t o  b e  p H  2 . 0 0  + 0 . 0 2 .  p H  3 . 0 0  .,:t 0 . 0 2 . 

p H  4 . 0 0  + 0 . 0 2  a n d  p H  7 . 0 0  .,:t 0 . 0 2  ( B D H  Ch e m i c a l s  L t d .  P o o l e  

E n g l an d ) . T h e  p H  m e t e r  w a s  e qui p p e d  w i t h  a b ui l t  i n  

t em p e r a t u r e  c o mp en s a t io n  s y s t e m w i t h  a r e s i s t anc e t h ermom e t e r  

p r ob e . 

Bu f f e r s  a n d  s amp l e s  w e r e  h e l d  in  a wat e rb a th mai n t a in e d  a t  

2 5 + 1 ° C  a n d  t h e  r e s i s t an c e  t h e rmom e t e r  w a s  a l s o  i mm e r s e d  i n  t h e  

b at h . 

2 . 3 P r epar a t i o n  o f  b u f f er s o lu t i o n s  

Pho s ph at e b u f f e r  w a s  p r e p a r e d  at  t h e  r e qui r e d  p H  b y  m i x i n g  

0 . 2 1 2 5 M  N a 2 H P 0 4 a n d  0 . 2 1 25 M  N aH2 P o 4 • Thi s  c o n c en t r at i o n  o f  

b u f f e r  w a s  r e qui r e d  f o r  t h e  d e t e rm i na t i o n  o f  N- t e rmi n a l ami n o  

g r o up s us i n g  TNB S ( s e e  S e c t i o n  2 . 6 . 2 )  a n d  it  was  f o un d t o  b e  

c o n v e n i e n t  t o  u s e .  s u i t ab l y  d i l u t e d . f o r  o t h e r  d e t e rm i n a t i o n s .  

2 . 4  P r ep a r a t i o n  o f  S D S  s o l u t i o n s  

S o l ut i o n s  o f  s o d i u m  d o d e cy l s u l phat e ( S D S )  o f  a p p r oximat e l y 1 %  

w / v w e r e  p r e p a r e d  b y  w e i g h i n g  1 0  g S D S  a n d  a d d i n g  w a t e r  t o  a 

t o t a l  v o l um e  o f  a p p r ox imat e l y  1 0 0 0  m l .  Gent l e  s t i r r i n g  a n d  

w a r m i n g  w e r e  c o n t i n u e d  u n t i l  th�  S D S  w a s  c omp l e t e l y d i s s o l v e d . 

2 . 5 D e t e rm i n at i o n  o f  ammo n i a  

T h e  d e t e rm i n at i o n  p r o c e du r e  w a s  b as e d  o n  t h e  r e a c t i o n .  

NH + + a l ph a-k e t o g l ut a r a t e + NAD H GDH ) L- g l ut am a t e + 4 
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wh e r e  GD R i s  L- g l u t am at e  d ehyd r o g ena s e 

NAD i s  n i c o t i n ami d e  a d en i n e  dinuc l e o t i d e  

NAD H i s  ni c o t in am i d e a d e n i n e  d in u c l e o t i d e , r e d u c e d  

Th e c o n c ent r a t i o n  o f  ammoni a c an b e  f o und b y  d e t e rm i n i n g  t h e  

d e c r e as e i n  ab s o rb an c e  at  3 4 0 nm d u e  t o  t h e  d e c r e a s e in  NAD H 

c o nc ent r at i on . 

F i r s t ,  a r e a g e n t  m ixt ure  was  p r e p a r e d .  

r e qu i r e d  f o r  1 0 0  d e t e rmin a t i o n s  w e r e :  

The quant i t i e s  

5 . 0 m l  ( 1 .  OM)  a l pha-k e t o  g l u t a r at e  a d j u s t e d  t o  p H  7 .  6 

5 0  m l  0 . 2 1 2 5 M  b u f f e r  p h o s ph a t e ( p H  7 . 6 )  

2 4  m l  Wat er  

1 . 0 m l  GDR ( Bo ehring e r , Mannh e im Gmb H ,  We s t  Germany ) 

1 0  m l  NAD H 2 . 4  1 0  - 3  M d i s s o lve d in  0 . 0 5 M  NaHC03 X 

a d j u s t e d  t o  p H  1 0  w i t h  N a O H  ( Lowry  e t  a l  1 9 6 1 )  

A O . l M  amm o n ium c h l o r i d e  s o l u t i o n  w a s  p r ep a r e d  a n d  t h en 

d i lut e d  t o  g i v e  a 4 . 0  mM s t an d a r d  s o l ut ion .  Vary i n g  

quant i t i e s  o f  t h i s  so l ut i on , 0 ,  5 ,  2 0 ,  3 0 ,  40 , 5 0  a n d  6 0  � 1 .  

w e r e  u s e d  a n d w a t e r  a d d e d  t o  m a k e a t o t a l  o f  1 0 0  }1 1 .  S am p l e s 

w e r e  e i t h e r  1 0 0 p l  o r  s o m e  s m a l l e r quant ity w i t h  w a t e r  a d d e d  

t o  mak e 1 0 0  p l .  Th e s amp l e s  an d s t an d a r d s  w e r e  c o n t ain e d  i n  

s m a l l t e s t  t ub e s  and 0 . 9  m l  o f  t h e  r e a g ent mixt u r e  w a s  a d d e d .  

Th e t u b e  c o n t e n t s  w e r e m i x e d  a n d t h e n  h e l d  i n  a w a t e r b a t h  

c o ntro l l e d  a t  2 5  + 1 ° C  f o r  4 5  m in u t e s . The ab s o r b a n c e  o f  t h e  

s amp l e s w a s  r e a d  a t  3 4 0 n m  u s i n g  a P e r k i n  E l m e r  

s p e c t ropho t om e t e r  ( Co l eman I n s t r um e nt s D i v i s i o n .  O ak B r o ok , 

I l l in o i s  6 0 5 2 1 ,  U SA) . 

During in i t i a l  exp e r iment s f o r  d e t e rm i n a t io n  o f  amm o n i a  an d N­

t e rmin a l  a m i n o  g r o u p s  us i n g  TNB S a d i f f e rent  s p e c t r o ph o t om e t e r  

w a s  us e d ,  ( Gi l f o r d  25 0 ,  M o d e l 1 0 8 4 ,  e q u ip p e d  w i t h  U V  o r  

v i s ib l e  l am p . r e c o r d e r / p r int e r1 c u v e t t e s e l e c t o r  a n d  s amp l e r 

w i th t emp e r a t u r e  c o nt r o l  o f  t h e  c u v e t t e .  Gi l f o r d  I n s t rument 

L a b  I n c  • •  O b e r k i n  Oh i o  U S A) . 
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T h e c a l i b r a t i o n  o f  t h i s  m a c h i n e  w a s f o un d  t o  d r i f t  i n  a n  

uns a t i s f a c t o ry mann e r .  s e e  Ap p e n d i c e s  3 .5 .  3 . 6 .  3 . 7 .  a n d  a 

c h ange  t o  t h e  P e rk i n  E l me r  s p e c t r o p h o t om e t e r  w as m a d e .  

A s imi l a r p r o c e d ur e w a s  u s e d  b y  Ikura  e t  a l  ( 1 9 8 0 ) . wh i l e  th e 

s ame r e a c t i o n  c a n  b e  us e d  f o r  d e t e rm inat ion o f  s ubm i c r o  

quant i t i e s  o f  amm o n i a  ( L e v i t z k i .  1 9 7 0 ) .  Th e e n z yme f r om 

B o eh r i n g e r  w a s  p r e f e r r e d  b e c a u s e o f  i t s  l ow ammo n i a  c o n t e nt  

c omp ar e d  to  that  f r om S i gma wh i c h  w a s  used  f o r  s om e  

p r e l iminary e xp e r i m e n t s .  

2 . 6  D e t e rmin at i o n  o f  N- t e rm i n a l  amino groups 

2 . 6 . 1  D e t e rmin a t ion us ing f l u o r e s c amine  

U de n f r i e n d  et  al  ( 1 9 7 2 ) d e s c ri b e d  the  u s e  of  f l u o r e s c amine  

( 4-ph eny l s p i r o  [ f ur an- 2 ( 3 H) . l ' p h t h a l an]  - 3 .  3 ' - d i o n e )  

f o r  t h i s  p u r p o s e .  Th e r e a g e n t  r e a c t s  di r e c t l y  w i t h  p r imary 

am ine s t o  f o rm f l u o r o pho r s . 

S e v e r a l  f a c t o r s  make  f l u o r e s c am i n e  s u itab l e  f o r  

d e t e rm i na t i o n  o f  p r im ary am i n e s .  in c l ud i n g  amino  a c i d s . 

p e p t i d e s  a n d  p r o t e in s .  At p H  9 .  r e a c t i o n  wi t h  p r imary  

am in e s  p r o c e e d s  a t  r o om t e mp e r a t ur e .  with  a h a l f t ime o f  a 

f r a c t i o n  o f  a s e c o n d .  Ex c e s s  r e a g e n t  is  c o n c o m i t an t l y  

hy d r o l y s e d  w i t h  a h a l f- t im e  o f  s e v e r a l  s e c o n d s . 

F l u o r e s c am in e .  a s  w e l l  a s  i t s hy d r o l y s i s  p r o d u c t s .  i s  non­

f l uo r e s c e nt . S t u d i e s  w i t h  s m a l l p e p t i d e s  h a v e  s h o w n  t h at 

th e r e a c t i o n  g o e s  t o  n e a r  c o mp l e t i on (ab o u t  8 0  t o  9 5 %  o f  

th eo r e t i c a l  y i e l d ) e v en wh en  f l uo r e s c am ine  i s  n o t  p r e s e nt 

in l ar g e  e x c e s s . 

For  d e t e rm i nat i o n . p r imary amin e s  are  f i r s t  b u f f e r e d  t o  an  

a p p ro p ri a t e  pH  ( >  7 )  an d then  f l u o r e s c amine . d i s s o l v e d  in  

a c e t o n e . a wat e r  m i s c i b l e  n o nhy dr oxy l i c  s o l v en t . i s  a d d e d .  

I n  a f r a c t io n  o f  a s e c o n d  a t  r o o m  t emp e r a t u r e .  th e r e a c t i o n  

i s  c o m p l e t e  a n d  i n  l e s s  t h a n  a m i n u t e  e x c e s s  r e a g e n t i s  

d e s t r o y e d .  Th e r e s u l t in g  f l u or e s c e n c e  i s  p r o p o r t i o n a l  t o  
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t h e  amine c on c e n t r a t i o n  and  t h e  f l uo r o ph o r s  a r e  s t ab l e  o v er  

s e v e r a l  ho u r s .  

S t a n d a r d s  f o r  t h e  d e t e rmina t i o n  o f  N- t e rmina l am ino g r o u p s  

u s in g  f l u o r e s c amin e w e r e p r e p a r e d  u s ing 2 .5 m M  L- g l u t am i c  

a c i d  ( L-g l u) d i s s o l v e d  i n  1%  SD S .  V a rying quant i t i e s o f  

t h i s  s o l u t i o n .  o .  1 0 .  2 0 .  3 0 .  4 0 . 5 0  a n d  6 0 )1 1 •  w e r e  a d d e d  

t o  t e s t  t u b e s  a n d  t h e  v o l u m e  w a s m a d e u p  t o  2 0 0  p l  w i t h  1 %  

S D S  s o l ut i o n .  S amp l e s  t aken  f r o m  t h e  d i l u t e d  hy d r o l ys a t e  

w e r e  e i t h e r  2 0 0 p l o r  s o m e  s m a l l e r q u a n t i t y  w i t h  1 %  S D S  

s o l u t i o n  ad d e d  t o  mak e 2 0 0  )l l .  T o  e a c h t u b e  1 . 5 m l  o f  

0 . 2 1 2 5 M  p H  8 . 2  b u f f e r  w a s a d d e d .  A s o l u t i on o f  

f l u or e s c amin e . 3 0  mg i n  1 0 0  m l  o f  a c e t o n e .  was p r e p ar e d  

f r e s h  f o r  e a ch s e t  o f  a s s ay s .  F l uo r e s c e n c e  w a s  d e t ermin e d  

u s i n g  a P e rk in E l m e r  M P F - 2 A  f l u o r e s c e n c e  s p e c t r o me t e r  

f i t t e d  with a 1 5 0  W X e n o n  l amp an d a t emp e r at u r e  c o nt r o l l e d 

c u v e t t e  ho l d e r . Th e s amp l e s  w e r e  h e l d  in a wat e r  b a th 

c ont r o l l e d  at 25 + 1 ° C . Imme d i a t e l y b e f o r e  f l uo r e s c e n c e  

m e as ur eme nt t h e  t u b e  c o n t e nt s  wer e mixe d o n  a v o r t e x  mixe r  

( V o r t ex Geni e .  S c i ent i f i c  I n d u s t r i e s  I n c . Que e n s  V i l l ag e  

2 9 . N ew York . U SA) . a n d  0 . 5 ml  o f  f l u o r e s c amine s o l u t io n  

was inj e c t e d  i n t o  t h e  v o r t e x .  Th e f l uo r e s c e n c e  o f  e a ch 

s amp l e  was r e a d  with an  exc i t a t i o n  wav e l e n g t h  o f  3 9 0  nm.  

s l i t w i d t h  5 nm . and a n  e m i s s i o n  w a v e l e n g t h  o f  4 7 5  nm a n d  

s l i t width 2 0  nm.  Th e r e s u l t s  w e r e  r e c o r d e d  a s  p e ak 

h e i gh t s  on a r e c o r d e r  c h a r t  s e t  s o  t h at c o r r e c t io n  f o r  

amm o n i a l e v e l s  c o u l d  b e  m a d e  ( d e s c rib e d  i n  S e c t i o n  3 . 6 ) . 

Bo h l e n e t  a l  ( 1 9 7 3 )  s t a t e d  t h a t  d i f f e r ent p r o t e i n s  wi l l  

giv e a d i f f e r e n t  r e s p o n s e t o  f l u o r e s c amine sin c e  n o t  a l l 

p r o t e i n s  h a v e  t h e  s am e  p r o p o r t i o n  o f  am i n o  g r o u p s  n o r  i s  i t  

c e r t ain that  a l l amino g r o u p s  i n  p r o t eins r e a c t  c o mp l e t e l y 

or  t h a t  a l l  f l uo r e s c am ine s ub s t i t u t e d  amino g r o u p s exhib i t  

the s am e  quant um y i e l d  o f  f l u o r e s c e n c e .  I t  w a s  f o un d  t h a t  

r a i s ing o r  l ow e r i n g  t h e  c o n c e n t r a t ion o f  ph o s p h at e b u f f e r  

had  l i t t l e  e f f e c t  o n  s e n s i t i v i t y .  Ch anging t h e  b u f f e r  p H  

b e t w e e n  7 an d 9 h a d  a m a r k e d - e f f e c t  wh i c h  v a r i e d  w i t h  

d i f f e � e nt p r o t e in s .  
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The r e a c t i o n  o f  f l u o r e s c am i n e  w a s  s im i l a r l y  s t ud i e d  f o r  

ana l y s i s  o f  p e p t i d e s  b y  N ak a i  e t  a l  ( 1 9 7 4) . P ep t i d e s  w e r e  

p r o du c e d  b y  h y d r o l y s i s  w i t h  p r o t e a s e s  and s ep ar a t e d  b y  

D o w e x- 5 0 c h r o mat o g r aphy . P e p t i d e s  whi ch d i d  n o t  r e a c t  w i t h  

f l u o r e s c am i n e  w e r e  f o un d  t o  c o r r e s p on d  t o  a l a r g e  p e p t i d e  

w i t h  g l u t am i n e  a t  t h e  NH 2 t e r m i nus . Form a t i o n  o f  

p y r o g l ut am i c  a c i d  w a s  t h o u g h t  t o  b e  r e s p on s ib l e  f o r  t h e  

p o o r  r e a c t i v it y .  Low f l u o r e s c en c e  w a s  f o u n d  f o r  p e p t i d e s  

w i t h  a s p a r t i c  ac i d .  a s p ar ag i n e an d g l ut am i c  a c i d  a t  th e NH2 
t e rm in u s . 

The  f l u o r e s c e n c e  d u e  t o  i n d i v i du a l  amino a c i d s  w a s  e x a� i n e d  

b y  S t e i n  e t  a l  ( 1 9 8 3 ) . G l u t am i c  a c i d  but n o t  g l ut am i n e  was  

i n c l u d e d  i n  t h e  exp e r i m e n t s .  G ly c in e  ami d e  h o w e v e r  g a v e  a 

f l u o r e s c en c e  s im i l ar t o  t h a t  o f  g l y c in e  s u g g e s t in g  t h a t  the  

am i d e  g r o up d i d  not  s h o w  mu c h  r e a c t i o n  w i t h  f l u o r e s c am in e .  

I t  s h o u l d  b e  n o t e d  t h a t  f l u o r e s c am i n e  do e s  n o t  r e a c t  w i t h  

p r o l in e  o r  hydroxyp r o l in e � Th i s  d i s advan t a g e  m ay b e  

o v e r c o m e  b y  in t r o du c i n g  a n  a p p r o p r i a t e  i n t e r m e d i at e s t e p  t o  

c o n v e r t  t h e s e  amino a c i d s  t o  p r im a ry amin e s  wh i c h  c an b e  

d e t e rmi n e d  u s ing f l u o r e s c am i n e  ( We i g e l e  e t  a l .  1 9 7 3 ) . 

2 . 6 . 2  D e t e rminat i o n  us ing 2 .  4 .  6 - t r ini t r o b e n z en e s u l f o n i c  

a c i d  ( TNB S )  

Ad l e r- Ni s s e n ( 1 9 7 9 )  f u r t h e r  d e v e l o p e d  exi s t in g  t e chn i qu e s  

t o  m e a s u r e t h e  d e g r e e  o f  h y d r o l y s i s  of  f o o d p r o t e in s .  To  

u s e the m e t h o d  a s e r i e s  o f  t ub e s  was p r e p ar e d . e ac h  

c o n t ain i n g  2 . 0 m l  p h o s ph at e b u f f e r  0 . 2 1 2 5 M ( p H  8 . 2 )  a n d  

0 . 25 m l  o f  s amp l e  o r  s t an d a r d .  

u s i n g  2 .  5 m M L- g 1 u d i s  s o  1 v e d i n  

S t andar d s  w e r e  p r e p a r e d  

1 %  S D S .  V a ry i n g  quant i t i e s  

o f  t h i s  s o l ut io n . o .  2 0 .  5 0 .  1 0 0 .  1 5 0  and 2 5 0  p l .  w e r e  

u s e d  a n d 1 %  S D S  s o l u t i o n  w a s  a d d e d  t o  m ak e  a t o t a l  o f  2 5 0  

p l .  S amp l e s t ak e n  f r om t h e  d i l u t e d  hyd r o l y s at e  w e r e  e i t h e r  

2 5 0 p l  o r  s o me s ma l l e r q u a n t i t y  w i t h  1%  S D S s o l u t i o n  a d d e d  

t o  mak e t h e  v o l um e  up  t o  2 5 0  p l .  TNBS s o l ut i o n .  0 . 1 %  �/ v .  

w a s  f r e s h l y  p r ep ar e d  f o r  e a c h  s e t  o f  d e t e r m i n a t i o n s  a n d  

p r o t e c t e d  f r om l i ght . Two  m l  o f  TNBS  s o l u t i o n  w e r e  a d d e d  
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t o  e a c h  t ub e .  t h e  c o n t ent s mix e d  a n d  t h e n  p l a c e d  i n  a 

wat e r b a t h  c ont r o l l e d  at 5 0  + l ° C f o r  6 0  minut e s .  L i ght w a s  

exc l u d e d  during t h e  i n cub a t ion by  c o v e r i n g  t h e  b a t h  w i t h  

a l uminium f o i l .  A f t e r  t h e  tub e s  w e r e  r e mo v e d  f r o m  the  

wat e r  b at h .  3 .5 m l  of  O . l M  HCl  was  a d d e d  to  each t ub e  and  

t h e  c on t ent s m ix e d .  Ab s o rb an c e  of  the  t ub e  c o n t e n t s  was  

r e a d a t  3 4 0 nm a g a in s t  a w a t e r  b l ank . 

Th e u s e  o f  TNB S f o r  m e as u ring  ami n o  g r o u p s i n  p r o t eins  and  

p ep t i d e s  was  f i r s t  d e v e l o p e d  b y  F i e l d s ( 1 9 7 1 ) . Ab s o r b an c e  

was  m e a s ur e d  a t  4 2 0  nm.  Go l d f arb ( 1 9 6 6 )  s h o w e d  that the  

ab s o rb a nc e at 420  nm w a s  v e ry d e p e n d ent on  the  l e v e l o f  

a d d e d  s u l p hit e b u t  that t h e  d e p e n d e n c e  w a s  l e s s  a t  a s e c o n d  

p e ak a t  ab out 3 4 0 nm . The meth o d  d e v e l o p e d  b y  Ad l e r-Ni s s e n 

( 1 9 7 9 )  d o e s  not  r e qu i r e  a d d e d  s up l h i t e a n d  r e a c t i o n  i s  t ak e n  

t o  c om p l e t i on t o  a v o i d  k i n e t i c  an a l y s i s .  B e c a us e f o o d  

p r o t e i n s  a r e  n o t  a l way s f u l l y  s o l ub l e  S D S  i s  u s e d .  A 

quant i t at i v e  e qu i v a l e n c e  t o  amino g r o u p s  w a s  d emo n s t r at e d  

with a d i f f e r e n t  s t an d a r d  c u r v e  f o r  e a c h  p r o t e i n .  Th e 

r e a c t i o n  o f  TNBS with amm o n i a  h a s  b e e n  s t u d i e d  by  Whi t ak e r  

e t  a l  ( 1 9 8 0) .  An ext i n c t i o n  c o e f f i c i ent s im i l a r t o  tho s e  

f o r  a l ph a  and e p s i l o n - am i n o  g r o up s w a s  f o un d .  C l e g g  et  a l  

( 1 9 8 2 )  f o und that w i t h  e qu a l  mo l ar c o n c e n t r at i o n s  o f  

l eu c i n e  n i t r o g e n  and  ammo n i a c a l  n i t r o g en . amm o n i a  g a v e  2 0 % 

o f  t h e  ab s o rb an c e  o f  that  o f  l e u c i n e .  Th e e f f e c t  was  

a d d i t i v e  wh en c omb in e d .  

2 . 7 D e t e r m i n at i o n  o f  t o t a l  and  no n-pr o t e i n  n i t r ogen 

T o t a l  nit r o g e n  ( TN) and n o n- p r o t e in n i t r o g en ( NPN)  ( n i t r o g e n  

s o l ub l e i n  1 2% t r i c h l o r o a c e t i c  a c i d )  w e r e d e t e rm i n e d  u s ing a n  

aut o m a t e d  K j e l d ah l p r o c e d u r e .  ( "Kj e l - F o s s  Aut o m at i c ") 1 6 2 1 0  A/ S 

N .  F o s s  E l e c t r i c . Hi l l e r o d . D e nm ark) . 
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Th e u n i q u e  p r o p e r t i e s  o f  g l ut e n ,  d e s c r ib e d  in S e c t i o n  1 ,  g i v e  

r i s e  t o  s o m e  p e c u l i ar d i f f i c u l t i e s  i n  ana l y s i s .  An u n d e r -

s t an d i n g  o f  the  ch emi s t ry o f  g l ut e n  h a s  b e e n  d e p e n d e n t  o n  th e 

d i s c o v e r y  o f  s ui t ab l e  s o l v e nt s y s t e m s  f o r  t h e  m e a s ur e m ent s 

r e quir e d .  F o r  this  p r e s e nt w o r k  th e d e t e rm i nat i o n  o f  N- t e rmin a l  

amino g r o up s  i s  d e p e n d e n t  o n  s o l ub i l i z a t i o n  o f  th e g l ut e n us i n g  

S D S .  Th e e x p e r iment s d e s c rib e d  b e l ow w e r e  d e s i gne d t o  c h e c k  

t h a t  S D S  w as e f f e c t i v e  i n  s o l ub i l iz a t i o n .  In  a d d i t i o n ,  it  w a s  

n e c e s s ary t o  u s e  b u f f e r  s o l ut i o n s  o f  s u f f i � i e nt s t r e n g th � o  

n e u t r a l i z e t h e  a c i d i t y  o f  t h e  s am p l e s b u t  t h e  e f f e c t  o f  t h e  S D S  

w a s  r e p o r t e d  t o  b e  d e p e n d e n t  o n  i o n i c s t r e n g t h  ( s e e  S e c t i o n  

1 . 1 . 4 ) . Th e e f f e c t  o f  i o n i c  s t r e ngth  and  e x p e riment a l  p r o c e du r e 

w a s  a l s o  c o n s i d e r e d .  

A f ur t h e r  c o m p l i c a t i o n  w a s  th e p o s s i b l e  int e r f e r en c e  o f  ammo n i a  

i n  t h e  N- t e rm i n a l  am i n o  g r o up d e t e rmin a t i o n s  a n d  t h i s  t o o w a s  

inv e s t i g a t e d . 

3 . 1  The  e f f e c t  o f  S D S  i n  s o lub i l i z at i o n  o f  gl ut en 

S o l ub i l i z a t i o n  of g l ut e n  p r o t ein  b y  S D S  is r e q ui r e d  i n  t h e  

d e t e rm ina t io n  o f  N- t e r m i n a l amino g r o up s .  

c h e c k  t h e  s o l ub i l i z a t i o n  w a s  p r e p a r e d .  

3 . 1 . 1  Expe rimen t a l  m e t h o d  

An exp e r im e n t  t o  

Tw o hy d r o l y s e d  g l ut en p r ep ar a t i o n s  A and  C w e r e  p r e pa r e d .  

F o r  A ,  9 0  m l  o f  0 . 1 M  H C l ,  and  f o r  C ,  9 0  m l  o f  ap p r o x imat e l y 

0 . 0 3 M  H C l , w e r e  a d d e d  t o  1 0 . 0 g g l ut e n i n  a s c r ew - t o p  p y r ex 

j a r .  P r e p ar a t i o n  A w a s  h e l d  i n  a w a t e rb a th a t  7 0 ° C  f o r  6 . 2 

hours  and t h e n h e l d ,  with  p r e p a r a t io n  C ,  un d e r  

r e f ri g e r at i o n  f o r  t w o  w e ek s  unt i l  r e qu i r e d .  For  the s e  

exp e r im e nt s unt r e a t e d  g l u t e n w a s  l ab e l l e d  D .  P r e p a rat i o n  A 

w a s  d i l u t e d  1 0- 1  w i t h  

( 1 ) 1 %  w/ v S D S  s o l u t i o n  in  w a t e r  o r , 
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( 2 ) 1% w/ v S D S  s o l u t ion  in 0 . 0 2 M  pho s p h a t e b u f f e r .  pH 

8 . 0  o r .  

( 3 )  1 %  S D S  s o l ut io n  i n  0 . 0 2 M  p h o s ph at e b u f f e r  ( p H  

8 . 0 ) c ont ain ing 0 . 0 05  M m e r c ap t o e th a n o  1 .  

P r e p a r a t io n s  C and D w e r e  d i l u t e d  a s  i n  ( 2 )  ab o v e  o n l y .  

Th e d i l u t e d  s us p en s io n s  w e r e h e l d  o v e rnight  a t  4 ° C a n d  t h e n  

a p o r t i o n  o f  e a c h  w a s  p l a c e d  i n  a n  M S E  c e n t r i f u g e  a n d  s p u n  

a t  3 0 0 0  rpm f o r  25  min ut e s  and  the  s u p e rn a t a n t  r e c o v e r e d  

( M S E  S c i ent i f i c  I n s t r ument s .  M a n o r  Roy a l .  C r aw l e y .  S us s e x .  

E n g l a nd ) . 

Th e s up ern a t a n t s  p r o duc e d  w e r e  s l i ght l y  c l o u d y .  S amp l e s  o f  

wh o l e  s us p e n s ions  and s up e rnat ant s w e r e  s ub j e c t e d  t o  TN and 

NPN d e t erm i n a t i o n .  

P r o t e i n  so l ub i l i ty w a s  c a l c u l a t e d  as : 

TN - N P N  ( s upernat an t )  X 1 0 0  
TN - N P N  ( t o t al s u s p e n s i o n )  

The p H  o f  e a ch  s amp l e  a n d  d i l u ent  t y p e  w a s  d e t e rmi n e d .  

3 . 1 . 2 Res u l t s  

E a c h  a n a l y s i s . i . e .  o f  t o t a l  and s up e rnat ant f r a c t io n s . was  

p e r f o rm e d  i n  dup l i c a t e .  Th e d e t a i l e d  r e s u l t s are  s h own in 

Ap p e n d i x  3 . 1 .  The s umm ar i z e d  r e s u l t s  are shown in T ab l e  

3 . 1 .  Th e r e s u l t s  show that  p r o t e i n  s o l ub i l i t y  i s  

s ub s t an t i a l l y  c omp l e t e  exc e p t  f o r  t h e  unt r e a t e d  g l u t e n.  

3 . 1 . 3 Dis c u s s i on 

The  a d d i t i o n  of  me r c ap t o e t h ano l .  as  s u g g e s t e d  b y  D anno e t  

a l  ( 1 9 7 4) .  a p p e a rs t o  b e  unne c e s s ary . Mo s t  g l ut e n p r ot e i n . 

m o r e  t h an 9 5 % . is  in s o l ut i on a f t e r s amp l in g  f r om  a c i d  

s u s p e n s i o n .  The t e c hnique . then . ap p e ar s  t o  b e  s u i t ab l e  

f o r  s amp l in g  f o r  d e t e rm i n a t i o n  o f  N- t e rm i n a l  amino group s .  
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T ab l e  3 . 1  P r o t e i n  s o lu b i l i t y f o r  e a c h  g l u t e n  s o u r c e and  d i l u e n t  

Glu t e n  s o u r c e  ( d i l u e n t ) 

P r o t e i n  s o lub i l i t y  ( % )  

A (  1 )  

9 7 . 5  

A ( 2 )  

1 0 0  

A ( 3 )  

9 8  

C ( 2 )  

9 9  

T ab l e 3 . 2  The  e f f e c t  o f  b u f f e r  p H  o n  t h e  d e t e rmin a t ion  o f  N­

t e rmin a l  g r o u p s  u s in g  f l uo r e s c en c e  d e t e rmined  w i t h  

f l u o r e s c am i n e  

D ( 2 )  

8 8  

AD D I T I ON O F  ( 1 )  

N aH 2 P o 4 

p H  O F  BUFFER 

S O LUT I ON 

PEAK HE I GHT 

( m l )  

n i l  

2 

4 

6 

N o t e  ( 1 )  

9 . 0 8  

8 . 1 0  

7 . 7 7 

7 . 5 7 

( mm )  

1 9 3 . 1 7 3  

1 0 3 , 1 1 1  

7 4 .  7 7 

5 6 , 5 6  

N a 2 H P 0 4 w a s  a d d e d  t o  g i v e  a t o t a l  v o l u m e  o f  5 0  m l . T h e  

c o n c e n t r a t i o n  o f  b o t h  N a 2 H P 04 a n d  NaH 2 P o 4 so l u t i o n s  w a s  0 . 2 1 2 5 M 
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The S D S  is not c omp l e t e l y e f f e c t i v e  in so l ub i l i z in g  d r y  

g l ut e n .  Th i s  may b e  b e c a u s e  o f  the  t o t a l  quant i t y  o f  S D S  

i s  b a r e l y  s u f f i c i e nt t o  b i n d  t o  t h e  p r o t e in ( Reyno l d s and 

Tan f o r d . 1 9 7 0 a.  b ) . For d e t e rminat i o n  of  N- t e rmi n a l  amino 

g roup s u s i n g  TNBS or f l uo r e s c am ine  much g r e a t e r  d i l u t i o n s  

o f  t h e  p r o t e in .  a n d  hen c e  an  e x c e s s  o f  SD S .  w o u l d  b e  

avai l ab l e . 

3 . 2  The e f f e c t  o f  b u f f e r  p H  o n  t h e  d e t e rminat i o n  o f  N- t ermin a l  

amino gr o ups us ing f luo r e s c amin e 

3 . 2 . 1  Exp e r im e n t a l  m e t h o d  

Bu f f e r  s o l u t i ons . 0 . 2 1 2 5 M  o f  v a ry ing p H .  w e r e  p r ep a r e d  by  

mixing  v ar i o u s  am ount s o f  0 . 2 1 2 5 M  NaH 2 Po 4 with  0 . 2 1 2 5 M  

N a 2 H P 0 4 t o  a t o t a l  v o l u m e  o f  5 0  m l  a s  s h o w n i n  T a b l e  3 . 2 .  

Each  b u f f e r  was u s e d  w i t h  f l u o r e s c amine . as  d e s c rib e d  in 

S e c t i o n  2 . 6 . 1 .  u s ing 200 y-1 of 0 . 7 5  mM  L- g l u  a s  s amp l e .  

3 . 2 . 2  R e s u lt s  

The r e s u l t s  a r e  shown i n  T ab l e  3 . 2 .  The arb i t r ary un it s 

ari s e  b e c au s e  t h e  re s u l t s  a r e  p e ak h e ight s o n  t h e  

f l uo r im e t e r  o u t p u t  chart . with arb i t r ary s c a l ing t o  g i v e  a 

m e as u r ab l e  out p u t . 

3 . 2 . 3  D i s c us s io n  

A s t r o n g  p H  e f f e c t  is  sh own . T h i s  was  s i mi l a r l y d e s c r ib e d  

by  Boh l e n e t  a l  ( 1 9 7 3 )  f o r  v ar i o u s  p r o t e i n s . Th e e f f e c t  

may v a ry f o r  d i f f e r ent p r o t e i n s  and amin o  a c i d s . I n  t h i s  

s t u d y . wh e r e  p r o t eins  a r e  mo d i f i e d . t h e  r e l a t i o n s h i p  

b e t w e e n  f l uo r e s c e n c e  int e n s i t y  a n d  p H  v a l u e may c h ang e .  

Th e r e s u l t s  c anno t t h e r e f o r e  b e  c l aim e d  t o  r e p r e s e n t  

ab s o l u t e  v a l u e s  o f  N- t e rm in a l  am ino g r oup  c on t ent . 



60 

3 . 3 The  e f f e c t  o f  b u f f e r  c o n c ent r a t i o n  a n d  t h e  u s e  o f  S D S  o n  

t h e  d e t e r m in at i o n  o f  N- t e rmin a l  amino  gr o ups u s ing 

f luo r e s c am i n e  

T h e  u s e  o f  S D S  i s  an  e f f e c t i v e  m e a n s  o f  s o l ub i l i z ing g l u t en a s  

s h own in S e c t i o n  3 . 1 .  Reyno l d s an d T an f o r d  ( 1 9 7 0  a .  b )  s h owe d 

t h a t  t h e  m ax imum b in d i n g  o f  S D S  t ak e s  p l a c e  wh en i o n i c  s t r en g t h  

)1 
)1 

= 

= 

0 . 1 .  Ca l c u l at i o n  o f  t h e  mo l ar i t y  o f  Na 2 HP0 4 t o  g i v e  

0 . 1  s h o w s  t h a t  t h e  b u f f e r  c o n c en t r a t ion  sh o u l d  b e  c i r c a  = 

0 . 03 M ( G l a s s t o n e  a n d  Lew is . 1 9 6 0 ) . 

Th e e f f e c t  o f  b u f f e r  c o n c en t r a t i o n  an d u s e  o f  S D S w a s  

i n v e s t i g at e d  i n  a s e r i e s  o f  exp e r im e n t s .  The ob j e c t  w a s  t o  

e n s u r e  t h a t  g l u t e n  w a s  f u l l y  s o l ub i l i z e d  b y  t h e  S D S  wh e n  s amp l e d 

f o r  d e t e rm i n a t i o n  o f  N- t e rmi n a l amino g r o ups  u s in g  f l u o r e s c amine 

a n d  T N B S .  

3 . 3 . 1 Th e e f f e c t  o f  b u f f e r  c o n c e n t r at i o n  o n  t h e  

f lu o r e s c en c e  r e spons e f r o m  a s t an d a r d  s ampl e  ( L-glu ) 

3 . 3 . 1 . 1  Expe r im e n t a l  m e t h o d 

Bu f f e r  s o l ut i ons  N a2 HP0 4 a n d  N a H2 Po 4 • 0 . 2 M .  w e r e  

p r e p a r e d .  P o r t i o n s  o f  th e s e  w e r e  d i l u t e d  t o  0 . 1 M  and 

0 . 0 2 M .  a n d  then m ix e d  to  g i v e  p H  8 . 0 .  One  h a l f  o f  

e a c h  o f  t h e  t h r e e  b u f f e r s  h a d  S D S  a d d e d  t o  g i v e  1 %  

w / v .  T h e  d e t erm inat i o n  w a s  p e r forme d u s i n g  2 0 0  u l  o f  

0 . 5  m M  L- g l u  a s  s amp l e .  T r i p l i c at e  d e t ermi n a t i o n s  

w e r e  m ad e .  a s  d e s c r ib e d  i n  S e c t ion 2 . 6 . 1  b u t  u s in g  t h e  

b u f f e r s  d e s c r ib e d  ab o v e .  

3 . 3 . 1 . 2  R e s u l t s  

P e ak h e i gh t  d at a .  s hown i n  T ab l e  3 . 3 indi c a t e a l a r g e  

d i f f e r e n c e d u e  t o  b u f f e r  c o n c e n t r at i o n  an d a s l i gh t  

d ep r e s s i o n  o f  t h e  r e s u l t  d u e  t o  t h e  S D S .  Th e r e  w a s  

g o o d  a g r e em e n t  b e t w e e n  t r i p l i c a t e  s amp l e s . 
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Tab l e 3 . 3 Th e e f f e c t  o f  b u f f e r  c o n c ent r a t i o n  o n  t h e  f l u o r e -

s c en c e  r e s p o n s e f r o m  a s t an d a r d  s amp l e  

BUFFER PEAK HE I GHT MEAN 

( mm )  ( mm )  

0 . 0 2 M  n o  S D S 6 1  6 3  6 3  6 2  

0 . 1 M n o  S D S 85 8 2  83  83 

0 . 2M no S D S 9 0  9 2  9 1  9 1  

0 . 0 2 M  1 %  SD S 6 0  5 9  5 4  5 8  

0 . 1 M 1 %  SD S 7 5  7 7  7 6  7 6  

0 . 2M 1 %  SD S 9 2  9 0  87 9 0  
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3 . 3 . 2  T h e  e f f e c t  o f  b u f f e r  c o n c e nt r at io n  on t h e  

f l u o r e s c en c e  r e sp o ns e  o f  g l ut e n  wit h  f l u o r e s c en c e  

3 .3 . 2 . 1  Expe riment a l  m e t h o d  

A hy d r o l y s e d  g l u t e n  p r ep a r a t i o n . B .  was p r e p ar e d  b y  

a d d in g  9 0  m l  o f  0 . 03 M H C l  t o  1 0 . 0 g o f  g l u t en i n  a 

s c r ew- t o p  p y r e x  j ar a n d  h o l d i n g  i n  a wat e r b a t h  a t  7 0 ° C 

f o r  6 . 2  h o u r s . a n d  t h en h e l d  u n d e r  r e f rig e r at i o n  unt i l  

r e qui r e d  a s  d e s c r ib e d  i n  S e c t i o n  3 . 1 . 1  f o r  

p r e p a r at i o n s  A a n d  C .  G l u t e n s amp l e s  A .  B 

a n d  C w e r e d i l u t e d  1 0- 3 • Th e d i l u ent  w a s  e it h e r  wat e r  

o r  1 %  w/ v S D S  s o l ut i o n .  S amp l e s .  2 0 0  u l .  f r o m  t h e  

f i n a l  d i l u t i o n  w e r e  u s e d  t o  d e t ermi n e  f l u o r e s c en c e  

r e s p o n s e a s  d e s c r ib e d  i n  S e c t io n  2 . 6 . 1  ex c e p t  that 

v a r i o u s  b u f f e r  s t r en g th s . a s  d e s c r i b e d  i n  S e c t io n  

3 . 3 . 1 . 1 .  w e r e  u s e d  i n  t h e  d e t e rminat ion . S amp l e s  

d i l u t e d  i n  w a t e r  w e r e  d e t e rmin e d  us ing b u f f e r w i t h o u t  

S D S an d s amp l e s  d i l u t e d  i n  1 %  w/ v S D S w e r e  d e t ermi n e d  

u s in g  b u f f e r  c on t a i n i n g  1 %  w / v S D S .  A l l d e t ermi­

n a t i o n s  w e r e  m a d e i n  d u p l i c at e .  

3 . 3 . 2 . 2  R e s u l t s  

T h e  p e ak h e i gh t  d a t a  ob t a i n e d  a r e  g i v e n  i n  T ab l e  3 . 4 .  

Th e m e an e f f e c t  o f  e a c h  f a c t o r  in the  exp e r im e n t  i s  

a l s o  s h o wn in T ab l e  3 . 4 .  

3 . 3 . 2 . 3  D is c u s s io n  

F o r  s amp l e s o f  g l u t e n  t h e  v a r i a t i o n  b e t w e en _ d u p l i c a t e s  

w a s  m u c h  g r e at e r  t h a n  f o r  L- g l ut am i c  a c i d  s amp l e s  a s  

d e s c r ib e d  i n  S e c t i o n  3 . 3 . 1 .  B e c au s e o f  t h i s  v a r ia t i o n  

n o  c l e a r  e f f e c t  o f  t h e b u f f e r  s t r e n g t h  c a n b e  

o b s e r v e d .  Th e e f f e c t  o f  S D S  i s . howe v e r .  q u i t e c l e a r ;  

th e f l uo r e s c e n c e r e s p o n s e i s  g r e a t e r  i n  i t s p r e s e n c e .  

p r e s umab l y  b e c au s e o f  t h e  s o l ub i l i z at i o n  e f f e c t .  
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T ab l e  3 . 4  Th e e f f e c t  o f  b u f f e r  c o n c ent r a t i o n  o n  t h e  

f l u o r e s c e n c e  r e s p o n s e  f r o m  g l u t e n  

A P e ak h e ight d a t a  

S AM P LE P EAK HEI GHT S ( mm )  MEAN 

Glu t e n  A 0 . 0 2M no S D S 5 . 9 9 . 6 7 . 8 
" " 0 . 1 M " " 8 . 5 1 1 . 0  9 . 8 
" " 0 . 2M " " 8 . 4 1 1 . 7  1 0 . 1  
" " 0 . 0 2M + SD S 1 1 . 0 1 6 . 9  1 4 . 0  
" " 0 . 1 M " " 1 4 . 2  2 4 . 1 *  1 9 . 2  
" " 0 . 2M " " 1 2 . 4  2 6 . 9  1 9 . 7  

G l u t e n  B 0 . 0 2M n o  S D S  8 . 5 1 2 . 8  1 0 . 7  
11 " 0 . 1M 11 11 9 . 3 9 . 6 9 . 5 
11 " 0 . 2M " " 9 . 9 9 . 7 9 . 8 
" " 0 . 0 2 M  + S D S 1 1 . 0 4 . 3  7 • 7 
" " 0 . 1 M " " 1 4 . 7  1 2 . 0  1 3 . 4  
" " 0 . 2M " " 1 1 . 2 1 4 . 0  1 2 . 6  

G l u t en c 0 . 0 2M no S D S 6 . 7 7 . 6 7 . 2 
" 11 0 . 1 M " " 5 . 6 4 . 2  4 . 9  
" " 0 . 2M " " 4 . 6  4 . 2  4 . 4  
" " 0 . 0 2M + S D S 1 3 . 6  2 1 . 6  1 7 . 6  
" " 0 . 1M " " 15 . 0  2 5 . 7 * 2 0 . 5  
" 11 0 . 2M " " 2 4 . 0  2 3 . 8 * 2 3 . 9  

* dat a c on v e rt e d  t o  e qui v a l ent  r e a d in g  at  s e n s i t i v i t y  3 .  wh e n  

a c t u a l l y o f f  s c a l e . f r o m  re adings  a t  s e ns i t i v i t y  2 .  u s in g  

the  f o l l owing d at a .  

S e t t ing o n  f lu o r im e t e r  r e c o rd e r :  

S en s it iviti 2 S ens it iviti 3 ( Rat io �) 
2 

6 . 3 2 1 . 6  3 .  43 

3 . 8  1 2 . 8  3 . 3 7  

MEAN 3 . 4 
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T ab l e  3 . 4 ( c o nt in u e d )  

B M e an p e ak h e ight d a t a f o r  v a r i o u s  b u f f e r s  ( mm )  

( n o  S D S )  ( p lu s  S D S )  Gl u t e n  

0 . 0 2M 0 . 1 M 0 . 2M 0 . 0 2 M  0 . 1 M 0 . 2 M Me an 

1 Glut en  A 7 . 8  9 . 8  1 0 . 1  1 4 . 0  1 9 . 2  1 9 . 7  1 3 . 4  

Glu t e n  B 1 0 . 7  9 . 5 9 . 8  7 . 7 1 3 . 4  1 2 . 6  1 0 . 6  

Glu t en c 7 . 2 4 . 9  4 . 4  1 7 . 6  2 0 . 5  2 3 . 9  1 3 . 1  

Bu f f e r  m e an 8 . 6  8 . 1  8 . 1  1 3 . 1  1 7 . 7  1 8 . 7  

S D S m e an 8 . 3  1 6 . 5  
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3 . 3 . 3 F u r t h e r  experiment  wit h  b u f f e r  c o n c e n t r at i o n  o n  t h e  

f lu o r e s c en c e  r e spo n s e  f r o m  glu t en 

3 . 3 . 3 . 1  Expe r im en t a l  m e t h o d  

Th e e x p e r iment a l  p r o c e d u r e  w a s  t h e  s am e  a s  that  

d e s c r i b e d  i n  S e c t i o n s  3 . 3 . 1 . 1  an d 3 . 3 . 2 . 1  e x c e p t  t h a t  

t r i p l i c at e d i l ut io n s  o f  g l ut e n s amp l e  A w e r e  mad e 

u s i n g  t h e  s am e  s e t o f  b u f f e r s ,. 0 . 0 2 M ,.  0 . 1 M  and  0 . 2 M  

pho s p h a t e b u f f e r  ( p H  8 . 0 )  with and  w i t h o u t  S D S .  A l s o  

w a t e r  a n d  1 %  w / v S D S i n  w a t e r  w a s  i n c l u d e d  i n  t h e  

ex p e r iment . A 2 0 0  u l  s amp l e  w a s  t ak e n  f r o m  e a ch 

di l u t i o n  f o r  f l u o r e s c en c e  d e t erminat i o n  wh i c h  was m a d e  

in d u p l i c at e  u s in g  0 . 2 M  b u f f e r  with o u t  S D S ,.  t h e  

t e ch n i qu e  o t h e rwi s e  b e ing  as  d e s c rib e d  in S e c t io n  

2 . 6 . 1 .  

3 . 3 . 3 . 2 Re s u l t s  

Th e p e ak h e i g h t  d a t a  o b t a i n e d  a r e  g i v e n  i n  p a r t  A o f  

Tab l e  3 . 5 and t h e  m e an p e ak h e i g h t  f o r  e a c h  d e t e rm i­

nat i o n  i s  g i v e n  i n  p a r t  B o f  T ab l e  3 .5 

3 . 3 . 3 . 3 D i s c u s s i o n  

Ag r e ement  b e t w e e n  d u p l i c at e  d e t e rmin a t i o n s  w a s  g o o d  

wh e r e a s  agr e e m e n t  b e twe e n  th e t r i p l i c a t e  d i l ut i o n s  w a s  

p o o r .  This  v ar i a t i o n  p r o b ab l y  a r i s e s  a s  a c ons e qu en c e  

o f  t h e  d i f f i c u l t i e s  o f  s amp l in g  a f l o c c u l e nt  

di s p e r s i o n .  I t  c an be  c o nc l u d e d  that S D S  in t h e  

di l ut i o n  med ium h a s  a p o s i t i v e  e f f e c t  i n  s o l ub i l i z in g  

g l u t e n .  B e c au s e  o f  t h e  v a r i a t i o n ,. n o  c l e ar  e f f e c t  o f  

b u f f e r  s t r en g t h  c an b e  o b s e r v e d .  

3 . 3 . 4 T h e  e f f e c t  o f  b u f f e r c on c ent r a t io n , m e r c apt o - e t h a n o l 

a n d  c en t r i f uga t i o n  o n  t h e  f l u o r e s c en c e r e spo n s e f r o m  

glut e n  

I n  t h i s  s e t  o f  exp e r imen t s  t h e  c omp o s it i o n  o f  t h e  b u f f e r  

u s e d  f o r  t h e · d e t e rmin a t i o n  o f  N- t e rmin a l  ami n o  g r o u p s w i t h  

f l u o r e s c am i n e  w a s  e x amin e d .  T h e  hy d r o l y s e d  g l u t en s amp l e s  

u s e d  w e r e  d i l ut e d  i n  b u f f e r  c ont ainin g S D S  s o  t h a t  t h e  

g l u t en w a s  a l r e ady  s o l ub i l i z e d .  
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T ab l e  3 . 5 Th e e f f e c t  o f  b u f f e r  c o n c en t r a t io n  o n  t h e  

f l u o r e s c en c e  r e s p o n s e  f o r  g l ut en s amp l e s  (no  S D S  

d e t e rminat i o n  b u f f e r) 

A P e ak h e ight d at a  

D I LU T I ON P EAK HEI GHT S ( 1 )  

B U F F ER ( mm )  

Wat e r  2 4  3 0  2 2  2 1  3 4  

1 %  S D S  2 3  2 9  3 0  5 9  5 4  

0 . 0 2M + S D S  3 3  3 3  3 2  3 1  3 4  

0 . 1 M + S D S  7 4 ( 2 )  2 2  1 9  2 0  2 5  

0 . 2 M + S D S  2 4  2 4  3 3  3 3  3 4  

0 . 0 2M 2 7  2 5  3 7  3 2 . 3 3  

0 . 1 M 1 9  2 4  1 2  1 2  3 3  

2 M  1 2  1 3  1 9  1 8  

B M e an :2e ak h e ight d a t a 

PEAK HEI GHT S 

( mm )  

1 9  

5 4  

3 5  

2 2  

2 3  

3 6  

3 0  

MEAN P EAK 

HEI GHT f/ - 1  + n 

2 5  + 5 . 8 

4 1 . 5  + 1 5 . 8  

3 3  + 1 . 4 

2 1 . 6  + 2 . 3 
-

3 0 . 3  + 2 1 . 5  
-

2 8 . 5  + 5 . 3 
-

3 2  + 5 3  
-

2 2  + 8 . 9  
-

1 5 . 5  + 3 . 5 
-

i n  

( n= S )  

( n= 6 )  

( n= 4) 

S amp l e  d i l u en t  WATER 0 . 0 2M 0 . 1 M 0 . 2 M AVERAGE 

W i t h  S D S  4 2  3 3  2 2  2 9  3 2  

W i t h o u t  S D S  2 5  3 2  2 2  1 6  2 4  

N o t e  ( 1 ) 

R e a d i n g  f r o m  l e f t  t o  r i ght  t h e  p e ak h e ight s a r e  t r i p l i c at e  

d i l ut i o n s  p r e s e n t e d  a s  dup l i c a t e  d e t e rmin a t i o n s . 

N o t e  ( 2 )  

T h i s  a p p e a r s  t o  b e  a s p u r i o u s r e s u l t  a n d  w a s  i g n o r e d  i n  

d e t e rm i n a t i o n  o f  m e an v a l u e s .  
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3 . 3 . 4 . 1  Expe riment a l  m e t h o d  

G l u t en s amp l e s  w e r e  p r e p ar e d  b y  t aking 1 0- 3  d i l ut ions  

i n  1%  S D S  o f  g l ut e n  s am p l e s  A .  B .  c.  a s  d e s c r ib e d  in 

S e c t  i o n  3 . 3 .2 . 1 .  and  m ixing t h e m  t o g e t h e r .  

F l u o r e s c en c e  o f  s amp l e s .  2 0 0  p l .  was d e t e rmin e d  u s in g  

b u f f e r s  with a n d  wi t h o u t  a d d e d  S D S  a s  d e s c r ib e d  i n  

S e c t i on  3 . 3 . 1 .  f o r  f i n a l  d i l ut i o n .  A f u r t h e r  p o r t i o n  

o f  t h e  g l u t e n s us p e n s i o n  was  c e n t r i fug e d  ( 1 0  minu t e s . 

3 0 0 0  rpm M S E  c e nt r i f u g e ) . Th e s up e rn a t an t  w a s  s amp l e d  

int o t h e  s ame s e t o f  b u f f e r s  a s  ab o v e .  A f u r t h e r  

p o r t i on  o f  th e g l ut e n  s u s p e ns i o n . 9 . 5 m l . h a d  1 0  p l o f  

d i l u t e d m e r c ap t o - e t h an o l s o l u t i o n  a d d e d  s u c h  t h a t  the  

fin  a 1 c o n c e nt r a t i o n  was  0 . 0 05 M (Danno e t  a 1 ( 1 9 7  4) . 

A f t e r  t h r e e  minut e s  t h i s  was s amp l e d  an d f l uo r e s c en c e  

d e t e rmin e d  i n  0 . 2 M  p H  8 . 0  b u f f e r  (wit ho ut  S D S ) . Th e 

t e c h n i q u e  was  o t h erwi s e  as d e s c r ib e d  i n  S e c t i o n  2 . 6 . 1 .  

A l l d e t e rmin a t i o n s  w e r e  mad e i n  dup l i c a t e .  

3 . 3 . 4 . 2  R e s u l t s  

T h e  p e ak h e ight · d a t a  o b t a in e d  a r e  g i v e n  i n  Tab l e  3 . 6 .  

I f  i t  i s  as s um e d  t h a t  c e n t r i f u g a t ion  mak e s  l it t l e  o r  

n o  d i f f e r e n c e .  the  e f f e c t  o f  S D S  an d b u f f e r s t r ength  

c a n b e  s e e n  a s  s h o w n in  T a b l e  3 . 7 .  

3 . 3 . 4 . 3  D i s c u s s i o n  

T h e  d at a  i n  T ab l e  3 . 6 s h o w  t h a t  c ent r i f u g at i o n  h a s  

l i t t l e  o r  no  e f f e c t .  i . e .  t h a t  t h e  SD S i n  t h e  d i l ut i o n  

m e d ium i s  e f f e c t i v e  i n  s o l ub i l i z ing t h e  g l u t e n .  The 

m e r c ap t o - e t h an o l d i d  n o t  imp r o v e  on t h e  a c t io n  o f  S D S  

i n  t h e  d i l u t i o n  m e d i u m .  Th e r e  w e r e  qu i t e  l a r g e  d i f f e-

r e n c e s  b e t we e n  dup l i c a t e  d e i e rminat i o n� .  No 

s y s t emat i c  e f f e c t  o f  f l u o r e s c e n c e  d e t e r m i n a t i o n  b u f f e r  

c o n c e n t r a t i o n  c o u l d  b e  s e en . a s  s h own i n  T ab l e  3 .7 .  in 

c ont r a s t  to  a m ark e d  b u f f e r  c o n c ent rat i o n  e f f e c t  with 

L- g 1 u ( Tab 1 e 3 • 3 )  • D i l u t i o n  o f  the s amp l e  in 1 %  S D S  

a p p e ar s  t o  b e  e f f e c t i v e  i n  s o l ub i l i z at i o n  o f  t h e  

g l u t e n  and a d d in g  S D S . t o  the  d e t e rmin a t i o n  b u f f e r  i s  

n o t  r e qu i r e d  a s  in d i c a t e d  b y  t h e  d a t a  i n  T ab l e  3 . 7 .  
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T ab l e 3 . 6 The e f f e c t  o f  b u f f e r  c o n c e n t r at i o n , m e r c ap t o e t h an o l 

and c e n t r i fu g a t i o n  o n  t h e  f l u o r e s c en c e  r e s p on s e f r o m  

g l u t e n  

ANALY S I S  

BUF FER 

0 . 0 2M n o  

0 . 1 M n o  

0 . 2M n o  

0 . 0 2 M  1 %  

0 . 1 M 1 %  

0 . 2M n o  

SD S 

S D S  

S D S  

S D S  

S D S  

SD S 

( 0 . 0 05 M  M . E . ) 

M e a n  

6n- 1 

No t e  ( 1 ) 

T h i s  a p p e a r s  

d e t e rmin a t i o n  

NOT C ENT R I F U GED 

3 8 . 3 7  

3 8 . 5 3  

4 2 . 3 6  

3 4 . 3 3  

4 9 . 5 2  

4 1 . 45 

4 1  

7 

( n= 1 2 ) 

P EAK HEI GHT 

( mm)  

MEAN 

3 8  

4 6  

3 9  

3 4  

5 1  

43 

CENTRI F U GED 

3 4 . 3 8  

3 6 . 1 8 1 ( 1 ) 

47 . 3 8  

3 8 . 3 1  

3 9 . 3 4  

3 8 , 4 1  

3 8  

5 

( n= 1 1 )  

t o  b e  a s p u r i o u s r e s u l t  a n d  w a s  i g n o r e d  i n  

o f  m e a n  v a l u e s . 

MEAN 

3 6  

3 6  

43 

3 5  

3 7  

40 
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T ab l e  3 . 7 Th e e f f e c t  o f  t h e  c o n c e n t r a t i o n  o f  t h e  d e t e rmin a t i o n  

b u f f e r  on  t h e  f l u o r e s c en c e  r e s p on s e  o f  g l u t e n .  

Bu f f e r  Conc ent r a t i on  

p lu s  S D S  

n o  S D S  

M e an 

P EAK HEI GHT 

( mm )  

0 . 0 2M 

3 5  

3 7  

3 6  

0 . 1 M 

44 

4 1  

43  

0 . 2 M 

40 

4 1  

4 1  

MEAN 

40 

4 0  
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3 . 4  Co n c lu s i o n s  f r o m  expe r im e n t s  d e s c r ib e d i n  S e c t i o n s  3 . 1  

t o  3 . 3 

( a ) The  s am p l in g  o f  g l ut en s u s p en s i o n s  i s  dif f i c u l t a n d  a p p e a r s  

t o  g i v e r i s e  t o  s ub s t ant i a l  an a l y t i c a l  v a r i a t i o n .  

( b )  The  u s e  o f  S D S  i s  e f f e c t i v e  i n  s o l ub i l iz in g  g l ut en p r o t e i n  

( c ) C e n t r i f u g a t i o n  h a s  l it t l e  e f f e c t  imp l ying t h a t  g l u t e n  

p r o t e i n  i s  a l m o s t  c omp l e t e l y s o l ub i l i z e d  

( d ) Th e r e  i s  n o  n e e d  f o r  S D S  i n  t h e  m e a s u rem e n t  b u f f e r  -

i m p l y i n g  t h a t  o n c e  S D S  i s  b o u n d  t o  p r o t e i n  i t  d o e s  n o t  

e a s i l y c om e  o f f  a g ain 

( e ) Th e d e t e rm i n a t i o n  o f  N- t e rmin a l  amino gr o u p s  u s i n g  

f l u o r e s c am i n e  i s  a f f e c t e d  by  th e p H  and s t r e n g t h  o f  th e 

b u f f e r  u s e d  b ut t h e  e f f e c t  o n  t h e  s t and a r d .  L- g l u .  i s  

d i f f er en t  t o  t h a t  f o r  p r o t e i n  s amp l e s  

3 .S M e a s u r e m e n t  o f  g l u t e n  c o n c en t r a t i o n  us ing f l u o r e s c amin e 

Thi s exp e r i m e n t  w a s  c ar r i e d  o u t  t o  d em o n s t r a t e t h a t  t h e  

f l u o r e s c en c e  o b t a i n e d  w a s  p r o p o r t i o n a l  t o  the N- t e r m in a l  amino 

g r o up s p r e s e n t .  

3 .S . 1  Exp e r im e n t a l  M et h o d  

Th e g l ut en u s e d  w a s  f r om S amp l e  A .  d e s c r i b e d  i n  S e c t io n  

3 . 1 . 1 .  d i l u t e d  1 0- 2  i n  0 . 0 2 M  p h o s phate  b u f f e r  ( p H  8 . 0 )  

c o n t a in i n g  1 %  S D S .  V a r i o u s  quant i t i e s . 2 S . S O .  7 S . 1 0 0  and  

1 S O  ,u l  w e r e  a d d e d  in  d u p l i c a t e  t o  t e s t  t u b e s  a n d  t h e  v o l u m e · 

w a s  m a d e u p  t o  2 0 0  � 1  w i t h  1 %  S D S  s o l u t i o n ;  0 . 2 1 2S M  

p h o s p h a t e  b u f f e r  ( p H  8 . 2 )  w a s  a d d e d  and t h e  d e t e rminat i o n  

· w a s  c ar r i e d  o u t  a s  p r e v i o u s l y  d e s c rib e d  i n  S e c t i o n  2 . 6 . 1 .  

A s t a n d a r d  c u r v e  w a s  p r e p a r e d  u s in g  as s amp l e s . i n  

d u p l i c at e .  2 0 0  ,u l  1 %  S D S  a n d  S O .  1 0 0 .  l S O a n d  2 0 0  ,u l  o f  O . S 

m M  L- g l ut ami c a c i d  s o l u t i o n  ( in 1%  SD S ) . A f u r t h e r  s e t o f  
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s amp l e s  w e r e  p r e p a r e d  i n  wh i c h  5 0  p l  o f  g l ut en a s  d e s c r i b e d  

a b o v e w a s  a d d e d  t o  a s e r i e s  o f  s am p l e  t ub e s  w i t h  f u r t h e r  

a d d i t i on o f  2 0 .  5 0 .  1 0 0 and  1 5 0 p l  o f  0 . 5  mM L- g l u .  The  

s am p l e s  w e r e  m a d e  up  t o  2 0 0  p l  w i t h  1 %  S D S  a n d t h e  

d e t e rminat i o n  c a r r i e d  o ut a s  d e s c r ib e d  ab o v e .  

3 . 5 . 2 Re s u l t s 

The p e ak h e i gh t  d a t a  o b t a i n e d  ar e g i v e n  in Ap p en d i x  3 . 2 .  

I n  F i g u r e  3 . 1  t h e  d a t a f o r  g l ut e n  a r e  d e p i c t e d  in t e rm s  o f  

a r e l a t i v e  c o n c e n t r a t i o n  wh e r e  a 2 0 0  p l  s amp l e  i s  e qua l t o  

1 . 0 .  A s at i s f a c t o ry s t r ai ght l i n e  w a s  o b t ai n e d .  I n . F i g u r e  

3 . 2 the  s t an d a r d  c ur v e  a l s o  s h o w s  a s at i s f a c t o ry s t r a i gh t  

l i n e  and wh e n  g l u t e n  i s  a d d e d  a p a r a l l e l  l in e  w a s  o b t a i n e d . 

Th e dat a a l s o  s h o w  t h a t  c o nt ent  o f  N- t ermina l amin o  g r o up s 

o f  g l ut e n  p r e p ar at i o n  A .  d i l ut e d  1 0- 1 • i s  e qu i v a l e n t  t o  

5 .  6 m M L- g 1 u .  

3 . 6 The  e f f e c t  o f  amm o n i a  o n  t h e  d e t e rminat i o n  o f  N- t e r m i n a l  

amino gr o ups  u s ing f l uo r e s c am i n e  

Th e p o s s ib l e  r e a c t i o n  o f  f l uo r e s c am i n e  w i th ammo n i a . in c o nt r a s t  

t o  N- t e rmina l ami n o  g r o up s . w a s  i n v e s t i g a t e d  a s  f o l l ow s .  

3 . 6 . 1  Expe r im en t a l  m e t h o d 

Two s e p ar a t e exp e r imen t s  w e r e  c o n d u c t e d .  I n  t h e  f i r s t  

exp er iment . s amp l e s  w e r e  p r e p a r e d  w i t h  o .  1 0 .  2 0 .  4 0 . 6 0  

a n d  1 0 0  p l  o f  4 m M .  N H 4 C l  a l o n e .  a d d e d  t o  5 0  Jl l  o f  g l u t e n  

s amp l e  A d i l ut e d  t o  1 0- 2  ( d e s c r i b e d  in S e c t io n s  3 . 1 . 1  a n d  

3 . 5 . 1 )  a n d .  a d d e d  t o  1 0 0  p l  o f  0 . 5  m M  L- g l u .  S a m p l e  

v o l u m e s  w e r e  m a d e  u p  t o  2 0 0  p l  w i t h  1 %  w / v S D S  s o l u t i o n .  

Th e s amp l e s  w e r e  p r e p a r e d  i n  dup l i c at e  a n d  t h e  f l u o r e s c e n c e  

w a s  d e t e rm i n e d  u s in g  f l u o r e s c amin e a s  d e s c r ib e d  i n  S e c t i o n  

2 . 6 . 1 .  I n  t h e  s e c o n d  e x p e riment  amm o n i a  w a s  in c l u d e d  i n  

t h e  b u f f e r . ( 1 .5 m l )  a d d e d  in a d d i t i o n  t o  t h e  s amp l e .  s e e  

S e c t i o n  2 . 6 . 1 .  The  d e s ir e d  c o n c e n t r at i o n s  w e r e  a c h i e v e d  by  

p r e p a r i n g  b u f f e r  whi c h  was  0 . 1 M  i n  NH4C l  an d mixing  i t  i n  

v ar i o u s  p r o p o r t i o n s  w i t h  b u f f e r  w i t h o u t  NH4 C l .  B e c a u s e o f  
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t h e  v o l um e  r a t i o s .  1 . 5 m l . c om p a r e d  t o  0 . 2  m l  o f  s am p l e .  

amm o n i a  c o n e  ent r a t i o n s  o f  0 . 0  1 .  0 . 0 5 . 0 . 1  a n d  0 .5 M i n  t h e  

s am p l e  w e r e  s imu l a t e d  b y  u s i n g  a b u f f e r  s o l u t i o n  0 . 1 M  i n  

NH4 c l .  T h e  mix t ur e s  u s e d  t o  a c hi e v e  t h e  d e s i r e d  

c on c en t r a t i o n s  w e r e : 

C ON CENTRA T I ON OF 

NH4 C l  IN S A M P LE 

( M) 

0 .5 

0 . 1  

0 . 0 5  

0 . 0 1  

n i l  

T h e  NH4 C l  a f f e c t e d  

i . e .  B u f f e r  A p H  

Bu f f e r  B p H  

t h e  p H  

8 . 0 1 7  

8 . 0 8 6  

BUFFER A BUFFER B 

( 0 . 1  M NH 4 C 1 )  
( m l )  ( m l )  

1 . 0  0 . 5 

0 . 2  1 . 3 

0 . 1  1 . 4 

0 . 0 2  1 .5 

n i l  1 . 5 

o f  t h e  b u f f e r  

A s am p l e  o f  2 0 0 p l  o f  0 . 7 5  m M  L- g l u  w a s  a d d e d  t o  e a c h  t u b e  a n d  

t h e  f l uo r e s c en c e  d e t e rm i n e d  a s  o t h e rwi s e  d e s c rib e d  i n  S e c t i o n  

2 . 6 . 1 .  

3 . 6 . 2  R e s u l t s  

The  p e ak h e i gh t  d a t a f r o m  t h e  f i r s t  exp e r im ent a r e r e c o r d e d  

i n  Ap p en d ix 3 .3 .  Th e s e  d at a  ar e p r e s en t e d  i n  F i g u r e  3 . 3 .  

The  amm o n i a  c o n c en t r a t i o n s . c a l c u l at e d t o  b e  t h e  l ik e l y  

maximum i n  h y d r o l y s i s  e x p e r im e n t s c an b e  s e e n  t o  h a v e  a 

s l i ght . a l m o s t  n e g l i g ib l e  e f f e c t .  The d at a  o f  t h e  s e c o n d  

exp e r im ent . c o v e r i n g  m u c h  high e r  ammoni a c o n c en t r a t ion s . 

a r e  s h o wn i n  Ap p en d i x  3 . 4 .  B o t h  s e t s  o f  dat a ar e 

c o mb in e d  i n  F i g u r e  3 . 4 .  Th e g r ap h  c an b e  u s e d  t o  c o rr e c t  

f l u o r e s c e n c e  r e a d i n g s  f o r  t h e  e f f e c t  o f  amm o n i a  p r o vi d i n g  

t h a t  t h e  f l u o r i m e t e r  i s  s e t  t o  r e a d  9 3  m m  p e ak h e i g h t  f o r  a 

0 . 7 5  m M  L- g l u  s amp l e  ( s e e  Ap p e ndix 3 . 4) . 
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At l o w  c on c e nt r at io n s  o f  amm o n i a  t h e  l ike l y  c o nt r i b u t i o n  t o  

t h e  t o t a l  f l u o r e s e n c e  i s  p r a c t i c a l l y  n e g l i g ib l e .  A t  t h e  

v e ry h i g h  c o n c e n t r at i o n s  s ho wn in F i gure  3 . 4 t h e  amm o n i a  

c o n c ent r at i o n  i s  in  exc e s s o f  t h e  f l u o r e s c am i n e  a n d  thi s 

p r o b ab l y  c on t r ib u t e s  t o  t h e  n o n - l in e a r  r e s p o n s e .  

3 . 7 The d e t e rm in a t i o n  o f  N- t e rmin a l  amino gr o up s  o f  glut en  

us ing TNB S  

3 . 7 . 1  Exp e r im e n t a l  m e t h o d 

G l u t e n  s am p l e s  w e r e  t ak e n  f r o m  p r e p a r a t i o n s  A a n d  B a s  

d e s c r ib e d  in  S e c t i o n s  3 . 3 . 1  a n d  3 .3 . 2 . 1 .  T o  d i l u t e  the s e  

s amp l e s  0 .5 m l  0 . 2 1 25 M p h o s p h a t e b u f f  e r  ( p H  8 . 2 )  a n d  4 . 0  m l  

1 %  S D S s o l ut i o n  w e r e  m ix e d .  T h e n  0 . 5  m l  o f  t h e  s amp l e  w a s  

add e d . 

D i l u t i o n s  1 0- 1  a n d  1 0- 2 w e r e  p r e p a r e d .  

- 1  I n  a f i r s t  exp e r im ent  s amp l e s  o f  g l ut en B d i l ut e d  1 0  w e r e  

u s e d .  Wh e n  4 . 0  m l  0 . 1 M  H C l  w a s  u s e d  t o  qu e n c h  t h e  r e a c t i on  

(as  d e s c r ib e d  by  Ad l e r - Ni s s en ( 1 9 7 9 ) . a c l o u d y  s o l u t io n  w a s  

o b t ain e d .  Thu s th e amo un t  o f  a c i d  w a s  v ar i e d  a s  s h own i n  

T ab l e  3 . 8 .  

I n  a f u r t h e r  exp e r ime n t . s amp l e s  o f  g l ut e n  A .  0 . 1 25 m l .  

d i l u t e d  1 0 - 1  a n d 1 0 - 2  w e r e  a d d e d  t o  0 . 1 2 5  m l  o f  v a r y i n g  

s t r e n g t h s  o f  L- g l u  s o l ut i o n .  Th e d e t e rmin at i o n  w a s  ma d e .  

a-s d e s c r ib e d  i n  S e c t i o n  2 . 6 . 2 .  

3 . 7 . 2  R e s u l t s  

Th e e f f e c t  o f  t h e  v o l um e  o f  O . l M  H C l  a d d e d  t o  q u e n c h  t h e  

r e ac t i o n  w i t h  TNB S i s  s h o wn i n  Tab l e  3 . 8 .  Th e a d d i t i o n  o f  

4 . 0  m l  0 . 1 N H C l  g a v e  c l o u d y  s o l ut i o n s  but a l o w e r  quan t i t y  

l e f t a s at i s f a c t o ry c l e a r  s o l ut i o n .  Ad l e r - Ni s s e n ( 1 9 7 9 )  

n o t e s  t h a t  c l o u d y s o l u t i o n s  c a n b e  a p r o b l e m w h e n  t h e  p H  i s  

t o o  l o w .  Th e p H  o f  e a c h  f i n a l  s o l u t i o n  w a s  d e t e r m i n e d  a s  

sh own i n  T ab l e  3 . 8 .  A d l e r-Ni s s en ( 1 9 7 9 )  a l s o  s t a t e s  t h a t  
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T ab l e  3 . 8 T h e  e f f e c t  o f  t h e  v o l um e  o f  H C l  a d d e d  t o  q u e n c h  t h e  

r e ac t io n  w i t h  TNB S 

V O LUME OF 0 . 1  N H C l  

A D D E D  ( m l )  

N i l  

2 

3 

3 . 5 

4 

p H  

8 . 0 5 3  

6 . 6 4 2 

6 . 1 0 3  

5 . 6 1 0  

3 . 3 3 5  

S O LU T I ON A P P EARAN CE 

c l e a r  

c l e a r 

c l e a r  

c l e a r  

c l o u dy 
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any pH b e l ow n eu t r a l is a c c e p t ab l e .  The a d d i t i o n  w a s  

th e r e f o r e  a 1 t e r e d  t o  3 . 5 m l . a s  d e s c r ib e d  i n  S e c t i o n  2 . 6  . 2 .  

Wh en s ub s e qu e n t ly  s om e  c l o u d i n e s s  ap p e ar e d  i t  w a s  f o und 

t h at it  c o u l d  b e  c l e a r e d  by mixin g t h e  tub e c o n t e n t s .  

The r e s u l t s  o f  t h e  exp e r i m e n t  u s ing  g l ut en s am p l e  A and L­

g l u  a r e  s h o w n  in F i g u r e  3 .5 .  Th e raw d at a  a r e  g i v e n  in 

Ap p en d ix 3 .5 .  A s t r aight l in e  s t and ar d c u r v e  c a n  be  s e en .  

Th e e f f e c t s  o f  g l u t e n o n  L- g l u  a p p e a r  t o  b e  a d d i t i v e .  Th e 

r e a c t i o n  w i t h  TNBS ap p e a r s  t o  g i v e  a s at i s f a c t o ry 

m e a s urem e n t  o f  g l ut e n  and L- g l u  i s  a s u it ab l e  s t an d a r d . 

The d a t a  a l s o  show that  t h e  c o n t e n t  o f  N- t e rmin a l amino 

group s o f  g l u t en p r e p ar at i o n  A .  d i l ut e d  1 0- 1 • is  e qu i v a l ent  

t o  1 .  8 m M L- g 1 u .  

3 . 7 . 3 D i s c u s s io n  

The d a t a  s h o w  that  t h e  N- t e r m in a l  amino g r o u p s i n  g l ut en  

c an be  s at i s f a c t o r i l y  d e t e rm i n e d  using  TNB S .  Th e 

d e t e rmin a t i o n  u s e d  i s  that  p r o p o s e d b y  Ad l e r - N i s s e n ( 1 9 7 9 )  

with t h e  m in o r  m o d i f i c a t i o n  o f  a r e d u c e d  quant i t y  o f  0 . 1 M  

M C  1 t o  q u e n c h  t h e  r e  a c t i o n  a n d  t h e  u s e  o f  L - g 1 u a s  a 

s t an d a r d .  Th e c o nt e n t  o f  N- t e rm ina l amin o g r o up s o f  g l ut e n 

p r e p arat i o n  A i s  a p p arent l y  l e s s  wh en  m e a s u r e d  w i t h  TNB S 

than w i t h  f l u o r e s c amine  a s  r e p o r t e d  in S e c t i o n  3 .5 . 2 .  This  

i s  not  an  u n e xp e c t e d  r e s u l t  a s  was  c o n c l u d e d  i n  S e c t io n  

3 . 4 .  No  s im i l a r e f f e c t s  o f  b u f f e r  p H  and c o n c e n t r at io n  

h a v e  b e e n  r e p o r t e d  f o r  t h e  r e a c t io n  with T N B S  b u t  h a v e  n o t  

b e e n  e x c l u d e d  in t h i s  p r e s en t  w o rk .  

3 . 8 The e f f e c t  o f  amm o n i a  o n  t h e  d e t e rminat i o n  o f  N- t e rminal  

amin o  gr o up s  u s ing TNBS 

Amm o n i a  r e a c t s  w i t h  TNB S a s  d i s c u s s e d in S e c t i o n  2 . 6 . 2 .  Th e 

exp e r iment s wh i c h  f o l l ow w e r e  d e s i g n e d  t o  quant i fy t h e  e f f e c t  s o  

t h a t . k n o w i n g  t h e  l e v e l  o f  a mm o n i a .  t h e  r e a c t i o n o f  T N B S  wi t h  N­

t ermina l g r o u p s c o u l d  b e  s e p ar at e l y  d e t e rmin e d .  
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3 . 8 . 1  Expe r im e n t al metho d 

I n  a f i r s t  e x p e r iment v a r y in g  qu ant i t i e s , 5 - 1 0 0  p l .  o f  0 . 05 

M N R 4 C l  w e r e  m i x e d  w i t h  1 5 0 p l o f  2 . 5  m M  L - g l u  a n d  t h e  

v o l um e  o f  e a c h  s amp l e  m a d e  t o  2 5 0 p l u s i n g  1 %  S D S s o l u t i o n .  

I n  a furth e r  exp e riment  a s imi l a r p r o c e d u r e  w a s  f o l l ow e d  

ex c e p t  that  t h e  amm o n i a  s o l u t i o n  w a s  a l s o  ad d e d  t o  1 5 0  p l  
- 1  o f  g l uten  s am p l e  A d i l u t e d  1 0  • 

In  b o th exp e r iment s t h e  r e a c t i o n a n d  d e t e rmin a t i o n  w e r e  

m a d e  a s  ab s o rb e d  in , S e c t i o n  2 . 6 . 2 .  

3 . 8 . 2  Re s u l t s  

Ab s o rb an c e  d a t a  f rom t h e  f i r s t  a n d  s e c o n d  exp e r iment s a r e  

r e c o r d e d  i n  A p p en d i c e s  3 . 6 and 3 . 7 .  r e s p e c t i v e l y .  and  a r e  

s h own in F i g u r e  3 . 6 .  The d i f f e r e n c e  i n  ab s o rb an c e  b e t w e en 

t h e  thr e e  c u r v e s  app e a r s  t o  b e  c o n s t ant t h r o u g h o u t  t h e  

r an g e  ind i c at in g  t h a t  t h e  ab s o rb an c e  d u e  t o  s amp l e  a n d  

ammonia  a r e  m e a s ur e d  in d e p e n d e nt l y .  

The s ame d a t a  a r e  r e p l o t t e d  i n  F i g u r e  3 .7 in t h e  f o rm o f  a 

c o r r e c t io n  t o  t h e  ab s o rb an c e f o r  t h e  c o nt ribut i o n  o f  

ammonia . 

A s t ra ight l in e  f it o n  l o g a rithm i c  c o o r dinat e s  i s  o b t a i n e d .  

3 . 8 . 3  D i s c u s s i o n  

The s ub s t an t i a l  a d d i t i v e  e f f e c t  o f  ammon i a  on  t h e  

ab s o rb an c e  d u e  t o  N- t e rmin a l  a m i n o  g r o u p s  a s  s h o wn b y  

Wh i t aker  e t  a l  ( 1 9 8 0)  a n d  C l e g g  e t  a l  ( 1 9 8 2 )  h a s  b e e n 

c o n f i rme d .  Th e e f f e c t  i s  n o t  how e v e r  l in e a r ,  a s  s h own in 

Figure 3 . 7 .  wh e r e a s  the r e s p on s e t o  N- t e rmin a l  amino 

g r o u p s  i s  l in e a r  as  shown in F i g u r e 3 .5 .  A c o r r e c t i on  c an 

b e  m a d e  b y  u s i n g  t h e  d a t a  o f  F i g u r e  3 .7 wh i c h  c an b e  

ext r ap o l a t e d  t o  l o wer  c o nc e n t r a t i o n s .  Th e c o r r e c t i on  

p l ai n l y  c an n o t  be  mad e b y  a s s uming  t h at the  ab s o rb a n c e  d u e  

t o  a m m o n i a  i s  s i m p l y  2 0 % o f  t h a t  d u e  t o N- t e r m i n a l  a m i n o 

g r o u p s  a s  s t at e d b y  C l e g g  e t  a l  ( 1 9 8 2 ) . 
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T h e  c o r r e c t i o n  t o  ab s o rb an c e  i s  an ab s o l u t e  f i g u r e  m e a s u r e d  

i n  a b s o rb an c e  u n it s .  T h i s  i s  in c o n t r a s t  t o  t h e  c o r r e c t i o n  

f o r  t h e  e f f e c t  o f  amm o n i a  wh en  us ing f l uo r e s c am i n e  f o r  t h e  

d e t e rm in a t i o n  o f  N- t e rm in a l  amino g ro up s wh i c h  mu s t  b e  

r e l a t e d t o  an arb i t r a r i l y  d e f i n e d  s c a l e  as  d e s c r ib e d  i n  

S e c t i o n  3 . 6 .  

3 . 9 C o n c l u s i o n s  f r o m  exp e r im e n t s d e s c r ib e d  in S e c t io n s  3 .5 t o  

3 . 8 

B o t h  f l u o r e s c am i n e  a n d  TNB S a c t  s at i s f a c t o r i l y i n  g i v ing 

m e a s u r em e n t s o f  the N- t e r m in a l  amin o g r o u p  c o nt e n t  o f  g l u t e n .  

T h e  ab s o l u t e  v a l ue s  o b t a i n e d  a r e  n o t ,  h o we v e r , t h e  s ame . 

B o t h  r e ag e nt s r e a c t  t o  s o m e  e x t e n t  with ammon i a  a n d  t h e  e f f e c t  

h a s  b e e n  c h a ra c t e r i z e d .  T h e  e f f e c t  f o r  TNB S i s  a n  ab s o l ut e  

m e a s u r e m e n t  and  t h e  c o r r e c t i o n  d e v e l o p e d  c o u l d  b e  u s e d  f o r  any 

s y s t em wh e r e  an ind e p e n d e n t  d e t e rmin a t i o n  o f  amm o n i a  was  

a v ai l ab l e .  F o r  f l u o r e s c amin e , howe v e r . t h e  c o r r e c t i o n  d e p e n d s  

o n  an  a rb i t r a r i ly  d e t e rm i n e d  s c a l in g .  B e c aus e ,  h o w e v e r ,  t h e  

s y s t e m i s  v e r y  s e n s i t i v e t o  p r o t e i n  a n d  n o t  t o  a m m o n i a ,  i t s 

e f f e c t c an f o r  p r a c t i c a l  p u r p o s e s ,  in t h i s  p r e s e n t  w o rk b e  

n e g l e c t e d . 
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4 .  EXPERIMENTAL D ETERM I NATI ON OF THE K I NET I C S  OF A C I D  HYD R O LY S I S  

OF  GLUTEN 

4 . 1  Gene r a l  Appr o a ch 

D e c i s i o n s  o n  t h e  t y p e  a n d  s c a l e  o f  e x p e r i m e n t  w e r e  b a s e d  o n  t h e  

f o l l owing c o n s i d e r a t i o n s .  

A l ik e l y  o p t i o n  f o r  a c om m e r c i a l  p r o c e s s  w o u l d  b e  a c i d  t r e a t m e n t  

o f  g l ut e n  a s  an  i n t e g r a l  p ar t  o f  t h e  g l u t en p r o d u c t i o n  p r o c e s s .  

i . e .  t h e  g l u t e n m ay b e  i n  a d o u g h  f o r m a n d  t h e  a c i d  a d d e d  i n  a 

c o nc e n t r a t e d  f o rm .  s in c e  l o w a c i d  and  s o l i ds  c o n c en t r a t i o n s  

c o u l d  giv e r i s e  t o  high e r  c o s t s  f o r  t h e  s ub s e quent  s e p a r a t i on 

and d ry i n g  o p e r a t i o n s .  I t  w a s  th e r e f o r e  imp o r t ant  t o  inc l u d e  

c o nc e n t r at i o n s  o f  a c ids  a n d  g l ut e n  as  hi gh as  w a s  p r a c t i c a l  

within t h e  exp e r i m e n t a l  c o n d i t i o n s .  

That t h e  kine t i c s  o f  d e am i d a t i o n  w o u l d  f o l l ow tho s e  f o r  a c i d  

hyd r o l y s i s  o f  amid e s  w a s  t ak e n  a s  a w o rking hyp o th e s i s  ( L e a c h .  

1 9 5 3 ;  M i t t a l  e t  a l . 1 9 8 2 ) . T o  t e s t t h i s  hy po th e s i s  i t  was 

n e c e s s ary  to  v a ry the c o n c e n t ra t i o n  o f  a c i d  a n d  ami d e  ( g l ut en )  

o v e r a s  w i d e  a r ange  as  p o s s ib l e  whi l e  a l s o  t ak i n g  i n t o  

c o n s i d e r a t ion t h e  e f f e c t  o f  t emp e r a t ur e .  I t  w a s  d e c i d e d  t o  t ry 

t o  m i n i m i s e t h e  n u m b e r  o f  e x p e r i m e n t s  b u t t o  t r y t o  g a i n  a l a r g e  

amo unt o f  i n f o rm a t i o n  f r o m  e a ch ex p e riment . Ano th e r  c r i t e r i o n  

w a s  t h a t  t h e  k in e t i c  exp e r i m e n t s  s h o u l d ini t i a l l y  b e  o n  a b e n c h  

s c al e w i th s im p l e  ap p ar a t u s . 

As  a r e s u l t  o f  th e s e  c o n s i d e r a t i o n s  a s cheme  w a s  a d o p t e d  wh e r eb y  

th e r e a c t i o n s  w e r e  c o ndu c t e d  i n  a s e r i e s  o f  B i j o u  b o t t l e s  whi c h  

c o u l d  b e  imme r s e d  in b a t h s  a t  the  ap p r o p ri a t e  r e a c t i o n  

t emp e r a t u r e s  an d r em o v e d  a f t e r  v ar i o u s  r e a c t i o n  t im e s .  Fur t h e r  

d e t ai l s  o f  t h e  s y s t em ar e g i v e n  i n  t h e  f o l l ow i ng s e c t i o n s .  

S e v e r a l  p r e l im i n a ry exp e r im e n t s w e r e  ne c e s s ary i n  o r d e r  t o  

d e fine exp e r iment a l  c on d i t i o n s  f o r  the  hyd r o l y s i s  p r o p e r .  



4 . 2  P r e l iminary Expe r im en t s 

4 . 2 . 1  D e t e rmin a t i o n  o f  m aximum glu t en  c o n c e n t r a t i o n  

Th e maximum g l u t e n  c on c en t r a t i o n  w a s  d e t e rmin e d  a s  t h a t  

wh i c h  c o u l d  b e  r e l i ab l y  d i s p e r s e d  i n  t h e  r e a c t io n  b o t t l e s .  

T r i a l s  w e r e  m a d e o f  c o
.
n c e n t r a t i o n s  u p  t o  1 6 %  w / v i n  5 m l .  

T h i s  was  a c h i e v e d  b y  a d d i n g  0 . 8  g o f  g l ut en a n d  m ak in g  t h e  

v o l um e  u p  t o  3 m l  w i t h  d e i o n i s e d  wa t e r .  i . e .  2 m l  w e r e  

a l l o wed  f o r  a c i d  a d d it i o n .  D i s p e r s i o n  w a s  a ch i e v e d  b y  

p l a c i n g  e a c h  b o t t l e  o n  a v o r t e x m i x e r .  I t  w a s  f o u n d  t h a t 

t h e  m aximum c on c e n t r at io n  f o r  r e l i ab l e  d i s p e r s i o n  was  1 4% 

w/ v g l u t e n .  

4 . 2 . 2  D e t e rmin a t i o n  o f  t h e  s pe c i f i c  vo lume o f  glu t e n  

T h e  s p e c i f i c  v o l um e  o f  g l ut e n  w a s  d e t e rmin e d  b y  m e as u r in g  

t h e  d i s p l a c em e n t  o f  wat e r  i n  a p y c n o me t e r .  

A 5 0  m l  p y cn o m e t e r  c o nt a ining  a s m a l l magn e t i c  s t i r r i n g  b ar 

w a s  d r i e d  and  w e i gh e d .  Th e p y c n o m e t e r was  f i l l e d with 

d e g a s s e d d e i o n i s e d  w a t e r  and  a l l o w e d  t o  e qu i l ib r a t e  a t  2 5 ° C  

in a wat e r  b a t h .  Th e p y c n o m e t e r w a s  c a r e fu l l y  d r i e d  a n d  

r ew e i gh e d .  Th e s e  m e a s ur eme n t s s er v e d  t o  e s t ab l i s h  t h e  

e x a c t  v o l um e  o f  t h e  p y cn o me t e r .  

M o s t  o f  t h e  w a t e r  w a s  t h e n  w i t h d r a w n  w i t h  a p i p e t t e  a n d  t h e  

p y c nom e t e r r ew e i gh e d .  Ab o u t  4 g m s  o f  g l u t e n  w e r e  a d d e d  and 

t h e  weight  was a g a i n  r e c o r d e d .  A l i t t l e  m o r e  w at e r  w a s  

a d d e d  a n d  t h e  g l u t e n m i x e d  w i t h  t h e  wa t e r w i t h  t h e  a i d  o f  

th e magn e t i c  s t i r r i n g  b ar .  Th e p y c nome t e r  wa s t h e n  f i l l e d  

t o  the  · t o p  with  d e g as s e d w a t e �  a n d  e qui l ib r a t e d  and  

r ew e i gh e d  a s  b e f o r e .  

r e s u l t s  w e r e :  

0 . 7 5 25 c c / gm a n d  

T w o  d e t e rmin a t i o n s  w e r e  m a d e  and  t h e  

0 . 7 5 2 3 c c / gm 

Th e v a l u e s  a r e  s im i l a r t o  t h o s e  f o und  f o r  o t h e r  p r o t e in s  by 

M un r o  ( 1 9 8 0 )  a n d  B e l l  e t  a l  ( 1 9 8 2 ) . The s e  v a l u e s  w e r e  u s e d  

t o  d e t e r m i n e t h e  q u a n t i t i t e s  o f  g l u t e n a n d  a c i d  t o  b e  a d d e d  
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f o r  a c o n s t an t  r e a c t i o n  v o l u m e  o f  5 m l .  T h e  p r o t e i n  

d e n s i t y  m i ght b e  exp e c t e d  t o  v ary  b o th w i t h  t h e  init i a l  

a c i d i t y  and  a s  t h e  r e a c t i o n  p r o c e e d e d  d u e  t o  c h an g e s in 

p r o t e i n  c on f o rm a t i o n  ( I f f t . 1 9 7 6 ;  Kun t z  and K a u z m ann . 

1 9 7 4) .  No a c c o unt w a s  t ak e n  o f  th e s e  ch ang e s  in 

c a l c u l a t i on o f  ammonia  a n d  N- t e rmin a l  amino g r o u p s .  The 

r e a c t i o n  v o l ume was a s s ume d t o  r em a in c o n s t a nt . 

4 . 2 . 3  D e t ermin a t ion  o f  t h e  h e at ing r a t e  in r e a c t i on 

b o t t l e s  

One r e a c t ion b o t t l e  with  a c o p p e r - c o n s t an t an t h e rmo c o up l e  

s e a l e d t h r ough the  c ap w a s  f i l l e d  with 5 . 0  m l  o f  wat e r .  

Th e t h e rmo c o u p l e  w·a s a r r an g e d  s o  t h a t i t  was  imme r s e d  in 

t h e  w a t e r .  Th e b o t t l e  w a s  p l a c e d  i n  a b a t h  c o n t r o l l e d a t  

the  ap p r o p r iat e t emp e r a t u r e .  Th e t em p e r a t u r e  i n  t h e  b o t t l e  

w a s  m e as u r e d  u s ing an e l e c t r o n i c  th e rmome t e r  f o r  c o p p e r­

c o n s t ant an with a� int e rna l r e f e r en c e  ( Co mark E l e c t r o n i c s . 

S u s s e x .  En g l and) . Th e c a l ib r a t i o n  was  c h e ck e d  b y  t e s t ing 

again s t  a p o t ent i o m e t e r  s o u r c e .  

Th e c h an g e  in t emp e r at ur e w i t h  t im e  i s  s h own i n  F i gu r e  4 . 1 .  

This s h o w s  that  thr e e  t o  f o u r  minut e s  we r e  r e qui r e d  f o r  t h e  

b o t t l e  c o n t e n t s t o  r e a c h  t h e  t emp e r a t ur e  o f  t h e  b at h .  Mo s t  

o f  t h e  c h ang e .  9 0% .  was  c o mp l e t e  i n  l e s s  than two  minut e s  

f o r  th e l o wer t emp e ra t u r e s  a n d  w i t h i n  thr e e  minut e s  f o r  t h e  

high e s t  t e mp e r a t u r e  o f  1 3 0 ° C . 

On l y  o n e  o f  th e v i s u a l l y  v ar i ab l e  b o t t l e s  w a s  u s e d  f o r  

t h e s e ie s t s .  Th e r e s u l t s  a r e .  h ow e v e r .  c o n s i s t e n t  w i t h  

s amp l e s  t ak e n  a f t er two min u t e s  r e a c t i on t im e  ap p e ar i n �  t o  

b e  s l i g ht l y  b e l o w t h e  c u r v e  in s o m e  ammo n i a  v s  t im e  p l o t s .  

Th e init i a l r a t e  d a t a .  S e c t i o n  4 . 8 . 1  w e r e  t ak e n  f r om t h e  

t o t a l  c u r v e .  t h a t  i s  a v i s u a l  a l l o wance  was  m a d e  f o r  t h e  

d e l ay i n  init i a l  r e a c t i o n  d u e  t o  t h e  b o t t l e  c o n t ent s  n o t  

i n s t ant ane ous l y  r e a ching t h e  r e a c t i o n  t em p e r a t ur e .  No 

furth e r  c o r r e c t i o n  was w ar r an t e d .  
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4 . 2 . 4 Mo n i t o r ing o f  glu t en qu a l i ty f o r  t h e  d u r a t i o n  o f  t h e  

expe r im e n t s  

T h e  b a g  o f  g l u t e n w a s  s t o r e d  a t  r o o m t e mp e r a t u r e  i n  t h e  

l ab o ra t o ry and  o p e n e d  and r e s e a l e d  e a c h  t i m e  g l u t e n  w a s  

withdrawn . 

Chemi c a l  ana l y s i s o f  dup l i c a t e  s amp l e s  o f  t h e  b a g  c o nt ent s 

w a s  made  a t  t h e  b e g inning a n d  e n d  o f  t h e  p e r i o d  o f  

hy d r o l y s i s  exp e riment s .  M o i s t u r e  c o nt ent w a s  d e t ermin e d  by 

d ry i n g  i n  an o v e n  a t  1 0 3 + 1 °  C f o r  5 h o u r s .  Kj e l d a h l  n i t r o g e n 

ana l y s i s  w a s  u s ed t o  d e t e rmine  t h e  p r o p o r t i on  o f  p r o t ein 

n i t r o g en.  Th e r e s u l t s  a r e  s h own i n  Tab l e  4 . 1 . 

Wat e r  ab s o r p t io n  w a s  cho s e n as  a f un c t i o n a l  p r o p e r t y  o f  t h e  

g l u t e n  wh i c h :  

( i ) might b e  exp e c t e d  t o  c h an g e  i f  p r o p e r t i e s  a f f e c t ing 

the k in e t i c  m e a s u r ement s w e r e  t o  chan g e  

( ii )  c o u l d  be  r e p r o du c ib l y  m e a s u r e d .  

Wat e r  ab s o r p t i o n  m e a s ur ement s w e r e  m a d e  u s i n g  t h e  m e t h o d  o f  

Knightb r i d g e  and Go l dman ( 1 9 7 5 ) . The r e s u l t s  a r e  s h o wn in 

T a b l e  4 . 2 . Th e r e s u l t s  s h o w  t h a t  w h i l e  t h e r e w a s  a s m a l l 

i n c r e a s e  i n  t h e  mo i s t ur e  c o n t e n t  o f  t h e  s t o r e d  g l u t e n  t h e r e  

w a s  l i t t l e  c h a n g e  i n  a n  imp o r t an t  f un c t i o n a l p r o p e r t y .  Th e 

v a r i a t i o n  b e tw e en wat e r  ab s o r p t i o n  v a l u e s  i n  T ab l e  4 . 2  i s  

within t h e  s t andar d e r r o r  o f  t h e  m e t h o d  ( Co o p e r .  1 9 85 ) . 

4 . 2 . 5 Ch a r a c t e r i z at i o n  o f  pH e l e c t r o d e  

Th e v ar i o u s  p o s s ib l e  kine t i c  m o d e l s  d e s c r ib e r e a c t i o n  r a t e s  

i n  t e rms o f  c o n c e n t r at i o n  o f  r e a c t ant s .  F r o m  p r e v io u s  

s t u d i e s  o f  th e a c i d  hy d r o l y s i s  o f  ami d e s  i t  w a s  e xp e c t e d  

that  the  c on c e nt r a t i on  o f  h y d r o g e n  i o n  wou l d  b e  imp o r t an t  

(Al i a n d  C a p i n d a l e .  1 9 7 5 ;  C r a ck e r .  1 9 0 7 ;  M i t t a l  e t  a l .  

1 9 8 1 . 1 9 8 2 ) . Th e h y dr o l y s i s  exp e r iment s whi c h  f o l l ow w e r e  

d e s i gne d t o  t e s t  t h e  e f f e c t  o f  hy d r o g e n  i o n  c o n c e n t r a t i o n .  



T ab l e  4 . 1 :  Ch em i c a l  an a l y s i s  o f  t h e  g l u t e n u s e d  f o r  

d e t e rmin a t i o n  o f  h y d r o l y s i s  kinet i c s  

S A M P LE DATE S AM P LE NO M O I S TURE TOTAL N I TROGEN NON- PROTE I N  

N I TROGEN 

( Re s u l t  ( % )  ( % )  ( % )  

dat e )  

1 3  Jan  8 4  A 7 .  7 3 1 2 . 6 9  0 . 1 4  

7 . 7 0  7 . 7 2  1 2 . 6 7 1 2 . 6 8  

2 4  J a n  8 4  B 7 . 6 3 1 2 . 6 3 0 . 1 2 

7 . 6 2  7 . 6 3 

7 S e p t  8 4  A 8 . 2 0 1 2 . 5 5  0 . 0 8 

8 . 2 0 8 . 2 0 1 2 . 5 4  1 2 . 5 5 

2 1  S e p t  8 4  B 8 . 1 7 1 2 . 5  4 0 . 0 7 

8 . 1 7 8 . 1 7 1 2 . 6 0 1 2 . 5 7 

Tab l e  4 . 2 :  Wat e r  ab s o r p t i o n  m e a s u r e m e n t s on t h e  s t o r e d  g l u t e n  

u s e d  in exp e r im e n t s  f o r  d e t e rmin a t i o n  o f  h y d r o l y s i s  

k in e t i c s 

D ATE M EA S URED 

8 M a r c h  1 9 8 4 

1 Jun e 1 9 8 4  

4 S e p t emb e r  1 9 8 4  

6 D e c emb e r  1 9 8 4  

2 1  M a r c h  1 9 85 

WATER AB S O RP T I ON 

( % )  

1 2 8 . 0  

1 2 9 . 8  

1 2 5 . 2  

1 1 8 . 7  

1 3 1 . 1  
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A c ommon t e chn i que  i n  a c i d  hyd r o l y s i s  exp erime nt s i s  t o  u s e  

a l o w c o n c e n t r a t i o n  o f  t h e c o m p o u n d  t o  b e  hy d r o l y s e d  i n  a 

known c o nc ent r a t i on o f  a c i d  s o  t h a t  the  a c i d c o n c e n t r a t i o n  

r e m a i n s  e s s e nt i a l ly c o n s t ant . Th a t  t e chnique  w a s  n o t  

ap p r o p r i a t e  i n  this  c a s e  f o r  t w o  r e a s o ns . F i r s t . g l u t en .  

in c ommon w i t h  o t h e r  p r o t e in s . c omb i n e s  with a c e rt ain 

a m o u n t  o f  h y d r o g e n  i o n  wh i c h  h a s  t h e  e f f e c t  o f  l o w e r i n g  t h e  

hy d r o g e n i o n  c o nc ent r a t i o n  o f  t h e  a c i d  s o l ut i on . Th e 

change  o n  b in d ing is  d e p e n d ent on  h y d r o g e n  io n 

c o n c e n t r a t i o n  ( E d s a l l .  1 9 43 ) . S e c o nd . i t  was  d e s i r e d  i n  

t h i s  w o r k t o  t e s t  t h e  e f f e c t  o f  v a r y i n g  t h e  g l u t e n 

c o n c en t r ation . I t  w a s  a l s o  k n o wn t h a t  hy d r o g e n  i o n s  w e r e  

c on s um e d  i n  t h e  r e a c t i o n .  I t  w a s  t h e r e f o r e  n e c e s s a ry t o  

m e a s ur e  th e hy d r o g e n i o n  c o n c e n t r a t i o n  f o r  e a c h  exp e r iment . 
( 

Th e p H  m e t e r  ( s e e  S e c t i o n  2 . 2 ) . w a s  s p e c i f i e d  t o  o p e rat e 

b e t w e e n  p H  v a l u e s  o f  0 t o  1 4 . Wh e n  t e s t e d .  howe v e r .  i t  

ap p e ar e d  t o  o p e r a t e q u i t e s a t i s f a c t o r i l y  a t  t h e  p H  v a l u e s a 

l i t t l e  b e l o w  z e ro  r e q u i r e d  f o r  th e s e  exp e r iment s .  

I t  i s  g e n e r a l l y as s um e d  t h a t  t h e  g l a s s  e l e c t r o d e  f un c t i o n s  

a s  a hy d r o g e n  e l e c t r o d e  o n l y  w i t h i n  a r e s t r i c t e d  r an g e  o f  

a c i d i t y .  In  a qu e o u s  s o l ut io n s  o f  s t r ong a c i d s  t h e  p H  

r e s p o n s e  o f  th e g l as s  e l e c t r o d e  s h o w s  a d ep ar t u r e  f r o m  a 

hy d r o g en e l e c t r o d e  f un c t i o n .  This  d e p ar t u r e  d ep e n d s  on  t h e  

a c i d  an d e l e c t r o d e  u s e d .  Var i o u s  t h e o r i e s  h av e b e en 

p r o p o s e d b u t  t h e  o r i g i n o f  t h e  a c i d  e r r o r  i s  n o t  c l e a r  

( B e ck and Wynn e - Jon e s . 1 9 5 2) .  T o  c h a r a c t e r i z e  t h e  e l e c t r o d e  

u s e d  i n  t h e  p r e s en t  e x p e r im e n t s  t h e  f o l l owing m e a s u r e m en t s  

w e r e  mad e .  

Two m o l ar H C l  w a s  p r e p a r e d  f rom  a c o n c ent r a t ed v o l um e t r i c  

s o l u t i o n  amp o u l e  ( BDH  Ch e m i c a l s  Lt d • •  P o o l e .  E n g l an d ) . The 

a c c u r a cy  i s  g u a r an t e e d  t o  b e  w i t h i n  the  l imit s 0 . 9 9 9  a n d  

1 . 0 0 1 wh en  l . O M  s o l ut io n s  a r e  p r e p a r e d .  Th e c o n c en t r a t i o n  

o f  t h e  t w o  m o l a r H C l  w a s  m e a s u r e d  u s in g  s o d ium c arb o n a t e a s  

d e s c r ib e d  by  V o g e l ( 1 9 6 1 ) . Thr e e  t it r at i o n s  we r e  m a d e  an d 

t h e  m e an v a l u e  o f  the  n o r m a l i ty  w a s  f o und t o  b e  1 . 9 6 9 7 . 

w i t h  s i g m a  ( n - 1 )  = 0 . 0 0 3 3 



i . e .  1 . 9 7 0  + 0 . 0 0 6  

T h i s  v a l u e  w a s  u s e d  in s ub s e qu e n t  c a l c u l at i o n s . 

Th e t w o  mo l ar H C l  w a s  t h e n  u s e d  t o  p r e p are  0 . 2 . 0 . 0 2  and 

0 . 0 0 2 M  H C l  by d i l u t i o n .  I t  �as a l s o  u s ed  t o  p r ep a r e  p H  

1 . 0 .  p H  1 . 5 and  p H  2 . 0 b u f f e r  s o l u t i o n s  b y  m i x i n g  HC l w i t h  

0 . 2 M  K C l  ( Ba t e s  and  P a ab o .  1 9 6 8 ) .  T h e  p H  m e t e r  w a s  t h e n  

c a l ib r a t e d  u s in g  p H  2 . 0  and  p H  3 . 0 b u f f e r s  a t  2 5 + 1 ° C  ( BD H  

Ch emi c a l s  Lt d .  P o o l e .  E n g l an d ) . The s e  b u f f e r s  a r e  s t a t e d  

t o  b e  c o r r e c t  t o  + 0 . 0 2  p H  u n i t s a t  2 0 ° C . · 

T h e  p H  o f  e a c h  o f  t h e  p r e p a r e d  s o l u t i o n s  w a s  t h e n  

d e t e rmin e d  a t  2 5 ° C . B e t w e en r e a d i ng s . t h e  e l e c t r o d e  w a s  

r in s e d  in w a t e r  p u r i f i e d  b y  r e v e r s e  o s mos i s  a n d  d r i e d  w i t h  

a t i s s u e .  The  e l e c t r o d e  w a s  imm e r s e d  i n  e a c h  s o l ut i o n  f o r  

f i v e  minu t e s  b e f o r e  a p H  m e a s u r ement  was r e c o r d e d .  

T h e p H  v a l u e s  a r e  s h o w n  i n  T a b l e  4 . 3  a n d  a r e  p r e s e n t e d  i n  

c h r o n o l o g i c a l  o r d e r .  I t  c an b e  s e en that t h e r e  w a s  s o m e  

d r i f t  i n  t h e  c a l ib r a t i o n  o f  t h e  e l e c t r o d e . 

Th e " c o r r e c t "  p H  v a l u e s  i n c l u d e d  in T ab l e  4 . 3  w e r e  

c a l c u l a t e d  f r o m d a t a  f o r H C l w i t h  a hydro g e n  e l e c t r o d e  

( H a r n e d  a n d  Eh l e r s . 1 9 3 5 ;  R a nd a l l a n d  Youn g .  1 9 2 8 ) . The 

d a t a are s ummar i s e d  in F i g u r e 4 . 2  wh e r e  d at a  f r om o t h e r  

s o u r c e s  a r e  a l s o  i n c l u d e d  ( Hub b a r d  e t  al . 1 9 3 9 ;  M a c inn e s  

an d B e l c h e r . 1 9 3 1 ;  D o l e .  1 9 3 2 ;  S in c l air an d M a r t e l l .  1 9 5 0 ) .  

D e t a i l s  o f  t h e  c a l c u l at i o n  o f  p H  v a l u es f r o m  o th e r  au t h o r s  

a r e  g i v e n  in Ap p en d ix 4 . 1 .  

T h e  d a t a  s h o w  t h a t  t h e  a c i d  e r r o r  o f  g l a s s  e l e c t r o d e s  w a s  

e x p e r i e n c e d  with  t h e  e l e c t r o d e  u s e d  in t h e s e  exp e riment s .  

T h e  l e v e l  o f  e r r o r  w a s  s i m i l a r t o  t h a t f o u n d  b y  o t h e r  

a u t h o r s . a s  shown i n  F i g u r e 4 . 2 .  The p h e n o m e n o n  o f  d r i f t  

i n  s t r o n g  a c i d s o l u t i o n s  n o t e d  b y  S inc l a i r  an d M a rt e l l 

( 1 9 5 0 ) a n d  B e c k  e t  a l .  ( 1 9 6 3 )  a l s o  o c c u r r e d . Th e p H  v a l ue s  

d e t e rmi n e d  f rom  t h e  exp e r im e n t s  d e s c r ib ed  b e l o w w e r e  u s e d  



Table 4.3:  pH measurements obtained in  pH electrode characterization experiments 

CALIBRATION PREPARATION NOMINAL ' TRUE'  MEASURED 'TRUE' ACTIVITY 'TRUE' M EASURED 'TRUE' 

CONSTANTS SOURCE CONCTN CONCTN pH COEFFICIENT pH ACTIVITY ACTIVITY 

(g-mole 1 - 1 ) (g-mole 1 - 1 ) (g-mole 1 - 1 ) (g-mole 1 - 1 ) 

s 1 = 1 .038 BDH pH 2.0 - 1 .998 2.0 re 
BDH pH 3.0 - 2.995 3.0 

pH 6.734 Diluted 

2M HCl 0.002 0.00 1 97 2 .732 0.95( 1 )  2.728 0.00 1 85 0.00 1 87 
11 0.02 0.0 1 97 1 . 792 0.88 1 .76 1 0 .0 1 6 1  0.0 1 7  
1 1  0.2 0. 1 97 0.870 0.767 0.820 0. 1 35 0. 1 5 1  
1 1  0.2

< 1 > 0.97 0.86 1 0.767 0.820 0 . 1 38 0. 1 5 1  
1 1  0.2

<2> 
0. 1 97 0.86 1 0.767 0.820 0. 1 38 0. 1 5 1  

1 1  2.0 1 .970 -0. 1 25 1 .000 -0.294 1 .33 1 . 97  
1 1  2.o

<3> 
1 .970 -0. 1 20 1 .000 -0.294 1 . 32 1 .97  

BDH pH 2.0 - 2.000 2.0 

BDH pH 2.0(4) - 2.002 2.0 

KCI/2M pH 2.0 0.0 1 28 1 .979 0.896 1 . 940 0 .0 1 0  0.0 1 1 

pH 1 .5 0.0408 1 . 5 1 8  0.842 1 .462 0.030 0.035 

pH 1 .0 0. 1 32 1 .033 0.784 0.985 0.093 0. 1 OIJ 

BDH pH 4.0(5) 3.939 4.0 

BDH pH 7.0 6.?.87  7.0 

BDH pH 7.0(6) 6.789 7.0 \[) "" 
BDH pH 3.0 3.0 1 8  3.0 

BDH pH 3.0 (7) 3.0 1 6  3.0 



--- - --

BDH pH 2.0 

BDH pH 2.0(8) 

NOTES: ( 1 )  reading taken after 1 0  minutes 

(2) reading taken after 1 5  minutes 

(3)  reading taken after 20 minutes 

(4) reading taken after 1 0 minutes 

(5)  reading taken after 1 5  minutes 

(6) reading taken after 1 0 minutes 

(7)  reading taken after 1 0  minutes 

(8) reading taken after 1 0 minutes 

(9) guessed value 

( 1  0) data from Figure 4.2 by interpolation 

s 1 = 1 .034 BDN pH 2.0 -re 
pH 2.0( 1 )  BDH -

pH 6.744 HC1/2M pH 1 .0 0 . 1 32 

Di luted 

24 HCI 0.2 0. 1 97 
11 2.0 1 .970 
1 1  2.0(2) 1 . 970 

5.0N HCI 5.0(3) 

5.0N HCI 5.0(4) 

1 .0N HCI 1 .0(5) 

BDH pH 2.0 

BDH pH 3.0 

2.0 1 1 2.0 

2.0 1 1 2.0 

1 .997 2.0 

2.004 2.0 

1 .033 0.784 0.985 

0.87 1 0.767 0.820 
-0. 1 1 6 1 .000 -0.294 

-0. 1 1 7  1 .000 -0.294 

-0.7 1 8  3 . 1 62 - 1 . 1 99 

-0.722 3. 1 62 - 1 . 1 99 

0 .2 1 1 0.8 1 3  0.090 

2.0 1 8  2.0 

3.039 3.0 

1 . 82( 1 0) 

2 .8 1 ( 1 0) 

3 . 1 6( 1 0) 

4 .2i 1 O) 

0.093 

0. 1 34 

1 .3 1  

1 .3 1  

5 .22 

5 .27 

0 .6 1 5 

3 . 1 6  

5.62 

6.76 

1 0.0 

0 . 1 04 

0. 1 5 1  

1 .97  

1 . 97  

1 5. 8 1  

1 5.8 1 

0 .8 1 3  

'P 



s rei = 1 .049 BDH pH 2.0 1 .998 

pH 6.655 BDH pH 3.0 2.996 

0.5N HCl 0.5(6) 0 .523 0.758 

1 .0N HCl 1 .0(7) 0.226 0 .8 1 3  

5.0N HCl 5.o<8) -0.700 3 . 1 62 

5.0N HCl 5.0(9) -0.70 1 3 . 1 62 

BDH pH 2.0 1 .977 

Di luted 

24 HCl 1 .0 0.985 0.224 0 .8 1 0  

HC1/2M pH 2.0 1 .966 

NOTES ( 1 )  reading taken after 60 minutes 

(2) reading taken after 1 0 minutes 

(3) sample prepared previously ex BDH CVS 

(4) sample prepared previously ex BDH CVS (Differen t  from (3) above) 

(5) 1 1  1 1  1 1  1 1  11  

(6) 11  1 1  11  1 1  1 1  

(7) 1 1  1 1  11  1 1  1 1  (repeat of (5) above) 

(8) 1 1  1 1  1 1  1 1  1 1  (repeat of (4) above) 

(9) reading taken after 1 5  minutes 

2.0 

3.0 

0.42 1 0.300 

0.090 0.594 

- 1 . 1 99 5.0 1 

- 1 . 1 99 5.02 

2.0 

0.098 0.567 

2.0 

0.379 

0.8 1 3  

1 5.8 1 

1 5. 8 1  

0 .798 

\.!) 'v1 
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in s ub s e quent kin e t i c  an a l y s i s w i t h o ut c o r r e c t i o n  f o r  th e s e  

e f f e c t s .  Th e c o ns equen c e s  o f  u s in g  the  d a t a i n  t h i s  f o rm 

are  d i s c u s s e d  in S e c t i o n  4 . 1 1 .  

4 . 3 Exp e r ime n t a l d e s ign f o r  hyd r o lys i s  expe r im en t s  

I t  was  d e s i r e d  t o  c o v e r  a r a n g e  o f  c o n d i t ions  w i t h  v a r i ab l e s :  

A c i d  s t r e n g t h  

T emp erat u r e  

G l u t en c o n c e n t r a t i o n  

0 . 0 2  - 2 M  

5 0 - 1 3 0 ° C 

1 - 1 4% w/ v 

T h e  a c i d  s t r e n g t h  w a s  c h o s e n s o  a s  t o  c o v e r  a w i d e  r a n g e  o f  

c o n c e nt r a t i o n s  b e tw e e n  t h a t  wh i c h  w o u l d  g i v e  a m e a s u r ab l e  

d e ami dat i o n  a n d  t h a t  wh ich  w o u l d  g i v e a r ap i d  d e am i d a t io n  b u t  

w i t h o u t  c h a r r i n g  o f  t h e  p r o t e i n .  Th e t em p e r a t u r e  up p e r l imit  i s  

a c o nv en i e n t  l e v e l  f o r  o i l  b a t h  o p er at i o n .  Th e l o w e r  

t em p e r a t u r e  l imit  w a s  known t o  g i v e  a r e a s o n ab l e  r e a c t i o n  r a t e  

a t  t h e  l ow e s t  a c i d  s t r en g t h .  T h e  c h o s e n l e v e l s  a r e  s h own i n  

T a b l e  4 . 4 .  

Th e s e  w e r e u s e d  in an exp erime n t a l  d e s i g n  wh i ch r e q u i r e d 1 5  runs  

i n c l uding 3 r e p e t i t ions  ( John , 1 9 8 1 ) . Th is d e s i g n  r e p r e s e n t e d  a 

s ub s t ant i a l  r e du c t i o n  f r o m  t h e  p o s s ib l e  2 7  c omb i n a t i o n s  o f  t h e  

v ariab l e s  i f  a l l p o s s ib l e  c omb i n a t i o n s  w e r e  e xami n e d  w i th o u t  

r ep e t it io n .  Th e d e s ign i s  shown  i n  Tab l e  4 .5 . ';l' h e  p e r f o rm anc e 

o r d e r  was  r an d o mi s e d .  B e c au s e ,  o n  s ome  o c c a s i o n s , t h e  o i l  b ath 

u s e d  to a c h i e v e  1 3 0 ° C was  not a v ai l ab l e ,  the  next exp e r im e n t  in 

t h e _  s e quen c e  was p e r f o r m e d .  Th e i n t e n d e d  an d a c t u a l  p e r f o rman c e  

o r d e r s  a r e  s h o wn i n  Tab 1 e 4 .5 .  

4 . 4  Expe r i m e n t al m e t h o d s  

4 . 4 . 1  Ac i d  hyd r o lys i s  o f  glu t en 

Hyd r o c h l o r ic  a c i d  s o l ut i o n s  a t  5 . 0 M  and 1 . 0 M  w e r e  m a d e  b y  

a d j u s t ing  t h e  f i n a l  v o l ume  o f  s o l u t i ons c o n t a i n i n g  t h e  

c ont e n t s o f  c o n c en t r at e d  v o l um e t r i c  s o l ut io n  amp o u l e s  

d e s i gn e d  f o r t h e  p r ep ar a t i o n  o f  l . O M  so l u t i o n .  
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T ab l e 4 . 4 :  S e l e c t e d  l ev e l s  f o r  e a c h  i n d e p endent  v a r i ab l e  

Le v e l  

A c i d  S t r e n g t h  

T emp e r a t u r e  

G l u t en C o n c e n t r a t i o n  

T ab l e  4 .  5 :  Ex p e r imen t a l  

( M) 

( o C) 

(% w/ v)  

d e s i g n  f o r  

- 1  

0 . 0 2  

5 0  

1 

0 

0 . 2 

9 0  

7 . 5 

d e t e rminat i o n  o f  

k in e t i c s  o f  a c id h y d r o l y s i s  o f  g l ut en 

D E S I GN RUN CODE  ACID  TEMP  GLUTEN 

ORD ER N O . CONCN . CONCN . 

( M )  ( o C )  ( %  w/ v )  

1 5  1 - 1 . - 1 , 0  0 . 0 2 5 0  7 . 5 

4 2 + 1 , - 1 , 0  2 . 0 5 0  7 . 5 

1 1  3 - 1 , + 1 , 0  0 . 0 2 1 3 0  7 . 5 

3 4 + 1 , + 1 , 0 - 2 . 0 1 3  0 7 . 5 

1 2  5 - 1 , 0 , - 1  0 . 0 2 9 0  1 . 0  

5 6 + 1 , 0 , - 1  2 . 0 9 0  1 . 0  

7 7 - 1 . 0 , + 1  0 . 0 2 9 0  1 4 . 0  

8 8 + 1 , 0 , + 1  3 . 0 9 0  1 4 . 0  

1 4  9 0 , - 1 , - 1  0 . 2  5 0  1 . 0  

9 1 0  0 , + 1 , - 1  0 . 2  1 3 0  1 . 0 

6 1 1  0 , - 1 , + 1  0 . 2  5 0  1 4 . 0  

2 1 2  0 , + 1 , + 1  0 . 2  1 3  0 1 4 . 0  

1 3  1 3  o . o . o  0 . 2  9 0  7 .  5 

1 1 4  o . o . o  0 . 2  9 0  7 . 5 

1 0  1 5  o . o . o  0 . 2  9 0  7 . 5 

t h e  

1 

2 . 0 

1 3 0  

1 4 .0  

P E RF ORMAN CE 

ORD ER 

1 3  

7 

1 2  

1 4  

5 

1 

3 

4 

9 

1 0  

2 

1 1  

8 

1 5  

6 
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G l u t e n  was w e i gh e d  int o d r i e d  B i j o u  b o t t l e s .  The w e i g h t s  

r e quir e d  w e r e  0 . 0 5 0 .  0 . 3 7 5  o r  0 .7 0 0 g m  a n d  w e i g h i n g  

a c c ur acy  w a s  + 0 . 0 0 0 5  g m .  A c t u a l  w e i g h t s  w e r e  r e c o r d e d .  

Twe l v e  b o t t l e s  w er e  p r e p a r e d  i n  t h i s  w ay f o r  e a ch 

exp erim ent . 

W a t e r  w a s  a d d e d  t o  e a c h  b o t t l e  a n d  t h e  c o n t e n t s m i x e d  o n  a 

v o r t ex mixer  t o  d i s p e r s e  t h e  g l u t e n .  I t  w a s  imp o r t an t  t o  

c ar r y  o u t  t h e  mixing s o o n  a f t e r  w a t e r  a d d i t i o n  t o  a v o i d  

h a v in g  s p o t s o f  d ry g l u t e n  s e a l e d  t o  t h e  b o t t l e  w a l l s  b y  a 

f i rm d o ugh.  A � h o r t  t ime  b e f o r e  h e a t ing b e gan hy d r o ch l o r i c  

a c i d  w a s  a d d e d  t o  g i v e t h e  r e quir e d  c o n c e n t r a t i o n  a n d  t h e  

b o t t l e  c on t e n t s w e r e  m i x e d  a g a i n .  B o th  w a t e r  and - a c i d  w e r e 

a d d e d  u s in g  an  a d j u s t ab l e  5 . 0 m l  p i p e t t e  (.±_0 . 0 0 2  m l ) 

( Gi l s o n .  F r an c e ) . 

T h e  g l u t e n  w a s  a s s u m e d  t o  h a v e  a s p e c i f i c v o l u m e  o f  0 . 7 5 2  

c c / gm ( S e c t i o n  4 . 2 . 2 ) . Th i s  inf o rm a t i o n  w a s  u s e d  t o  

c a l c u l at e  t h e  v o l ume  o f  a c i d  and  w a t e r  r e qu i r e d a s  s h own i n  

T a b l e  4 . 6 . 

H e a t ing o f  th e r e a c t i o n  b o t t l e s  w a s  a c h i e v e d  by  i mm e r s i o n  

i n  a w a t e r  o r  o i l  b a t h  c o n t r o l l e d a t  t h e r e q u i r e d  

t em p e r a t u r e  o f  5 0 .  9 0  o r  1 3 0 �° C . R e a c t i o n  t im e  w a s  r e c k o n e d 

a s  b e ginning f r o m  imm e r s i o n .  

R e a c t i on  t im e s  v ari e d .  ( s e e Tab l e s 4 .7 t o  4 . 2 1 )  an d w e r e  

s e l e c t e d  s o  t h a t  t h e  r e a c t i on  p ro g r e s s  c o u l d  b e  e a s i l y  

f o l l ow e d  w i t h  t h e  s amp l e s t ak e n .  To  as s i s t  i n  

d e t e rmina t i o n  o f  t h e  i n i t i a l  r a t e o f  r e a c t i o n  t h e  t o t a l  

r e a c t i on  t im e  w a s  d i v i d e d  u s in g  a l o g ar i t hm i c  s c a l e s o  t h a t  

mo r e  s amp l e s  w e r e  t ak e n  during th e ini t i a l . m o r e r ap i d 

r e a c t i on  s t a g e .  

S am p l e  b o t t l e s  w e r e  r em o v e d  f r o m  t h e  r e a c t i o n  b a t h  and  

a l l o w e d  to  c o o l a t  r o om t emp e r a t u r e .  It  w a s  f o un d  t h a t  

m o r e  r ap i d  c o o l in g  by  p l unging t h e  b o t t l e s  i n t o  a n  i c e  b at h  

u s u a l l y l e d t o  t h e  b o t t l e s  c r a c k i n g  and  t h e  c o n t e n t s b e ing 
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T ab le  4 . 6 :  Quant i t i e s  o f  g l u t e n . wat e r  and hyd ro c h l o r i c  a c i d  

r e q u i r e d  f o r  a t o t a l  v o l u m e  o f  5 . 0 m l  

W e ight o f  g l u t en ( g )  0 . 7  0 . 3 7 5  0 . 0 5  

N OMINAL A C I D  C ON CENTRAT I ON VO LUME OF V O LUME OF WATER 

C ON CENTRAT I O N  OF A C I D  AD D ED A C I D  ADDED AD D ED 

I N  REACT I ON 

( M )  ( M ) ( m l )  ( ml )  

2 . 0  5 . 0 2 . 0 2 .  47 4 2 . 7 1 8 2 . 9 6 2  

0 . 2 1 . 0 1 . 0 3 .  47 4 3 . 7 1 8 3 . 9 6 2  

0 . 0 2 1 . 0 0 . 1  4 . 3 7 4 4 . 6 1 8 4 . 8 6 2 
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l o s t .  D ep e n d i n g  on  t h e  t o t a l  r e a c t i o n  t i m e ,  b o t t l e s 

r em a i n e d  o n  t h e  b en c h  a t  r o om t emp e r at u r e  f o r  p e r i o d s  o f  u p  

t o  8 hours  b e f o r e s amp l ing t o ok p l a c e .  

4 . 4 . 2  Ana lys i s  o f  hyd r o lys a t e  

F o r  m o s t  o f  t h e  exp e r iment a l  r u n s  a b l ank r e a c t i o n  b o t t l e  

c o n t aining w a t e r  and a c i d  b u t n o  g l u t e n w a s  p r e p a r e d .  The 

p H  o f  t h i s  w a s  d e t e r m i n e d  f i r s t .  F o r  v e r y  l o w p H  v a l u e s  a 

c o n s i d e r ab l �  p e r i o d ,  ab o u t  1 0  min u t e s , was  r e q u i r e d  f o r  a 

s t ab l e r e a d in g  t o  b e  ob t ain e d .  I n  s o me c as e s , p a r t i c u l a r l y  

f o r  v e ry l o w  p H  v a l u e s  o r  h i gh g l u t e n  c on c en t r a t i o n s , a 

s t e ady p H  w a s  n e v e r  o b t ain e d .  F o r  a l l  run s ,  o n c e  an 

i n i t i a l  p H  d e t e rminat i o n  had  b e en m a d e ,  the p H  w a s  m e a s u r e d  

b y  i mm e r s i n g  t h e  e l e c t ro d e  i n  t h e  s amp l e  b o t t l e ,  mixing  

g e n t l y  s e v e r a l t imes  an d then  r e c o r d ing  the  r e a d i n g  a f t e r  2 

minut e s .  A f t e r  p H  m e as u r ement s h a d  b e en c omp l e t e d t h e  

r e a c t i o n  b o t t l e s c o u l d  b e  s amp l e d f o r  fur t h e r  an a l y s i s .  

The phys i c a l  f o rm o f  t h e  g l ut en s u s p e n s io n s  v a r i e d  

d e p e n ding o n  t h e  p H  a n d  d e g r e e  o f  hy d r o ly s i s . S o m e  w e r e  

s m o o t h s u s p en s i o n s , o t hers  c on t ai n e d  a f e w  f l o e s ,  a n d  s o me 

a b a l l  o f  d o u g h  s u r r o un d e d  by l i qu i d . A s m a l l m a g n e t i c  

s t ir r er b ar w a s  p l a c e d  i n  e a c h  b o t t l e  and t h e  b o t t l e  w a s  

p l a c e d  o n  a m a gn e t i c  s t i r r e r .  S t i r r i n g  a s s i s t e d  i n  

m a i n t aining an  e v en s u s p en s i o n  d u r i n g  s amp l in g .  

S amp l e s ,  0 . 5  m l ,  w e r e  r e qui r e d  f r o m  t h e  r e a c t i o n  b o t t l e s 

f o r  d e � e rmin a t i o n  o f  ammon i a ,  and  N - t e rmin a l  ami n o  g r o up s .  

To a s s i s t  in o b t aining r e p r e s e n t a t i v e  s amp l e s , d i s p o s ab l e  

p i p e t t e  .t i p s  w i t h  t h e  e n d s  c u t  o f f  t o  m ak e  a l a r g e  o p e n i n g  

w e r e  u s e d .  I n  s om e  c a s e s , wh e r e  t h e r e  w e r e  s in g l e  b a l l s  o f  

d o u g h ,  o n l y  a l i qu i d  s am p l e  w a s  t ak e n t o  b e  u s e d  f o r  

amm o n i a  ana l y s i s . 

Two 0 .5 m l  s am p l e s  w e r e  remo v e d  f r o m  e a ch r e a c t i o n  b o t t l e  

f o r  ammonia  d e t e rminat i o n .  Th e s amp l e s w e r e  t r an s f e r r e d  t o  

c en t r i f u g e  t ub e s  c o n t aining 0 . 5  m l ,  0 . 2 1 2 5 M  p h o s p h a t e 



1 02 

b u f f e r  ( p H  8 . 2 )  and 4 . 0 m l  w a t e r .  Th e t ub e  c o n t e n t s were  

mix e d . 

Tw o 0 .5 m l  s amp l e s w e r e  r em o v e d  f r om  e a ch r e a c t i o n  b o t t l e  

f o r  d e t e rminat i o n  o f  N- t e rmi n a l ami n o  g ro up s u s i n g  

f l u o r e s c am in e  and T NB S .  The  s am p l e s  w e r e  t r an s f e r r e d t o  

c en t r i f u g e  t ub e s  c o n t ai n i n g  0 .5 m l  0 . 2 1 2 5 M  p h o s ph at e  b u f f e r  

( p H  8 . 2 )  a n d  4 . 0  m l  1 %  S D S .  T h e t ub e  c o n t e n t s w e r e  m i x e d .  

F ur t h e r  d i l u t i o n s  w e r e  ma d e ,  a s  n e c e s s ary , t o  o b t ain a 

c o n c e n t r at io n  s ui t ab l e  f o r  a s s ay .  

Th e c en t r i f u g e  t ub e s  c o n t ainin g t h e  r e quir e d  d i �u t i o n  w e r e 

p l a c e d  i n  a n  M S E  c e n t r i f u g e  a n d  s p un a t  3 0 0 0  r p m f o r  2 5  

m i n u t e s .  Th e s up e r n a t a n t  l i q u i d  w a s  then  u s e d  a s  a s amp l e  

i n  t h e  d e t erminat i o n .  

4 . 5 R e s u l t s  o f  hyd r o lys i s  exp e r im e n t s 

4 . 5 . 1  P r e s en t at i o n  o f  d at a  

T o  d e t e rm i n e  t h e  k in e t i c s  o f  a c i d  h y d r o l y s i s  o f  ami d e  and 

p e p t i d e  b o n d s  in g l u t e n , 15  exp e r imen t s ,  u s in g  t h e  

c o n d i t i o n s  s hown i n  Tab l e  4 .5 , w e r e  p er f o rm e d .  F o r  e a c h  

r e a c t i o n  t im e  in e a c h  exp e r iment  t w o  r e a c t i o n  b o t t l e s wer e 

p r e p a r e d  as  d e s c r ib e d  i n  S e c t i o n  4 . 4 . 1 . A f t e r  t h e  r e a c t i o n  

t h e p H  o f  e a c h  r e a c t i o n  b o t t l e  w a s  d e t e r m i n e d  a n d  t h e n  t h e  

c o n t en t s  w e r e  s amp l e d f o r  d e t erminat ion o f  amm o n i a  and N­

t e rm in a l  ami n o  g r o u p s  a s  d e s c r ib e d  in S e c t i o n  4 . 4 . 2 .  

B e c au s e o f  t h e  d u p l i c a t i o n  o f  r e a c t i o n  b o t t l e s ,  s amp l e s  

f r o m  e a c h  b o t t l e  and d e t e rminat i o n s  mad e o n  e a c h  s amp l e ,  

e i g h t  d e t e rminat i o n s  w e r e  m a d e  f o r  e ach· v a r i ab l e  a t  each  

r e a c t i o n  p o i n t .  A d e t a i l e d r e c o r d  o f  t h e s e  m e a s u r emen t s  is  

i n c l u d e d  i n  the  mic ro f i c h e  at t a c h e d  as Ap p e n d i x  4 . 2 .  Th e 

m e a n  r e s u l t s  f o r  t h e s e  mu l t ip l e  d e t e rmina t i o n s , 

r e p r e s e n t in g  t h e  c o n s ump t i o n  o f  h y d r o g e n  i o n s ,  ap p e a r an c e  

o f  amm o n i a  a n d  i n c r e a s e i n  N- t e rmina l ami n o  g r o u p s  a r e  

s h o w n  f o r  e a ch exp e r im e n t  i n  Tab l e s  4 .7  t h r o ugh  4 . 2 1 .  
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T ab l e  4 . 7 :  S umm ary o f  r e s u l t s  o f  hyd r o l y s i s exp e r iment , Run 1 

REA CT I ON T I ME AMMON IA p H  L- g l u  L- g l u  

( TNB S )  ( F LUORE S CAMI N E )  

( mins ) ( mM )  ( mM)  ( mM )  

0 0 . 1 6 3 . 1 3 2  5 1 3  

1 0  0 . 0 7  3 . 2 0 5  4 1 1 . 7  

2 5  0 . 0 8 3 . 1 9 3  4 1 1 . 4  

6 2  0 . 0 8  3 . 2 2 1  4 . 5 1 2 . 2  

1 6 3  0 . 1 1 3 . 2 7 5  5 . 3 1 4 . 4  

3 6 0  0 . 2 2 3 . 2 3 3  6 . 2 5  1 7  • 6 

T ab l e  4 . 8 :  S ummary o f  r e s u l t s o f  hy d r o ly s i s  exp e riment , Run 2 

REA CTI ON TIME AMMONIA p H  L- g lu ( 1 )  

( TNB S )  

( m in s ) ( mM )  ( mM)  

0 1 4 . 0  - 0 . 1 7 9  

1 0  2 7 . 2  - 0 . 1 7 7  

2 5 . 0  3 5 . 2  - 0 . 1 8 3  

6 0  6 0  - 0 . 1 7 7  

( 5 2 ) ( 2 ) 

3 6 0  1 1 0  - 0 . 1 5 6  

( 1 )  a l l  v a l u e s  w e r e  n e g a t i v e  and d e c r e a s in g  

( 2 ) f ro m  r e p e a t  ana l y s i s  

L- g lu 

( FLUORE S CAMI N E )  

( mM )  

7 

49 . 5  

45 
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T ab l e 4 . 9 :  S ummary o f  r e s u l t s o f  hy d r o l y s i s exp e riment , Run 3 

REA CT I ON T I ME AMMONIA p H  L- g l u  L- g lu 

( TNB S )  ( F LUORE S CAM INE)  

( mi n s ) ( mM )  ( mM)  ( mM)  

0 0 . 3  3 . 2 0 8  5 . 8 2 7  

1 1  1 . 2 3 . 3 1 8  8 . 9 3 2  

2 7  2 . 3 3 . 5 0 2  8 . 9  3 5  

6 0  3 . 3 3 . 6 3 0  8 . 9 3 7  

1 5 0 8 . 9  3 . 8 1 1  1 0 . 9  3 8  

3 6 0  1 6 . 1  4 . 1 1 2  1 2 . 0  43 

T ab l e  4 . 1 0 :  S ummary o f  r e s u l t s  o f  hyd r o ly s i s  exp e rimen t , Run 4 

REA CT I ON T I ME AMMONIA pH  L- g l u  L- g lu 

( TN B S )  ( F LU O RE S CAM I N E )  

( mi n s ) ( mM )  ( mM )  ( mM)  

0 1 0  - o . 2 3·o 

2 7 6  - 0 . 2 1 4  1 . 5 3 6  

3 . 9 5 9 0  - 0 . 2 0 0  1 7  7 8  

( - 0 . 1 5 8 ) 

7 . 7 1 1 0 - 0 . 1 9 1  7 7 . 5  1 47 

( - 0 . 1 45 )  

1 5 . 1  1 1 5 - 0 . 1 7 9  15 9 2 8 9  

( - 0 . 1 4 0 )  

3 0  1 3 0  - 0 . 1 6 6  2 2 6  406  

( - 0 . 1 1 8 )  
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Tab l e 4 . 1 1 :  Summary o f  r e s u l t s  o f  hy d r o ly s i s exp e r imen t , Run 5 

REACT I ON T I ME AMMON I A  p H  L- g lu L- g l u 

( TN B S )  ( F LUORE S CAM I N E )  

( mins ) ( mM )  ( mM )  ( mM )  

0 0 1 . 8 4 2  0 . 8  3 . 2  

1 0  0 1 .  85 2 1 . 0 3 . 3 

2 4 . 5  0 . 3 6  1 . 8 6 5  1 . 0 3 . 6 

6 2  0 . 9 2  1 . 8 8 0  1 . 0 3 . 6 

2 5  2 2 . 0 8  1 . 9 2 5 1 . 3 3 . 9 

3 6 0  3 . 5 6  2 . 0 1 3 2 . 7  4 . 4  

Tab l e  4 . 1 2 :  S ummary o f  r e s u l t s o f  hy d r o ly s i s  exp e r im en t , Run 6 

REACTI ON T I ME AMMON I A  p H  L- g lu L- g lu 

( TNB S )  ( F LUORE S CAM I N E )  

( min s ) ( mM)  ( mM) ( mM)  

0 5 . 6 - 0 . 2 3 1  

2 1 0 . 8  - 0 . 2 2 8  ( 1 ) 3 . 4 

5 . 3 3  1 4 . 6  - 0 . 2 3 0  ( 1 )  4 . 5 

1 3  1 7 . 0  -0 . 2 3 0  ( 1 ) 9 . 8 

2 6  1 8 . 8  - 0 . 2 1 7  ( 1 ) 1 7 . 5  

6 0  2 1 . 8  - 0 . 2 2 4  3 3 3 . 4  

1 2 0  2 1 . 9  - 0 . 2 2 8  4 . 2 5 5 3 . 5  

2 4 0 2 2 . 2  - 0 . 2 2 0  1 0 . 2 5 6 9 . 2  

3 6 0  2 1 . 7  - 0 . 2 2 2  1 4 . 5  7 5 . 8  

( 1 )  N e g a t i v e  v a l u e s  o b t a in e d  
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T ab l e  4 . 1 3 :  Summ a r y  o f  r e s u l t s  o f  hy d r o ly s i s exp e r iment . Run 7 

REACT I ON T I ME AMMONIA p H  L- g l u  L- g l u  

( TNB S )  ( F LUO R E S CAMI NE)  

( min s ) ( mM )  ( mM )  ( mM )  

0 0 . 5 4 3 . 9 3 7  1 7  4 8  

1 0  0 . 3 6  3 . 8 9 8  1 4  3 7  

2 6  0 .  5 1  3 . 9 2 7 1 4  3 9  

6 0  0 .  7 2 3 . 9 8 8  1 5  4 0  

1 4 9 1 .  2 3  3 . 9 7 1 1 9  44 

3 6 0  1 . 9 2  4 . 0 3 0  1 7  4 1  
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T ab l e  4 . 1 4 :  S umm ary o f  r e s u lt s o f  hy d r o ly s i s  e xp e r i m e nt . Run 8 

REACT I ON T I ME AMMON IA p H  L- g l u  L- g l u  

( T NB S )  ( F LUORES CAMINE)  

( mins ) ( mM)  ( mM )  ( mM )  

0 3 5  - 0 . 2 9  0 2 0  

2 8 2  - 0 . 3 0 4  3 . 8  2 4  

4 . 7 1 4 1 - 0 . 2 8 9  7 . 5 6 0  

1 3  2 3 0  - 0 . 2  7 8 3 . 8  1 0 4  

26  3 26  - 0 . 2 6 0  1 8 . 8  2 6 0  

6 0  3 4 8 - 0 . 2 5 4  6 2 . 5  4 9 6  

T ab l e 4 . 1 5 :  S umm ary o f  r e s u lt s o f  hy d r o ly s i s  ex p e r im e n t . Run 9 

REACT I ON T I ME  AMMON IA pH L- g l u  L- g l u  

( TN B S )  ( FLUORE S CAMINE ) 

( min s ) ( mM )  ( mM )  ( mM )  

0 0 0 . 8 6 8  0 . 0 5 0 . 7 

1 0 . 5  0 . 1 2  0 . 8 6 8  0 . 1 0 1 . 0 8  

2 5 . 0  0 . 3 0  0 .  87 0 0 . 1 1 3 1 . 3 6  

6 0  0 . 5 6  0 . 86 9 0 . 0 3  1 . 7 8  

1 49 1 . 2 8  0 .  87 1 0 . 0 2 1 . 6 8  

3 6 0  2 . 5 9 0 . 87 3 0 . 0 9 1 . 8 8  
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T ab l e  4 . 1 6 :  S ummary o f  r e s u l t s  o f  hy d r o ly s i s exp e r imen t ,. Run 1 0  

REA C T I ON T I ME AMMON IA p H  L- g lu L- g l u  

( TN B S )  ( F LUORES CAM I NE)  

( mins ) ( mM )  ( mM )  ( mM )  

0 0 0 . 8 7 2  0 . 0 63  0 . 7 

( low s amp l e )  

2 1 . 0 0 . 8 7 5  0 . 7 5  2 . 6 

4 . 7  6 .  1 0 . 8 8 6  1 . 0 5 . 0 

1 3  1 3 . 9  6 . 9 0 7  2 . 4 4 1 1 . 0  

2 7  1 7 . 1  0 . 9 2 8  4 . 2 5 1 9 . 3  

6 0  1 9 . 0  0 . 9 3 5  8 . 9 4 3 7 . 0  

0 . 8 6 5  

Tab l e  4 . 1 7 :  S umma r y  o f  r e s u l t s o f  hyd r o ly s i s  exp e rime n t ,. Run 1 1  

I REACT I ON T I ME AMMONIA p H  L- g lu L- g lu 

( TNBS ) ( F LUORE S CAMINE)  

( mi n s ) ( mM )  ( mM) ( mM )  

0 7 • 2 0 . 9 0 5 2 . 0  5 7  

1 0  7 . 2 0 . 9 1 3  4 . 0  47 

2 5  7 • 3 0 . 9 1 5  3 .  25 3 0  

6 0  8 . 5 0 . 9 1 9 5 . 7 5  2 4  

1 4 9 1 2 . 4  0 . 9 2 9  5 .  25 2 0  

3 7 9  2 3  0 . 9 5 7  5 . 5 1 6  
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Tab l e  4 . 1 8 :  S ummary o f  r e s u l t s o f  hyd r o ly s i s  exp e r im e n t , Run 1 2  

REACT I ON TIME AMMON IA pH L- g l u  L- g l u  

( TNBS ) ( F LUORE S CAM INE)  

( mins ) ( mM )  ( mM)  ( mM )  

0 0 0 . 8 8 8  4 . 4  2 3 . 5  

2 1 4 . 4  0 . 9 8 2  6 . 0 2 8 . 3  

1 6 . 3  

4 . 7 6 1  1 .  2 0 2  9 . 5 4 . 6  

1 3  1 1 9 1 . 7 6 9  1 6  7 5  

1 2 6 6 4  

2 6  1 1 7 2 . 2 8 1  2 4  8 0  

1 2 2  

6 1  1 1 9  2 .  7 4 9  2 7  9 0  

1 45 

Tab l e  4 . 1 9 :  S ummary o f  r e s u l t s  o f  hyd r o ly s i s  exp e r im e n t , Run 1 3  

REACT I ON TIME AMMONIA p H  L- g l u  L- g lu 

( TNBS ) ( F LU O RE S CAMI NE)  

( mins ) ( mM )  ( mM) ( mM )  

0 0 0 . 9 1 0  4 . 25 1 6 . 5  

5 8 0 . 9 1 2 4 . 8 8 2 1 . 0  

1 2 . 5  1 8 . 6  0 . 9 43 5 .  25 2 0 . 3  

3 0  4 . 2 3 0 . 9 9 4  7 . 1 3  4 0 . 4  

7 4  5 6 . 5  1 .  07  3 1 0  3 3 . 5  

1 8 0  7 8 . 5  1 . 1 9 6  1 2 . 7 5  43 . 4  
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T ab l e 4 . 2 0 :  S ummar y  o f  r e s u l t s  o f  h y d r o ly s is exp e r i m e n t . Run 1 4  

REACT I ON T I M E  AMMON IA p H  L- g l u  L- g l u  

( TNBS ) ( F LU O RE S CAM INE ) 

( m in s ) ( mM )  ( mM)  ( mM)  

0 0 . 3 0 . 8 7 0  3 . 25 1 4 . 3  

5 8 . 1  0 . 8 8 7  3 .  25 1 5 . 5  

1 2 . 25 1 8 . 8  0 . 9 1 0  3 . 7 5  1 9 . 3  

3 0  3 2 . 5  0 . 9 5 5  4 . 25 2 0 . 5  

7 4  49 . 5  1 .  0 3 3  7 . 1 3  2 3 . 7  

1 8 3  8 0  1 . 1 7 2  9 . 5 3 8 . 2  

Tab l e  4 . 2 1 : S umm ary o f  r e s u l t s  o f  h y d r o ly s i s  e x p e r i m e n t . Run 1 5  

REACT I ON T I ME AMMON IA pH L- s l �  L- !j I u 

( TNBS ) ( F LUORE S CAMINE)  

( mins ) ( mM)  (mM )  ( mM)  

0 1 . 0  0 . 8 9 7  3 . 4 1 9 . 3  

5 5 . 0 0 . 9 0 7 4 . 6  2 4 . 5  

1 2 . 2 5 9 . 4 0 . 9 3 5  5 . 6 3 1 . 2  

3 0  1 8 . 2  1 . 0 0 5  7 .  2 3 0 . 8  

7 7  5 0  1 . 0 7 5  8 3 7 . 0  

1 8 0  6 8  1 .  2 3 5  1 2 . 5  5 2 . 0  



1 1 1  

The d a t a  f o r  t h e  d e t e rminat i o n  o f  N- t e rmin a l  ami n o  g r o u p s  

u s in g  f l u o r e s c amine  an d TNB S w e r e  c o r r e c t e d  f o r  t h e  e f f e c t  

o f  ammonia a s  d e s c r ib e d  i n  S e c t i o n s  3 . 6 and 3 . 8 .  The 

d e t a i l s  o f  the c o r r e c t io n  are in c l u d e d  in Ap p e n d ix 4 . 2 .  

F o r  e ach  exp e r iment  i t  w a s  f o und  t h a t  t h e  r e qu i r e d  

c o r r e c t i on  f o r  t h e  d e t e rminat i o n  o f  N- t e rmin a l  am i n o  g r o u p s  

u s ing f l u o r e s c am i n e was  n e g l i g ib l e  b ut f o r  d e t e rminat i o n  

us ing TNB S t h e  c o r r e c t i o n  was  s ub s t ant i a l .  

At l o w l e v e l s  o f  g l ut en t h e r e  w a s  s o me o v e r- c o r r e c t i on  a s  

o c c u r r e d  i n  T ab l e  4 . 1 2 .  The v a l u e s  o f  L-g l u  f r o m  u s in g  

TNB S w e r e  a p p r o x im a t e l y h a l f t h o s e  o b t ain e d  f r o m  u s ing 

f l u o r e s c amin e .  A l t h o ugh the d e t e rminat i o n  u s i n g  TNBS 

ap p e a r e d  to  f o l l o w the h y d r o l y s i s  o f  p e p t i d e  b o n d s  in a 

s at i s f a c t o ry mann e r . i t  w a s  d e c i d e d  n o t  t o  inc l u d e  t h e  d at a  

in f u r t h e r  an a l y s i s . Th i s  w a s  d u e  t o :  

(i )  

( i i) 

( i i i )  

l i t t l e  b en e f i t  f r o m  d u p l i c at i o n  o f  an a l y s i s  

t h e  u n s a t i s f a c t o ry amm o n i a  c o r r e c t ion  

t h e  ap p a r en t l y  c o r r e c t  numb e r  o f  p ep t i d e  b o n d s  

g i v en b y  t h e  d e t e rmin a t i o n  u s in g  f l uo r e s c amine  ( s e e  

S e c t i o n  4 . 7 . 3 )  

V a r i o u s  f e a t u r e s  o f  t h e  e x p e r imen t s  a r e  i l l u s t r a t e d  in 

Figur e s  4 ;3 a n d  4 .4  whi c h  show  d a t a  f r o m  Tab l e s  4 . 1 2  and  

4 . 1 8 .  

F i g u r e  4 . 3 shows  t h a t  wh e n  d e am i d at i o n  is  c omp l e t e  t h e  

p e p t i d e  b o nd  h y d r o l y s i s  r e ac t io n . a s  m e a s u r e d  b y  t h e  

f l u o r e s c amine r e a c t io n  a n d  t h e  c o n s ump t i o n  o f  h y d r o g en 

ions . c o n t inu e s . F i g u r e  4 . 4  s h o w s  t h a t  with a h i g h  l e v e l  

o f  g l u t en and a m o d e r a t e  l e v e l  o f  a c i d t h e  r e a c t i o n  

c o nt inue s unt i l  n e a r l y  a l l o f  t h e  a c i d  i s  c o n s um e d .  

4 . 5 . 2  D i s c u s s i o n  o f  s ome  un e xpe c t e d f e a t u r e s  o f  t h e  d a t a  

A l tho ugh mo s t  o f  t h e  d a t a  f o l l o w e d  t h e  exp e c t e d  p at t e r n  o f  

chan g e  with  t im e . t emp e r a t u r e  and  a c i d  c o n c ent r a t i o n .  t h e r e  
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w e r e  s o m e  e x c e p t i o n s  as  n o t e d  h e r e .  The exp e r im e n t a l  

c o n d i t i o n s  t o  whi ch r e f e r e n c e i s  m a d e a r e  s h own i n  Tab l e  

4 .5 . an d t h e  e x p e r im e n t a l  d a t a  f o r  runs  1 - 1 5 a r e  g i v en i n  

T a b  1 e s  4 .  7 t h r o u gh 4 . 2 1 .  Fur t h e r  r e f e r en c e  c an b e  m a d e  t o  

t h e  d e t a i l e d d at a  i n  Ap p en d i x  4 . 2  in t h e  a t t a c h e d  f i c h e .  

F o r  r u n s  2 .  4 .  6 .  a n d  8 .  t h e  i n i t i a l  l e v e l o f  amm o n i a i s  

g r e at e r  t h an t h e  exp e c t e d  z e r o  l e v e l .  Th i s  i s  a t t r i b u t e d  t o  

t h e  d e am i d at i o n  r e a c t i o n  b e g inn i n g  and c o nt in u i n g  d u r i n g  

t h o s e  t i m e s  a t  w h i c h  t h e  s a m p l e s  w e r e  h e l d  a t  r o o m  

t emp e r a t u r e .  T h i s  wo u l d  o f  c o u r s e  o c c ur  f o r  a l l s amp l e s 

b u t  i s  c l e ar l y  o b s e r v e d  in t h e  s amp l e s f r om t h e s e r un s  

wh i c h  a r e  tho s e  w i t h  2 M  a c i d .  S o m e  fur th e r  d i s c u s s i o n  o f  

t h e  ext ent  o f  r e a c t i o n  exp e c t e d a t  r o om t emp e r at u r e  i s  

g i v e n i n  Ap p e n d ix 4 .3 . O n e  o th e r  r u n  s h o w s  an  ap p r e c i ab l e  

i n i t i a l  l e v e l  o f  a m m o n i a ,  t h a t  i s  r u n 1 1  wh e r e  t h e  a c i d  

c o n c e n t r a t i o n  w a s  0 . 2 M .  Fo r t h i s  run t h e  r e a c t i o n  b o t t l e s  

w e r e  h e l d  o v e r n i gh t  i n  r e f ri g e r at e d  s t o r a ge  a n d  t h i s  e x t r a  

h o l d i n g  t im e  m ay h a v e  c o nt r i b u t e d  t o  t h e  am o un t  o f  ' b e n ch 

r e a c t io n '  exp e r i en c e d .  F o r  a l l o t h e r r u n s  s amp l ing t o ok 

p l a c e  imm e d i a t e l y a f t e r t h e  r e qu i r e d  p H  d e t e rm i n a t i o n s  h a d  

b e e n  m a d e .  T h e  e f f e c t  o f  t h i s  r e a c t i o n  o n  t h e  r e a c t i o n  

r at e  d e t e rm i n a t i o n s  i s  d i s cus s e d i n  S e c t i o n  4 . 8 . 1 . 1 .  

F o r  m o s t  o f  t h e  exp e r iment s t h e  l e v e l  o f  f r e e  am i n o  g r o up s .  

d e t e rmin e d  w i t h  t h e  u s e  o f  f l u o r e s c amin e i n c r e a s e s  

t h r o u g h o u t  t h e  e x p e r iment a s  e x p e c t e d .  F o r  r u n s  2 a n d  1 1 .  

h o w e v e r ,  th e l e v e l s  d e c r e a s e d  t h r o ugh o u t  t h e  exp e r im e n t . 

I n  r u n  2 t h e  f r e e  a m i n o  g r o u p s d e t e r m i n e d  w i t h  T N B S  a l s o  

d e c r e a s e d  b u t  i n  run 1 1  s h o w  a s l ight in c r e a s e .  B o t h  o f  

t h e s e r u n s  w e r e  a t  5 0 ° C  w h i c h  m e a n t  t h a t  t h e r e  w a s  l i t t l e  

r e a c t i o n  c omp a r e d  t o  tho s e  run s a t  high e r  t emp e r a t u r e .  Th e 

o th e r  run a t  5 0 ° C , run 1 a l s o  h a s  s o me o d d  f e a t ur e s .  He r e .  

t h e  c h a n g e  i n  amm o n i a  c o n c e n t r a t i o n  i s  ab o u t  0 . 1 5  m M .  which 

w o u l d  c o r r e s p o n d  t o  an i n c r e a s e f r om pH 3 . 2 t o  pH 3 . 3 .  

a s s um i n g  t h a t  1 m o l e  H+ i s  c o n s u m e d  f o r  1 m o l e  o f  N H3 
p r o du c e d , wh i c h  i s  wh at o c c ur s a l though t h e  p H  m e a s u r ement s 

i n  t h i s  run w e r e  p a r t i c u l a r l y  un s t ab l e  and  d i d  n o t  r e ach 
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s t e a dy v a l u e s . The chang e i n  f r e e  amino g r o up s .  howe v e r .  

o f  a p p r oximat e l y 5 m M  a s  d e t e rmi n e d  b y  f l u o r e s c amine  i s  

ap p a r ent l y  v e ry much l a r g e r  t h an t h e  chan g e  i n  ammoni a 

c o n c e n t r at i o n .  I t  f o l l o w s  t h a t  a l l o f  t h e  d a t a  f o r  

d e t e rminat i o n  o f  f r e e  am i n o  g r o u p s  u s ing f l u o r e s c amin e f o r  

run s  a t  5 0 ° C  mus t b e  t r e a t e d  w i t h  s ome c aut i o n .  A t  h i g h e r  

t emp e r a t u r e s  t h e  r e s u l t s  a p p e a r  t o  b e  mo r e  s e n s ib l e .  T h e  

e f f e c t  o f  th e s e  p r ob l em s  o n  t h e  r e a c t ion r a t e 

d e t erminat i o n s  a r e  d i s c u s s e d  in S e c t i on  4 . 8 . 1 . 2 .  

The d e t e rminat i o n  o f  N- t e rmin a l  g r o u p s  u s in g  TNB S  ga v e .  in 

e v ery c as e .  a u s e fu l  m e a s u r em e n t  wh i ch f o l l ow e d  t h e  

p ro g r e s s  o f  t h e  r e a c t i on . I t  c o u l d  b e  r e c ommen d e d  a s  a 

m e an s  o f  m o n i t o r ing  t h i s  t y p e o f  hy d r o l y s i s . The d a t a  

obt ain e d  a r e . h o w e v e r . a r e s u l t  o f  r e act i o n  w i t h  b o t h  N­

t e rmin a l  amino g ro u p s an d ammo n i a .  The c o r r e c t i o n  f o r  

ammon i a .  d i s c u s s e d i n  S e c t i o n  3 . 8 .  i nt r o d uc e s  s o m e  e r r o r  

into t h e  m e as u r ement s .  F o r  r u n s  2 and 6 t h e  c o r r e c t i o n  f o r  

ammoni a g a v e  n e g at i v e v a l u e s  f o r  c o n c ent r at i o n  o f  f r e e  

amin o g r o u p s .  F o r  r u n  9 t h e  d at a  w e r e  v e ry s c at t e r e d  a f t e r  

c o r r e c t i o n .  Ap a r t  f r o m  t h e s e  d i f f i c u l t i e s  t h e  d a t a  f o l l o w 

the  s am e  t r en d s  a s  f o r  t h e  d e t ermi n a t ion  w i t h  

flu o r e s c am i n e . 

Th e d i f f i c u l t y i n  d e t ermining  p H  in run 1 w a s  m e n t i o n e d  

ab o v e  an d s imi l ar d i f f i c u l t y  w i t h  s imi l a r  c i r c um s t an c e s  

i . e .  h i g h  p H  a n d  h i gh  g l u t e n  c o nc ent r a t i o n .  w a s  exp e r i e n c e d  

w i t h  r u n  7 w h e r e  t h e c h a n g e s  i n  amm o n i a  a n d  f r e e  N - t e r m i n a l  

g roup s a r e  n o t  m at c h e d  b y  a c o r r e s p o nding  chan g e  i n  p H . 

Th e e f f e c t  o f  th e s e  p r ob l em s  o n  r e a c t i o n  r a t e  ·d e t e rmin at i o n  

a n d  s t o i c h i o m e t r y  m e a s u r e m e n t s  a r e  d i s cus s e d  in S e c t io n s  

4 . 8 . 1 . 3 a n d  4 . 8 . 2 . 3 .  

4 . 6  An alys i s  o f  e xpe r im e n t a l  e r r o r  i n  hyd r o lys i s  e xp e r im en t s  

Th e d at a  p r e s en t e d  i n  Ap p e n d ix 4 . 2  s h ow t h e  s t an d a r d  d e v i at i o n  

o f  e ach s e t  o f  r e a d i n g s . A f u r t h e r  an a l y s i s o f  t h e  d a t a  w a s  



un d e r t ak en t o  t ry t o  s h o w  t h e  s o ur c e  o f  t h e  v a r i a t i o n .  

p o s s ib l e  s o u r c e s  o f  v ar i at i o n  c an b e  i d e n t i f i ed : 

1 1 6 

Th r e e  

( i )  b e t w e e n  d u p l i c at e  d e t e rmin a t i o n s  o n  o n e  s amp l e  f r om 

one b o t t l e  

( i i)  

( i ii)  

b e t w e en d u p l i c a t e  s amp l e s f r o m  o n e  b o t t l e  

b e t w e e n  b o t t l e s 

S ub s t an t i a l  v a r i ab i l i t y  w as n o t e d  i n  s o m e  init i a l  exp e r i m e n t s 

d e s c r ib e d  i n  S e c t i o n  3 . 3 . 2 .3 a n d  it  w a s  b e c a u s e  o f  t h i s t h a t  t h e  

l a r g e  numb e r  o f  d e t e rm i na t i o n s  at e a ch  p o int w a s  m a d e .  

Th e c au s e s  o f  t h i s  v a r i a t i o n  a r e  m any a n d  inc l u d e e r r o r s  in 

w e i g h i n g .  p ip e t t in g .  t iming . e t c .  Ob s e r v a t i o n s  d u r in g t h e  

e x p e r ime nt s s u g g e s t e d t h a t  t h e r e  might  b e  gr eat e r  v ar i a t i o n  du e 

t o  s amp l in g  f o r  d e t e rminat i o n  o f  N- t e rm i n a l  am i n o  g r o up s .  With 

s am p l e s wh e r e  t h e  g l u t e n  w a s  p r e s e n t  a s  a n u mb e r  o f  f l o e s .  o r  i n  

s om e  c a s e s  a s in g l e  b a l l  o f  d o ugh . t h e  numb er o f  f l o e s  c o l l e c t e d  

i n  a 0 .5 m l  s amp l e  v ar i e d  c o n s i d e r ab l y .  For t h e  amm o n i a  

d e t e rm inat i o n  t h e r e  w a s  l i t t l e  e f f e c t  s in c e  t h e  ammo n i a  w a s  

e nt i r e l y i n  t h e  l i qu i d  p o r t i o n  o f  t h e  s amp l e  wh e r e a s  t h e  p r o t ein 

m e a s u r e d  i n  d e t e rm i n a t i o n  o f  N- t e rmin a l  amino g r o u p s  is  p ar t l y  

c o n t a i n e d  i n  t h e  s o l i d .  

T o  quan t i f y  t h e  v a r i a t i o n  c aus e d  b y  t h e s e  e f f e c t s  t h e  t e chnique 

o f  h i e r a r c hi c a l  an a l y s i s  o f  v ar i an c e  w a s  used  ( D a v i e s . 1 9 6 7 ) .  

T h i s i s  a m e t h o d  o f  a n a l y s i n g  t h e  v a r i a n c e  t o  w h i c h a r e s p o n s e 

i s  s ub j e c t  i n t o  i t s  v a r i o u s  c omp o n e n t s c o r r e s p o n d in g  t o  t h e  

s o u r c e s  o f  v a r i a t i o n  wh i c h  c an b e  i d e n t i f i e d .  T o  a p p l y t h i s  

an a l y s i s  t h e t o t a l  d a t a s e t s  f r o m  .t h e  ammoni a a n d  N- t e rmin a l  

amino g r o u p  d e t e rmin a t i o n  u s ing f luo r e s c amin e w e r e  c o n s i d e r e d .  

Th e c a l c u l a t i o n s  w e r e  m a d e  w i t h  t h e  a i d  o f  t h e  S TAT S AN O V A  

s t a t i s t i c a l  p ac k a g e  a v ai l ab l e  o n  th e N e w  Z e a l and  D a i r y  R e s e a r ch 

I n s t it ut e ' s  c om p u t e r  s y s t em .  

Tab l e  4 . 2 2  s h o w s  h o w  t h e  h i e r a r chy o f  v arian c e  i s  c a l c u l at e d .  

Tab l e s 4 . 2 3  a n d  4 . 2 4  s h o w  t h e  c a l c u l a t e d  v a l u e s  f o r  t h e ammonia  
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Tab l e  4 . 2 2 :  Quant it i e s  c a l c u l at e d in  hierachi c a l  ana l y s i s  o f  
vari ance  

1 5  r uns  
6 t imes  
2 b ot t l e s  
2 s amp l e s 
2 d e t erminat ions  

Ana lysis  o f  Variance  ( if  a l l r un s  and  t imes  wer e r andom) 

S our c e  d f  

Runs 1 4  

Time s 5 

Runs x Time s 7 0  

Bot t l e s within 
t ime s 9 0  

S amp l e s  within 
bo t t l e s 1 8 0 

Det e rminat ions  within 
s amp 1 es 3 6 0  

Quant ity e s t imat ed  b y  M S  

<1 2 + d 26s 
2+ 46c, 

2 + 

cd d 
2 + 2 cSs 

2 + 4� 2 

6 2 + 26 2 + 4 6 2 
d s b 

d 2 + 2 d 2 
d s 

dd
2 

ad 2 + t 

+ 8 dt 
2 

4 B4
2 



I 
I 
I · · 
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and  N- t e rmin a l  amino g ro u p  d e t e rm i n a t i o n  d at a .  F r om t h e s e  d at a .  

e s t im a t e s  o f  t h e  s t an d a r d  d e v i a t i o n  i d e n t i f i e d  b y  c om p o n ent , 

i . e .  f o r  d e t e rm i n at i o n s .  s amp l in g  o r  b o t t l e s , w e r e  c a l c u l a t e d .  

The s e  s t an d a r d  d e v i a t i o n s  c an n o t  b e  t e s t e d  f o r  s i g n i f i c ant  

d i f f e r en c e s  f r om e a c h  o t h e r  u s i n g  the  F t e s t , wh i c h  is  u s u a l l y 

u s e d  w i t h  t h i s  t e ch n i q u e , b e c au s e t h ey a r e  n o t  r e a l ly 

i n d ep e n d en t . F o r  t h i s  r e a s o n ,  t h e  f o l l o wing a p p r o a c h  w a s  

a d o p t e d .  F i r s t , c o n f i d e n c e  int e r v a l s  w e r e  c a l c u l a t e d  f o r  e a ch 

s t an d a r d  d e v i a t i o n  u s in g  the t e chni que g i v en b y  D a v i e s  ( 1 9 6 7 ) .  

Th e c a l c u l at e d v a l u e s  a r e  shown  i n  Tab l e  4 . 2 5  and d e t a i l s  o f  t h e  

c a l c u l at i o n  i n  Ap p e n d ix 4 . 4 .  T h e s e  d at a  m ak e  p o s s ib l e  a 

c o mp a r i s o n  o f  s t an d a r d  d e v i at i o n s  w i t h i n  e a ch t y p e o f  

d e t e rminat i o n .  Th en , t o  c omp a r e  v a r i a t i o n  b e t w e e n  t y p e s  o f  

d e t e rmin a t i o n  a c o e f f i c i e n t  o f  v a r i at i o n  was c a l c u l at e d ,  i . e .  

t h e  s t an d a r d  d e v i a t i o n  e xp r e s s e d  a s  a p e r c ent a g e  o f  th e 

a r i t hm e t c  m e an .  I n  t h i s  ins t an c e  t h e  m e an us e d  i s  t h a t  f o r  a l l  

d at a  a s  s h o w n  i n  T ab 1 e s  4 . 2 3 a n d  4 . 2 4 .  When t h e  c o n f i d en c e  

int e r v a l s  a r e a l s o  c a l c u l at e d ,  T ab l e  4 . 2 5 , i t  c a n  b e  s e e n  that : 

( i )  t h e  v a r i at io n  f o r  s amp l e s  a n d  b o t t l e s f o r  N- t e rmin a l  

( i i )  

4 . 7  

amin o  g r o u p  d e t e rminat i o n  us i n g  f l u o r e s c am i n e  i n d i c at e s  

t h a t  t h e  d i f f i c u l t i e s  e x p e r i en c e d  in s amp l in g  f l o c c u l at e d 

m a t e r i a l  ap p e a r  t o  h a v e  h a d  a s ub s t ant i a l  e f f e c t  o n  t h e  

un c e r t a i n t y  o f  t h e  e s t im a t e d  v a l u e s  

th e r e  i s  s ig n i f i c ant l y  g r e at e r  d i f f e r e n c e b e t w e e n  b o t t l e s  

t h a n  f o r  s am p l in g  o r  d e t e rmin at i o n s  f o r  t h e  ammo n i a  

d e t e rm i n at i o n .  Th i s  m a y  r e f l e c t  mino r d i f f e r e n c e s  in 

t im i n g  i n  v e r y  f a s t  r e a c t i o n s  o r  p o s s ib l y  s m a l l amoun t s  

o f  g l u t e n c a u g h t  u p  o n  t h e  w a l l s  o f  t h e  b o t t l e  a n d  

t h e r e f o r e  e f f e c t i v e l y  r emo v e d  f r o m the  r e a c t i o n .  

D e t e rm i n a t i o n  o f  i n i t i a l  c o n c e n t r at i ons o f  p ept i d e  and 

ami d e  b on d s  

Re a c t i o n  k i n e t i c s  a r e  u s u a l l y  d e s c r ib e d  in t e rms  o f  t h e  init i a l  

c o n c ent r a t i o n  o f  t h e  r e a c t an t s .  I n  t h i s  ins t an c e  i t  w a s  

n e c e s s ar y  t o  d e t e rmin e t h e  i n i t i a l  o r  t o t a l  c o n c e n t r a t i o n s  o f  



Table 4.23:  Values calculated by analysis of variance of ammonia determination data 

SOURCE 

RUN 

TIME 

Error = run x t ime 

BOTTLE 

Error = 

RunxB+TxB+RxTxB 

SAMPLE 

Error 

Subsamples 

M issing cell estimates: 

DF (M.V.)  

1 4  

5 

70 

1 

88( I ) 

1 

1 77(2) 

344 

Cel no. 

1 38 

Estimated value 

265 

266 

1 92.42 

-0.23 

0.23 

Estimated overal l mean 1 8 1 .20 

s.s. ( 1 )  

309 1 1 2.88 

1 03976.06 

537 1 37.50 

906.30 

1 3866.67 

29. 1 2  

5067.25 

4235.28 

Note ( I ) Raw data was multiplied by 1 00 and SS and MS by I 0,000 

M.S.S.( l )  

22079.49 

20795. 2 1  

7673.39 

906.30 

1 57.58 

29. 1 2  

28.63 

1 2.3 1 

F RATIO 

2.88** 

2 .7 1 * 

5.75* 

1 .02 ns 

MS D F  

1 65.99 89 

(bottles) 

28.63 1 78 

(samples) 

1 2. 3 1 344 

(assays) 

� 



1 20 

T ab l e  4 . 2 4 :  V a l u e s  c a l c u l at e d b y  ana l y s i s  o f  v a r i a n c e  f o r  

d e t e rmina t i o n  o f  N- t e rminal  amino g r o u p s  u s ing  

f l uo r e s c am i n e  

S OURCE D F  ( MV) s s  M S S 

RUN 

T I ME 

E r r o r  

B OTTLE 

Er r o r  

SAMPLE  

Error  

1 4  3 7 8 0 2 8 . 5 0  2 7 0 0 2 . 0 4  

5 6 8 1 5 0 . 9 8  

6 7  ( 3 )  1 4 3 5 5 7 . 47 

1 43 8 . 1 9 

8 4 ( 5 )  2 0 1 1 1 . 8 3 

1 2 3 . 9 0 

1 6 9 ( 1 0 )  1 7 8 0 2 . 1 3 

1 3 6 3 2 . 2 0 

2 1 4 2 . 6 5 

43 8 . 1 9 

2 3  9 .  4 3  

S ub s am p l e s  3 4 2 1 0 7 7 . 0 0 

2 3 . 9 0 

1 0 5 . 3 4  

3 . 1 3  

M i s s i n g  c e l l e s t imat es : 

C e l l  n o .  E s t imat e d  v a l u e  

4 9  0 . 1 9  

5 0  - 0 . 1 9  

5 1  0 . 1 9  

5 2  - 0 . 1 9  

7 3  0 . 1 9  

7 4  - 0 . 1 9  

7 5  . 0 . 1 9  

7 6  - 0 . 1 9  

9 3  0 . 1 9  

9 4  - 0 . 1 9  

9 5  0 . 1 9  

9 6  - 0 . 1 9  

1 1 3 0 . 1 9  

1 1 4  - 0 . 1 9  

F RAT I O  

1 2 . 6 0 * * *  

6 . 3 6 * * *  

1 . 8 3 n s  

0 . 2 3 n s  

M S  d f  

2 4 1 . 7 6 5 8 5  b o t t l e s  

1 0 4 . 8 5 9  1 7 0 s amp l e s  

3 . 1 5  3 4 2 as s ay s  



1 9 4  

2 6 1  

2 6 2  

2 6 7  

1 1 . 6 4  

0 . 1 9  

- 0 . 1 9  

5 1 . 3 7  

E s t imat ed o v e r a l l  m e an 

1 2 1  

4 2 . 7 0 
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T ab l e  4 . 25 :  C o e f f i c i e nt o f  v a r i at ion  a n d  c o n f i d e n c e  i nt e r v a l s  

f o r  s o ur c e s  o f  v ar i a t i o n  i n  d e t e rminat ion o f  

amm o n i a  a n d  N- t er m i n a l  amino g r ou p s u s ing 

f l u o r e s c am i n e  

D e t e rm inat i o n  S o u r c e  

Amm o ni a  D e t e rmina t i o n s  

Amm o n i a S am p l e s  

Amm o n i a B o t t l e s  

N- t e rminal  D e t e rm ina t i o n s  

ami n o  
" 

" 

g r o up s  

S am p l e s  

B o t t l e s  

M e an  f o r  amm o n i a  = 1 8 1 . 2 

M e a n  f o r  N- t e rmi na l = 42 . 7  

a m i n o  gr o up s 

C I  CV ( % )  CI  

3 . 5 1  ( 3 . 2 6  3 .  8 2 )  1 . 9 4  ( 1 . 8 0 . 2 . 1 1 )  

2 . 3 5 4  ( 2 2 2 7 . 3 4 3 5 ) 1 . 5 8  ( 1 . 2 6 . 1 . 9 0 )  

5 . 8 6 2  ( 4 9 2 5 . 6 9 7 7 ) 3 . 2 4  ( 2 . 7 2 . 3 . 8 5 )  

1 . 7 7 5  ( 1 . 6 5 . 1 . 9 3 ) 4 . 1 6 ( 3 . 8 6 . 4 . 5 2 )  

7 .  13  ( 6 . 3 2 . 8 . 0 9 )  1 6 . 7  ( 1 4 . 8 0 . 1 8 . 7 6 ) ' 

5 . 85  ( 4 . 42 . 7 . 4 2 )  1 3 . 7 0  ( 1 0 . 3 5  . 1 7 . 3 8 )  

( r aw d a t a  m u l t ip l i e d  b y  1 0 0 ) 

No t e : Th e c o e f f i c i e nt o f  v ar i at i o n  i s  t h e  s t an d a r d  

d e v i a t i o n  e x p r e s s e d  a s  a p e r c e nt a g e  o f  t h e  

a r i t hm e t i c  m e a n  



1 23 

ami d e  and p e p t i d e  b o n d s  a v ai l ab l e  f o r  hy d r o l y s i s .  Thi s  w a s  

a c hi e v e d  b y  t ak i n g  e a c h  r e a c t i o n  t o  c o mp l e t i o n  a n d  m e a s ur i n g  t h e  

ammoni a o r  N- t e rmin a l  amino g r o u p s  i n  e a c h  c a s e .  

4 . 7 . 1  D e t e rmin a t i o n  o f  t o t a l ava i l ab le  p ept i d e  b o n d s  

Approximat e l y 1 0  mg o f  g l u t en w e r e  p l ac e d  i n  a v a c uum 

hy d r o l y s i s  t ub e  ( P i e r c e Ch em i c a l . R o ck f o r d  I l  • •  U S A) . Th e 

g l ut en w a s  weighed  exac t l y us ing a 5 f ig u r e  an a l y t i c a l  

b a l a n c e .  T w o  m l  o f  6 M  H C l  w e r e  a d d e d  an d t h e  t u b e w a s  

s e a l e d a n d  h e l d  f o r  2 4  h o u r s  a t  1 0 8 ° C . Wh en  c o o l e d .  t h e  

a c i d  a n d b l a ck r e s i d u e  w e r e d r aw n  o f f  an d t h e  t u b e . w a s  

rins e d  s e v e r a l  t im e s .  The a c i d  and r ins i n g s  w e r e  adj u s t e d  

t o  ap p r o x im a t e l y  p H  2 w i t h  8 M  N a O H  a n d t h e  v o l u m e  m a d e  u p  

t o  25 .0  m l .  From t h e  f l a sk c o nt aining  t h e  2 5  m l . 0 .5 m l  

w e r e  w i t h d r awn a n d  d i l u t e d  w i t h  4 . 5  m l  o f  b u f f e r  s o l ut i o n  

which w a s  p r e p a r e d  f r o m  0 .5 m l  o f  0 . 2 1 25 M p h o s ph a t e b u f f e r  

at  p H  8 . 2  a n d  4 . 0  m 1 1 . 0%  S D S  s o  1 u t  i o n .  S amp  1 e s  o f  v arying 

s i z e  w e r e  t ak e n  f r o m  t h i s  d i l u t i o n  a n d  t h e  n u mb e r  o f  N­

t e rmin a l  amino g r o u p s  d e t e rmin e d  us i n g  f l uo r e s c am i n e  a s  

d e s c r ib e d  in S e c t i o n  2 . 6 . 1 .  The r e s u l t s  o f  t h e  an a l y s i s  

a r e  g i v e n  i n  Tab 1 e 4 . 2 6 .  Dat a f o r  t h e  p r e p ar a t i o n  o f  t h e  

s t an d a r d  c ur v e  a r e  in c l u d e d  in t h e  a t t a c h e d  f i c h e  a s  

App endix 4 .5 .  Th e p e ak h e ight an d s amp l e  s i z e  d a t a  w e r e 

p l o t t e d  a s  sh own i n  Figur e 4 .5 t o  c h e ck f o r  l ine a r i t y .  The 

v ariat i o n  in th e c a l c u l a t e d  L- g l u t am i c  a c i d  c o n t e n t  s h o wn 

in Tab l e  4 . 26  r e f l e c t s  t h e  un c e r t a i n t i e s  o f  t h e  s t an d a r d  

c u r v e .  T h e  l a s t  3 f i g ur e s . i . e .  f o r  t h e  h i gh e s t  s amp l e  

s i z e s . c o r r e s p o nd  t o  t h e  mid- r an g e  o f  t h e  s t an d a r d  c u r v e .  

Th e i r  m e an was  t ak e n  f o r  c a l c u l a t i o n  o f  t h e  a v a i l ab l e  

p ep t i d e b o nds  as  s h own in t h e  l o w e r  p ar t  o f  Tab l e  4 . 2 6 . 

4 . 7 . 2  D e t e rminat i o n  o f  t h e  l e v e l  o f  fre e amino gr o ups in 

glu t en 

The d e t e rminat i o n  o f  t h e  t o t a l  n umb e r  o f  f r e e  ami n o  g r o u p s  

a f t e r  t o t a l  hy d r o l y s i s . d e s c r ib e d  i n  S e c t i o n  4 .7 . 1 .  i s  n o t  

t h e  numb e r  o f  f r e e  amino g r oup s a v a i l ab l e  f o r  hy d r o l y s i s  
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Tab l e 4 . 2 6 :  P e ak h e i gh t s  and e qu i v a l ent c on c e n t r a t io n  o f  L-

g l ut am i c  a c i d  r e s u l t in g  f r om t o t a l  h y d r o l y s i s  o f  

d u p l i c a t e  s amp l e s  o f  g l u t en 

SAMP LE P EAK HEI GHT L- GLU I N  P EAK HEI GHT L- GLU I N  

S I ZE S AM P LE A HYD ROLY S I S SAMPLE B HYD ROLY S I S  

( u l )  

1 0  

5 0  

1 0 0  

1 5 0 

2 0 0  

( mm )  

7 

7 

2 8  

2 8  

5 3  

5 4  

7 8  

7 8  

1 0 2  

1 0 1  

( mM)  

7 0  

6 2 . 5  

6 2 . 5  

6 4 . 5  

6 6 . 9  

M e an v a l u e  o f  l a s t  t h r e e  6 4 . 6  

m e a s u r em e n t s 

( s t a n d a r d  d e v i a t i o n )  

Mo l e s o f  L- g l u in  t o t a l  

w e i g h t  o f  s amp l e  

To t a l  m o l e s  · d i v i d e d  b y  

s amp l e  w e i g h t  

= m o l e s  p e r  g r am 

( 2 . 2 )  

- 4  1 . 2 9  X 1 0  

1 . 2 9  X 1 0- 4  

1 .5 3 5  X 1 0- 2 

8 . 40  X 1 0- 3  

( mm)  

6 

6 

1 9  

1 9  

3 6  

3 7  

5 5  

5 3  

7 0  

7 0  

( mM )  

6 0  

4 1 . 5  

4 1  

42 . 3  

42 . 5  

4 1 . 9  

( 0 . 8 )  

-5 8 . 3 8  X 1 0  

8 . 3 8  X 1 0-5 

1 . 0 7 0  X 1 0- 2  

- 3  7 . 83  X 1 0  

Th e m e a n  v a l u e  w a s  t ak e n  a s  8 . 1 2  x 1 0 - 3  m o l e s p e r g r am 

A f t e r  c o r r e c t i o n  f o r  the init i a l  l e v e l  o f  f r e e amino  g r o u p s  in 

g l u t en ( 1 . 9 2  x 1 0- 4 m o l e s  p e r  g r am) . the v a l u e  u s e d  f o r  

f u r t h e r  c a l c u l at i o n s  w a s  7 . 9 3  x 1 0- 3 mo l e s  p e r  g r am .  
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Figure 4 . 5  Plot of peak height against sample 
concentration to check for linearity in 
measurement of total peptide ronds available 
for acid hydrolysis of gluten. 
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s in c e  t h e r e  a r e  s o m e  f r e e  amin o g r o up s  in g l u t e n ,  that  i s , 

t h e  N- t e rmin a l  g r o up s o f  the  o r i g ina l p r o t e i n s . This  

i n i t i a l  l e v e l  c an be  s e e n  in F i g ur e s  4 .3  and  4 . 4 .  The 

i n i t i a l  v a l u e s  f r o m  a l l  15 d a t a  s e t s ,  Tab l e s  4 . 7  t o  4 . 2 1 ,  

w e r e  t ak en and  r e du c e d  t o  a c ommon c o n c e n t r at i o n .  Th e m e an 
- 4  v a l u e  w a s  f o u n d  t o  b e  1 . 9 2  x 1 0  m o l e s p e r g r am w i t h  a 

s t a n d a r d  d e v i a t i on  o f  0 . 8 8  x 1 0- 4  mo l e s p e r g r am .  This 

v a l u e was s ub s t r a c t e d  f r o m  the v a l u e o b t a i n e d  by t o t a l  

hy d r o l y s i s  a s  f in a l l y  s h own i n  Tab l e  4 . 2 6 .  

4 .  7 • 3 D e t e rmin a t i o n  o f  t o t al ava i l ab l e  a mi d e  b o n d s  

Th e m e t h o d  u s e d  w a s  e s s e n t i a l l y  t h a t  d e s c r ib e d  f o r  g l u t e n  

hy d r o l y s i s  i n  S e c t i o n  4 . 4 .  Th e m e t h o d i s  a l s o  t h e  s am e  a s  

t h a t  d e s c r ib e d  by  L e a c h  a n d  P a rkhi l l  ( 1 9 5 5 )  e x c e p t  t h a t  it  

w a s  f o un d  to  be  m o r e c o n v en i e n t  to  c arry out  the  hy d r o l y s i s  

a t  9 0 ° C  in s t e a d o f  us ing a b o i l ing w a t e r  b a t h .  Two 

s e p ar at e  exp e riment s w e r e  c o n d u c t e d  and t h e  r e s u l t s f r om 

Run 6 ( s e e T ab l e  4 . 1 2 ) w e r e  a l s o  i n c l u de d .  E a ch r e a c t i o n  

b o t t l e  c o n t a i n e d  0 . 05 0 0  g o f  g l u t e n  with w a t e r  a n d  H C l  

a d d e d  t o  m ak e  5 . 0 m l  o f  2 . 0 M  H C l  a s  d e s c r ib e d  in S e ct i o n  

4 . 3  a n d  w a s  h e a t e d  f o r  2 ,  4 ,  o r  6 h o u r s . D u p l i c a t e  b o t t l e s 

w e r e  r e a c t e d  f o r  e a ch t im e .  Amm o n i a  ana l y s i s  o f  s amp l e s  

f r o m  t h e  b o t t l e s was  d o n e  t w i c e  in s e p ar at e  d e t e rminat i o n s  

c a r r i e d  o u t  a s  p r e v i o u s l y  d e s c r ib e d .  F o r  t h e  f i r s t  

d e t e rminat i o n  dup l i c at e s amp l e s  w e r e  tak e n  f r o m  e a ch 

b o t t l e ,  but f o r  the s e c o nd  d e t e rminat ion o n l y  s in g l e  

s amp l e s  w e r e  t ak e n .  Th e s amp l e s  w e r e  d i l ut e d  wi t h  4 . 5  m l  

b u f f e r  wh i c h  was  p r e p a r e d  f r om 0 .5 m l  o f  0 . 2 1 25 M pho s ph a t e  

b u f f e r  and  4 . 0  m l  wat e r .  D a t a  f o r  p r e p a r a t i o n  o f  the  

s t an d a r d  c u r v e  a r e  in c l u d e d  in t h e  a t t a c h e d  f i c h e  as 

Ap p e n d ix 4 . 6 . Th e r e s u l t s  o f  t h e s e d e t e rm i n a t i o n s  ar e 

s h own in Tab l e  4 . 2 7 . The  v a l u e u s e d  f o r  f u r t h e r  

c a l c u l a t i o n  w a s  2 . 0 x 1 0 - 3  m o l e s o f  a m i d e  p e r  g r am o f  

g l ut e n .  

4 . 7 . 4  D i s c u s s i o n  o f  i n i t i a l  c o n c e n t r at io n  d e t e rminat i o n s  

Th e v a l u e s  f o r  the  numb e r  o f  p e p t i d e  b o n d s  a r e  n o t  ab s o l u t e  

i n  t h e  s a m e  w a y  a s  t h e  v a l u e f o r  a m i d e  b o n d  c o n t e n t  o f  
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T ab l e 4 . 2 7 :  Ab s o rb an c e  ( A3 4 0 ) and c o n c e n t r a t i o n  o f  amm o n i a  

r e s u l t in g  f r o m  c o mp l e t e  d e amidat i o n  o f  g l u t en 

REA CT I ON B OTTLE A BOTTLE  A BOTTLE B BOTTLE B 

T I ME SAM P LE A SAMP LE B SAMP LE A SAM P LE B 

ANALY S E S  ANALY S E S  ANALY S E S  ANALY S E S 

( h ) 

2 

4 

6 

2 

4 

6 

1 .  7 48 

1 . 7 6 0  

1 .  7 8 4 

1 . 7 6 3 

1 0 7 8 7  

1 .  7 1 3 

1 .  7 1 6 

1 . 7 8 0  

1 .  7 2 8 

1 .  7 6 9  

1 . 7 5 2  

1 . 6 9 0  

1 . 7 5 7  

1 . 7 5 1  

1 .  7 07  

1 . 7 6 5 

1 . 6 8 3 

1 .  6 8 2  

1 . 7 7 0  

1 .  7 7 6  

1 .  7 6 1  

1 . 7 5 7  

1 . 6 9 8  

1 . 7 6 9 

BOTTLE A BOTTLE A B OTTLE B BOTTLE B 

ANALY S I S  ANALY S I S  ANALY S I S  ANALY S I S  

a b a b 

1 .  7 46  1 . 7 3 7  1 . 6 8 3  1 . 7 2 3 

1 .  6 8 7  1 .  7 2 8  1 .  7 0 7 1 .  6 8 5 

1 .  7 0 9 1 .  7 3 8  1 . 6 7 6  1 . 6 7 4  

MEAN AMMON IA 

( S TANDARD IN  SAM P LE 

D EVIAT I ON )  

1 . 7 5 7  

( 0 . 0 2 0 )  

1 .  7 5 4  

( 0 . 0 25 ) 

1 . 7 2 2  

( 0 . 0 4 1 ) 

1 . 7 2 2  

( 0 . 0 2 0 )  

1 . 7 0 2  

( 0 . 0 2 0 )  

1 . 6 9 9  

( 0 . 0 3 0 )  

( mM)  

1 9 . 1  

1 9 . 2  

2 0 . 3  

1 9 . 8  

2 0 . 4  

2 0 . 5  

The v a l u e u s e d  f o r  f u r t h e r  c a l c u l at i o n  w a s  2 0  m M  t h a t  i s , 
-3 2 . 0 x 1 0  m o l e s  p e r g r am 
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g l u t e n .  T h e  f a c t o r s  a f f e c t ing  t h e  TNBS  and f l u o r e s c amine  

a s s ay s  w e r e  d i s c u s s e d  in  S e c t i o n s  2 . 6 . 1 . 1  a n d  2 . 6 . 2 . 2 .  T h e  

e x t e n t  t o  w h i c h  t h e  v a l u e s  a r e  c o r r e c t  c a n b e  c h e c k e d  b y  

c o n s i d e ri n g  t h e  r a t i o  o f  ami d e  t o  p e p t i d e  b o n d s  s in c e  amino 

a c i d a n a l y s i s  s h o w s  t h a t  a b o u t  3 0 % o f  t h e  p r o t e i n  i s  

g l u t amin e ( M a c Rit c h i e . 1 9 7 9 ) . I t  f o l l o ws t h a t  t h e  

p r o p o r t i o n  o f  am i d e  t o  t o t a l  p e p t i d e  b o n d s  s h o u l d  b e  ab o u t  

t h i s  f i g u r e .  

T h e  v a l u e s  d e t e rm i n e d  a r e  on  a n  " a s  i s "  b a s i s . t h a t  i s . n o t  

c o r r e c t e d  t o  a m o i s t u r e  f r e e  b a s i s .  T o  c om p a r e  w i t h  o t h e r  

i n v e s t i g a t o r s t h e  d at a  c an b e  s t a t e d  o n  a t o t a l  p r o t e i n  

b as i s . 

N o w  t o t a l  p r o t e�n = t o t a l  n i t r o g en * 5 . 6 2  

= 1 2 . 6 ( % )  

= 7 0 . 8% 

* 5 . 6 2  

t h e r e f o r e  1 0 0  g p r o t e i n  i s  c o n t a i n e d  i n  1 4 1  g g l u t e n  

( 1 )  

( 2 )  

Th e v a l u e  o f  5 . 7 i s  u s u a l l y u s e d  f o r  c on v e r s i o n  o f  t o t a l  

n i t r o g e n  ( % )  t o  p r o t e i n  ( % )  f o r  wh e at f l o u r  a n d  g l ut en .  A 

r e c en t  s t u dy  ( M o s s e  e t  a l . 1 9 8 5 )  s ug g e s t e d  a v a l u e o f  5 . 6 2  

w a s  m o r e  ap p r o p r i a t e an d t h i s  h a s  b e en  u s e d  h e r e  i n  

e quat i o n  ( 1 )  ab o v e .  The t o t a l  n i t r o g en v a l u e  c om e s f r o m  

T a b l e  4 . 1 .  

-3 Now  t h e  ami d e  b on d  c o n t en t  o f  t h e  g l ut en w as 2 . 0  x 1 0  

m o l e s  p e r  g r a m o f  g l u t e n f r o m  T a b l e  4 . 2 7 • i t  f o l l o w s  t h a t  

a m i d e  b o n d  c o n t e n t  c a n b e  e x p r e s s e d a s  2 8 2  m M  p e r  1 0 0 g o f  

p r o t e i n .  Th i s  i s  v e r y  s i m i l a r t o  t h e  v a l u e  o f  2 7 9 m M  p e r · 

1 0 0 g o f  p r o t e i n  d e t e rm i n e d  b y  Wu e t  a l  ( 1 9 7 6 ) . 

- 3  N o w  t o t a l  ami d e  b o n d s  a r e  2 . 0  x 1 0  mo l e s  p e r  g r am and 

t o t a l  p e p t i d e  b o n d s  by a n a l y s i s  u s in g  f l u o r e s c amin e a r e  

7 . 9 3  X 1 0- 3  1 Th . h . f m o  e s  p e r  g r am.  a t  1 s . t e p r o p o r t 1 o n  o 

am i d e  b o n d s  s ug g e s t e d  b y  th e s e  f i g u r e s  i s  a p p r o x i m a t e l y 

2 5 % . I t  f o l l ows  t h e r e f o r e .  t h a t  t h i s  f i g u r e  m o r e  n e ar l y  
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r ep r e s ent s t h e  c o r r e c t  v a l u e t h an a na l y s i s  u s ing TNB S whi c h  

i nd i c a t e s  l e s s  than h a l f  the  numb e r  o f  p e p t i d e  b o n d s .  

4 . 8  An a lys is  o f  exp e r iment a l  d e s ign and fit t i ng o f  k in e t i c  

mo d e l s  

4 . 8 . 1  Init i a l  r at e  d e t e rm inat i o n  

O f  t h e  v a r i o u s  m e t h o d s  s u i t ab l e  f o r  t h e  ana l y s i s o f  k i n e t i c  

d at a .  t h e  ana l y s i s  o f  init ia l r e a c t ion r a t e s  w a s  c h o s e n 

( L e v e n s p i e l .  1 9 7 2) . Th e init i a l  r e a c t i o n  r a t e i s  

u n c o mp l i c a t e d  by  f a c t o r s  s u ch as  p r o duct  inhib i t i o n o r  

c h an g e s  o f  m e c han i s m  whi c h  may o c c u r  in t h e  c o ur s e  o f  a 

r e a c t i o n .  S e v e r a l  au t h o r s  h a v e  p o in t e d  out  t h e  p o s s ib i l ity 

of  changes  in r e a c t i o n  r a t e c o e f f i c i e nt s for  the  h y d r o l y s i s  

o f  p e p t i d e  b o nds  a s  t h e  h y d r o l y s i s p r og r e s s e s .  M u c h  o f  

t h i s  w o rk w a s  r e v i ew e d  b y  L e a c h  ( 1 9 5 3 ) . 

Examinat i o n  o f  r e a c t i o n  p r o g r e s s  c u r v e s . e . g .  Figur e s  4 .3 

a n d  4 . 4 .  s h o w e d  t h a t  v i s u a l f it t in g  o f  s l o p e s  was f e a s ib l e .  

V i s u a l  f i t t ing was  u s e d  w i th t h e  int ent i o n  o f  us ing a 

c a l c u l at io n-b a s e d  m e t h o d  i f  n e c e s s a ry .  

4 . 8 . 1 . 1  D et e rminat i o n  o f  init i a l  rat e o f  ami d e  b on d  

hyd r o lys is  

Graphs  were  m a d e  of  e a c h  s e t of  ammo n i a  vs  t im e  d a t a .  

f r o m  Tab l e s  4 . 7  t o  4 . 2 1 .  Th e l e n gth o f  e a c h s c a l e  was  

s t r e t ch e d  o r  c omp r e s s e d  as ap p r o p r iat e so  that t h e  

init ia l r a t e  o f  amm o n i a  ap p e a r an c e  c o u l d  b e  c o nv e n i e n t l y  

m e asur e d .  Aft e r  t h e  f i r s t  s e t o f  me a s ur em ent s w a s  

t e s t e d  f o r  f it t o  t h e  k ine t i c  m o d e l  ( s e e  S e c t i o n  

4 . 8 . 2 . 1 )  it  was f o und t h a t s o me m e as u r em en t s s t o o d  out  

a s  o d d  r e s u l t s .  Th e s e  w e r e  r e- e x amin e d .  Th e p l o t s  o f  

amm oni a a g ain s t  t im e  f o r  t h e s e  d a t a  a r e  s h own i n  Figur e s  

4 . 6 . 4 . 7 . a n d  4 . 8 .  Th e d a t a f o r  Run 7 .  F i g ur e 4 . 6 . a r e  

c o n fus e d  b y  the  a p p a r e n t ly h i gh v a l u e  f o r  t h e  init i a l  

c o n c ent r a t i o n  o f  amm o n i a .  
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T h e  d a t a  f o r  R u n  8 a n d  R u n  6 g a v e  h i g h f i r s t  e s t i m a t e s  

o f  r e a c t i o n  r a t e  b e c au s e t h e  t a n g ent w a s  f o r c e d  t h r o u gh 

the o r i g i n .  I t  i s  l ik e l y t h a t  a t  th e s e  h i gh e s t  a c i d  

c o n c ent r a t i o n s  a s ub s t ant i a l  amo unt o f  "b e n c h  r e a c t i o n "  

t o ok p l a c e  b e t w e e n  a c i d  a d d i t i o n  and s amp l i ng . ( S e e  the  

c a l c u l at i o n s  in A p p e n d i x  4 . 3 ) . Th e r a t e s  w e r e  t h e n  

r e v i s e d  a s  s h own in F i g u r e s  4 .  7 a n d  4 . 8 .  The r e s u l t s  o f  

this  r e as s e s s m e n t  a r e  s hown i n  T ab l e  4 . 2 8 . 

I t  is  a s s um e d  t h a t  t h e  a p p e a r an c e  o f  amm o n i a  i s  

e quiv a l en t  t o  t h e  h y d r o l y s i s  o f  am i d e .  Th e r e  d o e s  n o t  

ap p e ar t o  b e  any m e as u r ab l e  ammo n i a  p r o du c t i o n  f ro m  

b r eak d o wn o f  N- t e rmin a l  am ino a c i d s  as  w a s  s u g g e s t e d  b y  

Leach and  P a rkhi l l  ( 1 9 5 5 ) .  Thi s is  s h o wn b y  t h e  d a t a  on  

t o t a l  hyd r o l y s i s  o f  ami d e  g r o up s in S e c t i o n  4 . 7 . 3  and  in  

F i g u r e  4 . 3 .  

4 . 8 . 1 . 2  D e t e rminat i o n  o f  t h e  i n i t ial  r at e o f  pept i d e  

b o n d  hyd r o lys i s  

A l l t h e  m e a s u r e m e n t s  w e r e  b a s e d  o n  as s e s s m ent  o f  p e p t i d e  

b o n d  hy d r o l y s is d e t e rmined  u s i n g  f l u o r e s c amin e .  A 

s imi l ar t e chnique t o  that  u s e d  f o r  finding  t h e  i n i t i a l  

r a t e  o f  ami d e  b o n d  h y d r o lys i s  w a s  u s e d . t h a t  i s  p l o t t in g  

and m anu a l  f i t t in g  o f  t an g e n t s .  The r at e  m e a s u r e m e n t s  

o b t ai n e d  a r e  s hown i n  T ab l e  4 . 2 9 .  A f t e r  t h e  init i a l  

m e a s u r e m en t s  w e r e  t e s t e d  f o r  f i t  t o  th e k i n e t i c  m o d e l i t  

was  f o u n d  t h a t  s o me m e a s urement s s t o o d  o u t  a s  o d d  

r e s u l t s .  The s e  v a l u e s  w e r e  a s s o c i a t e d  w i t h  e i t h e r :  

( i ) 

o r  ( i i )  

r u n s  w i t h  a h i g h  i n i t i a l  p H  a n d / o r  r e a c t i o n  a t  

5 0 ° C  

r at e s  t h a t  w e r e  gu e s s e s  b e caus e o f  e rr a t i c  d a t a  

In  t w o  c a s e s . r u n s  2 a n d  1 1 .  t h e  d at a  s ug g e s t  a 

d e c r e a s i n g  l e v e l  o f  f r e e  amino g r ou p s  as  d i s c u s s e d  i n  

S e c t i o n  4 . 5 . 2 .  He r e .  two  v e ry  l o w r at e s  w e r e  in s e r t e d  

a s  g u e s s e s  i n  t h e  d at a  o f  T ab l e  4 . 2 9 .  High p H  d i d  n o t  
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T ab l e  4 . 2 8 :  R e v i s i o n  o f  init i a l  r e a c t i o n  r at e  e s t im a t e s  f o r  

s o m e  amm o n i a  e v o l u t i o n  d a t a  

EX P ERIMENT 

1 Exp e rim e n t  7 .  Run 7 

Exp e r im e n t  8 .  Run 8 

�xp e r im e n t  5 .  Run 6 

F I RS T  E S T I MATE 

( mM/min . )  

1 . 0 6  X 1 0- 2  

1 7 7  

3 4 . 7  

REVI S ED E S T IMATE 

( mM/ m in . )  

4 . 1 2  X 1 0 -3  

3 0 . 3  

4 . 0 5 



·able 4.29:  Reaction rates and reaction rate constants calculated from init ial  rate measurements 
--

tUN pH aH+ 
.JO. (g:..mole/1) 

3. 1 5  7.079x l 0 -4 

-0. 1 79 0. 1 5 1 0  

3 .2  6.3 1 0x l 0  -6 

-0. 1 74 1 . 493 

1 .84 0.0 1 45 

-0.229 1 . 694 

3 .9  1 . 259x 1 0  -4 

-0.295 1 .972 

0.866 0. 1 36 

1 0  0.87 1 0. 1 35 

1 1  0.905 0. 1 24 

1 2  0.88 0. 1 32 

1 3  0.90 0. 1 26 

1 4  0.870 0. 1 35 

1 5  0.897 0. 1 27 

AMIDE 
(g-mole/1} 

0. 1 50 

0. 1 50 

0. 1 50 

0 . 1 50 

0.20 

0.020 

0 .280 

0.280 

0.020 

0.020 

0.280 

0.280 

0. 1 50 

0. 1 50 

0. 1 50 

RATE 
(g-mole/ ! .sec) 

7 .63x 1 0 -9 

6.35x 1 0 -5 

1 .33x 1 0  -6 

3 . 1 0x 1  0 -3 

3 .35x 1 0 -7 
' -4 5 .78x l � 
1 . 77x 1 0  -7 

2.95x 1 0  -3 

1 .88x 1 0 -7 

2 .78x 1 0-5 

7.67x 1 0  -7 

2 .25x 1 0 -4 

2.95x 1 0  -5 

2 .23 x 1 0  -5 

1 . 52x 1 0  -5 

k 1 /T 
(Amide) (0�- 1 ) 

7. 1 8x l  0 -5 3.096x l 0 -3 

2 .80x l 0 -4 3.096x 1 o-3 

1 . 4 1 x 1 0  -2 2 .48 1 x  1 0
...:3 

1 .38x l 0 -2 2 .48 1 x 1 0  -3 

1 . 1 6x 1 0  -3 2 .755x 1 0  -3 

1 .99x 1 0  -3 2 .755x 1 0  -3 

1 . 9i+x 1 0  -3 2 .755x l 0  -3 

9. 1 6x l 0  -4 2.'755x l 0  -3 

6.9 1 x 1 0  -5 3.096x I 0 -3 

1 .03x I 0 -2 2 .48 1 x 1 0  -3 

2 .2 1 x 1 0  -5 3.096x 1 0 -3 

6.09x 1 0 -3 2 .48 1 x 1 0  -3 

1 .56x 1 0  -3 2 .755x 1 0  -3 

1 . 1  Ox 1 0  -3 2. 755x 1 0 -3 

7.98x 1 0  -4 2. 755x 1 0 -3 

L/glu 
(Peptide) 

0.595 

0.595 

0.595 

0.595 

0.079.3 

0.0793 

1 . 1 1 0  

1 . 1 1 0  

0.0793 

0.0793 

1 . 1 1 0  

1 . 1 1 0  

1 . 595 

0.595 

0.595 

RATE 
(g-mole/l .sec) 

4.03x i'0-7 

1 . 67x 1 0  -7 

1 .07x 1 0  -5 

-4 3. 1 5x l 0  · 

1 .73x 1 0 - I  

1 .23x 1 0  -5 
' -6 1 .60x 1 0  

• -lL 
1 . 49x 1  0 · 

1 .08x 1 0  -6 

1 . 6 1  X 1 0  -5 
' -7 1 .67x 1 0  

1 . 32x 1 0  -4 

1 .05x 1 0  -5 

4 .75x 1 0  -6 
' -5 1 .92x 1 0  

k � 
(Peptide) dt 

-4 -6 9 .58x l 0  4. 1 67x l 0  
-7 -7 1 . 86x 1 0 6 .  944x 1() 

2.55x 1 0  -2 -4 
1 . 873. 1 0  ' 

3 .55x 1 0  -4 1 . 1 1 1  X 1 0  -4 

1 . 50x l 0 -4 1 . 938x 1 0  -5 

-5 -7 9 . 1 6x 1  0 ' 4 .630x 1 n 
-2 -6 1 . 1 4x 1 0  - 3.704x 1 0  
-4 -5 6.8 1 x 1 o 5.oonx 1 o 
-4 -7 l .OOx 1 0 2 .3 1 5x I 0 

1 . 50x 1 0-3 6 . 1 50x i 0-5 

-6 -6 1 . 2 1 x 1 0  7 .209x 1 0  

9.0 1 x 1  0 -4 1 .357x 1 0 -3 

1 .40x 1 o-4 6.859x 1 o-5 

5.9 l x 1 0-5 5 .4 1 7x 1 o-5 
· 

2 .54x l 0 -4 8.247x 1 0 -5 

D[H+] 
dt 

(g-mole/l.sec) 

(;. 8 1 2x l 0  -9 

2.LL I 4x l 0  -6 

2 .72 1 x 1 0  -7 
_lL 

3 .8 1 9x l o  

5.470x 1 o-2 
1 . 806x 1 0 -6 

1 .07 5x 1 0  -9 

2 .268x 1 0 -4 

7 .249x 1 0 -R 

1 . 9 1 2x l 0  -5 

2 .05&x 1 o-6 
4. 1 24x 1 0 -4 

1 .990x 1 0 -5 

1 .684x 1 0  -5 

2.4 1 2x 1 0  -5 

\,.) \J1 
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c au s e  a p r o b l em w i t h  am i d e  r a t e c a l c u l a t i o n s  f o r  t h e  

s am e  e x p e riment s .  

An a l t e rnat i v e  a n a l y s i s  w a s  t h e n  at t emp t e d .  A l l o f  t h e  

d a t a  f o r  N- t e rm i n a l  a m i n o  g r o u p s d e t e rmin e d  w i t h  

f l u o r e s c amin e .  e xp r e s s e d a s  c o n c ent r at i o n  o f  t h e  

d e t e rm i n at i o n  s t a n d a r d  L- g l u .  w e r e  d i v i d e d  b y  t h e  

c o n c en t r a t i o n  o f  g l u t en s o  t h a t  t h ey w e r e  a l l  r e d u c e d  t o  

t h e  e qu i v a l e n t  o f  exp e r iment s a t  1 . 0%  w / v g l u t e n .  The s e  

d a t a  w e r e t h e n  p l o t t e d  f o r  e a c h  i n i t i a l  a c i d  

c o n e  en  t r a t i o n  a s  s ho wn i n  Fi g u r e s  4 . 9 . 4 . 1 0  a n d  4 . 1 1 .  

Th i s  t e ch n i q u e  e n ab l e d e s t imat e s  o f  r e a c t i o n  r a t e  t o  b e  

m a d e  f o r  e a c h  c o mb in a t i o n  o f  i n i t i a l  a c i d  c o n c e n t r a t i o n .  

a n d  r e a c t i o n  t emp e r at u r e .  exc ep t f o r  t h e  c o n d i t i o n  2 M .  

5 0 ° C  wh e r e  t h e  d a t a  w e r e  j u d g e d  t o  b e  t o o  un c e r t ain f o r  

a r e a s o n ab l e  e s t imat e t o  b e  m a d e .  Th e r a t e  e s t imat e s  

o b t a i n e d  f r o m  t h i s  a l t e rn at i v e  t e chniqu e a r e  s h own in 

T ab l e  4 . 3 0 .  

F o r  k in e t i c  a n a l y s i s o f  t h e s e d a t a .  an init i a l  p H  v a l u e  

w a s  r e qu i r e d .  Th e v a l u e  i n  e a c h  exp e r i m e n t  v a r i e d  

b e c au s e o f  t h e  v a ry in g  g l u t en c o n c e nt r a t i o n s .  The  

v a l u e s  w e r e  t ak e n  f r o m  Tab l e  4 . 2 9  and  an a l y s e d  a s  s h o wn 

i n  T ab l e 4 . 3 1 .  T h e  m e an v a l u e  in e a c h  c e l l .  a s  s h o wn in 

T ab l e  4 . 3 2 .  was  u s e d  f o r  th e k i n e t i c  a n a l y s i s .  

4 . 8 . 1 . 3 D et e rm i n a t i o n  o f  in i t i a l  r a t e o f  hyd r ogen i o n  

c o n s umpt i o n  

T h e  p H  v s  t im e  d a t a .  f r om T ab l e s  4 . 7  t o  4 . 2 1 .  w e r e  

p l o t t e d  a n d  a n  i n i t i a l  r a t e  o f  d p H/ d t  d e t e rm i n e d .  

N o w  d p H/ d t = d / d t - l o g 1 0  [ H+ ] 

a n d  t h e  r u l e  f o r  d i f f e r ent i a t i o n  i s  

d / dx l o g  u = 1 / u  l o g  e d u / d x  a a 

S o d p H / d t  w a s  c o n v e r t e d  t o  d [ H+ ] / d t  u s i n g  
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T ab l e  4 . 3 0 : P e p t i d e  b o n d  hy d r o ly s i s  r at e s  by a l t erna t iv e  analy s i s  

RATE ( m M / min)  

Temp ( ° C) 

A c i d  S t r e n g t h  

( M )  

2 . 0 

0 . 2  

0 . o  2 

5 0  

- 4  6 . 9 4x 1 0  
- 4  3 . Ox l  0 

9 0  

0 .7 
- 2  S . Ox 1 0  

-3  3 . 9 6x 1 0  

1 3  0 

2 .9 

0 .9 1 3 
- 2  4 .7 5 x 1 0  



T ab l e  4 . 3 1 :  D e t e rmination o f  t h e  m e an init i a l  p H  f o r  

a l t e rn a t i v e  a n a l y s i s  

Temp ( ° C) 

A c i d  S t r ength 

( N) 

2 . 0 

0 . 2  

0 . 0 2  

5 0  

0 . 9 0 5 

0 .  8 6 6 

3 . 1 5  

9 0  

- 0 . 2 2 9  

- 0 . 2 9 5  

0 .  8 7 0 

0 . 9 0 

0 . 8 9 7  

1 . 8 4 * 

3 . 9 

1 4 1  

1 3 0  

- 0 . 2 2 9  

0 . 8 8 

0 . 87 1 

3 . 2 

* S l o p e  in Figur e 4 . 1 1  t ak e n  thro ugh t h i s  s e t  o f  d a t a  o n l y  



T ab l e  4 . 3 2 :  C a l c u l at ion  o f  r e a c t i o n  r a t e c o e f f i c i ent s f o r  

a l t e rnat i v e  an a ly s i s  

REA CT I ON RATE [ H+ ] CON CENTRAT I ON k 1 / T  

MEAN O F  P E P T I D E  ( CALCULATED ) 

( M .  - 1  s e c  ) ( M )  ( M )  ( mo l e  - 1  - 1  s e c  ) ( o K- 1 ) 

1 . 1 6 x 1 0  - 8  0 . 1 3 0  7 . 9 3 x 1 0  - 2  1 . 1 25 x 1 0  - 6  3 . 0 9 6 x 1 0  

5 . 0 0x 1 0  - 9  7 • 0 8x 1 0- 4  ( 1 )  7 . 9 3x 1 0  - 2  8 . 9 0 6 x 1 0  -5  3 . 0 9 6x 1 0 

1 . 1 7 x 1 0  - 5  1 . 8 3 7 . 9 3x 1 0  - 2  8 . 0 6 2x 1 0 -5  2 . 7 5 5 x 1 0  

8 . 3 3x 1 0  - 7  0 . 1 2 9  7 . 9 3 x 1 0  - 2  8 . 1 43 x 1 0  - 5  2 . 7 5 5 x 1 0  

6 .  6 Ox 1 0 - 8  0 . 0 1 4  7 . 9 3 x 1 0  - 2  5 . 9 45 x 1 0 -5  2 . 7 5 5 x 1 0  

4 . 8 3x 1 0  -5  1 . 6 9  7 . 9 3 x 1 0  - 2  3 . 6 0 4x 1 0  - 4  2 . 48 1x 1 0  

1 . 5 2x 1 0  - 5  0 . 1 3 3  7 . 9 3x 1 0  - 2  1 . 4 4 1 x 1 0  - 3  2 . 48 1x 1 0  

- 3  

- 3  

-3  

-3  

-3  

-3  

-3  

7 . 9 2x 1 0  - 7  6 . 3 1x 1 0- 4 ( 1 )  7 . 9 3x 1 0  - 2  1 . 5 8 3 x 1 0  - 2  2 . 48x 1 0  - 3  

N o t e ( 1 )  High  p H  v a l u e s  omit t e d  
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Th e s e  d a t a  ar e s hown in Tab l e  4 . 2 9 . 

No c o r r e c t i o n  w a s  at t em p t e d  f o r  t h e  a p p a r e n t l y  o d d  d a t a  

o f  Ru n s  1 a n d  7 .  d i s c u s s e d  i n  S e c t i o n  4 . 5 . 2  o r  f o r  t h e  

e f f e c t s  o f  c h ang e s  i n  h y d r o g en i o n  a c t i v i t y  o r  e l e c t r o d e  

e r r o r  a s  di s u c s s e d i n  S e c t i o n  4 . 2 .5 .  Th e d a t a  i n  Tab l e  

4 . 2 9  t h e r e f o r e  r e p r e s e n t  t h e  r a t e  o f  c h ang e o f  m e a s u r e d  

hy d r o g e n  i o n  a c t i v i t y .  

4 . 8 . 2  Kin e t i c  a n a lys i s o f  t h e  expe r iment a l  d a t a  

Th e r a t e  d a t a w e r e  f i t t e d  t o  t h e  v a r i o u s  m o d e l s  d e t a i l e d  

b e l ow .  Either  s t e p w i s e  o r  s imp l e  r e g r e s s i o n  w a s  u s e d ,  a n d  

was  a c c om p l i s h e d  u s ing M i n i t ab , a g e n e r a l  p u r p o s e  

s t a t i s t i c a l  p a c k a g e .  a v a i l ab l e  o n  t h e  New Z e a l and D a i ry 

Re s e a r c h  I n s t it u t e ' s  c o mp u t e r  s y s t e m .  

Th e m o d e l s  f i t t e d  w e r e :  

( i )  

Rat e = B0 + B 1 a + B2b + B3 c + B4 a 2 + B5 b 2 + B6 c 2 + B7 ab + 

B8b c  + B9 ac  

i . e .  a g e n e r a l  f i r s t  gu e s s  m o d e l  wh i c h  c o n s i d e r s  e a c h  

v a r i ab l e .  s qu ar e s  a n d  t w o - w ay in t e r a c t i o n s  

For  t h e s e  exp e r i m en t s .  a .  b .  c t ak e  t h e  v a l u e  - 1 .  o .  1 a s  

shown in t h e  exp e riment a l  d e s i gn . T ab l e  4 . 5 . 

( ii )  

l o g 1 0  Rat e = B0 • B 1 --------- - - - - - - ( as ab o v e ) 

( i i i )  

l o g 1 0  Rat e = B 0 

o r  

l o g 1 0  Ra t e  = B 0 + B 1 ( pH) + B 2 1 0 0 0 / t ( ° K) +B3 l o g 1 0  [ P e p t i d e ]  



i . e .  f i t t ing  t o  t h e  m o d e l 

Rat  e = k 1 [ Am i d e  ] [ H + ] 

o r  

Rat e = k 2 [ P e p t i d e ]  [ H+ ] 

1 44 

i . e .  t h e  d a t a  a r e  f i t t e d t o  t h e  mo d e l exp e c t e d  f r om a 

c o n s i d e r a t i o n  o f  t h e  hy d r o l y s i s  o f Qm i d e s  a n d  p e p t i d e s  a s  

d i s c u s s e d  i n  S e c t i o n s  1 . 2 . 2 ,  1 . 2 . 3 ,  1 . 2 . 4 ,  a n d  1 . 2 . 5 .  

wh e r e  k = k e 0 

- E  . 1  
R T 

That  i s , t h e  e f f e c t  o f  t em p e r a t u r e  o n  r e a c t i o n  r a t e i s  

t ak e n  t o  b e  r e p r e s e n t e d  b y  Arrh e n i u s ' Law a s  d e s c rib e d  by  

this  e qu a t i o n  ( Le v en s p i e l ,  1 9 7 2 ) . 

( iv)  log  k = B + B 1 1 0 0 0 / T ( ° K )  e o 

wh e r e  k i s  c a l c u l a t e d  f r om  

k = Rat e /  [Ami d e ]  [ H+ ] 

o r  k = Ra t e / [ P e p t i d e ]  [ H+ ] 

...:4...:._8...:._2...:•...:1:.._......:..A;....n_a--'-l .... y_s...:�;.:..· .;:...s o f t h e ammo n i a  r at e d a t  a 

The  r a t e d at a  f r om T ab l e  4 . 2 9  w e r e  f i t t e d with  t h e  

r e g r e s s i on e qu a t i o n s  s h own i n  Tab l e  4 . 3 3 .  Al s o  s h own in 

Tab l e  4 . 3 3  is  the R2 , t e rm by t e rm,  wh i c h  ind i c at e s  

t h e  p r o p o r t i o n  o f  t h e  t o t a l  v ar i anc e e x p l a in e d  b y  t h e  

i n c l u s i o n  o f  e a ch  t e r m  wh en e n t e r e d  in t h e  o r d e r  g i v e n .  

Th e t o t a l  R 2 c a n a l s o  b e  c o r r e c t e d  f o r  t h e  n u m b e r  

o f  d e g r e e s  o f  f r e e d o m  a n d  i t  i s  t h i s  c o r r e c t e d  v a l u e  

wh i c h  s h ou l d  b e  us e d  t o  c omp a r e  t h e  f i t  o b t a i n e d  b e t w e e n  

e qu a t i o n s  w i t h  d i f f e r e n t  n umb e r s  o f  t e r m s . 

a r e  a l s o  i n c l u d e d  i n  T ab l e s  4 . 3 4 and 4 .3 5 .  

S imi l a r d a t a 



iable 4 .33:  Regression equations for analysis of amide bond hydrolysis rate data. Ammonia evolution data is tested for  fit to 

various models 

..10DEL DESCRIPTION 

•it to original design with first 

neasurement of rates 

·type {ii) analysis 
2 � for each term (%) 

:;-it to model with first 

neasurement of rates 

·type ( i i i )  analysis 
2 � for each term (%) 

::-it to original design with revised 

neasurement of rate 

-type (Hi )  analysis 

� 2 for each term (%) 

::-it to model with revised 

neasurement of rates 

-type ( i i i )  analysis 
R 2 for each term (%) 

. •  5 2 2 Rate x 1 0  = 2.2 + 83.6 Acid + 4 1 . 1  Temp + 32. 1 Gluten + 79.4A - 2.5T + 

R 2 

(%) 

6.6G2 + 75.9 A*T + 59.3 A * G + 4.9 T * G 89.8 

36.3 45.0 50.4 65.5  65.5 65.7 80.6 89.7 98.8 

Log 1 0  (Rate x 1 05) = 1 1 .8 - 1 . 04 pH - 3.50 ( 1 000/PK) + 0.869 log 1 0  [Amide] 93 .5  

l ine A 

63.0 87.7 93.5 

Log 1 0  (Rate x 1 05) = 0.333 + 1 . 83 Acid + 1 .06 Temp + 0.243 Gluten + 0.0 1 8A 2 

0.497T2 - 0.096G2 - 0. 1 09 A * T + 0.246 A * G + 0.07 5 T * G 99.3 

7 1 .0 94.7 95.9 96.0 98.3  98.4 98.5 99.2 99.3  

5 * * Log 1 0  (Rate x 1 0  ) = 1 1 .5 - 0.985 pH - 3.45 ( 1 000/PK) + 0.899 log 1 0  [Amide] 97 . .  5 

l ine B 
63.5  90.5 97.5 

R2 

corrected 

for d.f.  

(%) 

7 1 .4 

9 1 . 7 

97.9 

96.9 

L.O.F. 

test 

s ( 1 %) 

s (5%) 

n.s. 

n.s. 

� V. 



k vs 1 /T(°K) from 

revised rate data 

-type ( i i )  analysis 

in  arith m etic form 

log 1 0 k = 1 5 .5  - 8.07 ( 1 000/PK) 

\ 

(* - coefficients tested for significant difference from 1 .00 - both not significant) 

9 1 . 7 9 1 .0 

l i ne C 

n.s .  

.&::­(]'\ 
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T h e  f i r s t  a t t e mp t a t  a n a l y s i s  w a s  t o  f i t  t o  a g e n e r a l  

m o d e l ,  typ e ( i) ab o v e .  Th e c a l c u l a t i o n  s h ow e d  t h a t  

whi l e  e a ch o f  t h e  v a r i ab l e s  w a s  hi gh l y  s i gn i f i c ant t h e r e  

w a s  s i g ni f i c ant l a ck o f  f i t  ( LOF) . ( S e e  Ap p e nd ix 4 . 7  

f o r  a n  examp l e  o f  t h e  i n f o rm a t i o n  g e n e r at e d  b y  t h e  

M in i t ab p r o g r am a n d  c a l c u l a t i o n  o f  LOF) . Th a t  i s , a l l 

t h e  v a r i ab l e s  a f f e c t e d  t h e  r e a c t i on r a t e b u t  t h e  mo d e l  

w a s  i n a p p r o p ria t e .  A d i r e c t  f i t  o f  t h e  r a t e d a t a  t o  t h e  

exp e c t e d k i n e t i c  m o d e l ,  t y p e  ( i i i) w a s  a t t em p t e d .  This 

g a v e  a mu c h  b e t t e r ,  a l t h o u gh f a r from p e r f e c t ,  f it .  Th e 

M in i t ab p r o g r am ind i c a t e s  d a t a p o int s w h i c h  � a v e  a p o o r  

f i t  i n  r e l a t i o n  t o  t h e  r e s t o f  t h e  d a t a .  A t  t h i s  p o in t  

t h e  o r i g in a l  d a t a  w e r e  r e- e x am i n e d  a n d  t h e  - r a t e s  f o r  

r o w s  1 ,  3 a n d  4 r e v i s e d  a s  d e s c r ib e d  i n  4 . 8 . 1 . 1 .  W i t h  

t h e s e  r e v i s e d  r a t e s  t h e  f i t t in g  p r o c e d u r e  w a s  r e p e a t e d  

f o r  t y p e  ( i i i )  and a n  ex c e l l en t  f it w a s  o b t a i n e d .  A s  a 

f u r t h e r  c h e ck ,  a typ e ( i i)  an a l y s i s  w a s  m ad e .  Her e t o o ,  

t h e  f i t  w a s  exc e l l en t  w i t h  mo s t  o f  t h e  v ar i an c e  

exp l a i n e d  b y  the  f i r s t  t h r e e  t e rms o f  t h e  e qu a t i o n .  

Thi s s u g g e s t s  t h a t  a mu l t i p l i c a t i v e  m o d e l ,  a s  i n  t h e  

t y p e ( i i i) a n a l y s i s  i s  l ik e l y t o  b e  ap p r o p r i a t e .  A 

f u r t h e r  t e s t  f o r  f i t  t o  t h e  p r o p o s e d  m o d e l  i s  

a p p r o p r i a t e f o r  t y p e  ( i i i)  ana l y s i s .  Th at i s  t o  t e s t  

t h e  c o e f f i c i e nt s i n  t h e  e q u at i o n  whi c h  s h o u l d  b e  e q u a l  

t o  o n e , f o r  s i gni f i c an t  d i f f e r e n c e  f r om o n e .  Th i s  w a s  

d o n e  u s ing  t h e  t t e s t , d e t a i l s  a r e  g i v e n  i n  Ap p e n d ix 4 . 8  

and , a s  n o t e d  in T ab l e  4 . 3 3 ,  n o  s i gni f i c an t  d i f f e r en c e  

w a s  f o und . This r e s u l t  s h o ws t h a t  t h e  e qu a t i o n  

r e s u l t ing f r om t h e  t y p e ( i i i) ana l y s i s  c o u l d  b e  

r ew r i t t en a s  

Rat e = 

wh e r e  

_k - [ H+ ] [Am i d e ]  

- E . l  
B. T 

k = k e 0 
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d e s c r ib ing  t h e  i n i t i a l r a t e o f  hy d r o l y s i s  o f  a m i d e  b o n d s  

i n  g l ut e n .  A f i r s t  o r d e r  d e p e n d e n c e  on hy d r o g e n i o n  a n d  

amid e c o n c e n t r a t i o n  i s  d e m o n s t r a t e d .  with t emp e r a t u r e  

d e p e n d e n c e d e s c r i b e d  b y  Arrh e n i u s  Law. 

T h e  d a t a p o i n t s  w e r e  t h e n u s e d  t o  c a l c u l a t e  k f o r  e a c h  

r u n  a s  s h o w n  i n  T ab l e  4 . 2 9 . A t y p e ( i v)  an a l y s i s  w a s  

m a d e  a n d  a n  e x c e l l e nt f it o b t a i n e d .  Th e e qu a t i o n s  f r om 

t h e  t y p e ( i i i )  a n d  typ e ( i v )  a n a l y s e s  wer e p l o t t e d  a s  

s h o wn in  F i g u r e  4 . 1 2 .  F o r  t h e  t y p e  ( i ii)  a n a l y s i s  t h e  

p r o c e d u r e  w a s  t o  u s e  t h e  e q u a t i o n  t o  c a l c u l at e  r a t e  

v a l u e s  at  t w o  t em p e r at u r e s .  T h e  r e a c t i o n  r at e  

c o e f f i c i e n t  w a s  t h e n  c a l c u l a t e d  b y  as s uming 

Rat e = k [Ami d e ]  [ H+ ] 

Now F i g u r e  4 . 1 2  s h ows t h a t  t h e  e f f e c t  o f  t emp e r a t u r e  o n  

t h e  r e a c t i o n  r a t e  c o e f f i c i en t  k c an b e  d e s c r i b e d  b y  

Arrhen i u s  Law 

- E . 1  
R T 

i . e .  k = k e 0 

o r .  a s  p l o t t e d  

l n  k = l n  k E . 1  0 
R T 

- E 

I t  f o l l o w s  t h a t R i s  t h e  s l o p e  o f  t h e  l i n e  i n  F i g u r e  

4 . 1 2  a n d  t h e  a c t i v a t i o n  e n e r g y  E c an b e  c a l c u l a t e d s in c e  

t h e  v a l u e  o f  R .  t h e  i d e a l  g a s  l aw c o n s t ant . i s  known.  

Th e c a l c u l a t e d  v a l u e  was  f o un d  t o  b e :  

f o r  L i n e  B i n  F i g u r e  4 . 1 2  

E = - 1 1 5 7 3 0  c a l o r i e s . m o l 
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Reaction rate coefficients for amide bond hydrolysis 
plotted to show that the rate data can be represented 
by Arrhenius ' Law. 
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A l l l in e s  in Fi g u r e  4 . 1 2  h a v e  s imi l a r s l o p e  a n d  Line B 

i s  t h e  mo s t  r e l i ab l e  a s  s h o wn i n  Tab l e  4 . 3 3 .  

D e t a i l s  o f  t h e  c a l c u l a t i o n  o f  t h e  ac t i v a t i o n  e n e r gy a r e  

s h o w n  i n  A p p e n d ix 4 . 9 . 

4 . 8 . 2 . 2  An a lys i s  o f  t h e  N- t e rm i n a l  amino gr o up r a t e  

d a t a  

Th e r a t e d a t a f r om Tab l e  4 . 2 9  w e r e  fi t t e d  t o  t h e  v ar i o u s  

r e g r e s s i on  e qu a t i o n s  f o l l owing t h e  p r o c e d u r e d e v e l o p e d  

f o r  t h e  ami d e  r at e  d a t a .  The r e s u l t s a r e  . s h own i n  Tab l e  

4 . 3 4 .  Th e f i t .  a s  m e a s u r e d  b y  R2 is  p o o r e r  t h an 

t h a t  f o r  t h e  am i d e  d a t a .  Th i s  i s  n o t  u n ex p e c t e d  b e c a u s e  

o f  t h e  m u c h  g r e a t e r  e r r o r  i n  t h e  d a t a  a s  d i s c u s s e d  in 

S e c t i o n  4 . 6 . Th e r e  i s . h o w e v e r .  no  s i gni f i c ant  LOF t o  

t h e  t y p e ( i i i) e qu a t i o n  wh i c h  d e s c r ib e s  t h e  exp e c t e d 

kin e t i c  m o d e l .  Th e c o e f f i c i e n t s f o r  t h e  e qu at i on  f r o m  

t h e  t y p e ( i i i) a n a l y s i s w e r e  t e s t e d  f o r  s i g n i f ic ant 

d i f f e r e n c e  f r om  o n e  as d e s c r ib e d  in S e c t i o n  4 . 8 . 2 . 1  w i t h  

d e t a i l s  o f  t h e  c a l c u l at i o n  g i v e n in Ap p en d ix 4 . 8 .  In  

this  c a s e  t h e  d i f f e r e n c e from  one  in  th e t e rm  - 0 . 3 2 9  

( p H )  i s  s i g n i f i c ant . s o  t h a t  a l t h o ugh th e d a t a  f i t t h e  

s u g g e s t e d e qu a t i o n .  t h e y  d o  n o t  f i t t h e  m o d e l  v e ry  we l l . 

S o m e  d i f f i c u l t i e s  w i t h  t h e  d a t a  w e r e  d i s c u s s e d  in 

S e c t i o n  4 . 5 . 2  and in S e c t i o n  4 . 8 . 1 . 2  an a l t e r n a t i v e  f o rm 

o f  r e a c t i o n  r at e  ana l y s i s  w a s  d e s c r ib e d .  The  d a t a  f r om 

t h i s  a n a l y s i s . Tab l e  4 . 3 2 .  g i v e  an ex c e l l e n t  f i t wh e n  

f i t t e d  t o  a t y p e ( i v )  e qu a t i o n  a s  sh own i n  T ab l e  4 . 3 4 .  

Th e e qu a t i o n s  f r om  T ab l e  4 . 3 4 . ( l ab e l l e d  A- D ) . w e r e  

p l o t t e d in F i g u r e  4 . 1 3  a s  d e s c r ib e d  f o r  t h e  a m i d e  r a t e 

d a t a .  Examinat i o n  o f  t h e  d a t a p o i nt s o n  F i g u r e  4 . 1 3  

s h o w e d  t h a t  t h e  p o in t s w i t h  p o o r  f it w e r e  a s s o c i a t e d  

w i t h  r e a c t i o n s  wh i c h  h a d  a h i g h i n i t i a l  p H  a n d / o r  a l o w 

r e a c t i o n  t emp e r at u r e  a n d  t h e r e f o r e  a v e ry  l ow r e a c t i o n  

r a t e .  I n  s u ch  c as e s . t h e  r e a c t io n  r a t e m e a s u r em e nt s . 

T ab l e 4 . 2 9 .  a r e  l i t t l e  m o r e  t h a n  gu e s s e s .  



"able 4.34: Regression equations for analysis of peptide bond hydrolysis rate data. Data from the determination of N-terminal amino 

groups using fluorescamine is tested for fit to various models 

t10DEL DESCRIPTION 

:;-it to original design 

·type (i) analysis 
2 � for each term (%) 

Log 1 0 rate fitted to original design 

-type ( i i )  analysis 
2 R for each term (%) 

Log 1 0 rate fitted to model 

-type ( i i i )  analysis 
2 R for each term (%) 

k from all data vs 1 /T(°K) 

- in  arithmetic form 

k from forced data vs l/T (°K) 

- in arithmetic form 

(Rate x 1 o5) = 1 . 1 5  + 5.79 Acid + 5.90 Temp + 3. 1 6  Gluten + 

0.75 G2 + 7.6 1 A . * T + 3.38 A * G + 2.92 T * G 

24.5 . 49.9 6 1 . 3 65.2 65.4 86.6 

(Log 1 0  Rate x 1 o5) = 0.006 + 0.6 1 3  Acid + 1 .0 Temp + 0.269 Gluten - 0. 1 87 A 2 -

0.2 1 8T2 - 0. 1 30G2 + 0.463 A * T + 0.029 A * G = 0.43 1 T * G 

1 7.9  . 7 5.3 78.7 80.3 80.6 85.7 85.8 90.2 

5 * (Log i.Q 
Rate x 1 0 ) = 1 0 .3 - 0.329 pH - 3.58 ( 1 000/T°K) + 

0.605 Log 1 0 [Peptide] 

1 2.6  70.7 77.0 

Jog k e = 1 4 .3  - 8.25 1 000/T(°K) 
- E.  ( 

i .e.  k = k e 11:: · :;:: 0 k = (e 1 4 .3)(e -8250. 1 IT) 

lege k = 1 5 .4 - 8.84 1 000/T(°K) 

k = (e 1 5.4) (e -8840 1 IT) 

l ine A 

line B 

l ine C 

90.2 72.6 

77.0 70. 8 

40.2 35.6 

64.6 58.7 

s (5%) 

n.s. 

s (5%) 

V. 



from forced data vs 1/I' (DJ<) 
t ith high pH values omitted 

fable 4.32) 

in arithmetic form 

Loge k = 1 8 . 5  - 1 0.3 1 OOO/T(°K) 

k = (e 1 8. 5) (e - 1  0300 1 /T) 

* coefficients tested for significant difference from one, 0 .605 - ns, - 0.329 s) 

l ine D 94.7 93.4  

V1 N 
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Reaction rate coefficients for peptide bond hydrolysis 
plotted to show that the rate data can be represented 
by Arrhenius 1 Law .  
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A l t h o u g h  t h e  d a t a q u a l i t y  i s  n o t  a s  g o o d  a s  t h a t  f o r  

ami d e  h y d r o l y s i s  t h e  r e s u l t s  s h o w  that  t h e  i n i t i a l  r a t e  

o f  a c i d  hyd r o l y s i s o f  p e p t i d e  b o n d s  in g l u t en c an b e  

d e s c r ib e d  b y  e q u a t i o n s  o f  t h e  f o rm 

Rat e = k [ H+ ] [ P e p t i d e ]  

wh e r e  k = k e 0 

- E . l  
R T 

F r o m  t h e  s l o p e  o f  t h e  l in e s  in F i g u r e  4 . 1 3  t h e  

a c t i v a t ion e n e r g y  c an b e  c a l c u l a t e d .  Th e c a l c u l a t e d  

v a l u e s  w e r e  f o und  t o  b e :  

f o r  L i n e  A i n  F i g u r e 4 . 1 3 

E = 1 6 4 6 2  c a l o r i e s  mo l - l  

f o r  l i n e  D i n  F i g u r e  4 . 1 3  
- 1  E = 2 0 4 1 1  c a l o r i e s  m Q l  

Th e s e  t w o  l in e s  r e p r e s e n t  t h e  m o s t  r e l i ab l e  c a l c u l a t i o n s  

as  s h o wn in Tab l e  4 . 3 4 .  

D e t a i l s  o f  t h e  c a l c u l a t io n  o f  t h e  a c t i v a t i o n  e n e r gy a r e  

s h o wn i n  Ap p e n d ix 4 . 9 . 

4 . 8 . 2 . 3  An a lys i s  o f  t h e  hyd r ogen i o n  c o n s umpt i o n  r at e  

d a t a 

T h e  r at e  d a t a  f r om T ab l e  4 . 2 9  w e r e  fi t t e d t o  r e gr e s s i o n  

e q u a t i o n s  u s in g  typ e ( i ) an d t y p e ( i i )  an a l y s i s .  The  

e q u a t i o n s  a r e  s h o wn i n  T ab l e  4 . 3 5 .  A l t h o u gh t h e  R2 

v a l u e s  o b t a i n e d  a r e  q u i t e h i g h  t h e r e  i s  s t i l l a 

s i g ni f i c ant l a ck o f  f i t .  T h i s  i s  n o t  s u r p r i s in g  b e c aus e 

o f  t h e  d i f f i c u l t i e s  w i t h  s o m e  o f  t h e  p H  m e a s u r e ment s a s  

d i s c u s s e d  i n  S e c t i o n  4 .5 . 2 .  N ex t . r e g r e s s i o n  an a l y s e s  

w e r e  m a d e  o f  t h e  rat e o f  hy d r o g e n ion c o n s um p t i o n  and  

the  r at e  of  p e p t i d e  b o nd  hy d r o l y s i s an d .  the  r a t e  o f  



able 4 .35: Regression equations for analysis of hydrogen ion depletion rate data. The rate data is tested for fit to various models 0.nrl 

regression against other rate data 

IODEL DESCRIPTION 

it to original design 

type {i) analysis 
2 for each term (%) 

.og 1 0 rate fitted to 

r iginal design 

type (ii) analysis 
2 t for each term 

.og 1 0  rate vs Log 1 0  
,eptide hydrolysis rate 

md in arithmetic form 

�og 1 0 rate vs log 1 0 amide 

1ydrolysate 

md in arithmetic form 

(Rate x 1 05) = 2.02 + 7.64 Acid + 1 0. 1  Temp + 7.75 Gluten + 

6.34 T2 + 2.48 G2 + 9 .46 A * T + 5.64 A * G + 9 .78 T * G 

1 6.3  44.8 6 1 . 5 6 .6  66.5 67 .3  79.8 

2 1 .23 A + 

RLL.2 97.6 

Log 1 0 (Rate x 1 o5) = 6.30 1 + 1 .44 Acid + 1 .07 Temp + 0.265 Gluten - 1 .08 

A 2 
- 0. 1 68 T2 

- 0.366 G2 + 0. 1 49 A * T + 1 .22 A * G - 0.030 T * G 

43.0 66.7 68.2 78.6 78.7 80. 1 80.4 95.8 

Log 1 0 (Rate x 1 o5) = -0.254 + 1 .04 (log 1 0  (Peptide Hydrolysis rate x 1 n5) 

(both rates expressed as positive ) 

95.8  

Hydrogen ion consumption rate x 1 o5 = -. 557 (Peptide Hydrolysate Rate x 1 o5) 1 •04 

Log 1 0  (Rate x 1 o5) = 0.580 + 0 .859 (log 1 0  (Amide Hydrolysis Rate x t o-5) 

(both rates expressed as positive) 

Hydrogen ion consumption rate x 1 o5 = 0.263 (Amide Hydrolysis Rate x 1 o5)0•859 

R2 

(%) 

97.6 

95.8 

47 . 1 

72.4 

R2 

adjusted 

for d.f.  

9 .37. 

88.7 

LJ.3. 1 

70.3 

L.O.F. 
test 

s ( 1 %) 

s ( 1 %) 

\.11 \.11 



�og 1 0 Rate vs log 1 0 
:Amide + Peptide 

Hydrolysis Rate) 

and in  arithmetic form 

Log 1 0  (Rate x t o5) = -0.963* + 0 .998 (log 1 0  (Amide + Peptide Hydrolysis Rate) x 1 05) 6 1 . 3 

Hydrogen ion consumption rate x 1 o5 = 0. 1 09((Amide + Peptide Hydrolysis Rate) x 1 o5)0·998 

* coefficient tested for significant difference from expected value of -0.963,  n.s. see Appendix 4.8 

58.3 

'-" 0\ 
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hy d r o g en i o n  c o n s ump t i o n  and t h e  r at e  o f  am i d e  b o nd  p l us  

p e p t i d e  b o n d  hy d r o l y s i s .  Th i s  p r o c e du r e  w a s  c a r r i e d  o ut 

t o  t e s t  t h e  s t o i c hio m e t ry o f  t h e  r e a c t i o n  wh i c h  was 

exp e c t e d  t o  be  t h a t  o n e  hy d r o g en ion is  c o n s um e d  f o r  

e ach amide  b o nd  hy d r o l y s e d ,.  s e e S e c t i o n  1 . 2 . 2  a n d  1 . 2 . 7 ,. 

and e a c h  p e p t i d e  b o n d  hy d r o l y s e d  a s  d i s c u s s e d  i n  S e c t i on  

1 . 2 .5 . 

4 . 3 5 . 

Th e r e g r e s s i on  e qu a t i o n s  a r e  s h o wn in T ab l e  

Th e high e s t R2 v a l u e  i s  t h a t  f o r  t h e  am i d e  b o nd  

hy d r o l y s i s  data .  Thi s  i s  the  e xp e c t e d  r e s u l t  b e c aus e o f  

t h e  g r e a t e r  e r r o r s  i n  t h e  p e p t id e  b o n d  hy d r o l y s i s  d a t a  

d i s c u s s e d i n  S e c t i o n s  4 . 5 . 2  a n d  4 . 6 .  

The h y d r o g en i o n  c o n s ump t i o n  r at e  d a t a  u s e d a r e  n o t  

c o r r e c t e d f o r  t h e  e f f e c t s  o f  t h e  e l e c t r o d e  s y s t em u s e d  

i . e .  t h e  s y s t em m e a s u r e s  a c t i v i t y ,.  n o t  c o n c e n t r a t i on  an d 

i s  s ub j e c t  t o  t h e  a c i d  e r r o r o f  g l a s s  e l e c t r o d e s  a s  

d i s c u s s e d  i n  S e c t o n 4 . 2 . 5 . T h e  r e l a t io n s h i p  b e t w e e n  t h e  

m e a s u r e d  a c t i v i t y  and  c o n c e n t r at i o n  i s  n o t  a c o n s t ant ,. 

as  as s um e d  in t h e  r e g r e s s i o n  ana l y s i s ,. b u t  a f un c t i on  o f  

·a c i d  c o n c e n t rat i o n .  T h e  r e l at i o n s h i p  i s  s h o w n  in F i g u r e  

4 . 1 4  wh i c h  u s e s  d at a  f rom T ab 1 e 4 . 3 .  

The f i g u r e  d o e s  s h o w ,.  h o w e v e r ,.  t h a t  a r e a s o n ab l e  f i r s t  

a s s ump t i on  c o u l d  b e  t h at t h e  r at io o f  m e a s u r e d  hy d r o g e n 

i o n  a c t i v i t y  t o  t rue c o n c en t r at i o n  i s  c o n s t an t  o v e r  t h e  

r an g e  o f  c on c e n t r a t i o n  u s e d  i n  t h e s e  exp e r im e n t s i . e .  

0 . 0 2 - 2 . 0 M .  A v a l u e  o f  0 . 6 5  c o u l d  b e  as s um e d .  Th e l a s t  

e quat i o n  i n  T ab l e  4 . 3 5 h a s ,. h o w e v e r ,.  a c o e f f i c i en t  o f  

0 . 1 0 9 . 

Thi s v a l u e  i s  d e r i v e d  f rom d a t a s ub j e c t  t o  e r r o r  and 

u s i n g  t h e  t - t e s t  i t  c an b e  s h o wn t h a t  t h e  d i f f e r e n c e 

b et w e e n  t h e  d e r i v e d  v a l u e  o f  0 . 1 0 9 an d t h e  exp e c t e d 

v a l u e  o f  app r o x imat e l y 0 . 6 5  i s  n o t  s i gni f i c ant . D e t a i l s  

o f  t h e  t - t e s t  a r e  s h o wn in A p p e n d ix 4 . 8 .  
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Ano t h e r  ap p r o a ch t o  d e t e rmi n a t i o n  o f  t h e  s t o i c h i o m e t ry 

w a s  t o  c on s i d e r  o n l y  t h e  dat a f r o m  t h e  r e p e t i t i o n 

exp eriment s .  runs 1 3 . 1 4  and  1 5  ( Tab l e  4 .5 ) . 

Th e m e an r a t e o f  hy d r o g e n  i o n  c o n s ump t i on  an d t h e  m e an 

r a t e o f  am i d e  b o n d  hyd r o l y s i s  p l u s  p e p t i d e  b o n d  

hy d r o l y s i s  w e r e  d e t e rmined  a n d  t h e  r a t i o  o f  t h e s e  r a t e s  

s h o w n t o  b e  0 . 6 0  C 6 = 0 . 1 5 8 ) ( A p p en d i x  4 . 1 0 ) . A f u r t h e r  

ap p r o a c h  w a s  t o  c o n s i d e r  c h an g e s  in p H .  amm o n i a  an d 

p e p t i d e  b o n d  hyd r o l y s i s  a f t e r  a s ub s t ant i a l  p a r t  o f  t h e  

r e a c t i o n  w a s  c omp l e t e d .  D o ub t f u l  dat a .  a s  di s c u s s e d  in 

S e c t i on  4 . 5 . 2 . w e r e  omit t e d .  F r o m  a t o t a l  o f  1 0  r un s  

t h e  r a t i o  o f  t h e  m e a n  c h ang e s  i n  hy d r o g e n c o ns ump t i on  

and ami d �  b o n d  p l u s  p e p t i d e  b o n d  hy d r o l y s i s  w a s  f o un d  t o  

b e  0 . 4 6 ( ()" 1 = 0 . 2 7 ) .  ( C a l c u l a t i o n s  a r e  s h o w n  i n  n -
Ap p e n d i x 4 . 1 1 ) . 

Th e c a l c u l at i ons  ab o v e  s up p o r t  t h e  exp e c t e d  

s t o i c h i om e t ry b u t  ar e s ub j e c t  t o  four  s o u r c e s  o f  e r r o r ,  

a f t e r  a l l o w i n g  f o r  t h e  s y s t e m a t i c  e r r o r  o f  t h e  e l e c t r o d e  

d i s c u s s e d i n  S e c t i o n  4 . 2 . 5 .  

Fir s t  t h e r e i s  t h e  e r r o r  o f  t h e  p H  d e t e rmin a t i o n s  wh e r e .  

wh e t h e r  d u e  t o  f o u l ing o f  t h e  e l e c t r o d e  b y  p r o t e i n  o r  

o th e r  r e a s o n s . l ar g e  v a r i a t i o n s  a r e  e v i d ent . S e c o nd  

t h e r e  i s  e r r o r  in the  ammoni a d e t erminat i o n s  and  t h i r d , 

e r r o r  in t h e  p ep t i d e  b o n d  hy d r o l y s i s  d e t e rm i n a t i o n s . 

F o r  a l l o f  t h e s e  t h e r e  i s  a d d i t i o n a l e r r o r  i n  t h e  

d e t e rmina t i o n  o f  t h e  r a t e s  o f  c h a �g e  u s e d  i n  t h e  

c a l c u l at i o n s . A f o u r t h  s o ur c e  o f  e r r o r  i s  � n  t h e  

ab s o l ut e  v a l u e  o f  t h e  p e p t i d e  b o n d  hi d r o l y s i s  

m e a s ur ement s a s  d i s c u s s e d i n  S e c t i o n  2 . 6 . 1  a n d  4 . 7  . 4 .  

Th e d a t a f o r  t h e  r at i o o f  ami d e  t o  p e p t i d e  b o n d s  S e c t i on  

4 . 7 . 3  s u g g e s t  that  the  p e p t i d e  b o nd m e a s u r e m e n t s 

d e t e rmine d u s ing f l uo r e s c am i n e  a r e  a l i t t l e  h i g h .  i . e .  

t h e  r at i o i s  2 5 %  wh e n  exp e c t e d  t o  b e  n e a r e r  t o  3 0% .  I f  

t h i s  i s  s o .  t h en t h e  e f f e c t  w o u l d  b e  t o  m ak e  t h e  r a t i o 
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o f  hyd r o g en i o n s  c o n s um e d  t o  am i d e  b o n d  p l u s  p e p t i d e  

b o n d  h y d r o l y s i s a l i t t l e  l o w .  wh i c h  a p p e a r s  t o  b e  s o .  

A l l o f  t h e  ab o v e  l e a d s  t o  t h e  c o n c l u s i o n  t h a t 

( i )  t h e  a s s um e d  s t o i c h i om e t ry wh e r e  o n e  h y d r o g en i o n  

i s  c on s um e d  f o r  e a c h  p e p t i d e  o r  ami d e  b o n d  

h y d r o l y s e d  i s  s u p p o r t e d  b y  t h e  e x p e r i m e n t a l  d at a  

( i i )  t h a t  t h e  u s e  o f  a f a c t o r  o r  a c t i v i t y  c o e f f ic i e n t  

o f  ab o u t  0 . 6 5  t o  c o r r e c t  a c t i v i t y  m e a s u r ement s t o  

c o n c en t r a t i o n  i s  r e a s o n ab l e .  

4 . 8 . 3  An a l t e r n a t ive f o rm o f  a n a lys i s  f o r  s o m e  d a t a  

T h e  an a l y s i s  o f  kin e t i c  d a t a d e s c r ib e d  i n  S e c t i o n  4 . 8 . 2  i s  

a d i f f e r e n t i a l  f o rm o f  a n a l y s i s  b a s e d  on m e a s u r em e n t  o f  

i n i t i a l  r a t e s  o f  r e a c t i o n .  The  u s u a l  a l t e rn a t i v e  f o r m  o f  

an a l y s i s  i s  an int e g r a l  f o rm o f  an a l y s i s wh i c h  c o n s i d e r s  

t h e  r e a c t i o n  d a t a  o v e r  t h e  t i m e  c o u r s e  o f  t h e  r e a c t i o n  a n d  

r e qu i r e s  int e g r a t i o n  o f  t h e  r at e exp r e s s i o n  t o  b e  t e s t e d 

( L e v e n s p i e l .  1 9 7 2 ) .  A d i f f i c u l t y w i t h  t h e  p r e s e n t  wo rk is  

t h a t  o n e  o f  the r e a c t i o n  s ub s t r at e s . hyd r o g e n  i o n s . i s  

c o n s u m e d  i n  b o t h  t h e  ami d e  b o n d  and p ep t i d e  b o nd  hydr o l y s i s 

r e a c t i on s . Th e r e  i s . h o w e v e r .  o n e  s p e c i a l c i r c ums t an c e  

wh i c h  a v o i d s  t aking a c c o un t  o f  t h e  d u a l  c o n s ump t i o n  o f  

hy d r o g e n  i o n s . t h at i s  when  t h e  h y d r o gen i o n s  a r e p r e s e n t  

i n  g r e a t  e x c e s s  a n d  c an b e  r e g a r d e d  a s  e f f e c t i v e l y  c o ns t ant 

t h r o u g h o u t  the r e a c t i o n .  I n  t h e  p r e s en t  w o rk t h i s  o c c ur s  

f o r  R u n  6 w h i c h  h a s  a h i g h  a c i d  c o n c e n t r a t i o n  an d l o w 

g l u t e n  c o n c e n t r at i o n  and  Run s 2 and 9 wh i c h  h a v e  l i t t e  a c i d  

c o n s um p t i o n  b e c aus e o f  t h e  l o w r e a c t i on t emp e r at u r e .  

N o w  t h e  e xp e c t e d  r at e  e qu at i o n  i s  

- r a t e = k [Ami d e ]  [ H+ ] 

b u t  i f  [ H+ ] i s  e f f e c t i v e l y c o n s t an t  t h e n  



k 
1 [A l.. d e ] wh e r  e k 1 -- k [ H+ ] - r at e = m 

o r  in m o r e  gen e r a l t e rms 

d C k , c 
- rA 

= - A = A 
dt  

1 6 1 

and  d e f ining f r a c t i o n a l  c o n v e r s i o n  XA o f  a g i v e n  r e a c t an t  A 

a s  t h e  f r ac t i on  o f  r e a c t an t  c o n v e r t e d  i n t o  p r o du c t  

i . e .  XA 
= NAo - NA 

NAo 

w h e r e  N i s  t h e  n u m b e r  

s h own t h a t  

dX  A = k I ( 1 - X A ) 

d t  

and  i n  int egrat e d  f o r m  

- ln  ( 1  - XA) = k 1 t  

( L e v e n s p i e l .  1 9 7 2 ) 

o f  m o l e s o f  r e a c t a n t  t h e n  i t  c a n b e  

I t  f o l l o w s  t h a t  f o r  a r e a c t i o n  d e s c r ib e d  b y  t h i s  t y p e o f  

k i n e t i c s  a p l o t  o f  l n  ( 1 -XA) a g a i n s t  r e a c t i o n  t im e  wi l l  

g i v e  a s t r aight l i n e  o f  s l o p e  - k 1 •  

T h i s  t y p �  o f  p l o t w a s  m a d e  f o r  t h e  a m i d e  b o n d  h y d r o l y s i s  

d a t a  o f  Runs 2 .  6 and  9 and f o r  t h e  p e p t i d e  b o n d  hy d r o l y s i s  

d at a  o f  Ru� 6 .  T h e  c a l c u l a t i o n s  o f  f r a c t i o n a l  

c o nc e n t r at i ons  a r e  s h own in Ap p en d i x  4 . 1 2  and  t h e  d a t a  a r e  

p l o t t e d  i n  F i g u r e s  4 . 1 5 . 4 . 1 6  a n d  4 . 1 7 . 

Th e p e p t i d e  b o n d  hy d r o l y s i s  d a t a f o r  Run 6 .  s hown i n  F i g u r e  

4 . 1 5 . c l e a r l y  s h o w  a s t r aight l in e  f it o v e r  t h e  i n i t i a l  4 0 %  

h y d r o l y s i s  o f  p e p t i d e  b o n d s  t h u s  c o n f i rm i n g  t h e  k in e t i c  

e quat i o n  d emons t r at e d  i n  S e c t i o n  4 . 8 . 2 . 2 .  A s imi l a r 
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c o n f i rmat i o n  is g i v e n  by  t h e  ami d e  b o nd h y d r o l y s i s  d a t a  

f rom Run s  2 and 9 s h own i n  F i g u r e 4 . 1 6 .  Th e s e  d a t a .  

h owe v e r .  c o v e r  o n l y  a sm a l l f r a c t i o n  o f  t o t a l  d e am i d a t i o n .  

F o r  Run 6 .  i f  d a t a  o n l y  u p  t o  2 6  minut es o f  r e a c t io n  a r e  

c o n s i d e r e d  t h e n  a c u r v e  i s  in d i c t e d  (Fi g u r e  4 . 1 7 )  b u t  i f  a 

f u r t h e r  p o in t .  a t  6 0  min u t e s  o f  r e a c t io n .  i s  c o n s i d e r e d  

t h en a s t r ai ght  l ine i s  i n d i c a t e d .  a l s o s h own o n  F i g u r e  

4 . 1 7 .  

B e c a us e o f  t h e  h i g h  r e a c t i o n t em p e r a t ur e  t h e  d a t a f o r  s h o r t  

r e a c t i o n  t im e s  m ay b e  in  e r r o r  b e c au s e  o f  t h e  t im e  r e qu i r e d  

f o r  b o t t l e s  t o  c o o l a n d  t h e  amo unt o f  ' b e n c h  r e a c t i o n '  d u e  

t o  t h e  h i gh a c i d  c o n c e n t r a i o n .  F o r  t h e s e  r e a s o n s  t h e  

s t rai ght l in e .  F i g u r e  4 . 1 7 . w o u l d  s e em t o  b e  t h e  v a l i d 

c o nc l u s i o n and i n  l in e  w i t h  t h e  k i n e t i c  e qu a t i o n  

d e m o n s t r a t e d  i n  S e c t io n  4 . 8 . 2 . 1 .  

4 . 8 . 4 C o n c l u s i o n s  f r o m  r e s u l t s  o f  k ine t i c  an a lys i s  

M e as u r em en t  o f  t h e  init i a l  r at e s  o f  ami d e  b o n d  hy d r o l y s i s . 

p e p t i d e  b o n d  hy d r o l y s i s  an d hy d r o g e n  ion c o n s um p t io n  r a t e 

w e r e  s ub j e c t e d t o  r e g r e s s i o n  an a l y s i s .  T h e  r e s u l t s  s ho w e d  

that  t h e  r e a c t i o n  kinet i c s  c o u l d  b e  d e s c r ib e d  b y  e qu a t ions : 

Rat e o f  ami d e  b o n d  hydr o l y s i s  = k 1 [Ami d e ]  [ H+ ] 

R a t e  o f  p ep t i d e  b o nd  hy dr o l y s i s  = k 2 [ P e p t i d e ]  [ H+ ] 

( 1 ) 

( 2 ) 

Both  r e a c t i o n s  a r e  c at a l y s e d  b y  hy d r o g e n  i o n s  an d i n  b o th 

r e a c t i o n s  hy d r o g e n  i o n s  a r e  c o n s um e d  in s t o i c h i o m e t r i c  

r a t i o  t o  t h e  hy d r o l y s i s  o f  ami d e  o r  p e p t i d e  b o n d s . · 

4 . 9  S imu l at i o n  o f  r e a c t io n  u s i ng k i n e t i c  equ a t i o n s  

Th e e quat i o n s  ( 1 )  a n d  ( 2) . S e c t i o n  4 . 8 . 4 .  h a v e  b e e n s h o wn t o  

d e s c r ibe  t h e  i ni t i a l  r at e  hyd r o l y s i s  b u t  hav e n o t  b e e n  t e s t e d  

f o r  d e s c r ip t i o n  o f  t h e  t im e  c o u r s e o f  t h e  wh o l e  r e a c t i o n  ex c e p t · 

a s  d e s c rib e d  i n  S e c t i o n  4 . 8 . 3 . One  m e t h o d  o f  m ak i n g  s u c h  a t e s t  

i s  t o  u s e  th e e quat i o n s  i n  a s im u l at i o n  o f  r e a c t i o n  p ro g r e s s  



wh i c h  i s  a l s o  u s e f u l  f o r  p r e d i c t i o n  o f  t h e  r e a c t i o n  u n d e r  

c o n d it i o n s  o t h e r  t h a n  th o s e o f  t h e  e x p e r i m ent s .  
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T h e  e qu a t i o n s . ( 1 )  a n d  ( 2 ) . d e s c r ib e r e a c t ions  wh i c h  o c c ur  in 

p a r a l l e l .  Th e s ub s t r a t e  [ H+ ] is c ommon  t o  b o th  r e a c t i o n s . An 

a n a l y t i c a l  s o l u t i o n  i s  a v ai l ab l e  f o r  t h e  indiv i d u a l r e a c t i o n s  

( La i d l e r .  1 9 6 5 )  b u t  n o t  f o r  t h e  c as e  o f  r e a c t i o n s  i n  p a r a l l e l .  

S o m e  s p e c i a l  c a s e s  d o  h a v e  an a l y t i c a l  s o l ut i ons . C o m p e t i t i v e  

p ar a l l e l  r e a c t i o n s  w e r e  d i s c u s s e d  b y  H i l l ( 1 9 7 7 )  a n d  a t e chn i que 

f o r  f i n d i n g  r e l at i v e  v a l u e s  o f  two r at e  c o n s t an t s d e s c r ib e d .  

V a r i o u s  c a s e s  o f  p a r a l l e l  r e a c t i o n  a r e  a l s o  d e s c r ib e d  b y  

Cap e l l o s  a n d  B i e l s k i  ( 1 9 7 2) . An a p p r o p r i a t e s p e c i f i c  c a s e  i s  

n o t  d e s c rib e d .  e x c e p t  f o r  t h a t  o f  h y d r o g e n ions  p r e s e n t  i n  g r o s s  

e x c e s s . s o  t h a t  t h e  r e a c t i o n s  b e c o m e  p s u e d o  f i r s t  o r d e r .  S i n c e  

an ana l y t i c a l  s o l u t i o n  o f  t h e  e qu a t i o n s  w a s  n o t  a v a i l ab l e .  a 

n um e r i c a l  s o l u t i o n  w a s  at t emp t e d .  

F i r s t .  i n i t i a l  v a l u e s  w e r e  f o un d  f o r  t h e  c o mp o n e n t s o f  e qu a t ion s 

( 1 ) and  ( 2 ) .  t h a t  i s  ami d e . p e p t i d e  and  H+ c o n c ent r a t i o n s . Then 

t h e  r e a c t i o n  r at e  e qu a t i o n s  w e r e  i n t e g r at e d  o v e r  a s h o r t  t im e  

i n t e r v a l .  N e w  v a l u e s  o f  ami d e  a n d  p e p t i d e  c o n c ent r at i o n s w e r e  

c a l c u l a t e d  b y  s ub t r a c t in g  t h e  r e s u l t  o f  t h e  int e g r at i o n  f r o m  t h e  

i n i t i a l v a l u e s .  A n e w  v a l u e  o f  t h e  H+ c o n c ent r at i o n  w a s  a l s o  

c a l c u l at e d  b u t  i n c l u d e d  a c o r r e c t i o n  f a c t o r  t o  a l l o w  f o r  t h e  

i n i t i a l  v a l u e  o f  H+ b e ing a n  a c t i v i t y  wh e r eas t h e  s t o i ch i ome t ry 

o f  t h e  r e a c t i o n  d e p e n d s  o n  c o n c e n t r a t i o n .  

A c omput e r  p r o g r amme u s ing t h e  BA S I C  c o mp u t e r  l an g u a g e  was  

w r i t t en .  I n t e g r a t i o n  was  p e r f o rm e d  u s in g  a sub - ro u t i n e · f r o m  t h e  

NAG F o r t ran Lib r a ry wh ich  i s  a c c e s s ib l e  o n  t h e  N e w  Z e a l and D a iry 

Re s e a r c h  I n s t i t u t e ' s  c o mp u t e r  s y s t e m  ( Nume ric a l  A l g o r i t hms 

G r o u p . Ox f o r d  OX2 7 D E .  Eng l an d ) . T h e  r o u t ine u s e d .  D 0 2  BAF . 

i n t e g r at e s  a s y s t em o f  o r d in a ry d i f f e r en t i a l  e quat i o n s  o v e r  a 

w i d e  r an g e  w i t h  s u i t ab l e init i a l  c o n d i t i o n s  u s ing a Rung e-Kut t a-

M e r s o n m e t h o d  ( Ro s e .  1 9 7 4) .  Th e p r o g r amm e i s  a r r an g e d  s o  t h at 

t h e  r e s u l t s  f o r  e v e r y  1 0  s e c o n d s  o f  r e a c t i on t ime a r e  r e c o r d e d .  

Th e p r o g r am m e  i s  s h own in Ap p en d i x  4 . 1 3 .  
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A f i r s t  t e s t  o f  t h e  o p e r a t i o n  o f  the  p r o g r amme w a s  m a d e  u s ing 

t h e  d a t a o f  Run 6 a s  d i s c u s s e d  in S e c t i o n  4 . 8 . 3  Th is  t e s t  was  

c h o s e n b e c a u s e  t h e  r e s u l t s  d o  n o t  d e p e n d  on  a c h o i c e  o f  

c o r r e c t i o n  f o r  t h e  e f f e c t  o f  h y d r o g e n  i o n  a c t i v i t y  s in c e  t h e  

hy d ro g e n i o n  c on c e n t r at ion i s  a l m o s t  c o n s t ant . T o  p e r f o rm t h i s  

t e s t  t h e  s l o p e s  o f  t h e  l i n e s . k [H+ ] .  i n  Figu r e s  4 . 1 5 . a n d  4 . 1 7  

w e r e  m e a s u r e d .  t h e  c a l c u l at i o n i s  g i v e n  i n  A p p endix 4 . 1 4 .  and 

t h e  v a l u e s  f o r  k and the i n i t i a l  c o n d i t i o n s  s p e c i f i e d  i n  T ab l e  

4 . 3 6  w e r e  u s e d  in t h e  s imu l at i o n .  T h e  c a l c u l a t e d v a l u e s  

o b t a in e d  a r e  s h o wn i n  Ap p e n d ix 4 . 15 a n d  o n  F i g u r e s  4 . 1 5 and 

4 . 1 7 . Th e ex c e l l en t  f i t o b t ained  s h o w e d  t h at t h e  s imu l at i on  

p r o g r amme w a s  wo rk i n g  c o r r e c t l y  and  t h at ch o i c e of  s imu l a t i o n  

t ime i n t e r v a l  a n d  t o l eran c e - o f  the  s o l u t i on . Ap p en d i x  4 . 1 3 . w e r e  

a d e qu a t e .  

T o  t e s t  f u r t h e r  t h e  o p e r a t i o n  o f  t h e  p r o g r am m e  a t a b l e  w a s  

c o n s t r u c t e d  o f  t h e  ammonia d e t e rmin at i o n . N- t e rmin a l amin o g r oup  

d e t e rminat i o n .  and p H  data  f r om t h e  r e p e t it i o n  r uns . r u n s  1 3 . 

1 4 . and  1 5  ( Tab l e  4 . 5 ) . V a l u e s  f o r  e a c h  m e as u r ement  at  s e l e c t e d  

r e ac t io n  t im e s  w e r e  t ak en o f  d a t a s m o o t h e d  b y  p l o t t in g  and  m e ans  

and  s t an d a r d  d e v i a t i o n s  were  c a l c u l at e d .  Th e d at a  a r e  s h own in 

A p p e n d i x 4 . 1 6 .  T h e d a t a  a r e  p l o t t e d  + 2  s . d .  in F i g u r e s  4 . 1 8 .  

4 . 1 9  a n d  4 . 2 0 .  Th a t  t h e  s im u l at e d d at a s h ou l d  f i t  w i t h in t h e  

s t an d a r d  d e v i a t i o n  l imit s w a s  c ho s en a s  a su i t ab l e .  a l t h o u gh 

a rb i t r ary c r i t e r i o n  f o r  s at i s f a c t o r y  m o d e l l in g .  Th e r e  i s  s t i l l 

s o me c h o i c e  o f  v a l u e s  f o r  r e a c t ion r a t e c o e f f i c ien t s  f r om 

F i g u r e s  4 . 1 2  and  4 . 1 3  and o f  c o r r e c t i o n  f ac t o r .  F i g u r e  4 . 1 4 .  An 

a l t e r n at i v e  ap p r o a c h  might b e  t o  c a l c u l a t e  c on f i d e n c e l im i t s f o r  

t h e  r e g r e s s i o n  l in e s  in F i g u r e s  4 . 1 2  a n d  4. 1 3  and thus  s h o w a 

b and  o f  p o s s ib l e s o l ut io n s  t o  t h e  r e a c t i o n  e qu a t i o n s  w i t h i n  

whi c h  m o s t o f  t h e  r e a c t io n  d at a  sho u l d  f a l l .  

V a r i o u s  c o mb inat i o n s  o f  c on s t ant s . s h o wn in T ab l e  4 . 3 7  w e r e  

c ho s en f o r c a l c u l a t i o n .  F o r ami d e  b o n d  hydr o l y s i s  o n l y  o n e  

r e a c t i o n  r a t e  c o n s t ant  w a s  c h o s e n .  f r o m  Line  B in F i g u r e  4 . 1 2 .  

b e c au s e t h a t  was  c on s ide r e d  t o  b e  t h e  m o s t  r e l i ab l e  a s  s h own 

f rom t h e  r e g r e s s i o n  d at a  i n  T ab l e  4 . 3 3 .  S e v e r a l  v a l u e s  o f  

r e a c t i o n  r a t e c on s t ant  w e r e  s e l e c t e d  f r o m  F i g u r e  4 . 1 3  b e c au s e  o f  
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T ab l e 4 . 3 6 : I n i t i a l  c o n c e n t r a t i o n s  and  r e a c t io n  r a t e  c o n s t an t s  

f o r  s im u l a t i o n  o f  Run 6 

Am ( 0 ) = 0 . 0 2 

P ep ( 0 )  = 0 . 0 7 9  

H+ ( 0 ) = 1 . 7 0 2 

k 1 [ H+ ] = 1 .  2 7 9  X 

k 2 [ H+ ] = 1 . 45 8  X 

c o r r e c t i o n  f a c t o r  

k 1 
= 7 . 5 1 5 X 1 0- 4 

k 2 
= 8 . 5 6 6  X 1 0- 5 

( M) 

( M) 

( M) 

1 0- 3 

1 0 - 4  

= 0 . 6 5  

( pH = 0 . 2 3 1 )  

- 1 ( s e c  ) 
- 1 ( s e c ) 

- 1 - 1 ( mo l e . s e c  ) 
- 1 - 1  ( mo l e  . s e c  ) 
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t h e  g r e at e r  u n c e r t a inty o f  t h a t  d at a .  S imi l ar l y .  a r an g e  o f  

p o s s ib l e  v a l u e s  was u s e d  f o r  c o r r e c t i o n  o f  c o n c e n t r a t i o n-b a s e d  

s t o i ch i o me t ry t o  a c t i v i ty m e a s u r ement s b a s e d o n  t h e  c a l c u l a t i o n s  

d i s c u s s e d  in S e c t i on  4 . 8 . 2 . 3 . The  m e an i n i t i a l  c o n d i t i o n s  f o r  

Runs 1 3 . 1 4  a n d  1 5 . s h own i n  Tab l e  4 . 3 7  w e r e  u s e d t o  s imu l a t e  

t h e  r e a c t i on  u s ing t h e  v ar i ab l e s  a l s o  s h own i n  Tab l e  4 . 3 7  i n  t h e  

v a r i o u s  c e l l s .  F i r s t  t h e  d a t a f o r  c e l l s  2 .  5 a n d  8 w e r e  

p r o d u c e d .  Th e r e s u l t s  a r e  s umm ar i s e d  i n  A p p e n d ix 4 . 1 7  and s h o wn 

o n  F i g u r e s  4 . 1 8 .  4 . 1 9  a n d  4 . 2 0 .  Th e n  t h e  d a t a  f o r  c e l l s  4 .  3 .  6 

and 9 w e r e  p r o du c e d  and s im i l a r l y  s umma r i s e d  i n  Ap p e n d ix 4 . 1 7 . 

A f t e r  ex amin a t ion o f  th e s e  dat a t wo f u r t h e r  c ombinat i o n s . c e l l s  

1 0  and  1 1 .  u s ing the  v ar i ab l e s  s h o wn in T ab l e  4 . 3 7 w e r e  u s e d .  

The s e  d at a  w e r e  a l s o  r e c o r d e d i n  Ap p e n d i x  4 . 1 7  and t h e  d a t a  f o r  

c e 1 1  1 0 a r e  s h o w n o n  F i g u r e s  4 .  1 8 .  4 . 1  9 a n d  4 .  2 0 .  

T h e  d a t a  s h o w  t h a t  t h e  l o w e r  v a l u es o f  r e a c t io n  r a t e  c o e f f i c i ent 

f o r  p e p t i d e  b o nd  hy dr o l y s i s . k2 and c o r r e c t i o n  f a c t o r  are m o r e  

s u i t ab l e  i n  t h i s  in s t an c e .  Thi s  c o n c l u s io n .  h o w e v e r .  i s  v a l i d  

o n l y  f o r  t h e  o n e  v a l u e  o f  ami d e  hyd r o l y s i s  r at e c o n s t an t . k 1 • 

Examin a t i o n  o f  t h e  d a t a  in Figur e s  4 . 1 8 .  4 . 1 9 and  4 . 2 0  in d i c at e s  

t h a t  an  e v e n  b e t t e r f i t  c o u l d b e  o b t a in e d  i f  a s l i ght l y  l o w e r  

v a l u e  o f  k 1 w e r e  u s e d  w i t h  t h e  c o n d i t i o n s  o f  c e l l  2 o f  T ab l e  

4 . 3 7 . 

The  c u r v a t u r e  o f  t h e  l in e s  in F i gu r e s  4 . 1 8 .  4 . 1 9  and  4 . 2 0  

s ug g e s t s .  h o w e v e r .  t h a t  h i g h e r  v a l u e s  o f  k 1 • w o u l d  g i v e  a b e t t e r  

f i t  i n  t h e  i n it i a l  s t a g e s  o f  t h e  r e a c t i o n .  I t  may b e  t h a t  t h e  

v a l u e s  o f  k 1 a r e  d e c r e a s in g .  a s  d i s c u s s e d  b y  L e a c h  ( 1 9 5 3 ) . and 

t h i s  is  p ar t i c u l ar l y l ik e l y  f o r  p ep t i d e  b o n d  h y d r o l y s i s  b e c a u s e  

o f  t h e  m a rk e d  v ariat i o n  in l ab i 1 i ty o f  d i f f e r ent  p e p t i d e  b on.d s .  

I n  c o n c l u s i o n  i t  c a n b e  s e e n  t h a t  a g o o d  s i m u l a t i o n  o f  t h e  

r e a c t i o n  c an b e  achi e v e d .  Thi s  imp l i e s  t h at t h e  k i n e t i c s .  a s  

d e t e rm i n e d  b y  init i a l  r a t e ana l y s i s  a r e  a g o o d  m o d e l  o f  t h e  

p r o c e s s  and c o r r e c t l y  s t at e  t h e  r e a c t i o n .  
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Tab l e  4 . 3 7 : Comb in a t i o n  o f  r e a c t i o n  r a t e  c o n s t ant s a n d  a c t iv i t y  

c o r r e c t i o n  f a c t o r s  f o r  t e s t  o f  r e a c t i o n  s imu l at i o n  

F o r  i n i t i a l  c o n d i t i o n s  

Am i d e  

P e p t i d e  

= 0 . 1 5 0  M 

= 0 . 5 9 5 M 

Hy d r o g e n  i o n  a c t iv i t y  = 0 . 1 2 8  M 

R e a c t i o n  t em p e r a t ur e = 9 0 ° C  

and  R e a c t i o n  t im e  = 1 0 . 8 0 0 s e c s . 

and : 

-3 = 1 . 0 2  X 1 0 . ( f r o m  c u r v e  B .  F i g u r e 4 . 1 2 ) 

A c t iv i t y  Co r r e c t i o n  F a c t o r  

0 . 1 1 0 . 6 0  0 . 6 5 

5 . 2 X 1 0-5 ( 1 )  ( 2 )  ( 3 )  

k 2 1 . 3 X 1 0- 4  ( 4)  ( 5 )  ( 6 )  

( f r o m  2 . 2  X 1 0 - 4 ( 7 ) ( 8 )  ( 9 ) 

F i g u r e  

4 . 1 3 )  

A n d  a f t e r  e v a l u a t i o n  o f  t h e  ab o v e  t w o  f u r t h e r  t ri a l s  w e r e  m a d e 

w i t h  c o n d i t i o n s  

C e l l  Numb e r  

( 1 0 )  

( 1 1 ) 

C o r r e c t io n  F a c t o r  

0 . 5 7  

0 . 5 5  

k l 
1 . 0 2  X 1 0 -3 

1 . 0 2  X 1 0 - 3  
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4 . 1 0 An a n a lys i s  o f  t h e  d a t a  o f  Vick e ry ( 1 9 2 2 )  

T h e  w o rk o f  V i c k e r y  ( 1 9 2 2 )  p r o v i d e d  c o m p r eh e ns i v e  d a t a  f o r  t h e  

h y d r o l y s i s  o f  g l i a d i n .  T h e  t emp e r a t u r e  and  g l i a d in 

c o n c en t r a t i o n  w e r e  h e l d  c o n s t ant  an d t h e  a c i d  c o n c e nt r at i on w a s  

v ar i e d .  T h e  d a t a  a r e  s ho wn i n  Tab l e  4 . 3 8 .  

The  d a t a a r e  e xp r e s s e d  a s  amm on i a  N ( n i t r o g e n) and amin o  N a s  a 

f r a c t i o n  o f  t h e  t o t a l  N .  Th e t o t a l  amm o n i a  N .  i . e .  ami d e  

g r o up s . w a s  t ak e n  t o  b e  2 5 % .  Th e f r a c t i o n  o f  u n r e a c t e d  ami d e  

g r o u p s  c a n t h e n b e  c a l c u l a t e d f r o m  t h e  a m m o n i a d a t a a s  s h o wn i n  

T ab l e  4 . 3 8 .  Th e f r a c t i o n  o f  un r e a c t e d  amino g r o up s  i s  s imi l ar l y 

c a l c u l a t e d  f r o m  t h e  a m i n o  N d a t a a n d  t h e  d a t a  a r e  a l s o  s h o w n i n  

T ab l e  4 . 3 8 .  Th e s e  d a t a  a r e  p l o t t e d  o n  s emi- l o g a r i t hm i c  

c o o r d i n a t e s  f o r  ammo n i a  i n  F i g u r e  4 . 2 1  a n d  f o r  ami n o  N i n  Figure  

4 . 2 2 .  

I n  g e n e r a l .  t h e  k i n e t i c s  o f  t h e  e a r l y  p a r t s  o f  e a c h  r e a c t i o n  c an 

b e  d e s c r i b e d  b y  a s t r a ight l in e  t h r o u gh t h e  o r igin . Th e r e  i s  

s u f f i c i e n t  u n c e r t ainty  i n  t h e  d a t a  f o r  t h e r e  t o  b e  s om e  ch o i c e  

i n  p l a c i n g  l in e s  an d th e s e  � e r e  f i t t e d  b y  vis u a l  i n s p e c t i o n .  

Th e s l o p e s  o f  t h e  l in e s  w e r e  c a l c u l at e d ;  t h e  c a l c u l at i o n s  a r e  

s h o wn i n  Ap p e n d i x  4 . 1 8 .  and  r e c o r d e d  i n  T ab l e  4 . 3 9 . N o w  t h e  

s l o p e  o f  t h e  l i n e  i s  e q u a l  t o  k [ H+ ] a s  d i s c u s s e d i n  S e c t i o n  

4 . 8 . 3 .  E ar l i e r  d i s c u s s i o n .  S e c t i o n  1 . 2 . 7 . s u g g e s t e d  t h a t  t h e  

k in e t i c s  o f  g l i a d in h y d r o l y s is  a r e  s im i l ar t o  t ho s e  o f  g l u t en .  

T o  c a l c u l a t e  k t h e r e  i s  a c h o i c e  o f  u s i n g  e i t h e r  t h e  a c i d  

c on c en t r at i o n  o r  a c t i v i t y . Th e s e  o p t i o n s  a r e  e xp l o r e d  in T ab l e  

4 . 3 9 .  

C o mp a r i s on o f  t h e  c a l c u l at e d  v a l u e s  o f  k with t h e  d at a o f  this  

p r e s e n t  w o rk i n  F i g u r e s  4 . 1 2  and  4 . 1 3  at  

1 = 

T 

- 3  0 - 1  2 .  7 2 x 1 0  K ( 9 4 ° C)  

s ho w  t h a t  t h e  v a l u e s  o f  k c a l c u l a t e d u s ing a c t i v i t y  a r e  c l o s e r 

t o  t h e  v a l u e s  c a l c u l at e d  f o r  t h i s  p r e s e n t  wo rk . I n  t h i s  w o rk 
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T ab l e  4 . 3 8 :  Th e d a t a  o f  Vi c k e ry ( 1 9 2 2 )  

0 . 0 2 7  M H C l  at 9 3 - 9 4 ° C  FRA CT I ON O F  FRACT I ON OF  

T I ME TOTAL N A S  A M I D E  A M I N O  I N  

AMMONIA A REMA I N ING ( 1 )  REMA I N I N G  ( 2 ) 

( h r s )  ( % )  

5 7 . 7 0 . 6  9 

1 5 .5 1 3 . 2  0 . 4 8  

2 0  1 4 . 3  0 . 4 4 

2 8  1 5 . 5  0 . 3 9  

4 4  1 6 . 8  0 . 3 4  

7 0  1 7 . 7  0 . 3 0  

1 1 8  1 9 . 5  0 . 2 4  

0 . 1 M  H C l  a t  9 3 - 9 4 ° C  

T I ME TOTA L  N AS  T O TAL A M I N O  

AMMON I A  A N 

( hr s )  ( % )  ( % )  

1 8 . 5 0 . 6 7 

2 1 4 . 4  3 . 7 0 .  43 0 . 9 6 3  

3 1 7 . 4  0 . 3 2  

4 1 8 . 8  3 . 5 0 .  26 0 . 9 6 5  

8 2 1 . 7  5 . 3 0 .  15 0 .  9 47 

1 1  2 2 . 9  6 . 3 0 . 1 0 0 . 9 3 7  

1 7  2 3 . 4  7 . 6 0 . 0 8 0 . 9 2 4  

2 6  2 4 . 1  1 3 . 6  0 .  05 0 . 8 6 4  

4 0  2 4 . 2  1 7 . 3  0 .  05 0 . 8 2 7  
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0 . 2 M  H C l a t  9 3 - 9 4 ° C 

T I ME TOTAL N A S  TOTAL A M I N O  

AMMONIA N N 

( h r s ) ( % )  ( % )  

0 . 5 1 0 . 7  0 . 5 8 

1 1 4 . 0  2 . 5 0 . 45 0 . 9 7 5  

3 . 5 2 1 . 8  4 . 6 0 . 1 5 0 . 9 5 4  

6 2 3 . 8  0 . 0 7  

1 6  23 . 6  1 5 . 6  0 . 0 7 0 . 8 4 4  

2 4  2 3 . 9  2 3 . 3  0 . 0 6 0 . 7 6 7 

40  2 4 . 4  3 0 . 0  0 . 0 4  0 . 7 0 0 

0 .5 M  H C l at  9 3 - 9 4 ° C FRACT I ON O F  F RACT I ON OF 

T IME TOTAL N A S  · TO TAL AM I N O  AMI D E  AMI N O  N 

AMMON IA N N REMAIN I N G  REMAIN ING 

( hr s )  ( % )  ( % )  

0 . 5 1 7 . 4  0 . 3 2  

1 2 1 . 0  4 . 3  0 . 1 8 0 . 9 5 7  

2 23  . 4  6 . 5 0 . 0 8  0 . 9 3 5  

4 2 4 . 5  1 2 . 3  0 . 0 4  0 . 8 7 7  

1 6  2 4 . 6  2 9 . 7  0 . 7 0 3 

2 2  2 4 . 9  3 7 . 9  0 . 6 2 1 

40  25 . 0  5 6 . 8  0 . 5 9 8  

0 .  43 2 
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l . OM H C l  at  9 4- 9 5 ° C  

T I ME TOTAL N AS  T OTAL AM I N O  

AMMON IA A N 

( h r s ) ( % )  ( % )  

0 . 5 2 2 . 2  

1 23 . 6  9 . 6 

2 2 4 . 2  1 1 . 5  0 . 9 0 4  

7 25 . 0  3 1 . 2  0 . 8 85 

1 2  2 4 . 8  42 . 8  0 . 6 8 8 

1 4  2 4 . 9  46 . 7  0 . 5 7 2  

1 6  25 . 0  49 . 2  0 . 5 3 3  

1 8  2 4 . 9  5 1 . 1  0 . 5 0 8 

2 2  25 . 0  5 7 . 5  0 . 4 8 9  

2 7  25 . 0  5 9 . 9  0 . 425  

4 0  25 . 1  6 9 . 1  0 . 40 1  

4 9  25 . 3  7 6 . 9  0 . 3 0 9  

6 9  8 3 . 7  0 . 2 3 1  

2 . 0 M H C l  at 9 4- 9 6 ° C  

T IME TOTAL N AS T OTAL AMI N O  

AMMON IA A N 

( hr s )  ( % )  ( % )  

1 2 4 . 7  2 1 . 7  0 . 7 8 3 

3 . 3 2 4 . 9  3 9 . 5  0 . 6 0 5 

5 25 . 1  43 . 7  0 . 5 6 3 

7 2 4 . 9  5 0 . 2  0 . 49 8  

9 25 . 0  5 5 . 5  0 . 445 

1 2  25 . 2  6 2 . 1  0 . 3 7 9  

1 7  2 5 . 5  7 4 .  7 0 . 2 5 3  

2 4  2 5 . 4  7 9 . 5 0 . 2 0 5  

45  25 . 2  8 4 . 0  0 . 1 6 0  

6 5  25 . 5  8 8 . 5  0 . 1 1 5 

N o t e s  ( 1 )  T h e m ax i m u m  v a l u e o f  t o t a l  N a s  a mm o n i a N w a s  t ak e n  

a s  2 5 . 5  

( 2 )  T h e  d a t a  a r e  t r e a t e d  a s  i f  t h e  a m i n o  N i s  d u e  s o l e l y  

t o  p e p t i d e  
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Figure 4 . 21 The amide bond hydrolysis data of Vickery (1922) . 
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Figure 4 . 22 The peptide bond hydrolysis data of Vickery (1922) . 
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Tab l e  4 . 3 9 :  Re a c t i on  rat e d a t a  c o e f f i c ient s c a l c ul a t e d  f rom  the  
da ta  o f  Vickery ( 1 9 2 2 )  

A C I D  CONCENTRATI ON S LOPE ( l ) k 
( M) hr  - 1 

A : Amino  N 
0 . 1  - 4 . 5  X 1 0- 3 0 .  0 45 
0 . 2  - 0 . 0 1 0  0 . 0 . 05 0  
0 . 5 - 0 . 0 2 8  0 . 05 6  
1 . 0 - 0 . 05 3  0 . 0 5 3  
2 . 0  - 0 . 23 3  0 . 1 1 7 

B : Ammoni a  N 
0 . 0 2 7  0 . 0 43 1 . 5 9  
0 . 1  0 . 4 4 . 0  I o .  2 0 . 8 3 4 . 1 5 
0 . 5 2 . 1 3 4 . 2 6 

No t e  ( 1 )  - as c al c u l a t e d  in  App endix 4 . 1 8 
-

k [ H+ ] Now s lo p e  = 

s e e  S e c t i on  4 . 8 . 3 

A C I D  C ONCENTRATI ON ACID  ACT IVITY ( 1 )  S LOPE ( 2 )  

( M ) ( M ) 

A :  Amino  N 
0 . 1  0 . 0 7 9 8  - 4 . 5  :X 1 0- 3 0 .  05 6 
0 . 2  0 . 15 4 - 0 . 0 1 0  0 . 06 5  
0 . 5 0 . 3 8 5 - 0 . 0 2 8  0 . 07 3  
1 . 0  0 . 8 1 - 0 . 05 3  0 . 0 6 5  
2 . 0  2 . 0 - 0 . 23 5  0 . 1 7 8 

k 
hr  - 1 

1 . 25 X 

1 . 3 9  X 

1 . 5 6  X 

1 . 47  X 

3 . 25  X 

4 . 42 X 

1 . 1 1  
1 . 1 5 
1 . 1 8  

k 
- 1 s 

1 . 5 6  
1 .  8 1  
2 . 0 3 
1 .  8 1  
4 . 9 4 

X 

X 

X 

1 0-5 

1 0-5 
. -5 1 0  
1 0 -5 

1 0-5 

1 0- 4 

1 0-3 

1 0-3 

1 0- 3 

X 1 0-5 

X 1 0-5 

X 1 0-5 

X 1 0-5 

X 1 0-5 



1 8 1  

B : Amino  N 

0 . 0 2 7  0 . 0 2 27 - 0 . 0 43 1 . 8 9  5 . 2 5 X 

0 . 1  0 . 0 7 9 8 - 0 . 4  5 . 0 1  1 . 3 9  X 

0 . 2  0 . 1 5 4  - 0 . 8 3 5 . 3 9  1 . 5 0  X 

0 . 5  0 . 3 8 5  - 2 . 1 3 5 . 5 3  1 . 5 4  X 

NOTE S : ( 1 )  Ca l c u l a t e d  by  u s ing t h e  t r u e  a c t iv ity c o e f f i c i e n t  

f r om Figur e 4 . 1 4  

i . e .  A c t i v ity = C o n c e n t r a t ion t im e s  a c t i v i t y  

c o e f f i c i e n t  

( 2 ) R a t e = s l o p e  = k AH+ 

1 0- 4  

1 0 - 3  

1 0 - 3  

1 0- 3  
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the  a c t ivity  i s  a c tua l ly s l ight l y  l e s s  than t r u e .  a s  d i s cus s e d 
in  S e c t io n  4 . 8 . 2 . 3 . thus  giving  s l i ght ly  highe r apparent  va lues  
of  the  r e a c t i o n  rate  c o e f f i c i ent . I t  c an be  c o n c l u d e d  therefore  
that  ex c e l l en t  agre ement with  the  d a t a  o f  Vickery ( 1 9 2 2 ) was 
achiev e d . 

4 . 1 1  Furthe r  d i s c us s io n  o f  kinet i c s  experiments  

Th e ap p r o ach  and .  t e chnique  u s ed  in  this  work - h av e  p r o v en 
g en era l l y s at i s f a c t o ry  with s om e  d i f f i c u l tie s  high l ight e d .  The 
kine t i c s  o f  a c i d  hydro l y s i s  o f  ami d e  and p e p tid e  b on d s  o f  g l uten  
have  b e en  s hown t o :  

( a )  f o l l ow t h e  kine t i c s  o f  hydro l ys i s  o f  ami d e s  e s t ab l ished  b y  
s e v era l authors  a s  d i s c u s � e d  i n  S e c t ion 1 . 2 . 2  

( b ) f o l l ow t h e  kinet i c s  o f  p e p t i d e  b o nd hydro lys i s  e s t ab l ished  
with  m o d e l sys t ems  a s  d i s c u s s e d in  S e c ti on  1 . 2 . 5 

Two p r o b l em s  c omp l i c a t e d  the  kin e t i c ana ly s i s .  The  f ir s t  was 
th e ' b ench  r e a c t ion '  whi ch  t o ok p l ac e  f o r  the exp e riment s with 
higher  a c i d  c on c entration s .  It is s ug g e s t ed that thi s  c o u l d  b e  
av o i d e d  b y  s amp l ing d i r e c t l y f r om  th e  r e a c tio n  and quen ching the 
r e a c t i o n .  b y  n eu tr a l i z at ion .  

The s e c ond and  maj o r  p r ob l em wa s  that o f  the c omp l i c at ions  due  
t o  t h e  pH  e l e c t r o d e .  Th e s e  c o u l d  b e  a v o i d e d  b y  u s i n g  a n  e x c e s s  
o f  a c i d  and d e t e rminat ion  o f  th e  a c i d  c on c entrat i o n  o r  a c tivity  
by  c a l c u l at i on .  In the  p r e s ent w o rk d r i f t  in  the  e l e c t r o d e  
r e ading s . whether  due  t o  high a c i d  c on c entrations  o r  th e  
p r e s en c e  o f  p r o t ein  a d d e d  t o  th e e r r o r  o f  th e d e t e rminat ions . 
The l a ck  o f  f i t  ( LOF)  c a l c u l a t i on s  d i s c u s sed  in  S e c t i on  4 . 8  are  
b a s e d  on  r e p e t it ion exp e riment s with  c onditions  that  f a l l  in th e 
midd l e  o f  t h e  r ange  o f  experiment a l  c ondition s .  The  
d i f fi c u l t i e s  in  pH  m e asur ement  o c c urr e d  a t  th e l o w e s t  and 
high e s t  p H  v a l u e s .  This  may mean that th e  LO F c a l c u l at ions  
shown in Tab l e s  4 . 3 3 - 4 . 3 5  o v er e s t imat e the  l ack  o f  f i t .  This 
typ e o f  p r o b l em was d i s c u s s e d  by She l t on et  al ( 1 9 8 3 ) .  Such  
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c on s id erat ions do  n o t . howe v e r . a f f e c t  th e  c o n c lu s i on s  d rawn 

from  the exp e riment s in the p r e s ent w ork .  

Th e  ch o i c e  o f  t h e  i n i t i a l  r a t e f o rm o f  a n a l y s i s  f o r  t h e  k in e t i c  
d a t a  ( L ev ensp ie l .  1 9 7 2 ) i s  p artic u l ar l y  appr o p riat e f o r  this  
p r e s ent work .  Mo st  m e thods  o f  kineti c  ana lys i s  dep end  up on  the  
r e a c tion  rat e c o e f f i c i ent . u s ua l ly  u s in g  the  s ymb o l k .  b eing  a 
c on s t ant . Wh ere  th e  nature  o f  the r e a c t i on chang e s . in  this  
c a s e  p e p t i d e  b onds  b etween  d i f ferent amino  a c i d s  ar e b eing  
hydro l y s e d  and  amid e  b onds m ay vary in  th eir  expo sur e  to  s o l v ent 
d u e  to  t h e  o r i e nt a t i o n  of  t h e  p r o t e i n  as  w e l l as  th e r e  b e i n g  
s om e  amid e  groups o n  a s paragine  r ather  than g l utamine mo l e c u l e s .  
i t  i s  inevitab l e  that  the  r e a c tion  rat e c o e f f ic i ent s .  k ' s .  ar e a 
function  o f  the  extent  and p o s s ib ly  t h e  c ondit ions  o f  t h e  
r e a ction .  Ana ly s i s  o f  s u c h  r eactions  u s ing  an int e g r a l  f o rm o f  
analysi s  ( Levens p i e l .  1 9 7 2 ) m ay l e ad t o  in c o rr e c t  c on c l u s ions  
ab o ut the  kine t i c s  i f  the  r e a c tion  rat e c o e f f i c i ent s a r e  a s s um e d  
c on s t ant . Such d i f f i c u l t i e s  are  avoid e d  with the  init i a l  r at e  
f o rm o f  ana ly s i s .  

A v isua l t e chni que w a s  us e d  t o  det ermine init i a l  r e ac t ion  r at e s 
a s  d e s c rib e d  in S e c t ion  4 . 8 .  Ac curat e d e t erminat ion  o f  init i a l  
r e a c tion  r at e s  i s  o f t en d i f f i c u l t  and  v arious t e chn i qu e s  h ave  
b e en app l ie d  t o  a s s i s t  i n  their  measurement .  One  s u ch  t e chnique  
is  that  d e s crib e d  b y  Cornish- Bowden ( 1 9 7 5 ) . which  ap p e ar s  to  b e  
s u i t ab l e  f o r  this app l i ca ti on .  

O ther  s t udi e s  o f  hyd r o l y s i s  c at a l y z e d  by  a c id s  have  inv e s t iga t e d  
t h e  prob l em o f  how  t o  exp r e s s th e e f f e c t  o f  a c i d  c o n c ent ration .  
Sho u l d  i t  b e  c oncentrat ion .  a c t ivity o r  s ome f o rm o f  a c idity  
f un c t ion . a s  dis cu s s e d  in  S e c t ion  1 . 2 . 2 ?  

D ub oux and  M ermoud ( 1 9 2 8 ) s tudied  t h e  inv er s i on  o f  s u c r o s e  
c at a ly s e d  b y  H C l  b e twe en  t h e  c on c ent ration s  o f  0 . 0 9 1 and 3 . 6 0 M .  
i . e .  very  s imi l ar c onditions  t o  tho s e  r e p o r t e d  i n  thi s  p r e s en t  
w o rk .  I t  w a s  c onc l u d e d  that th e r e a c t i on  rat e was  p r o p o r t i o n a l  
t o  t h e  a c t ivity o f  hydrogen  i on s  and n o t  t h e  c on c en t r a t ion .  I n  
s im i l ar s tudie s  b o t h  Barnet t and O ' Conn o r  ( 1 9 7 1 )  and Zhong  e t  a l  
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( 1 9 8 4) b o th  f ound  l it t l e  d i f f e r en c e  b e twe en us ing  a c t iv ity and 
a c i d i ty  fun c t ion  wh ere  the ac i d  c on c ent r at ions  w e r e  in the  range 
shown i n  thi s  s t udy.  It  is  t h e r e f o r e  c o n c lu d e d  that a mo r e  
c omp l ex ana l y s i s  o f  th e  kinet i c  d at a  o f  t h e  p r e s e n t  work u s ing  
the  ac i d ity  fun c t ions  d e s c rib e d  in S e ct i on  1 . 2 . 2  is  not  
warran t e d .  Thi s  conc lus ion  i s  s up p o r t e d  b y  th e  d a t a  ob t ained  
i . e .  g o o d  c o r r e l ation b e tween  a c t iv ity  m e a suremen t s  and  r e a c t ion 
rat e s . 

I t  f o l l ows  t h at ov e r  the  range  o f  a c id c oncentr a t ion  s t u d i e d  
ne ithe r t h e  l e v e l  o f  p rot onat ion  o f  t h e  amide  n o r  th e  a c t i vity 
o f  wat e r  in  the r e a c t ion . whi ch are  the  f a c t o r s  c on s id e r e d  in 
variou s  a c id i ty  func t ions . h ave  any sub s t ant i a� e f f e ct . 

A c o ro l l ary t o  the  ab ov e  i s  tha t  pH  d e t e rminat ion  i s  a p r a c t i c a l  
a n d  m e anin g f u l m etho d f o r  c ont ro l a n d  ana lys i s  o f  hydro lys is  
r e a c t i on s . 

Knowin g  that  hydrogen ion  a c t ivity  i s  a c ontro l l in g  f a c t o r  in 
the r e a c t ion s  l e ads  to an exp l anation  o f  the  r e s u l t s  o f  s ome  
o ther  autho r s .  Both  Aranyi and  H awry l ewi c z  1 9 7 2 )  and  Wu  e t  a l  
( 1 9 7 6 )  u s e d  a c e t i c  a cid  and hyd r o ch l ori c  acid  a s  hydro lys i s  
c at a l y s t s .  Much  great e r  c onc ent r a t ions  o f  a c e t i c  a cid s  w er e  
n e e d e d  t o  a chi eve  the  s ame  extent  o f  hydro lys i s  a s  f o r  
hydro c h l o ri c  a c id u s ing  o therwi s e  s imi l ar c ondit ions . The e f f e ct  
c an b e  exp l ain e d  by the  p art i a l  d i s s o c i at ion of  a c etic  a c i d  in  
s o lu t i o n  in  c ontrast  t o  th e  c omp l et e  di s s o c iat ion  o f  
hydro ch l or i c  a c i d  s o  that  s im i l ar r e su l t s  are  o b t ained  with 
s imi l a r  c on c e nt rations  of  hyd r o g en ion  in  s o l ut io n .  A d e t ai l e d 
exp l an at i on was  given  by  M o o r e  and  P e a r s on  ( 1 9 8 1 ) . ( S e c t ion  
1 . 2 . 2 )  and  a l s o  demon s t ra t ed in the  exp e r iment s o f  Mit t a l  e t  al  
( 1 9 8 1 ) . 

The a c t ivi ty  r e ferred  t o  i s  t h e  m e asur e d  a c tivity  whi ch inc l ud e s  
t h e  e r r o r s  d i s c u s s e d  in  S e c t i o n  4 . 2 . 5 . 4 . 5 . 2  a n d  4 . 8 . 1 . 3 .  

The a c t iv a t ion  energie s  r ep o rt e d  in S e c t ions  4 . 8 . 2 . 1  and 4 . 8 . 2 . 2  

a r e  s im i l ar t o  t h e  v a l u e s  r e p o r t e d  b y  Leach ( 1 9 5 3 ) . 
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The s imu l at io n  d a ta .  d i s cus s e d in  S e c t i on  4 . 9  show  that a g o o d  
p r e d i c t i o n  o f  ami d e  b o n d  h y d r o l y s i s  c a n b e  o b t a i n e d  u p  t o  a 
l e v e l o f  about  40%  amid e  b ond  hydro l y s is . the  f i r s t  6 0  minut e s  
o f  r e a c t ion i n  Figure 4 . 1 5 .  Beyond  t h i s  l e v e l o f  hyd ro l y s i s  the  
p r e d i c t ion i s  s t i l l  u s e f u l  but  c omp l i c a t ions s u ch a s  p o s s ib l e  
chan g e s  in r e act ion r a t e  c o e f f i c i ent b e c ome app arent . The 
p r e d i c t ions f o r  p e p tide  b ond  hydr o l y s is are  l e s s  c e rt ain  but 
s t i l l u s e fu l up  to a l e v e l o f  ab out  40%  amid e  b ond  hyd r o ly si s . 
Th e l e v e l  o f  p eptide  b ond  hydro ly si s  a f t e r  6 0  minu t e s  r e ac t ion  
in Figure  4 . 1 9  i s  only  ab ou t  4% . 

For p e p t id e  b ond hydro l y s is chang es  in  k wou l d  b e  exp e c t e d  
b e c au s e o f  t h e  many d i f f erent  typ e s  o f  p ep t i d e  b ond j Th e t rend  
t o  o v e r e s t imat e the hydro ly si s  shown in  Figure  4 . 1 9 .  and 
c on s e quent i a l ly the hydr og en  i on  c o n s umpt ion in  Figure  4 . 2 0  is  
the  exp e c t e d  r e s u l t .  

Convent iona l kinetic  ana lysi s  t r e at s  r e a c t ion  r at e  c o e f f i c ient s 
as  c on s t ant . Where  it  i s  l ike ly  that  t h e  c o e f f i c ient s change . 
a s  i n  t h i s  p r e s e nt  w o rk .  i n i t i a l  r a t e a n a l y s i s  i s  a s a f e  f i r s t  

· app r o a ch . 

F o r  a m i d e  b o n d  h y d r o l y s i s c h an g e s  i n k m i ght  b e  d u e  t o  a 
d i f f e r en c e  in  r a t e  o f  hydro lys i s  o f  amid e  group s o n  a s p aragine  
as  c ompared  to  g lut amin e .  F or  g lu t en  th e  p r o p o r t ion  o f  
a s p a r agine  c ompared  t o  g l ut amin e i s  s ma l l .  Tab l e  1 . 1 . s o  the  
e f f e c t  shou l d  a l s o be  s m a l l .  

Th e r e  m ay a l s o  b e  s o m e  e f f e c t  o f  n e i gh b o u r i n g  g r o u p s  o n  t h e  
hyd r o ly s i s  o f  amide  group s i n  g l u tamine .  
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The  work o f  Wu ( 1 9 7 6 )  s h owed that l ar g e  chang e s  in fun c t iona l 
p r o p e r t i e s  c o u l d  b e  exp e c t e d  o v e r  a s ma l l  init i a l  r an g e  o f  
d e amidat i o n ,  sh own i n  Figure  1 . 3 .  I n  t h e  p r e s ent  w ork it was  
d e s ir e d  to  b o th e f f e c t iv e l y examin e fun c t ional  p r o p er ty  change s  
o v e r  thi s  ini tial  r ang e  and  a l s o  at  higher  l ev e l s  o f  
d e amidat i on .  This was  d o n e  b y  fir s t c h o o s ing  a s e t  o f  init i a l  
hydro ly s i s  c ondit ions . The c ri t eria  f o r  cho i c e  wer e :  

( i ) That t ime o f  r e a c t i on  s h ou l d  b e- t h e  o n l y  hydro ly s i s 

( i i )  

( i ii )  

variab l e .  Hyd ro l y s i s  at , f o r  examp l e ,  d i f f e r ent  
t emperatures  might have  e f f e c t s  o th er  than  that  due  to  the  
d eamidat ion . 

That the  r e a c t ion  s ho u l d  p r o c e e d  t o  r ea s onab ly  high l e v e l s  
o f  d e amidation  within  a r e as o nab l e  l ength  o f  t im e .  

That t h e  r e ac t ion  sh o u l d  b e  a t  a moderat e t emp era tur e .  

Th e c ondit ions  cho s en t o  m e e t  the s e  c r i t eria  were : 

g l ut en at 1 0% w/ v 
+ - 1 H C l  t o  g i v e  [ H  ] = 0 . 5 g - mo l 1 

and h ea ting  at  7 0 ° C  f o r  p e ri o d s  o f  up t o  f ive  hours . 

The  r e a ct ion  t imes  w e r e  cho s en  s o  that  t h e  maj o rity  o f  the  
s amp l e s wou l d  have  r e l at i v e l y  l ow l e v e l s  o f  d e amida t i on .  
R e p e t i t i o n  o f  t w o r un s  w a s  i n c l u d e d  s o  t h a t  a n  e s t im a t e o f  
v ariation  in  the  p r ep arat ion  t e chnique  c o u l d  b e  mad e .  Th e 
r e ac t i on  t imes  cho s e n  are  shown in Tab l e  5 . 1 .  

5 . 2 Cho i c e  o f  s ampl e  r e c overy c ondi ti on s  

M o s t  e ar l i e r  s t ud i e s  o f  the  d e amidat ion  o f  g l ut en by  a c i d  
hydr o l y s i s  u s e d  p r e c ip i ta t i on  t o  r e c o v e r  th e  p r o t ein .  



T ab l e  5 . 1 :  

P REPARAT I ON 
NUMBER 

( 1 )  
( 2 ) 
( 3 )  
( 4 )  
( 5 ) 
( 6 )  
( 7 )  
( 8 ) 
( 9 )  
( 1 0 ) 
( 1 1 ) 

N ot e : ( 1 )  
( 2 )  
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D e s ign and a c tual  r ea c tio n  c ondit i on s  f o r  the  
p r ep arat ion of  hy dro lysed  g l uten  p owd e r s  

D E S I GN REACT I ON ACTUAL REACT I ON MEAN REACT I ON 
T IME AT 7 0 ° C  T I ME TEMPERATURE 

( s ) ( s ) ( o C )  

( 1 )  
n i l ( 2 ) 

8 0  9 0  6 5  
1 2 0  1 3 5  6 4  
1 2 0 1 40 7 2 . 5  
27 0 1 7  4 6 7  
6 0 0 6 6 0  7 1  

1 3 8 0 1 3 8 0 7 5  
3 6 0 0  3 9 0 0  7 2  
3 6 0 0  3 6 6 0  6 4  

1 8 0 0 0  1 8 0 0 0  7 1  

Gluten s us p ens ion  - no  a cid  added  
A c i d  a d d e d  but  no h e at ing 
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The d a t a  o f  Wu ( 1 9 7 6 )  indi ca t e  that  l o s s e s  o f  p r o t e in ,  when 
r e c o v er ed  by p r e c ip it at ion , wo u l d  in c r eas e  as  p r o t ein s o ub i l ity  
inc re a s e d .  Wh en  d i a l y s i s  was us e d  f o r  p r o t ein r e c o v e ry ,  l o s s e s  
in c r e a s e d  with  incre asing  l e v e l s  o f  d e amidat ion .  

I t  was  thought  that  a s t udy of  the  func t ional  p ro p ert i e s  of  only  
t h e  p r e c ip it a t e d  p ro t e in ,  p art ic u l ar l y  when  the  r e c o v e r e d  
p ro p o r t ion  was  l o w ,  might l e ad t o  r e s u l t s  n o t  r e p r e s e n t at ive  o f  
t h e  func t i o n a l  chan g e s  o c curing .  F o r  this  reas on  it was  d e c ided  
to  u s e s o me f o rm of  d i a ly s i s . U l t r a f i l t rat ion was  c o n s i d e r e d .  
Cont a c t  with  hydr o c h l ori c  a cid  i s  n o t  d e s irab l e  f o r  
u l t r a fi l t r at i on  m emb ranes  s o  neut r a l i z at i on o f  t h e  hyd r o l y s at e  
w a s  inv e s t iga t e d .  In  o n e  p r e l iminary p ro duct  p r e p aration  t ria l -
i t  wa s  f oun d  t h at a d di tion  o f  c o n c entrated  NaOH r e s u l t ed in the  
hydr o l y s e d  � l ut en s u s p en si on  t urning t ? a g r ey- g r e en c o l o ur .  
Lab o r a t o ry exp erimen t s  showed  that  t h e  c o l o ur d e v e l o pment  was pH  
d ep endent . Co l our  d e v e l o pment b e g an at  ab out  p H  7 and increased  
with  inc r e a s ing  p H .  Lo c a l is e d high  p H  due  t o  p o or  mixing needed  
t o  b e  avoided  in  order  t o  avoid  c o l o ur  d e v e l opment  e v e n  at 
m o d e r a t e  p H .  This c o l o ur d ev e l opment  phenomenon is  t h o ught t o  
b e  d u e  t o  a r e a c t i on  a s s o c ia t e d  with  iron  ( S o uthward , 1 9 8 5 ) . 

T h e  i r o n  c o n t e n t  o f  t h e  g l u t e n w a s  f o un d  t o  b e  ab o u t  6 5  p p m  
( ana l y s i s  p e r f o rmed  b y  N Z  Min i s t ry o f  Ag r i c u l t u r e  and Fi sheri e s , 
Reg ional  D airy Lab o ra t o ry ,  M t  Maunganui , New Z ea l and) . 
d e c i d e d  t o  us e d i a l y s i s  o f  t h e  hydr o lys at e without  
n e ut r al i z at ion . 

I t  was 

Aft e r  d i a l y s i s  the g l ut en s usp ens ion  was to  be  s p ray d ri e d .  
Vit a l  wh eat  g l ut en i s  p r epar e d  u s in g  pn eumat ic c onveying  drier s  
and  r e t ains  s at i s f a c t o ry fun c t i ona l p r op ertie s . Th e e f f e c t  o f  
d rying , p H  a t  drying , and o th er  f a c t o r s  were  in v e s t i gat e d  b y  
P f e i f e r  e t  a l  ( 1 9 5 8 ) . I t  w a s  thought  that the s p ray d rying 
wou l d  h a v e  l it t l e  e f f e c t  but a sma l l  p o r t io n  of the d i a ly s e d  
hyd r o lys at e  was  f r e e z e  d r i e d  as  a c on t r o l s amp l e .  
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5 . 3 S ampl e  preparat ion  d e t ail s  

Thre e kg  o f  g l ut en we re added  t o  25 . 8  kg o f  t ap wat er  by  shaking 
g ent l y  through a c o ar s e  mesh  s i e v e  with  s t irring t o  p r e vent  
l ump s f o rming . Then 1 . 9 8  1 o f  c onc ent r a t e d  HC l  were  ad d e d .  I t  
w a s  imp ortant not  t o  d e l ay t o o  l ong b e f o r e  p r o c e s s ing  a f t e r  
adding the g l ut en o r  the  a c i d  b e c au s e  t h e  g l ut en f o rmed  a l arge  
t ough l ump o f  d ough .  

The acid  g l ut en mixture  was then p o u r e d  into a sma l l  f e e d  t ank 
s i tuat e d  immediat e ly ab o v e  the  s u c t i on  intake  o f  a twin l ob e  
p o s i t i v e  pump ( Howard , Eastb ourn e ,  E a s t  S us s ex BN2 27 S E ,  Eng l and) 
which was c onn e c t e d  to a p ara l l e l  p l at e  s p ira l h e a t  exchang e r  (W 
S chmid t  KG D- 7 5 1 8  Bre t t en ,  West  Germany) . The h e at exchang e r  
w a s  h e at ed with h o t  wat er .  Th e eme rging  g luten- a c i d  mixt ur e was 
he ld  f o r  the  r e quired  t ime  by e ither  p ump ing through t ub ing  o f  
the r e quired  l ength  and c o o l ing thr ough  a n  A l f a  Lav a l  A3 HRB 
p l at e  h e at exchanger  (Al f a  Lav a l , Hami l t on ,  New Z e a l and )  o r ,  f or  
ho l d ing t imes  o f  more  than  a few minut e s , by p as s ing th e  h e a t ed 
m ix t u r e  in t o a c o n t a i n e r  wh i c h  wa s  h e l d  in  a w a t e r  b a t h  t o  
maint ain  the  r e quir ed  t emp erature .  A f t e r  th e r e qui r e d  ho l ding  
t ime the  ac £d-g l u t en mixt ure  was p a s s e d  b ack through the  S chmidt 
heat exchang e r ,  o p erating wth c o l d  wat e r  to  c o o l .  

The g l ut en was p r e s ent  as a h eavi ly  f l o c c u l at e d s u s p e n s i o n ,  the  
extent  o f  which  v a r i e d  s omewhat d ep ending  on  how l ong i t  was  
he l d  b e f o r e  t r e atment . S ev e ra l  heat  exchangers  were  t e s t e d but  
on ly th e  S chmid t  h e at exchanger  c ou l d  p ro c e s s  the  s u s p en s i o n  
without  b l o cking .  Th e pump and heat  ex changer  c omb ina t i on  was  
run  on  wat er t o  ob t ain s t ab l e  f l ow and t emp erature  b e f o r e  the  
g l ut en-a c id mixture  was  added  t o  the  f e e d tank . A sma l l 
quant ity  o f  a c id  was  added  t o  the  wat e r  i n  the  f e e d  t ank a s  i t  
wa s  d r awn d o wn t o  a v o i d  l ump s o f  g l u t e n  b e in g d r awn i n t o t h e  
s y s t em a h e a d  o f  t h e  m a i n  f l o w a n d  b e i n g  h e a t e d i n  a n o - a c i d  
environment . The r e s i d enc e t ime in t h e  h e at exchanger  and t ub ing 
s y s t e m s  w a s  o b s e r v e d  b y  i n j e c t i o n o f  a d y e  m a rk e r  i n t o t h e  
b o t t om o f  the  f e ed t ank when the  sys t em was o p erat ing o n  wat er .  
Dye  inj e c t ion  wa s  c omp l e t e  within on e  s e c ond .  Re s i d enc e t im e  
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was r e ck on e d  f rom the  f i r s t  ap p e aran c e  o f  the  d y e  and t h e  
r e s idenc e t im e  d i s t ribution  a s  t h e  l ength  o f  t im e  t h e  dye  was  
v i s ib l e  in  t h e  h eat exchanger  o r  t ub ing exit . 

Th e r e  w e r e  s om e  d i f f i c u l t i e s  in  c ontro l l ing th e s y s t em 
t emp erat u r e  b e c aus e o f  variations  in t h e  t emp era tur e  o f  the  hot  
wat e r  f e e d ing  th e  sys t em .  I n  addit ion  when th e c hange  from  
water  t o  a c i d  g l ut en mixt ure  was  made  the  t emp e ra tur e  s ome t imes . 
b u t  n o t  a l way s . drop p e d  2- 3 ° C . Th e t emp eratur e o f  the  f l ow f rom 
t h e  heat  ex chang e r  was  r e c o r d e d  throughout  each  r un with 
ap p r oximat e l y  s ix re adings  f o r  e ach  run .  Th e a r i thme t i c  mean 
t emp e ra tur e  f o r  e ach run is  r e c o rd ed in Tab l e  5 . 1 and the dat a 
r e p r e s en t  a r ang e o f  ab out  4� C f o r  e ac h  run .  

T h e  d y e  ap p ea r e d  a t  the  exit  o f  t h e  S c hmidt  h e at ex changer  a f t er 
ab o u t  3 0  s e c o nd s  with  a r e s i d en c e  t im e  d i s trib u t i o n  o f  ab ou t  1 5  

s e c ond s  whi c h  in c r ea s e d  t o  ab o ut 3 0  s e c onds  o v e r  t h e  who l e  
s y s t em .  With  the  g l u t en- a c i d  mixture  in the s y s t em the  
r e s i d en c e  t im e  d i s t ribution  a p p eared  to  be  even  g r e at e r .  Aft er 
ab out  2 minu t e s  t r eatment  the g l uten- a c i d  sus p ens i on  was  smooth  
rather  t h an f l o c cu l at e d .  The  f i r s t  two  l it r e s  o f  s us p ension  t o  
c ome  through  th e  sys t em were  o b v ious l y  d i l ut e �  wi th  wat er  and 
d i s c ar d e d .  S imi l ar ly .  the f inal  few l it r e s  w e r e  d i s c arded . The 
r e s i d en c e t im e  d i s t ribut ions  and the  t im e  requ i r e d  t o  p ump a 
b at ch t h r o ugh  th e  c o o l ing s y s t em .  2- 3 minut es . f o r  the  l onger  
h o l d ing  t ime s .  made  e s t imat i o n  o f  a b a t ch ho l d in g  t ime 
d i f f i c u l t .  The t ime s  r e c o r d e d  in Tab l e  · 5 . 1 a r e  e s t imat es  and 
c an p r ob ab l y  b e  r egarded  a s  h aving an a c c uracy  o f  � 1 minut e .  

The c o o l e d g l ut en s u s p ens ions  were  pump ed  using  a s mal l 
p e r i s t a l t i c  p ump int o d i a lys i s  tub ing c u t  int o  approximat e l y 0 . 6 
m l engths  ( s i z e  3 6  d m .  Union  Carb ide  Corp o rat io n .  Chi c ago . 
I l l ino i s . U SA) . Th e p r o gr e s s o f  the  d i a lysi s  w a s  moni t o r e d  b y  
p H  m ea s urement  o f  the  d i a l ys at e .  Aft e r  d ialys i s  t h e  hydro ly s ed  
g l u t en s us p en s i on  was  remo v e d  from  the  t ub e s  and  s t o r e d  f ro z en 
unt i l  r e quire d  f o r  s p ray drying  o r  f r e e z e  dryin g .  
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For  s p r ay d rying the  f ro z en s u s p ens ions  were  thawed  at room  
t emp eratur e .  Immediat e l y  b e fo r e  d rying the  s u s p ens ions  were  
p a s s e d  through  a c o l l o id  mi l l  ( M o d e l  J V  1 0 .  P r ob s t  and  C l a s s .  
Ras t a tt . Bad e n .  Ge rmany) in o rd er  t o  b r eak up the  h e avy f l o e s  
which  f o rmed  during d i a l y s is and f r e e z in g .  

Sp ray d rying w a s  c arried  o u t  u s in g  a p i l o t  s c a l e  s p ray d ri er  
with an  at omi z er dis c (nomina l c apac ity 8 0  kg / hr) (Anhydro . 
Co p enhagen .  D enmark) . Th e drier  was  op erat ed  s o  that  the  in l et 
t emp erature was  1 9 0 ° C  o u t l e t t emp erature  6 8 ° C  and a t omiz er  s p e e d 
w a s  1 3 . 5 0 0  r p m . · 

S o m e  o f  t h e  g l u t en s t u c k  t o  t h e  w a l l s  o f  t h e  d r i e r  in  a r i n g  
around t h e  at omiz er .  S o m e  powd e r  was r em ov e d  b y  t h e  p owder  
c o l l e c t ion s y s t em and kept  s ep arate  f rom p owder  whi c h  c o l l e c t e d 
o n  t h e  b o t t o m c o n e  o f  t h e  d r i e r  w h i c h  w a s  r e m o v e d  s e p ar a t e l y  a s  
a ' s w e e p in g s '  f raction . 

The p owder  was  s t ored  in s e a l e d p o lythene  b ag s . An exc e p ti on  
was  t h e  powd e r  s amp l e s  u s e d  f o r  t as t ing . Th e s e  w e r e  s t o r e d  in 
heat s e a l e d  l aminat ed f o i l  s ach e t s  unt i l  requir ed .  

S amp l e s  o f  d ia ly s ed g l ut en su s p ens ion  f o r  f r e e z e d rying were  
f r o z e n in  s m a l l l o a f  t i n s  a n d  d r i e d  o v e r  a p e r i o d  o f  ab o u t  3 8  
hours  u s ing a t ray t emp e rature  o f  3 0 ° C . 

S amp l e s  were  t aken from  various  p o int s in the  p ro c e s s .  Liquid 
s amp l e s  wer e t aken  of t h e  g l ut en- acid  s u s p ens ion  b e f o r e  and 
a f t e r  t reatment .  The pH was  mea sured  and the a f t e r  t r e atment 
s amp l e s  were s t or ed  fro z en .  A s amp l e  of  the s u s p en s ion a f t e r  
d i a ly s i s  w a s  t aken .  the  p H  meas u r e d .  and then s t o re d  f ro z en f o r  
l at e r  analys i s .  S amp l e s  o f  s p ray d ried  p owd e r  and sweeping s 
f r o m  e a c h  run  w e r e  t ak e n . a n d  s im i l a r l y  o f  t h e  f r e e z e  d r i e d  
powd e r . 

Th r e e  k g  o f  g l u t e n w e r e  d i s p e r s e d  in  w a t e r  a n d  s p r ay d r i e d  t o  
t e s t  t h e  s p ray d rying s y s t em .  Th e p o wd e r  p r oduc e d  was  inc l u d e d  
as  an addit o na l  c ontr o l s amp l e .  Two further  s amp l e s were  
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p r e p a r e d  with the  o b j e c t i v e  o f  a l l owing t h e  hydr o l y s i s  t o  
p r o c e e d  t o  c omp l e t i o n .  that i s .  mo s t  o f  t h e  hydr o g en  i on  

c on s um e d  and  then drying without d i a ly s i s . Twenty- f i v e  gram s  o f  
g l u t e n  w e r e  w e i g h e d  i n t o  a 2 5 0 m l  p y r e x g l a s s  f l a s k  w i t h  a s c r ew 
c ap . 

S am p l e  A w a s  d i s p e r s e d  w i t h  2 2 9 . 1  m l  w a t e r  a n d  2 . 0 8 3  m l  1 2 M  H C l  
( t o t a l  v o l ume  2 5 0  m l ) 

S amp l e  B w a s  d i s p e r s e d  w i t h  2 3 0 . 9 m l  w a t e r  and  0 . 4 1 7  m l  1 2 M  H C l  

( t o t a l  v o l ume  2 5 0 m l ) . 

The f l asks  were  p l ac e d  in  a wat er  b ath  c ontro l l ed  at  7 0 ° C. 

A f t e r  5 h our s  the  f l asks  wer e remo v e d  and s amp l e s  t aken  for  
ammonia  ana l y s i s . Heating  of  the  f l asks  c ontinued  t h e  next  d ay 
and  o n  s e v e r a l  s ub s equent  d ays . with  the  f l asks  s t anding  at  r o om 
t emp e ra tur e .  b e tween h e a t ing p eri o d s . Final l y .  a f t er 7 0 .5 hours  
a t  7 0 ° C  o v e r  a p e r i o d  o f  2 4  d ay s . f u r t h e r  s amp l e s  w e r e  t ak e n  f o r  
ammon i a  ana ly s i s  and t h e  c ont ent s o f  the  f l asks w e r e  p o ured  into  
s ha l l ow t r ays . f r o z e n  and  then  fr e e z e  dried  a f ew d ay s  l at e r .  

5 . 4 Ana lys i s o f  pro c e s s  s ampl e s  

Chemi c a l  ana ly s e s  o f  l i quid and p owder  s amp l e s w e r e  p er form e d  by  
t h e  Ana ly t i c a l  Ch emi s t ry S e c t ion o f  t h e  New  Z e a l an d  D ai ry 
R e s e ar ch  I n s t i t u t e  us ing  the  meth o d s  d e s c rib e d  in Minis try o f  
Agri c u l tur e  and Fish e r i e s  ( 1 9 7 9 ) . 

S amp l e  numb er s  a r e  l inke d  t o  s p e c i f i c  t r e atments  in Tab l e  5 . 1 .  
Th e a n a l y s i s  o f  l i q u i d  s amp l e s  i s  s h o wn i n  T a b l e  5 . 2 ( i n t h i s  
and  o th e r  t ab l e s  v a l u e s  given a s  p er c entage s  are p er c ent w/w) . 
Th e d a t a show  the  c o n sumption  o f  hydr o g e n  ions  in c r e a s ing with  
in c r e a s ing  t r e atment t ime .  The  non  p r o t ein  nit r o g e n .  that is  
p e p t i d e s  not  p r e c ip i t a t e d  b y  t rich l o r o a c e t i c  a c id . a l s o  
in c r e a s e s  indi ca t ing p ep t i d e  b ond hydro l y s i s . I n  d i a l y s is t h e r e  
app e ar s  t o  b e  a s ub s t ant ia l  l o s s  o f  s o l id s .  t o t a l  n i t r o g en 
( p r o t e in) and  a h igh l o s s  o f  non p r o t ein  nit r o g en  ( l ower  



Table 5.2: Analysis of liquid samples during hydrolysate preparation 

PREPARATION SUSPENSION SUSPENSION SUSPENSION AFTER HEATING 

NU MBER pH BEFORE pH AFTER TOTAL SOLIDS TOTAL NITROGEN NON PROTEIN 

HEATING HEATING NITROGEN 

(%) (%) (%) 

( 1 )  

(2) 0.302 0. 302 1 1 .85  1 . 1 2  0.054 

(3) 0.33 1 0 .334 1 1 . 1 8  0.99 0.066 

(4) n.d. ( 1 ) 0.354 1 0.9 1 . 1 2  0.055 

(5) 0.328 0 .344 1 0.8  1 . 1 4  0.069 

(6) 0.325 0.367 9.0 0.94 0.054 

(7) n .d. 0.37 1 1 1 . 1  1 . 1 7  0.09 1 

(8) 0.325 0.374 1 1 . 1 1 . 2 1  0. 1 59 

(9) 0.3 1 5  0.390 1 1 .4 1 . 26 0.2 1 7  

( 1 0) 0.324 0.4 1 5  1 0.0  0 .95 0. 1 49 

( 1 1 ) 0 .330 0.426 1 1 . 6  1 .24 0.280 

Note ( 1 ) n.d. = not determined 

SUSPENSION SUSPENSION AFTER DIALYSIS 

pH AFTER TOTAL TOTAL NON 

DIALYSIS SOLIDS NITROGEN PROTEIN 

(%) 

4.06 1 n.d. 

3.8 6. 1 9  

3 .904 5.65 

3.930 7 .7 1 

3 .853 5.23 

3.683 6.63 

5.086 6.05 

4.747 4.24 

3.897 5.02 

4.473 5 . 1 8  

(%) 

n.d. 

0.77 

0.72 

0.95 

0.66 

0.84 

0.79 

0.7 1 

0.67 

0.59 

NITROGa 

(%) 

n .d. 

6.0 1 2  

0.0 1 0  

0.0 1 2  

0.0 1 0  

0.020 

0.033 

0.045 

0.030 

0.052 

\,() VJ 
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mo l e c u l a r  w eight )  f r a c t ions . Th e l o s s  o f  a lmo s t  h a l f o f  t h e  
p r o t e in in  d i a lys i s  w a s  s u r p ri s ing . D i a lys i s  w i th  Visk ing  
( Union  Carb id e )  t ub ing  i s  c ommon .  A s e arch  o f  Chemi c a l  
Ab s t rac t s  ( a v ai l ab l e  o n  D ia l o g . a c omput eri s e d d a t ab a s e )  f o und  
n o  m ea s urement s o f  the  mo l e c u l a r  weight  s e l e c t ivity  of  the  
t ub ing and  no  informa t i on  c o u l d be  s up p l ie d  by  the  
m anu f a c tur e r s . I n c omp l e t e  information  i s  given  b y  S t ewart  
( 1 9 7 7 ) . 

Ana l y s i s  o f  t h e  g l ut en us e d .  T ab l e  5 .3 .  shows l i t t l e  v aria t ion  
a s  might  be  exp e c t ed .  Th e c h l o rid e  l e v e l s  r e f l e c t  t h e  u s e o f  
s o dium c h l o r i d e  i n  t h e  p r e p arat ion o f  g l ut en.  

The  ana l y s i s  o f  t h e  hydr o l y s e d  g l uten  p owders . Tab l e  5 . 4 .  i s  
l e s s  c o n s i s t e n t  b u t s o m e  t r en d s  c an b e  s e e n .  T h e  l e v e l  o f  n o n­
p r o t ein  nit r o g en i s  h i gh at  higher  l e v e l s  o f  hydr o ly s is . The 
c h l o ri d e  l e v e l s  indi c a t e  that  mo s t  o f  the acid was remo v e d  by  
d i a l y s i s . No pat t e rn c an b e  s e en in  t h e  weight s o f  s p r ay dried  
p owder  r e c o v e r ed b u t  t h e  t o t a l  amount s r e c overed  a r e  c o n s i s t ent 
with s om e  p ro c e s s in g  l o s s e s and  app roximat e ly h a l f l o s t  in  
d i a l y s i s .  I t  f o l l ows  that  the  amount c aught u p  i n  the  s p r ay 
d r i e r  w a s  s ma l l . 

The  d e g r e e  o f  d e amidat ion o f  t h e  s amp l e  p r epara ti on s  w a s  
d e t e rmined  b y  v a r i ou s  mean s . Fi r s t . t h e  s p ray d r i e d  p ow d e r s  
w e r e  s ub j e c t  t o  c o mp l e t e  d e amidation  f o r  2 .  4 and  6 hour s  a s  
d e s c rib e d  in  S e c t ion  4 . 7 . 3 . T h e  ana ly s i s  d etai l s  a r e  s hown in 
App endi c e s 5 . 1 and 5 . 2 in t h e  at t ached  f iche  and t h e  r e s u l t s  in 
T ab l e  5 .5 .  Th e r e s u l t s  h av e  n o t  b e e n  c o rre c t e d  f o r  the  m oi s ture  
d i f f e r e n c e s  b e tween the  g l ut en  and  the  s p ray d r i e d  p ow d e r .  The  
c a l cu l at ion  examp l e  in  T ab l e  5 . 5 shows  that  th e e r r o r  i s  s ma l l .  
N ext . t h e  l i quid hyd r o lys at es  were  r e t ri eved  f rom  f r o z e n  s t o r ag e  
and  the  l e v e l o f  ammonia  d et e rmine d .  Th e s e  v a lu e s  d o  n o t  
r e quir e  c o r r e c t i on  f o r  m oi s ture  di f f e r en c e s  but  c l e a r ly  t h e  
hydr o ly s i s  h a s  c o n t inu e d . a lb e it  at a l ow rat e .  during  s t o rage .  
A l l  t h e  v a l u e s  a r e  t h e r e f o r e  r ather  high but  c on f irm the  v a lue s  
o b t ained  b y  d e ami d a t i on  o f  the  p owd e r s . Th e ana ly s i s  d et a i l s  
a r e  s hown i n  App endi c e s  5 . 3 and 5 . 4 i n  t h e  at t ac h e d  f i c h e .  A s  a 
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Tab l e  5 . 3 Analy s i s o f  g l u t e n  b e f o r e  hydrolysis  

PREPARATI ON M O I S TURE TOTAL N I TROGEN N ON PROTE IN  FAT CHLORIDE 
NUMBER N ITROGEN 

( % )  ( % )  ( % )  ( % )  mM . kg - 1 

( 2 )  7 . 4 8 1 2 . 85 0 . 1 3 4 . 8  3 4  
( 3 ) 7 . 9 9  1 2 . 6 5 0 . 1 5 5 . 2 5 1  
( 4)  7 . 5 6  1 2 . 6 5  n . d .  ( 1 )  n . d .  n . d .  
( 5 )  7 . 4 8 1 2 . 7 8  0 . 1 3 5 . 7 . 5 8  
( 6 )  7 . 8 8  1 2 . 7 1  n . d .  n . d .  n . d .  
( 7 )  7 . 7 8  1 2 . 7 1  n . d .  n . d . n . d .  
( 8 )  7 . 8 1  1 2 . 8 1  0 . 1 7  6 . 2 6 4  
( 9 )  7 .  8 7  1 2 . 8 2 0 . 1 7 4 . 5  7 1  
( 1 0 )  7 . 3 9  1 2 . 85 n . d . n . d .  n . d .  
( 1 1 )  7 . 7 0  1 2 . 9 1  n . d .  n . d .  n . d .  

M ean : 7 .6 9  1 2 .7 7  

S t andard 0 . 2 0  0 . 0 9  
D eviat ion 

No t e  ( 1 )  n . d . = not det e rmine d  



Table 5.4:  Analysis of hydrolysed gluten powders 

PREPARATION MOISTURE TOTAL NITROGEN NON PROTEIN FAT CHLORIDE MOISTURE OF MOISTURE OF WEIGHT OF WEIGHT OF 

NUMBER NITROGEN SWEEPINGS FREEZE DRIED SPRAY SPRAY 

POWDER DRIED DRIED 

POWDER SWEEPINGS 

(%) (%) (%) (%) (mM.kg- 1 ) (%) (%) (g) (g) 
( 1 )  4 .8  n .d .  1 n .d. n.d.  n.d. n.d.  n.d. 840 n.d.  

(2) 3.68 1 3.93 0 . 1 2  4 .3  227 Note ( 1 )  0 .76 560 n.d. 

(3) 3 .72 1 3.78 0. 1 9  3.6 1 47 1 . 55 0.68 1 360 400 

(4) 4 . 1 5  1 4 .08 0. 1 5  3 .4  1 69 2. 1 0  1 . 66 935 760 

(5)  3 . 1 9  1 3 .73 0. 1 9  4 .3  1 24 2. 1 8  1 . 98 1 350 4 1 n  

(6) 4.22 1 3.70  0.24 3.9 1 47 1 .74 2 .03 1 080 230 

(7) 3 .78 1 3.4 1 0.29 4 .6  1 29 3. 1 8  1 .45  1 240 387 

(8) 5 .57 1 0.80 1 .23  5 .6  72 2.63 1 4.28 376 1 030 

(9) 4 . 1 5  1 2 .59 0.89 5.6 89 1 . 1 4  0 . 3 1  836 873 

7.0 

( 1 0)  3 .62 1 2.22 0.64 5.7 95 1 . 1 3  3.40 700 400 

7.2 

( 1 1 ) 4 .75  1 2.60 0.87 6.4 5 1  1 . 60 6.2 1 985 6 1 5  

( 1 2)(2) 1 .8 1  1 3 .04 1 .88 5.97 505 

( 1 3)(2) 1 .79  1 3 .43 0.55 6. 1 0  263 

Note ( 1 )  n.d.  = not determined 
'-0 Cl' 

Notes: ( 1 )  For this sample a powder was obtained as for the other samples but the inside of the drier was coated with a sticky mess. 

That is, no sweepings could be recovered. 

(2) These are the additional samples prepared without dialysis with freeze drying. 
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Table 5.5:  Determination of the degree of amide bond hydrolysis of spray dried samples determined by complete deamidation and also by 

ammonia determination of stored l iquid hydrolysates 

PREPARATION AM MONIA FROM A MMONIA DEGREE OF DEGREE OF A MMONIA AMMONIA DEGREE OF D EGREE OF 

NUMBER TOTAL 

DEAMIDA TION 

+2 s.d. DEAMIDATION DEAMIDA TION IN +2 s.d. DEAMmA TION DEAMIDATION 

+2 s.d. 

(mM) (mM) (%) (%) 

( 1 ) 20 1 7.2-2 1 . 6 0 - 8 - 1 4  

(2) 2 1  1 8 .2-23.7 -5 - 1 9  - 9 

(3) 20.2 1 8 .3-22 - 1  - 1 0  - 9 

(4) 2 1  1 9.4-23.6 -5 - 1 8  - 3 

(5) 2 1  1 9 .6-22.4 -5 - 1 2 - 2 

(6) 20.2 1 7 .4-23.2  - 1  - 1 6  - 1 3  

(7) 1 7. 7  1 6.7- 1 8. 7  1 1 .5  6.5 - 1 7  

(8) 1 3 .2 1 2.2- 1 4 .2 34 30 - 39 

(9) 1 2.7  1 2 .3- 1 3. 1  37 35  - 39 

( 1 0) 1 4 .3  1 3.4- 1 5. 1  29 25 - 33 

( 1 1 ) 9 7 .8- 1 0.3 55 49 - 6 1  

Example moisture correction calculation 

Mean initial gluten moisture = 7.69% (Table 5.3) 
Therefore, expected ammonia for complete deamidation (mfb) = 2 1 .54mM 
For Sample (8) ammonia = 1 3.2 mM at 5.57% moisture (Table 5 .4)  

On a moisture free basis am monia = 1 3 .9% 

Therefore, Degree deamidation mfb 
Degree deamidation uncorrected 

= 35.3% 
= 34% 

STORED 

LIQUID 

HYDROLYSATE 

(mM) 

29 1 9.6-35.2 

27 24.4-29 .6 

24 1 8. 5-30.8 

29 27.2-29.6  

20  1 8.4-2 1 .6 

40 35.6-45.2 

70 60.4-80.0 

99 78.0- 1 1 9.4 

65 58.0-72.0 

1 4 1 1 27- 1 57.0 

+2 s.d.  

1 4  1 0- 1 8 

1 4  1 2- 1 5  

1 2  9- 1 5  

1 5  1 4- 1 4  

1 0  9- 1 1 

20 1 8.23  

35  30-40 

5 1  39.60 

33 29-36 

70 64.79 

\D '.J 
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further  c h e ck t h e  l ev e l  o f  d e amidat ion o f  the  f r e e z e  d ri ed  
s amp l e s  wa s  d e t e rmin e d .  D e t ai l s  o f  the  ana ly s i s  a r e  shown in  
App end i c e s  5 .5 and  5 . 6 in  t h e  a t t a ched  f i che .  The  r e s u l t s  a r e  
shown in  Tab l e  5 . 6 .  Again . no  c o r r e c t ions  have  b e e n  made  f or  
m o i s t u r e  c ont ent . Ther e a p p e ar s  t o  b e  no  s igni f i c ant  dif f er enc e  
in  the  l e v e l  o f  d e amidat ion  c omp ar e d  t o  the  s p ray d r i e d  s amp l e s  
and  n o n e  w a s  exp e c t e d .  Th e l e v e l  o f  d e amidation  o f  t h e  f r e e z e  
d r i e d  s amp l e s  p r ep ar e d  without  d i a l y s i s  w a s  d e t e rmine d  i n  the  
s ame  exp e r iment . The  r e su l t s .  shown  in T ab l e  5 . 7 indicat e that 
no  d e ami d a t ion  has  t aken p l a c e .  Thi s  is  a f a l s e  r e s u l t  b e c aus e 
the  ammonia  r e l e a s e d  by t h e  hydr o l y s is wou l d  h a v e  b e en r e t a ined  
with  the  s amp l e  during d rying  s inc e ther e was  n o  d i a ly s i s  f o r  
i t s  r emo v a l .  This i s  c o n firmed b y  ana l y s i s  o f  t h e  c o rre s p onding 
s amp l e s  o f  hyd ro lys a t e .  Th e d e t ai l s  of  t h e s e  ana ly s e s  ar e shown 
in Ap p en d i c e s  5 .5 and 5 . 7 .  The r e s u l t s  in Tab l e  5 .7 s how the  
high and  l ow l e v e l s  o f  d e amidation  exp e c t e d  due  t o  the  original  
a cid  a d d i t i ons  d e s c rib e d  in  S e c t i o n  5 . 3 .  

Th e l e v e l o f  p ep t i d e  b o n d  hydro l y s i s  was  e s t imat e d  b y  
d e t ermina t ion  o f  N- t ermina l  amino g r oup s  u s ing  f l uo r e s c amin e .  
S p r ay d r i ed p owder  s amp l e s .  0 . 05 g w er e  weighe d i n t o  r e a c tion  
b o t t l e s  and  w a t e r  and  a c i d were  a d d e d  s o  that  th e  f inal  v o l ume 
was 5 . 0 m l  and the  acid  c on c entrat i on  �as  1 . 0 M .  Th e purpo s e  o f  
this  p r o c e dur e was  t o  a s s i s t  i n  d i s p e rs ion  o f  t h e  s amp l e s .  Th e 
s u s p en s i o n s  w e r e  then  s amp l e d and th e  d e t e rminat ion s  made  a s  
p r ev i o u s ly  d e s c rib e d  i n  S e c t ion 2 . 6 . 1 .  The d e t a i l s  o f  the  
d e t erminat io n  a r e  sh own in  Ap p endi c e s  5 . 8 and  5 . 9 in the  
a t t a ch e d  f i che .  The  r e s u l t s  o f  t h e  ana lys is  are  shown in T ab l e  
5 . 8 .  Th e d a t a  s how that  th e  l e v e l  o f  hydro lys i s  in c r e a s e s  with 
inc r e a s ing  t r e atment  t im e  a s  exp e c t e d .  

5 . 5 C ompari s o n  o f  experiment al  and  s imula t e d  hydro lys is 

Two p o s s ib l e a p p r o aches  f o r  c omparing  s imu l at e d  and exp eriment a l  
d a t a  w ou l d  b e  a p p r o pria t e h e r e .  Th e f i r s t wou l d  b e  t o  t ak e  the  
m ea sur e d  c on d i t ions  for  e a ch p r oduc t  p r ep arat i o n .  T ab l e 5 . 1 .  and  
run the  s imu l a ti on  for  the  appro p r i a t e  r e a c t i on  t im e .  A s e cond 
appr o a ch w o u l d  be to  run the s imu l at ion  u s ing the a v erage  
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T ab l e 5 . 6 :  D et ermination o f  the  d e g r e e  o f  ami d e  b ond hydro ly s i s  

o f  f r e e z e dri e d  s amp l e s  d e t e rmined  b y  c omp l et e  
d e amidat ion 

PREPARATI ON AMMONIA AMMONIA D E GREE OF  
NUMBER HYDROLY S I S  + 2 s . d .  D EAMI DAT I ON 

( 1 ) n . d .  ( 1 )  n . d .  n . d .  
( 2 ) 2 1 . 6  1 8 . 2- 24 . 8  - 8 
( 3 )  2 1 . 2  1 8 . 8- 23 . 6  - 6 
( 4 )  2 1 . 6  1 9 . 0- 2 4 . 2  - 8 
( 5 )  2 1 . 4  1 7 . 8- 25 . 0  - 7 
( 6 )  2 1 . 6  1 8 . 0-25 . 0  - 8 
( 7 ) 2 1 . 8  1 5 . 7 - 23 . 6 - 9 
( 8 )  1 6 . 9  1 4 . 2- 1 9 . 6  1 6  
( 9 )  1 4 . 2  1 2 . 2- 15 . 5  2 9  
( 1 0 ) 1 6 . 6  1 4 . 6 - 1 8 . 8  1 7  
( 1 1 )  8 . 6  6 . 2- 1 0 . 6  5 7  

No t e  ( 1 ) n . d .  = no t  det ermine d  

D E GREE OF 
DEAMIDAT I ON 
+ 2 s . d .  

n . d .  

- 2 4- 9 

- 1 8- 6 

- 2 1- 5 
- 25 - 1 1  

- 2 5 - 1 0  

- 1 8- 2 2  
2- 2 4  

23 - 4 9  
6- 2 7  

47 - 6 9  
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Tab l e  5 . 7 :  D e t ermination  o f  the  d e gr e e  o f  amid e  b ond  hydr o ly si s  
o f  s amp l e s p r epared  without  d i a ly s i s  

PRE PARATI ON AMMONIA IN HYDROLY SATE AFTER : D E GREE OF AMMONIA APPARENT 
NUMBER INIT IAL 5 HRS  7 5  HRS D EAMIDAT I ON FROM D E GREE OF 

COMPLETE D EAMI-
D EAMI DATI ON DATION 

OF  D RY 
SAMPLE 

( mM ) ( mM ) ( mM ) ( % )  ( mM ) ( % )  

( 1 2 ) 3 7 5 9  3 0  2 1 . 4  nil  
5 2  2 6  

( 1 3 )  2 . 6 0 . 8  3 . 4 2 2 1 . 6  nil  
4 . 4  2 
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Tab l e  5 . 8 :  D e t ermination  o f  the  degree  o f  p e p t i d e  b o n d  
hydr o ly s i s  o f  s p r ay dried  s amp l e s  b y  d e t e rminat ion 
o f  N- t ermina l amino g r oups 

PREPARATION L- G \ '-'  I N  L- G·\u.. DEGREE O F  D E GREE OF 
NUMBER S OLUT I ON + 2 s . d .  HYDROLY S I S  HYDROLY S I S  

+ 2 s .  d .  
( mM) ( mM) ( % )  

Gluten 3 . 0 - 6 - 1 0 . 2  1 . 4  - 1 0- 1 0 . 4  
( 1 ) 2 . 0  2 . 0- 2 . 0  0 . 1  0 . 1  
( 2 ) 2 . 3  2 . 1 - 2 . 5  0 . 5 0 . 2-0 . 7  
( 3 )  1 . 9 0 . 8-3 . 0  0 . 0  - 1 . 4- 1 . 4  
( 4 )  2 . 0  1 . 6 - 2 . 4  0 . 1  - 0 . 4- 0 . 6  
( 5 )  2 . 5 1 . 8-3 . 2  0 . 7 - 0 . 2- 1 . 6  
( 6 )  2 . 5 1 . 7 - 3 . 3  0 . 7 - 0 . 3 - 1 . 7  
( 7 )  2 . 9  2 . 6 -3 . 3  1 . 2  0 . 9 - 1 . 7  
( 8 )  3 . 4 2 . 7 - 4 . 2 1 . 9 1 . 0-2 . 9  
( 9 ) 3 . 7 3 . 3 - 4 . 0  2 . 2  1 . 7 - 2 . 6  
( 1 0 ) 3 . 9 3 . 2- 4 . 7  2 . 5 1 . 6 -3 . 5  
( 1 1 ) 4 . 7  3 . 8-5 . 6  3 . 5 2 . 4- 4 . 6  
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c onditi on s  and a t t empt t o  exp l ain d e v i at ions  from  the s imu l at e d  
r e s u l t  in  t e rms  o f  t h e  a c t u a l  exp e riment a l  condi t ion s . e . g .  in 
t hi s  ins t anc e .  variat ions  in t emp eratur e .  Becaus e th e r e  is s o me 
d e g r e e  o f  choi c e  in  the  ra t e  c o e f f i c i ent s u s e d  i n  the  
s imu l at i on .  a s  d i s cu s s e d  in S e c tion  4 . 9  i t  was s imp l e r  to  u s e  
thi s s e c on d  appro ach  s in c e  f ewer  s imu l ati on  run s are n e c e s s ary . 

The  init i a l  c on di t ions  cho s e n  f o r  t h e  s imu l at ion  are sh own in 
T ab l e  5 . 9 .  Th e ami d e  and p ep t i d e  c o n c e n trations  were  c a l c u l at e d  
f rom t h e  g l ut en c on c entration  u s e d  a n d  t h e  me as uremen t s  
d e s c rib e d  i n  S e c t i o n  4 . 7 . The init i a l  hydrogen  i on  
c on c en t r at ion  i s  a mean  value  c a l cu l at e d f r om th e  me a s ur ement s .  

Th e r e a c t i o n  r a t e  c o e f f ic ient  f o r  ami d e  b ond  hydr o ly s i s  k .  was 
t aken  f rom l in e  B in  Figure 4 . 1 2 .  The r eaction  rat e 
c o e f f f i c i e n t s  f o r  p ep t i d e  b on d  hyd ro ly s i s  were  t aken f r o m  l in e s  
D and  C in  F i gur e  4 . 1 3 . The cho i c e s  w e r e  b a s e d  on  t h e m o � e  
ext en s iv e inv e s t i g at ion  r e p o r t e d  in  S e c t i on 4 . 9 . 

The d a t a  f r om t h e  s imu l ation  are  r e c o r d e d  in Ap p endix 5 . 1 0 .  The 
s am e  d a t a a r e s h o wn in F i g u r es 5 . 1 .  5 . 2 a n d  5 . 3 

The  d a t a  f rom  Tab l e s 5 . 2 .  5 .5 and 5 . 8 wer e  a l s o  p l o t t e d  in 
Figu r e s  5 . 1 .  5 . 2 and  5 . 3 .  Each  meas ur ement  was r e c o r d e d  a t  + 2 

s t andard  d e v i at ion s . A l o g- l inear s c a l e was cho s en in  o r d er t o  
c o n v enient ly  r e p r e s ent  the  d a ta .  

By  c ar e f u l  s e l e c t ion  o f  the  p o s s ib l e  r e ac t ion r a t e  c on s t an t s  a 
r e as onab l e  f i t  c an b e  o b tained  o v e� t h e  early  o r .  init i a l  rat e 
p art  o f  t h e  r e a c t ion .  I t  i s  c l e ar . h owever .  a s  s ug g e s t e d in 
Chap t er 4 .  that  th e  s imu l a t io n  d o e s  �o t adequat e l y  d e s c rib e the  
who l e  o f  th e  r e ac t ion .  

I t  c an a l s o  b e  s e e n  t h at  a n  em p i ri c a l  m o d e l  o f  t h e  f o rm 

d e g r e e  o f  
hyd r o ly s i s  

o r .  p H  = k ' . ln  ( r e a c t ion t ime ) 
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T ab l e  5 . 9 :  Init i a l  c ond itions  and r ea c t ion rat e c o e f f i c i e nt s  
f o r  s imu l at ion o f  p r oduc t p r eparation  r e a c t ion s  

Init i a l  c ondit ions : 

Amide 
P e p t i d e  
H+ 

Temp erature  

= 

= 

= 

= 

0 . 2 0 M  
0 .7 9 3 M  
0 . 47 6 M  

React ion  rat e c o e f f ic ient s :  

f o r  l ine A k 1 = 2 . 85 X 1 0- 4  

( F ig u r e s  5 . 1 - 5 . 3 )  
k 2 = 9 . 3 X 1 0 - 6 

( f rom  

( f r o m  

Ac tiv ity corr e c t i o n  f a c t or  = 0 . 6 0  

and f o r  l ine B as  ab o v e  ex ceptthat  

l ine B .  Figure  4 . 1 2 ) 

1 in e  n .  F i g u r e  4 . 1 3 ) 

( Fi g u r e� 5 . 1 - 5 . 3 ) k 2 = 3 . 0 x 1 0 - 5  ( f r o m  l ine  c .  F i g u r e  4 . 1 3 ) 
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where k '  is  a funct ion o f  t h e  init i a l  c onditions  

would  f i t  the  data  quit e w e l l . 

5 . 6 Di s cus s ion 
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A wid e r an g e  o f  d e amidat ion l e v e l s  was  a chie v e d  t o  p r o vide  a 
b asis  f o r  further  func t i ona l t e s t ing . 

There mu s t  b e  s ome doubt , h ow ever ,  a s  t o  whe ther  the  s amp l e s  are  
r epre s en t at ive  of  l ik e ly  c ommer cial  p r o duc tion .  S ome  
f ract ionation m ay have  t ak en p l a ce  when  mat e ri a l . p robab ly  
in so l ub l e  aggregat es . s t uck  t o  the d r i er  wal l ,  a l though  no t  a 
l arge  p ro p o rt ion was  l o s t  in  this  way .  Commer c i a l  p ro du c tion in 
a drier  with  a much great e r  d i amet er  wou l d  p robab l y  av oi d  the  
p rob l em . 

The mat eria l l o s t  in the d i a ly s i s wa s  p r obab ly  mo s t ly s ma l l er .  
s o l ub l e mo l e cu l e s which might  b e  exp e c t e d  t o  mak e  a s ub s t an t i a l  
c ontribution  t o  func t iona l  p ro p ert i e s . Oth er  autho rs , as 
d e s c rib e d  in  S e c t ions  1 . 2 .7 and 1 . 4 . 2  mak e  no  mention  o f  the 
e f fec t s  o f  frac t ionat ion by e i ther  d i a lys is or p r e c i pi ta tion bu t  
a t t ribut e func t iona l chang e s  s o l e l y  t o  p rot ein  modifi c at i on .  

Re c o v ery in  high yie l d  wo u l d  be  an imp o r tant  f a c t o r  in any 
c omme rc i a l  pro duc t ion o f  a c i d  hydro l y s e d  g l ut en .  

D i s p e r s ion  o f  t h e  g lu t en in  f l o e s  o r  smooth d i s p e r s ion d o e s  n o t  
ap p ear t o  a f f e c t  t h e  rat e o f  hydro lys is  but i s  ob vious ly  
imp or t ant f rom a mat eri a l s  h and ling  p o int o f  v i ew.  This  sho u l d  
b e  a f ac t o r  iti cho o s ing t h e  r e ac t i on  pH .  

The  data  shown in Figur e s  5 . 1 t o  Figure  5 . 3 c on f i rm t h e  d a ta  o f  
S ec t io n  4 . 9 . That i s  that  t h e  s imu l at ion  t en d s  t o  o v e r e s t imat e 
the  ext ent  o f  r e a c t ion p r o b ab l y  b e c aus e o f  t h e  app arent  change  
in r e ac t i on  r a t e  c o e f fi ci ent s .  
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6 .  FUNCTIONAL P ROPERT I E S  OF TEST SAM P LES 

6 . 1  D e t e rminati on  o f  t h e  alkali  r equir ement o f  hydr o lys e d  
glut ens  

6 . 1 . 1  I n t r o du c t io n  
A lka l i  r e qu i r ement  i s  c ommo n l y  u s e d  a s  a c o nv enient  
m e a s urement  o f  th e  amount of  a lk a l i  r e quired  t o  di s s o l v e 
c a s e in in t h e  p r e p a rat ion o f  c a s einat es . The v a l u e  i s  a 
fun c tion  o f  b o t h  th e  inherent  p ro p e r t i e s  o f  t h e  p r o t e i n  and 
t h e  ions  p r e s ent  which  in t urn d e p end  on the  c as e in 
p r ep aration  p r o c e s s  ( Ro ep e r ,  1 9 7 4) .  For ca s e in  the a l k a l i  
r e quirement i s  d e f in e d  a s  t h e  v o l ume  o f  0 . 1 M  NaOH  r e quired , 
in  m l / gm o f  c as e in , t o  c onvert  an aqueous  d i s p e rs ion  o f  
a c i d  c as e in in t o  a 5 0  g / l i t r e  s o dium cas einat e s o l ut i o n  
h av ing a p H  o f  6 . 7 at  a t emp erature  o f  2 0 ° C  (New Z e a l and  
M in i s t ry o f  Agr i c u l ture  and  Fi sheri e s ,  1 9 8 3 ) . 

A s imi l ar m e a s u r ement  can b e  mad e f o r  hydro l y s e d  g l u t e n s  
whe r e  th e  a lka l i  r e quired  wou l d  b e  exp e c t e d t o  vary 
a c c ording  t o  th e  numb e r  o f  c arb oxy l  groups  t o  b e  
n eu t ra l iz e d ,  that  i s , d e p ending o n  the  ext ent  o f  
d e amida t i on  and t h e  r e s i du a l  ac id .  

A f t e r  s o me init i a l  t r ial  and  error  the  a lka l i  r e quirement  
m e thod  f o r  c a s ein  was  adap t e d  f o r  u s e with hyd r o lys e d  
g lu t en s . 

6 . 1 . 2 Metho d 
A two l it r e  b at c h  o f  O .S M  NaOH was  p r ep ared  f r oa· a 
c o n c ent rat e d  s o l ut io n  de s igned  t o  g iv e  o n e  l it r e  o f  1 . 0 M  
Na OH  ( BDH Chemi c a l s  Lt d . ,  P o o l e ,  Eng l and ) . 

F o r t y- f i v e  m l  o f  w a t e r  w a s  a d d e d  t o  a t a l l f o r m 3 0 0 m l  
s t ain l e s s  s t e e l  b e ak e r  c ont aining 2 .5 0  (�0 . 0 1 )  g o f  g l ut en 
s amp l e .  A m e a s u r e d  amount o f  O . S M  NaOH was a dd ed  f r om  a 1 0  

m l  bur e t t e .  
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The b e ak e r  w a s  t h e n  p l a c e d in a wat e r  b at h  c o n t r o l l e d at 

6 0 ° C  and t h e  c o n t ent s g ent l y  mix e d  with a t u r b i n e  mix e r .  

The b e ak e r  w a s  c o v e r e d  with a n  a l uminium f o i l  c ap t o  

min imi z e  e v a p o r a t i o n .  A f t e r  t w e n t y  minu t e s  t h e  b e ak e r  w a s  

r emo v e d  f r om  t h e  b ath and p a r t  o f  t h e  c o n t e nt s t r an s f e r r e d  

t o  a M c Ca r t n e y  b o t t l e  i n  a w a t e rb at h  c o n t ro l l e d  a t  2 5 ° C . 

A f t e r  a s u i t ab l e  t ime f o r  t emp e r a t u r e  e qu i l ib r a t i o n  t h e  p H  

w a s  m e a s u r e d .  By a d d i n g  v ar y i n g  amo unt s o f  a l k a l i  a g r a p h  

o f  a l k a l i  r e qu i r em ent v s  pH  c o u l d b e  c o n s t ru c t e d .  

6 . 1 . 2 . 1  M e t h o d  T e s t 

For  s o m e  s amp l e s . p ar t i c u l a r l y t h e  s p a r ing l y  t r e at e d  

g l u t e n s , t h e  d i s p e r s i on w a s  p o o r .  A f t e r  t w e n t y  minut e s  

o f  m i x i n g  t h e  u n d i s s o l v e d  s o l i d c ons i s t e d o f  o n e  o r  m o r e  

tho r o u gh l y  wet t e d d o ugh l ump s .  I t  w a s  t h o u g h t  t h a t  6 0 ° C  

m a y  h a v e  b e e n  t o o h i gh  a t e m p e r a t u r e  a n d  w a s  c a u s i n g  

h e a t  g e l at i on o f  t h e  g l u t e n .  Unt r e a t e d  g l u t e n ,  t h e  mo s t  

di f f i c u l t  mat e r i a l  t o  d i s p e r s e ,  was mixed  a t  d i f f e r ent  

t emp e r a t u r e s  w i t h  t h e  r e s u l t  shown in T ab l e  6 . 1 .  I t  was  

c o n c l u d e d  that  6 0 ° C  was  s at i s f a c t o ry ,  b e c au s e  wh en t h e  

d a t a  w e r e  comp a r e d  with t h a t  ob t ain e d  l at e r ,  s h own in 

Fig u r e  6 . 1 .  it w a s  s e en t h at the r e a c t i on w a s  i n c omp l e t e  

a t  2 0 ° C  i . e .  t h e  p H  was  h i gh e r  t h an exp e c t e d  b u t  a t  t h e  

exp e c t e d  l e v e l  f o r  r e a c t i o n s  at 4 0 ° C  a n d  6 0 ° C . 

To c h e ck t h at a mixing t im e  o f  2 0  minu t e s  w a s  a d e quat e a 

mixt u r e  o f  d o ub l e  quant i t y  w a s  p r e p a r e d .  F i v e  gm o f  

s amp l e  ( 1 0 ) was  p r e p a r e d  i n  9 0  m l  o f  wa t e r  a n d  6 . 1 7  m l  

o f  0 .5 M  N a O H  w a s  a d d e d .  A f t e r  2 0  minu t e s  mixing a 

s amp l e  w a s  r emo v � d  f o r  p H  d e t e rmina t i o n .  M ix i n g  w a s  

c o n t i n u e d  and a s e c ond  s amp l e  f o r  p H  d e t ermin a t i o n  w a s  

r emo v e d  o n e  h o u r  l a t e r .  Th e p H  v a l u e s  w e r e  6 . 4 3 9 a n d  

6 . 3 9 8  r e s p e c t i v e l y .  Th e m e a s u r ement s in d i c at e d  t h a t  a 

s l ig h t  f u r t h e r  r e ac t i on h a d  o c c u r r e d  d u r i n g  t h e  

addit i o n a l  mixing t im e .  
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T ab l e  6 . 1 :  D e t e rmin a t i o n  o f  t h e  a l k a l i r e qu i r e m e n t  o f  g l u t e n a t  

v a r i o u s  r e a c t i o n  t emp e r a t u r e s  

M I X I N G  TEMP ERATURE 

( o C )  

e a  2 0  

40 

6 0  

ALKALI 

AD D I T I ON 

( m l )  

0 . 4 1 

0 . 6 4  

0 . 5 1  

F I NAL pH 1 

7 . 1 6 6  

7 .  5 95 

7 .  1 1 3 

NATURE O F  

D I S PER S I ON 

s in g l e  lump 

s in g l e  lump 

s in g l e  lump 

No t e  1 A h i gh p H .  o f f  t h e  l i n e  in F i g u r e 6 . 1  wou l d  i n d i c a t e 

unr e a c t e d  m a t e r i a l  
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6 . 1 . 2 . 2  V a r i a t i o n  o f  m etho d f o r  two  s ampl e s  

On l y  a l im i t e d  quan t it y  o f  s amp l e s  ( 1 2 ) a n d  ( 1 3 )  w a s  

av a i l ab l e .  The a l k a l i  r e qu i r em e n t  d e t e rminat i o n  w a s  

m a d e  a s  p r e v i o u s ly  d e s c r ib e d  ex c e p t  t h a t  s u c c e s s i v e  

add i t i ons  o f  a l ka l i  w e r e  m a d e  t o  o n e  2 .5 gm s amp l e .  Th e 

p r o c e d u r e  i s  s hown i n  T ab l e  6 . 2 .  

6 . 1 . 3 Re s u l t s  

A s e r i e s  o f  a l k a l i  a d d i t i o n s  a n d  p H  m e a s u r e ment s w a s  m a d e  

f o r  a l l s p r ay- d r i e d  s amp l e s  (s e e  T ab l e 5 . 1 ) . Th e r e s u l t s  

a r e  s h o w n i n  F i g u r e  6 . 1 .  

6 . 1 . 4 D i s c u s s i o n  o f  r e s u l t s  

Th e v a l u e s  f o und  in  t h e s e  exp e r im e n t s h a v e  n o t  b e e n  

c o n c l u s i v e l y  s h own t o  r e p r e s ent a n  e qu i l ib r i um v a l u e  

a l though  t h e  s amp l e s  we r e  not  s t i l l  r ap i d l y  d i s s o l v ing wh e n  

t h e  m e a s uremen t s w e r e  m a d e .  Th e s o l ub i l i t y  o f  a p r o t e in 

f o und  u n d e r  any p ar t i c u l a r  s e t  o f  c o n d i t i o n s  m ay d ep en d  o n  

t h e  d i s s o l v ing c on d i t i o n s  a s  we l l  a s  t h e  inh e r en t  

p r o p e r t i e s  o f  t h e  p r o t e in ( Shen , 1 9 7 6 ) . 

Th e dat a show a n  in c r e a s ing a lk a l i  r e qu i r em e n t  c o n s i s t en t  

with t h e  n e ut r a l i z at i o n  o f  g l ut am i c  a c i d  c arb oxy l g r o u p s 

r e s u l t in g  f r o m  hydro l y s i s  o f  t h e  ami d e  g r o u p s  o f  g l u t am in e . 

A t  p H  9 - 1 1  t h e r e  i s  a d i s c o n t i n u i t y  i n  t h e  c u r v e s  o f  F i g u r e  

6 . 1 , p r ob ab l y r e p r e s en t in g  t h e  p K  v a l u e  o f  t y r o s in e  an d / o r  

l y s ine  ( E d s a l l ,  1 9 43 ) . 

6 . 2  F l avour  analys i s  o f  s ampl e  prepar a t i o n s  

S amp l e s ,  p r e p a r e d  a s  p r e v i o u s l y  d e s c r ib e d w e r e  t a� t e d  a s  5 %  

t o t a l  s o l i d s  s u s p e n s i o n s  a t  p H  7 . 5 b y  a t r a i n e d  p a n e l u n d e r  

c o n t r o l l e d  c o n d i t i on s . A d e t a i l e d  d e s c r i p t io n  o f  t h e  

m e t h o d o l o gy a n d  r e s u l t s  i s  g i v e n i n  Ap p en d i x  6 . 1 .  

Th e mo s t  n o t i c e ab l e  f e a t u r e  o f  t h e  t a s t e  w a s  t h e  b u rn i n g / b i t t e r  

s en s a t i o n  o f  s o me o f  t h e  s amp l e s .  Th i s  w a s  m en t i o n e d b y  Wu e t  

a l  ( 1 9 7 6 )  a n d  a l s o  b y  F ung e t  a l  ( 1 9 7 7 ) . B i t t e r n e s s  i s  a we l l  
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T ab l e  6 .  2 :  V ar i a t i o n i n  a lk a l i  r e qu i r e ment d e t e rminat i o n  

p r o c e d u r e  f o r  s amp l e s ( 1 2 ) and  ( 1 3 )  

( 1 2 ) ( 1 3 )  

VO LUME 0 . 5 M  p H  VO LUME 0 . 5 M  p H  

N a O H  N a O H  

( m l )  ( m l )  

1 . 0  3 . 8 2  1 . 0  5 . 8 8 4  

p l u s  5 . 0 5 8 . 8 9 1 p l u s  0 . 5 2 7 . 9 9 9  

a d d  0 . 5 g  7 . 0 1 5  a d d  0 . 5 g 6 . 6 9 3 

s amp l e  s am p l e  

Th e d a t a  w e r e  t h e n  r e c a l c u l a t e d a s  f o l l o ws : 

( 1 2 )  ( 1 3 )  

VOL  N a O H  p H  V O L  N a O H  V O L  N a O H  p H  V O L  N a O H  

( ml/ g m )  ( m l/ 2 . 5  g m )  ( m l/ gm)  ( m l/ 2 . 5 gm)  

0 . 40 3 . 8 2  1 . 0 0 . 40 5 . 8 8 4  1 . 0 

2 . 4 2 8 . 8 9 1  6 . 0 5 0 . 6 0 8  7 . 9 9 9  1 . 5 2  

2 . 0 2 7 .  0 1 5 5 . 0 4 0 . 5 0 7 6 . 6 9 3  1 .  27  
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k n o wn p h e n o m e n o n  wh en  p ro t e in s  a r e  hyd r o l y s e d  a n d  i t s  i n t e n s i t y  

d e p e n d s  o n  t h e  l e v e l o f  p e p t i d e  b o n d  hy d r o lys i s  (Ad l e r- Nis s e n 

a n d  S e j r  O l s en .  1 9 7 9 ) . 

F i g u r e  3 f r om t h e  r e p o r t  i s  s h own h e r e  a s  F i g u r e  6 . 2 a n d  c l e a r l y 

s h o w s  t h e  in c r e a s e  i n  b u rn i n g / b it t e r  f l a v o u r  a s  hyd r o l y s i s  

p r o c e e d s .  F o r  t h e  f l a v o u r  a n a l y s i s  s amp l e  numb e r s w e r e  a s s i g n e d  

i n  a s c e n d i n g  o r d e r  o f  a lk a l i  r e qu i r em e n t  o f  p H  7 . 5 u s in g  t h e  

d a t a  f ro m  F i g u r e  6 . 1 .  Th e s e  numb e r s  d i f f e r  s l i g h t l y  f r om t ho s e  

a s s i g n e d  i n  T ab l e  5 . 1 a n d  t h e  d i f f e r e n c e s  a r e  s h o wn i n  Tab l e  6 . 3 

a n d  F i g u r e  6 . 2 .  

A d e c r e a s e  in wh e a t y  c e r e a l  f l a v o u r  and  i n c r e a s e in r a n c i d / n u t  

f l a v o u r  a s  hyd r o l y s i s  p r o c e e d e d  w e r e  a l s o  n o t e d .  

6 . 3 D e t e rm in a t i o n  o f  s o lub i l i ty o f  s amp l e  prepa r a t i o n s  

P r o t e in s o l ub i l i t y  i s  a f u n c t io n  o f  t h e  p H  a n d  c o n c e n t r at i o n  a t  

wh i c h  it  i s  d e t e r m in e d .  The  v a l u e s  ob t a i n e d  a l s o  d e p en d  o n  t h e  

m e t h o d  o f  d i s p e r s i o n  ( S h e n . 1 9 7 6 ) . A d i s t in c t i o n  h a s  b e e n  m a d e  

b e t w e en d i s p e r s ib i l i t y  a n d  s o l ub i l i ty  d ep ending o n  t h e  

c e n t r i f ug a l  f o r c e  u s e d  i n  s e p a r at ing  d i s p e r s e d  ( s o l ub l e )  

m at e r i a l  f r om in s o l ub l e  m a t e r i a l . ( Li- Chan e t  a l .  1 9 8 5 ) . The  

m e t h o d  o f  d e t e rminat i o n  o f  s o l ub l e ma t e r i a l  e . g .  t o t a l  s o l i d s . 

F o l in- Low r y . ab s o rb an c e  ( A 2 8 0 ) o r  B i u r e t  f o r  p r o t e i n . o r .  as  i n  

t h i s  c a s e  t o t a l  n i t r o g e n  b y  K j e l d ah l  an a l y s i s . a l s o  h a s  a 

c o n s i d e rab l e  e f f e c t  o n  t h e  v a l u e s  o b t a in e d .  

6 . 3 . 1  D e t e rm in a t i o n  m e t ho d  

The  s amp l e  t o  b e  t e s t e d was  w e i gh e d .  1 . 5 g .  a n d  t r an s f e r r e d  

t o  a t a l l f o r m 3 0 0  m l  s t a i n l e s s  s t e e l  b e ak e r .  T h e n .  4 7  m l  

o f  0 . 2 1 25 M  p h o s p h a t e  b u f f e r .  p H  7 . 6 .  0 .5 M  N a O H  a s  r e qu i r e d  

( T ab l e  6 . 4 ) a n d  w a t e r  t o  m ak e  a t o t a l  v o l u m e  o f  1 0 0  m l  w e r e  

a d d e d  t o  t h e  b e ak e r  w i t h  t h e  s amp l e .  D i s p e r s i o n  w a s  

a c h i e v e d  b y  m i x i n g  w i t h  a n  U l t r a  t u r r a x  b l e n d e r  a t  f u l l  

s p e e d  f o r  3 0  s e c o n d s . (Typ e 1 8 / 1 0 .  J ank e a n d  Kunk e l  GMb H 

a n d  C o  K . G  • •  IKA- W e rk D 7 8 1 3  S t au f e n .  We s t  Ge rmany) . Th e r e  

w a s  s o m e  s l i ght  l o s s  o f  s amp l e  s t i cking t o  t h e  m ixing h e a d  
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T ab l e  6 . 3 :  S amp l e  c o d e s  o f  s amp l e  p r e p ar at i o n s  f o r  f l a v o u r  

a n a ly s i s  

TASTE PANEL E VALUAT I ON E QU I VALENT NUM B E R S  F ROM 

NUMBERS TA BLE 5 . 1  

S amp l e  1 ( 1 ) 

S amp l e  2 Unt re a t e d  g lu t e n  

S amp l e  3 ( 4 )  

S amp l e  4 ( 2 )  

S amp l e  5 ( 5 )  

S amp l e  6 ( 3 )  

S amp l e  7 ( 6 )  

S amp l e  8 ( 7 )  

S amp l e  9 ( 8 ) 

S amp l e  1 0  ( 1 0 )  

S amp l e  1 1  ( 9 )  

S amp l e  1 2  ( 1 1 )  



Table 6.4:  Alkali additions, meausred pH and nitrogen solubil ity of sample preparations in  0. 1 M phosphate buffer 

PREPARATION ALKALI( ! ) pH(2) pH(3) VOLUME VOLUME TN OF TN OF NITROGEN NITROGEN 

NUMBER ADDITION OF SUPER- OF SUPER- OF OF SUPER- SUPER- SOLUBILITY SOLUBILITY 

0.5M NaOH NATANT NATANT SEDIMENT SEDIMENT NATANT NATANT (SPRAY (FREEZE 

(SPRAY (FREEZE IN 1 5m l  IN 1 5m l  (SPRAY (FREEZE DRIED DRIED 

DRIED DRIED (SPRAY (FREEZE DRIED DRIED SAMPLE) SAMPLE 

SAMPLE) SAMPLE) DRIED DRIED SAM PLE) SAM PLE) 

SAMPLE) SAMPLE 

(m!)  (m!) (% w/v) (% w/v) (%) (% ) 

Gluten 0.36 7.754 - <0. 1 - 0.008 - 4 .2  

( 1 )  0.34 7 .747 - <0. 1 - 0.008 - 4. 1 

(2) 0.74 7.732 7.762 <0. 1 <0. 1 0.0 1 2  0.008 5.& 3.8 

(3) 0.82 7.720 7.723 <0. 1 <0. 1 0.047 0.043 23.0 20.4 

(4)  0.68 7.725 7.732 <0. 1 <0. 1 0.022 0.0 1 8  1 0.5  8.4 

(5) 0.80 7 .745 7.752 <0. 1 <0. 1 0.037 0.033 1 8. 1  1 6.0  

(6) 0.98 7.764 7.806 0. 1 <0. 1 0 .05 1 0.033 25. 1 1 5.9  

(7) 1 .42  7 .746 7 .783 0.2 0.3 0. 1 20 0 . 1 1 2  60.2 55.9 

(8) 1 .76  7.75 1 7 .736 1 .0 0.95 0. 1 1 7  0 . 1 1 8  72.9 79.6 

(9) 3. 1 2  7.74 1 7.698 0.85 0.75 0. 1 67 0. 1 80 89.3 92.7  

( 1 0) 2.28 7.773 7.796 1 . 1  1 .2 0. 1 35 0. 1 45 74.4 79.7  

( 1 1 ) 4.26 7 .75 1 7.707 0. 1 5  1 . 1 2  0. 1 35 0. 1 7 8  9 0. 3  96.4 

( 1 2) 3.42 - 7.786 - 0.72 - 0. 1 74 - 89.8 N 
-

( 1 3) 0.89 - 7.745 - 0. 1 - 0.023 1 1 . 5  '-1 -
Notes ( 1 )  From Fi gure 6. 1 but adjuste-d for 1 . 5 g sample 

(2) Buffer pH 7.700 
(3) Buffer pH 7.70 1 
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a n d  o n  t h e  s i d e s  o f  t h e  b e ak e r .  A f t e r  di s p e r s i o n . in s o l ub l e  

f l o a t in g  m a t e r i a l w a s  r e mo v e d  f r o m t h e  t ub e s  wh i c h  w e r e  

t h e n  s p un a t  3 0 0 0  r p m  f o r  25  min i n  t h e  M S E  c e n t r i f ug e .  

The  v o l um e  o f  s e d i m e n t  w a s  n o t e d  and the  s u p e r nat ant 

t r a n s f e r r e d  t o  a s a m p l e  b o t t l e .  T h e  p H  o f  e a c h  s o l u t i o n  w a s  

m e a s u r e d  a n d  t h e n  t h e  s amp l e  w a s  s ubmitt e d  f o r  

d e t e rminat i o n  o f  t o t a l  n i t r o g e n  b y  Kj e l d ah l  an a l y s i s . 

6 . 3 . 2 Re s u l t s  

T h e  r e s u l t s  o f  t h e  s e d iment a n d  t o t a l  nit r o g e n  

d e t e rminat i o n s  a r e  s h own i n  T ab l e 6 . 4 .  For  the  s amp l e s  

w i t h  l e s s  t r e a t m e n t  m u c h  o f  t h e  ins o l ub l e  m a t e r i a l  f l o a t ed 

on t h e  s u r f a c e .  Th e s e d im e n t  r e s u l t s . t h e r e f o r e . a r e  n o t  

m e an i n g f u l ex c e p t  f o r  s amp l e s 8 t o  1 2 .  

Th e c a l c u l a t i o n s  o f  p e r c en t a g e  n it r o g en s o l ub i l i t y  wh i c h  

a r e  s h own i n  T ab l e  6 . 4 .  t ak e  a c c o unt  o f  t h e  n i t r o g e n a d d e d .  

f r o m  T ab l e s  5 . 3 a n d  5 . 4 .  and t h e  s p e c i f i c  v o l um e  o f  t h e  

s amp l e s .  I t  i s  as s um e d  t h a t t h e  t o t a l  n i t r o g e n  c o nt e n t  o f  

t h e  f r e e z e  d r i e d  s amp l e s ( n o t  d e t e rmin e d )  i s  t h e  s am e  a s  

t h a t  o f  t h e  s p r ay d r i e d  s amp l e s  b u t  c o r r e c t i o n  h a s  b e en 

m a d e  f o r  t h e  d i f-f e r e n t  mo i s t u r e  c o n t ent . Th e d at a  s h o w  

g o o d  a g r e em en t  b e t w e e n  s o l ub i l ity  d e t ermin a t i o n s  on 

c o r r e s p o n d i n g  s p r a y  d r i e d  and  f r e e z e  d r i e d  s amp l e s .  

R e g r e s s io n  an a l y s i s  ( n o t  sh own)  g i v e s  R 2 = 9 9 . 0 % . The d a t a  

s h o w  n o  d i f f e r e n c e  b e t w e e n  s p r a y  d r i e d  a n d  f r e e z e  d r i e d  

s amp l e s .  t h u s  i n d i c a t in g  t h a t  t h e  s p ray d ry i n g  i s  n o t  

d e t r i m e n t a l .  S imi l ar l y .  th e r e  is  g o o d  a g r e e m e n t  b e t w e e n  

t h e  a l k a l i  r e qu i r e m e n t  a n d  s o l ub i l ity d at a .  t h at is . 

s o l ub i l it y  in c r e a s e i s  a s s o c i a t e d  with a n  i n c r e a s e in f r e e  

c a rb o x y l  g r o up s d u e  t o  d e am i d a t io n .  Th e s e  f e a t u r e s  a r e  

i l l u s t r a t e d  i n  F i g u r e  6 . 3 w i t h  d a t a  f r o m  Tab l e  6 . 4 .  

6 . 4 F u r t h e r  an a lys i s  o f  a lk a l i  r equ ir ement and  d egr e e  o f  amide  

b o n d  hyd r o lys i s  r e s u l t s  

T h e  r e l at i o n s h i p  b e t w e e n  a lk a l i  r e qu i r ement a n d  d e g r e e  o f  

h y d r o l y s i s  w a s  e x amin e d  b y  t ak ing t h e  a lk a l i  r e qu i r ement  d a t a 
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f r o m  T ab l e  6 . 4 and t h e  d e g r e e  o f  amide  b o n d  h y d r o l y s i s  d a t a  

( Tab l e s  5 . 5 a n d  5 . 6 )  f o r  t h e  mo r e  ext e n s i v e l y hy d r o l y s e d  

s am p l e s ;  7 ,  9 ,  1 0  an d 1 1 ,  and  g l u t e n.  L i n e a r  r e g r e s s i o n  

ana l y s i s  w a s  c a r r i e d  o u t  o n  t h e  d a t a .  Th e r e s u l t s  a r e  r e c o r d e d  

i n  T ab l e  6 .5 .  The d at a  f o r  t h e  s p r ay d r i e d  s amp l e s a r e  p l o t t e d  

in F i g u r e 6 . 4 and  a l l t h e  r e g r e s s io n  l in e s  a r e s h own.  Th e 

i n f o r m a t i o n  c an b e  us e d  t o  e s t imat e t h e  d e g r e e  o f  am i d e  b o n d  

hy d r o l y s i s  f o r  s l i ght l y  hy d r o l y s e d  s amp l e s wh i c h  c anno t b e  

d i s t i n g u i s h e d  b y  d i r e c t  m e a s ur ement o f  a m m o n i a  e v o l v e d  i n  t o t a l  

d e am i d a t i o n .  Th e a l k a l i  r e quir ement  d a t a ap p e a r  t o  g i v e  an  

a c c u r a t e e s t im a t e  of  t h e  l e v e l  of  d e ami d a t i o n .  

6 . 5 D e t e rm i n a t i o n  o f  e mu l s i f i c at i on pr ope r t i e s  

Th e e mu l s i f i c a t i on  p r o p e r t i e s  o f  t h e  s am p l e  p r e p a r a t i o n s  w e r e  

examin e d  w i t h  a v i ew t o  t e s t ing t h e  hyp o t h e s i s  p r o p o s e d  in 

S e c t i o n  1 .5 . 6 ,  i . e .  t h a t  the ana l o gy b e t w e en p r o t e in 

hy d r o p h o b i c i t y  and emu l s i f i e r  H LB v a l u e s  i s  v a l i d .  I t  w a s  

d e c i d e d  t h a t  t h e  t e s t  s y s t em s h o u l d  h a v e t h e  fo l l owing  f e a t u r e s .  

( 1 )  A r e al i s t i c  i o n i c s t r en g t h . 

( 2 )  A p H  t h a t  gav e  a m o d e r a t e  s o l ub i l i t y  t o  t h e  p r o t e i n s . 

( 3 )  A h i g h  o i l  c o n t e n t  s o  t h a t  t h e  p r o t e i n s  w e r e  s e v e r e l y  

t e s t e d . 

( 4 ) O i l s  t h a t  r emai n e d  l i quid a t  r o o m  t em p e r a t u r e  s o  t h a t  t h e  

r e s u l t s  w e r e  n o t  c o m p l i c a t e d  by  p h a s e ch an g e s .  

C a s t o r  and  s o y ab e an o i l s  w e r e  s e l e c t e d  b e c a u s e t h e i r  r ep o r t e d  

r e qu i r e d  H LB ' s w e r e  q u i t e  d i f f e r en t , t h a t  i s , 1 4  an d 6 

.r e s p e c t iv e ly ( I C I A m e r i c a s I n c  • •  1 9 8 0 ) . 

6 . 5 . 1 Experiment a l m e t h o d s  

Emu l s i f i e r s  us e d  f o r  c om p a r i s o n  w e r e  S p an 8 0  and  Tw e e n  8 0  

m a n u f a c t ur e d  b y  I C I Am e r i c a s  I n c  ( W i l ming t o n  D E  1 9 8 9 7  U SA) . 

Th e i r  HLB  v a l u e s  w e r e  4 . 3  and  15 . 0  r e s p e c t i v e l y .  The  
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T ab l e  6 . 5 :  R e g r e s s i on an a l y s i s  o f  a l k a l i  r e qu i r em e n t  and d e g r e e  

o f  ami d e  b o nd  hy d r o l y s i s  

D ATA S OU R C E  

S p r ay d r i e d  s amp l e s  

i n c l uding G l u t en 

Tab l e  5 . 5 

L i quid hy d r o l y s at e  

s amp l e s  

T ab l e  5 . 5 

REGRES S I ON EQUAT I ON ( 1 ) R2 ( % )  

( AD JU S TE D ) 

( F OR  D F )  

AR = 0 . 3 6 6  + 0 . 0 6 6 1 D H S D  8 9 .5 

( 8 6 . 9 )  

AR = 0 . 1 4 1  + 0 . 0 5 8 1 D HL I Q  9 5 . 4  

( 9 3 . 9 )  

F r e e z e  d r i e d  s amp l e s  AR = 1 . 5 6  + 0 . 0 45 7  D HFD 

T ab l e  5 . 6 

9 1 . 9  

( 8 9 . 2 )  

LINE ON 

F I GURE 

6 . 4 

A 

B 

c 

N o t e  ( 1 ) : Th e ab b r e v iat i o n s  D H SD , D H L I Q  and D HF D  r e f e r t o  

d e g r e e  o f  ami d e  b o n d  hy dr o l y s i s  v a l u e s  m e a s u r e d  o n  

s p r ay d r i e d .  l i q u i d  and  f r e e z e  d r i e d  s am p l e s 

r e s p e c t iv e ly . 
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emu l s i f i e r s  w e r e  mix e d  in a r i t hm e t i c p r o p o r t i o n s  t o  g i v e  

the  d e s i r e d  emu l s i f i e r  HLB ( I C I Ame ri c a s I n c  • •  1 9 8 0 ) . Th e 

t o t a l  w e i g h t  o f  emu l s i f i e r  i n  e a ch  c a s e  w a s  0 . 7 5  g p e r 1 0 0 

m l  o f  e m u l s i o n .  Th e y  w e r e u s e d  a t  l e v e l s  o f  0 . 7 5  g p e r  1 0 0  

m l  o f  emu l s i o n .  This l e v e l  w a s  f o und t o  g i v e  s o m e  e mu l s i o n  

a n d  s ome  f r e e  oi l wh en  t e s t e d  i n  t h e  m i c r o- h a e ma t o c r i t  t e s t  

d e s c r i b e d  b e l ow.  Th e s ame l e v e l .  0 .7 5  g p e r 1 0 0  m l  o f  

emu l s i on . w a s  u s e d  f o r  t h e  s am p l e  p r e p ar a t i o n s .  

Emu l s i o n s  w e r e  p r e p a r e d  i n  a m an n e r  s im i l ar t o  t h at 

d e s c r ib e d  f o r  the s o l ub i l i t y  t e s t  ( S e c t i o n  6 . 3 ) . 

S amp l e  p r e p ar at ion  w a s w e i gh e d  i n t o  a t a l l f o rm 3 0 0 m l  

s t ain l es s s t e e l  b e ak e r .  Th e a p p r o p r i a t e  a d d i t i o n s  o f  0 .5 M 

N aO H .  2 3 .5 m l  0 . 2 1 25 M pho s p h a t e b u f f e r  p H  7 . 6 .  an d wat e r  

w e r e  m a d e  t o  g i v e  a t o t a l  v o l u m e  o f  5 0  m l  i n c l u d i n g  a n  

a l l owan c e  f o r  t h e  s p e c i f i c  v o l um e  o f  t h e  s amp l e . T h e  s am p l e  

c o n c en t r a t i o n  p H  and i o n i c  s t r e n g t h  w e r e t h e r e f o r e  t h e  s ame  

for  e a c h  s amp l e  as u s e d  in t h e  s o l ub i l i t y  t e s t  ( S e c t i on  

6 .3 ) . Wh e n  emu l s i f i e r s  w e r e u s e d  in  p l ac e  of  s am p l e  

p r e p a rat i o n s  t h ey w e r e  w e igh e d  i n t o  t h e  o i l .  B u f f e r  w a s  

p r e p ar e d  a s  ab o v e  b u t  n o  N a O H  w a s  r e qui r e d .  

N e x t . 5 0  m l  o f  e i t h e r  s o y a b e a n  o r  c a s t o r  o i l  w a s  a d d e d  t o  

t h e  b u f f e r  s o l ut i on  i n  t h e  b e ak e r  an d an emu l s i o n  w a s  

f o rm e d  b y  M ixing w i t h  an U l t r a  T u r r ax b l en d e r  a t  f u l l s p e e d  

f o r  1 0 0  s e c o n d s .  Th e emu l s i o n s  w e r e  a l l ow e d  t o  s t an d  

o v e rnight a f t e r  wh i c h  a l l f o am w a s  f o un d  t o  h a v e  

d i s app e ar e d . 

The emu l s i o n s  w e r e  t h en mix e d  b y  hand t o  r e d i s p e r s e  t h e  

c r e am l ay e r  which h a d  f o rm e d .  Th e emu l s io n  w a s  t h e n  p o u r e d  

o f f ,  5 0  m l  i n t o a 5 0  m l  m e a s u r i n g  c y l i n d e r  a n d  a b o u t  5 m l  

t o  a 1 0  m l  b e ak e r  f o r  f ur t h e r  s am p l in g .  

Thr e e  m e t h o d s  w e r e  u s e d  f o r  an a l y s i s  o f  t h e  emu l s i o n s .  The  

h e i ght o f  the  s e r um/ c r e am l ay e r  i n  the  meas u r i n g  c y l in d e r s  

w a s  r e c o r d e d  a t  v a r i o us t im e  i n t e r v a l s .  Af t e r  2 4  h o u r s  
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t h e r e  w a s  n o  f u r t h e r  s ep ar at i o n  and  the cy l in d e r s  w e r e  

ph o t o g r ap h e d  a t  t h i s  p o int i n  s o m e  exp e r im en t s .  

The t e s t  p r o p o s e d  b y  P e a r c e  and  Kin s e l l a  ( 1 9 7 8 )  w a s  u s e d  in 

a s l i g h t l y  m o d i f i e d  f o rm .  Emu l s i o n  s amp l e s w e r e  s e ri a l l y 

d i l u t e d  t o  g i v e  a f i n a l  d i l u t i o n  o f  o n e  i n  a t h o u s a n d . 

D i l ut i o n s  w e r e  m a d e  int o b o t h 0 . 1 %  S D S  an d 1 %  S D S .  Th e 1 %  

SD S w a s  i n c l u d e d  b e c au s e o f  t h e  r ep o r t e d  e f f e c t  o f  SD S 

c o n c e n t r a t i o n  a s  a m e a s u r e  o f  t h e  f l o c c u l at i o n  s t r e n g t h  o f  

an e m u l s i o n  ( K am a t a  e t  a l .  1 9 8 4 ) . The d i l u t i o n s  w e r e  

p r e p a r e d  b y  making  a s e r i e s  o f  o n e  i n  t e n  d i l u t i o n s . Th e 

d i l u t i o n  p r o c e d u r e  w a s  t o  a d d  0 .5 m l  s amp l e  t o  4 .5 m l  o f  1%  

S D S ·s o l u t i o n  a n d  to  add  0 .5  m l  s amp l e  to  0 . 5  m l  1%  SD S and  

4 . 0  m l  w a t e r .  E a c h  d i l u t i on w a s  tho rough l y  m ix e d  b e f o r e  

mak i n g t h e  n e x t  t r a n s f e r .  T h e  d i l u t e d  s amp l e s  w e r e  mix e d  

a g ain j u s t  b e f o r e  t r an s f e r  t o  a quart z c u v e t t e .  The 

ab s o r b an c e a t  5 0 0 nm was d e t e rm in e d  again s t  a 1 %  S D S  

s t an d a r d  s o l u t ion  u s ing  a P e rk i n  E l mer  s p e c t r o p h o t ome t e r .  

The r e s u l t s  a r e  r e p o r t e d  d i r e c t l y a s  m e a s ur e d  ab s o rb an c e  as  

an  a l t e rn a t i v e  to  f u r t h e r  c a l c u l at ions and  a s s um p t i on . 

Th e c en t r i fu g a l  m e t h o d  o f  emu l s io n  chara c t e r i z at i o n  

d e v e l o p e d  b y  M cD e rm o t t  e t  a l  ( 1 9 8 1 ) w a s  a d ap t e d  a s  f o l l o ws . 

O n e  m l  o f  t h e  e mu l s i o n  w a s  p l a c e d  in a mu l t iwe l l  t i s s u e  

c u l t u r e  p l at e  wh e r e  t h e  w e l l s h a v e  a 1 m l  wo rk in g  vo l um e . 

( F a l c o n  P l a s t i c s .  Ru t h e r f o r d  N J .  U SA) . Th e n  5 p l  o f  2 %  

m e thy l en e  b l u e  ( in 2 1 % e t hano l )  and  5 p l o f  4%  o i l  r e d  ' 0 ' 

( i n  7 0 % e t h an o l and a c e t o n e  ( 1 : 1 ) )  w e r e  add e d .  T h e  dy e s  

w e r e  t h o r o u gh l y  mix e d  i n t o  t h e  e mu l s i on and t h e n  t h e  

e mu l s i o n  w a s  d r awn i n t o  d u p l i c a t e  7 5  m m  mic r o - h a em at o c r i t  

c ap i l l a r y  t ub e s  ( Lan c e r .  S h e rwo o d  M e d i c a l .  S t  L o u i s  Mo  • •  

6 3 1 0 3  U SA) . Th e t ub e s  w e r e  s e a l e d  with a v in y l p l as t i c  

p u t t y .  C r i t o s e a l  ( M o n o j e c t  S c i e n t i f ic . S h e rwo o d  M e d ic a l . S t  

Lo u i s  M o  • •  6 3 1 0 3  U SA) . The s amp l e s  wer e c e n t r i f u g e d  us ing 

a m i c r o - h a e m a t o c ri t  c en t r i f u g e  wh ich op e r a t e s  at  1 2 0 0 0  r p m  

( 1 40 0 0  g )  ( H e r a e u s - Ch r i s t  Gmb H .  D 3 3 6 0  O s t e r o d e  a m  Har z . 

P o s t b o x  1 2 2 0 .  W e s t  Ge rmany ) . 
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The s amp l e s  w e r e  s p un f o r  v a r i o u s  t im e s  f rom 1 0  s e c o n d s  t o  

2 0  m inut e s .  A f t e r  e a c h  t im e  int e r v a l  t h e  t ub e s  w e r e  r e m o v e d  

an d t h e  h e ight o f  e a c h  l ay e r . i . e .  f r e e  o i l . e mu l s i o n  a n d  

s e r u m  w a s  r e a d  a s  a p e r c e n t a g e  o f  t h e  t o t a l  h e i g h t  u s i n g  a 

m i c r o- h a emat o c r i t  r e a d e r .  ( M S E  S c i e n t i f i c  I n s t rumen t s .  

Man o r  Roya l .  C r aw l ey .  S u s s ex .  Eng l an d ) . 

6 . 5 . 2  C o n f i r m a t i o n  o f  t h e  r equ i r e d  H LB value  o f  o i l s  

C a s t o r  and s oyab e an o i l s  w e r e  t e s t e d  a n d  t h e  r e s u l t s  o f  t h e  

P e a r c e-Kins e l l a  t e s t  an d t h e  m i c r o -h a emat o c r i t  t e s t  a r e  

shown i n  Tab l e s  6 . 6 an d 6 . 7 r e s p e c t i v e l y .  The b e s t  

emu l s i o n s  a r e  t h o s e  w i t h  maximum d i s p e r s ion o f  t h e  o i l  i . e .  

t h e  high e s t  ab s o rb an c e  i n  Tab l e  6 . 6  o r  g r e a t e s t  emu l s i on 

l ay e r  a f t e r  c en t r i f u g a t i o n . Both t e s t s  i n d i c at e the b e s t  

e m u l s i f i c a t i o n  f o r  s o y ab e a n o i l  a t  H L B  = 8 a n d  f o r  c a s t o r  

o i l  wh e n  H L B  = 1 4 . T h e s e  v a l u e s  a r e  s i m i l a r t o  t h e  v a l u e s  

o f  6 a n d  1 4  q u o t e d  b y  I C I  ( I C I Am e r i c a s I n c  • •  1 9 7 6 ) . 

S imi l a r r e s u l t s  w e r e  o b t ain e d  in an  e ar l i e r  t e s t .  r e s u l t s  

n o t  s h own . u s in g  S p an 8 0  and Twe e n  2 0 .  B o t h  emu l s ion  

e v a l u at i on t e s t s  s h o u l d  give  s im i l a r  r e s u l t s  s in c e  t h e  

P e ar c e-Kin s e l l a  t e s t  m e a s u r e s  t h e  o i l  d r o p l e t  s u r f a c e a r e a  

wh i c h  i s  i n d i c a t i v e  o f  d r o p l e t s i z e .  a n d  t h e  m i c ro ­

h a e m a t o c r i t  t e s t  m e a s u r e s  t h e  r a t e a t  wh i c h  t h e  c r e am l ay e r  

c omp r e s s e s . 

Af t e r  p r o l o n g e d  c en t r i f u g a t i o n  t w o  c r e am l ay e r s  c o u l d  b e  

s e e n .  wh i c h  m a y  i n d i c a t e s o m e  s e p ar a t i o n  o f  t h e  

emu l s i f i e r s . Wh en  p r e p a r in g  t h e s e  emu l s i o n s  t h e  

emu l s i f i e r s  w e r e  w e i gh e d  int o s e p ar a t e p o r t i o n s  o f  t h e  o i l  

wh i c h  w e r e  t h e n  m i x e d  i n  t h e  r e qu i r e d  p r o p o r t i on s .  Th is 

p r a c t i c e  might c on t r i b u t e t o  t h e  p h e n o m e n on .  F r e e  o i l  

l ay e r s  w e r e  n o t e d  t o  b e  p r e s ent  i n  i n v e r s e  p r o p o r t io n  t o  

t h e  c r e am l ay e r  h e ight . 

6 . 5 . 3 Emu l s i f i c at i o n  proper t i e s  o f  s ampl e  pr epar a t i o n s  

Emu l s i o n s  w e r e  p r e p ar e d  w i t h  e a c h  s amp l e  p r e p ar a t i o n  u s in g  

b o th c as t o r  a n d  s o y ab e an o i l s .  T h e  r e s u l t s  o f  e v a l u a t ion  

using  t h e  P e a r c e-Kins e l l a  and  m i c r o - h a e ma t o c r i t  t e s t  
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T ab l e  6 . 6 :  Re s u l t s  o f  P e a r c e-Kins e l l a t e s t  f o r  d e t e rminat i o n  o f  

r e qu i r e d  HLB o f  o i l s  

O I L  

S oy 

S oy 

· s oy 

S oy 

S o y  

S oy 

EMUL S I F I ER 

HLB 

5 

6 

7 

8 

9 

1 0  

A5 0 0  
1 %  S D S  

0 . 0 3 5  

0 . 5 4 1  

0 . 46 6  

0 . 7 2 6 

0 . 6 5 1  

0 . 5 8 2  

O I L  EMU LS I F I E R  A5 0 0  
H LB 1 %  S D S  

C a s t o r  1 0  0 . 3 6 5  

Ca s t o r  1 1  0 .  3 2 3  

C a s t o r  1 2  0 . 3 3 9  

Ca s t o r  1 3  0 . 3 0 4  

C a s t o r  1 4  0 . 4 45 

C a s t o r  1 5  0 . 3 1 4 
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T ab l e  6 . 7 :  Re s u l t s  o f  m i c r o -h a emat o c r i t  t e s t  f o r  d e t e rminat i o n  

o f  r e q u i r e d  H L B  o f  o i l s  

O I L  EMU L S I F I ER EMULS I ON LAY ER ( 1 ) O I L  EMULS I F I ER 

H LB HEI GHT 

( % )  

S o y  5 o . o  
S o y  6 15 . 1 5 

S o y  7 2 4 . 2 8 

S oy 8 40 . 4 1 

S o y  9 3 3 . 3 4  

S o y  1 0  3 0 . 3 7 

No t e s  ( 1 )  A f t e r  3 0  minut e s  c en t r i fugat i o n  

( 2 )  A f t e r  1 minut e c en t r i f ugat i o n  

H LB 

C a s t o r  1 0  

C a s t o r  1 1  

C a s t o r  1 2  

C a s t o r  1 3  

C a s t o r  1 4  

C a s t o r  1 5  

EMUL S I ON 

LAYER ( 2 )  

HEI GHT 

( % )  

3 3 . 3 4  

2 8  

2 7 . 2 8  

3 6 . 3 7  

3 5 . 3 9 

3 7 . 3 0  
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m e t h o d s  a r e  s h own i n  T ab l e s  6 . 8  and 6 .9 .  The d a t a indi c a t e  

a c l e a r  d i f f e r e n c e  b e t w e e n s amp l e s and  an  a p p a r e n t  

d i f f e r en c e  in o p t imum l e v e l o f  d e ami d a t i o n  f o r  

e mu l s i f i c at i o n  w i t h  e a c h  o i l .  T h i s  w o u l d  b e  exp e c t e d  i n  

t e r m s  o f  t h e  hyp o t h e s i s  s t a t e d i n  S e c t i o n  1 .5 . 6 .  T o  

i l l u s t r a t e  t h e s e  e f f e c t s  t h e  d a t a  w e r e  p l o t t e d  a s  s h own in 

F i g u r e s  6 . 5 and 6 . 6 .  The  l e v e l of  d e am i d at ion  f o r  e ach 

s amp l e  was e s t im a t e d  f r o m  t h e  a l k a l i  r e q u i r em e n t  d a t a  o f  

T ab l e  6 . 4 and t h e  r e g r e s s i o n  l in e  in F i g u r e  6 . 4 .  A fur t h e r  

i l l u s t r a t ion i s  g i v e n  i n  F i gur e 6 . 7 wh i c h  shows  t h e  

emu l s i o n  s e r i e s  w i t h  c a s t o r  o i l  a f t e r  t h e  e qui l ib r i um had  

b e e n  r e a c h e d .  Th e c h an g e  in s o l ub i l it y  o f  t h e  p r e p ar a t i o n s  

i s  e v i d e n t .  

A n  a l t e rn a t i v e  exp l an a t i o n  o f  t h e  r e s u l t s  i s  t h a t  t h e  

c h an g e s  i n  emu l s i fy in g  p o w e r  a r e  l ar g e l y  d u e  t o  t h e  chan g e s  

i n  s o l ub i l i t y  o f  t h e  p r o t e i n .  With r e g a r d  t o  t h e  

h y p o t h e s i s ,  t h e  HLB  t h e o r y  d o e s  n o t  d e p e n d  o n  s o l ub i l i t y  o f  

t h e  e mu l s i fy in g  a g en t  in e i t h e r  phas e b u t  d i s p e r s i o n  is  

a s s um e d . 

T o  t e s t  t h i s  a l t e rn a t i v e  a f u r t h e r  exp e r im e n t  w a s  c a r r i e d  

o u t . I n  t h i s  exp e r im e n t  t h e  we ight  o f  t h e  s amp l e  w a s  

v ar i e d  a c c o r d ing t o  t h e  s o l ub i l i t y ,  f r om T ab l e  6 . 4 .  with 

t h e  a i m  of  a c h i e v in g  a c o n s t an t  l e ve l o f  t o t a l  n i t r o g en in 

s o l ut i o n  ( TN = 0 . 1 6 9  a s  f o r  s amp l e  1 1 ,  T ab l e 6 . 4) .  The 

s amp l e s w e r e  p r e p a r e d  as p r e v i o u s l y  d e s c r ib e d  exc e p t  t h a t  

1 5 0 m l  o f  a qu e o u s  p h a s e w a s  p r e p a r e d . Th e quant i t i e s  o f  

s amp l e  a n d  a lk a l i  a d d e d  a r e  shown in· Tab l e  6 . 1 0 .  B u f f e r  

a n d  w a t e r  w e r e  a d d e d  a s  p r e v i o u s l y  d e s c r ib e d ,  t h e  v o l ume o f  

w a t e r  b e ing ad j u s t e d  t o  a l l o w f o r  t h e  v o l um e  o c c up i e d  by  

t h e  s amp l e .  M ix i n g  o f  the  l a rg e r  quant i t i e s  of  s am p l e  w a s  

q u i t e  d i f f i c u l t  b e c au s e  a s t r o n g  d o u g h  w a s  f o r m e d .  The 

p r e p ar e d  s o l u t i o n s  w e r e  a l l o w e d  t o  s t an d  o v e rn i ght , t h en 

t h e  i n s o l ub l e g l u t e n w a s  r emo v e d  and t h e  r e s i d u e  

c en t r i f u g e d  ( M S E ,  1 0 0 0  r p m ,  2 0  minut e s )  a n d  t h e  s u p e rnat a n t  

d e c an t e d .  S amp l e s w e r e  s e t as i d e  f o r  p H  d e t e rmin a t ion  and  

t o t a l  n i t r o g en an a l y s i s .  Th e r e  w a s  s u f f i c i ent s u p e rn a t a n t  
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T ab l e 6 . 8 :  R e s u l t s  o f  P e a r c e-Kin s e l l a t e s t  f o r d e t e rminat i o n  o f  

emu l s i f i c a t i o n  p r o p e r t i e s  o f  s amp l e  p r e p a r a t i o n s  

P RE PARATI ON 

NUMBER A5 0 0 

G l u t e n  

( 1 ) 

( 2 )  

( 3 )  

( 4 )  

( 5 )  

( 6 )  

( 7 )  

( 8 )  

( 9 )  

( 1 0 )  

( 1 1 )  

0 . 1 % S D S  

0 . 0 42  

0 . 0 9 0  

0 . 0 40 

0 . 4 9 6  

0 . 2 42 

0 .  4 2 7  

0 . 3 7 1 

0 . 6 3 2  

0 . 7 2 0 

0 . 6 1 4 

0 . 7 0 5 

0 . 3 1 1 

CA S T O R  O I L  

A5 0 0  
0 . 1 % S D S  

0 . 0 9 7  

0 . 1 6 6  

0 . 1 3 0  

0 . 6 0 0  

0 . 3 2 9  

0 . 5 8 1  

0 . 3 8 1  

0 . 7 0 6 

0 . 8 1 5  

0 . 6 1 9  

0 . 6 9 7  

0 . 2 9 6  

S OYABEAN O I L  D EAM IDAT I ON ( 1 ) 
A5 0 0  

0 . 1 % S D S 

0 . 0 4 1  

0 . 0 49  

0 . 3 1 5 

0 . 5 9 3  

0 .  47 0 

0 . 5 2 0  

0 . 3 9 1  

0 . 7 8 0 

0 . 9 49 

1 . 1 1 3  

0 . 9 7 5  

0 . 6 5 8  

A5 0 0 BY REGRE S S I ON 

0 . 1 % S D S  ANALY S I S  

( % )  

0 . 0 1 0  

0 . 0 2 8  

0 . 3 2 8 

0 . 7 9 1  

0 . 46 4  

0 . 5 5 0  

0 . 40 6  

1 .  0 1 5  

0 . 8 6 5  

1 . 1 4 0 

1 . 1 8 9  

0 .  8 3  2 

0 

0 

7 

8 

6 

8 

1 1  

1 8  

2 5  

4 6  

3 3  

6 5  

N o t e  ( 1 ) F r o m  A lk a l i  r e q u i r e m e n t  d a t a  

T a b l e  6 . 2 a n d  L i n e  A i n  F i g u r e 6 . 4 
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Tab l e  6 . 9 :  R e s u l t s  o f  m i c r o- h a emat o c r it t e s t  f o r  d e t e rmina t i o n  

o f  e mu l s i f i c at io n  p r o p e r t i e s  o f  s amp l e  p r e p a r at i o n s  

P RE PARAT I ON 

NUMBER 

Glu t en 

( 1 )  

( 2 ) 

( 3 )  

( 4 )  

( 5 )  

( 6 )  

( 7 )  

( 8 )  

( 9 )  

( 1 0 )  

( 1 1 ) 

CA S T O R  O I L  

EMULS I ON LAY ER 

AFTER 3 0  S E C OND S 

C ENTR I F U GAT I ON 

( % )  

n o n e  

n o n e  

n o n e  

6 3 . 6 5  

5 6 . 5 2  

6 2 . 6 2 

6 0 . 6 0  

6 5 . 6 4  

8 4 . 8 5 

8 7 . 8 7 

8 9 . 8 9 

7 2 . 7 2  

S OYABEAN O I L  

MULS I ON LAY ER 

AFTER 2 MINUTES  

CENTRI F U GAT I ON 

( % )  

n o n e  

n o n e  

- . 5 2  

5 8 . 5 6  

5 4 . 5 3  

5 7 . 5 7  

5 1 . 5 1  

5 6 . 5 6  

6 9 . 6 9  

89 . 8 9 

7 6 . 7 3  

7 4 .  7 4 

D EAM IDATI ON 

BY R E GRE S S I ON 

ANALY S I S 

( % )  

0 

0 

7 

8 

6 

8 

1 1  

1 8  

2 5  

46  

3 3  

6 5  
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Tab l e  6 . 1 0 :  Ana l y s i s  o f  s am p l e s  p r e p a r e d f o r  emu l s i o n s  with  

c o n s t an t  s o l ub l e  t o t a l  n i t r o gen  

PREPARAT I ON 

NUMB E R  

Gl u t e n  

( 1 )  

( 2 ) 

( 3 )  

( 4 )  

( 5 )  

( 6 )  

( 7 )  

( 8 )  

( 9 )  

( 1 0 )  

( 1 1 ) 

QUANT I TY 

O F  SAMP LE 

( g )  

47 . 5 3  

47 . 5 3  

3 1 . 6 9 

8 . 0 9  

1 7 . 2 8 

1 0 . 2 8 

7 . 4 6  

3 . 1 7 

3 . 2 0  

2 . 2 8 

2 . 8 2 

2 . 2 5 

( 1 )  

V OLUME OF pH  OF T OTAL NI TROGEN 

O . S M N a O H  S U PERNATANT O F  

( m l )  

1 0 . 4 2 

2 . 9 5 

5 . 2 2  

3 . 6 6  

3 . 2 5 

2 . 0 0 

2 . 5 0  

3 . 1 6 

2 . 8 6 

4 . 2 6 

7 . 0 5 3  

7 . 0 3 3  

7 . 5 1 1 

7 . 3 2 5  

7 . 5 0 4 

7 . 48 8  

7 . 5 8 6 

7 . 5 5 3  

7 . 5 2 4 

7 . 49 1 

7 . 5 1 5 

7 . 43 6  

S U P ERNATANT 

( % )  

0 . 1 0 6  

0 . 1 0 8  

0 . 1 0 6  

0 . 1 1 8  

0 . 1 0 0  

0 . 1 0 2  

0 . 1 1 8  

0 . 1 6 3  

0 . 1 7 3  

0 . 1 7 5  

0 . 1 7 6 

0 . 1 7 3  

N o t e  ( 1 ) D up l i c at e  p r e p a r at io n s  w e r e  m a d e  o f  s amp l e s 2 and 5 
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f o r  o n l y  40 m l  p e r  e m u l s i o n  s o  t h e  q u a n t i t y  o f  o i l  w a s  a l s o  

r e d u c e d  t o . 40  m l .  Th e e mu l s i o n s  w e r e  an a l y s e d  a s  

p r e v i o u s l y  d e s c r ib e d .  

T h e  r e s u l t s  o f  t h e  p H  a n d  t o t a l  n i t r o g e n  d e t e rmin a t i o n s  a r e  

i n c l ud e d  in Tab l e  6 . 1 0 .  Re s u l t s o f  t h e  P e a r c e-Kins e l l a  

t e s t  and m i c ro -haemat o c r i t t e s t  a r e  g i v e n  i n  T ab l e s 6 . 1 1  

a n d  6 . 1 2 .  B e c aus e t h e  t o t a l  n i t r o g e n  in e a c h  s o l ut i on w a s  

n o t  e x ac t l y  t h e  s am e . t h e s e d a t a  a r e  p l o t t e d  in F i g u r e  6 . 8 

a s  ab s o rb an c e  d i v i d e d  b y  t o t a l  n i t r o g e n .  I t  i s  c l e a r  f r o m  

t h e s e  r e s u l t s  t h a t  em� l s i on- f o r� ing p r o p e r t i e s  o f  t h e  

p r o t e in s  a r e  g o v e r n e d  b y  o t h e r  f a c t o r s  i n  a d d it i o n  t o  t h e  

l e v e l o f  t o t a l  n i t r o g e n in s o l u t i o n .  T h e  s amp l e s w i t h  l o w  

l e v e l s  o f  hyd r o l y s i s  a r e p o o r e r  e mu l s i f i e r s . Th e 

d i f f e r en c e  in p e r f o rm a n c e with  d i f f e r en t  o {l s  i s  a p p a r e n t  

b u t  t h e  d a t a  a r e  o th e rwi s e  r at h e r  c o n fu s in g .  

The  e f f e c t  o f  p r o t e in c o nc e n t r a t i o n  o n  t h e  f o rm a t i o n  o f  

e mu l s i o n s  has  b e en r e p o r t e d  b y  v a r i o u s  aut h o r s  e a c h  g i v ing 

v e ry d i f f e r ent r e s u l t s .  P e ar c e  a n d  Kin s e l l a  ( 1 9 7 8 )  s h o w e d  a 

n e ar l in e a r  in c r e a s e in emu l s i fy i n g  a c t i v i t y  w i t h  

c on c en t r a t ion wh e r e a s S abharwa l and  Vak a l e r i s  ( 1 9 7 2 ) s h o w e d  

f i r s t  a n  in c r e a s e  t h e n  a p l a t e au f o l l o w e d  b y  a d e c r e a s e a t  

h i gh e r  c o n c en t rat i o n .  

T o  d e t e rmine  t h e  e f f e c t  o f  c on c en t r a t io n  in t h e  t e s t  s y s t em 

a n d  t o  o f f e r  f u r t h e r  e x p l a n a t i o n  o f  t h e  d a t a  s h o w n  i n  

F i g u r e  6 . 8 .  t w o  o f  t h e  s amp l e  p r e p ar at io n s . 5 an d 1 1  w e r e  

t e s t e d a t  v ar i o u s  c o n c e n t r a t i o n s  i n  t h e  emu l s i o n  s y s t em .  

Emu l s i ons  w e r e  p r e p a r e d  us ing c a s t o r  o i l . a s  p r e v i o u s l y  

d e s c rib e d . ex c e pt t h a t  t h e  c on c e n t r a t i o n  o f  t h e  s amp l e  

p r ep a r at i o n  w a s  v a r i e d .  The c o n c en t rat i o n s  u s e d  and  t h e  

r e s u l t s  o f  t h e  P e a r c e-Kins e l l a  t e s t  a r e  s h o wn in T ab l e  

6 . 1 3 .  The d a t a  s h o w  a n  inc r e as e i n  emu l s i fy i n g  p o w e r  a s  

t h e  c on c e n t r a t ion i n c r e a s e s . T h e  s am e  r e s u l t  w a s  f o un d  

w i t h  t h e  m i c ro-haemat o c r i t  t e s t .  r e s u l t s  n o t  s h o w n .  and b y  



236 

T ab l e 6 . 1 1 :  R e s u l t s  o f  P e a r c e-Kin s e l l a  t e s t  f o r  d e t e rminat i o n  

o f  emu l s i f i c a t i o n  p r o p e r t i e s  o f  s amp l e  p r e p ar a t i o n s  

w i t h  c o n s t an t  s o l ub l e  t o t a l  nit r o g e n 

P RE P ARAT I ON 

NUMBER A5 0 0  
0 . 1 % S D S 

Glu t en 

( 1 )  

( 2 )  

( 3 )  

( 4 )  

( 5 )  

( 6 )  

( 7 )  

( 8 )  

( 9 )  

( 1 0 )  

( 1 1 )  

0 . 0 8 0  

0 . 5 1 8  

0 . 1 0 3  

0 . 5 0 3 

0 . 47 3  

0 . 6 46 

0 . 6 6 3  

0 . 6 2 4  

0 . 7 3 5  

0 . 6 43 

0 . 4 0 1  

CA S T O R  O I L  

A5 0 0 
0 . 1 % S D S  

0 . 0 6 0  

0 .  45 0 

0 . 0 7 0  

0 . 3 9 2  

0 . 4 6 5  

0 . 6 9 5  

0 . 6 2 3 

0 . 6 8 8  
-

0 . 8 27 

0 .  7 2 3  

0 .  43 0 

S OYABEAN O I L  D EAMIDAT I ON 

A5 0 0 A5 0 0  BY R E GRE S S I ON 

0 . 1 % S D S  0 . 1 % S D S  ANALY S I S  

0 . 1 0 8  

0 . 7 4 4 

0 . 1 1 4  

0 . 4 8 0  

0 . 5 8 1  

0 . 8 7 9  

1 . 0 2 9  

1 . 1 8 3 

0 . 9 0 9  

1 . 1 9 2  

1 . 0 6 1  

0 . 1 5 1  

0 . 8 6 2  

0 . 2 5 2  

0 . 6 6 2  

0 . 7 7 3  

0 . 8 8 5  

0 . 9 8 0  

1 . 1 5 4 

0 . 9 2 1  

1 . 1 8 2  

1 . 0 2 4  

( % )  

0 

0 

7 

8 

6 

8 

1 1  

1 8  

2 5  

46 

3 3  

6 5  
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Tab l e  6 . 1 2 :  R e s u l t s  o f  m i c r o - h a e mat o c r i t  t e s t  f o r  d e t e rmin a t io n  

o f  emu l s i f i c at i o n  p r o p ert i e s  o f  s amp l e  p r e p a r a t io n s  

w i t h  c on s t an t  s o l ub l e t o t a l  n it r o g e n  

PREPARAT I ON 

NUMBER 

Glut en 

( 1 )  

( 2 )  

( 3 )  

( 4 )  

( 5 )  

( 6 )  

( 7 )  

( 8 ) 

( 9 )  

( 1 0 )  

( 1 1 )  

CAS T OR O I L  

EMULS I ON LAYER 

AFTER 3 0  S E COND S 

CENTRI F U GATI ON 

( % )  

n i l  

6 0 . 6 0  

n i l  

5 9 . 5 9  

6 0 . 6 0 

7 9 . 8 0 

9 1 . 9 2  

9 0 . 9 0  

9 3 . 9 4  

8 8 . 9 0 

8 8 . 8 0 

S OYABEAN O I L  

EMU L S I ON LAYER 

AFTER 3 0  S E COND S 

CENT R I F U GAT I ON 

( % )  

n i l  

6 2 . 6 4 

n i l  

6 3 . 6 3  

6 2 . 6 2  

7 9 . 7 8  

9 2 . 9 1  

9 8 . 9 9 

9 7 . 9 8 

1 0 0 . 1 0 0  

1 0 0 . 1 0 0  
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Degree of am ide bond hydrolysis (%) 

The effect of the degree of amide bond hydrolysis 
on emulsification properties of sample preparations 
with constant soluble total nitrogen as determined by 
the Pearce-Kinsella test . 
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Table 6. 1 3: Resu lts of Pearce-Ki nsel la test for determ·ination of emulsi fication properties of sample preparations at vari ous levels of 

sample. 

CONCENTRATION( 1 )  ESTIMATED(2) CASTOR OIL CONCENTRATION 

OF SAMPLE SOLUBLE A500 A500 
5 TOTAL NITROGEN 0. 1 %  1 .0% 

IN AQUEOUS SDS SDS 

PHASE 

(%) (%) 

0.05 0 .002 0.03 1 0 . 1 1 3  

0. 1 0  0.005 0.057 0 . 1 25 

0.20 0 .0 1 0  0.046 0. 1 05 

0.50 0.025 0.254 0.272 

0.75 0.037 0.377 0.420 

1 . 50 0.074 0.473 0.483 

2.0 0.099 0.542 0.624 
' 

3.0 0. 1 48 0.736 0.63 1 

5 .0 0.24 1 0.695 0.984 

Notes ( 1 )  Concentration i s  weight percent i n  total emulsi on ( 1 00 ml)  

OF SAMPLE 

1 1  

(%) 

0.05 

0. 1 0  

0.20 

0.50 

0.75 

1 .50 

ESTIMATED 

SOLUBLE 

TOTAL NITROGEN 

IN AQUEOUS 

PHASE 

(%) 

0.0 1 1 

0.022 

0.045 

0. 1 1 3 

0. 1 69 

0.338 

(2)  Estimated assum ing al l  Total Ni trogen d ssolved i n  aqueous phase, from data of table 6.4 (50 ml)  

CASTOR OIL 

A500 A500 
0. 1 %  1 .0% 

SDS SDS 

0. 1 70 0 . 1 73 

0.3 1 6  0 .3 1 2  

0.3 1 � 0.334 

0.300 0.279 

0.298 0.304 

0.374 0.364 

"-> I..>J \D 



240 

s t an d i n g  u n d e r  g r av i t y .  The s e  r e s u l t s  a r e  s h own in t h e  

ph o t o g r a p h s  o f  F i g u r e  6 . 9 .  

Wh e n  t h e  P e a r c e -Kin s e l l a t e s t  d a t a  f rom T ab l e  6 . 1 3  a r e  

p l o t t e d  a g a in s t  s amp l e  c on c en t r a t i o n as  i n  F i g u r e  6 . 1 0  t h e  

s amp l e s  a p p e a r  v e ry  d i f f e r en t .  Wh e n .  ho w e v e r .  t h e y  a r e  

p l o t t e d  a g a in s t c o n c en t r a t i o n  o f  t o t a l  n it r o g e n in 

s o l ut i o n .  c a l c u l at e d f r om t h e  d a t a of Tab l e  6 . 4 .  t h e  

i n i t i a l  s l o p e s  o f  t h e  l i n e s  i n  F i g u r e  6 . 1 1 s u g g e s t  t h a t  t h e  

e f f e c t  o f  e a c h  s amp l e  p r e p a r at io n  m ight b e  t h e  s am e  a t  

l o w e r  c o n c e n t r at i o n s . 

Two f u r t h e r  s amp l e  p r e p a r a t i o n s . 7 and 1 0  w e r e  t e s t e d i n  

t h e  s am e  m ann e r .  I n  a d d i t i o n . 1 0 0  m l  s o l u t i o n s  o f  e a ch  

c o n c en t r a t i o n  we r e  p r e p a r e d .  Th e s e  w e r e  c l a ri f i e d  b y  

c en t r i fu g a t i o n  ( M S E .  5 0  m l  t ub e s . 2 0  mins a t  1 0 0 0  r p m) . 

Th e v o l ume  o f  s e d im e n t  w a s  n o t e d .  s m a l l quan t i t i e s  o f  

f l o at in g  m a t e r i a l  w e r e  r em o v e d  b y  s u c t ion a n d  t h e  

s up e r n a t an t  d e c an t e d .  S am p l e  ( 1 0 ) c o nt ain e d  a f in e  

s e d i m e n t  o n l y  p ar t i a l l y  r e mo v e d  b y  the  c en t r i f u g a t ion . 

wh i c h  w a s  c ar r i e d  o v e r  i n  t h e  d e c an t a t i o n .  A p o r t i o n  o f  

e a c h  s up e rn a t ant  w a s  s e t  a s i d e  f o r  p H  d e t e rm i n a t i o n  and 

t o t a l  n i t r o g e n  d e t e rmin a t i o n .  Th e w e ight s o f  s amp l e .  pH 

and  t o t a l  n i t r o g e n  o f  the s up e rn a t ant  and t h e  r e s u l t s  o f  

t h e  P e a r c e-Kins e l l a t e s t  a r e  g i v en i n  Tab l e  6 . 1 4 .  

Ph o t o g r a p h s  o f  t h e  emu l s io n s  a f t e r  s t anding u n d e r  g r a v i t y  

a r e  s h o w n i n  F i g u r e  6 . 1 2 .  

T h e  P e a r c e-Kin s e l l a  t e s t  d a t a  f r om T ab l e  6 . 1 4  a r e  p l o t t e d 

i n  F i g u r e s  6 . 1 3  a n d  6 . 1 4  i n  t h e  s am e  w a y  a s  i n  F i g u r e s  6 . 1 0  

a n d  6 . 1 1 .  I t  i s  c l e a r  t h a t  t h e  emu l s ion e f f �� t  i s  d u e  t o  

t h e  s o l ub l e  p o r t i o n  o f  t h e  s amp l e  p r ep arat i o n s . t h e  s o l i d 

m a t e r i a l  h a v ing  n o  d i s c e r n ib l e  e f f e c t . A p l o t  o f  t o t a l  

n i t r o g e n a g ains t c o n c en t r at io n .  F i g u r e  6 . 1 4  s h o w s  t h a t  t h e  

c o n c en t r at i o n  o f  t o t a l  n i t r o g e n  i s  d i r e c t ly  p r o p o r t i o n a l  t o  

t h e  s amp l e  c o n c e n t r at i on . t h a t  i s . n o  s o l ub i l i t y  l im i t  i s  

i n v o l v e d .  T h e  d a t a  f o r  s a m p l e  1 0  s h o w  t h e  e f f e c t  o f  t h e  

p o o r  s e d im e n t a t i o n  a n d  c ar r y- o v e r  o f  s o l i d  m a t e ri a l .  



Figure 6 . 9 Separation under gravity of castor oil emulsified with different levels of 
sample . 
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Table 6. 1 4: 

SAMPLE 

NUMBER 

-------------------------------------------- --· -

Results of Pearce-Kinsella test, pH and soluble total nitrogen determinations for determ ination of emulsif ication properties 

of sample preparations at various levels of sample 

WEIGHT SEDIMENT pH M EASURED W HOLE SAMPLE SUPERNATANT CALCULATED 

OF AFTER OF TOTAL A500 A500 A500 A500 TOTAL NITROGEN 

SAMPLE CENTRIFU- SU PER- NITROGEN 0. 1 %  1 .n% 0. 1 %  1 .0% SUPERNA T ANT 

IN 1 00 GATION NATANT IN SUPER- SOS SOS SOS SOS FROM FIG. 6 . 1 5  

MLS OF NATANT 

AQUEOUS PHASE 

(g) (ml)  (ml) (%) 

(7) 0 . 1 <0.5 7.64 0.008 0.068 0.05 1 0.046 0.076 

0.2 <0.5 7.66 0.0 1 6  0.068 0.070 0.094 0 . 1 90 

0.6 0.5,0.7 5 7.69 0.047 0.390 0.437 0.399 0.497 

1 .5 1 .3,2.0 7.64 0 . 1 1 4  0.660 0.680 0.608 0.808 

3.0 3.2,3.6 7.6 1 0.226 0.656 0.852 0.705 0.957 
. .  

6.0 8.5,7.5 7.6 1 0.447 0.850 0.93 1 0.785 0 .836 

( 1 0) 0. 1 <0.5 7.74 0.0 1 0.059 0. 1 30 0.068 0. 1 06 0.0 1 

0.2 <0.5 7.64 0.02 0.29 1 0.356 0.23 1 0 .235 0.02 

0.06 1 . 7, 1 . 6  7 .6 1 0.05 0.408 0.458 0.620 0.628 0.05 

1 .5 4.6,4.8 7 .65 0. 1 3  0.568 0.74 1 0.723 0.784 

0. 1 35 

3.0 1 0 .8,  1 0.0 7.69 0.27 0.644 0.85 1 0.753 0.9 1 3  0.272 . 

6.0 approx 20 7.69 0.773 0.883 0.9 1 9  1 .2 1 7  0.49 

Note ( 1 )  Concentration is  weight percent in aqueous phase of data of table 6. 1 3  

(2) The sediment for sample 1 0  was a di ffuse layer and not rea l ly  a compact sediment as for 7. 

N j::-+=' 



Figure 6 . 12 Separation under gravity of castor oil emulsified with different levels of sample 
with and without insoluble material removed by centrifugation. 
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Separation under gravity of castor oil emulsified with different levels 
of sample with and without insoluble material removed by centrifugation. 
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p a r t i c u l a r l y f o r  the h i gh e s t  c o n c en t r at i o n  s amp l e .  F i g u r e 

6 . 1 5  s h ows how  t h e  TN w a s  r e c a l c u l a t e d i n  Tab l e  6 . 1 4  and 

u s e d  in F i g u r e  6 . 1 4 . 

A f u r t h e r  c o n s e qu en c e  o f  the  o r i g in a l  hyp o t h e s i s i s  t h a t  i f  

t h e  s amp l e  p r e p a r at i o n s  a r e  ac t in g  s imi l a r l y t o  e mu l s i f i e r s  

wh i c h  c an b e  d e s c rib e d  b y  HLB numb e r s ,  t h ey s h o u l d  s h o w  

add i t i v i t y ,  t h a t  i s , t h e  H L B  o f  a n y  mix t u r e  o f  s amp l e  

p r e p ar a t i o n s  s h o u l d  f a l l  b e t w e en t h e  s e p a r a t e v a l u e s .  To  

t e s t  t h i s  a s p e c t  o f  t h e  h y p o t h e s i s  s am p l e s 5 and  1 1  w e r e  

cho s en .  Re f e r e n c e  t o  T ab l e  6 . 9 f o r  l e v e l s  o f  d e amidat i o n , 

and t o  F i g u r e  6 . 5  s h o w s  t h a t  mix t u r e s  o f  t h e  t w o  s amp l e  

p r e p a r a t ions  s h o u l d  g i v e  enhan c e d  emu l s i f y in g  p o w e r  

c omp a r e d  t o  e it h e r  a l o n e .  Emu l s i o n s  w e r e  p r e p a r e d  u s in g  

c a s t o r  o i l  w i t h  quan t it i e s  o f  e a c h . s amp l e  p r ep ar at i on  as  

shown i n  Tab l e  6 . 1 5 .  Th e r e s u l t s  o f  t h e  P e a r c e-Kins e l l a  

t e s t  a r e  a l s o  s h o wn i n  t h e  t ab l e . A s i m i l a r r e s u l t ,  n o t  

s h o wn , was  o b t ain e d  b y  u s ing t h e  m i c r o - h a e m a t o c r i t  t e s t .  

Th e r e  i s  n o  e n h a n c e m e n t  e f f e c t  an d t h i s  i s  a l s o  

d emo n s t r at e d  b y  t h e  emu l s i o n s  s t an d in g  un d e r  g r a v i t y  s h o wn 

in t h e  p ho t o g r ap h  in F i g u r e  6 . 1 6 .  

6 . 6 D e t e rminat i o n  o f  hyd r oph o b i c ity o f  s ampl e  pr epa r a t i o n s  

6 . 6 : 1  I nt r o d u c t i o n  

Var i o u s  m e a s u r e s  o f  p r o t e in hyd r o p h o b i c i t y  a n d  t h e i r  m e an s  

o f  d e t e rmin a t i o n  w e r e  d i s c u s s e d in S e c t i o n  1 .5 . 2 .  The 

a v a i l ab l e  t e chn i qu e s  h a v e  b e en r e v i ew e d  by Nak a i  ( 1 9 8 3 )  wh o 

di s c u s s e d  the  p ar t i c u l a r r e l e v an c e  o f  s u r f a c e  

hyd r o phob ic i t y  t o  fun c t i o n a l  p r o p e rt i e s .  F o r  this  w o rk , it  

was d e s i r e d  to  d e t e rmin e t h e  s u r f a c e hyd r o p hob i c i t y  o f  t h e  

s amp l e  p r e p a r at i o n s . Th e s e  dat a c o u l d  t h e n  b e  u s e d ,  f i r s t ,  

t o  c omp a r e  w i t h  th e emu l s i o n s  d a t a  o f  S e c t i o n  6 . 5 a s  a 

c ont r i b u t ion t o w a r d  p r o v i ng the  hyp o th e s i s  s t at e d  i n  

S e c t i o n  1 .3 . 6 .  A s e c o n d  o b j e c t i v e  w a s  t o  r e p e a t  t h e  

m e a s u r ement s m a d e  by  M a t s u d o mi e t  a l  ( 1 9 8 2 ) . A f u r t h e r  

ob j e c t i v e  w a s  t o  examin e t h e  s u g g e s t i o n  o f  Hayak aw a and 

Nak a i  ( 1 9 8 5 )  that t h e  d i f f e r ent  p r o b e s  8 - an i l ino - 1 -
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Tab l e  6 . 1 5 :  R e s u l t s  o f  P e a r c e-Kin s e l l a t e s t  f o r  d e t e rminat i o n  

o f  emu l s i f i c a t i o n  p r o p e r t i e s  o f  m ix t u r e s  o f  s amp l e  

p r e p a r a t i o n s  

WE I GHT WEI GHT CA S T OR O I L  

O F  SAM P LE O F  SAMP LE A5 o o A5 o o  A5 o o  MEAN VALUE 

5 1 1  0 . 1 % 0 . 1% 1 . 0% A5 0 0  
I N  l O O  M L  I N  1 0 0  M L  S D S  S D S  S D S  

OF OF 

EMULS I ON EMUL S I ON 

( g ) ( g )  

0 . 7 5  0 . 3 1 5 0 . 2 6 8  0 .  3 1 6 0 . 3 0 0 

0 . 5 6  0 . 1 9 0 . 2 9 7  0 . 3 1 1  0 . 2 8 0  0 . 2 9 6  

0 . 3 7 5  0 . 3 7 5  0 . 3 1 2 0 . 2 8 7  0 . 3 7 6  0 . 3 2 5 

0 . 1 9 0 . 5 6  0 .  3 23  0 . 3 0 5 0 . 2 8 2  0 . 3 0 3 

0 . 7 5  0 . 3 1 2 0 . 3 3 9  0 .  3 45 0 . 3 3 2  

0 . 3 7 5  0 . 3 7 5  0 . 2 8 5  0 . 3 1 4  0 . 3 0 5 0 . 3 0 2 
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Figure 6 . 16 Separation under gravity of castor oil 
emulsified with mixtures o:f product preparations . 



253 

n a p h t h a l en e s u l f o n at e (ANS)  and 9 .  1 1 .  1 3 . 1 5 - c i s  t r ans 

t r a n s  c i s  o c t a d e c a t et r a e n o i c  a c i d  ( c i s  p a r in a r i c  a c i d .  C PA) 

w e r e  m e a s u ring a r omat i c  and a l i p h a t i c  hyd r o pho b i c i t i e s  

r e s p e c t i v e l y .  and  that  th e s e  mad e s ep a r a t e  c o n t r ib u t i o n s  t o  

p r o t e in fun c t i o n a l i t y .  

To a c h i e v e  t h e s e  o b j e c t i v e s . hy d r o phob i c i t y w a s  d e t ermin e d  

f o r  t h e  s o l ub l e  p o r t i o n  o f  e a ch s amp l e  and  t h e  t o t a l  s am p l e  

s o l ub i l i z e d  in S D S .  B o t h  ANS and C PA w e r e  u s e d  f o r  t h e  

d e t e rm i n a t i o n s . 

6 . 6 . 2  T e s t  m e t h o d s  

The s am p l e s  w e r e  d i s �e r s e d  and t e s t e d u s i n g  t h e  s am e  

c o n d i t i o n s  as  f o r  t h e  s o l ub i l i t y  an d e mu l s i fying p o w e r  

d e t e r m i n a t i o n s  a l r e ady d e s c r ib e d .  T w o  d i s p e r s i o n s  o f  e a ch  

s am p l e .  0 . 1 0 0  2:_ 0 . 0 0 5 g .  w e r e  m a d e .  Th e f i r s t  w a s  

di s s o l v e d  in 5 0  m l  o f  0 . 1 M  ph o s p h a t e b u f f e r .  p H  7 . 6 .  wh i c h  

c o n t ai n e d  1%  S D S .  Th e s e c o nd w a s  d i s s o l v e d  in t h e  s am e  

bu f f e r  b u t  with o u t  SD S .  D uring t h e  d i s p e r s i o n  a n  uns t ab l e  

f o am w a s  f o rme d .  The d i s p e r s i o n s  w e r e  a l l o w e d  t o  s t an d  

o v e r n i gh t  a f t e r  wh i ch t im e  t h e  f o am had  e n t i r e l y  c o l l ap s e d .  

Th e d i s p e r s i o n s  w e r e  t h e n  c en t r i f u g e d  (M S E  1 0 0 0  r p m .  2 0  min  

in 5 0  m l  t ub e s ) . The  v o l u m e  o f  t h e  s e d i m e n t  l ay e r  i n  e a c h  

t u b e w a s  r e c o r d e d  a n d  a s am p l e  o f  t h e  s u p e r n a t a n t  t ak e n  f o r  

t o t a l n i t r o g e n  d e t ermin at ion.  The  s up e r n a t an t s w e r e  

fur t h e r  d i l u t e d  a s  r e qu i r e d  u s i n g  b u f f e r .  o r  b u f f e r  

c on t a i n i ng s n s . a s  ap p r o p r i a t e .  

AN S w a s  d i s s o l v e d  in 0 . 1 M  pho s ph a t e  b u f f e r .  p H  7 . 6 .  t o  g i v e  

a c o n c e n t r a t i o n  o f  1 0  m M .  CPA w a s  di s s o l v e d  i n  ab s o l ut e  

ethan o l t o  g i v e  a c o n c e n t r a t i o n  o f  3 . 6 m M  w i t h  e quimo l ar 

BHT (b u t y l at e d h y d r oxy t o l u ene) . (An amp o u l e  o f  CPA 

c o n t a i n s  10  mg wh i c h  is d i s s o l v e d  i n  1 0  m l  ab s o l ut e  

ethan o l )  • 

The h y d r o phob i c i t y  d e t e rminat ion  w a s  c a r r i e d  o u t a s  

des c r ib e d  b y  Cr e am e r  e t  a l  ( 1 9 8 2 ) . F o r  e a c h  s am p l e  

p r e p a r a t i o n  2 m l  o f  b u f f e r  a n d  1 0  u l  o f  C P A o r  A N S  s o l u t i o n  



254 

w e r e  a d d e d  t o  a q u ar t z  c u v e t t e .  The f l u o r e s c e n c e  was  

d e t e rmin e d  a n d  then  s u i t ab l y  d i l u t e d  p r o t e i n  s o l u t i o n s  w e r e  

a d d e d  in s m a l l  in c r ement s ,  b e t w e e n 2 0  a n d  2 0 0  p l  d ep e n d i n g  

o n  t h e  f l uo r e s c e n c e r e s p o n s e ,  u p  t o  a t o t a l  a d d it i o n  o f  

1 0 0 0  p l .  

F l u o r e s c e n c e  int e n s i t y  was  m e a s u r e d  u s in g  a P e rkin  E l m e r  

M P F - 2A f l u o r e s c en c e s p e c t r o m e t e r  f i t t e d  w i t h  a 1 5 0  W X e n o n  

l amp a n d  a t emp e r a t u r e  c o n t r o l l e d  c u v e t t e  h o l d e r .  T h e  

f l u o r e s c e n c e  o f  e a c h  s amp l e  w i t h  AN S w a s  r e a d  w i t h  a n  

e x c i t a t i o n  w a v e l en g t h  o f  4 2 0  nm an d s l i t wi d t h  o f  2 0  nm , 

a c e  o r d in g  t o  Hayak a w a  and  Nak a i  ( 1 9  8 5 ) . T h e  r e s u  1 t s w e r e  

r e c o r d e d  a s  p e ak h e ight s o n  a r e c o r d e r  c h a r t . The p e ak 

h e ight  d a t a  a t  e a c h  s amp l e  c o n c e nt r a t i o n , c a l c u l a t e d  a s  TN 

i n  the c u v e t t e ,  w e r e  d i v i d e d  by th� p e ak h e ight w i t h o u t  

s am p l e  a d d i t i o n . A g r aph w a s  c o n s t r u c t e d  o f  t h i s  r e l at i v e  

f l u o r e s c e n c e  a g a in s t  c o n c e n t r a t i o n .  A s t r aight  l in e  w a s  

d r awn t h r o u g h  t h e  p o in t s  and  t h e  s l o p e  m e a s u r e d .  

S u r f a c e h y d r o p h o b i c it y  i s  a r e l a t i v e  m e a s u r em e n t  w i t h o u t  

u n i t s .  Mo s t  a u t h o r s  r e p o r t  t h a t  t h e  i n i t i a l  s l o p e  o f  t h e  

f l u o r e s c en c e  i n t e n s i t y  v e r s u s  c o n c en t r at i o n  l in e  i s  t ak e n .  

I n  t h i s  i n s t a n c e  i t  w a s  f o u n d  t h a t  t h e  p l o t  w a s  a n  i n i t i a l  

c u r v e  a n d  m o s t  o f  t h e  d a t a  f e l l  on a s ub s e qu e n t  s t r a ight  

l i n e .  I t  w a s  t h e  s l o p e  o f  t h i s  l i n e  wh i c h  w a s  u s e d  i n  

t h e s e  c a l c u l at i o n s . 

6 . 6 . 3  R e s u l t s  

Th e r e s u l t s  o f  t h e  s e d i m e n t  a n d  T N  d e t e rm inat i o n s  f o r  

s am p l e s d i s p e r s e d  w i t h  and w i t h o u t  S D S  a r e  s h o wn i n  Tab l e  

6 . 1 6 .  S o m e  o f  t h e  T N  d a t a ,  f o r  examp l e  t h at f o r  s amp l e  6 ,  

ap p e a r  t o  b e  w r o n g .  Thu s , v a l u e s  c a l c u l at e d  f r o m  t h e  d a t a  

o f  T ab l e  6 . 4 a r e  i n c l u d e d  f o r  c omp a r i s o n  and i n  t h e  c a s e o f  

s am p l e s 6 and  9 w e r e  u s e d  i n  t h e  c a l c u l at i o n  o f  r e l at i v e  

h y d r o p h ob i c i t y .  The  T N  d a t a  f o r  t h e  s am p l e s d i s p e r s e d  w i t h  

S D S  s h o w  i t s e f f e c t i v en e s s  in d i s p e r s i o n  o f  t h e  p r o t e i n  a s  

s hown in S e c t i o n  3 . 1 
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Table 6. 1 6:  Sediment and total n i trogen (TN) values of supernatants of sample preparations dispersed with and without SDS 

PREPARATION VOL U M E  O F( 1 )  VOL U M E  OF(2) TOTAL NITROGEN 

OF SUPERNA T ANT 

(WITH SDS) 
NU MBER SEDIM ENT IN SEDIMENT IN 

G lu ten 

( 1 )  

(2) 

(3) 

(4) 

(5) 

(6) 
(7) 
(8) 

(9) 

( 1 0) 

( 1 1 ) 

( 1 2) 

( 1 3) 

Notes ( 1 )  
(2) 

50 ML 5 0  ML 
(WITH SDS) (WITHOUT SDS) 

(ml)  

1 .0 
1 .0 

0.25 

0 . 2 5  

0.25 

0 . 2 5  

0.25 
0.25 
0 . 2 5  

0.25 

0.25 

0.25 

(ml ) 

tr ,s 

tr  ,s 

tr,s 

tr,s 

0.25,s  
0.25,s  

0 . 5  

0 . 2 5  

0 . 5  
tr  

. 0 .25 

tr ,s 

(%) 

0.02 1 

0.020 

0.025 

0.024 

0.025 

0.025 

0.024 
0.027 

0.022 

0.025 

0.026 
0.025 

Lowest calibration mark on centrifuge tube is  0 . 5  m l  
tr = trace only 
s = materia l f l oating on surface, removed before centr ifugat ion. 

TOTAL NITROGEN 
O F  SUPERNA Tf\NT 

(WITHOUT SOS) 

(%) 

0 . 002 
0.005 
0.004 

0.005 

<0.0005 
0 .0 1 4  

0.0 1 5  

0.042 

0 .0 1 7  
0.024 

0.024 

0.005 

TOTAL NITROGEN 

O F  SUPERNATf\NT 

CALCULATED 
FROM DATA 

OF T ARLE 6.4 

(WITHOUT SOS) 

(%) 

0 . 002 

0.006 
0.003 

0.005 

0.007 
0.0 1 6  

0. 0 1 6  

0.022 

0 .0 1 8  
0.022 

0.023 

0.003 
N l..n l..n 
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The c a l c u l a t e d s l o p e  v a l u e s . t h a t i s .  s u r f a c e  

h y d r o p h o b i c i t y  f o r  e a c h  s am p l e  p r e p a r a t i o n  w i t h o u t  S D S  a n d  

d e t e rm i n e d  w i t h b o t h  A N S  a n d  C P A  a r e  s h o wn i n  T ab l e  6 . 1 7 . 
Th e s e  d a t a  a r e  a l s o  p l o t t e d  i n  F i g u r e  6 . 1 7  a n d  6 . 1 8  a s  a 

f un c t i o n  o f  t h e  d e g r e e  o f  a m i d e b o n d  hy d r o l y s i s . The 

l i n e a r  r e l a t i o n s h i p  f o u n d  by M a t s u d o m i  e t  a l  ( 1 9 8 2 )  is 

c l e a r l y  d em o n s t r a t e d .  

I t  w a s  f o un d  t h a t  t h e  s u r f a c e  h y d r o p h o b i c i t y  o f  s amp l e s 

s o l ub i l i z e d  w i t h  S D S  c o u l d  n o t  b e  d e t e rm i n e d  w i t h  e i t h e r  

A N S  o r  C P A .  Cr e am e r  a n d  R i c h a r d s o n ( 1 9 8 4) f o u n d  t h a t  ANS 

g a v e  a f l u o r e s c e n c e  r e s p o n s e w i t h  S D S  a n d  a s im i l a r  e f f e c t  

w a s  f o u n d  w i t h  C P A  i n  ·th i s  w o rk .  

Wh e n  t h e  a n a l y s i s  w a s  c a r r i e d  o u t  w i t h  C P A  a n d  t h e  i n i t i a l  

2 m l  o f  b u f f e r  i n  t h e  c u v e t t e  c o n t a i n e d  1 %  S D S .  a v e r y h i g h  

r e s p o n s e w a s  o b t a i n e d .  A s  p r o t e i n  w a s  a d d e d ,  t h e r e s p o n s e 

d e c r e a s e d .  Wh en t h e  i n i t i a l  2 m l  o f  b u f f e r  d i d  n o t  c o n t a in 

S D S  t h e n  a r e s p o n s e t o  t h e  a d d i t i o n  o f  d i l u t i o n  b u f f e r  

c o n t a i n i n g  S D S  w a s  f o u n d  wh i c h  c o u l d  n o t  b e  d i s t i n g u i s h e d  

f r o m  a d d i t i o n  o f  b u f f e r  c o n t a i n i n g  b o t h  s am p l e  p r e p a r a t i o n  

a n d  S D S .  T h i s  p r o b l e m c o u l d  b e  a v o i d e d  b y  f u r t h e r  d i l u t i o n  

o f  t h e  s amp l e s  a n d  in c r e a s i n g  t h e f l u o r i m e t e r  s e n s i t i v i t y  

s o  t h a t  t h e  S D S  a d d e d  w a s  a t  a l e v e l  t h a t  d i d  n o t  g i v e  a 

d i s c e r n ib l e  e f f e c t .  I n  t h e s e c i r c um s t an c e s  i t  w a s  f o und 

t h a t  t h e  r e s p o n s e  w a s  t h e  s a m e  f o r  a l l  t h e  s a m p l e  

p r e p a r a t i o n s . In v i e w  o f  t h e  f i n d i n g . i n  S e c t i o n  6 .5 .  t h a t  

t h e  e m u l s i o n  p r o p e r t i e s  d e p en d  o n l y  o n  t h e  s o l ub l e  p o r t i o n  

o f  t h e  s am p� e p r e p a r a t i o n s , t h e  s u r f a c e hyd r o p h o b i c i t y  o f  

wh i c h  h a v e  b e en s a t i s f a c t o r i l y  d e t e r m i n e d ,  t h i s  i n t e r e s t in g  

p h e n o m e n o n  w �s n o t  p u r s u e d  f u r t h e r .  

6 . 7 D i s c u s s i o n  o f  r e s u l t s  o f  f un c t i o n a l  pr ope rty t e s t ing 

T h e  a l k a l i  r e qu i r e m e n t  o f  p r o t e i n s  i s  u s u a l l y a s s o c i a t e d  w i t h  

t h e  s o l ub i l i t y  o f  c a s e i n .  C o h n  a n d  F e r ry ( 1 9 43 ) , i n  a 

d i s c u s s i o n  o f  p r o t e i n  s o l ub i l i t y ,  d e s c r ib e d  t h e  m e c h a n i s m  o f  

c a s e i n s o l ub i l i z a t i o n  a s  e a c h  m o l e  o f  b a s e  c a r r i e d  a n  e qu i v a l e n t  
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Tab l e  6 . 1 7 :  Su r f a c e  hy d r o p h o b ic ity o f  s up e rn a t ant s o f  s amp l e  

p r ep a r a t i o n s  d i s p e r s e d  w i t h o u t  S D S  

P RE PARAT I ON S o  S o  D EAMIDATI ON 

N UMBER AN S DATA CPA DATA BY REGRE S S I ON 

S LOPE x 1 0- 4  S LO P E  x 1 0- 4  ANALY S I S  

{ % )  

G l u t en 0 

( 1 )  0 

( 2 ) 0 . 1 6 4  7 

( 3 )  0 . 1 6 3  0 . 0 0 9  8 

( 4 )  0 . 1 5 0 0 . 0 0 6  6 

( 5 )  0 . 1 5 0  0 . 06 1 8 

( 6 ) 0 . 1 5 4  0 . 0 3 6  1 1  

0 . 0 7 2  

( 7 )  0 . 2 8 0  0 . 0 8 8  1 8  

( 8 ) 0 .  2 2 7  0 . 0 6 4  2 5  

( 9 )  0 . 3 6 7  0 . 1 3 6  46 

( 1 0 )  0 . 2 9 9  0 . 07 9  3 3  

0 . 1 40 

( 1 1 )  0 . 3 3 8  0 . 1 7 8 . 0 . 1 9 8  6 5  

( 1 2 )  0 . 4 2 0  0 . 1 43 5 1  

( 1 3 )  0 . 1 5 4 0 . 0 0 3  9 
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w e i gh t  o f  c a s e i n  int o s o l u t i o n .  A s im i l a r m e c h an i s m  o f  c h a r g e  

n e u t r a l i z a t i o n  ap p e ar s t o  o p e r a t e f o r  g l u t e n  wh e r e  t h e  ext e n t  o f  

s o l ub i l i z a t i o n  i s  l im i t e d  b y  t h e  a v a i l ab i l i ty  o f  c a rb o xy l g r o up s 

f o r  r e a c t i o n  w i t h  t h e  B lk a l i .  

I n  a d d i t i on . t h e  v ar y i n g  l e v e l o f  a lk a l i  r e qui r em e n t  h a s  b e e n  

s h o w n t o  b e  a s i m p l e  i n d i c a t o r  o f  t h e e x t e n t  o f  p r o t e i n  

d e am i d a t i on a s  i l l u s t r a t e d  i n  F i g u r e  6 . 4 .  The s o u r c e  and e x t ent 

o f  e r r o r s  i n  d e t e rmin a t i o n  o f  t h e  d e g r e e  of  d e am i d a t i o n  w e r e  

d i s c u s s e d  i n  S e c t io n  4 . 6 . 

The  s o l ub i l it y  o f  d e ami d a t e d  g l u t e n i s  a l s o  a f f e c t e d  b y  t h e  p H  

a n d  i o n i c  s t r e ng t h  a t  wh i c h  it  i s  d e t e rmin e d .  Th e e f f e c t  o f  p H  

a n d  ex t en t  o f  d e am i d a t i o n  w a s  d e s c r ib e d  b y  M at s u d om i  e t  a l  

( 1 9 8 1 )  and  b y  F in l e y  ( 1 9 7 5 ) .· Th e ext r em e  s e n s i t i v it y  o f  g l i a din 

d i s p e r s i o n  c h a r ac t e r i s t i c s  to i on i c  s t r e n gth  was d e s c r i b e d  b y  

Ho l m e  a n d  B r i g g s  ( 1 9 5 9 )  and a g e n e r a l  d i s c u s s i o n  o f  t h e  e f f e c t 

o f  o t h e r  i o n s  o n  t h e  s o l u b i l i t y  o f  p r o t e i n s  w a s  g i v e n b y  C o h n  

a n d  F e r r y  ( 1 9 43 ) . I t  f o l l ows . t h e r e f o r e . that  t h e  s o l ub i l i t y  

v a l u e s  f o r  d e amidat e d  g l u t en d e t e rm i n e d  i n  t h i s  p r e s en t  w o rk a r e  

a f un c t i o n  n o t  o n l y  o f  t h e  s p e c i f i c  t r e at m e n t  f o r  e a c h  s amp l e  

b u t  a l s o o f  t h e  p H  an d i o n i c  s t r e n g t h  a t  wh i c h  t h e  

d e t e rm i n a t i o n s  w e r e  m ad e .  F o r  t h e s e r e a s on s  c ar e  w a s  t ak e n  t o  

e n s u r e  t h a t  s ub s e qu e n t  emu l s i on t e s t s  w e r e  m a d e  w i t h  g l u t en in 

the a qu e o u s  p h a s e at  a pH and i o ni c s t r en g t h  a t  wh i c h  s o l ub i l it y  

d e t e rm inat i o n  h ad b e e n  m ad e .  

A l t h o u g h  t h e  d a t a  a r e  p o r t r a y e d  a s  a f u n c t i o n  o f  t h e  e x t e n t  o f  

d e am i d a t i o n  t h e  r e s u l t s  c annot  b e  s ep ar a t e d  f r o m  t h e  c o n c om i t ant  

e f f e c t  of  p e p t i d e  b o ri d  h y d r o l y s i s . Th e r e s u l t s  of  the  f l a v o u r  

s t u d i e s  i l l u s t r a t e d  i n  F i g u r e 6 . 2  an d A p p endix 6 . 1  s h o w  c l e a r l y 

t h a t  t h e  f l a v o u r  c h ar a c t e r i s t i c s  a r e  a f un c t ion  o f  t h e  ex t en t  o f  

t r e at m en t  o f  g l u t e n .  Mo s t  p r e v i o u s  s t u d i e s  o f  t h e  e f f e c t  o f  

hy d r o l y s i s o f  p r o t e i n s  o n  f l a v o u r  r e f e r  t o  e n z y m e  hy d r o l y s i s  o f  

p e p t i d e  b o n d s .  Wh i l e  c h an g e s  w i t h  t h e  e x t e n t  o f  h y d r o l y s i s  a r e  

n o t e d  t h e r e  i s  l i t t l e  quant i t a t i v e  d a t a  (Ad l e r- Nis s en a n d  S e j r  

O l s e n 1 9 7 9 .  1 9 8 2) .  B i t t e rn e s s .  in p ar t i c u l a r .  h a s  b e en l ink e d  

t o  h y d ro p h o b i c it y . ( Ad l e r- N i s s en an d S e j r  O l s en 1 9 8 2) a n d  
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m e a s u r e d  h y d r o p h ob i c i t y  inc r e a s e s  w e r e  s h own i n  t h i s  p r e s e n t  

w o rk .  A d e f i n i t e l i nk b e t w e e n  b it t e r p e p t i d e s a n d  hyd r o p h ob i c i t y  

h a s  n o t . h o w e v e r .  b e en  d em o n s t r at e d .  

Th e p o s s ib l i t y  o f  b it t e r n e s s b e ing as s o c i at e d  w i t h  t h e  f o rm a t i o n  

o f  p y r r o l id o n e  c arboxy l i c  a c i d w a s  n o t e d  i n  S e c t i o n  1 . 2 . 6 .  The 

f o r m a t i o n  o f  P C A w a s  n o t  m e a s u r e d  in t h i s  w o r k  b u t w o u l d  b e  a 

u s e fu l  m e a s u r em ent in f u r t h e r  s t u d i e s  o f  t h e  b i t t e r f l a v o u r  

d e v e l o pme n t . M etho d s  f o r  t h e  d e t e rminat ion o f  P CA ha v e  b e en 

d e s c r ib e d  b y  Or l ow s k i  e t  a l  ( 1 9 6 9 ) , Ramak r i s h n a  an d K r i s hnas w amy 

( 1 9 6 7 )  and B l o mb ach ( 1 9 6 7 ) .  

Th e s t udi e s · d e s c rib e d  in S e c t i o n  6 . 5 g i v e  a qu a l i f i e d  

c o n f irmat i o n  o f  t h e  hyp o t h e s i s  p r o p o s e d  i n  S e c t i o n  1 .5 . 6 .  As 

w i t h  a l l  s t u d i e s  o f  f un c t i o n a l  p ro p e r t i e s  t h e  r e s u l t s  o b t ain e d  

a r e  a s  much c h a r a c t e r i s at i o n s  o f  t h e  m e t h o d o l o g y  a s  d e s c r i p t ions  

o f  t h e  p r o p e r t i e s  of  t h e  t e s t  s amp l e s .  

An u n exp e c t e d  ob s e r v a t i o n  was  t h e  v i s ib l e  s e p ar a t i o n  i n t o  t w o  

c r e am o r  emu l s i o n  l ay e r s  wh en  u s ing mix t u r e s  o f  S p an 8 0  a n d  

Tw e e n  2 0 .  Th e H L B  t h e o r y  as s um e s  that  m o l e c u l e s  o f  e a ch 

e mu l s i f i e r  a r e  e v en l y  d i s t r iou t e d  o n  t h e  s ur f a c e o f  o i l  

d r o p l e t s .  I f  t h i s  i s  n o t  s o  i t  c o u l d  b e  d u e  t o  t h e  e m u l s i o n  

p r e p ar at io n  t e chnique  o r  a l t e rn a t iv e l y s u g g e s t s  s o m e  r e ­

e v a l u a t i o n  o f  t h e  m o d e  o f  a c t i o n  o f  emu l s i f i e r  mixt u r e s .  I n  

t h i s  p r e s e n t  w o r k t h e  r e l a t i v e  s i z e  o f  t h e  t w o l a y e r s  w a s  n o t  

m e a s u r e d  a n d  s o  c o u l d  n o t  b e  r e l a t e d  t o  t h e  p r o p o r t i o n s  o f  e a c h  

emu l s i f i e r  p r e s en t .  F u t u r e  s t ud i e s , howe v e r ,  c o u l d  i n c l u d e  s u ch  

m e a s ur ement s .  Th e b eh a v i o u r  o f  an emu l s i on  u n d e r  c en t r i fu g at i o n  

c on d i t i ons  i s  n o t  n e c e s s ar iy an indi c at i o n  o f  i t s  l o n g  t e rm 

b eh a v i o u r  b u t  is  a u s e f u l  in d i c at o r  ana l o g o u s  t o  a c c e l e r at e d  

s t o r ag e  t r i a l s  g en e r a l l y c o n du c t e d  a t  ab o v e  amb i e n t  

t em p e r atu r e s . 

T h e  d a t a  f o r  s t u dy o f  t h e  emu l s i f i c at i o n  p ro p e r t i e s  o f  t h e  

s am p l e  p r e p a r at i ons  i l l u s t r a t e c l e ar l y  t h e  d i f f e r en c e  i n  r e s u l t s  

o b t a i n e d  w i t h  � i f f e r e n t  o i l s .  M any p r e v i o u s  s t ud i e s ,  a s  

d i s c u s s e d i n  S e c t io n  1 .5 .5 , h a v e  d rawn g e n e r a l c o n c l u s i o n s  ab o u t  
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the  v a l u e  o f  p a r t i c u l ar p r o t e i n s  as  emu l s i f i e r s  b a s e d  o n  s t ud i e s  

w i t h  a s i n g l e  o i l .  S u c h  a c o n c l u s i o n  f o r  a s u r f a c t a n t  s u c h  a s  

t h e  T w e e n  o r  S p a n s e r i e s  u s e d  i n  t h i s  s t u d y w o u l d  n o t  b e  

r e g a r d e d  a s  a c c e p t ab l e .  b u t  h a s  p r e v i o u s l y  b e e n  s o  r e g a r d e d  in 
' 

t h e  f i e l d  o f  e v a l u at i o n  o f  fun c t i o n a l  p r o p e r t i e s  o f  p r o t e in s .  

Th e d i f f e r e n t  o p t ima f o r  e a ch  o i l  s h own in F i g u r e s 6 . 5 and  6 . 6  

v a l i d a t e  t h e  hyp o the s i s o f  an ana l o gy b e t w e en HLB a n d  

h y d r o p h o b i c i t y  o f  p r o t e in s . Th e r e  i s . h o w e v e r .  n o  a d d i t i v e  

e f f e c t . a s  s h o wn i n  T ab l e  6 . 1 5 .  This  m i ght b e  exp l a i n e d  in 

t e rm s o f  t h e  s i z e  o f  p r o t e i n  m o l e c u l e s c o mp ar e d  t o  m o s t  

e mu l s i f i e r  m o l e c u l e s . A p ro t e in m o l e c u l e  m i g h t  o c c up y  a 

r e l at i v e l y  l ar g e  a r e a  o f  o i l  d r o p l e t s u r f ac e .  p r e s um ab l y  a s  a 

m o n o l ay e r . s o  t h a t  t h e  c h ar g e  e n v i r o nm e n t  a t  t h e  s u r f a c e  o f  an  

o i l  d r o p l e t  i s  d e t e rm i n e d  b y  the  p r o t e i n  a l o n e .  I f  mixt u r e s o f  

p ro t e i n s  a d s o rb t o  t h e  s u r f a c e  t h e n  t h e  en v i r onment  i s  s imi l a r l y 

mix e d .  I f  h o w e v e r  mixt u r e s  o f  emu l s i f i e r s  o f  d i f f e r ing  c h a in 

l en g t h s  a r e  o r i e n t e d  o n  t h e  s u r f a c e o f  a n  o i l  d r o p l e t w i t h  

hy d r o ph o b i c  t a i l s  imm e r s e d  i n  t h e  o i l  s u r f a c e and  hy d r o p hi l i c 

h e ad s i n  t h e  a qu e o u s  e n v i r o nm e n t  t h en a c l o s e  p a cking  e f f e c t  i s  

p o s s ib l e  an d a uni f o r m  c h a r g e  e n v i r onm e n t  c an r e s u l t  f ro m  t h e  

m ix t u r e  o f  emu l s i f i e r s .  S u c h  a p i c t ur e  i s  t h e  b a s i s  o f  t h e  HLB 

t h e o r y .  I f  t h i s  m o d e l i s  c o r r e c t  t h e n  t h e  f a c t  t h a t  p r o t e i n s  d o  

n o t  s h o w  a n  a d d i t i v e  e f f e c t  d o e s  n o t  i n v a l i d a t e  t h e  an a l o g y  

b e t w e e n  H L B  a n d  hydr o p h o b i c i ty  o f  p r o t e ins . 

T h e  e x p e r i m en t s  with d i f f e r ing l e v e l s  o f  p ro t e in g i v i n g  t h e  d a t a  

s h o w n  i n  F i g u r e s  6 . 1 0 .  6 . 1 1 .  6 . 1 3  a n d  6 . 1 4  s u g g e s t t h a t t h e 

p r o t e i n a c t s  b y  a b s o r b i n g  t o  t h e  o i l  s u r f a c e  i n  a f i n i t e l a y e r .  

t h u s  l en d i n g  s up p o r t  t o  t h e  m e c h an i s m  s u g g e s t e d  ab o v e .  Fu r t h e r  

s t u d i e s  c o u l d  e x amin e t h e  o i l  d r o� l e t s u r f a c e  a r e a  and  t h u s  

c a l c u l at e  t h e  t h i ckn e s s  o f  t h e  ad s o rb e d  p r o t e i n  l ay e r .  Th e d at a  

a l s o  s u g g e s t .  e s p e c i a l l y a s  s h o wn i n  F i g u r e  6 . 1 1 .  t h a t  o n l y  

s o l ub l e  p r o t e i n  t ak e s  p ar t  i n  s t ab i l i z in g  t h e  emu l s i o n .  

A u s e f u l  m e an s  o f  t e s t in g  t h e  e mu l s i o n  s t ab i l i z in g  p r o p e r t i e s  o f  

p r o t e in s  i s  t h u s  s u g g e s t e d .  i . e .  a t e s t  with a f ix e d  quant i t y  o f  

s e v e r a l  o i l s  a t  v a r y i n g  l e v e l s  o f  s o l ub l e  p r o t e in .  
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I t  is s ug g e s t e d  that r e a l  f o o d  s y s t ems . whi ch  g e n e r a l l y  h a v e  

mix t u r e s  o f  emu l s i f i e r s  a n d  p r o t e in s  c o u l d  a l s o  b e  un d e r s t o o d  i n  

t h e s e  t e rms i . e .  f o rm a t i o n  o f  a s u r f a c e  a d s o r b e d  l ay e r  o n  t h e  

o i l  d r o p l e t s .  Phen o m e n a  s u c h  a s  c o mp e t i t i o n  f o r  t h e  s ur f a c e  

c o u l d  t h e n  b e  e xamin e d  b y  v a rying o r d e r  o f  a d d i t i o n  o f  p ro t e i n  

emu l s i f i e r  e t c . 

The  hydrophob i c ity  r e s u l t s  s h o wn in F i g u r e s  6 . 1 7  a n d  6 . 1 8  

c o n f i r m  t h e  d a t a  o f  M a t s u d o m i  e t  a l  ( 1 9 8 2 )  a n d a l s o  t h e  a n a l o g y  

b e t w e e n  HLB and hyd r o phob i c it y  s in c e  a s  hyd r o p hob i c it y  i n c r e a s e s  

t h e  o p t imum s amp l e  p r e p a r a t i o n  f o i  a p ar t i cu l a r o i l  r e l a t e s  t o  � 
d e c r e a s ing r e qu i r e d  HLB  o f  t h a t o i l .  

F u r t h e r  d e f in i t i v e  c o n f i rmat i o n  c o u l d  b e  made u s in g  a p u r e  

p r o t ein d e am i d a t e d  u n d e r  v e r y  m i l d  c o n d it i o n s . t o  a v o i d p ep t i d e  

b on d  hy d r o l y s i s  and t o t a l l y  s o l ub l e  a t  a l l l e v e l s  o f  

d e am i d a t i o n . 

6 . 8  C o n c l u s i o n s  

T h e  ana l o gy b e t w e en HLB  and  h y d r o phob i c i t y  s ug g e s t e d  b y  N ak a i  

( 1 9 8 3 )  has  b e e n c o n f i rme d w i t h i n  t h e  l imit s o f  t h e  t e s t  s y s t em .  

Th e v a l i d i t y  o f  c rit i c i s m  o f  p r e v i o u s  w o rk and  c o n c l u s i o n s  

r e g a r d ing t h e  emu l s i f i c at io n  p r o p e r t i e s  o f  p r o t e i n s  h a s  b e en  

c o n f ir m e d  by  t h e  exp e r im e n t a l  d a t a  of  t h i s  p r e s en t  w o rk .  
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7 .  AN AS S E S SMENT OF THE POTENTIAL OF PEPTIDO GLUTAHINAS E S  I AND 

I I  IN DEAMIDAT I ON OF GLUTEN 

7 . 1  B a s i s  o f  i n v e s t igat i o n  

The  s t u d i e s  o f  Kik u c h i  and  S ak a g u c h i  ( 1 9 7 3 )  in d i c a t e d  t h e  

p o s s ib i l i t y  o f  e nzymat i c  d e amid at i o n  o f  p r o t e in s .  Two e n zym e s . 

p e p t i d o g l u t a m i n a s e s  I a n d  I I  ( E . C .  3 . 5 . 1 . 4 3  a n d  E . C .  3 . 5 . 1 . 4 4 ) . 

w e r e  s h own t o  h y d r o l y s e p ep t id e-b o u n d  g l u t amin e .  a p r o p e r t y  n o t  

f o un d i n  p r e v i o u s l y  d e s c r ib e d  g l u t amin a s e  e n z yme s .  I t  w a s  f o un d  
. •  

t h a t  L- g l ut amin e p r e s en t e d  in p o l yp e p t i d e  ch ain s c o mp o s e d  o f  

mo r e  t h an f o u r  amin o a c i d r e s i d u e s  w a s  a p o o r  s ub s t r a t e f o r  

p e p t i d o g l u t am in a s e  I I .  Two L- g l u t amin e r e s i d u e s  i n  o x i d s e d 

i n s u l in A c h a i n  w e r e . h o we v e r .  a t t a ck e d  b y  t h e  e n z ym e . I t  w a s  

t h o u g h t  t h a t  e n z ymat i c  d e amidat i o n  o f  g l ut en c o u l d  b e  a u s e fu l  

a l t e rn a t i v e  t o  a c i d  c at a l y s e d  d e am i d at i o n  and a p r e l imin a r y  

i n v e s t i g a t i o n  was  und e r t ak e n .  

7 . 2 M e t h o d  o f  inve s t igat i o n  

F r e e z e d r i e d  e n zyme  p r e p a r a t ion s . ab o u t  3 m g  p r o t e i n  o f  p u r i f i e d  

p e p t i d o g l ut amin a s e I an d ab o u t  8 mg  p r o t e in o f  p u r i f i e d  

p ep t i d o g l u t amin as e I I  w i t h  s p e c i f i c  a c t i v it i e s  o f  2 5 0 a n d  5 0  p 
m o l e s  o f  a m m o n i a  f o r m e d  p e r  m i n u t e p e r  m g  o f  p r o t e i n f r o m  

g l u t am in y l p e p t i d e  a t  3 0 ° C  r e s p e c t i v e l y  w e r e  k in d l y  s u p p l i e d  b y  

D r  M . K ik u c h i  o f  Kikkoman  C o r p o r a t i o n ,  J a p an .  

M e t h o d s  o f  t e s t  f o r  s p e c i f i c  a c t i v i t y  u s ing s u it ab l e  s ub s t r at e s  

h a v e  b e e n  d e s c rib e d  (Kik u c h i  a n d  S ak a g u c hi ,  1 9 7 6 ) . 

C a r b o b e n z o x y - L- g l u t am i n e  ( CB Z- L- g l n )  w a s  s u p p l i e d  b y  D r  D R K 

H ar d in g  o f  M a s s e y U n i v e r s it y . N e w  Z e a l an d .  N- a c e t y l - L- g l u t am i n e  

( S i gma Ch e m i c a l  c omp any . S t  Lou i s . M o  6 3 1 7 8 ,  U SA) w a s  a l s o  u s e d  

a s  a s ub s t r a t e f o r  p ep t i d o g l u t amin a s e I (Kik u c h i  an d S ak a g u c hi . 

1 9 7 3 ) . N e i t h e r t e r t - amy l o x y c a r b o ny l - L- g l u t aminy l - L- p r o l in e )  n o r  

a s u i t ab l e  s ub s t it u t e w a s  a v ai l ab l e .  

N- a c e t y l - L- g l u t am i n e  ( N- a c e t y l - L- g l u )  a n d  c a r b o b e n z oxy- L- g l n  

( CB Z- L- g l n )  w e r e  p r e p a r e d  a s  0 . 2 M  s o l u t i o n s i n  w a t e r  a d j u s t e d  t o  
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pH 6 . 0 w i t h  N a O H .  Thi s  s o l u t i o n  was u s e d  at  a r at e  o f  5 0  u l  in 

a t o t a l  r e a c t i o n  v o l um e  o f  1 . 0 m l . t h a t  i s . 1 x 1 0 - 5 m o l e s o f  

ami d e .  N o w  g l ut en c on t a i n s  2 x 1 0-3 m o l e s  am i d e  p e r  g r am an d 

w a s  u s e d  a t  a r a t e o f  0 . 1  gm i n  a t o t a l  r e a c t i o n  v o l um e  o f  1 . 0  
m l . t h a t  i s . 2 x 1 0- 4 mo l e s o f  ami d e . Th e mo s t  h y d r o l y s e d o f  

t h e  g l ut e n  s amp l e  p r e p ar a t i o n s . s amp l e  1 1  w a s  a l s o  u s e d  a t  t h e  

s am e  r at e  o f  0 . 1  gm i n  a t o t a l  v o l um e  o f  1 . 0 m l .  Pho s p h a t e 

b u f f e r .  0 . 2 1 25 M  pH  7 . 6 .  w a s  d i l u t e d  t o  m ak e  0 . 0 5 M .  E n z ym e  

s o l u t i o n s  w e r e  p r e p a r e d  b y  d i s s o l v i n g  1 mg  o f  e n z y m e  i n  5 m l  o f  

w a t e r .  

F o r  e a ch r e a c t i on a t o t a l  v o l um e  o f  1 . 0 m l  w a s  u s e d .  · Th e  

r e a c t i o n  w a s  c ar r i e d  o u t  i n  1 5  m l  g r a d u at e d c en t r i fug e t u b e s  

imm e r s e d  i n  a wat e r b a t h  c o nt r o l l e d a t  3 0  + 1 ° C . 

Th e s ub s t r a t e .  5 0  u l  o f  N- a c e t y l - 1- g l n  o r  CB Z- L- g l n  s o l ut i o n ,  o r  

0 . 1  g m  o f  g l u t e n o r  s a m p l e  1 1  p l u s  t h e  r e q ui r e d  q u a n t i t y  o f  

0 . 0 5 M NaO H ,  w a s  a d d e d  t o  5 0  u l  o f  0 . 05 M pho s ph a t e b u f f e r  and  t h e  

r e qu i r e d  qu ant i t y  o f  w at e r .  A f t e r  d i s p e r s io n  o f  t h e  g l u t en a n d  

s am p l e  1 1 .  5 u l  o f  t h e  e n z y m e  s o l u t i o n  w a s  a d d e d .  On e r e a c t i o n  

t u b e  was p r e p ar e d  f o r  e a ch r e a c t ion  t im e .  T h e  r e a c t i o n  was  

s t o p p e d  b y  a d d i t ion  o f  0 . 2  ml  of  25%  t r i c h l o r o a c e t i c  a c i d  (T CA) . 

F o r  t h e  z e r o  r e a c t i o n  t i m e  s a m p l e  t h e  T CA w a s  a d d e d  p r i o r  t o  t h e  

a d d i t i o n  o f  t h e  e n z ym e .  E a c h  r e ac t i o n  w a s  a l l ow e d  t o  p r o c e e d  

f o r  1 0  minu t e s . 3 0  minut e s  a n d  o n e  h o u r . A f t e r  t h i s  t h e  

r e a c t i o n  mix t ur e s  s t o o d  o v e r n i gh t . Th e next  d ay t h e  v o l um e  o f  

e a c h  t ub e  w a s  made  u p  t o  1 0  m l  with w a t e r  ( MQ) . t h e  c on t e n t s 

mix e d  and t h e n  c en t r i fu g e d  ( M S E .  3 0 0 0  r p m .  2 0  minu t e s ) . F r o m  

t h e  s u p erna t ant . 1 0 0  u l  s amp l e s w e r e  t ak en a n d  t h e  amm o n i a  

c on t e n t  d e t e rmin e d  a s  p r e v i o u s l y  d e s c r ib e d .  

7 . 3 R e s u l t s 

Th e s ub s t r a t e s  and e n z ym e  a d d i t i o n s  ar e shown i n  T ab l e  7 . 1 w i t h  

t h e  m e as u r e d  ammo n i a  l e v e l s .  Th e ana l y s i s  d e t ai l s  ar e s h own i n  

Ap p en d i c e s  7 . 1 and 7 . 2 in t h e  a t t ach e d  f i c h e .  The d a t a o f  Tab l e  

7 . 1  a r e  a l s o  s h o wn i n  F i g u r e s  7 . 1  an d 7 . 2 .  
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T ab l e  7 . 1 :  The e v o l u t i o n  o f  ammon i a  w h e n  N- a c e t y l - L- g l ut am i n e  

c arb o b e n z oxy- L- g l u t amine . g l u t e n  an d s amp l e  1 1  

w e r e  r e a c t e d w i t h  p ep t id o g l u t amin a s e s  I and  I I  

REA C T I ON REACT I ON MIXTURE AMMONIA C ON CENTRAT I ON I N  

NUMBE R  REAC T I O N  M I XTURE AFTER 

T I ME S  ( M IN S )  

0 1 0  3 0  6 0  

( mM )  ( mM)  ( mM )  ( m M )  

1 P e p t i d o g l u t am in a s e I + C B Z -:- L- g l n  . 0 5  1 . 2 1 . 9  2 . 7 

2 P e p t i d o g l ut am in a s e I + N- a c e t y l - L- g  1 u 0 . 7  1 . 8  1 . 8  5 . 6 

3 Wa t e r  + CBZ-L- g  l u  0 . 6  0 . 6 0 . 6  0 . 7  

4 Wa t e r  + N- a c et y l - L- g l u  0 . 6  0 . 7 0 . 8  1 . 1  

5 P e p t i d o g l u t amin a s e I I +  C B Z- L- g l u  0 . 6  0 . 6 . 0 . 6  0 . 8  

6 P e p t i d o g l u t amin a s e I + g l u t e n 3 . 1  3 . 6 3 . 4  2 . 9  

7 P e p t i d o g l ut am in a s e I + s am p l e  1 1  1 . 5 1 . 8 1 . 7 2 . 2  

8 P e p t i d o g l u t amin a s e I I + g l u t en 3 . 1  2 . 9 2 . 2  3 . 1  

9 P e p t i d o g l u t amin a s e  I I + s amp l e  1 1  1 . 7  1 . 8 1 .5 2 . 0  

1 0  P e p t i d o g l u t amin a s e I 

an d I I  + g l u t en 2 . 8  3 . 1  2 . 1  3 . 1  

1 1  P ep t i d o g l ut amin a s e I 

an d I I  + s amp l e  1 1  1 . 6  1 . 8 1 .5 2 . 0  

1 2  Wat e r  + g l u t en 2 . 4  2 . 9 3 . 4  3 . 6 

1 3  Wat e r  + s amp l e  1 1  1 . 6  2 . 0 1 . 8  2 . 2  

1 4  P e p t i d o g l ut amin a s e I 

an d I I  + wat e r  0 . 7  0 . 6 0 . 7  0 . 6  
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The r e a c t i o n  o f  p e p t i d o g l ut am in a s e  I w i t h  C B Z- L- g l n  and N­

a c e t y l - L- g l n  c an b e  s e e n in F i g u r e 7 . 1  S p e c i f i c  a c t i v it i e s . 

c a l c u l at e d  f r om t h e  i n i t i a l  r e a c t io n  r a t e s  w e r e . r e s p e c t i v e l y .  

7 0  a n d  1 1 6 p m o l e s o f  a mm o n i a  f o r m e d  p e r  m i n u t e  p e r  m g  o f  p r o t e i n 

und e r  t h e  c o n d i t io n s  o f  t h e  a s s ay .  

Th e r e  was n o  d e ami d a t i o n  r e a c t i o n  c at a l y s e d b y  t h e  e n z ym e s  wh e n  

g l u t en o r  h y d r o lys e d  g l u t en w a s  t h e  s ub s t r at e .  

7 . 4 D i s cus s i o n  

The d a t a  in T ab l e  7 . 1 an d i n  F i g u r e  7 . 1  s how  t h a t  t h e  

p e p t i d o g l u t amin a s e  I h a d  s om e  a c t i v i t y  a l t h o u g h  n o t  a s  m u c h  a s  

c l a i m e d  b y  t h e  s u p p l i e r .  T h e r e  m a y h a v e  b e e n  s o m e  l o s s  o f  

ac t i v i t y  d u r i n g  t h e  t w e l v e  m o n t h s  t h a t  t h e  e n z y m e  p r e p a r a t i o n  

w a s  s t o r e d  a f t e r  r e c e i p t .  and t h e  p r e p a r at io n  d a t e i s  unk n o wn .  

B e c aus e p e p t i d o g l u t aminas e I s h o w e d  a c t i v ity  i t  w a s  r e a s o n ab l e  

t o  a s s ume t h a t  p ep t i d o g l u t amin a s e  I I  w a s  a l s o  a c t i v e .  N e i t h e r  o f  

t h e  en zym e s  w a s  a c t i v e  again s t  g l u t e n  o r  p ar t i a l l y hy d r o l y s e d  

g l u t en .  T h i s  f inding  a g r e e s  w i t h  t h e  m o r e  r e c e nt  wo rk o f  Gi l l  

e t  a l  ( 1 9 85 )  which  s h o w e d  t h a t  p ep t i d o g l ut amin a s e  I I  c a t a l y s e d  

t h e  r e l e as e o f  ammo n i a  f r o m e x t en s i v e l y  hydro l ys e d  wh e y  p r o t e i n s  

an d c a s eins  b u t  n o t  f r o m  t h e  l a r g e r  unhy d r o l y s e d  mo l e c u l e s . 

Th e l e v e l  o f  amm o n i a  a s s o c i at e d  w i t h  t h e  g l ut en  and s am p l e  1 1  

s e en  in Figu r e  7 . 2 w a s  p r ob ab l y  t h e  r e s u l t o f  a c i d  c at a l y s e d  

d e am i d a t i o n  d u e  t o  t h e  a d d i t i o n  o f  T CA a n d  ho l d in g  o v e rnigh t .  

Th i s  wo u l d  e x p l a in why t h e  l e v e l f o r  s amp l e  1 1  w a s  ap p r ox ; m a t e l y  

h a l f  t h a t  f o r  t h e  g l u t e n .  T h e  a m i d e  g r o u p s i n  g l u t e n w e r e  

p r e s ent  at  a l e v e l  a p p r o x ima t e l y 2 0  t im e s  t h a t  o f  t h e  N- a c e t y l -

L- g l u and t h e  C B Z- L- g l u .  Un l e s s  t h e  e n z ym e  c a t a l y s e d  r e a c t i o n  

w a s  v e r y s l i g h t  i t  w o u l d  n o t  h a v e  b e e n  m a s k e d  b y  t h e  a c i d  

c a t a l y s e d  d e am i d a t i o n .  Th e l e v e l  o f  amm o n i a  r e l e a s e d  i n  t h e  

s amp l e s  o f  g l u t e n .  r e a c t io n s  6 .  s .  1 0  a n d  1 2  i n  Tab l e  7 . 1 .  

r e p r e s ent s ab o u t  1 .5 %  d e amidat i o n .  The  l o w  l e v e l o f  amm o n i a  

as s o c i a t e d  w i t h  r e a c t i o n  numb e r  1 4  (Tab l e  7 . 1 )  m a y  h a v e b e e n  d u e  

t o  ammonia a s s o c i at e d  w i t h  t h e  e n z ym e  p r e p arat i o n s .  A s im i l a r  

l e v e l i s  s e e n i n  t h e  d a t a  o f  F i gu r e  7 . 1 .  
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P ep t i d o g l u t am in a s e  e n z y m e s  ap p e ar t o  h a v e  lit t l e  p o t en t i a l  as an 

a l t e r n a t i v e  t o  a c i d  f o r  d e am i d a t i o n  o f  p ro t e in s . Th e p o t ent i a l  

o f  t r a n s g l u t am i n a s e .  wh i c h  i s  a c t i v e  on  p ro t e in s u b s t r a t e s . h a s  

y e t  t o  b e  i n v e s t ig a t e d .  



8 .  B I BLI O GRAP HY 

A d am s , C . A. , Ro b b e r t s ,  T . C . , B u t l e r ,  K . C .  ( 1 9 7 6 ) . 

27 1 

Aut omat e d  d e t e rmin a t i o n  o f  p r o t e o l y t i c  e nz yme s and o f  amino 

n i t r o g e n  by  us e of  t r i n i t r ob e n z e n e s u l f o n i c  a c i d .  

Ana lyt i c a l  B i o ch emis t ry , IQ. 1 8 1 - 1 8 6 .  

A d l e r - N i s s e n ,  J .  ( 1 9 7 9 ) . 

D e t ermina t i o n  o f  t h e  d e g r e e  o f  hy d r o l y s i s  o f  f o o d  p r o t e i n  

hy d r o ly s a t e s  b y  t r in i t r o b e n z e n e s u l f o nic a c i d .  

J o u rn a l  o f  Agri c u l tur a l  and F o o d  Chemi s t r y ,  � .  1 2 5 6  - 1 2 6 2 .  

Ad l e r- Ni s s e n ,  J . , S e j r- O l s e n ,  H .  ( 1 9 7 9 ) . 

The  in f l u e n c e  o f  p e p t i d e  chain l e n g t h  o n  t a s t e  and  

fun c t i o n a l  p r o p e r t i e s  o f  e n z ymat i c a l l y m o d i f i e d  s oy 

p r o t ein . 

I n  

Fun c t i o na l ity  a n d  P r o t e i n  S t r u c t ur e .  ACS  Sym p o s ium S e r i e s  

9 2  ( P o u r - E l , A . , E d . ) . p p  1 2 5  - 1 4 6 .  

Ame r i c a n  Ch emi c a l  S o c i e t y ,  Washi n g t o n ,  D C .  

Ad l e r- Ni s s e n ,  J . , S e j r- O l s e n ,  H .  ( 1 9 8 2 ) . 

T a s t e  and  t a s t e  e v a l u a t i o n  o f  s o y  p r o t e i n  hy d r o l y s a t e s .  

I n  

Chemi s t ry o f  F o o d s  and B e v e r a ge s : R e c ent D e v e l o p m e n t s 

( Ch a r a l amb o u s , G . •  I n g l e t t ,  G • •  E d s ) .  p p . 1 4 9 - 1 6 9 .  

A c a d emic  P r e s s .  New Y o r k .  

A l i ,  M • •  C a p i n d a l e ,  J . B .  ( 1 9 7 5 ) . 

The  hyd r o l y s i s  o f  s o m e  !- a c y l a s p ar t i c  and !- acy l g l ut am i c  

m o n o ami d e s  i n  d i l u t e  mine r a l  a c i d .  

Canadi an J o u r n a l  o f  B i o ch emi s t ry .  5 3 ,  1 1 3 7 - 1 1 4 4 .  

A o k i ,  H . , T a n e y am a ,  0 . ,  O r i m o , N . , K i t a g aw a ,  I .  ( 1 9 8 1 ) . 

E f f e c t  o f  l ip o phi l iz a t io n  of  s o y  p r o t e in o n  i t s em u l s i o n  

s t ab i l i z i n g  p r o p e r t i e s .  

J o urnal o f  F o o d  S c i en c e ,  � .  1 1 9 1 - f1 9 5 . 
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A o k i .  H • •  S h i r a s e .  Y • •  K a t o .  J • •  Wa t a n a b e .  Y .  ( 1 9 8 4 ) . 

Emu l s i o n  s t ab i l i z in g  p r o p e r t i e s  o f  s oy p r o t e i n  i s o l a t e s 

mixed  w i t h  s o d i um c a s e i n a t e s .  

J o u r n a l  o f  F o o d  S c i en c e .  � .  2 1 2 - 2 1 6 .  

Ar a n y i .  c . •  H aw r y l e w i c z .  E . J . ( 1 9 7 2 ) . 

P r e p a r a t i o n  and  i s o l a t i o n  o f  a c i d  c a t a 1 yz e d  hy dr o l y s a t e s  

f r om wh e a t  g l u t e n .  

J o urn a l  o f  Agr i c u l t ur a l  and Fo o d  Chemis t ry .  �. 6 7 0 - 6 7 5 .  

B a i l e y ,  J . E . , O l l i s ,  D . F .  ( 1 9 7 7 ) . 

B i o c h emi c a l  Eng i n e e ring  F undam e n t a l s .  p p .  9 6  - 9 8 .  

M c Gr aw- Hi l l ,  Ko g u k u s h a  L t d .  Toky o .  

B a t e s ,  R . G .  ( 1 9 7 3 )  

D e t e rm i n a t i o n  o f  p H  - Th e o ry and P r a c t i c e , 2 n d  e dn .  

Wi l ey I n t e r s c i en c e ,  N e w  Y o r k .  

B a t e s ,  R . G • •  P a ab o ,  M .  ( 1 9 7 0 ) . 

M e as u r ement  o f  p R  I n  

Handb o ok o f  B i o c h em i s t r y .  S e l e c t e d D a t a  f o r  M o l e c u l ar 

B i o l o g y .  2 n d  e d n .  ( S o b e r ,  H .A . •  E d . ) . p p .  J- 2 2 7 - J- 2 3 3 .  

Th e Ch e m i c a l  Rub b e r  Co , Cl ev e l and , Ohio . 

B e c h e r ,  P .  ( 1 9 6 6 ) . 

Emu l s i o n s : Th e o ry and P r a c t i c e .  2 n d  e dn.  

Ame ri c an Ch emi c a l  S o c i e t y  M o n o g r a p h  Line s .  

R e inho l d  Pub l i s h i n g  Co r p o r a t i o n ,  New  Yo rk.  

B e c k ,  W . H • •  Wy n n e - J o n e s ,  W . F . K .  ( 1 9 5 2 L  

Th e hy d r o g e n  e l e c t r o d e  f un c t ion o f  g l a s s  m e mb r an e s .  

Jo u rn a l d e  Chimi e Phy s i q u e  e t  d e  Phy s i c o c h imi e B i o l o g i q u e . 

4 9 • c 9 7 - c·1 o 5 • 
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B e c k ,  W . H . , C a v o l e ,  J . , C o v i n g t o n ,  A . K . , Wy n n e - J o n e s ,  W . F . K .  

( 1 9 6 3 ) . 

P r e c i s e  meas uremen t s w i t h  t h e  g l a s s  e l e c t r o d e . Th e t ime 

v a ri a t i o n  of  E M F .  

P r o c e e d i n g s  o f  t h e  Ch emi c a l  S o c i e t y ,  p p  1 1 0 - 1 1 1 .  

B e c k w i t h ,  A . C . • Wa l l ,  J . s  • •  D i m l e r ,  K . J .  ( 1 9 6 3 ) . 

Amide g r o u p s  as i n t e r a c t i o n  s i t e s  i n  wh e a t  g l u t e n p r o t e in : 

E f f e c t s  o f  ami d e- e s t e r  c o n v e r s i o n .  

Archi v e s  o f  B i o c h emi s t ry a n d  Biophy s i c s , 1 0 3 , 3 1 9 - 3 3 0 .  

B e e r s , Y .  ( 1 9 5 3 ) . 

I nt r o du c t i o n  t o  t h e  Th e o r y o f  Err o r .  

Add i s o n- We s l ey P ub l i s h ing  Comp any , In c . • Camb ri d g e , 

Mas s a c h us e t t s . 

B e l l .  D . J  • •  Heyw o o d- Wad d i n g t o n .  D . , H o a r e .  M . , Dunni l l .  P .  

( 1 9 8 2 ) . 

' The d e n s i t y  o f  p r o t e i n  p r e c i p i t a t e s  and i t s  e f f e c t  o n  

c en t r i f u g a l s e d ime n t a t i o n .  

Bi o t e chno l o gy and B i o en g i n e e r ing , � .  1 2 7 - 1 4 1 .  

B i g e l o w .  C . C .  ( 1 9 6 7 ) . 

On t h e  a v e r age  hy d r o p h o b i c i t y  o f  p r o t e i n s  and t h e  r e l a t i o n  

b e twe e n  i t  and p r o t e i n  s t r u c t u r e .  

Journ a l  o f  Th e o r e t i c a l  B i o l o g y .  � .  1 8 7 - 2 1 1 .  

B l a c k b u r n . s . •  L e e . G . R .  ( 1 9 5 4 ) . 

Th e l ib e r a t i on o f  a s p ar t i c  a c i d  d u r i n g  t h e  a c i d  hy dr o l y s i s  

o f  p r o t e in s .  

B i o c h e m i c a l  J o u rn a l .  � .  2 2 7 - 23 1 .  

B l o mb a c k . B .  ( 1 9 6 7 ) . 

D e ri v a t i v e s  o f  g l ut amin� i n  p e p t i d e s .  In  M e th o d s  i n  

Enzymo l o g y , Vo l um e  .!...!_. E n z yme S t r u c t ur e  ( Hi r s . C . H . W  . •  Ed . ) . 

p p . 3 9 8  - 4 1 1 . 

A c a d emi c P r e s s .  N ew Y o rk . 
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B o h l e n .  P • •  S t e i n .  S • •  D a i r m a n .  w • •  V o l e n f r i e n d . S .  ( 1 9 7 3 ) . 

F l uo r ome t r i c  a s s ay o f  p r o t ein s i n  t h e  nan o g r am r an g e . 

A r c hi v e s  o f  B i o c h em i s t r y and  B i o phy s i cs . 1 5 5 . 2 1 3 - 2 2 0 .  

B o t t o m l e y .  R . C • •  K e a r n s .  H . F  • •  S c h o f i e l d .  J . D .  ( 1 9 8 2 ) . 

Char a c t e r i z a t i o n  o f  wh e a t  f l o u r  and  g l ut e n p r o t e i n s  u s i n g  

b u f f e r s  c o n t aining  s o d i um d o d e c y l s u l ph a t e .  

J o urn a l  o f  t h e  S c i e n c e  o f  F o o d  and Agr i c u l t u r e .  � .  4 8 1  -

4 9 1 .  

B o y d .  J • •  P a r k i n s o n .  c . •  S h e r m a n . P .  ( 1 9 7 2 ) .  

F a c t o r s a f f e c t in g  e mu l s i o n  s t ab i l i t y  and th e HLB c o n c ep t .  

J o ur n a l  o f  Co l l o i d  and I n t e r f a c e  S c i e nc e .  il• 3 5 9 - 3 6 9 .  

B r e y e r .  L . M  • •  W a l k e r .  C . E .  ( 1 9 8 3 ) . 

C o m p a r a t i v e  e f f e c t s  o f  v a r i o u s s u c r o s e- f a t t y  a c i d  e s t e r s  

u p o n  b r e a d  and c o o k i e s .  

J o urnal o f  F o o d  S c i e n c e .  4 8 .  9 5 5 - 9 5 8 .  9 8 7 . 

B u s h u k . W .  ( 1 9 8 1 ) . 

U t i l i z at i o n  o f  c e r e a l  p r o t e i n s . I n  

U t i l i z a t i o n  o f  P r o t ein Re s o u r c e s '  ( S t an l ey .  D . W  • •  M u r r ay . 

E . D • •  L e e s . D . H  • •  E d s ) p p .  2 0 8  - 2 2 6 .  

F o o d  and  Nu t r i t i o n  Pr e s s .  I n c  . •  We s t p o r t .  Conn e c t i c u t . 

C a p p e l l o s .  c . •  B i e l s k i . B . H . J .  ( 1 9 7 2 ) . 

K in e t i c  S y s t em s .  

W i l ey I n t e r s c i e n c e .  New Y o rk.  

Ch a l l i s .  B . C  . •  Ch a l l i s . J . A .  ( 1 9 7 0 ) . 

R e a c t io n s  o f  t h e  c a rb o xam i d e  g r o u p . 

I n  

T h e  Ch e m i s t r y o f  Am i d e s .  ( Z a b i c k y . J • •  E d . ) . p p .  7 3 1 -

8 5 7 . 

I n t e r s c i en c e  P ub l i s h e r s . L o n d o n .  
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Ch e n . L . - F  • •  R i c h a r d s o n .  T • •  A m un d s o n .  C . H . ( 1 9 7 5 ) . 

S o m e  fun c t i o n a l p r o p e r t i e s  o f  s u c c i ny la t e d  p r o t e i n s  f r o m 

f i s h  p r o t e i n  c o n c e n t r a t e .  

J o u r n a l  o f  M i l k  and F o o d  Te chno l o gy .  � .  8 9  - 9 3 .  

Ch e r r y ,  J . P . ,  M c W a t t e r s , K . H . , B e u c h a t , L . R . ( 1 9 7 9 ) . 

Oi l s e e d  p r o t ein p r o p e r t i e s  r e l at e d t o  fun c t i o n a l i t y  in 

emu l s i o n s  and f o ams . 

In  

Fun c t i o n a l i t y  an d P r o t e i n  S t r u c t u r e  • A C S  Symp o s ium S e r i e s  
. · � ( P o u r- E l , A . , E d . ) . p p .  1 - 2 6 .  

Ame r i c an Chemi c a l  S o c i e t y .  Wash i n g t o n ,  D . C . 

Ch r i s t i an . J . A . , S a f f l e ,  R . L .  ( 1 9 6 7 ) . 

P l ant and anim a l  f a t s  and o i l s  e m u l s i f i e d  in a m o d e l s y s t em  

w i t h  mu s c l e  s a l t - s o l ub l e  p r o t e i n .  

Fo o d  T e c hn o l o g y .  �. 1 0 2 4- 1 0 2 7 . 

C l a rk e ,  P . H .  ( 1 9 8 0 ) . 

Th e ut i l i z at i o n  o f  ami d e s  b y  m i c r o o r gan i s m s .  

I n  M i c r o o r g ani s m s  and Ni t r o g e n  S o u r c e s : Trans p o r t  and 

Ut i l i z a t i o n  of  Amino A c i d s , P e p t i d e s ,  P r o t e i n s  and R e l a t e d  

S u b s t an c e s  ( P ay n e ,  J . W . , E d . ) . P P • 5 3 7 - 5 6 2 .  

John Wi l e y and S o ns . Chi c h e s t e r .  

C l e g g ,  K . M . , L e e .  Y . K . , M c G i l l i g a n , J . F .  ( 1 9 8 2 ) . 

T e chn i c a l  n o t e :  Trinit r ob e n z e n e s u l f o nic  A c i d  and n inhy d r i n  

r e a ge nt s f o r  t h e  a s s e s s m e n t  o f  p r o t ein d e g r a d a t i o n  in 

ch e e s e  s am p l e s . 

Jo urna l o f  F o o d  T e c hn o l o g y .  !I • 5 1 7 - 5 2 0 .  

C o h n , E . J . ,  F e r r y ,  J . D .  ( 1 9 6 5 ) . 

I n t e r a c t i o n s  o f  p r o t e i n s  w i t h  i o n s  and d i p o l a r i o n s . 

In  

Pr o t eins , Amino Ac i d s  and P e p t i d e s  as  I o n s  an d D ip o l a r I o n s  

( C o h n , E . J • •  E d s a l l .  J . T • •  E d s ) . 

M o n o g r aph  S e r i e s  

p p .  5 8 6 - 6 2 2 .  A C S  

H a f n e r  Pub l i s hing Comp any , New Y o rk .  
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C o o p e r .  H. R.  ( 1 9 8 5 ) .  N ew Z e a l and D a i ry R e s e a r c h  I n s t it u t e .  

P e r s o n a l  C o mmun i c a t i o n .  

C o rn i sh- Bowd e n .  A .  ( 1 9 7 5 ) .  

The  us e o f  t h e  d i r e c t  l in e a r  p l o t  f o r  d e t e r m i n i n g  i n i t i a l  

v e l o c i t i e s . 

B i o ch em i c a l  J o u rn a l .  1 4 9 .  3 0 5 - 3 1 2 .  

C r e a m e r .  L . K  • •  R i c h a r d s o n .  T .  ( 1 9 8 4 ) . 

Ano m a l o u s  b e h a v i o u r  o f  b o v in e �
s 1 - and J- c a s e i n s  o n  g e l 

e l e c t r o p h o r e s i s  in s o d i um d o d e c y l s u l f at e b u f f e r s .  

Ar ch i v e s  o f  B i o c h e mi s t ry and  B i o p hy s i c s . 23 4 .  47 6 - 4 8 6 .  

C r e a m e r .  L . K  • •  Z o e r b . H . F  . •  O l s o n .  N . F • •  Ri c h a r d s o n . T .  ( 1 9 8 2 ) .  

S u r f a c e  hy d r o p h o b i c it y  o f  o(s 1 - I .  - Cas e i n  A and  B and s 1  
i t s imp l i c a t i o n s  in ch e e s e  s t r u c t u r e . 

J o urnal  o f  D ai ry S c i e n c e . � .  9 0 2  - 9 0 6 . 

C r a c k e r .  J . C .  ( 1 9 0 7 ) . 

The  v e l o c i t y  o f  hyd r o l y s i s  o f  a fi p h a t i c  ami d e s .  

J o u r n a l  o f  t h e  Chemi c a l  S o c i e t y .  � .  5 9 3 - 6 1 2 .  

D a n n o . G .  ( 1 9 8 1 ) . 

Ext r a c t i o n  o f  un r e du c e d  g l u t enin  f r om wh e a t  f l o u r  w i t h  

s o dium d o d e c y l s u l f a t e .  

C e r e a l  Ch e mi s t r y .  � .  3 1 1  - 3 1 3 .  

D a n n o . G • •  K a n a z aw a .  K • •  N a t ak e .  M .  ( 1 9 7 4 ) .  

Ex t r a c t i o n  o f  wh e a t  f l o u r  p r o t e i n s  with s o d i um d o d e c y l 

s u l f a t e a n d  t h e i r  m o l e c u l a r  w e i gh t  d i s t rib u t i o n . 

A g r i c u l t u r a l  and  B i o l o g i c a l  Chem i s t ry .  � .  1 9 47 - 1 9 5 3 .  

D a v i e s . O . L .  ( 1 9 6 7 ) . 

S t a t i s t i c a l  m e t h o d s  in Re s e a r c h  and P r odu c t i o n :  W i t h  S p e c i a l  

R e f e r e n c e t o  t h e  Ch em i c a l  I n d u s t ry .  3 r d  e d n  r e v i s e d .  

Imp e r i a l  Chemi c a l  I n du s t r i e s  Lt d .  London.  
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D a y ,  J . N . E . , I n g o l d ,  C . K . ( 1 9 4 1 ) . 

M e chan i s m  and k i n e t i c s  o f  c a rb o xy l i c  es t e r hy d r o l y s i s  and 

c arb o xy l e s t e r i f i c a t i o n .  

Trans a c t i o n s  o f  t h e  F a r a d ay S o c i e t y ,  � .  6 8 6  - 7 0 7 .  

D e n o y e r , c . •  Gi r a r d ,  J . P .  ( 1 9 8 2 ) . 

E f f e c t  o f  p H  and  s a l t  c o n c e nt r a t i o n  on s t ab i l i t y  o f  

emu l s i o n s  mad e w i t h  d i f f e r e n t  p r o t e i n  f r a c t i o n s .  

Pr o c e e d in g s  o f  t h e  Eur o p e an M e e t in g  o f  M e a t  R e s e a r c h  

W o r k e r s , N o . 2 8 ,  V o l u m e  I I ,  9 . 2 0 ,  p p .  4 4 9 - 45 5 . 
. • 

( F o o d  S c i e n c e  and  T e c hn o l o gy Ab s t r a c t s  ( 1 9 8 4 ) • .!.§_, 5 S 9 2 3 ) . 

D i c k i n s o n ,  E . , S t a i n s b y ,  G .  ( 1 9 8 2 ) . 

Co l l o i d s  in F o o d .  

App l i e d  S c i enc e P ub l i s h e r s , Lon d o n .  

D o l e ,  M .  ( 1 9 3 2 ) . 

The t h e o ry o f  t h e  g l a s s  e l e c t r o d e .  I I .  

Th e g l a s s  a s  a w a t e r  e l e c t r o d e .  

Journ a l  o f  Am e r i c an Ch e mi c a l  S o c i e t y ,  � .  3 0 95  - 3 1 05 . 

D r a p e r ,  N . R . , S m i t h ,  H .  ( 1 9 8 0 ) . 

App l i e d  R e g r e s s i o n  An a l y s i s , 2 n d  e dn .  

John W i l ey an d S o n s , I n c . ,  N e w  Y o r k .  

E d s a l l ,  J . T .  ( 1 9 6 5 ) . 

' P ro t e i n s  as a c i d s and b a s e s .  I n  

Pr o t e in s , Amin o A c i d s  an d P e p t i d e s  a s  I o n s  a n d  D i p o l a r I o n s  

( C o h n , E . J . E d s a l l ,  J . T . , E d s ) . p p .  4 4 4 - 5 0 5 .  

A C S  M o n o g r aph S e r i e s .  H a f n e r  Pub l i s hin g C o m p a n y ,  N e w  York . 

E d w a r d s , J . , K o s ik o w s k i , F . V . ( 1 9 8 3 ) . 

Bi t t e r c om p o un d s  f r o m  Ch e d d a r ch e e s e .  

Journa l o f  D a i r y  S c i e n c e ,  �. 7 2 7 - 7 3 4 . 



F e e n e y .  R . E  • •  Y a m a s ak i .  R . B  • •  G e o g h e g a n .  K . R.  ( 1 9 8 2 ) . 

Ch e mi c a l  m o d i f i c a t i o n  o f  p r o t eins : An o v e r v i ew .  

I n  
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M o d i f i c a t i o n s  o f  p r o t e i n s : F o o d .  Nut r i t i o n a l  and 

p h a rma c o l o g i c a l  As p e c t s ( F e e n y .  R . E  . •  Wh i t ak e r .  J.R • •  E d s ) . 

P P •  3 - S S .  

Ad v a n c e s  in Ch emi s t ry S e r i e s  1 9 8 .  

Am e r i c an Ch emi c a l  S o c i e t y .  Washing t o n .  D C .  

F i e l d s .  R .  ( 1 9 7 1 ) . 

The  m e a s u r em e n t  o f  amino  g r o u p s  in p r o t e in s  and p e p t i d e s .  

B i o c h e mi c a l  Jo u r n a l .  1 2 4 .  S 8 1 -S 9 0 .  

F i e l d s .  R .  ( 1 9 7 2 ) . 

The  r a p i d  d e t e rmin a t i o n  o f  amino g r o up s  w i t h  TNB S .  I n  

M e t h o d s  i n  Enz ymo l o gy.  V o l um e  � .  Enzyme S t r u c t u r e .  P a r t  B 

H i r s . C . H . W  • •  T i m a s h e f f .  S . N • •  E d s ) . p p .  4 6 4 - 4 6 8 .  

Ac a d em i c  P r e s s .  N e w  Y o rk .  

F i n l e y .  J . W . ( 1 9 7 S ) . 

D e am i d a t e d  g l u t e n :  a p o t e n t i a l  f o r t i f i e r  f o r  f r u i t  j ui c e s .  

J o u r n a l  o f  F o o d S c i e n c e .  iQ .  1 2 8 3 - 1 2 8 S .  

F i n s t o n .  H . L  • •  Ry c h t m a n . A . C .  ( 1 9 8 2 ) . 

A N e w  V i e w  o f  Cur r e n t  A c i d - B a s e  Th e o r ie s . 

J o hn W i l ey  and S o n s . New  Y o rk .  

F i s h e r .  L . R • •  P a r k e r .  N . S .  ( 1 9 8 5 ) . 

H o w  d o  f o o d  emu l s i o n  s t ab i l i z e r s  work ?  

C S I RO F o o d  Re s e a r c h  Quar t e r l y .  � .  3 3 -3 9 .  

F o l k .  J . E  • •  C h u n g .  S . I .  ( 1 9 7 3 ) . 

M o l e c u l a r and  c a t a l y t i c  p r o p e r t i e s  o f  t r an s g l u t aminas e s .  

A d v an c e s  i n  E n z ymo l o gy . � .  1 0 9 - 1 9 1 .  
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F o l k .  J . E  • •  F i n l a y s o n .  J . S .  ( 1 9 7 7 ) . 

Th e € - ( (( - g l u t amy l )  l y s in e  c r o s s  l ink and t h e  c a t a l y t i c  r o l e  

o f  t r an s g l u t aminas e s .  

Advan c e s  i n  P r o t ein Ch emi s t ry .  ll • 1 - 1 3 3 .  

F u n g .  C . P  • •  F o n g .  A . S  . • L a m . A . S . M  • •  L e e .  G • •  N ak a i .  S .  ( 1 9 7 7 ) . 

P r e p a r a t i o n  and p r o p e r t i e s  o f  a c i d- s o l ub i l i z e d  wh e a t  f l o u r .  

Journ a l  o f  F o o d  S c i e n c e .  4 2 . 1 5 9 4- 1 5 9 9 .  

G e b h a r d t , E • •  N e w m a n n .  C h  . • E c k e r t . I .  ( 1 9 8 2 ) . 

M o d i f i c at i o n  a n d  d e r i v a t i z a t i o n  o f  g l u t e n  and i t s i n f l u e n c e  

o n  t h e  man u f a c t ure o f  b ak e d  g o o d s  ( in Ge rman) . 

B acher  und K o n d i t o r .  � .  ( 2 ) . 3 7 - 3 9 .  

G i l l .  B . P  • •  O ' S h a u g h n e s s e y .  A . J . •  H e n d e r s o n ,  P . •  H e a d o n .  D . R .  

( 1 9 8 5 ) . 

An as s e s s m e n t  o f  t h e  p o t en t i a l  o f  p ep t i d o g l u t aminas e s  I and 

I I  in m o d i fying  the  c h a r g e  c h a r a c t e r i s t i c s  o f  c a s e i n  and  

whey  p r o t e in s .  

I r i s h  Journ a l  o f  F o o d  S c i en c e  and T e c hno l o gy . � .  3 3  - 4 1 . 

G l a s s t o n e . s . •  L e w i s . D .  ( 1 9 6 0 ) . 

E l eme n t s  o f  Phy s i c a l  Ch emis t ry .  2 n d  e d n  . •  M a c m i l l an and  

Comp any Lt d .  L o n d o n .  

G o l d f a r b ,  A . R .  ( 1 9 6 6 ) . 

A kine t i c s t udy o f  t h e  r e a c t i o n s  o f  amin o a c i d s  and 

p e p t i d e s  w i t h  t r in i t r o b e n z e n e s u l f o n i c  a c i d .  

Bio ch emis t ry .  �.  25 7 0 - 2 5 7 4 . 

G o v i n . R . •  L e e d e r .  J . G . ( 1 9 7 9 ) . 

Ac t i o n  o f  e mu l s i f i e r s  i n  i c e  c r e am us ing t h e  HLB c o n c e p t .  

J o u r n a l  o f  F o o d  S c i e n c e �. 7 1 8 - 7 2 2 .  
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G r ah a m .  D . E  • •  P h i l l i p s .  M . C . ( 1 9 7 6 ) . 

Th e c o n f o rmat i o n  o f  p r o t e i n s  a t  int e r f a c e s  an d t h e i r  r o l e s  

i n  s t ab i l i z in g  emu l s i o n s . 

In  

The o ry and  P r a c t i c e  of  Emu l s i o n  T e chno l ogy ( S mi t h .  A .L  • •  

E d . )  p p .  7 5  - 9 8 .  

A c a d e m i c  P r e s s .  L o n d o n .  

G r a h a m . D . E  • •  P h i l l i p s . M . C .  ( 1 9 7 9 ) . 

P r o t e i n s  a t  l i qu i d  int e r f a c e s .  

o f  a d s o rb e d  f i l m s .  

I I I .  Mo l e c u l a r s t r u c t u r e s  

J o u rn a l  o f  Co l l o i d  and I n t e r f a c e  S c i en c e .IQ. 4 2 7  - 43 9 .  

G r a v e l a n d .  A • •  B o n g e r s . P • •  B o s v e l d .  P .  ( 1 9 7 9 ) . 

Ext r a c t i o n  and  f r a c t i o n a t i o n  o f  wh e a t  f l o u r  p r o t e in s .  

J o u rn a l  o f  t h e  S c i e n c e  o f  F o o d  and  A g r i c u l t ur e .  lQ .  7 1  -

8 4 . 

· c r a v e l a n d .  A • •  B o s v e l d .  P • •  L i c h t e n o o nk . W . J • •  M o o n e n .  J . H . E  • •  

S c h e e p s t r a .  A .  ( 1 9 8 2 ) . 

Ext r a c t i o n  and f r a c t i o n a t i o n  o f  wh e a t  f l o u r  p r o t e ins . 

J o u rn a l  o f  t h e  S c i e n c e  o f  F o o d  and Agricu l t u r e .  ll • 1 1 1 7 -

1 1 2 8 .  

G r a v e l an d  .. A • •  B o s v e l d  .. P • •  Li c h t e n o o nk .  W .J  • •  M a r s e i l l e .  J . P  . ..  

Mo o n e n . J . H . E  • •  S ch e e p s t r a .  A .  ( 1 9 8 5 ) . 

A m o d e l f o r  t h e  mo l e c u l ar s t r u c t u r e  o f  t h e  g l u t enins  f r o m  

wh e a t  f l o u r . 

J o u r n a l o f  C e r e a l  S c i e n c e .  �. 1 - 1 6 .  

G r i f f i n . W . C .  ( 1 9 4 9 ) . 

C l a s s i f i c a t i o n  o f  s u r f a c e  a c t i v e  ag ent s b y  H L B .  

J o u rn a l  o f  t h e  S o c i e t y  o f  C o s m e t i c  Chemis t s  .. ! • 3 1 1  - 3 2 6 .  

H a l l i n g . P . J . ( 1 9 8 1 ) . 

P r o t e i n- s t ab i l i z e d f o am s  and  emu l s i o n s . 

C r i t i c a l  R e v i e w s  i n  F o o d  S c i e n c e and Nu t r i t i o n . � .. 1 5 5 -

2 0 3 . 
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H a m a u z u ,  z . , M i y a s h i t a ,  C . ,  M a t s u t ak a ,  K .  ( 1 9 8 2 ) . 

Pr o p e r t i e s  o f  g l u t e n  d e am i d a t e d  w i t h  d i l ut e  hy d r o c h l o r i c  

ac id . 

Bul l e t in o f  Muk o g aw a  Wom en ' s  Univ e r s it y , N o .  lQ .  5 7  - 6 1 .  

R a n , K . K . , R i c h a r d , C . , B i s e r t e ,  G .  ( 1 9 8 3 ) . 

Cur r ent d e v e l o pm e n t s in c h e mi c a l  c l e a v a g e  o f  p r o t eins . 

Int e r n a t i o n a l  Journ a l  o f  B i o c h emi s t r y ,  �. 8 7 5 - 8 8 5 . 

H a r n e d ,  H . S . ,  E h l e r s , R . W . ( 1 9 3 5· ) . 

Journ a l  o f  the  Am e r i c an Ch e mi c a l  S o c i e t y , � .  2 1 7 9 - 2 1 9 3 .  

H a r r i s ,  J . I . ,  C o l e ,  R . D . , P o n ,  N . G .  ( 1 9 5 6 ) . 

The kin e t i c s  o f  a c i d  hyd r o l y s i s  o f  d i p e p t i de s .  

B i o c h e mi c a l  J o u rn a l ,  �. 1 5 4- 1 5 9 .  

H a r t m a n , S . C .  ( 1 9 6 8 ) . 

G l u t amin a s e  o f  E s c h e r i c h i a  c o l i .  

I, P u r i f i c a t io n  and g en e r a l  c a t a l y t i c  p r o p e r t i e s . 

Journ a l  o f  Bio l o g i c a l  Chemi s t r y ,  2 4 3 ,  8 5 3 - 8 6 3 . 

H a r t m an , S . C .  ( 1 9 7 3 ) . 

Re l at i ons hip s b e t w e e n  g l u t amine  ami d o t r ans f e r a s e s  and 

g 1u t aminas e s . 

In  The Enzymes  o f  G l u t amine  M e t ab o l i s m  

( P r u s i n e r , S . ,  S t a d t m a n , E . R . , E d s ) . p p .  3 1 9 - 3 3 0 .  

A c a d e m i c  P r e s s , N ew York.  

H a s h i m o t o ,  A . G . ( 1 9 8 3 ) . 

Con v e r s i o n  o f  s t r aw- manur e mixt u r e s  t o  m e t h an e  a t  

m e s o p h i l i c  and t h e rm o p h i l i c  t em p e r a t ur e s .  

Bi o t e chno l o gy B i o e n g in e e r ing , � .  1 8 5 - 2 0 0 .  

H ay ak a w a ,  s . •  N ak a i , S .  ( 1 9 8 5 ) . 

Re l at i o n s h i p s  o f  hy d r o p h o b i c i t y  and n e t  c h a r g e  t o  t h e  

s o l ub i l i t y  o f  m i l k  and  s o y  p r o t e in s .  

Journa l o f  F o o d  S c i e n c e ,  � .  4 8 6 - 4 9 1 .  



H i l l .  C . G . ( 1 9 7 7 ) . 

An int r o d u c t i o n  t o  Ch emi c a l  En g in e e r i ng Kin e t i c s  and  

R e a c t i o n  D e s i g n . 

Wi l ey .  New Y o r k .  

H i l l .  R . L .  ( 1 9 6 5 ) . 

H y d r o l y s i s  o f  p r o t e i n s . 

Ad v an c e s  i n  P r o t e in Ch em i s t ry .  �. 3 7 - 1 0 7 . 

H o l m e . J • •  B r i g g s . D . R . ( 1 9 5 9 ) . 

S t u d i e s  o n  t h e  p hy s i c a l  n a t u r e  o f  g l iadin . 

C e r e a l  Ch emis t r y .  �. 3 2 1 - 3 4 0 .  

H u b b a r d .  D • •  H a m i l t o n . E . H  • •  F i n n . A . N .  ( 1 9 3 9 ) . 
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E f f e c t  o f  t h e  s o l ub i l it y  o f  g l a s s  on t h e  b e h a v i o u r  o f  t h e  

g l a s s  e l e c t r o d e .  

J o u rn a l o f  Re s e a r c h  o f  t h e  Nat io n a l  B u r e a u  o f  S t a n d a r ds . 

�- 3 3 9  - 3 4 9 .  

( D a t a  q u o t e d  i n  B e c k .  W . H  • •  Wyn n e - J o n e s .  W . F . K .  ( 1 9 5 2 ) . 

T h e  hy d r o g e n  e l e c t r o d e  f un c t i o n  o f  g l as s memb r an e s .  

J o u rn a l  d e  Ch im i e  Phy s i q ue  e t  d e  Phy s i o ch im i e  Bio l o g i qu e . 

4 9 . C 9 7 - C 1 0 5 . 

I C I A m e r i c a s  I n c .  ( 1 9 8 0 ) . 

T h e  HLB  Sy s t em - A T im e  S a v ing Gui d e  t o  Emu l s i f i e r  

S e l e c t i o n . 

I C I Am e r  i c a s  In  c • •  

I f f t . J . B .  ( 1 9 7 6 ) . 

S e dimen t a t i on  e q u i l ib r i um o f  p r o t e i n s  in d e n s i t y  g r a d i e n t s .  

B i o p hy s i c a l  Ch em i s t r y .  � .  1 3 7 - 1 5 7 . 

I k u r a .  K • •  K o m e t a n i . T • •  Y o s h i k a w a . M • •  S a s ak i .  R • •  Ch i b a .  H .  

( 1 9 8 0 ) . 

C r o s s l ink i n g  o f  c a s e i n  c o mp o n e n t s b y  t r an s g l u t ami n a s e .  

A g r i c u l t u r a l  a n d  B i o l o g i c a l  Chemi s t ry .  4 4 .  1 5 6 7  - 1 5 7 3 .  



I k u r a .  K • •  Y o s h i k a w a .  M • • S a s ak i .  R • •  C h i b a .  H .  ( 1 9 8 1 ) . 

I n c o r p o r a t i o n  o f  amin o a c i d s  int o f o o d  p r o t e i n s  b y  

t r ans g l ut am i n a s e . 
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Agri c u l t ur a l  and Bio l o g i c a l  Ch em i s t r y .  �. 2 5 8 7  - 25 9 2 .  

J o h n . P . W . M .  ( 1 9 7 1 ) . 

S t a t i s t i c a l  D e s i gn and  An a l y s i s  o f  Exp e r iment s .  

2 0 1 . 

M c M i l l an .  New York.  

B a s e d  on  S c h n e i d e r .  A . M  • •  S t o c k e t t .  A . C .  ( 1 9 6 3 ) .  

p p .  1 9 8  -

An exp e r im e n t  t o  s e l e c t  o p t imum o p e r a t i n g  c o n d i t i o n s  on  t h e  

b a s i s  o f  a r b i t r ary p r e f e r en c e  r a t ings . 

Ch emi c a l  E n g i n e e r ing P r o g r e s s .  Symp o s ium S e r i e s No . � .  
V o l um e  5 9 .  

K am a t a .  Y . •  O c h i a i . K • •  Y a m a u c h i .  F .  ( 1 9 8 4 ) . 

' Re l a t i o n s h i p  b e twe en  t h e  p r o p e r t i e s  o f  e mu l s i o n  s y s t ems  

s t ab i l i z e d b y  s o y  p r o t e i n  d i g e s t s  and the  p r o t e i n  

c o n f o rmati o n . 

Agri c u l t u r a l - B i o l o g i c a l  Chemi s t r y . �. 1 1 47 - 1 1 5 2 .  

K a s ar o a .  D . D  • •  N i m m o . C . C  • •  K o h l e r .  G . O .  ( 1 9 7 1 ) . 

P r o t e i n s  and t h e  amino a c i d  c omp o s i t i o n  o f  wh e at f r act i o n s . 

In  

Wh e a t C he  m i s  t r y and  T e c h n o  1 o g y ( P o mer  an z • Y .  • E d • ) • p p  . 

2 2 7  - 2 9 9 .  

Ame r i c an As s o c i a t ion o f  C e r e a l  Chemi s t s  I n c  • •  S t  P au l . 

Minne s o t a .  

K a s p e r . C . B .  ( 1 9 7 0 ) . 

Par t i a l  a c i d  hy d r o l y s is . I n  

P r o t ein S e qu en c e  D e t e rmin a t i o n  ( Ne e d l eman . S . B . .  E d . ) . p p .  

1 4 1 - 1 5 0 .  

Chapman and H a l l .  Lon d o n .  
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K a t o .  A • •  N ak a i .  S .  ( 1 9 8 0 ) . 

Hy d r o p h o b i c i t y  d e t e rm i n e d  b y  a f l u o r e s c e n c e  p r ob e  m e t h o d  

an d i t s  c o r r e l a t i o n  w i t h  s u r f a c e p r o p e r t i e s  o f  p r o t e ins . 

B i o c h im i c a  e t  B i o p hy s i c a  Ac t a .  6 2 4 .  1 3  - 2 0 .  

K a t o .  A • •  T s u t s u i .  N • •  M a t s u d o m i . N • •  K o b a y a s h i . K • •  N ak a i .  s .  
( 1 9 8 1 ) . 

E f f e c t s  o f  p ar t i a l  d e n a t u r a t i o n  o n  s u r f a c e  p r o p e r t i e s  o f  

o v a l b um i n  and l y s o z y m e .  

Ag r i c u l t u r a l  and  B i o l o g i c a l  Ch em i s t r y .  �. 2 7 5 5  - 2 7 6 0 .  

K a t o .  A • •  O s ak o .  Y • •  M a t s u d o m i . N • •  K o b a y a s h i . K .  ( 1 9 8 3 ) . 

C h an g e s  in t h e  emu l s i fying  and f o am i n g  p r o p e r t i e s  o f  

p r o t e i n s  d u r i n g  h e at  d e n a t ur a t i o n .  

A g r i c u l t u r a l  a n d  B i o l o g i c a l  Ch emi s t r y .  47 . 3 3  - 3 7 . 

K a t o .  A • •  M a t s u d a .  T • •  M a t s u d o m i .  N • •  K o b ay a s h i . K .  ( 1 9 8 4 ) . 

D e t e rm i n a t i o n  o f  p r o t e i n  hy d r o p h o b i c ity  u s i n g  a s o d i um 

d o d e c y l s u l f a t e  b in d i n g  m e t h o d .  

J o urna l o f  Ag r i c u l t u r a l  a n d  F o o d  Chemi s t r y .  �. 2 8 4  - 2 8 8 .  

K a t o .  A • •  K o m a t s u  • •  F u j i m o t o .  K • •  K o b ay a s h i .  K .  ( 1 9 8 5 ) . 

R e l a t i o n s hip  b e t w e en s ur f a c e  f u n c t i o n a l  p r o p e r t i e s  and 

f l exib i l i t y  o f  p r o t e i n s  d e t e c t e d  by the  p r o t e a s e 

s u s c e p t ib i l i t y . 

J o u r n a l  o f  A g r i c u l t u r a l  and F o o d  Chemi s t ry .  �. 9 3 1  - 9 3 4 .  

K e s h a v a r z . E • •  N ak a i .  S .  ( 1 9 7 9 ) .  

T h e  r e l a t i o n s h i p  b e t w e en hy d r o p h o b i c ity  and i n t e r f a c i a l  

t en s i o n s  o f  p r o t e in s .  

B i o ch im i c a l  e t  B i o p hy s i c a  Ac t a .  5 7 6 .  2 6 9  - 2 7 9 .  

K i k u c h i .  M • •  S ak a g u c h i .  K .  ( 1 9 7 3 ) . 

I d en t i f i c a t io n  o f  t h e  o r g an i s m  and s o me c o n d i t i o n s  o f  

p e p t i d o g l u t am i n a s e f o rm a t i o n .  

A g r i c u l t u r a l  and  B i o l o g i c a l  Chemi s t r y .  �. 7 1 9 - 7 2 4 .  
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K ik u c h i .  M • •  S ak a g u c h i .  K .  ( 1 9 7 3 ) . 

P e p t i d o g l u t amin a s e- I an d I I :  I s o l at i o n  in h o mo g e n e o u s  f o rm .  

Agricu l t u r a l  an d B i o l o g i c a l  Chemi s t ry .  �. 8 2 7  - 8 3 5 . 

K ik u c h i .  M • •  S ak a g u c h i .  K .  ( 1 9 7 3 ) . 

S ome e n z y m a t ic p r o p e r t i e s  and  s ub s t r a t e  s p e c i f i c i t i e s  o f  

p ep t i d o g l ut amin a s e I an d I I .  

Agricu l t u r a l  an d Bio l o g i c a l  Ch emi s t r y .  �. 1 8 1 3 - 1 8 2 1 .  

K i k u c h i .  M • •  S ak a g u c h i . K .  ( 1 9 7 6 ) . 
.· 

P ep t i d o g l u t amin a s e ( B a c i l l u s  c i r c u l ans) . I n  

Metho d s  i n  E n z ym o l o g y Vo l u m e  � .  P r o t e o l y t i c  E n z ym e s . P a r t  

B ( L o r a n d .  L • •  E d . ) . p p .  4 8 5  - 4 8 2 .  Ac a d e m i c P r e s s .  N e w  

York . 

K ik u c h i  M • •  H a y a s h i d a .  H • •  N ak a n o . E • •  S ak a g u c h i . K .  ( 1 9 7 1 ) . 

P e p t i d o g l u t amin a s e .  Enzym e s  f o r  s e l e ct i v e  d e am i d a t i o n  o f  

- amide o f  p e p t i d e-b o und  g l u t am in e .  

B i o c h em i s t ry .  !Q. 1 2 2 2  - 1 2 2 9 .  

K i n s e l l a .  J . E .  ( 1 9 7 6 ) . 

Func t i o n a l  pr o p e r t i e s  o f  p r o t e i n s  i n  fo o d :  A s u r v ey .  

Crit i c a l  R e v i e w s  i n  Fo o d  S c i e n c e  a n d  Nut r i t i o n . I • 2 1 9  -

2 8 0 . 

K i n s e l l a .  J . E .  ( 1 9 8 2 ) . 

R e l a t i o n s h i p s  b e t w e en s t r u c t u r e  and  fun c t i o n a l  p r o p e r t i e s  

o f  f o o d  p r o t e in s .  

In  

F o o d  p r o t e ins ( P r o c e e d i n g s  of  the  K e l l o g  F o un d a t i o n  

Int e rn a t i o n a l  S ymp o s ium o n  F o o d  P r o t ei n s )  ( Fo x .  P . F  • •  

C o n d o n . J . J  • •  E d s ) . p p .  5 1  - 1 0 3 . 

App l i e d  S c i enc e Pub l i s h e r s . L o n d o n .  

K i t c h ene r .  J . A  • •  Mus s e l l whi t e .  P . R. ( 1 9 6 8 ) . 

The t h e o ry o f  s t ab i l it y  o f  emu l s i o n s . 

I n  E m u l s i o n  S c i e n c e  ( S h e r m a n .  P • •  E d ) . C h a p t e r  2 .  p p .  7 7 - 1 3 C  

Academi c P r e s s .  London . 



K i t t r e l l ,  J . R .  ( 1 9 7 0 ) . 

M a t h em a t i c a l  m o d e l in g  o f  c h em i c a l  r e ac t i o n s .  

Ad v anc e s  i n  Ch emi c a l  Engin e e r in g , �. 9 7  - 1 8 3 .  

K n i g h t b r i d g e , J . P .  a n d  G o l d m a n , A .  ( 1 9 7 5 ) . 

Wat e r  ab s o r p t i v e  c ap a c i t y  o f  d r i e d  m i l k p r o du c t s .  

2&6 

New Z e a l a n d  J o u rn a l o f  D a i r y  S c i en c e and T e c hn o l o g y ,  !Q. 
1 5 2 - 1 5 7 . 

K o t ak i ,  A • •  H a r a o a ,  M . ,  Y a g i ,  K .  ( 1 9 6 4 ) . 

R e a c t i o n  b e t we en s u l fhy d r y l c o m p o u n d s  and 2 ,  4 ,  6 -

t r init r ob e n z en e- 1 - s u l f o n i c  a c i d .  

J o u r n a l  o f  B i o c h e m i s t r y ,  � .  5 5 3 - 5 6 1 .  

K r u l l ,  L . H . , W a l l ,  J . S .  ( 1 9 6 6 ) . 

S ynt h e t i c  p o l y p e p t i d e s  c o n t a i n in g  s i d e- c h a in ami d e  g r o u p s .  

Wat e r- s o l ub l e p o l ym e r s . 

B i o c h e m i s t ry ,  �.  1 5 2 1 - 1 5 2 7 . 

K r u l l ,  L . H  • •  W a l l ,  J . S . ,  Z o b e l ,  H . , D i m l e r ,  R . J .  ( 1 9 6 5 ) . 

S ynth e t i c  p o l y p e p t i d e s  c o n t aining  s i d e- c h a i n  ami d e  g r o up s :  

Wat e r- in s o l ub l e  p o l yme r s .  

B i o c h e m i s t r y ,  i • 6 2 6 - 6 3 3 .  

K u n t z ,  I . D . J r ,  K a u z m a n n , W .  ( 1 9 7 4 ) . 

Hy d r a t i o n  o f  p r o t e i n s  and p o l y p e p t i d e s .  

A d v an c e s  i n  p r o t e i n  c h e mi s t r y ,  � .  2 3 9 - 3 45 .  

L a i d l e r ,  K . J .  ( 1 9 6 5 ) . 

Ch e mi c a l  k in e t i c s . 2nd e d n .  

M c Graw- Hi l l ,  New Y o rk.  

L a w r e n c e ,  L . , M o o r e ,  W . J .  ( 1 9 5 1 ) . 

K i net i c s o f  t h e  hy d r o l y s i s  o f  s imp l e  g l y c i n e  p e p t i d e s .  

J o u rn a l  o f  t h e  Am e r i c an Ch emi c a l  S o c i ety , Il •  3 9 7 3 - 3 9 7 7 . 
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L e a c h , S . J .  ( 1 9 5 3 ) .  

The  r a t e o f  h y d r o l y s i s  o f  p r o t e i n s  and p e p t i d e s .  

R e v iews  o f  P u r e  and A p p l i e d  Ch em i s t ry (Au s t . ) . ,l .  2 5 - 6 0 .  

L e a c h , S . J . ,  L i n d l e y .  H .  ( 1 9 5 3 ) . 

The kin e t i c s  o f  hyd r o l y s i s  o f  t h e  amide  g r o u p  in p r o t e i n s  

an d p e p t i d e s .  P ar t  2 .  A c i d  hydr o l y s i s o f  g l y c y l - and 

1 - l eu c y l- 1 - a s p a r agin e . 

T r ans a c t io n s  o f  the F a r a d ay S o c i e t y ,  �. 9 2 1 - 9 2 5 . 

L e a c h , S . J . , P a rk h i l l ,  E . M . J .  ( 1 9 5 5 ) . 

P r o c e e dings  o f  t h e  Int e r n a t i o n a l  W o o l  an d Text i l e s  Re s e ar c h  

C o n f e r e n c e  Au s t r a l i a  C- 9 2 .  

( Qu o t e d  i n  H a m i l t o n ,  L . D . G . ( 1 9 6 0 ) . 

Th e e s t imat i o n  o f  s i d e  c h a in g r o up s in t h e  i n t a c t p r o t ein . 

I n  

A Lab o r at o ry M anua l o f  Ana l yt i c a l  M e tho d s  o f  P r o t e in 

Ch e m i s t ry . A l e x a n d e r , P . , B l o c k , R . J  • •  E d s ) . 

V o l um e  �. p p .  7 1  - 7 2  P e r g am o n  P r e s s ,  O x f o r d ) . 

L e v e n s p i e l ,  0 .  ( 1 9 7 2) .  

' Chemi c a l  r e a c t i on eng ine e r i n g '  2 n d  e d n .  

J o h n  Wi l ey a n d  S o n s  I n c . N e w  Y o rk . 

L e v i t z k i , A .  ( 1 9 7 0 ) . 

D e t erminat i o n  o f  s ubm i c r o  qu an t i t i e s  o f  amm o n i a .  

An a l y t i c a l  B i o c h emi s t r y ,  ,ll. 3 3 5 - 3 4 0 .  

L i- Ch a n ,  E . ,  N ak a i , S . ,  Wo o d ,  D . F .  ( 1 9 8 5 ) . 

Re l at i o n s h i p  b e twe e n  f u n c t i o n a l  ( f a t  b i n d ing , emu l s i fying ) 

and  p hy s i c o c h e mic a l  p r o p e r t i e s  o f  mu s c l e  p r o t e i n s . E f f e c t  

o f  h e at ing , f r e e z i n g ,  p H  and s p e c i e s .  

J o urn a l  o f  F o o d  S c i e n c e ,  � .  1 0 3 4- 1 0 40 . 
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L i g h t . A .  ( 1 9 6 7 ) . 

P ar t i a l  a c i d  hyd r o l y s i s . 

I n  M e t h o d s  in E n z ymo l o gy . V o l ume  !!• En z ym e  S t r u c t u r e  

( H i r s . C . H . W  • •  E d . ) . p p .  4 1 7  - 4 2 0 .  

A c a d e m i c  P r e s s .  New Y o r k .  

L i n . P . M  • •  L e e d e r .  J . G . ( 1 9 7 4 ) .  

M e ch an i s m  o f  e mu l s i f i e r  a c t io n  in an ic e c r eam s y s t em .  

J o u rn a l  o f  F o o d  S c i e n c e .  �. 1 0 8- 1 1 1 .  

L o w r y .  O . H  • •  P a s s o n n e a u .  J . V  • •  R o c k . M . K .  ( 1 9 6 1 ) . 

Th e s t ab i l i t y  o f  p ry i d in e  nuc l e o t i d e s .  

J o u r n a l  o f  B i o l o g i c a l  Ch em i s t ry . 2 3 6 .  2 7 5 6  - · 2 7 5 9 .  

M a .  C . Y .  ( 1 9 8 4 ) .  

F un c t i o n a l p r o p e r t i e s  o f  a c y l a t e d oat  p r o t e i n .  

J o u r n a l  o f  Fo o d  S c i e n c e .  4 9 . 1 1 2 8  - 1 1 3 1 .  

M c D e  r m o t t • R .  L . . H a r p e r .  W .  J . . Wh i t  1 e y .  R .  ( 1 9 8 1 )  • 

A c en t r i f u g a l  m e t h o d  f o r  c h ar a c t e r i z at i o n  o f  s a l a d d r e s s ing 

emu l s i o n s . 

F o o d  T e c h n o l o g y .  3 5 . ( 5 ) . 8 1 .  8 2 .  8 4 .  8 5 . 8 7 . 

M c D o n a l d .  C . E  . •  P e n c e .  J . W .  ( 1 9 6 1 ) . 

Wh e a t  g l i a d i n  i n  f o a m s  f o r  f o o d  p r odu c t s .  

F o o d T e c hn o l o g y .  �. 1 4 1 - 1 4 4 .  

M a c ! n n e s .  D . A • •  B e l c h e r .  D .  ( 1 9 3 1 ) . 

F ur t h e r  s t u d i e s  o n  t h e  g l as s  e l e c t r o d e .  

J o u rn a l  o f  t h e  Am e r i c an Ch emi c a l  S o c i e t y .  � .  3 3 1 5 - 3 3 3 1 .  

M a c  Ri t c h i e  • F .  ( 1 9  7 9 )  • 

A r e l at i o n  b e t w e e n  g l u t en p r o t ein  ami de c o n t e n t  and b aking 

p e r f o rman c e  of  wh e a t  f l o u r s .  

J o u r n a l o f  F o o d  T e ch n o l o g y .  � .  5 9 5 - 6 0 1 . 



M a c R i  t chi e .  F .  ( 1 9 8 4) . 

Baking qua l ity o f  wh e a t  f l o u r s . 

Advanc e s  in  Fo o d  R e s e ar c h . �. 2 0 1 - 2 7 7 .  

M c W a 1 t e r  s .  K .  H . . Ch e r r y . J .  P .  ( 1 9 8 1 ) . 

Emu l s i f i c at i on : v e g e t ab l e  p r o t e ins . 

I n  
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P r o t ein Fun c t i ona l it y  in F o o d s . A C S  Symp o s i um S e r i e s  1 47 

( Ch e r r y . J .  P .  E d . ) . p p .  2 1  7 - 2 4 2 .  

Ame r i c an Chemi c a l  S o c i e t y .  Washin g t o n .  D C .  

M a n g i n o . M . E  • •  F r i t s c h . D . A • •  L i a o . S . Y • •  - F a y e r m a n . A . M  • •  

H a r p e r .  W. J .  ( 1 9 8 5 ) . 

The b in ding  o f  n- a l k a n e s  t o  wh ey p r o t ei n  c o n c e nt r a t e s  as  a 

p r e d i c t o r  o f  t h e i r  f unc t i o n a l i t y .  

N e w  Z e a l and Journ a l o f  D a i ry S c i e n c e  an d T e ch n o l o g y .  �. 
1 03 - 1 0 7 . 

M a t s u d o m i .  N • •  K a n e k o . s . •  K a t o .  A • •  K o b a y a s h i .  K .  ( 1 9 8 1 ) . 

Fun c t i o n a l  p ro p e r t i e s  o f  d e amid at e d  g l u t en .  Ni p p o n  

No g e ik a g ak u  Kais h i . � .  9 8 3 - 9 8 9 . 

M a t s u d o m i . N • •  K a t o . A • •  K o b a y a s h i . K .  ( 1 9 8 2 ) . 

C on f o rm a t i o n  and s u r f a c e  p r o p e r t i e s  o f  d e ami d a t e d  g l u t e n .  

Agri c u l t u r a l  and B i o l o g i c a l  Chem i s t ry .  4 6 . 1 5 83  - 1 5 8 6 .  

M a t s u d o m i .  N • •  M o r i .  H • •  K a t o .  A • •  K o b a y a s h i . K .  ( 1 9 8 5 ) . 

Emu l s i fying  and f o aming p r o p e r t i e s  o f  h e a t -� e n a t u r e d  

s o yb ean 1 1 S  g l ob u l in s  in  r e l at ion  t o  th e i r  s u r f a c e  

hyd r o p h ob i c i t y . 

Agricu l t u r a l  and B i o l o g i c a l  Chemi s t ry .  4 9 . 9 1 5 - 9 1 9 .  

M e e s t e r .  C .  d e  ( 1 9 7 4 ) . 

Ext r a c t i o n  et  ut i l i z at io n  d e  l a  g l i ad i n e  e t  d e  l a  g l u t e n i n e  

d u  f r o m en t . 

I n dus t r i e s  Alim e n t a i r e s  e t  Agric o l e s  � .  ( 1 ) . 2 7 - 3 2 .  
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M e i s t e r .  A . . L e v int o w .  L . . Gr e e n f i e l d .  R.E • •  Ab e n d s c h e i n . P .A .  

( 1 9 5 5 ) . 

Hy d r o ly s i s  an d t r a n s f e r  r e a c t i o n s  c a t a l y s e d  b y  - am i d as e 

p r e p a r a t i o n s . 

J o u r n a l o f  B i o l o g i c a l  Chemi s t ry .  2 1 5 , 4 4 1 - 4 6 0 .  

M e l v i l l e ,  J .  ( 1 9 3 5 ) . 

L ab i l e  g l u t amine p ep t id e s  and t h e i r  b e aring o n  t h e  o r i g in 

o f  t h e  amm o n i a  s e t f r e e  d u r i n g  t h e  e n z ymi c d i g e s t i o n  o f  

p r o t ei n s  

B i o c h emi c a l  J o u r n a l  2 9 , 1 7 9 - 1 8 6 .  

M i n i s t r y o f  Ag r i c u l t u r e  a n d  F i s h e r i e s  ( 1 9 7 9 ) . 

Chemi s t r y : S t an d a r d  Lab o r at o ry M e t ho d s , S e c t i on  5 ,  P r o t e i n  

P r o d u c t s .  

D a i r y  D i v i s i o n ,  M in i s t ry o f  Agr i c u l t u r e  and  F i s h e r i e s , 

We l l in g t o n .  New Z e a l an d .  

M i t t a l . s • •  G u p t a .  K . s  • •  G u p t a .  Y . K .  ( 1 9 8 1 ) . 

K i n e t i c s  o f  c ar b o x y l i c  a c i d  c a t a l y s e d  hy d r o l y s i s  o f  

f o r m ami d e : evid en c e  f o r  s p e c i f i c  h y d r o nium i o n  c a t a l y s i s . 

I n d i an J o u rn a l  o f  Ch emi s t r y .  S e c t i o n  A .  2 0 A , 1 2 2 0  - 1 2 2 1 .  

M i t t a l . s • •  G u p t a .  K . s  • •  G u p t a ,  Y . K .  ( 1 9 8 2 ) . 

K in e t i c s and  m e ch a n i s m  o f  a c i d  hy d r o l y s i s  o f  f o rmami d e . 

a c e t ami d e .  p r o p anam i d e  and b u t an a m i d e  o v e r  an ext e n d e d  

c o n c e n t r a t i o n  r an g e  : Kin e t i c  e v i d e n c e  f o r  f a s t  p r o t o n at i o n  

p r e- e q u i l ib r i um . 

I n d i a n  J o u r n a l  o f  Chemi s t ry . S e c t i o n  A ,  2 1 A ,  3 5 7 - 3 6 0 .  

M o h a mm e d z a d e h - K , A • •  F e e n e y . R . E • •  S m i t h .  L . M .  ( 1 9 6 9 ) . 

H yd r o p h o b i c  b in d i n g  o f  hy d r o c a rb o n s  b y  p r o t e in s .  

I .  Re l a t i o n s h i p  o f  hy d r o c a r b o n  s t r u c t ur e .  

B i o chimi c a  e t  B i o p hy s i c s  A c t a .  1 9 4 .  2 46- 2 5 5 . 

M o o r e .  J . W  • •  P e a r s o n .  R . G .  ( 1 9 8 1 ) . 

K i n e t i c s  and M e ch an i s m .  3 r d  edn • .  

W i l ey I n t e r s c i e n c e .  New Y o r k .  



M o r r . C . V .  ( 1 9 8 1 ) . 

Emu l s i f i e r s : M i lk p r o t e in s .  

I n  

29 1 

P r o t e i n  F un c t i on a l ity  i n  F o o d s  A C S  Symp o s ium S e r i e s  1 47 

( Ch e r r y .  J . P .  E d . ) p p .  2 0 1 - 2 1 5 .  

Ame r i c an Ch emi c a l  S o c i e t y .  Was h i n g t o n .  D C .  

M o s s e .  J • •  Hu e t . J . C  • •  B a v o e t . J .  ( 1 9 8 5 ) . 

Th e amino a c i d  c omp o s i t i o n  o f  wh e a t  grain as  a f un c t i o n  o f  

n i t r o g en c o nt e n t . 

J o u r na l o f  Cer e a l  S c i e n c e .  �. 1 1 5 - 1 3 0 .  

M o t o k i . M • •  N i o .  N .  ( 1 9 8 3 ) . 

C r o s s l ink ing b e tween  d i f f e r en t  f o o d  p r o t e i n s  by  

t r an s g lu t amina s e .  

J o u rn a l  o f  Fo o d  S c i e n c e .  48 . 5 6 1 -5 6 6 .  

M u n r o .  P . A .  ( 1 9 8 0 ) . 

T h e  d en s i t i e s  o f  c a s e i n  c ur d  p a r t i c l e s  and  c a s e in a t e 

s o l ut i o n s . 

N e w  Z e a l and  Jo u rna l o f  D a i ry S c i en c e  an d T e chno l o gy .  �. 

2 25 - 23 8 .  

M y c e k .  M . J  • •  C l a rk e .  D . D • •  N e i d l e .  A • •  W a e l s c h .  H .  ( 1 9 5 9 ) . 

Ami d e  in c o r p o r at i o n  int o in s u l i n  a s  c at a l y s e d  b y  

t r an s g lu t amina s e . 

A r c h i v e s  o f  B i o c h emis t r y  and B i o phy s i c s . 8 4 .  5 2 8 - 5 40 . 

N ak a i .  s .  ( 1 9 8 3 ) . 

S t ru c t ur e- fun c t i o n  r e l a t i o n s h i p s o f  f o o d  p r o t e i n s  w i t h  an 

e mp h a s i s  on th e imp o r t a n c e  o f  p r o t ein h y d r o p h o b i c it y .  

J o u rn a l  o f  Agr i c u l t u r a l  and F o o d  Chemi s t ry .  l! •  6 7 6  - 6 8 3 . 

N ak a i .  S • •  H o . L • •  H e l b i g . N • •  K a t o .  A • •  Tu n g . M . A .  ( 1 9 8 0 ) . 

Re l at io n s h i p  b e tween  h y d r o phob i c i t y  and emu l s i f y i n g  

p r o p e r t i e s  o f  s o me  p l an t  p r o t e in s .  

C an a d ian I n s t i tut e o f  F o o d  S c i en c e  and T e chno l o g y  J o u r n a l .  

1 3 . 2 3 - 2 7 . 
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O hb a .  N .  ( 1 9 6 2 ) . 

Hy d r o p h i l e- l ip o ph i l e  b a l an c e  v a l u e s  f o r  o / w  e mu l s i o n s  

s t ab i l i z e d  b y  n o n i o n i c  s u r f a c t ant s . 

I .  Hyd r o ph i l e- l ip o phi l e  b a l an c e  v a l u e s  o f  n o n i o n i c  

s u r f a c t an t s d e t e rmine d b y  emu l s i f i c a t i on . 

B u l l e t in o f  t h e  Chemi c a l  S o c i e t y  o f  Japan . 3 5 . 1 0 1 6 - 1 0 2 0 .  

O hb a .  N .  ( 1 9 6 2 ) . 

Hy d r o ph i l e- l ip o p hi l e  b a l an c e  v a l u e s  f o r  o / w  emu l s i o n s  

s t ab i l i z e d  b y  n o n i o n i c  s u r f a c t an t s I I .  " R e qu i r e d  

hy d r o ph i l e- l ip o phi l e  b a l an c e  v a l u e s "  o f  t h e  o i l  

mix t ur e . 

Bu l l e t in o f  t h e  Chemi c a l  S o c i e t y  o f  Jap an . 3 5 . 1 0 2 1 - 1 0 2 5 . 

O l l i s . D . F .  ( 1 9 8 3 ) . 

K i n e t i c s  o f  e n z ym e  s y s t em s . 

I n  

F o u n d a t i o n s  o f  B i o ch emi c a l  E n g i n e e r in g :  

Kin e t i c s and  Th e rm o dy n am i c s i n  B i o l o g ic a l  S y s t ems . 

A C S  Symp o s ium S e r i e s 2 0 7  B l an c h . H . W  • •  P ap o v t s ak i s . E . T  • •  

S t e p h a n o p o u l o s . G • •  E d s ) . p p . 2 7  - 5 2 . 

Am e r i c an Chemi c a l  S o c i e t y .  Wa s h in g t o n .  D C .  

O r l o w s k i .  M • •  R i c h m a n . P . G  • •  M e i s t e r .  A .  ( 1 9 6 9 ) . 

I s o l a t i on  and  p r o p er t i e s  o f  - L- g l u t amy l- c y c l o t r an s f e r a s e 

f r o m  human b r a i n .  

B i o c h e m i s t ry .  �. 1 0 48 - 1 0 5 5 . 

O s b o r n e . T . B .  ( 1 9 0 7 ) . 

T h e  P r o t e i n s  o f  t h e  Wh e a t  K e r n e l .  P ub l ic a t i o n  No . 8 4 .  

C a rn e g i e  In s t i t u t e  o f  W a s h in g t o n . Washin g t o n .  D C .  

P a y n e .  J . W .  ( E d )  ( 1 9 8 0 ) . 

M i c r o o r g an i s m s  and Nit r o g e n  S o u r c e s : T r an s p o r t  a n d  

U t i l i z at i o n  o f  Ami n o  A c i d s . P e p t i d e s . P r o t e in s . and  Re l at e d  

S ub s t an c e s . 

J o h n  Wi l ey a n d  S o n s . Chi c h e s t e r .  



P e a r c e .  K . N  • •  K i n s e l l a .  J . E .  ( 1 9 7 8 ) . 

Emu l s i fying  p r o p e r t i e s  o f  p r o t e i n s : e v a l u a t i o n  o f  a 

t urb i d im e t r i c  t e chniqu e .  
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Journ a l  o f  Ag r i c u l t ur a l  and F o o d  Chemi s t r y .  �. 7 1 6 - 7 2 3 .  

P e l t o nen , R . I .  ( 1 9 8 2 ) . 

Cha r a c t e r i z a t i o n  o f  wh e y  p r o t e in c o n c en t r at e s  w i t h  r e g a r d  

t o  f a c t o r s  t h a t  a f f e c t  t h e i r  fun c t i o n  a t  in t e r f a c e s .  

Ph.D T h e s i s .  T h e  Ohio S t a t e  Uni v e r s i t y .  Co l umb us . Ohio . 

P f e i f e r .  V . F  • •  Vo j n o v i c h .  c . •  A n d e r s o n .  R .A . ( 1 9 5 8 ) . 

Vit a l  wh e at g l u t e n b y  d rum d rying  

I .  Ef f e c t  o f  p r o c e s s in g  v ar i ab l e s  

Ce r e a l  Chemis t r y .  �. 45 8-46 8 .  

P o m e r a n z , Y • •  C h u n g .  O . K .  ( 1 9 8 1 ) . 

S t a r c h- l i p id- p r o t ein int e r a c t i o n s  in c e r e a l  s y s t em s .  

In 

Ut i l i z at i on o f  P r o t ein R e s o u r c e s . ( S tan l ey ,  D . W. , Mur r ay . 

E . D • •  L e e s . D . H . , E d s ) . p p .  1 2 9  - 1 5 7 .  

F o o d  a n d  Nut r i t io n  P r e s s .  I n c . We s t p o r t , Conne c t i c u t .  

P o p  i n  e a u .  Y . . Go d o n .  B .  ( 1 9  8 2 )  • 

Sur f a c e hy d r o p h o b i c ity  o f  g l i a d i n  c omp o n e n t s .  

Cer e a l  Ch emi s t r y .  �. 5 5 - 6 2 .  

P o ur-E l ,  A .  ( 1 9 7 6 )  

M e as u r em e nt o f  func t i o n a l p r o p e r t i e s  o f  s o y  p r o t e i n  

p r o du c t s . 

In Wo r 1 d S o yb e an Re s e ar c h Co n £  e r e n c e  ( H i  1 1 .  L. D . .  Ed ) . p p .  

9 1 8  - 9 4 8 .  

Int e r s t at e .  D an v i l l e ,  I l l in o i s .  



P o u r - E l , A .  ( 1 9 8 1 ) . 

P r o t e i n  f un c t i o n a l i t y  

m e t h o d o l o g y . 

I n  
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c l a s s i f i c a t i o n ,  d e f in i t i o n ,  and  

P r o t e i n  F un c t i on a l i t y  in F o o d s .  ACS  S ymp o s ium S e r i e s  1 47 

( C h e r r y , J . P . , E d . ) . p p .  1 - 1 9 .  

Ame r i c an Chemi c a l  S o c i e t y ,  W a s h in g t o n ,  D C .  

P r u s i n e r ,  S .  ( 1 9 7 3 ) . 

G l u t am i n a s e s  o f  E .  c o l i :  P r o p e r t i e s  R e gu l at i o n  and  

Evo lut i o n . 

I n  

T h e  En z y m e s  o f  G l u t amin e M e t ab o l i s m .  ( P r u s in e r , S . ,  

S t a d t m a n , E . R . , E d s ) . p p .  2 9 3 - 3 1 5 .  Ac a d e m i c  P r e s s ,  N e w  

Y o rk . 

P r u s i n e r ,  S . ,  S t a d t m a n , E . R . ,  ( 1 9 7 3 ) . 

The  En z ym e s  o f  Gl u t amine  M e t ab o l i s m .  A c a d emi c P r e s s , N e w  

Y o rk . 

P u s k i ,  G .  ( 1 9 8 6 ) . 

A R e v i ew o f  m e t h o d o l o gy f o r  emu l s i f i c at i o n  p r o p e r t i e s  o f  

p l an t  p r o t e in s .  

C e r e a l  C h em i s t ry ,  5 3 ,  6 5 0  - 6 5 5 . 

P y l e r ,  E . J . ( 1 9 8 3 ) .  

F l o u r  p r o t e in s  r o l e  in b ak i n g  p e r f o rmanc e I .  

B ak e r s  D i g e s t ,  5 7 , ( 3 ) . 2 4 , 2 5 , 2 7 , 2 8  3 3 .  

F l o u r  p r o t e i n s  r o l e  in b ak i n g  p e r f o rmanc e I I .  

B ak e r s  D i g e s t ,  5 7 ,  ( 5 ) . 4 4 , 4 6 , 4 8  - 5 0 .  

Ram ak r i s hn a ,  M . ,  K r i s h n a s wamy , P . R .  ( 1 9  6 7 ) .  

A p ap e r  c h r o mat o g r ap h i c  me t h o d  f o r  i d ent i f i c at i o n  and 

e s t imat i o n  o f  p y r r o l i d o n e c a rb oxy l i c  a c i d . 

An a l y t i c a l  B i o c h em i s t r y ,  1 9 , 3 3 8- 3 43 .  
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R an d a l l .  M • •  Y o u n g .  L . E .  ( 1 9 2 8 ) . 

Th e c a l om e l  an d s i l v e r  ch l o r i d e  e l e c t r o d e s  i n  a c i d  a n d  

n e ut r a l  s o l ut i ons . Th e a c t i v i t y  c o e f f i c i ent o f  a qu e o u s 

hy d r o c h l o r i c  a c i d and t h e  s in g l e  p o t e nt i a l  o f  t h e  d e c i­

mo l a l c a l o m e l  e l e c t r o d e .  

J o urna l o f  t h e  Am er i c a !  Chem i c a l  S o ci ety . � .  9 8 9  - 1 0 0 4 .  

R e y n o l d s .  J . A  • •  T a n f o r d . C .  ( 1 9 7 0 ) . 

Binding o f  d o d e cy l  s u l f a t e  t o  p r o t e i ns  a t  h i gh b i n d i n g  

r a t i o s .  

P o s s i b l e  imp l i c a t i ons  f o r  t h e  s t a t e  o f  p r o t e i n s  i n  

b i o l o g i c al memb ran e . 

P r o c e e d i n g s  o f  the  N a t ion a l A c a d emy o f  S c i en c e s . �. 1 0 0 2 -

1 0 07 . 

R e y n o l d s .  J . A  • •  T a n f o r d .  C .  ( 1 9 7 0 ) . 

The g r o s s  c o n f o rma t i o n  o f  p r o t e i n- s o dipm d o d e cy l  s u l f a t e 

c omp l exe s . 

Journa l o f  B i o l o g i c a l  Chemi s t r y .  2 45 .  5 1 6 1 -5 1 6 5 . 

Ri e g e l m a n . s . •  P i c h o n . G .  ( 1 9 6 2 ) . 

A c r i t i c a l  r e- e v a l u a t i o n  o f  f a c t o r s  a f f e c t ing  e mu l s i o n  

s t ab i l i t y . 

Am e r i c a n  P e r f umer . Il • 3 1 -3 3 .  

Ro b b e r s . J . E  • •  B h a t i a .  V . N .  ( 1 9 6 1 ) . 

Te chni q u e  f o r  rap i d  d e t ermin a t i o n  o f  HLB and  r e qu i r e d  HLB 

valu e s . 

Journal  o f  Pharm a c e u t i c a l  S c i en c e s .  �. 7 0 8 7 0 9 .  

R o e p e r .  J .  ( 1 9 7 4 ) .  

The a l k a l i  r e qui r ement o f  a c i d  c a s e i n.  

New Ze a l an d  Journ a l  o f  D ai ry S c i e n c e  an d Te c h n o l o g y . �. 

1 2 8 - 1 3 1 .  



R o s e .  L . M .  ( 1 9 7 4 ) .  

T h e  A p p l i c at i o n  o f  M a t h emat i c a l  M o d e l l ing  t o  P r o c e s s  

D e v e l o p m e n t  and  D e s i g n .  

Ap p l i e d  S c i e n c e  Pub l i s h e r s  Lt d .  Lond o n .  

S ab h a r w a l .  K • •  V ak a l e r i s . D . G. ( 1 9 7 2 ) . 

S t ab i l it y  o f  f l ui d  f o o d  emu l s i o n s . 

I .  E f f e c t s  o f  em u l s i f i e r s .  e l e c t r o l y t e s  an d s o d i u m  

c a s e i n a t e .  

J o u rn a l o f  D ai ry S c i en c e .  s s . 27 7 - 2 8 2 .  

S c h o f i e l d .  J . D  • •  B o o t h . M . R .  ( 1 9 8 3 ) . 

Wh e a t  p r o t e i n s  and t h e i r  t e chno l o g i c a l  s i g n i f i c a n c e .  
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In D e v e l o p ment s in F o o d  P r o t e i n s  - 2 (Hud s o n .  B . J . F  . •  E d . ) . 

p p .  1 - 6 5 . 

A p p l i e d  S c i en c e  P ub l i s h e r s . Lon d o n .  

S h e l t o n .  J . T  • •  K h u r i .  A . I . . C o r n e l l .  J . A .  ( 1 9 8 3 ) . 

S e l e c t ing  c h e ck p o i n t s f o r  t e s t i ng  l a ck o f  f i t i n  r e s p o n s e  

s u r f a c e  m o d e l s .  

T e c h n o m e t r i c s . � .  3 5 7 - 3 6 6 .  

S h e n .  J . L .  ( 1 9 7 6 ) . 

S o y  p r o t e i n  s o l ub i l i t y :  Th e e f f e c t  o f  exp e r iment a l  

c o n d i t i o n s  o n  t h e  s o l ub i l i t y  o f  s o y p r o t e i n  i s o l a t e s .  

C e r e a l  Ch emi s t ry .  5 3 .  9 0 2- 9 0 9 .  

S h i m i z u .  M • •  K a m i y a .  T • •  Y a m a u c h i . K .  ( 1 9 8 1 ) . 

Th e a d s o r p t i o n  o f  w h ey p r o t e i n s  o n  t h e  s ur f a c e  o f  

e m u l s i f i e d  f a t . 

Ag r i c u l t u r a l  and B i o l o g i c a l  Chemi s t r y .  �. 2 49 1 - 2 49 6 .  

S h i m i z u .  M • •  T a k ah a s h i . T • •  K am i n o g a w a .  s . •  Yam a u c h i . K .  

( 1 9 8 3 ) . 

A d s o r p t io n  o n t o  an  o i l  s u r f a c e  and  e mu l s i f y i n g  p r o p e r t i e s  

o f  b o v i n e  o( 1 - c a s e i n  i n  r e l a t i o n  t o  i t s  mo l e c u l a r s . 
s t r u c t u r e . 

J o u rn a l  o f  A g r i l c u t r a l  and  F o o d  Ch emi s t ry .  3 1 .  1 2 1 4  - 1 2 1 8 .  
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S h uk l a . T . P .  ( 1 9 7 5 ) . 

Cer e a l  p r o t ein s : Chemi s t r y an d f o o d  a p p l i c a t i o n s . 

Cri t i c a l  R e v i e w s  in F o o d  S c i e n c e  and  Nut r i t i o n .  �. 1 - 1 7 6 .  

S i n c l a i r .  E . F  • •  M a r t e l l .  A . E .  ( 1 9 5 0 ) . 

The b ehav iour  o f  g l as s  e l e c t r o d e s  i n  a c i d  s o l u t i o n s .  

Journ a l  o f  Ch emi c a l  Phy s i c s . � .  2 2 4- 2 2 7 . 

S o u t h w a r d .  C . R . ( 1 9 7 5 ) . 

New Z e a l and D ai ry R e s e a r ch I n s t i t u t e .  P e r s o n a l  

Communi c a t ion . 

S t e i n .  s . •  B o h l e r .  P • •  S t o n e . J • •  D a v m a .  W • •  V o l v e n f r i e n d . S .  

( 1 9 7 3 ) . 

'Amino a c i d  an a l y s i s  w i t h  f l u o r e s c amine a t  t h e  p i c om o l e  

l e ve l . 

Ar chi v e s  o f  B i o ch emis t r y a n d  Biophy s i c s . �. 2 0 2  - 2 1 2 .  

S t e i nh a r d t . J • •  F u g i t t .  C . H .  ( 1 9 4 2 ) . 

Cata l y z e d  hy d r o l y s i s  o f  a m i d e  and p e p t i d e  b o n d s  i n  

p r o t e in s . 

Journ a l  o f  R e s e a r ch o f  t h e  N at i o n a l  Bur e au o f  S t an d a r d s . 

� .  3 1 5 - 3 2 7 . 

S t e w a r t . K . K .  ( 1 9 7 7 ) . 

Thin f i l m  di a l y s i s .  

Ad v an c e s  i n  P r o t e i n  Chemi s t r y .  ll• 1 3 5  - 1 8 6 .  

S u l l i v a n . J . J • •  J a g o . G . R .  ( 1 9 7 0 ) . 

A mo d e l  f o r  b i t t er p e p t i d e  f o rmat i o n  and d e g r ad a t i o n  i n  

c u l t ur e d  d airy p r o duc t s .  

Th e Au s t r a l i an Jo u r na l o f  D a i ry T e chno l o gy . � .  1 1 1 .  

T i t u s .  T . C  • •  W i an c k o . N . N  • •  B a r b o u r .  H . F • •  M i c k l e .  J . B .  ( 1 9 6 8 ) . 

Emu l s i f i e r  e f f i c i e n c y  in m o d e l s y s t ems o f  mi l k  f a t  o r  

s oyb e a n  o i l  and  w a t e r .  

F o o d  T e chno l o gy . 2 2 .  1 44 9 - 1 45 1 .  
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T o r n b e r g .  E .  ( 1 9 7 9 ) . 

Th e a d s o r p t i o n  b eh a v i o u r  o f  p r o t ei n s  a t  an int e r f a c e  a s  

r e l a t e d  t o  t h e i r  emu l s i f y i n g  p r o p er t i e s .  

I n  

' Fun c t io n a l i t y  and  p r o t e i n  s t r u c t ur e '  ACS  Sym p o s ium S er i e s 

9 2 .  ( P o u r - E l ,  A • •  E d . ) . p p .  1 0 5 - 1 2 3 .  Am e r i c a n Ch e m i c a l 

S o c i e t y .  Washin g t o n ,  D C .  

T o r n b e r g . E • • H e r m a n s s o n ,  A . - M .  ( 1 9 7 7 ) . 

F un c t i o n a l  c h a r a c t e r i z at i o n  o f  p r o t e i n  s t ab i l i z e d 

emu l s i o n s : E f f e c t  o f  p r o c e s s in g .  

J o u r n a l o f  F o o d  S c i en c e .  4 2 .  4 6 8 - 47 2 .  

T o w e r .  D . B .  ( 1 9 6 7 ) . 

E n z ymat i c  d e t ermina t i o n  o f  g l u t am i n e  and a s p a r a g i n e .  

I n  

V o l um e  1 1 .  E n z y m e  S t r u c t u r e  ( H i r s . C . H . W . , E d . ) . p p .  7 6 -

9 3 . 

A c a d e m i c  P r e s s .  New  Y o rk .  

U d e n f r i e n d , S . ,  S t e i n ,  S . ,  B o h l e n ,  P . ,  D a i r m a n , W . , L e i m g r u b e r ,  

W • • W e i g e l e , M .  ( 1 9 7 2 ) . 

F l u o r e s c am i n e : A r e a g ent  f o r  a s s ay o f  amin o a c i d s , 

p e p t i d e s , p r o t e ins  an d p r im a r y  ami n e s  in t h e  p i c om o l e  

r an g e . 

S c i e n c e ,  1 7 8 ,  87 1 - 8 7 2 .  

v a n E e r d .  J . - P .  ( 1 9 7 1 ) . 

M e a t  emu l s i on  s t ab i l i t y .  I n f l uen c e  o f  hy d r o p h i l i c 

l i p o p h i l i c  b a l a n c e  s a l t  c o n c e n t r a t i o n  and b l e n d i n g  w i t h  

s u r f a c t an t s .  

J o u rn a l  o f  F o o d  S c i en c e ,  �. 1 1 2 1  - 1 1 2 4 .  

V i c k e r y . H . B .  ( 1 9 2 2 ) . 

T h e  r a t e  o f  hydr o l y s i s o f  wh e a t  g l i a d in.  

J o u rn a l  o f  B i o l o g i c a l  Ch emi s t ry .  �. 495 - 5 1 1 .  



V i d a l . F . D .  ( 1 9 7 2 ) . 

T r e a t me n t  o f  f l o u r  and d o ugh.  

U S  P at en t  3 . 6 5 5 . 40 3 . 

V o g e l .  A . I .  ( 1 9 6 1 ) . 
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A T e xt - B o ok o f  Quant i t a t i v e  I n o r g an i c  Ana l y s i s  I n c l u d i n g  

E l ement ary I n s t rumen t a l  An a l y s i s . 3 r d e dn .  

L o n d o n . 

Wa l k e r . N . J  • •  C o n n o l l y .  P . B .  ( 1 9 8 4 ) . 

Longman.  

P r o t ein i s o l a t e s  and m e t ho d  o f  p r o d u c ing t h e m .  

U S  p at en t  4 . 4 8 6 . 3 4 3 . 

We a s t .  R . C .  ( 1 9 7 7 ) . 

CRC  Handb o o k o f  Ch emi s t r y and Phy s i c s '  5 8 th  e d n .  

CRC  Pr e s s .  In c .  B o c a  Ra t o n .  F l o r i d a. 

W e i g e l e . M • •  D e  B e r n a n d o . s . •  L e i m g r u b e r . W .  ( 1 9 7 3 ) . 

F l uo r o m e t r i c  a s s ay o f  s e c o nd a r y  amino a c i d s . 

B i o c h em ic a l  and B i o p hy s i c a l  R e s e a r ch Commun i c a t i o n s . �. 
3 5 2-3 5 6 . 

Wh i t  a k e r  • J .  R .  • P u i g s e r  v e r  • A .  J .  ( 1 9 8 2 )  • 

F un d am e n t a l s  and a p p l i c at i o n s  o f  en zyma t i c  m o d i f i c a t i o n s  o f  

p r o t eins : An o v e r v i ew .  In 

M o d i f i c a t i o n  of P r o t e i n s : 

Ph a rma c o l o g i c a l  As p e c t s .  

F o o d .  N u t r i t i o n a l . and 

( F e e n e y .  R. E . . Wh i t ak e r . J .R  . •  

E d s ) . Adv an c e s  in Ch e m i s t r y  S er i e s  1 9 8 .  p p .  5 7  - 8 7 . 

Am e r i c an Ch emi c a l  S o c i e ty .  W a s h in g t o n .  D C .  

Wh i t ak e r . J . R  • •  G r a n v i n .  · P . E  • •  Aa s e n .  G .  ( 1 9 8 0 ) . 

R e a c t i o n  o f  amm o n i a  w i t h  t r i n i t r o b e n z e n e  s u l f o n i c  a c i d .  

Ana l y t i c a l  B i o c h e mi s t r y .  1 0 8 .  7 2  - 7 5 .  
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W u , C . H .  ( 1 9 7 5 ) . 

P r e p a r at i o n ,  c h a r a c t e r i z a t i o n  and  f un c t i o n a l i t y  o f  a c i d­

m o d i f i e d  g lu t e n . 

P h . D .  Th e s i s .  

Canad a .  

Uni v e r s ity  o f  B r i t i s h  Co l umb i a ,  V a n c ou v e r , 

W u , Y . V • •  D i m l e r ,  R . J . ( 1 9 6 3 ) . 

Hy d r o g e n  i o n  e qu i l ib r i a  o f  wh e a t  g l ut e n .  

Ar c hi v e s  o f  B i o c h e mi s t ry a n d  B i o p hy s i c s , 1 0 2 ,  2 3 0 - 23 7 . 

W u • Y .  V • • D i m 1 e r • R .  J • ( 1 9 6 ·3 ) • 

Hy d r o g e n  i o n  e qui l ib r i a  o f  w h e a t  g l u t enin a n d  g l i a d i n .  

Ar c h i v e s  o f  B i o ch e mi s t ry an d B i o p hy s i c s ,  1 0 3 , 3 1 0-3 1 8 .  

W u , C . H  • •  N ak a i , s . •  P o w r i e .  W . D .  ( 1 9 7 6 ) . 

Pr e p ar a t i o n  and p r o p er t i e s o f  a c i d- s o l ub i l i z e d g l u t e n . 

J o u rn a l o f  Agri l c u l t u r a l  and  F o o d  Chemi s t ry , 2 4 ,  5 0 4 - 5 1 0 .  

Y a t e s , K . , R i o r d a n , J . C .  ( 1 9 6 5 ) . 

The  HA a c i d i t y  f un c t io n  and  t h e  m e c h an i s m  o f  a m i d e  

hy d r o l y s i s  i n  hy d r o ch l o r i c  a c i d .  

Cana d i an J o u rn a l  o f  Chemi s t r y ,  43 , 23 2 8- 2 3 3 5 . 

Y a t e s , K • •  S t e v e n s , J . B .  ( 1 9 6 5 ) . 

T h e  i o n i z a t i o n  b eh a v i o u r  o f  am i d e s  i n  c o n c en t r a t e d  s u l f u r i c  

a c i d s . 

I I .  Ap p l i c a t ions  o f  t h e  HA f un c t i o n  t o  r a t e s  and  

e qu i l ib ri a .  

Cana d i an J o urna l o f  Chem i s t r y . �. 5 2 9 - 5 3 7 . 

Y o k o t s u k a ,  T • •  I w a a s a .  T . , F u j i i , M .  ( 1 9 7 4 ) .  

P r o c e s s  f o r  p r o du c i n g  a pr o t e i n  hyd r o l y s at e .  

U S  P a t e n t  3 , 85 2 , 47 9 .  

Y o k o t s uk a ,  T • •  I w a a s a ,  T . , F u j i i ,  M .  ( 1 9 7 5 ) . 

Pr o c e s s  f o r  p r o du c i n g  a p r o t e i n  hy d r o l y s a t e .  

U S  P a t e n t  3 , 9 1 2 , 8 2 2 .  



Appendix 1 . 1  The  s o l ut ion  p r o p e r t i e s  o f  ammon i a  

30 1 

T h e  s o lut i o n  p r o p e r t i e s  o f  amm o n i a  c an b e  c o n s i d e r e d  i n  t e rms  o f  

t h e  t h e o r y  o f  c onj u g at e a c i d s  a n d  b as e s  ( G l a s s t o n e  a n d  Lewi s . 

1 9 6 0 )  

Now  

NH3 + 

B a s e  2 

and  

N H  + 
4 + 

A c i d  2 

And s in c e  

Kb = [NH4 
+ ] t o �or] 

[NH3 ] . 

and  

K = [ HJO + ] [ O H- ] w 
1 

( We a s t .  1 9 7 7 ) 

= 

= 6 . 8 0 9 2 6  X 
( 2 0  o C) 

NH + + O H-
4 

A c i d  2 

+ 

Bas e 2 

- 5  1 . 7 1 0  X 1 0  
( 2 0  ° C) 

B a s e · ·1 

H 0+ 
3 

A c i d  1 

I t  c an b e  s hown . b y  s ub s t i t u t i o n  i n  t h e  ab o v e  e qu a t i o n s . t h a t : 

K = a [ l-JH 3 ] [ H 3 0 + ] 

[ N H4
+

] 

- 1 0  = 1 1 . 2 9 7  X 1 0  

S imi l a r v a l u e s  w e r e  c a l c u l at e d  b y  Has himo t o  ( 1 9 8 3 ) . The 

p r a c t i c a l  e f f e c t  o f  this c a l c u l at i on  is  to  s h o w  t h a t  a t  mo d e r a t e 

c o n c ent r at i o n s  o f  a c i d  [ H3 o + ] i s  l ar g e  c omp a r e d  t o  [ NH3 ] p l u s  

[ NH4
+ ] and p r a c t i c a l ly a l l o f  t h e  amm o n i a  mus t  b e  p r e s e n t  a s  

+ NH 4 • 
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App endix 1 . 2 : D e r i v a t i o n  o f  r a t e e qu a t i on s  f o r  ami d e  hy d r o l y s i s  

u s in g  t h e  s t e ady  s t a t e  t r e at m e n t  

H o+ 3 + 
SH+ + 
K 2 = 

b ut 

= 

V = 

= 

s � 
........-

H2 0 K2 * 
� X  

[x* l [ SH+ ] [ H2 0 ] 

[ SH+ ] [ H2 0 ] [ H3 o+] [ S ]  
= 

SH+ + H2 o 
k 

_j x
1r 

j S\\t}H�O 

+ K1 [ H3 0 ] [ S ]  
[H2 0 ] 

K 1 [ H3 0+ ] [ S ]  [H2 0 ] [H20 ] 

p r o du c t s  

�� 

( 1 )  

- - - ( 2 )  
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Appendix 1 . 3 :  F u r t h e r  d e r i v at i on  o f  a m i d e  hy d r o l y s i s  r at e 

e q u a t i o n s  

M it t a l  e t  a l  ( 1 9 8 1 )  s h o we d t h a t  

Ami d e  + H+ K ' r ap i d  - - - ( 1 ) 

+ k p r o du c t s  s l o w  

- an a l g o u s  t o  e n z ym e  r e a c t i o n  wh e r e  t h e  c on c e n t r a t i o n  o f  t h e  

e n z yme i s  l im i t in g  s o  t h a t ; 

d [ Amide  . H+ ] 

d t  

a n d  

[ Am i d e . H+ ] 

[ Am i d e  ] [ H + ] 

= 

= K 

d [ Ami d e . H+ ] 

d t  

b ut [ H  + ] 0 
[ H  + ] 0 

[ H+ ] = 

= 

= 

= K [ Am i d e ]  

[ H+ ] + [ Ami d e . H+ ] 

[ H+ ] + K [ Am i d e  ] • [ H + ] 

[ H  + ] 0 
1 + K [Amid e ]  

( 2 ) 

( 3 )  

( 4) 

( 5 )  



. 
. . s ub s t .  i n  ( 5 )  

d [ Ami d e . H+ ] = k 2  K [Am i d e ]  [ H0 
+ ] 

d t  1 + K [Am i d e ]  
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T h i s  i s  o f  t h e  M i c h a e l i s - M en t en t y p e b u t  n o t e  t h a t  ' u s u a l '  

d e r i v a t i o n  i s  f r om B r i g g s- Ha l d an e  wh e r e  t h e  s t e ad y  s t at e  

a s s um p t i o n  i s  m a d e .  

i . e .  Ami d e  + H+ 

a n d  k p r o du c t s  

t h e n  t h e  s t e a d y  s t a t e  a s s um p t io n  

s im i l a r ly 

a n d  s ub s t i t u t i n g  

V = 

wh e r e  k + K_ 1 
K 1 

= 

= Km 

= k [ Ami d e ]  

wh er e a s  in e a r l i e r  d e r iv a t i o n  Km = 1 

K 

[ Am i d e ]  

D i f f e r e n c e b e tw e e n  t h e  t w o  i s  s t e a d y- s t at e  a s s um p t i o n  ( B r i g g s ­

Ha l d an e )  o r  e qui l ib r ium a s s um p t i o n �  

The s e  a s s um p t i o n s  a r e  d i s c u s s e d  b y  B a i l ey an d O l l i s  ( 1 9 7 7 )  and 

O l l i s  ( 1 9 8 3 ) . 
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AEEe n d ix 3 . 1  Nit r o g e n  an a l y s i s  r e s u l t s  t o  s h o w  s o l ub i l i z a t i o n  

o f  g l u t en b y  S D S in v ar i o u s  b u f f e r s  

T REATMENT ( 1 )  TN  ( % )  NPN ( % )  TN- NPN p H  

A l a  0 . 1 1 8  0 . 0 1 0  0 . 1 0 8  2 .  8 5  6 

A l a e  0 . 1 1 6 0 . 0 1 0  0 . 1 0 6 

Alb  0 . 1 2 2  0 . 0 1 0  0 . 1 1 2 

Alb c 0 . 1 1 8  0 . 0 1 0  0 . 1 0 8 

A 2 a  0 . 1 2 2  0 . 0 1 0  0 . 1 1 2 6 . 7 5 2  

A 2 a c  0 . 1 2 6  0 . 0 1 0  0 . 1 1 6 

A 2b 0 . 1 2 4  0 . 0 1 0  0 . 1 1 4 

A 2b c  0 . 1 2 4  0 . 0 1 0  0 . 1 1 4 

A3 a 0 . 1 2 4  0 . 0 1 2  0 . 1 1 2 

A3 a c  0 . 1 2 2  0 . 0 1 5  0 . 1 0 7 

A 3 b  0 . 1 1 8  0 . 0 1 2  0 . 1 0 6 2 . 8 0 8 ( 2 ) 

A3 b c  0 . 1 1 6  0 . 0 1 2  0 . 1 0 4  

D 2 a  0 . 1 3 5  0 . 0 0 2  0 . 1 3 3  7 . 9 0 7 

D 2 a c  0 . 1 1 8  0 . 0 0 0  0 . 1 1 8  

D 2b 0 . 1 3 3  0 . 0 0 2  0 . 1 3 1  

D 2b c  0 . 1 1 8  0 . 0 0 5  0 . 1 1 3 

C 2 a  0 . 1 2 9  0 . 0 0 5  0 . 1 2 4 7 . 45 7  

C 2 a c  0 . 1 2 9  0 . 0 0 5  0 . 1 2 4 

C 2 b  0 . 1 2 6  0 . 0 0 5  0 . 1 2 1  

C 2b c  0 . 1 2 4 0 . 0 0 5  0 . 1 1 9  

N o t e s  ( 1 )  

T h e  l e t t e r  c o d e s  r e f e r t o  g l u t e n  s o u r c e  and numb e r s  t o  d i l u e n t  

b u f f e r s  a s  d e s c r ib e d  in  �e c t i o n  3 . 1 . 1 .  a .  b a r e  d u p l i c at e  

s amp l e s  a n d  c i s  t h e  c en t r i f u g e d  o r  s u p e r na t an t  s amp l e .  

No t e  ( 2 )  

The  l ow p H  i n d i c at e s  t h a t  d i l u e nt ( 1 )  and  n o t  ( 3 )  was  u s e d  i n  

e r r o r . 
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A:e:een d ix 3 . 2 P e ak h e i g h t  d at a  o f  f l u o r e s c en c e  r e s p o n s e  f o r  L-

g l u s t an d a r d s  a n d  g l u t en w i t h  f l u o r e s c amine  

SAMPLE C OMP O S I T I ON 

1 %  S D S GLUTEN L- GLU P EAK HE I GHT S MEAN . 

( A  1 0- 2 ) ( 0 . 5  mM ) 

()1 1 )  ( p l )  (p l )  ( mm )  ( mm )  

2 0 0  1 ,  1 1 

1 7 5  2 5  1 7 . 1 8  1 8  

1 5  0 5 0  2 9 , 2 8  ' 2 9  

1 2 5 7 5  45 . 46 46 

1 0 0 1 0 0  6 0 ,  6 0  6 0  

5 0  1 5 0  8 8 , 87  8 7  

1 5 0  5 0  3 0 ,  3 3  3 2  

1 0 0  1 0 0  5 4 ,  5 3  5 4  

5 0  1 5 0  87 . 8 4  8 6  

2 0 0  1 0 3 , 1 05 1 0 4  

2 0 0  4 ,  2 3 

1 3 0  5 0  2 0  46 . 4 4  4 5  

1 0 0 5 0  5 0  5 8 , 6 0  5 9  

5 0  5 0  1 0 0  8 1 , 8 4  8 3  

5 0  1 5  0 1 0 5 . 1 05 1 05 
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A:e:eendix 3 . 3 P e ak h e ight  o f  f l u o r e s c en c e  r e s p o n s e f o r  amm o n i a  

w i t h  f l uo r e s c am i n e 

S AMPLE COMP O S I T I ON 

1 %  S D S  GLUTEN NH4 cl  L- GLU PEAK H E I GH T S  MEAN 

( A  1 0 - 2 ) ( 0 . 0 0 4M)  ( 0 .  5 mM)  

(p l )  (p l )  ( p l )  (p l )  ( mm )  ( mm )  

2 0 0  1 • 1 1 

1 9 0  1 0  1 • 1 1 

1 8 0  2 0  1 .  5 .  1 . 5 1 . 5 

1 6 0  40  2 . 0 .  2 . 0  2 . 0  

1 40 6 0  2 .  5 .  2 . 5  2 . 5  

1 0 0  1 0 0 3 . 0 .  3 . 0  3 . 0 

1 5 0  5 0  2 9 . 2 8  2 1  

1 40 5 0  1 0  3 0 .  3 1  3 1  

1 3 0  5 0  2 0  3 1 . 3 2  3 3  

1 1 0  5 0  40  3 3 . 3 2  3 2  

9 0  5 0  1 0 0  3 2 .  3 2  3 2  

5 0  5 0  1 0 0  3 3 . 3 3  3 3  

1 0 0  l O O  5 4 .  5 3  5 4 • 

9 0  1 0  1 0 0 5 3 . 5 3  5 3  

8 0  2 0  1 0 0  s s . 5 2  5 3  

6 0  4 0  1 0 0  5 5 . 5 2  5 4  

40 6 0  l O O  5 3 . 5 5  5 4  

1 0 0  l O O  5 6 . 5 7  5 7  
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Appe n d ix 3 . 4  F u r t h e r  p e ak h e i g h t  d a t a o f  f l u o r e s c en c e r e s p o n s e  

f o r  amm o n i a  with f l u o r e s c am i n e  

NH4+ c on c en t r a t i o n  i n  s am p l e ( 1 ) 

c on t aining  0 . 7 5  mM L- g l u  P EAK H E I GHT S MEAN LE S S  N I L  

VALUE 

( M) ( mm )  ( mm )  

n i l  9 6 . 9 0  9 3  

0 . 0 1 8 4 . 1 0 0 9 2  - 1  

0 . 0 5 1 1 1 . 1 1 6  1 1 4 2 1  

0 . 1  1 1 4 .  1 2 3 1 1 9  2 6  

0 . 5 1 2 4 .  1 2 4  1 2 4 ( 1 3 2 ) ( 2 )  ( 3 9 ) ( 2 )  

( 1 ) + NH4 a d d e d  t o  b u f f e r s  a s  e x p l a in e d  i n  S e c t i o n  3 . 6 . 1  

( 2 )  Tak e p H  c o r r e c t e d  v a l u e  u s in g  t h e  d a t a  o f  Tab l e  3 . 2 .  

Now  t h e  p e ak h e i ght  f o r  0 . 7 5  m M  L- g l u i n  t h i s  c a s e i s  9 3  mm . 

F o r  t h e  d a t a s h o wn in  A p p endix 3 . 2 t h e  e qu i v a l e n t  s e t  o f  

s t a n d a r d s  g i v e  a p e ak h e i g h t  o f  1 5 5  m m  ( b y  e x t r a p o l u t i o n  o f  t h e  

d a t a i n  Ap p e n d i x  3 . 2 ) . Th e r a t i o  o f  9 3 / 1 5 5  was u s e d  t o  r e d u c e  

t h e  d a t a  f r om Ap p en d i x  3 . 3 a s  s h o wn b e l o w .  

NH4+ CON CENTRAT I ON 

I N  SAMP LE 

( M )  

n i l  

0 . 0 0 5  

0 . 0 0 1  

0 . 0 0 2  

MEAN - B LANK 

( mm )  

0 . 5  

1 

2 

R E D U CED VALUE 

( mm )  

0 . 3 

0 . 6  

1 . 2  
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Append ix 3 . 5 The r e a c t io n  o f  L- g l u  and  L-g l u  p l u s  g l u t e n  w i t h  

TNB S 

SAM PLE C O M P O S I T I ON A B S ORBAN CE ( 1 )  

S D S  L- GLU GLUTEN A GLUTEN A ( A3 40 ) 

( 1 %  w/ v) ( 2 .  5 m M ) ( 2 ) ( D I LU T E D  1 0- 1 ) (D I LUTED 1 0- 2 ) 

(p l )  (p l )  (p l )  (p l )  

25 0 0 . 5 5 0 ( 3 )  

2 2 5  2 5  0 . 6 5 5  

1 25 1 2 5 0 . 9 9 4  

7 5  1 7 5  1 .  2 2 2 

2 5 0 1 . 5 1 7 

1 1 2 . 5  1 2 . 5 1 2 5  0 . 9 1 7 

6 2 .5 6 2 .5 1 25 1 . 1 2 9  

3 7 .5 8 7 .5  1 2 5  1 . 2 1 0  

1 1 2 .5 1 2 .5 1 2 5 0 . 6 3 9  

6 2 .5 6 2 . 5  1 2 5 0 . 8 2 4  

3 7 . 5  8 7 . 5 1 2 5 0 . 9 2 6 

1 2 5 1 2 5  1 . 0 6 5  

2 5  0 0 .5 3 7 ( 3 )  

N o t e  ( 1 )  

M e an o f  dup l i c at e  d e t e rminat i o n s  

N o t e  ( 2 ) 

S amp l e s w e r e  d i l u t e d  f r o m  2 . 5 m M  L- g l u  i n  5 a n d  1 0  m l  l o t s  a n d  

2 5 0 p l  o r  1 2 5 p l o f  r e a d y  d i l u t e d  s am p l e  w a s  a d d e d . F i g u r e s 

p r e s en t e d  i n  ab o v e  f o rm h o we v e r  f o r  c o n s i s t en c y  w i t h  s ub s e qu e n t  

p r a c t i c e . 

N o t e  ( 3 )  

S ome d r i f t  i n  c a l ib r a t i o n  o f  t h e  s p e c t r o p h o t o m e t e r  i s  e v i d e n t . 

n o  c o r r e c t i o n s  w e r e  m a d e .  
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Append ix 3 . 6 The  r e a c t i o n  o f  L- g lu and amm o n i a  w i t h  TNB S 

S A M P LE C O M P O S I T I ON AB S O RBAN CE ( 1 ) ABS ORBAN C E ( J ) � AB S ORBANCE ( 4) 

( CORRECTED ) 

S D S L- GLU NH4 C l  

( 1 % w/ v ) ( 2 . 5  mM) ( 0 . 05 M) 

( A3 4 0 ) 

( p l )  ( p l )  ( p l )  

2 5 0 

1 0 0 1 S O  

9 S  1 5 0  

9 0  1 S O  

8 0  1 S  0 

7 0  1 5 0  

6 0  1 5  0 

s o  1 S O  

4 0  1 5 0  

1 S O  

2 S O  

NOTE S :  

( 1 ) 

( 2 )  

( 3 )  

( 4 )  

O . S 1 3 ( 2 )  0 . S l 3 

1 .  0 7 S  1 . 0 8 2  

5 1 . 3 3 9  1 . 3 5 4  0 . 2 7 9  

1 0  1 . 3 9 1  1 . 4 1 3  0 . 3 1 6 

2 0  1 . 4 7 3  1 . 5 0 2 0 . 4 2 7  

3 0  1 . 7 0 0 1 . 7 3 7  0 . 6 6 2  

4 0  1 .  8 3 2 1 . 8 7 6  0 . 8 0 1  

s o  1 . 9 1 0  1 . 9 6 1  0 . 8 8 6  

6 0  2 .  07  4 2 . 1 3 2  1 .  0 5 6  

1 0 0  2 . 5 46  2 . 6 1 2 1 . 5 3 7  

0 . 4 4 0 ( 2 )  0 . 5 1 3 

M e an o f  d u p l i c a t e  d e t e rmin a t i o n s  

D i f f e r en c e  in d i c a t e s  a d r i f t  i n  t h e  c a l ib r a t i o n  o f  t h e  

s p e c t r o p h o t o me t e r .  T h i s  was  l at e r f o u n d  t o  b e  

ap p r ox im a t e l y  l in e a r .  Be c au s e  o f  t h i s  p h e n o me n o n  a 

c h an g e  f r o m  t h e  u s e _ o f  t h e  Gi l s o n s p e c t r o p h o t o me t e r  t o  

P e rk i n- E l me r  s p e c t r o ph o t o m e t e r  w a s  m a d e .  

T o  c o r r e c t  t h e  ab s o rb an c e  the d i f f e r e n c e  b e t w e e n  t h e  

r e a d i n g s  u s in g  t h e  r e a c t i o n  b l ank r e a d ing s . 0 . 5 1 3  a n d  

0 . 44 0  w a s  d i v i d e d  int o t e n s t e p s  a n d  c o r r e c t e d as  

s ho wn . 

The Ll ab s o r b an c e  i s  t h e  c o rr e c t io n  f o r  t h e  in c r e a s e 

i n  ab s o rb an c e  d u e  t o  ammonia .  
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Append ix 3 . 7 Th e r e a c t i o n  o f  L-g lu . g lu t en an d amm o n i a  w i t h  TNB S 

S AMPLE C OMP O S I T I ON A B S ORBAN CE ( ! )  A B S ORBANCE ( 3 )  AB S ORBANCE ( 4 ) 

S D S  L- GLU GLUTEN NH4 CL ( C ORRECTED ) 

( 1 % w / v )  ( 2 .5 m M )  ( d i l - ( 0 . 0 5 M )  

u t e d  1 0- 1 ) 

(A3 40 ) (A3 4 0 ) 

(p l )  

25 0 

2 4 0  

2 2 5  

2 0 0  

1 7 5  

15 0 

9 0  

7 5  

5 0  

25 

1 0 0  

5 0  

2 0 0  

1 0 0  

25 0 

NOTE S : 

(p l )  ( p l )  

15 0 

1 5 0  

15 0 

1 5 0 

1 5 0  

1 5 0  

1 5 0  

1 5 0  

5 0  

1 5 0 

25 0 

(p l )  

0 . 5 6 4 ( 2 )  

1 0  - . 8 3 8  

2 5  1 . 0 5 8  

5 0  1 . 4 9 6  

7 5  1 . 8 3 8  

1 0 0  2 . 1 5 4  

1 0  1 .  47 4 

2 5  1 . 6 6 0  

5 0  2 . 0 6 1  

7 5  2 . 3 7 9  

1 0 0  2 . 6 0 8  

0 . 9 4 4 

5 0  1 . 7 7 0  

1 0 0  2 . 4 0 4  

0 . 8 1 9  

1 . 2 1 8  

1 . 6 9 4  

0 . 6 1 1 ( 2 ) 

( 1 )  Mean o f  d up l i c at e  d e t ermin a t i o n s  

0 . 5 6 1  

0 . 8 3 3  

1 . 0 5 0  

1 . 4 85  

1 . 8 25 

2 . 1 3 8  

1 . 45 5  

1 . 6 3 9  

2 . 0 3 7  

2 . 3 5 2  

2 . 5 7 9  

0 . 9 1 2 

1 . 7 3 5 

2 . 3 6 7  

0 . 7 7 9  

1 . 1 7 5  

1 .  6 49 

0 . 5 6 3 

0 . 2 7 2  

0 . 4 8 9  

0 . 9 2 4  

1 . 2 6 4  

1 . 5 7 7  

0 . 2 8 0  

0 . 46 4  

0 . 8 6 2  

1 . 1 7 7  

1 . 40 4  

0 . 8 2 3 

1 . 45 5  

( 2 ) D i f f e r en � e  i n d i c at e s  d r i f t  a s  n o t e d  i� Ap p e n d ix 3 . 5 

( 3 )  T o  c o r r e c t  the  ab s o r b an c e  t h e  d i f f e r en c e  b e t w e en t h e  

r e a d in g s  f o r  wat e r .  0 . 0 0 0  i n i t ia l l y .  a n d  0 . 0 4 8  f i n a l l y 

was  d i v i d e d  int o 1 8  s t e p s  and the  ab s o rb an c e  c o r r e c t e d  

a s  s h o wn .  

( 4 )  I n c r e a s e  in ab s o r b an c e  d u e  t o  ammo n i a  - d a t a  f o r  

F i g u r e  3 . 7 .  
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f\.pp e n d ix 4 . 1 :  C a l c u l a t io n  o f  p H  val u e s  f r om o t h e r  aut h o r s  

Th e d a t a i n  T ab l e  4 . 3  s h o w  th e p H  m e as u r e d  a n d  t h e  p H  whi ch 

w o u l d  b e  e x p e c t e d if the e l e c t r o d e  was b eh a v in g  as a h y d r o gen 

e l e c t r o d e  i . e .  m e a s u r i n g  the  s o l u t i o n  a c t iv it y .  

V ar i o u s  a u t h o r s . l i s t e d b e l o w .  p r e s e n t  d a t a  s h o w i n g  t h e  a c i d  

e r r o r  f o un d  w i t h  v ar io u s  g l as s  e l e c t r o d e s  a s  c h an g e s  i n  m e a s u r e d  

v o l t a g e .  T h e s e  d a t a  h a v e  b e e n  c omb i n e d  w i t h  t h e  p H / v o l t a g e  

r e s p o n s e  o f  t h e  e l e c t r o d e  u s e d  i n  t h i s  p r e s e n t  s t u d y t o  s h o w  t h e  

d i f f e r e n c e  b e tw e e n  m e as u r e d  a n d  t r u e ( i . e .  hyd r o g e n  e l e c t r o d e )  

p H. A l t h o u g h  n o t  s t ri c t l y  c o r r e c t . b e c au s e  d i f f e r e n t  e l e c t r o de s  

w i l l h a v e  s l i ght l y  d i f f e r ent.  v o l t a g e  r e s p o n s e  t h e  c a l c u l at io n  i s  

u s e f u l  i n  i l l u s t r a t i n g  t h a t  e l e c t r o d e s  r e s p o n d  s im i l ar l y .  

N o w  t h e  b eh a v i o u r  o f  e l e c t r o d e s  i s  de s c r i b e d  b y  t h e  N e r n s t  

e qu a t i o n  

0 '  E = E + 2 . 3 RT l o g  aH+ 

nF  

wh e r e  E is  t h e  o b s e rv e d  e l e c t r o d e  p o t e nt i a l . 

( 1 )  

' 
E 0 i s  t h e  s t ab l e  f ix e d  p o t e n t i a l  in c l u d i n g  r e f e r e n c e  p o t ent i a l  

p H  i s  d e f i n e d a s  p H  = - l o g  aRT 

2 . 3 RT = 0 . 0 5 9 1 5 7 - a l s o  t e rme d N e rn s t ' s  v o l t a g e  

n F  

R i s  t h e  g a s  c o n s t ant . T t h e  ab s o l ut e  t emp e r a t u r e .  F i s  t h e  

F a r a d ay a n d  n a n  i n t e g e r  

( Bat e s . 1 9 7 3 )  



F o r  t h i s  p H  m e t e r  s r e l  
i s  s h o wn during  c a l ib r at i o n  wh e r e :  

� p H .  V ( t) n 

( wh er e  V ( t )  is  Nern s t ' s  v o l t a g e )  at  t emp erat u r e  ( t )  n 

Now  j f  S 1 = 1 . 0 49 @ 2 5 ° C  ( T ab l e  4 . 3 )  r e  

a n d  p H  value at z e r o  vo l t a g e  i s  6 . 6 5 3  

t h e n  1 . 0 4 9  = 

Ll p H  0 . 0 5 9 1 5 7  

E q u a t i o n  ( 2 )  c an th e r e f o r e  b e  u s e d  t o  c a l c u l a t e .  p H  f r o m  

e l e c t r o d e  v o l t ag e  r e s p o n s e d a t a  

( 2 )  

T h e  d a t a  o f  S i n c l ai r  and M a rt e l l ( 1 9 5 0 ) s h ow f r om T ab l e  I I  f o r  

H C l ( a v e r a g e  e r r o r) 

C ON CN . ERR O R  ACT I V I TY ' CORRECT ' C O RRE CT 

COEFF I C I ENT p H  

( M )  ( vo l t s )  

0 . 0 0 1  0 . 0 0 0 1  

0 . 0 1  0 . 0 0 0 0  

0 . 1  - 0 . 0 0 03 

1 -0 . 0 0 1 0  

5 - 0 . 0 0 8 2  

a n d  f rom T a b l e  

0 . 0 0 1  o . o o o o  
0 . 0 1  - 0 . 0 0 0 0 

0 . 1  - 0 . 0 0 0 1  

1 - 0 . 0 0 2 2  

5 - 0 . 0 6 0 0  

0 . 9 6 3 . 0 2  

0 . 9 1  2 . 0 4  

0 . 8  1 . 1 0  

0 . 8 1  0 . 0 9 2  

1 .  0 45 - 0 . 7 1 8 

I I I  f o r  H C l  ( g r e at e s t  

0 . 9 6 3 . 0 2  

0 . 9 1  2 . 0 4 

0 . 8  1 . 1 0  

0 . 8 1  0 . 0 9 2  

1 .  0 45 - 0 . 7 1 8 

V O LTA GE 

0 . 2 2 5 4 

0 . 2 8 6 3  

0 .  3 446  

0 .  4 0 7 1 

0 . 45 7 4  

e r r o r) 

0 . 2 2 5 4 

0 . 2 8 6 3  

0 . 3 446 

0 . 4 0 7 1 

0 .  45 7 4 

C ORRECT  

+ ERROR 

V O LTAGE 

0 . 2 2 5 5  

0 . 2 8 6 3  

0 .  3 443  

0 . 40 6 1 

0 . 3 3 9 2  

0 .  2 2 5  4 

0 . 2 8 6 3  

0 .  3 4 45 

0 . 40 4 9  

0 . 3 9 7 4  

EXPE CTED 

p H  

3 . 0 1 9  

2 . 0 3 9  

1 . 1 0 5  

0 . 1 0 9  

- 0 . 5 3 6  

3 . 0 2  

2 . 0 4  

1 . 1 0 

0 . 1 2 8  

0 . 2 4 9  
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T h e  d a t a  o f  M c i n n e s  a n d  B e l c h e r  ( 1 9 3 1 )  f o r  H C l  

C ORRE CT ( 1 )  ERROR C ORRE CT C O RRECT + ERROR EXPECTED 

p H  ( vo lt s )  VO LTA GE VOLTAGE p H  

3 0 . 3 5 2 2  0 . 2 2 6 8 0 . 2 2 6 8  3 

2 0 . 3 5 2 2  0 . 2 8 8 9  0 . 2 2 6 8 2 

1 0 . 3 5 2 1  0 . 3 5 0 9  0 . 3 5 0 8  1 . 0 0 2  

0 0 . 3 5 1 2  0 . 4 1 3 0 0 . 4 1 2 0  0 . 0 1 5 8  

- 0 . 5  0 . 3 5 0 0  0 . 44 4 0  0 . 4 4 1 8  - 0 . 4 6 4  

- 0 . 7 5  0 . 3 4 9 4  0 .  45 9 5  0 . 45 6 7 - 0 . 7  0 45 

Th e d a t a  o f  D o l e  ( 1 9 3  2 )  f o r  HC l 

C ORRECT ERROR CORRE CT E X P ECTED E X P E CTED 

p H  ( m  V )  VO LTAGE V O LTAGE p H  

- 0 . 2 7 2  - 1 . 1  0 . 42 9 9  0 . 4 2 8 8  - 0 . 2 5 2 

- 0 . 45 8 - 1 . 1  0 . 4 4 1 4  0 . 4403 - 0 . 4 4 0  

- 0 . 5  43  - 2 . 8  0 . 4467  0 . 443 9 - 0 . 4 9 8  

- 0 . 6 8 0 - 6 . 6  0 . 45 2 2  0 . 4 486 - 0 . 5 7 4  

- 0 . 7 3 0  - 1 5 . 1  - 0 .  45 8 3  0 .  443 2 - 0 . 4 8 7  

- 1 . 6 7 - 1 8 . 4  0 . 5 1 6 6  0 .  49 8 2 - 1 . 3 7 3  
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The  d a t a o f  Hubb a r d  • . Ham i l t o n a n d  Finn ( 1 9 3 9 ) quo t e d  b y  B e ck and 

'Wynne- Jon e s  ( 1 95 2 )  f o r  H C l  

C ONCN D I FF EREN CE ( ! ) . ACT I V I TY C ORRE CT ' CORRECT  C ORRECT EX PE CTED 

( M) ( v o l t s ) COEF F I C I EN T  pH VO LTA GE + E RROR p H  

VOLTAGE 

0 . 0 0 1  0 . 2 1 8  0 . 9 6 3 . 0 2  0 . 2 2 6  0 . 2 2 6  3 . 0 2 

0 . 0 1  0 . 2 1 8  0 . 9 1  2 . 0 4 0 . 2 8 6  0 . 2 8 6  2 . 0 4 

0 . 1  0 . 2 1 6  0 . 8  1 . 1 0 0 .  3 45 0 .  3 43 1 . 1 2 7 

1 . 0 0 . 2 1 3  0 . 8 1 0 . 0 9 2  0 . 407  0 . 4 0 2  0 . 1 7 7  

5 . 0 0 . 1 9 4  1 . 0 45 - 0 . 7 1 8 0 .  45 8 0 . 43 4  - 0 . 3 3 8  

1 0 . 0  0 . 1 7 5  

N OTE ( 1 ) Th e v a l u e  i s  t h e  d i f f e r e n c e  b e t w e e n  t h e  h y d r o g en and  

g l as s e l e c t r o d e  v o l t a g e  r e a d ing s . Th e f i r s t two  

v a l u e s . for  0 . 0 0 1  an d 0 . 0 1  d o  not  r e p r e s e n t  a 

d e v i a t i o n  in b eh a v i o u r .  

Th e r e f o r e  f o r  5 . 0 M t h e  e r r o r  i s  

E r r o r = 0 . 1 9 4  - 0 . 2 1 8  v o l t s  
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App e n d ix 4 . 3 :  C a l c u l at io n  o f  t h e  amount  o f  r e a c t i o n  d u e  t o  

a c i d i f i e d  g l u t e n  s t a n d i n g  a t  r o o m  t emp e r a t u r e  

S im u l a t i o n  o f  t h e  r e a c t i o n  u s e d  i ni t i a l  c on d i t i o n s  

Am i d e  = 0 . 1 5 0  M 

P e p t i d e  = 0 .5 9 5  M 

H+ = 1 . 5 M 

T e mp e r at u r e = 2 0 ° C  

1 / T  3 . 4 1 0- 3  0 - 1  = X K 

k l 
= 6 .3 X 1 0- 3  ( b y  e x t r ap o l at io n  o f  Line  B F i g .  4 . 1 2) 

k 2 
= 6 . 8 X 1 0 - 8  ( b y  e x t r ap o l at i o n  o f  l in e  D F i g .  4 . 1 3 )  

A c t i v i t y  c o r r e c t i o n  f a c t o r  = 0 . 6 0  

REA CT I ON AMI D E  P E PT I D E  HY D R O GEN AMI D E  P E P T I D E  p H  

T I ME  I ON B OND B OND 

HYDROLY S I S  HYD ROLY S I S  

( S e c s )  ( M )  ( M )  ( M) ( % )  ( % )  

1 X 1 0 1 0 . 1 5 0 0 0 . 5 9 5 0  1 . 5 0 0  o . o o o . o o  0 . 1 7 6 

1 X 1 0 2 0 . 1 4 9 9  0 . 5 95 0  1 . 5 0 0 0 . 0 7 0 . 0 0 0 . 1 7 6 

3 X 1 0 2 0 . 1 4 9 6  0 . 5 9 5  0 1 . 5 0 0  0 . 2 7 o . o o 0 . 1 7 6 

1 X 1 0 3 0 . 1 4 8 6  0 . 5 9 5 0  1 . 49 9  0 . 9 3  o . o o 0 . 1 7 6  

3 X 1 0 3 0 . 1 45 8 0 . 5 9 4 8 1 . 49 7  2 . 8 0 0 . 0 3 0 . 1 7 5  

1 X 1 0 4 0 . 1 3 6 5  0 . 5 9 44 1 .  49 2 9 . 0 0 0 . 1 0 0 . 1 7 4 

1 . 8 X 1 0 4 0 . 1 2 6 6  0 . 5 9 3 9  1 .  4 8 5  1 5 . 6  0 . 1 8 0 . 1 7 2 
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Appen d ix 4 . 4 : M e th o d  and examp l e  o f  c a l c u l at i on  o f  c on f i d e n c e  

l imit s f o r  c o mp o n e n t s o f  v ar i an c e  

M e t h o d  

t h e  m e t h o d  f o l l ow e d  i s  t h a t  g i v e n  b y  D a v i e s  ( 1 9 6 7 )  

" 6d i s  f i r s t  e s t imat ed  a s  s h o wn i n  T ab l e  4 . 2 2  us in g  t h e  d a t a  in 

T ab 1 es 4 . 2 3  o r  4 . 2 4 .  Up p e r  and l ow e r  l im i t s  c an t h e n  b e  

c a l c u l at e d  b y  u s ing t h e  t ab l e s  g i v en .  

i s  t h en e s t imat ed  u s ing  t h e  e qu a t i o n  a s  s h o wn i n  T ab l e  4 . 2 2  

a n d  d a t a  i n  T a b l e s 4 . 2 3  o r  4 . 2 4 .  

C o n f i d en c e  l im i t s a r e :  

- M ) 0 and - M ) 0 

wh e r e :  L 1 L2 a r e  mu l t ip l i e r s  f r o m  g i v e n  t ab l e s  an d :  

- -
n 1 

= 2 n 2 
= 2 n 3 

= 4 i . e .  t h e  mu l t i p l i e r  in t h e  

e qu at i o n s  i n  Tab l e  4 . 2 2  and : M 2 • M 1 • M 0 a r e  t h e  m e an 

s q u a r e s  s h o w n  i n  T ab l e s  4 . 2 2 , 4 . 2 3 , 4 . 2 4 .  

"J b 6 i s  s im i l a r l y e s t im at e d  and  t h e  c o n f i d en c e  l im i t s c a l c u l at e d  

f r o m  

Exampl e : 

Amm o n i a  d a t a  

m 2 

m l  
m 0 

= 

= 

= 

1 6 5 . 9 9  

2 8 . 6 3  

1 2 . 3 1  

and  



1 )  C l  f o r  tfd 

n o w  6d = i1 2 .il = 3 .5 0 9 

T h e r e f o r e  L L  = . 9 3  X 3 . 5 0 9  = 3 . 2 6  

a n d  U L  = 1 . 0 9  x 3 . 5 0 9 = 3 . 8 2  

· 2 )  C l  f o r  lfs 

� f C 2 8 . 6 3 X 0 . 8 9 - 1 2 . 3 1 ) 

= ( 2 . 2 7 7 .  3 . 4 3 5 )  

3 )  C l  f o r  6b I ,....___. -�-1 �6 5 . 9 9  X 0 . 8 7 2 2 8 . 6 3  

I 4 

= ( 4 . 9 2 5 . 6 . 9 9 7 )  

�b = 5 . 8 6 2  

F lu o r e s c am i n e  d a t a  

t h e r e f o r e  

• 

• 

1 )  

2 )  

3 )  

d 

s 
b 

= 

= 

= 

1 .  7 7 5 

7 . 1 3  

5 . 8 5  

C l  ( 1 . 6 5 . 1 . 9 3 )  

C l  ( 6 . 3 2 .  8 . 0 1 ) 

C l  ( 4 . 4 2 . 7 . 4 2 )  

3 1 8  

( 3 . 2 6 .  3 . 8 2 ) 

-' = 2 . 8 5 7  o s 
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Appendix 4 . 7 : Examp l e  of  in f o rmat i o n  g e n e r at e d  by  the M i n i t ab 

p r o g r amme and  c a l c u l at i o n  o f  l a ck  o f  f it ( LO F )  

N umb e r s  in t h e · m a r g i n  r e f e r  t o  d e s c r i p t i v e  n o t e s  w h i c h  f o l l ow .  

Th e examp l e  i s  f o r  t h e  c a l c u l a t i on  o f  t h e  typ e ( i i i )  an a ly s i s  in 

T ab l e  4 . 3 3 .  
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� ·J ;;.  " V A L U E S O f  V A R . z ,  � I .'\ c N S I Q ,'i 2 � O T A L L  I N T E G = R 
� ':i R .... V A L U E S  O F  V A R . } ,  D I M E N S I O N  3 N O T  A L L  I N T E G = R  

> P R I N T  C 1 - C 9  
A C ! u  T E M ?  G L U T e N  R A T E  c s · C 6  C l  

- 0 . 2 2 '1 2 ; 7 5 5 - 1 . 6 9 3 9 7  0 . 3 2 9 3 0  0·. 3 9  7 2 . 7 5 5  - 0 . 8 2 3 9 1  
0 . 9 0 5  3 . 0 9 6  - 0 . 5 5 2 8 4  - 1 . 1 1 3 5 1  0 . 9 0 0 2 . 7 5 5  - 0 . 3 2 3 9 1  
3 . 9 0 0 2 . 7 5 5  - 0 . 5 5 2 8 4  - 2 . 1 5 4 9 0  o .  8 7 0  2 . 7 5 5 - 0 . 8 2 3 9 1 - G .  2 9  5 2 . 7 5 5  - 0 . 5 5 2 8 4  1 . 7 0 3 2 9  
1 . :3 4 0  2 . 7 5 5 - 1 . 6 9 6 9 7  - 1 . 4 6 6 5 2  
0 .  3 9  7 2 . 7 5 5  - 0 . 8 2 3 9 1  0 . 1 8 1 8 4 

- J . 1 7 9  3 . 0 9 !l  - 0 . 8 2 3 9 1  0 . 3 0 2 7 7 Q . y Q Q  2 . 7 5 5  - 0 . 8 2 3 5 1  0 . 4 6 9 8 2  
(; . 3 c 6  3 . 0 9 6 - 1 . 6 9 3 9 7 - 1 . 7 2 1 2 5  0 .  :, 7 1 2 . 4 8 1  - 1 . 6 9 3 9 7  0 . 4 4 .:. 0 4  
0 .  3 �  J 2 . 4 8 1  - 0 . 5 5 2 S 4  1 . 3 5 2 1 3 3 . 2 G :) 2 . 4 8 1  - 0 . 8 2 3 9 1  - 0 . 5 7 � 1 5  
3 .  1 5 G 3 . 0 9 6  - 0 . 8 2 3 9 1  - 3 . G C O O O 

- 0 . 1 7 �  2 . 4 e. 1  - 0 . 8 2 3 9 1 2 . 4 9 1 3 6 
:) . � 7 ;)  2 . 7 5 5  - 0 . 8 2 3 9 1  0 . 3 4 3 3 0 

f N ! T A a  • � •  S T A T I S T I C S  O E P T  * P � N N  S T A T E U N I V . • � E L c � s � ·  d 2 . 1 * 
; E  A Y A I L A 6 L E  3 8 5 7 0 4  

0 . 1 
J . 4  
0 . 3 
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No t e s : 

( 1 )  Exp e r iment a l  d a t a  o f  p H .  t emp e r a t u r e  ( ° K) . init i a l  ami d e  

c o n c en t r at i o n  a n d  r e a c t i o n  rat e a r e  r e ad f r o m  a d a t a  f i l e .  

( 2 )  S o m e  o f  t h e  d a t a  a r e  exp r e s s e d a s  l o g ar i t hms . 

( 3 )  A p l o t t ing f a c i l it y  i s  u s e d  t o  s h o w  o b v i o u s  t r e n d s . 

( 4 ) A r e g r e s s io n  e qu a t i o n  i s  c a l c u l a t e d  u s in g  nomin a t e d  

p r e d i c t o r s . 

( 5 )  The  c o e f f ic i en t s  an d s t an d ard  d e v i at ions  o f  t h e  

c o e f f i c i ent a r e  g i v en .  Th es e d a t a w e r e  u s e d a s  exp l a i n e d  

i n  Ap p e n d i x 4 . 8 .  

( 6 )  Th e R- s quar e d  v a l u e s  a r e  g i v en a n d  b e l o w  t h e s e  t h e  

an a l y s i s  o f  v ar i anc e .  The  r e s i du a l  s um o f  s qu a r e s  i s  

c ar r i e d  f o rw a r d  t o  c a l c u l at e  LOF . 

( 7 )  D at a  r o w s  wi t h  a l ar g e  s t an d a r d  r e s i du a l  a r e  i d e n t i f i e d  t o  

a l l ow c h e c k i n g  e . g .  d a t a  ent r y  e r r o rs . 

( 8 )  F r o m  t h e  r ep e t it i o n  r u n s  a p u r e  e r r o r  s um o f  s qu a r e s  c an 

b e  c a l c u l a t e d  a n d  t h i s  t o o  i s  c ar r i e d  f o rwar d t o  c a l c u l at e 

LOF . 

( 9 )  Th e M ini t ab p a ck age  w i l l  c a l c u l a t e  the  LOF  ( s e e  p r i n t o u t  

j u s t  ab o v e  N o t e  4) . A r e qui r e m e n t  h ow e v e r  i s  t h a t  t h e  

d at a  v a riab 1 e s  a r e  a l l in t e g e r s  e . g .  o .  1 0 1  e t c  a s  i n  

t y p e  ( i )  ana l y s i s .  I f  t h i s  i s  n o t  s o  t h e  e r r o r s t at em e n t s 

a r e  g en e r a t e d .  A m an u a l  LOF c a l c u l at i o n  is  p o s s ib l e  and  

is  s h o wn b e l o w .  

T o  a p p l y  p u r e  e r r o r  l a ck  o f  f i t t e s t  u s i n g  t h e  m e t h o d  g i v e n b y  

D r ap e r  and Smith ( 1 9 8 1 ) .  



F r o m  t h e  M i � ab c a l c u l at i o n :  

R e s i du a l  s um o f  s qu a r e s  

f r e e d o m  

= 0 . 8 2 5 

P u r e  e r r o r  s um o f  s qu a r e s  = 0 . 0 2 0 9 0 1 2  

f r e e d o m  

Now : 

R e s i d u a l  S S  

L O F  S S  

= 

a n d  M S  = 
e 

F = M S � 
S e  

= P u r e  e r r o r  S S + L O F  S S  

= 0 . 8 2 5  - 0 . 0 2 0 9 0 1 2  

= 0 . 8 0 4  w i t h  9 d . £ .  

0 . 8 0 4/ 9 

s 2 = 0 . 0 2 0 9 0 1 2/ 2  e 

= 0 . 0 8 9 3 4  

0 . 0 1 0 45 

= 8 . 5 4 9 
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with 1 1  d e g r e e s  o f  

with  2 d e g r e e s  o f  

T ab l e s  o f  t h e  F d i s t r i b u t i o n  a r e  c o n s u l t e d a t  9 a n d  2 d e g r e e s  o f  

f r e e d om .  At  t h e  1%  l e v e l  F = 9 9 .  I t  i s  c on c l u d e d  t h a t  s in c e  

t h e  c a l c u l a t e d  v a l u e  i s  m u c h  l o w e r  i t  i s  n o t  s i g n i f i c an t  a n d  t h e  

r e g r e s s i o n  e qu a t i o n  d o e s  g i v e  a s at i s f a c t o ry e x p l an a t i o n  o f  t h e  

d at a .  
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Appen dix 4 . 8 :  Ca l c u l at ion  o f  t - t e s t s  f o r  k in e t i c  e qu a t ion 

c o e f f i c ient s 

F r o m  Tab l e  4 . 3 3  

T h e  e qu a t i o n  i s :  

5 
l o g 1 0  ( R at e x 1 0  ) = 1 1 . 5 - 0 . 9 8 5 ( p H ) - 3 . 4 5  1 0 0 0  

T ( ° K )  

+ 0 . 8 9 9  l o g 1 0  [Am i d e ]  

To  t e s t  i f  t h e  c o e f f i c i e nt s f o r  p H  and  l o g 1 0  [ Am i d e ] a r e  

s i g n i f i c ant l y  d i f f e r ent f r o m  o n e . a t - t e s t  i s  u s e d .  

T h e  r e g r e s s i o n  ana l y s i s  g i v e s  t h e  s t a n d a r d  d e v i a t i o n  o f  ea ch 

c o e f f i c i e n t  ( an ex amp 1 e is  s h own i n  Ap p en dix 4 .  7 ) .  

i . e .  

VARIABLE 

p H  

Am i d e  

COEFFI CIENT 

- 0 . 9 8 5 1 8 

0 . 8 9 8 8  

S TANDARD D E V . 

O F  COEF F I C I ENT 

0 . 0 5 6 3 2  

0 . 1 6 1 0  

d .  f .  ( D E GREE OF  

FREEDOM O F  RE S I D UAL)  

1 1  

1 1  

T o  t e s t  i f  t h e  c o e f f i c i e n t  i s  s i gn i f i c an t ly d i f f e r e n t  f r o m  1 . 0 0  

f o r  p H :  

t = - 0 � 9 8 5  - ( - 1 . 0 )  

0 . 0 5 6 3 2  

f o r  Ami de : 

t = 0 . 8 9 9  - 1 

0 . 1 6 1 0  

= 

= 

0 . 2 6 6  n . s . *  

- 0 . 6 2 7 n . s . *  

* - f r om s t a t i s t i c a l  t ab l e s at  1 1  d e g r e e s  o f  f r e e d o m  



F r o m  T ab l e  4 . 3 4 

Th e e qu a t i o n  i s : 

_
l o g 1 0  ( R a t e x 1 0 5 ) = 1 0 . 3 - 0 . 3 2 9  ( p H ) - 3 . 5 8  1 0 0 0  

T ( ° K )  

+ 0 . 6 05  l o g 1 0  [ P e p t i d e ]  

a n d . a s  d e s c r ib e d  ab o v e : 

VAR I A B LE 

p H  

P e p t i d e  

a n d  

f o r  p H :  

C O E F F I CI ENT 

- 0 . 3 2 9 3  

0 . 6 0 5 4  

S TANDARD D E V . 

O F  COEFFI CI ENT 

0 . 1 2 1 7 

0 . 3 47 8  

t = 0 . 3 2 9 3  - ( - 1 . 0 0 )  = 5 .5 1  

0 . 1 2 1 7 

s i g n i f i c ant 

f o r  p ep t i d e :  

t = 0 . 6 0 5 4  - 1 . 0 0 = 1 . 1 3 

0 .  3 47  8 

F r o m  T ab 1 e 4 . 3 5  

n . s .  

H yd r o g e n  i o n  c o n s ump t i o n  r a t e x 1 0 5 

5 O · 'l � g  
= 0 . 1 0 9 *  ( Am i d e  + P e p t i d e  hy d r o ly s i s  r at e )  x 1 0  ) 

b ut .  a s  d i s c u s s e d i n  S e c t i o n  4 . 2 . 3  

[ H+ ] m e a s u r e d  

[ H+ ] a c t u a l  

0 . 6 5  

330 

d . £ . 

1 1  

1 1  
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T h e exp e c t e d  s t o i c h i o m e t ry i s : 

H+ c o n s um p t i o n  r a t e = 1 . 0  x ( Am i d e  + P e p t i d e  hy d r o ly s i s  a c t y�6  
r a t e )  

o r  

H+ c o n s ump t i o n  r a t e = 0 . 6 5  x ( Am i d e + P e p t i d e h y d r o l y s i s  m e a � �5 e d  
r a t e )  

I n  l o g a r i t hm i c  f o rm , t h e r e f o r e ,  a s  i n  T ab l e  4 . 3 5  t h e  e xp e c t e d  

e q u a t i o n  i s : 

l o g 1 0  ( r a t e x 1 0 5 ) = - 0 . 1 8 7 + l o g 1 0  ( A m i d e  + P e p t i d e  h y d r o ly s i s  

r a t e  x 1 0 5 ) 

T h e  e qu a t i o n  o b t ai n e d  b y  r e g r e s s i o n  a n a l y s i s  w a s  

l o g 1 0  ( r a t e  x 1 0 5 ) = - 0 . 9 6 3  + 0 . 9 9 8  l o g
1 0  (Am i d e  + P e p t i d e  hy d r o ly s i �  

r a t e  x 1 0 5 ) 

T h e  c o e f f i c i e n t s a r e  t e s t e d f o r  s i g n i f i c a n t  d i f f e r e n c e  a s  

p r e v io u s l y  d e s c rib e d  wi t h ,  i n  t h i s  c a s e ,  1 3  d e g r e s s  o f  f r e e d o m .  

i . e .  t = - 0 . 1 8 7  - ( - 0 . 9 6 3 ) 

0 . 2 8 9 9  

= 2 . 6 8  n . s . 
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Appe n d ix 4 . 9 : C a l c u l at i o n  o f  a c t i v at io n  energy  f o r  h y d r o l y s i s  

r e a c t i o n s  

Figure 4 . 12 :  

F o r  l i n e  B a t  1 = 2 . 5 X 1 0 - 3  

T and  3 . 0 x 1 0- 3  

- E = 

R 

= - 4 . 8 6 6 5  - (- 8 . 8 3 88)  

3 X 1 0 -3 
- 2 . 5  X 1 0  3 

= - 7 9 4 4 . 6  

Now R = 1 . 9 8  c a l / ° K  

E = 1 5 7 3 0  c a l o r i e s . m o l - 1  

F i g u r e 4 . 1 3 :  

F o r  L i n e  A 

E = 1 2 . 5 3 45 - ( - 8 . 3 7 7 4) = - 8 3 1 4 . 2  

R 3 . 0 X 1 0 - 3  - 2 . 5 X 1 0 - 3  

. . . E = 

F o r  L i n e  D 

- 1  1 6 46 2 c a l o r i e s .mo l 

- E  = - 1 2 . 4 0 45 - ( - 7  . 2 5 0 2 ) = - 1 0 3 0 9  

R 3 . 0 X 1 0 - 3  - 2 . 5 X 1 0 - 3  

. . . 
. . - 1  E = 2 0 4 1 1  c a l o r i e s . m o l 
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Appe n d ix 4 . 1 0 :  C a l c u l a t i o n  o f  s t an d a r d  d e v i a t i o n  f o r  h y d r o g e n  

i o n  s t o i c h i om e t ry d a t a  

RUN 

1 3  

1 4  

1 5  

M e a n  

H+ RAT E  

1 . 9 9 0  X 1 0
- 5 

1 . 6 8 4  X 1 0
- 5 

2 . 4 1 2  X 1 0
- 5 

2 . 0 2 9  

( k: n - 1 -= 0 . 3 6 6 )  

A M I D E  

2 . 9 5  X 

2 . 2 3 X 

1 . 5 2  X 

N o w  r a t i o  2 . 0 2 9 / 3 . 3 8 2 = 0 . 6 

RATE 

1 0- 5  

1 0- 5 

1 0  
-5 

P E PT I D E  RAT E S U M  

1 .  0 5  X 

4 . 7 5  X 

1 . 9 2  X 

1 0
- 5 4 X 1 0

- 5 

1 0
- 6 2 . 7 0 5 

1 0
- 5 3 . 44 X 

3 . 3 8 2  

< 6n_ 1: 0 . 6 49 )  

X 1 0 - 5 

1 0 - 5 

Ca l c u l at i o n  o f  � f o r  t h e  r at i o a b o v e  u s i n g  t h e  f o rm u l a  g i v e n  b y  

B e e rs ( 1 9 5 3 )  

N o w  I f  x = 2 . 0 2 9  

A n d 

s = V 

s = 0 . 3 6 6  X 
2 . 0 2 9  

V = X 

y 

/s x
2 + s 

y 

= 

2 

( F r a c t io n a l )  

. 5  . 4 .  s = 0 . 2 6 3  V 

�V = 0 . 1 5  8 

R a t i o  = 0 . 6 + 

a n d  y = 3 . 3 8 2  

s = 0 . 6 4 9  y 
3 . 3 8 2 

0 . 6 

= 0 . 2 6 3  

= 6 v 

V 

0 . 3 ( i . e .  2 

= d v 

0 . 6 

X �V ) 
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AEEe n d ix 4 . 1 1 :  F u r t h e r  c a l c u l a t ion  o f  s t o i c hi o me t ry o f  hy d r o g e n  

i o n  c o n s ump t i o n  

RUN N O . � NH4 �L- 9\ "' 6 NH4 + �L- g lu _6H+ 
A H+/ 

( M )  ( M )  ( M )  ( M ) �s um 

1 

I 2 
- 2 - 2 - 2 - 4 0 . 0 2  3 1 . 6x 1 0  1 . 6x 1 0  3 . 2x 1 0  5 . 5 2x 1 0  I 4 
-3 -3 - 3 -3 1 . 0 5 3 . 5 5 x 1 0  1 . 2x 1 0  4 . 7 5x 1 0  4 . 7 3x 1 0  

I 6 - 2 - 2 - 2 - 2 0 . 3 4  1 . 6 5 x 1 0  7 . 2x 1 0  8 . 85x 1 0  3 . 0x 1 0  

I 7 
- 1 - 1 - 1 - 1 8 3 . 2x 1 0  4 . 7 x 1 0  7 . 9 x 1 0  . 2 . 2 8x 1 0 0 . 2 9  

9 2 . 6x 1 0  -3 1 . 0x 1 0  - 3 3 . 6x 1 0  -3 1 . 5 5 x 1 0  - 3 0 0 43 
1 0  1 . 8x 1 0  - 2 3 . 6x 1 0  - 2 5 . 4x 1 0  - 2 1 . 6 5 x 1 0  - 2 0 . 3 1  
1 1  
1 2  1 . 3 5 x 1 0  - 1 6 . 7 x 1 0  - 2 2 . 0 2x 1 0  - 1 6 . 4x 1 0  - 2 0 . 3 2  
1 3  7 . 85 x 1 0  - 2 2 . 7 x 1 0  - 2 1 . 05x 1 0  - 1 6 . 2x 1 0  - 2 0 . 5 9  
1 4  8 .  Ox 1 0  - 2 2 .  4x 1 0  - 2 1 . 0 4x 1 0  - 1 6 . 7 2x 1 0  - 2 0 . 65 
1 5  6 . 8x 1 0  - 2 3 . 2x 1 0  - 2 1 . 0x 1  - 2 6 . 8x 1 0  - 2 0 . 6 8  

M e an = 0 . 4 6  
S t an d a r d  D e v i a t i o n  = 0 . 2 7  
( o'n - 1 ) 
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App e n d ix 4 . 1 2 :  M a n i p u l a t i o n  o f  d a t a  f r o m  r u n s  2 .  6 a n d  9 t o  

t e s t f o r  f i t  t o  r e a c t i o n  m o d e l  

R u n  6 

REACT I ON 

T I ME 

( m in s ) 

0 

2 

5 . 3 3  

1 3  

2 6  

6 0  

1 2 0  

2 4 0 

3 6 0  

AMMONIA 

( mM )  

5 . 6 

1 0 . 8  

1 4 . 6  

1 7 . 0  

1 8 . 8  

2 1 . 8  

2 1 . 9  

2 2 . 2  

2 1 . 7  

F RA C T I O N ( ! ) 

REMAI N I N G  

( % )  

1 0 0  

6 8  

45 

3 0  

1 9 . 5  

1 

L- GLU F RA CT I ON ( 3 )  

( F L U O RE S CAM I NE )  REMAI N I N G  

( mM )  

1 . 5 ( 2 ) 1 0 0 

3 . 4 9 8  

4 . 5 9 6  

9 . 8 9 0  

1 7 . 5  8 0  

3 3 . 4  6 0  

5 3 . 5  3 5  

6 9 . 2  1 5  

7 5 . 8  6 . 5 

( 1 ) C a l c u l a t e d  b y  t ak i n g  t o t a l  p o t e nt i a l  a mi d e  = 2 2  m M  

( c f  l o w e r  f i g u r e  u s e d  i n  S e c t i o n  4 . 7 .3 ) a n d  i n i t i a l  v a l u e 

= 5 . 6  

( 2 )  V a l u e ob t a i n e d  b y  e xt r a p o l a t i o n  o n  F i g u r e  4 . 3 

( 3 )  C a l c u l a t e d  b y  t ak i n g  t o t a l  p o t e nt i a l  p e p t i d e  = 8 1  m M  f r o m  

v a l u e o f  8 . 1 2  x 1 0 - 3  m o l e s p e r  g r am c a l c u l a t e d  i n  T ab l e  

4 . 2 6 

R u n  9 Run 2 

REA CT I ON AMM O N I A  F RA CT I O N ( l )  R E A C T I ON AMMON I A  F RA CT I ON ( 2 )  

T I ME REMA I N I N G  T I M E  REMAI N I N G  

( mi n s )  mM { % )  ( mi n s ) ( mM )  ( % )  

0 0 1 0 0  0 1 4  1 0 0  

1 0 . 5  0 . 1 2  9 9 . 4  1 0  2 7  9 0  

2 5  . o  0 . 3 0  9 8 . 5  2 5  3 5  8 5  

6 0  0 . 5 6  9 7 . 2  6 0  6 0  6 6  

( 1 ) B a s e d  o n  2 0  m M  

( 2 )  B a s e d  o n  1 5 0 m M  

t o t a l � 1 5 0 - 1 4  
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App e n d ix 4 . 1 3 :  A p r o g r am m e  t o  s imu l a t e  m i l d  a c i d  h y d r o l y s i s  o f  

g l u t e n  

1 0  R E M  A PRO GRA M M E  T O  S I M ULATE M I LD A C I D  

HYD R O LY S I S  O F  GLUTEN U S I N G  INTE GRAT I ON S U BROUT I NE D 0 2 BAF 

2 0  C O M M ON AM I D E . H P L U S .  PEPTI D E .  K ( 1 0 )  

2 5  R E M  THE REACT I ON C OND I T I ON S  ARE D EF I NED 

1 0 0  I N P U T  ' E N T E R  A M ( O ) ' ;  A M ( O ) 

1 0 1  I N P U T ' E N T E R  H I O N ( O ) ' ;  H I O N ( O ) 

1 0 3 I N P U T  ' ENTER T E M P ' ;  T E M P  

1 0 4  I N P U T  ' E N T E R  K ( 1 ) ' ;  K ( 1 )  

1 0 5 I N P U T ' E N T E R  K ( 2 )  ' ;  K ( 2 )  

1 0 6  I NPUT ' ENTER TOTAL T I M E' : T OTALT I M E 

1 0 7 RE M THE D ATA O U T P U T  I S  ORGAN I Z ED 

1 1 1  O P E N ' S I M .  D AT '  F O R  O U T P U T  A S  F I L E 2 

1 1 2  N O MARGI N !1 2  

1 1 3 P R I N T !1 2 .  ' H I O N ( O ) . ' P E P ( O ) ' .  ' A M ( O ) ' .  ' T E M P ' .  ' K ( l ) ' .  

' K ( 2 ) ' 

1 1 4  P R I NT !1 2  

1 1 5 P R I N T !1 2 .  H I O N ( O ) ' .  ' P E P ( O ) ' .  ' A M ( O ) . T E M P .  K ( 1 ) . K ( 2 ) 

1 1 6  P R I NT !1 2  

1 1 7 P RI NT /} 2  

1 1 8 P R I N T # 2 .  ' Y ( O ) ' .  ' Y ( 1 ) ' .  ' I F A I L% ' ,  ' R T I M E ' , ' A M I D E ' , 

' P E PT I D E ' ,  ' H P L U S ' 

1 1 9  P R I NT !1 2  

2 0 0  A M I D E=AM ( O )  

2 0 5  P E PT I D E= P E P ( O ) 

2 1 0  H P LU S= H I O N ( O )  

2 1 5  R E M  T H E  I N T E GRA T I O N S T E P  S I Z E I S  S E T 

2 2 0  F O R  RT I M E = 1 0  T O  T O T A L  T I M E  S T E P  1 0  

23 0 EXTERNAL I NTEGER F CN 

2 4 0  D I M  W ( 2 0 ) . Y ( l )  

25  0 X = RT I M E 

2 6 0 XEND = RT I M E+ 1 0  

2 7 0 N% = 2  

2 8 0 T 0 L= 0 . 0 0 0 1 

2 9 0  I FAI L% = 0  

3 0 0  Y ( O ) = O  



3 1 0 Y ( l ) = O  

3 1 5 REM THE I NTEGRAT I ON ROUT I NE I S  CALLED 

3 2 0  CALL D ) 2 BAF ( X , XEND , N % , Y ( O ) , T O L , F C N , W ( O ) , I F A I L% )  

3 3 0  REM NEW VALUES OF THE CON CENTRAT I ONS ARE CA LCULATED 

3 4 0 A M I D E= AM I D E-Y ( O)  

3 5 0  P E PT I D E= P E P T I D E-Y ( l )  
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3 6 0  H P L U S  = H P LU S- ACTI V I TY C ORRE C T I ON FACTOR* (Y ( O )  + Y ( 1 ) )  

3 6 5 P R I NT Y ( O ) ; Y ( l ) ; I  FA I L% ; RT I ME; A M I D E ; P E P T I D E ; H P L U S 

3 7 5  NEXT RTI ME 

820  P R I NT ' EX E C U T I ON C O M P L E T E '  

9 9 9  END 

1 0 0 0  R E M  A SU BROUT INE D EF I NE S  THE R EACT I ON RATE  E QUAT I ON S  F O R  

I NTE GRAT I ON 

1 0 0 3  S U B  F C N ( X , Y ( )  BY  R E F , F ( )  B Y  R E F )  

1 0 0 5  C O M M ON A M I D E , HPLU S , P E PT I D E , K ( l O ) 

1 0 1 0  F ( O ) =K ( 1 ) * A M I D E * HPLUS  

1 0 2 0  F ( 1 ) =K ( 2 ) * P EPT I D E * H P L U S 

1 0 3 0  END S U B  
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Appendix 4 . 1 4 :  C a l c u l at io n  o f  r e a c t io n  rat e c o e f f i c i e n t s  f r o m  

t h e  d a t a  o f  F i g u r e s  4 . 1 5  a n d  4 . 1 7  

T o  f i n d  k 1 • k 2 u s in g  th e e qua t i o n  - l n  ( 1 -XA) = k t  

F r o m  F i g u r e  4 . 1 5 : 

F o r  k 2 t = 1 2 0  minut e s  t 2 
= 0 minut e s  

( 1  - XA) 1 2 0  
= 0 .3 5  

s l o p e  = l n  0 . 3 5  

1 2 0 

1 n  1 . 0 

0 

= 1 . 45 8 x 1 0- 4 s e c  - 1 

F r o m  F i g u r e  4 . 1 7 : 

= 

= 6 0  m inut e s  t 2 
= 0 minut e s  

= 0 . o  1 

s l o p e  = l n  0 . 0 1  - l n  1 . 0 

6 0  - 0 

= 1 . 0 

= 1 . 2 7 9  x 1 0-3 s e c
- 1 

1 . 0 
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Append ix 4 . 1 5 :  D a t a  f r o m  r e a c t i o n  s imu l a t i o n  f o r  t e s t  o f  f i t  t o  

exp e r i m e n t a l  d a t a f o r  R u n  6 o f  t h e  e x p e r i me n t a l  

d e s i g n  

R E A CT I ON T I M E  AMI D E  F RACT I ON 

REMA I N I N G  

( % )  ( mi n s ) 

0 

2 0  

4 0  

6 0  

1 2 0  

( M ) 

0 . 0 2  1 0 0  

0 . 0 0 43 2 1 . 5  

0 . 0 0 0 9 6  4 . 8  

0 . 0 0 0 2  1 

P E P T I D E  

( M ) 

0 . 0 7 9  

0 . 0 6 6  

0 . 05 6  

0 . 0 47 

0 . 0 2 8  

F RA CT I ON H YD RO GE N  

REMA I N I N G  I ON 

( % )  ( M )  

1 0 0  1 . 7 0 2 

83 . 5  1 . 6 85 

7 0 . 9  1 . 6 7 7  

5 9 . 5  1 . 6 7 1 

3 5 . 4  1 . 6 5 9  



Appendix 4. 1 6 : Smoothed data from repetition runs of the experimental design 

Experiment 1 5  1 3  1 4  1 5  1 3  1 4  

No. 

REACTION pH [H+] MEAN 

TIME 

(m ins) 

0 0.896 0 .9 1 0  0.870 0. 1 27 0 . 1 23 0 . 1 35 0 . 1 28 

1 0  0.938 0.932 0.900 0 . 1 1 5  0. 1 1 5 0 . 1 26 0 . 1 1 9  

60 1 .07 1 .052 1 .0 1 2  . 0.085 0.085 0.097 0.089 

1 20 1 . 1 6  1 . 1 35 1 . 1 03 0.069 0 .073 0.079 0.073 

1 80 1 .23 1 . 1 95 1 . 1 68 0.059 0.064 0.068 0.064 

Experiment 1 5  1 3  1 4  

No. 

REACTION L-glu MEAN s.d.  + 2 s.d. - 2 s.d. 

TIME (mM)  

(m ins) 

0 1 9  1 6. 5  1 2. 5  1 6.0  3 .3  22.6  9.4 

1 0  26 2 1  1 7  2 1 . 3 4 .5  30.3 1 2.3 

60 4 1  33 27 .5  33.8 6.8 47.4 20.2 

1 20 47 40 33.5 40.2 6.8 53.8 26.6 

1 80 52 43.5 36.5 44.0 7.8 59.6 28.4 

1 5  1 3  1 4  

s.d. +2s.d. -2s.d. A MMONIA MEAN s.d. +2s.d. -2s. 

(mM) 

0.006 1 0 . 1 40 0 . 1 1 6  0 0 0 0 0 0 0 

0.0064 0 . 1 32 0 . 1 06 7 .4  1 5  1 7 .5  1 3.3 5 .3  23.9  2 .7  

0.0069 0 . 1 03 0.075 35.6 5 1  45  ll 3.9 7 .8  59.5  n.:  
0.0050 0.0830 0.063 57.4 68.5 62.5 62.8 5.6 74.0 5 1 . 1 

0.0045 0.073 0.055 68.0 78.2 79 75.2  6.2 87.6 62. :  

\,.) "'" 0 



Appendix 4 . 1 7 : Data from reaction simulation for test to fit to reaction data from repetition runs of the experimental design 

CELL (2) CELL (3) CELL (4) CELL (5) CELL (8) 
TIME [AMIDE] [PEPTIDE] [H+] [AM IDE] [PEPTIDE] [H+ ] [AMIDE] [PEPTIDE] [H+] [AMIDE] [PEPTIDE] [H+] [AMIDE] [PEPTIDE] [H� 

(s) (M) (M) (M) (M) (M) (M) (M) (M) (M) (M) (M) ( M) (M) (M) (M 

600 0. 1 390 0 . 5927 0 . 1 200 0. 1 390 0 . 5927 0. 1 1 94 0. 1 388 0.589 1 0. 1 26 1  0 . 1 30 1  0.5873 0. 1 1 8 1 o. 1 392 0.5855 0. 1 1  
3600 0. 1 0 1 0  0.583 1 0.09 1 5  0. 1 0 1 6  . 0.5832 0.0889 0.0955 0 . 56 1 8  0. 1 1 84 0. 1 028 0.5670 0.0829 o. 1 048 0.5507 0.07 
7200 0.0752 0.5744 0.0708 0.0765 0 . 5749 0.0672 0.0627 0.5324 0. 1 1 1 5 0.0797 0.5 489 0.058 1 0.0843 0.5254 0.04 
1 0800 0.0595 0.5676 0.0573 0.06 1 4  0.5685 0.0532 0.0420 0.5059 0. 1 063 0.0663 0. 5362 0.0426 0.0733 0.5098 0.03 

TIME N H4 L-glu( 1 )  H+ N H 4 L-glu( l ) H+ N H 4 L-g lu( l )  H+ N H 4 L-glu( 1 )  H + N H 4 L-glu( l )  H+ 

(m in) (mM) (m M )  ( M )  (mM) (mM) (M) . (m M )  (mM) (M) (mM) (mM) (M) (rnM) (m M )  (M) 

1 0  1 1  1 9  0. 1 20 1 1  22 0. 1 1 8 1 1  25 0. 1 1 6 1 1  1 8  0. 1 1 9 1 1  22 0. 1 ;  
60 49 28 0.092 4 7  4 4  0.083 45 60 0.074 48 28 0.089 54 49 0. 1 1 
1 20 7 5  3 7  0.07 1 7 0  62 0.058 6 6  86 0.047 7 3  3 6  0.067 8 7  79 0 . 1 ' 
1 80 90 4 3  0 . 0 5 7  8 4  7 5  0 . 0 4 3  7 7  1 0 1  0.03 1 89 4 4  0 . 0 5 3  1 08 1 05 o. J (  

CELL (6) CELL(9) CELL ( 1 0) CELL ( 1 1 )  
TIME [AMIDE] [PEPTIDE] [ H+] [AM IDE] [PEPTIDE] [H +] [AMIDE] [PEPTIDE] [H +] [AMIDE] [PEPTIDE] [H +] 

(s) (M) (M) (M) (M) (M) (M) (M) (M) (M) (M) (M) (M) 
)> OJ  

600 0. 1 39 1  0.5893 0 . 1 1 73 0. 1 393 0. 5856 0 . 1 1 49 0. 1 390 0.59 1 9  0 . 1 200 0. 1 390 0.59 1 5  0; 1 200 < m  
)> en 

3600 0 . 1 03 5  0.567 5 0.799�  O . JD56 0 . 5 5 T 6  0.0709 0. 1 0 1 1 0.579 1 0.9 1 0  0. 1 0 1 0  0.5768 0.0909 _ --f  
• a  

7200 0.08 1 2  0 . 5 50 3  0.0542 0.086 1 0 . 5279 0.0429 0.0754 0.568 0.0698 0.0754 0.5638 0.0699 G; o  l..rJ ..,. 

I 0800 0.0687 0.5386 0.0385 0.0759 0 . 5 1 38 0.027 1 0.0600 0.5587 0.0560 0.0599 0.5537 0.0558 I ""0 m -<  



TIME N H 4 L-glu( l )  H + N H4 L-glu( l )  H + N H 4 L-glu( 1 )  H+ NH 4 
(m in) (m M )  (m M )  (M) (m M) (mM) (M) (mM) (mM) (M) (mM) 

1 0  1 1  22 0 . 1 1 7 1 1  25 0 . 1 1 5  1 1  20 0. 1 20 1 1  

60 46 4 3  0.080 4 4  59 0.07 1 49 32 0.09 1 49 

1 20 69 6 1  0.054 64 8 3  0.043 7 5  4 3  0.070 75 

1 80 8 1  72 0.039 7 4  97 0.027 90 52 0.056 90 

NOTE ( 1 )  A l l  L-glu data have 1 6. 0  added to take account of in itial value as discussed in Section 4 . 7 . 2  

L-glu( 1 )  

(mM) 

1 9  

34 

4 7  
5 7  

H + 

(M) 

0. 1 20 

0.09 1 
0.070 

0.056 

VJ � N 
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Appen d ix 4 . 1 8 :  Cal c u l a t i o n  o f  s l o p e s  f r om F i g u r e s  4 . 2 1  and 4 . 2 2 

Amm o n i a  d a t a  

F i g u r e  4 . 2 1  

F o r  0 . 0 2 7 M H C l  s l o p e  = - 0 . 7 7  = - 0 . 0 43 

1 8  

F o r  0 . 1  M H C l  s l o p e  = - 1 . 0 = 0 . 4  

2 . 5 

F o r  0 . 2 M H C l  s l o p e  = - 1 . 0 = 0 . 8 3  

1 . 2 

F o r  0 .5 M H C l  s l o p e  = - 1 .7 = · 2 . 1 3  

0 . 8 

Amino N d at a :  

F ig u r e  4 . 2 3  

F o r  0 . 1  M H C l  s l o p e  = - 0 . 1 9  - (- 0 . 0 1 )  = - 4 .5  X 1 0- 3  

40- 0 

F o r  0 . 2  M H C l  s l o p e  = 0 . 2 6  - (- 0 . 0 1 ) = - 0 . 0 1 0  

2 4  

F o r  0 .5 M H C l  s l o p e  = 0 . 2 9  - (- 0 . 0 1 )  = - 0 . 0 2 8  

1 0  

F o r  1 . 0  M H C l  s l o p e  = . 0 . 3 3  - ( - 0 . 0 1 )  = - 0 . 0 5 3  

6 

F o r  2 . 0  M H C l  s l o p e  = - 0 . 2 45 - ( - 0 . 0 1 )  = - 0 . 2 3 5  

1 
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App e n d ix 5 . 1 0 :  R e a c t io n  p r o g r e s s  c a l c u l at e d  f r om s im u l a t i o n  f o r  

F i g u r e s  5 . 1 . 5 . 2 a n d 5 . 3 

· F o r  L i n e A :  

REACT I ON AM I D E  PEPT I D E  HYD R O GEN AMI D E  P E P T I D E  p H  

T I ME I ON B OND  B OND 

HYD R O LY S I S  HYD R O LY S I S  

( s e c s ) ( M ) ( M )  ( M )  ( % )  ( % )  

1 X 1 0 2 0 . 1 9 9 7  0 . 7 9 3 0  0 .  47 5 8  0 . 1 5 0 0 � 3 2 2 6  

1 X 1 0 2 0 . 1 9 7 7  0 . 7 9 2 7  0 . 47 4 2 1 . 1 5 0 . 0 4  0 . 3 2 40 

3 X 1 0 2 0 . 1 9 2 3  0 . 7 9 2 0  0 . 47 0 8 3 .  85 0 . 1 3 0 . 3 2 7 2  

3 X 1 0 3 0 . 1 3 7 7  0 . 7 8 3 0  0 . 43 2 6  3 1 . 1 5 1 .  2 6  0 . 3 6 3 9  

1 X 1 0 4 0 . 0 6 3 6  0 . 7 6 2 9  0 . 3 7 6 1  6 8 . 2 0 3 . 8 0  0 . 4 2 47 

1 . 8 X 1 0 4 0 . 0 2 8 9  0 . 7 4 2 8  0 .  3 4 3  3 85 . 5 5  6 . 3 3 0 .  46 43 

F o r  L i n e  B :  

REACT I O N  A M I D E  P E P T I D E  HYD RO GEN A M I D E  P E P T I D E  p H  

T I M E I ON B OND B OND 

HYD R O LY S I S  HYD R O LY S I S  

( s e c s )  ( M ) ( M )  ( M )  ( % )  ( % )  

1 X 1 0 1 0 . 1 9 9 7  0 . 7 9 2 9  0 . 47 5 8 0 . 1 5 0 . 0 1  0 . 3 2 2 6  

1 X 1 0 2 0 .  1 9 7 4 0 . 7 9 1 9 0 . 47 3 8  1 .  3 0 0 . 1 4  0 . 3 2 4 4 

3 X 1 0 2 0 . 1 9 2 4  0 . 7 8 9 6  0 . 4 6 9 4  3 . 8 0  0 . 43 0 . 3 2 85  

1 X 1 0 3 0 . 1 7 6 0  0 . 7 8 2 0  0 .  45 5 0 1 2 . 0 0 1 . 3 9  0 . 3 4 2 0  

3 X 1 0 3 0 . 1 3 8 4 0 . 7 6 1 8  0 . 42 0 3  3 0 . 8 0 3 . 9 3  0 . 3 7 6 4  

1 X 1 0 4 0 . 0 6 6 9  0 . 7 0 3 7  0 . 3  4 2 6  6 6 . 5 5  1 1 . 2 6 0 . 4 6 5 2  

1 . 8 X 1 0 4 0 . 0 3 3 4  0 . 6 5 2 5 0 . 2 9 1 8  83 . 3 0  1 7 . 7 1  0 . 5 3 4 9 
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Telegrams: DAISEARCH 
Telex: NZ3 1 3 1 2  NZDAI 

Telephone: (63) 74 1 29 

Please Quote: 

GLUl'EN EVAil.JATION: Effect of acid hydrolysis on the flavour of gluten . 

SE85 Gluten 
Evaluation dates : 1�, 17 , 18, 19, 22, 23 � 24, 26 Apri l  1985 . 

AIM: 

'lhe .. aim of the project was to determine the effect of acid hydrolysis on 
specific flavour attributes of gluten. 

SAMPLES :  

'!he following sanples � in increasing order of acid hydrolysi s �  were 
sul::mi tted for evaluation: 

Sample 1 :  .JH 11 : 265 
Sample 2 :  .JH 12 : 8A  
Sample 3 :  .JH 11 : 282 · 

Sample 4 :  .JH 12 : 2  
Sample 5 :  .JH 11 : 284 
Sanple 6 :  .JH 11 : 277 
Sample 7 :  .JH 11:  280 
Sanple 8 :  .JH 11 : 270 
Sample 9 :  .JH 11 : 266 
Sanple 10:  .JH 11 : 286 
simple 11 : .JH 11 : 268 
Sample 12 : JH 11: 272 

TEST MEl'fDD: 

s � "'"' p l e.  \...}.,; "':"\)�,- s. �� 5,\,.,o uJ  '"\. 1"\ lt.tlo\ <t. s. \ 
U )  

c� )  
l� ) 
lS ) l� ) u . ) l7 ) 
(_% ) u o  ' ) l '1 ) L' \ ) 

For the preparatiori of each sanple at 5% total selids, 22g of gluten was 
mixed into 400 mls of R.O. water . Sodium hydroxide ( 0 . 5 M) was added according 
to the degree of acid hydrolysis (AH?endix A) . The solution was heated to 60 °C 
for 20 - 25 minutes while being mixed with stirrers (Type RZRI-64; Caf:ra.JIO; 
Wairton; Ontario, Canada) . '!he s6lution was p::>Ured through muslin and the 
. supernatent was o:x>led to 25°C. The pH of the supernatent was measured arrl 
adjusted to 7 . 5  ± 0 . 2 .  'lhirty millilitres of each sa.rrple was palred into 
50 m1 Kimax beakers arrl served to panelists in the Institute sensory panel 
room \.lOOer standard red lighting . 

A panel consisting of 10 menbers was drawn from the Institute staff . 'Ibis 
panel had been previously trained in the profili� of a similar prcrluct � Prior · 
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to testing the gluten product four training s·essions were held during which 
the panel identified arrl quantified various flavour attributes . The samples 
were evaluated on a 0 - 10 scale where 0= absent and 10= intense (�ndix B) . 
'lbe twelve samples were randomised with three being tested at each sessioo. 
Testing was repeated the following week. 

REStn..TS :  

'nle means for the three attributes tested over two weeks were calculated 
arrl the difference between the means were analysed using Analysi s  of Variance . 
Table 1 shows the means scores for each attribute . 

Table 1 :  Mean sensory scores for evaluation of gluten. 

1 2 3 4 5 

Sample Number 

6 7 8 9 10 11 12 F value 

I ----------------------------------------------------------------------1 
1 Wheaty/ 5 . 9  5 . 6  4. 2 5 . 7  4. 3 4 . 7  4. 5 3 . 1 3 . 5  3 . 1  3 . 1  2 . 5  11 . 17*** 

cereal 

Rancid/ 1 . 8  1 . 8  3 . 2 2 . 1 3 . 8  3 . 1  3 . 9  5 . 9  5 . 5  5 . 7  6 . 2 6 . 1  19. 44*** 
nut 

Burning/ 1 . 2  1 . 3  2 . 9  1 . 3  3 . 2  2 . 2 3 . 2  4. 1 3 . 6  5 . 3 6 . 9 8. 1 28 . 79*** 
bitter 

Signi ficant differences (p=O. OOl )  were f0lll'X1 between the samples for all the 
tested attributes . Each of these will be considered in turn . 

Wheaty /cereal : 

'nlis attribute was defined as being Characteristic of the presence of . .  
Wheat flour. Sanple 1 (JH 11 : 265 ) received the highest mean score for this 
attrib_ute wi� the low�t sc;or� given to Sample 12 (JH 11 : 272 ) . Other 
differences between samples are sb::lwn below ( lines join those samples not 
significantly different ) .  

Saiii>le Nuni:>er 

1 4 2 6 7 5 3 9 10 11 8 12 

Sample mean . 5 . 9  5 . 7  5 . 6  4 . 7  4. 5 .  4 . 3  4 . 2 3 . 5  3 . 1  3 . 1  3 . 1  2. 5 
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Rancid/nut: 

This attribute described the rancid flavour present in the sample . 
Panelists defined it as that flavour present in nuts whiCh had become rancid. 
This attribute was found in DDderate levels in Saq>le 11 (JH 11 : 268 ) with a 
threshold level being reported in Sample 1 (JH 11 : 265) . ·  Significant differences 
between samples are shown below ( lines join those sanples oot significantly 
different ) • 

11 

Salrple Nl.mber 

12 8 10 9 7 5 3 6 4 2 1 

Sample mean 6 . 2  6 . 1 5 . 9  5 . 7  5 . 5  3 . 9  3 . 8  3 . 2  3 . 1  2 . 1  1 . 8  1 . 8 

Burning/bitter : 

'Ihis particular attribute was defined as a burning sensation perceived 
at the back of the routh. With the gluten sa.nples it was found that the . 
sensation developed over. time and took up to a minute before it appeared. 
Sa.Jrple 12 {JH 11 : 272 ) was fa.md to be strongly burning/bitter with only a 
threshold level fOtmd in Sanple 1 (JH 11 : 265 ) . Other differences between 
samples are shown below ( lines join those samples not significantly different ) � 

12 11 10 8 

·Sample Nlmi:>er 

9 . 7 5 3 6 4 .  2 1 

Sample mean 8. 1 6 . 9  5 . 3  4 . 1  3 . 6  3 . 2  3 . 2  2 . 9  2 . 2  1 . 3  1 . 3  1 . 2  

A further way of representing these results i s  by graphirg the 
mean score against the level of hydrolysi s .  Figures 1 �  2 and 3 illustrate 
the effect of acid hydrolysis on the attributes of Wheaty/oereal; rancid/ 
oot and burning/bitter respectively. The sanples are s1'1at/Il in increasing 
order of acid hydrolysis.  

The Wheaty/cereal attribute decreased with increasing acid hydrolysis 
but was present at only a moderate level in the least hydrolysed sample. 
The rancid/nut Characteristic was present at threshold levels in Samples 
1 and 2 but increased to a moderate level with increasing acid hydrolysis. 
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The burning/bitter attribute became quite distinct with increasing acid 
nydrolysis. This Characteristic was perceived at a strong level in the 
oost hydrolysed sample . 

a:N:llJSICNS: 

348 

The sensory attributes of acid hydrolysed gluten Changed with increasing 
levels of acid hydrolysis . The rancid/nut and burning/bitter characteristics 
increased with increasing acid hydrolysis. In a:>mpariscn the wheaty/cereal 

1 attribute decreased. 

Sharon Wards 
Tony Mc:Kenna 

Product Use and Evaluation Section 

June 1985 



0\ .::t ('<'\ 

I U'l 
I I 

FIGURE 1 :  Effect o� increasing:__!evels of acid hydrolysis on the wheaty/c�eal att}:"::..:ib:::' ::::U:..::t::::e;.!.•-----·-----. 
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FIGURE 3 :  Effect of incr�sing2evels of acid hydrolysis on the burning/bitter attribute of 9::..l_u_t_en_. ---..., 
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Sample Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
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APPENDIX A 

Description 

JH 11: 265 
JH 12 : 8A  
JH 11: 282 
JH 12 : 2  
JH 11 : 284 
JH 11 : 277 
JH 11 : 280 
JH 11 : 270 
JH 11 : 266 
JH 11 : 286 
JH 11 : 268 
JH 11 : 272 

Aircunt of Na.CH 
(mls ) 
4.8  
5 . 2  
9 . 7  

10 . 6  
11 . 4  
11 . 7  
14. 0  
21 . 6  
25 . 3  
33 . 0  
45 . 3  
61 . 9  

352 
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APPENDIX B 

Gil1I'EN PANEL 

In front of you are several sa.xrples of gluten supernatent . Please 
evaluate them for the follo.-�ing attributes using a G-10 scale where : 

0 = Absent 

FIAVOOR 

Wneaty /cereal 

Rancid/nut 

Burning/bitter 

Other 

2 = Threshold 
4 = Weak 
6 = M::xlerate 
8 = Strong 

10 = Intense 

Sample numbers 

353 



Appe n d ix 4 . 2 :  p H  d e t e rmin a t i o n  f o r  hy d r o ly s i s  e x p g r im e n t , run 1 

� am p l e  A B M e an 

B l  3 . 1 1 8  3 . 1 45 3 . 1 3 2  

1 3 . 2 1 6  3 . 1 9 4  3 . 2 05  

2 3 . 2 2 1  3 . 1 5 4  3 � 1 9 3  

3 3 . 2 4 6  3 •. 1 9 6  3 . 2 2 1  

4 3 . 2 6 7  3 . 2 8 3  3 ; 2 7 5  

5 3 . 2 1 9  3 . 2 4 6  3 . 2 3 3  



��n d i x  4 . 2 :  p H  d e t e r m i n ,\ t- i o n  f o r  hy d r o l y s i s  e x p e r im e n t . r un 2 

S amp l e  A B M e an 

B 1  - 0 . 1 7 8  - 0 . 1 7 9  - 0 . 1 7 9  

1 - 0 . 1 7 6  - 0 . 1 7 7  - 0 . 1 7 7  

2 - 0 . 1 f 8  - 0 . 1 7 8  - 0 . 1 8 3  

3 - 0 . 1 7 7  - 0 . 1 7 6  - 0 . 1 7 7  

4 - 0 . 1 8 1  - 0 . 1 7 2  - 0 . 1 7 7  

5 - 0 . 1 6 0  - 0 . 1 5 2  - 1 .S 6 * 

* Va l u e  l o w d u e  t o  e l e c t r o d e  d r a f t . 

- ' c o r r e c t ' v a l u e  p r o b a b l y  e a  - 0 . 1 6 4  



App e n d ix 4 . 2 :  p H  d � t e rm i n a t i o n  f o r  h y d r o  l a y s  i s  e x p e r im e n t . r u n  3 

S am p l e  A B M e an 

B 1  3 . 1 9 7  3 . 2 1 9  3 . 2 1) 8  

1 3 . 3 2 4 3 . 3 1 1  3 . 3 1 8 

2 3 . 5 5 0  3 • -+5 3 3 . 5 0 2 

3 3 . 5 9 9  3 . 6 6 0  3 . 6 3 0  

4 3 .  8 0 7 3 .  8 1 5 3 . 8 1 1  

5 4 . 1 1 2 4 . 1 1 2  



�e n d i x '+ . 2 ;  p H  d � t e r m i n a t i o n  f o r  h y d r o . : s i c  e x p e r i m e n t . r u n  4 * 

S a m p l e  A B M e a n 

B 1  - 0 . 2 2 7  - 0 . 2 3 3  - 0 . 2 3 :. 

1 - 0 . 2 1 3  - 0 . 2 1 5  - 0 . 2 1 .:.  

2 - 0 . 2 0 0  - 0 . 2 0 0  - 0 . 2 0 ( 

3 - 0 . 1 8 4  - 0 . 1 9 7  - 0 . 1 9 1  

4 - 0 . 1 8 2  - 0 . 1 7 6  - 0 . 1 7 9  

5 - 0 . 1 6 5  - 0 . 1 6 6  - 0 . 1 6 6  

* F i r s t  e x p e r i m e n t  

i� 



App e n d i x  4 .  2 :  p H  d e t e rm in a t � o n  f o r  h y d r o l y s i s  e x p e r i m e n t , r u n  4 *  

S amp l e  A B M e an 

B 1  - 0 . 1 7 2  - 0 . 1 7 6  - 0 . 1 7 4 

1 - 0 . 1 6 4  - 0 . 1 6 6  - 0 . 1 6 5  

2 - 0 . 1 5 9  - 0 . 1 5 6  - 0 . 1 5 8  

.1 - 0 . 1 4 7  - 0 . 1 4 3 - 0 . 1 45 

4 - 0 . 1 3 9  - 0 . 1 4 0 - 0 . 1 4 0 

5 - 0 . 3 3 6  - 0 . 1 1 8 - 0 . 1 1 8  

* R e p e a t  exp e r im en t , A r e p e a t  o f  t h e  hy d r o l y s i s  w a s  c a r r i e d o u t  � i t  
an a l y s i s  o f  p H  a n d  amm o n i a  o n ly . 



App e n d ix 4 . 2 :  I d e t e rmin a t i o n  f o r  h y d r o l y s i s  e x p e r im e n t .  run  5 

S amp l e  A B Me an  

B 1  1 . 8 4 5  1 . 8 4 0  1 . 8 4 2  

1 1 . 85 1 1 . 8 5 3  1 . 8 5 2  

2 1 . 8 6 7  1 . 8 6 3  1 . 8 6 5  

3 1 . 9 0 4  1 . 8 5 7  1 . 8 8 0  

4 1 • 9 2 8  1 . 9 2 2  1 .  9 2 5 

5 1 . 9 9 2  2 . 0 3 4  2 . 0 1 3  



App e n d i x 4 • 2 : p E  d e t e r m i t • a t i o n  f o r  h y d r o l a y s i s  e x p e r i m e n t . r u n  6 

S a m p l e  .A. B M e a n 

B l  - 0 . 2 2 8  - 0 . 2 3 3 - 0 . 2 3 1  

1 - 0 . 2 2 7  - 0 . 2 2 9  - 0 . 2 2 8  

2 - 0 . 2 2 9  - 0 . 2 3 0  - 0 . 2 3 0  

3 - 0 . 2 3 0  - 0 . 7 3 0  - 0 . 2 3 0  

4 - 0 . 2 1 5 - 0 . 2 1 9  - 0 . 2 1 7  

5 - 0 . 2 2 9  - 0 . 2 1 9  - 0 . 2 2 4  

6 - 0 . 2 2. /  - 0 . 2 2 9  - 0 ., 2 ?. S 

7 - 0 . 2 1 5  - 0 . 2 2 5 - 0 . 2 2 0  

8 - 0 . 2 23 - 0 . 2 2 5  - 0 . 2 2 2  



App e n d ix 4 . 2 : p H  d e t e r m i n a t i o n  f o r  hy d r o l y s i s  ex p e r im e n t . r u n  ., 

S am p l e  A B M e a n  

B l  3 . 9 4 9  3 . 9 2 4  3 . 9 3 7  

1 3 . 9 4 2  3 . 8 5 4  3 . 8 9 8  

2 3 . 9 9 4  3 . 8 5 9  3 . 9 2 7 

3 3 . 9 5 6  4 . 0 1 9  3 . 9 8 8  

4 4 . 0 1 0  3 . 9 3 2  3 . 9 7 1 

5 4 . 0 6 5  3 . 9 9 4  -+ . 0 3 0  



Appe n d ix 4 . 2 : p H  d e t e r m i n a t io n  f o r  h y d r o l y s i s  exp f:: r im e n t . r u n  8 

S amp l e  A B Me an 

B l  - 0 . 2 9 - 0 . 2 9 

1 - 0 . 3 0 2  - 0 . 3 0 4  - 0 . 3 0 4 

2 ·- 0 .  2 9 0  - 0 . 2 8 7  - 0 . 2 8 9  

3 - 0 . 2 8 0  - 0 . 2 7 5  - 0 . 2 7 8  

- 0 . 2 5 8  - 0 . 2 6 2  - 0 . 2 6 0  

5 - 0 . 25 0  - 0 . 2 5 7  - 0 . 2 5 4 



App e n d ix 4 . 2 :  p 1-! d e t  e r m i :1 a  t i o c  f o r  hy d r o ly s i s  e x p e r im e n t . r u n  9 

S am p l e  A B M e at:. 

B l  0 . 8 6 5  0 . 8 7 0  0 . 8 6 8  

1 0 . 8 6 8  ( 0 . 8 6 7  0 . 8 6 8  
I 

2 0 . 8 6 8  0 . 8 7 1 0 . 8 7 0  

3 0 . 8 6 9  0 . 8 6 8  0 . 8 6 9  

4 0 . 8 7 4  0 . 8 6 9  0 . 8 7 1  

5 0 . 8 7 2  0 .  8 7  4 0 . 8 7 3  



Appe n d ix 

S amp l e  

B l  

1 

2 

3 

4 

5 

. , . .  

4 2 : p H  d e t e rm i c a t i o n  

A B 

0 . 8 / 1  0 . 8 7 3  

0 � 8 7 3  0 .  8 7  5 

0 . 8 8 6  0 . 8 8 6  

0 . 9 0 6  0 . 9 0 8  

() Q ?. l 0 . 9 3 4  

0 . 9 3 5  0 . 9 3 5  

f o r  hyd r o l y s i s  exp � t' im e n t . run 1 0  

M e a n  

0 . 8 7 2  

0 . 8 7 5  

0 . 8 8 6  

0 . 9 0 7  

0 . 9 2 8  

0 . 9 3 5  

. . . .. - . 



Appe n d ix 4 . 2 :  p H  d e t e rm i n a t i o n  f o r  hyd r o ly s i s exp e r im e n t . r u n  1 1  

S smp l e  A B M e a n  

B l  0 � 9 0 5 0 . 9 0 5  0 . 9 0 5  

l. 0 . 9 1 3 0 . 9 1 2 0 . 9 1 3 

../ 
2 0 .  9 17 0 . 9 1 3 0 . 9 1 5 

, -· . � 

3 \ .  0 . 9 1 8 0 . 9 1 9  0 . 9 1 9 

4 0 . 9 2 4  0 . 9 3 4  0 . 9 2 9  
. .  
� . 

5 0 . 9 5 5  0 . 9 5 9  0 . 9 5 7  



!ne n d ix •\ . 2 :  p H  d e t e rm i n a t i o n  f o r  h yd r o ly s i f.l  e x p e r i m en t . r tln 1 2  

S amp l e  }, B Mean 

B.l ·o .  9 0 5 
" ; 0 .·87 1 . 0 .  8 6 8  

1 0 . 9 7 4  . 0 . 9 9 0  0 . 9 8 2  

-�- -
1 . 2 0 /f , 1 . 2 0 0  1 . 2. � 2  ' 

i 
. � 

3 1 . • 7 7 5 . 1 . 7 6 3 1 . 7 6 9 

4 2 . 3 1 8 2 . 2 4 9  2 . 2 8 1  

5 2 . 6 8 9  2 . 8 0 8  2 . 7 49 



Appe n d ix 4 . 2 :  p H  d e  t e r  n d:.'l a t  i o n  f o r  h y d r o l y s i s  e x p � r im e n t , r u n  ' 3  

S a!&l p l e  A B M e an 

B l  0 . 9 1 2 0 . 9 0 7  . 0 . 9 1 0  

1 0 . 9 1 8  _o . 9 0 6 0 . 9 1 2  

( 0 . 9 3 9 )  ( 0 . 9 3 0 )  

2 0 . 9 43 0 .  9 43 0 . 9 43 

3 0 . 9 9 3  0 . 9 9 4  0 . 9 9 4  

4 1 . 0 7 1 1 . 0 7 4  1 . 0 7 �  

5 1 . 1 7 5  1 . 2 1 6  1 . 1 9 6  



App e n d i x !:, . • 2 :  p H  d e t e rm i n a t ion  f o r  h yd r o l y s i s  exp e r im e n t . run 1 4  

S am p l e  A B M e a n  

B l  0 . 8 6 8  0 . 8 7 1 0 .  8 7  0 

1 0 . 8 8 5  0 . 8 8 8  0 . 8 8 7  

2 0 . 9 1 0 0 . 9 0 9 0 . 9 1 0  
... 

3 0 . 9 49 0 . 9 6 0  0 . 95 5  

4 1 . 0 3 6  1 . 0 3 0  1 . 0 3 3  

5 1 . 1 6 2  1 . 1 8 2 1 . 1 7 2 



App e n d i x  4 . 2 :  p H  d e t e rm i n a t i o n  f o r  h y d r o ly s i s  e x p e r im e n t . r u n  1 5 

S a mp l e  A B Me an 

B l  0 . 8 9 7  0 . 8 9 6  0 . 8 9 7  

1 0 . 9 0 3 0 . 9 0 2  0 . 9 07 

2 0 . 9 3 3  0 . 9 3 7  0 . 9 3 5  

3 0 . 9 8 6 , 1 . 0 2 4  1 . 0 05 

4 1 .  0 7  4 1 . 0 7 5  1 . 0 7 5  

5 1 . 2 3 6  ). . 2 3 3  1 . 2 3 5  

\ 



AJ2J2e n d ix 4 . 2 :  .A mm o !', i a  d e t e r m i n a t ion  s t a n d a r d s  f o r  hy d r o l y s i s  

e x p e r i m e n t . r u n  1 

( A3 4 0 )  

Lab e l  a b M e a n  C o n c e n t r a t i o n  

( mM)  

0 2 . 3 6 7  2 . 3 0 2 0 

5 2 . 2 5 4  2 . 2 3 6  0 . 2 

1 0  2 . 1 3 3  2 . 1 0 0 0 . 4  

2 0  1 . 8 5 0  1 . 8 6 5  0 . 8  

3 0  1 . 6 1 9 1 . 6 0 5 1 . 2  

4 0  1 . 4 6 9  1 . 3 6 0  1 . 6 

5 0  1 . 1 5 7  1 . 1 5 5  2 . 0  

6 0  1 . 1 4 0  1 . 1 4 1 2 . 4 



AEE e n d ix 4 .  2 :  Amm o n i a  d e t e r m ina t i o n  s t an d a r d s  f o r  hy d r o l y s i s  

e x p e r im e n t , .i. U C  }. 

( A3 4 0 )  

Lab e l  a b Mean Co n c en t r a t i o n  

( mM)  

0 2 . 43 0 2 . 3 5 0  2 . 3 9 0  

5 2 . 3 46 2 . 2 7 9  2 . 3 1 3 0 . 2  

1 0  2 . 2 1 0  2 . 1 5 6  2 . 1 8 3  0 . 4  

2 0  1 . 9 2 4  1 . 8 8 8  1 . 9 0 6  0 . 8 

3 0  1 . 6 1 5 1 . 6 3 2  1 . 6 2 4  1 . 2 

4 0  1 . 40 6  1 . 4 0 6  1 . 40 6  1 . 6 

5 0  1 . 1 2 9  1 . 1 45 1 . 1 3 7  2 . 0  

6 0  1 . 0 9 4  1 . 0 9 0  1 . 0 9 2  2 . 4  



AE E e n d  ix > 40_� : Amm o n i a  d e t e r m i na t i c n  s t an d a r d s  f o r  hy d r o l y s i s  

e x p e r i m e n t . r u n  2 ( r e p e a t  d e t e rm i n a t i o n )  

( A3 4 0 )  

L a b e l  a b Me an  C o n c e n t r a t i o n  

( mM)  

0 2 . 2 40  2 . 2 6 5  2 . 2 5 3  

5 2 . 1 5 0  2 . 1 2 9  2 . 1 40 0 . 2  

1 0  2 . 0 2 8  2 . 0 2 2  2 . 0 2 5  0 . 4 

2 0  1 . 7 9 1  1 . 7 7 1 1 . 7 8 4 0 . 8 

3 0  1 . 5 4 4 1 . 5 1 3 1 . 5 2 9  1 . 2 

4 0  1 . 2 9 5  1 . 2 7 8  1 . 2 8 7  1 . 6 

5 0  1 . 0 9 0  1 . 0 8 3  1 . 0 8 7  2 . 0  

6 0  1 . 0 7 4 1 . 0 7 0  1 . 0 7 2 2 . 4  



AEEe n d i x 4 . 2 :  Amm o n i a  d e t e rm i n a t i o n s t a nd a r d s  f o r  h y d r l) l y s i s  

e x p e r i m e n t . run  3 

( A3 4 0 )  

Lab e l  a b M e an C o n c en t r a t i o n  

( mM )  

0 2 . 4 0 0  2 . 4 0 5  

5 2 . 2 8 5  2 . 2 9 0  0 . 2 

• 
1 0  2 . 1 6 2  2 . 1 6 0  0 . 4 

2 0  1 . 9 1 2 1 . 9 1 1  0 . 8 

3 0  1 . 6 5 3  1 . 6 4 0 1 . 2 

4 0  1 . 4 9 1 1 . 43 1 1 . 6 

5 0  1 . 1 8 6  1 . 1 9 9  2 . 0  

6 0  1 . 1 6 5  1 . 1 6 2  2 . 4  



AEEe n d ix 4 . � :  Am m o n i a  d e t e r m i n a t i o n  

e x p e r i m e u t . run * 4  

Lab e l  Ab s o rb a n c e 

0 2 . 0 8 5  

2 . 1 2 7 

1 0  1 . 9 4 8  

2 . 0 7 5  

2 0  1 . 8 9 0  

1 . 7 0 6 

3 0  1 . 4 8 2  

1 . 5 1 5 

4 0  1 . 2 47  

1 . 2 4 9  

5 0  1 . 0 2 2  

0 . 9 9 3  

* F i r s t  d e t e rm i na t i o n  

( A3 4 0 ) 

M e an 

2 . 1 0 6 

2 . 0 1 2  

1 . 7 9 8  

1 . 4 9 9  

1 . 2 4 8  

1 . 0 0 8  

s t a n d a r d s  f o r  h y d r o l y s i s  

C o n c e n t r a t i o n  

( mM)  

0 . 4  

0 . 8  

1 . 2 

1 . 6 

2 . 0  



App e n d ix 4 . 2 :  Am m o n i a  d e t e r m i n a t i o n  s t � o d a r d �  f o r  h y d r o l y s i s 

e x p e r i m e n t . run  * 4  

( A3 4 0 )  

I.ab e l  Ab s o rb an c e  M e a n  C o n c e n t r a t i o n  

( mM )  

c 2 . 2 8 4  2 . 2 6 9  0 

2 . 2 5 4  

1 0  2 . 1 1 7  2 . 1 2 1  0 . 4 

2 . 1 2 5 

2 0  1 .  8 3 8 1 . 8 9 2  0 . 8  

1 . 9 45 

3 0  1 . 7 1 4  1 . 6 5 8  1 . 2 

1 . 6 0 2  

4 0  1 . 4 0 9  1 . 3 9 6 1 . 6 

1 . 3 8 2  

5 0  1 . 1 � 2 1 . 1 49 2 

1 . 1 0 6  

6 0  1 .  0 7  8 1 . 0 8 0  2 . 4  

1 . 0 8 1  

* Re p e a t  ..1 n a l y s i s  o f  o r i g i n a l  s a mp l e s  



App e n d i� 4 . 2 :  Amm o n i a  d e t e rm i n at i o n  s t a n d a r d s  f o r  h y d r o l y s i s  
e x p e r im en t . r u n  * 4 

Lab e l  ( A3 40 ) M e an C o n c e n t r a t i o n  

( mM )  

0 2 . 4 9 6  

2 . 5 0 9 

5 2 . 3 2 9  

2 . 3 4 4 

1 0  2 . 1 8 7 

2 . 1 9 4  

2 0  2 . 0 2 9  

1 . 9 1 9 

3 0  1 . 6 3 9  

1 . 6 7  5 

40  1 . 4 0 4  

1 . 3 9 9  

5 0  1 . 1 8 2  

1 . 1 8 7 

6 0  1 . 1 5 6  

1 . 1 5 6  

* Re p e a t  d e t e rm in a t i o n  



AEE e n d ix 4 .  2 :  Amm o n i a  d e t e r mi n a t i o n  s t a n d a r d s  f o r  h y d r o l y s i s 
e x p e r i m e n t . run 5 

{ A3 4 0 )  

Lab e l  a b M e an Co n c e n t r at i o n  

( mM )  

0 2 . 1 5 8  2 . 1 6 5  2 . 1 6 2  0 

1 0  1 . 9 9 5  1 . 9 7 5  1 . 9 8 5  0 . 4 

2 0  1 . 7 5 4  1 .  7 4 5  1 . 7 5 0  0 . 8  

3 0  1 . 5 2 4 1 . 5 1 5 1 . s  2 0  1 . 2 

4 0  1 . 2 7 7  1 . 2 7 5  1 .  2 7  6 1 . 6 

5 0  1 . 0 5 0  1 . 0 5 0 1 . 0 5 0 2 



AEEen d ix 4 . 2 :  Amm o n i a  d e t e r m in a t i o n  s t an d a r d s  f o r  h y d r o l y s i s 
e xp e r i me n t , run  6 

( A3 4 0 )  

Lab e l  Ab s o rb an c e  M e an Co n c e n t r a t i o n  

( mM )  

0 1 8 4 8  1 . 8 4 0  

1 8 3 1  

1 0  1 7  3 1  1 . 7 2 8 0 . 0 4 

1 7  2 5  

2 0  1 5 0 3  1 .  4 7  8 0 . 0 8  

1 45 3  

3 0  1 2 2 9  1 . 1 9 6  1 . 2 

1 1 6 3  

4 0  0 9 5 1 0 . 9 2 9  1 . 6 

0 9 0 7  

5 0  0 7 3 5  0 .  7 0 7  2 . 0 

0 6 7 8  



AEE e n d ix 4 . 2 :  Ammo n i a  d e t e r m i n a t io �  s t an d a r d s  f o r  hy d r o l y s i s  

e x p e r im e n t . r u n  7 

( A3 4 0 }  

Lab e l  Ab s o rb an c e  M e a n  J n c e n t r a t i o n  

( mM}  

0 1 . 9 4 1  1 .  9 27 

1 . 9 1 3  

1 0  1 . 8 4 1  1 . 8 3 8 0 . 4  

. ! • 8 3 5  

2 0  1 . 7 0 0 1 . 6 9 2  0 . 8  

1 . 6 8 4  

3 0  1 . 5 1 4  1 . 4 9 6  1 . 2 
1 . 47 7 

4 0  1 . 5 2 9 1 . 4 1 8  1 . 6 

1 . 3 0 7 

5 0  1 . 4 0 2  1 . 4 0 2  2 . 0 

6 0  1 . 0 8 9  1 . 0 8 1  2 . 4  

1 .  0 7  2 

8 0  1 . 0 8 0  1 . 0 7 6 3 . 2 

1 . 0 7 2 



AJ2J2� n d ix 4 . 2 :  Ammo u i a  d e t e r m i n a t i o n  s t a nd a r d s  f o r  hy d r o l y s i s  

exp e r im en t . r u n  8 

( A3 4 0 )  

Lab e l  a b M e a n  Co n c e n t r a t i o n  

( mM )  

0 2 . 4 2 6  2 . 3 2 9  2 � 3 7 8  n i l  

1 0  2 . 1 85 2 . 1 5 8  2 . 1 7 2 0 . 4  

2 0  1 . 9 3 4  1 . 9 3 0  1 . 9 3 2 0 . 8 

3 0  1 . (.. :� � 1. . 6 7  4 1 . 6 8 1  1 . 2  

4 0  1 .  4 3 3 1 .. 4 2 0  1 . 4 2 7  1 . 6 

5 0  1 . 1 9 1  1 . 1 8 8  1 . 1 9 0  2 . 0  

6 0  0 . 9 43 0 . 9 3 0  0 . 9 3 7  2 . 4  



AEEe n d ix 4 . 2 :  Amm o n i a  d e t e r m i n a t ion s t a n d a r d s  f o r  hy d r o l y s i s  

e x p e r i m e n t , r u n  9 

( A3 4 0 ) 

Lab e l  a b Me a n  C o n c e n t r a t i o n  
( mM )  

0 2 . 2 3 6  2 . 2 3 7  2 . 23 7  0 

5 2 . 1 0 7 2 . 1 1 4 2 . 1 1 1  o . �  

1 0  2 . 0 1 8  2 � 0 1 3 2 . 0 1 6  0 . 4  

2 0  1 . 7 8 8 1 .  7 4 7  1 . 7 6 8  0 . 8  

3 0  1 . 5 8 5 1 . 4 2 7  1 . 5 0 6 1 . 2 

4 0  1 . 2 7 7  1 . 3 1 3 1 . 2 9 5  1 . 6 

5 0  1 . 0 7 0  1 . 0 7 0  1 . 0 7 0 2 . 0  

6 0  1 . 0 6 1  1 . 0 5 8  1 . 0 6 0  2 . 4 



�e n d ix 4 . 2 :  Amr:: o n i a  d e t e r m in e t i o n  s t an d a r d s  f o r  hyd r o l y s i R  

e xp e r im e n t . r u n  1 0  

( A3 4 0 )  

Lab e l  a b M e a n  C o n c et:. t r a t i o n  

( mM)  

0 2 . 2 7 5  2 . 3 0 1  2 . 2 8 5  

5 2 . 1 8 0  2 . 1 6 0  2 . 1 7 0  0 . 2 

1 0  2 . 0 5 3  2 . 05 3  2 . 0 5 3  0 . 4 

2 0  1 . 7 9 6 1 . 8 1 0  1 . 8 0 3  0 . 8 

3 0  1 . 5 6 7 1 . 5 6 2  1 . 5 6 5 1 . 2 

4 0  1 . 3 3 6  1 . 3 0 8  1 . 3 2 2  1 . 6 

5 0  1 . 1 0 2  1 . 0 8 2  1 . 0 9 2  2 . 0  

6 0  1 . 0 6 0  1 . 0 5 7  1 . 0 5 9  2 . 4 



AEE e n d ix 4 . 2 :  Amro o n i a  d e t e r min J. t i o n  s t an d g r d s  f o r  li yd r o l y s i s 

exp P. r i m e n t , run  1 1  

( .:\3 40 )  

Lab e l  Ab s o rb an c e  M e an Cc n c e n t r a t i o n  

( mM)  

0 2 . :t 8 7  2 . 2 8 9  n i l  

2 . 2 9 0  

1 0  2 . 2 43 2 . 2 1 8  0 . 4  

2 . 1 9 3  

2 0  1 . 9 7 2 1 . 9 6 7  0 . 8  

1 . 9 6 2  

3 0  1 . 6 5 5  � . 6 5 7  1 . 2  

1 . 6 6 3  

4 0  1 . 3 9 2  1 . 4 5 9 1 . 6 

1 . 5 2 6  

5 0  1 . 1 43  1 . 1 7 3  z . o  
1 . 2 0 6  



AEE e n d ix 4 . 2 :  Amm o n i a  d e t e r m i n  • t i o n  s t an d a r d s  f o r  h yd r o l y s i s  

e x p e r i m e n t . r u n  1 2  

( A3 4 0 ) 

S am p l e s  (' b Me a n  Co n c e n t r a t i o n  

( mM )  

0 2 . 23 3  2 . 2 3 7  2 . 23 5  0 

5 2 . 1 85 2 . 1 45 2 . 1 6 5  0 . 2  

1 0  2 . 1 0 2  2 . 0 3 9  2 . 0 7 1 0 . 4 

2 0  1 . 8 6 8  1 . 7 8 1  1 . 8 2 5  0 .  \) 

3 0  1 . 5 7 6  1 . 5 1 1  1 . 5 4 4 1 . 2 

4 0  1 .  3 05 1 . 2 8 9  1 . 2 9 7  1 . 6 

5 0  1 . 1 5 2  1 . 1 3 6  1 . 1 44 2 . 0  

6 0  1 . 1 4 2 1 . 1 2 2  1 . 1 3 2  2 . 4 



AEE e n d ix 4 . 2 :  Amm o n i a  d e t e rm i n a t i o n  s t an d a r d s  f o r  hyd r o  l y s i s  

e x p e r im e n t . run 1 3  

( A3 40 )  

Lab e l  a b M e a n  C o n c e n t r a t i o n  

( mM )  

0 2 . 2 2 0  2 . 2 3 0  2 . 2 2 5 0 

5 2 . 1 5 4 2. . 1 5 4 0 . 2  

1 0  2 . 0 0 6 2 . 0 2 2  2 . 0 1 4  0 . 4  

2 0  1 . 7 9 6  1 . 7 6 6  1 . 7 8 1  0 . 8  

3 0  1 . 5 5 0  1 . 5 2 0  1 . 5 3 5  1 . 2 

4 0  1 . 2 7 8 1 . 3 0 2  1 . 2 9 0  1 . 6 

5 0  1 . 0 8 4  1 . 0 8 0  1 . 0 8 2  2 . 0  

6 0  1 . 0 2 3  1 . 0 2 6  1 . 0 2 5  2 . 4  



A22 e n d ix 4 . 2 :  Amm o n i a  d e t e r m i n a t i o n  s t a n d a r d s  f o r  h y d r o l y s i s  

e x p e r i m e n t . r u n  1 4  

( A3 40 )  

S a m p l e  a b Co n c e n t r a t i o n  

Lab e l  ( mM)  

0 2 . 46 0  2 .  45 5 

5 2 . 3 0 0 2 . 3 3 0  0 . 2 

1 0  2 . 2 3 2  2 . 2 0 2  0 . 4  

2 0  1 . 9 8 3  1 . 9 9 9  0 . 8 

3 0  1 . 7 8 3 1 . 7 3 8  1 . 2 

4 0  1 . 4 8 6  1 . 6 

5 0  1 . 2 6 4  1 . 2 8 2  2 . 0 

6 0  1 . 1 7 1  1 . 1 6 0  2 . 4 



AEEend ix 4 . 2 :  Amm o n i a  d e t e r m i n a t i o n  s t a n d a r d s  f o r  hy d r o l y s i. s 

e x p e r im e n t . r u n  1 5 

( A3 4 0 ) 

Lab e l  a b M e an C o n c en t r a t i o n  

( mM )  

0 2 . 3 6 5 2 . 2 40  2 . 3 0 3 

5 2 . 2 6 2  2 . 1 8 8  2 . 1 3 2  0 . 2  

1 0  2 . 1 5 5  2 . 1 1 4  2 . 1 3 4  0 . 4 

2 0  1 . 9 0 0  1 . 8 9 4  1 . 8 9 7  0 . 8  

3 0  1 . 6 6 5  1 . 6 6 4  1 . 6 6 5  1 . 2 

. 40  1 . 4 2 2  1 . 4 2 0  1 . 4 2 1  1 . 6 

5 0  1 . 1 9 5  1 . 1 8 2  1 . 1 8 7  2 . 0  

6 0  1 . 0 8 1  1 . 0 7 0  1 . 0 8 6  2 . 4 



Appe n d ix 4 . 2 :  Amm o n i a  d e t e r m i n a t i o n  f o r  hy d r o ly s i s  e x p e r im e n t . r u n  1 

( A3 40 ) 

S am p l e  A a Ab B a Bb Me a n  Co n c e n t r a t io n * 

(�n - 1 )  i n  r e a c t o r  

( mM )  

B 1  2 . 2 86  2 .  3 25  2 . 3 3 5  2 . 3 3 8  2 . 3 2 7 0 . 1 6  

2 . 3 2 7 2 . 3 3 0  2 . 3 3 9  2 . 3 3 8  ( 0 . 0 1 7 ) 

1 2 . 3 40 :>. . 3 5 1  2 .  3 47 2 . 3 6 1  2 . 3 5 1  0 .  07 

2 . 3 47  2 . 3 5 1  2 . 3 5 2  2 . 3 6 1 ( 0 . 0 07 ) 
'> 

2 2 . 3 40  2 .  3 47 2 . 3 5 1  2 . 3 4 4  2 . 3 47 0 . 0 8  

2 . 3 4 2  2 . 3 4 9 2 . 3 4 8  2 . 3 5 2  ( 0 . 0 0 4 ) 

3 2 . 3 4 1 2 . 3 43 2 . 3 4 2  2 . 3 4 9 2 . 3 4 6 0 . 0 8  
-

2 . 3 45 2 . 3 5 0  2 . 3 4 7  2 . 3 5 1  ( 0 . 0 0 4) 

4 2 . 3 40 2 . 3 3 9  2 . 3 3 7  2 . 3 4 1 2 . 3 3 8  0 . 1 1  

2 . 3 3 5  2 . 3 3 4  2 . 3 3 0  2 . 3 47 ( 0 . 0 0 5 )  

r 2 . 2 9 1  2 . 3 0 2 2 . 3 0 7  2 . 3 1 7 2 . 3 0 3 0 . 2 2  .J 

2 . 2 9 1  2 . 2 9 6  2 . 3 0 1  2 . 3 1 7 ( 0 . 0 1 0 )  

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t io n  f o r  s am p l e  d i l u t io n .  



App e n d i x  4 .  2 :  Am m o n i a  d e t e r m i n a t i o n  f o r  h y d r o l y s i s  e x p e r i m e n t , r u n  2 

( A3 4 0 )  

S amp l e  A a Ab B a  Bb Me a r: C o n c e n t r a t i o n  * 

c6n - 1 )  i n  r e a c t o r  

( Mm )  

B 1  1 . 0 0 6  1 . 1 0 0 1 .  1 3  2 1 . 1 0 1  1 . 0 9  2 2 1  

1 . 1 0 3 1 . 1 0 8 1 . 1 1 4  1 .  0 7  4 . ( 0 . 0 3 8 )  

3 2 . 0 5 3  2 . 0 1 9 2 . 0 6 1  2 .  0 4 9 2 . 0 4 1 6 0  

2 . 0 1 0  2 . 0 5 0  2 . 0 5 7  2 . 0 2 5 ( O . O l � )  

4 1 .  9 3 0  1 . 9 2 4 1 . 8 6 5  1 .  8 8 4  1 . 9 G ? " 8 2  

1 . 9 1 2 1 .  9 0 9  1 . 9 3 2  1 .  8 8 9  ( 0 . 0 2 4 )  

5 1 . 7 6 5  1 . 6 4 1  1 . 7 8 6  1 .  7 0 8  1 .  7 2 1  1 1 0 

1 .  7 2 5  1 . 6 4 4 1 . 7 8 4  1 .  7 1 5  ( 0 . 0 5 7 )  

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  d i lu t i o n . 



AEEe n d i x 4 . 2 :  A m :n o n i a  d c t " r- m i n a t i o n  f o r  h y d r o l y s i s e x p e :::- i m e n t . r u n  2 

( r e p e a t  d e t e r m i n a t i o n ) 

( A3 4 0 )  

S a m p l e  A a Ab B a  Bb M e a n  C o n c e n t 1.· a t i o n *  

(� - 1 )  i n  r e a c t o r  

( mM) 

B 1  1 . 9 4 6  2 . 0 1 8  2 . 1 2 3 2 . 1 0 1  2 . 0 5 6  1 4 . 0  

2 . 0 3 0 · 2 . 0 43 2 . 1 1 8  2 . 0 6 6  ( 0 . 0 6 0 )  

1 1 . 9 3 7  1 . 8 5 5  1 .  8 4 6  1 . 8 6 4  1 . 8 5 4  2 7 . 2  

1 . 8 8 4  1 . 8 2 8  1 .  7 6 5 1 .  85 1 ( O . D 4 9 ) 

2 1 . 7 0 2  1 . 6 5 8  1 .  7 1 8 1 . 8 1 0  1 .  7 3 1  3 5 . 2  

1 .  7 4 4 1 .  7 1 5 1 . 7 7 7  1 .  7 2 6  ( 0 . 0 4 7 ) 

3 1 . 5 6 6  1 . 5  4 8  1 . 3 1 8 1 . 4 2 1  1 . 47 1  5 2  

1 . 4 45 1 .  5 1 7 1 .  45 0 1 . 5  0 4  ( 0 . 0 8 0 )  

* C a l c u l a t i o n  i n c l u d e �  c o r r e c t i o n  f o r  d i l u t i o n  



App e n d i x 4 . 2 :  Amm o n i a  d e t e r m i n a t i o n  f o r  h y d r o l y s i s e x p e r i m e n t . r u n 3 

( A3 4 0 )  

S a m p l e  A a Ab B a  B b  M e a n  Co n c e n t r a t i o n * 

cdn - 1 )  in r e a c t o r 

( mM )  

B l  2 . 2 7 0  2 . 3 2 6 2 . 3 2 0 2 . 3 1 5  2 . 3 1 2 0 . 3  

2 . 3 2 0 2 . 3 1 5 2 . 3 1 9  2 . 3 1 3 ( 0 . 0 1 8 )  

1 2 . 0 6 7  2 . 0 49 2 . 03 0  2 . 0 3 3  2 . 0 47  1 . 2 

2 . 05 5  2 . 0 7 9  2 . 0 3 5  2 . 0 2 5  ( 0 . 0 1 9 )  

2 1 .  7 1 9  1 .  7 5 5  1 . 6 8 3  1 .  6 3 1 1 .  7 0 1  2 . 3 

1 .  7 6 9 1 .  7 1 0  1 . 6 6 0  1 . 6 2 4  ( 0 . 0 6 2 )  

3 1 . 2 1 4  1 . 2 0 9  1 . 2 1 4  1 . 2 2 3  1 .  2 1 5  3 . 9 

1 . 2 1 8  1 .  2 1 0  1 . 2 2 3  . 1 . 20 5  ( 0 . 0 0 6 ) 

4 1 .  2 1 3  1 . 2 1 8  1 .  2 2 5  1 . 2 1 7  

1 . 2 1 3  1 .  2 2 1  1 . 2 2 0  1 . 2 1 2  

5 r 1 . 2 6 9  1 . 2 7  4 
.__; 

. '; 
1 .  26 2 1 .  27 1 

3
+ 2 . 1 0 3 2 . 1 3 9  2 . 1 49 2 . 1 2 5  2 . 1 3 2 4 . 4  

2 . 1 5 0 2 . 1 3 3  2 . 1 47 : . 1 0 8  ( 0 . 0 1 8 )  

4
+ 

1 . 8 8 2  1 .  7 9 1  1 .  85 0 1 .  89 0 1 . 8 5 3  8 . 9 

1 . 8 6 0  1 . 8 0 9  1 . 8 6 9  1 .  8 7  4 ( 0 . 0 3 5 )  

5 + 1 . 46 3  1 . 3 9 8  1 . 40 9  1 6 . 1 

1 . 4 2 9  1 . 3 45  ( 0 . 0 5 0 ) 

* C a l c u l a t i o n  i n c l u d e  c o r r e c t i o n  f o r  d i l u t i o n  

+ R e p e a t  d e:  t e rm i n a t i o n s  a t  d i f f e r e n t  d i l u t i o n  



AEEe n d i x 4 . 2 :  Am m o n i a  d e t e r m i n a t i o n  f o r  h y d r o l y s i s  e x p e r i m e n t , r u n  4 

f i r s t d e t e r m in a t i o n 

( A3 4 0 )  

S a m p l e  A a Ab B a  Bb M e a n  C o n c e n t r a t i o n *  

<6'n - 1 )  i n  r e a c t o r  

( mM )  

B 1  1 . 8 6 0  1 . 8 9 4  1 . 9 4 6  1 .  9 1 1  1 .  9 1 3 2 2 . 0  

1 .  7 6 2 1 . 8 8 5 1 . 9 0 6  1 . 9 4 0 ( 0 . 0 3 4 )  

1 1 . 5 3 5  1 . 3 9 7  1 .  45 1 1 . 4 07  1 . 40 9  5 4 . 4  

1 . 3 2 2  1 . 3 3 2  1 .  4 7  8 1 .  3 5  2 ( 0 . 0 7 5 )  

2 1 .  7 9 7  1 .  7 3 4 1 . 6 4 7  1 .  6 3 0  1 .  7 0 6 8 9  

1 .  7 3 8  1 . 6 8 7 1 . 6 5 6  1 .  7 1 2 ( 0 . 0 49 ) 

3 1 .  7 2 8  1 .  6 8 7  1 . 7 8 6 1 . 6 7 5  1 . 7 3 7  8 4  

1 .  7 9 1  1 .  7 5 5  1 . 8 0 0  1 .  6 7 1  ( 0 . 0 5 4 ) 

4 · 1 . 6 5 5  1 . 7 8 2  1 . 6 8 3  1 . 7 3 5  1 .  7 2 0  8 7  

1 . 6 8 1  1 . 7 9 7  1 . 7 0 2  1 .  7 5  4 ( 0 . 0 5 6 )  

5 1 . 5 8 3 1 .  5 85  1 .  7 3 2 1 . 4 7 5  1 . 5 7 2  1 07 

1 . 6 8 3  1 . 5  9 0  1 . 5 4 6  1 .  5 4 4  ( 0 . 0 8 1 )  

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  d i l u t i o n . 



AEE e n d i x � : Am m o n i a  d e t e r m i n a t i o n  f o r  h y d r o l y s i s  e x p e r i m e n t , r u n  4 
( r e p e a t  a n a l y s i s  o f  o r i g i n a l  s a m p l e s )  

( A3 4 0 )  

S am p l e s  A a A b  B a  Bb Mean Conc entration* 

co'n - 1 )  in reac t o r  
( mM ) 

B 1  1 . 8 S 6 1 . 9 4 9 1 . 9 3 8  2 . 0 0 4  1 . 9 3 6  1 4 . 4  

1 . 9 1 8 1 . 9 S 6  1 .  9 1 7 1 .  9 5 1 ( 0 . 0 4 2 )  

1 1 .  7 2 9 1 . S 9 1  1 . s s  6 l . S 8 2  1 . 6 1 1  5 0 . 0  

1 . 7 3 9  1 . 4 4 4  1 . 6 2 3 1 .  7 2 3  ( 0 . 1 1 4 )  

2 1 .  3 2 7  1 .  0 8 9  1 . 1 0 7 1 . 4 1 1  1 . 3 1 2  6 9 . 6  

1 .  4 6 4 1 . 2 8 3  1 .  2 7  2 1 . 5 3 9  ( 0 . 1 6 0 ) 

3 1 .  0 7 6 1 . 1 3 7  1 . 0 8 8  1 . 1 0 1  1 . 1 5 1  s o . o · 
1 . 2 8 !.  1 .  0 8 6  1 . 3 1 8  1 . 1 2 0  ( 0 . 0 9 4 )  

4 1 .  7 7  2 · 1 . 9 9 0  1 . 6 8 4  1 . 8 7 6  1 . 8 6 S  6 6 . 4  

1 . 9 2 8  2 . 0 2 8  1 . 8 0 1  1 . 8 3 7  ( 0 . 1 1 S )  

5 1 . 6 9 5  1 . 5 6 4 1 . 6 8 4  1 .  7 8 3  1 .  7 3 2  8 4  

1 .  7 4 3  1 .  7 9 1  1 .  7 4 7  1 . 8 47 ( 0 . 0 8 6 )  
.. 

* Ca l cu lation  in c lu d e s  c o r r e c t ion  f o r  di lution . 



AEE e n d i x  4 .  2 :  Am m o n i a  d e t e r 'll i n a t i o n  f o r h y d r o l y s i s  e x p e r i m e n t .  run 4 

{ f u r t h e r  a n a l y s i s o f  o r i g i n a l  s a m p l e s )  
+ 

{ A3 4 0 )  

S am p l e  A a Ab Ba B b  K e a n  C o n c e n t r a t i o n * 

<6n - 1 )  i n  r e a c t o r  

{ mM )  

B l  1 . 6 0 0  1 . 5 9 6 1 .  5 2 6  1 . 5  4 0  1 . 5 6 3  2 7  

1 . 5 5  2 1 . 6 4 3 1 . 5 0 9  1 . 5 3 6  ( 0 . 0 4 6 )  

1 1 . 1 5 0  1 . 1 4 7  1 0 0  

1 . 1 4 5  ( 0 . 0 0 3 )  

2 1 . 5 1 4 1 . 6 1 6 1 . 4 7 8  1 .  4 9 1 1 . 5 3 7  1 4 0 

1 . 5 7 6  1 . 5 5  6 1 . 5 5 0  1 . 5 � 3 ( 0 . 0 4 6 ) 

3 1 . 5 3 0  1 . 3 9 9  1 . 4 45 1 . 4 0 5  1 .  4 4 3 1 5 4  

1 .  45 6 1 . 4 4 7  1 .  5 2 4  1 . 3 3 4  ( 0 . 0 6 5 ) 

4 1 . 4 3 9  1 . 6 0 5  1 . 5 8 3 

1 . 5 5 9 1 . 7 2 9 ( 6 . 1 2 0 )  

c o l o u r  c o r  1 . 5 7 9  

5 1 . 4 5 3  1 .  6 1 0  1 . 5 1 5 

1 . 5 6  4 1 . 3 3 5  1 . 6 1 2  ( 0 . 1 1 9 

c o l o u r  c o r  1 . 5 0 3 

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  d i l u t i o n  

+ S t an d a r d s  w e r e · t h o s e  o f  run 3 



App e n d i x  4 . 2 :  Am c o n i a  d 2 t e r c i n a t i o n  f o r  h y d r o l y s i s e x p e r i m e n t .  r u n  4 

C h e c k i n g  t h e  e f ! � - · 

S am o l e  

B 1 Aa 

1 A a  

2 A a  

3 Aa 

4 A a  

5 Aa 

..: ... .. ·.:. t· :. :.� : ·. c c : 

( A3 40 ) * 

- 0 . 0 0 3 

- 0 . 0 0 2  

- 0 . 0 0 2  

0 . 0 0 8  

0 . 0 0 6  

0 . 0 1 1  

o n  a c m o n i �  . . . .... t..: :... t..: .:. ;..:..; .t a a t J. o :-. 

Th e s e  d a t a  w e r e  a p p l i e d  t o  t h e  c o r r e c t i o n  o f  t h e  f o u r t h  a n a l y s i s  o f  

s am p l e s  f r o m  r u n  4 .  

* Ab s c r b a n c e  o f  d e t e r m i n a t i o n  d i l u t i o n  w i t h  w a t e r .  n o  

r e a c t i o n  � i x t u r e . 

e n� y c e  a d d e d  t o  



!:_p E e r. d i x 4 .  2 :  A m c o n i a  d e t e. r m i n a t i o n  f o r  

( 4 t h  a n a l y s i s  o f  o r i g i n a l  

S a m p l e  A a Ab Ba Bb 

h y d r o l y s i s 
. + 

s a m p l � s � 

M e a n  

e )": � n '!"" 1. � �� � +: t : � !  � 4 

Co n c e n t r a t i o nft 

c6n 1 )  l. n  r e a c t o r  

( )0 ( mM )  

B l  1 . 8 1 0  1 . 8 7 5  1 . 7 5 4 1 . 6 2 3 1 . 7 8 4 2 2 . 8  

j • 8 5  4 1 . 9 1 0 1 . 8 1 0 1 . 6 2 7  ( 0 . 1 0 7 ) 

( 1 . 7 8 7 )  

1 1 . 9 6 0  1 . 7 7 9  2 . 0 5 4 2 . 0 3 4  2 . 0 0 6  7 7  

2 . 0 3 3  1 .  7 7 0  1 .  7 8 0  2 . 0 3 8  ( 0 . 0 3 7 )  

( 2 . 0 0 8 )  

2 2 . 1 3 4  2 . 2 7 7  2 . 2 2 3  2 . 1 2 4 2 . 1 85 93  

2 . 1 2 8 2 . 1 9 6  2 . 2 3 3  2 . 1 6 8  ( 0 . 0 5 6 )  

3 2 .  1 3  2 2 . 1 2 2  2 . 2 2 6  2 . 2 7 0  2 . 1 9 2  9 2  

2 . 1 4 2 2 . 0 9 8  2 . 2 0 2  2 . 3 4 6  ( 0 . 0 8 5 ) 

( 2 . 1 8 9 ) 

4 2 . 2 2 0  2 . 2 7 5  2 . 2 1 5  2 . 2 9 5  2 . 2 3 7  7 8  

2 . 1 2 5 2 . 3 0 7  2 . 2 8 6  2 . 1 7 4 ( 0 . 0 6 5 ) 

( 2 . 2 3 1 )  

5 1 . 9 5 6  2 . 1 4 1  2 . 2 8 7  2 . 3 2 8 2 . 2 0 3  9 0  

2 . 1 2 8 2 . 2 5 6  2 . 2 6 3  2 . 2 6 $3  ( 0 . 1 2 2 )  

( 2 . 1 9 2 )  

+ S t,an d a r d s  w e r e  t h o :; e  o f  r u ::.  1 4 . 

* C a l c u l a t i o r: i n c l u d e s  c -:> r r e r: t i o n  f e r  d i l u t i o n . 

0 S m o o t h e d  c o r r e c t i o n  f o r  s o l u t i o n  .;:: o l o u r  a p p l i e d  



App e n d i x  4 . 2 : A m m o n i a  d e t e r m i n a t i o n  f o r  h y d r o l a y s i s e x p e r i m e n t r u n  4 

S a m p l e  

B 1  

1 

2 

2 

3 

4 

5 

A a 

2 .• 1 6 !)  

2 . 1 8 8  

1 . 4 8 6  

1 .  4 5  7 

1 . 3 5 3  

1 . 3 1 0 

2 . 0 1 6 

1 . 9 8 0  

1 . 7 4 2 

1 .  7 1 7 

1 . 6 9 5 

1 . 8 3 7  

1 . 7 6 5 

1 . 2 9 6  

( . ) + r e p e a t e x p e r � m e n t  

A b  

2 . 1 2 0  

2 . 1 1 3  

1 . 5 3 7  

1 . 5 5 7  

1 . 2 4 5  

1 .  2 5 2 

1 . 8 2 5 

1 . 8 3 6  

1 . 5 1 2  

1 . 8 6 4  

1 .  9 2 3  

1 . 8 3 9  

1 . 4 4 1  

1 . 2 1 2  

B a  

2 . 1 5 6  

2 . 1 3 9  

1 . 5 25 

1 . 49 1  

1 .  2 49 

1 . 2 3 0  

2 . 0 0 2  

1 . 9 5 1  

1 . o 5 7 

1 . 8 7 5  

1 .  8 3 6  

1 . 5 6 3 

1 .  9 1 4  

1 . 8 8 1  

Bb 

2 . 1 3 8  

2 . 1 5 9  

1 . 4 3 8  

1 . 4 4 8  / 

1 . 3 23 

1 . 4 0 6  

1 . 8 1 0  

1 . 9 7 9  

1 . 8 3 8  

1 .  7 9 2 

1 . 5 9 �  

1 . 5 6 9  

1 .  6 9 6  

1 . 6 2 0  

M e a n  
c6n - 1 )  

2 . 1 4 8  

( 0 . 0 25 )  

1 . 4 9 2  

( 0 . 0 4 4 )  

1 . 2 9 6  

( 0 . 0 6 3 )  

1 .  9 2 5 

( 0 . 0 8 6 )  

1 .  7 6 2  

( 0 . 0 9 7 ) 

1 .  7 3 1  

( 0 . 1 45 ) 

1 . 6 0 3 

( 0 . 2 6 2 )  

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  d i l u t i o n . 

Co :1 c e n t r a t i o : . * 

i n  r e a c t o r  

( mM )  

1 0  

7 6  

9 1  

85 

1 1 0 

1 1 5 

1 3  0 

+ A  r e p e a t  o f  t h e  h y d r o l y s i s  w a s  c a r r i e d  o u t  w i t h  a n a l y s i s o £  p H  a n d  

ammo n i a  o n ly . 



A o pe n d i x  4 . 2 :  A m c o n i a  d e t e r m i n a t i o n  f o r  h y d r o l y s i s  e x p e r i c e n t .  :r u n 5 

( A3 4 0 )  

S am p l e  A a Ab B a  Eb M e a n  C o n c e n t r a t i o n * 

( 5o - 1 )  i n  r e a c t o r  

( mM )  

B 1  2 . 2 1 9  2 . 1 8 4  2 . 1 3 5  2 . 1 4 8  2 . 1 6 5  0 

2 . 1 8 2  2 . 1 45 2 . 1 6 3  2 . 1 45 ( 0 . 0 2 8 )  

1 2 . 1 9 5  2 . 1 8 6  2 . 1 6 2  2 . 1 6 9  2 . 1 7 4  0 

2 . 1 8 5 2 . 1 7 5  2 . 1 6 3  2 . 1 5 7  ( 0 . 0 1 4 )  

2 2 . 1 2 0 2 . 1 2 7  2 . 0 9 8  2 . 0 9 3  2 . 1 0 8  0 . 3 6  

2 . 1 1 9  2 . 1 2 0 2 . 0 8 0  7. . 1 0 3 ( 0 . 0 1 7 )  

3 2 . 0 1 4  1 . 9 7 5  1 .  9 2 (, 1 . 9 2 9  1 . 9 4 3  0 . 9 2  

1 . 9 7 5  1 . 9 7 2  1 . 8 05 1. . 9 .) 0  ( 0 . 0 6 3 ) 

4 1 . 6 5 5  1 . 5 9 9  1 . 5 7 2  1 . 5  9 7  1 . 6 0 6 2 . 0 8  

1 . 6 2 2  1 . 6 0 5 1 .  5 9 1  0 . 0 2 6  

5 1 . 1 7 1  1 . 1 7 6  1 .  1 7  0 1 . 1 7 7  1 . 1 7 5  3 . 5 6  

1 . 1 7 8 1 . 1 7 9  1 . 1 6 5  1 . 1 8 3 ( 0 . 0 0 6 )  

* C a l c u l a t i o n  i n c l u d e s  c o r r e: c t i o n  f o r s am p l e  d i l u t i o n . 



App e n d i x 4 . 2 :  A m m o n i a  d e t e r m i n a  t i o to f o r  h y d r o l y s i s e x p e r i m e n t ,  r u n  (; 

( A3 4 0 )  

S am p l e  A a Ab B a B b  M e a n C o n c e n t r a t i o n *  

(�n - 1 )  in r e a c t o r  

( m M )  

B 1  1 .  7 3 5 1 . 7 7 4  1 . 7 4 4 1 . 7 5 1  1 .  7 4 9  5 . 6 

1 . 7 5 7  1 . 7 4 9 1 .  7 3 9  1 .  7 4 1  ( 0 . 0 1 4 )  

1 1 . 6 4 2 1 . 6 5 5  1 . 6 6 2  1 . 6 5 0  1 . 6 5  0 1 0 . 8  

1 . 6 5 1 1 . 6 6 0  1 . 6 47 1 . 6 3 2  ( 0 . 0 1 0 )  

2 1 . 5 5 9  1 . 5 45 1 . 4 8 3  1 . 4 9 3  1 . 5 2 5 1 4 . 6  

1 . 5 5 2  1 . 5 45 1 . 5 1 3 1 . 5 1 2  ( 0 . 0 2 9 )  

3 1 . 4 2 3  1 .  4 0 7  1 . 3 5 8  1 . 3 8 3  1 . 3 9 2  1 7 . 0  

1 . 4 1 7  1 . 4 1 9  1 . 3 3 8  1 . 3 8 8  ( 0 . 0 3 2 )  

4 1 . 3 5 6  1 . 3 4 4 1 . 2 9 3  1 . 3 2 3  1 . 3 4 1  1 8 . 8  

1 . 3 5 9  1 . 3 4 1 1 . 3 5 6  1 . 3 5 4  ( 0 . 0 2 3 ) 

5 1 . 8 2 4  1 . 8 2 8  1 . 2 0 8  1 . 2 6 2  1 . 2 5 7  2 1 . 8  

1 . 8 3 8  1 . 8 2 4  1 . 2 7 3  1 . 2 8 5  ( 0 . 0 3 4 ) 

6 1 . 3  0 6  1 . 2 7 0  1 . 1 4 8  1 . 2 4 2  1 . 2 5 1 2 1 . 9  

1 . 3 0 2  1 .  2 8 1  1 . 2 0 0  1 . 2 5 7  ( 0 . 0 5 4 ) 

7 1 . 2 7 3  1 .  2 47 1 . 1 7 6  1 . 2 0 5  1 . 2 3 2 2 2 . 2  

1 . 2 5 7  1 . 2 8 7  1 . 2 2 4  1 . 1 7 9  ( 0 . 0 4 3 ) 

8 1 . 2 6 0  1 .  2 2 1  1 . 2 8 9  1 . 2 1 0  1 . 2 5 7  2 1 . 7  

1 . 2 5 9  ' 
1 .  2 6 5  1 . 2 45 1 . 3 0 4  ( 0 . 0 3 2 )  

* C a l c u l a t i o n  i n c lu d e s  c o r r e c t i o n  f o r  s am p l e  d i l u t i o n . 



Appe n d ix 4 .  2 :  Amm o n i a  d e t e t: u. i n a t i o n  f o r  hy d r o l y s i s  e x p e r in. e n t .  r u n  7 

( A3 4 0 )  

S a :n p le A a Ab B a  l3 b  Mean C o n c e nt r a t i o n * 

((n - 1 )  in r e a c t o r  

( mM)  

B 1  1 . 8 9 5  1 . 9 1 9 1 . 8 9 8  1 . 9 0 2  1 . 9 0 7  0 . 5 4  

1 .  9 1 9 1 . 9 2 4  1 . 9 0 8  1 . 8 9 3  ( 0 . 0 1 2 )  

1 1 . 9 2 1  1 . 9 '1 'J  1 . 9 0 9  1 . 9 1 2 1 .  9 1 7 0 . 3 6  

i . 9 2 7 1 . 9 2 5  1 . 9 0 5  1 . 9 0 4  ( 0 . 0 1 0 )  

2 1 . 9 1 9 1 . 9 23 1 . 9 0 2  1 . 8 9 8 1 . 9 0 9  0 . 5 1  

1 . 9 2 1  ! . 9 2 4 1 . 8 9 3  1 . 8 8 6  ( 0 . 0 1 5 ) 

3 1 . 8 9 8  1 . 8 9 8  1 . 8 9 2  1 . 8 8 0  1 . 8 9 2  0 .  7 2 

1 . 9 0 2  1 . 9 0 6  1 . 8 8 7  1 . 8 7 6  ( 0 . 0 1 1 )  

4 1 . 8 5 9  1 . 8 6 3  1 . 8 2 4  1 . 8 1 8  1 . 8 3 4  1 . 2 3 

1 . 8 6 4  1 . ts 6 8  1 . 8 1 6  1 .  7 6  2 ( 0 . 0 3 7 ) 

5 1 .  7 5 1  1 .  7 5 6  i . 7 3 0  1 .  7 1 7 1 .  7 3 5  1 . 9 2  

1 .  7 4 2  1 .  7 4 4  1 . 7 2 8 1 .  7 1 0 ( 0 . 0 1 6 ) 

* C a l c u l a t i o n  i n c lu d e s  c o r r e c t i o n  f o r  s amp l e  d i lu t i o n . 



Appe n d i� : Acmc n i a  d e t e r m i n a t i o n  f � r  hy dro ly� i s  e x p e r i me n t , r�n 8 

S amp l e  

B l  

1 

2 

3 

4 

5 

A a 

2 . 1 3 0  

2 . 2 4 7  

1 . 9 2 9  

1 . 9 6 9  

1 . 5 9 5  

1 . 6 0 6  

1 . 4 9 5  

1 .  43 4 

1 . 43 4  

Ab 

2 . 23 C  

2 . 1 9 0  

1 . 9 43 

1 . 9 4 1  

1 . 5 7 5  

1 . 5 9 2  

1 . 3 7 2  

1 . 3 7 2  

1 . 3 7 8  

( A3 4 0 )  

B a  

2 . 1 9 0  

2 . 2 05 

1 . 9 9 9  

1 . 8 9 9  

1 . 5 3 4  

1 . 5 1 1  

1 . 3 5 5  

1 . 4 8 8  

1 . 2 3 9  

Bb 

2 . 2 1 8  

2 . 2 0 2  

1 . 85 0  

1 . 8 4 8  

1 . 4 6 6  

1 . 4 6 8  

1 .  45 9 

1 . 3 6 8  

1 . 3 1 8 

M e a n  C o n c e n t r a t i o n �  

( �n - 1 )  i n  r e a c t o r.  

2 . 2 0 2  

( 0 . 0 3 5 )  

1 . 9 1 0  

( 0 . 0 4 4 )  

1 . 5 43 

( 0 . 0 5 7 )  

1 . 4 2 0  

( 0 . 0 6 8 )  

1 . 4 1 6  

( 0 . 0 5 7 )  

1 . 3 4 2  

( 0 . 0 8 4 )  

( mM )  

3 5  

8 2  

1 4 1  

3 2 3 

3 � j 

3 4 8  

* C a l c u l a t i o n  i n c lu d e s  c o r r e c t i o n  f o r  s amp l e  d i lu t ion . 



AEEe n d i x 4 . 2 :  A m m o n i a d e t e r m i n a t i o n  f o r  h y d r o l y s i s  e x p 4; r i m e n t . run 9 
' 

( A3 4 0 ) 

5amp l e  A a Ab Ba Bb Mean Conc entration* 
(i(n - 1 )  in r ea c t or  

( mM)  

B 1  2 . 2 0 7  2 . 2 4 0  2 . 2 43 2 . 2 3 7  2 . 23 7  0 

2 . 2 7 1  2 . 2 3 7  2 . 2 3 4  2 . 2 2 6  ( 0 . 0 1 8 )  

1 2 . 2 2 1  2 . 2 1 2  2 . 2 0 1  2 . 1 9 2  2 . 2 0 6  0 . 1 2  

2 . 2 2 1  2 . 2 0 7  2 . 1 9 1  2 . 1 9 7 ( 0 . 0 1 2 )  

2 ? . 1 5 2 2 . 1 5 0  2 . 1 6 6  2 . 1 6 0  2 . 1 5 3  0 . 3 0  

2 . 1 5 1  2 . 1 4 6 2 . 1 5 2 2 . 1 5 0  ( 0 . 0 0 6 ) 

3 2 . 0 7 6  2 . 0 8 5  2 . 0 8 4  2 . 0 6 6  2 . 0 7 6  0 . 5 6  

2 . 0 8 2' 2 . 0 8 0  2 . 0 7 9  2 . 0 6 2  ( 0 . 0 0 8 )  

4 1 . 8 8 1  1 . 8 8 0  1 . 8 5 9  1 . 8 5 1  1 . 8 6 4  1 . 2 8  

1 .  8 7  3 1 . 8 7 2 1 . 0 3 6  1 . 8 6 0  ( 0 . 0 1 6 ) 

5 1 . 5 0 0  1 . 45 5  1 . 4 6 9  1 .  47 6 1 . 4 7 2 2 . 5 9  

1 . 4 6 1 1 . 4 6 2  1 . 4 T i  1 . 4 7 5  ( 0  . 0 1 4 ) 

* Calculation inc ludes  c o rre c tio n  f o r  s amp l e  di lut ion . 



Appe n d i x 4 . 2 :  Am m o n i a  d e t e r m i n a t i o n  f o r  h y d r o l y s i s  e x p e r i m e n t , r u n  1 0  

S a mp l e  

::31 

1 

2 

3 

4 

5 

A a 

2 . 3 3 7  

2 . 3 5 5  

2 . 2 3 4  

2 . 2 1 8 

1 . 9 4 4 

1 . 9 3 7  

1 . 4 25 

1 . 3 9 2  

1 . 2 1 4  

1 . 2 2 0  

1 . 1 1 6 

1 . 1 4 1  

1 .  7 0 8  

1 . 6 9 0  

Ab 

2 . 3 4 4 

2 . 3 5 0  

2 . 2 1 6  

2 . 2 0 6  

1 . 9 3 0  

1 . 9 1 6  

1 .  4 47 

1 . 4 4 2  

1 . 3 0 2  

1 . 3 4 5 

1 . 1 2 8 

1 . 1 2 7 

1 . 6 9 9  

1 . 6 7 2  

( A3 4 0 )  

B a  

2 . 3 5 9  

2 . 3 5 2  

2 . 2 3 4  

2 . 2 3 0  

1 . 9 1 6 

1 . 9 3 1 

1 .  4 6 9  

1 . 49 1  

1 . 2 6 3  

1 .  2 8 0  

1 . 1 6 7  

1 . 1 6 4  

1 .  7 3 4  

1 .  7 2 7  

Bb 

2 . 3 5 4  

2 .  3 45 

2 . 2 3 6  

2 . 2 4 3  

1 . 9 1 4  

1 . 9 1 1  

1 . 4 8 0  

1 . 4 9 2  

1 . 2 3 3  

1 . 2 3 0  

1 . 1 7 0  

1 . 1 8 6 

1 . 7 3 7 

1 .  7 4 2  

+ Re p e a t  d e t e rmin a t i o n  a t  d i f f e r e n t  d i lu t icn . 

M e an C o n c e n t r a t i o n * 

<6n - 1 )  in r e a� t o r  

2 . 3 5 0  

( 0 . 0 0 7 )  

2 . 2 2 7  

( 0 . 0 1 2 )  

1 . 9 2 5  

( 0 . 0 1 2 )  

1 . 45 5  

( 0 . 0 3 5 )  

1 . 2 6 1  

( 0 . 0 4 5 ) 

1 . 1 5 0  

( 0 . 0 2 5 ) 

1 . 7 1 4 

( 0 . 0 2 5 ) 

( mM )  

> 0 

1 . 0 

6 . 1  

1 3 . 9  

1 7 . 1  

1 9 . 0  

1 9 . 1  

* Cal c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  s am p l e  d i lut i o n . 



App e u d ix 4 • 2 : Amm o n i a  d e t e rmin a t i o n  f o r  hy d r o l y s is e x p e r i me n t , r u n 1 1  

( A3 4 0 )  

S amp l e s  A a Ab B a  B b  M e a n  C o n c e n t r a t i o n * 

c6'n - 1 )  i n  r e a c t o r  

( mM )  

Bl  2 . 0 0 1  2 . 0 6 2  2 . 0 5 8 2 . 0 4 8  2 . 0 5 5  7 . 2 

2 . 0 6 3  2 . 0 6 4  2 . 0 7 6 2 . 0 6 6  ( 0 . 0 2 3 ) 

1 2 . 0 3 9  2 . 0 5 4  2 . 0 7 9 2 . 0 5 2  2 . 0 6 2  7 . 2 

2 . 0 5 9  2 .  0 7  4 2 . 0 8 1  2 . 0 6 3  ( 0 . 0 1 5 )  
/ 

2 1 . 9 8 3 2 . 0 7 8  2 . 0 2 2  2 . 0 0 3  2 . 0 2 3  7 . 3 

2 . 0 2 1  2 . 0 2 8  2 . 0 3 7  2 . 0 1 4 · ( 0 . 0 2 8 )  

3 1 . 9 0 1  1 . 9 0 2  1 . 9 2 7  1 . 9 2 1  8 . 5 

1 . 9 4 1 1 . 9 0 8  1 . 9 4 4  ( 0 . 0 1 9 )  

4 1 . 6 6 3  1 . 6 49  1 . 6 7 8  1 . 6 6 4  1 . 6 6 3  1 2 . 4 

1 . 5 9 7  1 . 6 6 2  1 . 7 0 9 1 . 6 8 2  ( 0 . 0 3 2 ) 

5 1 . 0 8 4  1 . 1 5 8 1 . 1 2 1  1 . 1 7 2  1 . 1 4 3 2 3  

1 . 1 0 7  1 . 1 6 4  1 . 1 4 2 1 . 1 9 8  ( 0 ; 0 3 7 ) 

* C a l c u l a t i o n  i n c lu d e s  c o rr e c t i o n  f o r  s amp l e  d i l u t i o n . 



App e n d ix 2 . 2 :  

S a m p l e  

1 

2 

3 

4 

5 

A a 

1 . 40 6  

1 . 6 6 9  

1 . 6 3 1 

1 . 6 0 8  

1 . 5 6 8  

1 . 6 9 0  

1 . 5 2 6 

1 . 4 9 6  

1 . 6 3 4  

+ 
Amm o n i a  d e t e r m i n � t i o n  f o r  h y d r o l y s i s  e x p e r i m e n t .  r u n  1 2  

Ab 

1 . 43 1 

1 . 5 7 6  

1 . 5 8 1  

1 . 8 4 6  

1 . 4 49 

( A3 4 0 )  

B a  

1 . 2 6 4  

1 . 5 7 6  

1 . 5 2 7 

1 . 4 7 5  

1 . 3 8 5  

B b  

1 . 2 6 4  

1 . 5 4 1 

1 . 6 1 9  

1 . 5 0 6 

1 . 6 4 4  

1 .  4 6 6  

1 . 6 0 6  

1 . 4 0 0  

1 . 3 7 7  

M e an Co n c e n t r a t i o n *  

<6n - 1 )  i n  r e a c t o r  

1 . 3 4 1  

( 0 . 0 9 0 )  

1 . 6 0 2  

( C\ . 0 4 6 ) 

1 . 5 7 2  

( 0 . 0 5 1 )  

1 . 6 0 2  

( 0 . 1 47 )  

1 .  45 7 

( 0 . 0 9 8 )  

( mM )  

1 6 . 3  

6 1  

1 2 6 

1 2 2  

1 4 5 

+ R e p e a t  d e t e rm i n a t i o n s  d u e  t o  u n s a �i s f a c t o r y i n i t i a l  d i l u t i o n s  

( s t an d a r d s  f r o m  r u n  1 ) . o 

* C a l c u l at i o n  i n c lu d e s  c o r r e c t i o n  f o r  s am p l e  d i l u t i o n . 



� n d i x  4 . 2 :  Am m o n i a  d e t e r c i n a t i o n  f o r  h y d r o l y s i s  ex p e r i m e n t , r u n  1 2  

( A3 4 0 )  

S a m p l e  A a Ab Ba Bb M e a n  C o n c e n t r a t i o n *  

( o'n - 1 )  i n  r e a c t o r  

( mM )  

B 1  2 . 2 8 0  2 . 3 41 2 . 3 0 9 2 . 3 2 4  2 . 3 1 7 < 0 

2 . 3 1 7 2 . 3 42 2 . 2 9 8  2 . 3 2 9 ( 0 . 0 2 2 )  

1 1 . 5 1 2  1 . 5  0 8  1 . 2 3 4  1 .  2 5  9 1 . 3 7  4 1 4 . 4  

1 .  4 7 '! 1 . 5 0 5  1 . 2 4 0  1 .  2 5  9 ( 0 . 1 3 5 )  

2 1 . 1 6 5  1 . 1 7 3 1 . 1 46 1 . 1 5 6  1 . 1 6 0  3 4 . 0  

1 . 1 5 3  1 . 1 7 2 1 . 1 5 6  1 . 1 5 5  ( 0 . 0 0 9 )  

3 1 . 5 ) 1  1 .  6 0 7 1 . 4 7 0  1 . 7 0 2  1 . 5 2 9 1 1 9 

1 . 5 3 6  1 . 5 3 3  1 . 4 1 9  1 . 4 1 2  ( 0 . 0 9 7 ) 

4 1 .  45 2 1 .  4 2 1  1 . 3 8 8 1 . 6 1 2  1 . 5 3 9  1 1 7 

1 . 4 3 4  1 . 7 3 6 1 .  7 o s 1 . 5 6 3  ( 0 . 1 3 5 )  

5 1 .  8 5  2 1 .  7 1 3 1 .  4 43 1 . 2 8 8  1 . 5  2 7  1 1 9 

1 .  7 1 7 1 . 3 8 8  1 . 4 9 1 1 .  3 2 1  � 0 . 2 0 8 )  

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  s am p l e  d i lu t i o n  • .  



Appe n d i x  4 .  1 : A m m o n i a d e t e r m i n a t i o n  f o r  h y d r o l y s i s  e x p e r i m e n t , r u n  1 3  

( A3 4 0 )  

S am p l e  A a Ab B a  Bb M e a n  Co n c e n t r a t i o n *  

(trn - 1 )  i n  r e a c t o r  

( mM )  

B 1  2 . 2 3 2  2 .  2 7 6  2 . 2 2 0  2 . 3 9 2  2 . 2 8 7  0 

2 . 2 4 2  2 . 2 85 2 . 2 3 3  2 . 4 1 7  ( 0 . 0 7 6 )  

1 1 . 8 1 2  1 . 8 3 9  1 .  7 7 1  1 .  7 5 6  1 . 7 8 8 8 

1 .  7 85 1 . 8 3 3  1 .  7 3 8  1 .  7 7  2 ( 0 . 0 3 6 )  

2 1 . 1 5 6 1 . 1 87  1 . 1 0 4  1 . 1 4 2  1 . 1 3 5  1 8 . 6  

1 . 1 2 2  1 . 1 9 2  1 . 0 4 1  1 . 1 3 3  ( 0 . 0 4 8 )  

3 1 . 0 3 8  1 . 0 3 7  1 . 0 3 3  1 . 0 3 2  1 . 0 3 4  < 2 3  

1 . 0 3 3  :!. . 0 3 5  1 . 0 3 6  1 . 0 3 ':3  ( 0 . 0 0 2 )  

4 1 . 6 0 9 1 . 6 0 1  1 . 5 1 5 1 . 5 5 5  1 . 5 7 8  5 6 . 5  

1 . 5 8 1  1 . 5 9 4  1 . 6 3 1 1 . 5 3 4  ( 0 . 0 4 0 ) 

5 1 . 3 3 6  1 . 3 8 7 1 . 1 8 2  1 . 2 2 8  1 . 3 0 7 7 8 . 5 

1 . 3 5 2  1 . 4 28  1 . 1 8 8  1 . 3 5 2  ( 0 . 0 9 4 )  

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  s am p l e  d i lu t i o n . 



App e n d i x 4 . 2 :  Am m o n i a  d e t e r m i n a t i o n  f e r h y d r o l y s i s  e x p e r i m e n t , r u n  11< 

( A 3 4 0 )  

S a mp l e  A a Ab B a Bb M e a n  C c n c e n t r a t i o n  

co'n - 1 )  in r e a c t o r  

( mM )  

B l  2 . 3 5 0  _2 . 4 1 5  2 . 4 1 0  2 . 5 6 0  2 . 4 4 4  0 . 3 

2 . 3 8 8  2 . 43 2 2 . 4 1 5  2 . 5 8 5 ( 0 . 0 8 3 ) 

1 1 . 9 9 2  1 .  9 46 2 . 0 0 4  2 . 0 1 8  1 . 9 8 3  8 . 1  

1 . 9 6 8  1 . 9 2 0  2 . 0 0 8  2 . 0 0 8  ( 0 . 0 3 5 )  

2 1 . 4 03  1 . 3 3 8  1 .  3 6 3  1 .  3 4 5  1 . 3 5 1 1 8 . 8  

1 . 3 3 9  1 . 3 3 2  1 .  3 2 6  1 . 3 6 0  ( 0 . 0 25 ) 

3 2 . 0 8 3  2 . 1 2 9 2 . 0 2 8  2 . 0 1 2  2 . 07 7  3 2 . 5  

2 . 1 7 3 2 . 1 0 5 2 . 0 5 0  2 . 0 3 4  ( 0 . 0 5 6 )  

4 1 . 9 0 6 1 . 9 4 6  1 . 8 6 5  1 .  7 5 6  1 . 8 7 3  4 9 . 5  

1 . 8 8 0  1 . 8 9 2  1 . 8 5 5 1 . 8 8 3  ( 0 . 0 5 5 )  

5 1 . 6 1 6 1 . 5 8 5  1 . 3 9 5 1 . 3 8 5 1 . 5 1 6 8 0  

1 . 5 6 7  1 . 5 7 5  1 .  47 5 1 . 5 3 3  ( 0 . 0 8 8 )  

* C a l c u l a t i o n  i n c lu d e s  c o r r e c t i o n  f o r  s am p l e  d i lu t io n . 



App e n d i x 4 .  2 :  A mm o n i a  d e t e r m i n �. t  i o n  f o r  h y d r o l y s i s e x p e r i m e n t . r u n  1 5  

( A:: 4 0 )  

S am p l e  A a Ab B a  Bb M e a n  C o n c e n t r a t i o n *  

(� - 1 )  i n  r e a c t o r  

( mM )  

B 1  2 . 3 45 2 . 3 0 5 2 . 2 1 5  2 . 2 5 5  2 . 2 8 3  1 . 0 

2 . 3 4 6 2 . 2 7 5  2 . 2 7 6 2 . 2 5 0  ( 0 . 0 4 6 )  

1 2 . 0 6 7  2 . 0 6 2  2 . 0 7 2  2 . 0 85 2 . 07 6 5 . 0 

2 . 0 7 5 2 . 0 6 8  2 . 0 8 5  2 . 0 9 7  ( 0 . 0 1 2 ) 

2 1 . 8 7 9  1 . 8 0 8  1 .  7 8 2  1 . 7 8 5 1 . 8 1 2  9 . 4 

1 . 8 6 8  1 .  7 8 7 1 .  7 9 5 1 . 7 8 9 ( 0 . 0 3 9 )  

3 1 . 3 3  2 1 . 1 8 0  1 . 2 4 8  1 . 3 8 0  1 . 2 9 2  1 8 . 2  

1 . 3 :>. 9  1 . 1 4 6  1 . 2 7 0  1 .  45 2 ( 0 . 1 0 2 )  

4 2 . 0 23 2 . 1 1 2  2 . 0 7 7  2 . 0 8 8  2 . 0 7 6  5 0  

2 . 0 1 2  2 . 1 0 7 2 . 0 9 6  2 . 0 8 9  ( 0 . 0 3 8 ) 

5 2 . 0 0 0  1 . 9 4 3 1 .  9 9 6  1 . 9 6 2  1 . 9 6 5  6 8  

1 . 9 7 0  1 . 9 3 2  1 . 9 9 0  1 . 9 2 8 ( 0 . 0 2 9 )  

* C a l·c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  s am p l e  d i l u t i o n . 



A22e n d ix 4 . 2 :  N- t e r m i n a l  amino g r o u p s d e t e rmin a t i o n  s t a n d a r d s  ( T N B S )  

h y d r o l y s i s  e x p e r i m e n t . r u n  l 

( A3 40 )  

Lab e l  a b M e an C o n c e n t r a c i o n  

L- g l u 

( mM) 

0 0 .. 5 1 6 0 . 5 2 1  0 . 5 1 9 

2 5  0 . 5 8 5 0 . 5 8 3  0 . 5 5 4  0 . 2 5 

5 0  0 . 6 4 2 0 . 6 4 0 .  0 . 6 4 1  0 . 5 

1 0 0  0 . 7 6 0  0 . 7 6 2  0 . 7 6 1  1 . 0 

1 5 0  0 . 8 8 6  0 . 8 8 8  0 . 8 8 7  1 . 5 

2 5 0 1 . 0 7 5  1 . 1 3 3  1 . 1 0 4  2 . 5 

( Ab s o rb an c e  g e n e r a l ly l o w  b u t  d a t a  a p p e a r s  s a t i s f a c t o r y )  

. .  



A22e n d ix 4 .  2 :  N- t e r m i n a l a m i n o  g r o u p s d e t e r m i n a t i o n  s t a n d a r d s  

( TN B S )  f o r  l4y d r o l y s i s  ex p e r i m e n t . r u n  2 

( A3 4 0 ) 

L ab e l  a b M e an C o n c e n t r a t ion  

L- g lu 

( mM) 

0 0 . 5 3 7  c . 5 4 4 0 . 5 4 1 

2 5  0 . 6 0 7  0 . 6 1 4 0 . 6 1 1  0 . 2 5 

5 0  0 . 6 7 9  0 . 6 7 5  0 . 6 7 7  0 . 5 0  

1 0 0  0 . 8 0 1  0 . 8 2 8  0 . 8 1 5  1 . 0 0 

1 5 0  0 . 9 2 6 0 . 9 9 0  0 . 9 5 8  1 . 5 0  

2 5 0 1 . 1 8 6  1 . 3 2 0 1 .  2 5 3  2 . 5  

� 



AJ2J2e n d ix 4 . 2 :  N- t e r m i n a l  am i n o  g r o u p s  d e t e r m in a t io n  s t an d a r d s  ( T N B S )  

f o r  h y d r o ly s i s  e x p e r i m en t . r u n  3 

( A 3 4 0 )  

Lab e l  a b M e an C o n c e n t r a t i o n  

L- g lu 

( mM )  

0 0 .; 5 1 1  0 .  5 3 0" • 0 

- � 0 . 5 9 6 0 . 5 9 9  0 . 2 5 

5 0  0 . 6 6 3  0 . 6 7 2  0 . 5 

1 0 0  0 . 8 1 6  0 . 8 2 6  1 . 0 

1 5 0  0 . 9 4 2  1 . 0 1 8  1 . 5 

25 0 1 . 3 6 4  1 . 3 9 5  2 . 5 

5 0  0 . 6 5 4  0 . 6 6 7  0 . 5 

1 0 0  0 . 7 6 8  0 . 8 1 4  1 . 0 

1 5 0  0 . 9 3 7  0 . 9 3 2  1 . 5 



AEEe n d ix 4 . 2 :  N- t e rmina l amin o g r o u p s  d e t e r min a t i o n  s t a n d a r d s  ( T N B S )  

f o r  hyd ro l y s i s  e x p e r im e n t . r u n  4 

( 
( A3 40 )  

Lab e l  Ab s o rb an c e M e.G�."' C o n c e n t r a t i o n  

L- g l u 

( mM )  

0 0 . 5 1 3 0 . 5 1 4 0 . 5 1 6 

_, 

2 5  0 . 6 0 8  0 . 5 8 6  0 . 5 9 7  0 . 2 5 

7 5  0 . 8 1 1  0 . 7 6 8  0 . 7 9 0  0 . 7 5  

1 2 5 1 . 0 1 2  0 . 9 5 7  0 . 9 8 5  1 . 2 5 

1 7 5  1 . 2 4 4  1 . 1 6 6  1 . 2 0 5  1 . 7 5  

2 5 0 1 . 5 1 3  1 .  4 5  0 1 . 4 8 2 2 . 5 

0 1 .  5 1 3 0 . 5 2 9 0 . 5 2 3 

25  0 . 6 0 6 0 . 6 1 0  0 . 6 0 8  0 . 2 5 

7 5  0 . 8 0 4  0 . 8 3 6  0 . 8 2 0  0 . 7 5 

1 2 5 1 . 0 0 1  1 . 0 1 3 1 . 0 0 7  1 . 2 5 

1 7 5  1 . 2 0 2  1 .  2 2 8 1 . 2 1 5  1 . 7 5  

2 5 0 1 .  47 1 1 . 4 6 3  1 . 4 6 7  2 . 5 



AEEe n d i x 4 .  2 :  N- t e rmi n a l  animo  g r o u p s  d e t e r m i na t i o n  s t a n d a r d s  ( T N B S )  

f o r  hy d r o l y s i s  e x p e r im e n t . r u n  4 

( A3 4 0 )  

Lab e l  A s o rb an c e  Me an C o n c e n t r a t i o n  

L- g l u  

( mM )  

0 0 . 5 1 9 0 . 5 2 0  n i l  

0 . 5 2 0 

2 0  0 . 5 9 6  0 . 5 9 1  0 . 2 

0 . 5 8 6  

s o  0 . 7 1 9 0 . 7 1 0 0 . 5  

0 . 7 0 0 

l O O  0 . 9 2 2  0 . 9 0 8  1 . 0 

0 . 8 9 3  

1 5 0 1 . 1 5 8  1 . 1 2 2 1 . 5 

1 . 0 8 6  

2 5 0 1 . 5 5 5 1 . 5 2 0 2 . 5 

1 .  4 8 5  



AEE e n d i x 4 . 2 : N- t e r m i n a l amin o g r o u p s d e t e r m ina t i o n  s t an d a r d s  ( TN B S )  

f o r  hy d r o ly s i s  e x p e r im e n t , r u n  5 

( A3 40 )  

Lab e l  a b M e a n  Co n c en t r a t io n  

L- g lu 

( mM )  

0 0 . 5 2 8 0 . 5 3 0  0 . 5 7. 9 

2 0  0 . 5 9 7  0 . 6 0 3  0 . 6 0 0  0 . 2  

5 0  0 . 7 0 0 0 . 6 9 8  0 . 6 9 9  o . s 

1 0 0  0 . 8 8 5 0 . 8 6 8  0 . 8 7 7  1 . 0 

1 5 0  1 .  0 7 1 1 . 0 7 0 1 .  0 7 1 1 . 5 

25 0 1 . 4 0 3  1 . 4 2 1  1 . 4 1 2  2 . 5 



AEEe n d ix 4 . 2 :  N- t e r m i n a l amino  g r o u p s  d e t e r mi n a t i o n  s t a n d a r d s  ( 'l' N B S  

f o r  h y d r o l y s i s  e x p e r i m e n t , run 6 

( A3 4 0 )  

Lab e l  Ab s o rb an c e  M e an C o n c e n t ra t i o n  

L- g lu 

( mM)  
• 

0 0 . 5 4 2  0 . 5 3 1  n i l  

0 . 5 1 9 

2 5  0 . 6 3 8  0 . 6 2 7 0 . 2 5 

0 . 6 1 5 

7 5  0 . 8 4 1  0 . 8 1 5 0 . 7 5  

0 . 7 9 0 

1 2 5 1 . 0 5 9  1 . 0 2 0  1 . 2 5  

0 . 9 8 1  

1 7 5  1 . 2 7 0  1 . 2 2 2  1 . 7 5  

1 . 1 7 3  

2 5 0 1 . 5 8 4 1 . 5 2 4  2 . 5 

1 . 4 6 4  



App e n d i� 4 . 2 :  N- t e r m in a l  am i n o  g r o u p s d e t e r mina t i o n  s t an d a r d s  ( T N B S )  

f o r  h y d r o lys i s  e x p e r im en t . r un 6 *  

( A3 40 ) 

L a b e l  Ab s o r b an c e  M e a n  Co n c e n t r a t i o n  

I.- g l u  

( mM )  

0 0 . 5 46 0 . 5 4 4 n i l  

0 . 5 4 2  

2 5  0 . 6 3 7  0 . 6 2 9  0 . 2 5 

0 . 6 2 1  

7 5  0 . 8 45 0 . 8 2 8  0 . 7 5  

0 . 8 1 1  

1 2 5 1 . 0 7 5  1 . 0 4 0  1 . 2 5 

1 . 0 0 4  

1 7 5  1 . 3 0 4  1 . 2 5 6  1 . 7 5  

1 . 2 0 7  

2 5 0  1 . 5 8 8  1 . 5 5 9  2 . 5 

1 . 5 2 9  

* R e p e a t  d e t e rm i n a t i o n  

/ 



�Ee n d ix 4 . 2 :  N- t e rm i n a l animo g r o u p s  d e t e r m i n a t i o n s t a n d a r d s  ( T N B S  

f o r  hyd r o l y s i s  e x p e :: i men t , run 7 

( A3 4 0 ) 

S amp l e  Lab l e  Ab s o rb an c e  M e an C o n c en t r a t i o n  

L- g lu 

( mM)  

0 0 . 5 46 0 . 5 45 

0 . 5 4 4 

2 0  0 . 5 9 0  0 . 5 9 2  0 . 2 

0 . 5 9 3  

5 0  0 . 6 7 0  0 . 6 6 9  0 . 5 

0 . 6 6 7  

1 0 0  0 . 8 2 1  0 . 8 1 5 1 . 0 

0 . 8 0 8  

1 5 0  0 . 9 3 0  0 . 9 4 1  1 . 5 

n . 9 5 2  

2 5 0 1 .  2 47 1 . 2 3 7  2 . 5 

1 . 2 2 6  



Apperrlix 4 . :?. :  N-tenninal amino groups determination starda.rds ('INBS) 
for hydrolysis experiment, run 8 

(A340) 

label a b Mean Cbro?ntration 
Irqlu 
(IIM) 

0 0 . 530 0 . 518 0 . 524 0 

20 0 . 593 0 . 580 0 .587 0 . 2  

50 0 . 695 0. 677 0. 686 0 . 5  

100 0 . 882 0 . 859 0.871 1 . 0  

150 1 . q79 1. 037 1. 058 1 . 5  

250 1 . 415 1. 382 1. 399 2 . 5  



AE:ee n d. ix 4 . 2 :  N- t e r m in a l  amino  g r o u p s d e t e r m i n a t i o n  s t a n d a r d s  ( T N B S )  

f o r  h y d r o l y s i s e x p e r i m en t . run 9 

( A3 4 0 )  

L ab e l  a b M e an C o n c e n t r a t i o n  

L- g lu 

( mM)  

0 0 . 5 0 9 0 . 5 2 9 0 . 5 1 9 

2 5  0 . 6 3 6  0 . 6 3 1  0 . 6 3 4  0 . 2 5 

5 0  0 . 7 2 4 0 . 7 2 8  0 . 7 2 6 0 . 5 

1 0 0  0 . 9 4 6  0 . 9 5 1  C . 9 4 9  1 . 0 

1 5 0  1 . 1 5 2  1 . 1 45 1 . 1 4 9 1 . 5 

2 5 0  1 . 5 8 6  1 . 5 8 8  1 . 5 8 7 2 . 5 



!!J.> E e n d  ix 4 . 2 :  N- t e r mi n a l  amino  g r o u p s  d e t e rmin a t i o n  s t nn d a r d s  ( T N B S )  
f o r  hyd r o l y s is  ex p e r im e n t . r u n  1 0  

( A3 40 )  

Lab e l  a b M e an C o n c e n t r a t io n  

L-- g lu 

( mM )  

0 0 . 5 4 0  0 . 5 45 0 . 5 43 

2 5  0 . 6 3 6  0 . 6 3 9  0 . 6 3 8  0 . 2 5 

5 0  0 . 7 2 5 0 . 7 4 1 0 . 7 3 3  o . s 

1 0 0  0 . 8 6 8  0 . 9 3 2  0 . 9 0 0  1 . 0 

15  0 1 . 1 3 0  1 . 1 1 0 1 . 1 2 0  1 . 5 

25 0 1 . 5 6 0  1 . 5 2 3  1 . 5 47 2 . 5 



Appe n d ix 4 . 2 :  N- t e rmi n a l  an im o g r o u p s d e t e r m i n a t i o n  s t a n d a r d s  ( T N B S )  

f o r  hyd r o l y s i s  ex p e r iment . r u n  1 1  

Lab e l  

0 

2 0  

5 0  

1 0 0  

1 5 0  

2 5 0  

Ab s o rb a n c e  

0 . 5 1 4  

0 . 5 0 2  

0 . 6 0 9  

0 . 5 5 7  

0 . 7 1 0 

0 . 6 8 2  

0 . 9 3 1 

0 . 8 7 6  

1 . 1 1 6 

1 . 0 9 0  

1 . 5 6 3  

1 . 4 5 3  

( A3 4 0 )  

M e an 

0 . 5 0 8  

0 . 5 8 3 

0 . 6 9 6  

0 . 9 0 4  

1 . 1 0 3  

1 . 5 1 3 

C o n c en t r a t i o n  

L- g lu 

( �H)  

0 

0 . 2 0 

0 . s o  

1 . 0 0 

1 . 5 

2 . 5 



!J!Ee n d ix 4 . 2 :  N- t e r m i n a l a m i n o g r o u p s  d e t e r m i n a t i o n  s t a n d a r a s  ( T N I> S )  
f o r  h y d r o l y s i s  e x p e r i m e n t . run 1 2  

( A3 40 ) 

Lab e l  a b M e an C o n c e n t r a t i o n  

L- g lu 

( mM)  

0 0 . 5 0 9 0 . 5 2 0 0 . 5 1 5 0 

2 5  0 . 6 1 0 0 . 6 1 1  0 . 6 1 1  0 . 25 

5 0  0 . 7 0 9 0 . 7 0 0  0 . 7 0 5 0 . 5 

1 0 0  0 . 8 9 8  0 . 8 8 4  0 . 8 9 1 1 . 0 

1 5 0  1 . 1 0 9  1 . 1 2 0  1 . 1 1 5 1 . 5 

2 5 0 1 . 5 1 0 1 . 4 9 9  1 . 5 0 5 2 . 5 



A:2:2e n d ix 4 . 2 :  N - t e rm i n a l a m i n o  g r o u p s  d e t e r m in a t i o n  s t an d a r d s ( T N B S: 

f o r  h y d r o ly s i s  e x p e r im en t . run 1 3  

( A3 40 )  

Lab e l  a b Me a n  C o n c e n t r r t io n  

L- g lu 

( mM )  

0 0 . 5 4 4 0 . 5 45 0 . 5 45 

2 5  0 . 6 2 2  0 . 6 1 4  0 . 6 1 8 0 . 2 5 

5 0  0 . 7 0 1  0 . 6 8 3 0 . 6 9 2  0 . 5 0  

1 0 0  0 . 8 7 3  0 . 8 6 5  0 . 8 6 9  1 . 0 0  

1 5 0  1 . 0 3 6  1 . 0 4 7  1 . 0 4 2  1 . 5 0  

2 5 0 1 . 3 3 4  1 . 3 4 0 1 . 3 3 7  2 . 5 



AEEe n d ix 4 . 2 :  N- t e rmi na l amino  g r o u p s  d e t e r m i n a t i o n  s t a n d a r d s  ( T N B l  

f o r  hy d r o ly s i s e x p e r i m e n t . r u n  1 4  

( A3 40 )  

Lab e l  a b Co n c en t r a t. i o n  

L- g lu 

( mM )  

0 0 . 5 2 7 0 . 5 3 1 0 

25  0 . 6 2 0  0 . 6 1 1  0 . 2 5 

5 0  0 . 6 8 7  0 . 6 9 5  0 . 5 0  

1 0 0  0 . 8 6 9  0 . 9 2 0 * 1 . 0 

1 5 0  1 . 0 6 6  0 . 9 6 8  1 . 5 

25 0 1 . 3 8 7 1 . 3 7 5  2 . 5 

* P r e p a r a t i o n  e r r o r  - s e e  n o t eb o ok . p 2 0 5  



AEEe n d ix 4 . 2 : N - t e r m in a 1 a m i n o  g r o u p s  d e t e r m i n a t i o n  s t a n d a r d s  ( T N B S )  

f o r  h y d r o l y s i s  exp e r i m e n t .  r u n  1 5  

( A3 4 0 )  

Lab e l  a b M e a n  C o n c e n t r a t i o n  

L- g l u 

( mM )  

0 0 . 5 2 4 0 . 5 3 0  0 . 5 2 7 

2 5  0 . 6 1 8  0 . 6 1 2  0 . 6 1 5 0 . 2 5 

5 0  0 .  7 1 7  0 .  7 1 7  0 .  7 1 7  0 . 5 

1 0 0  0 . 9 1 5 0 . 8 9 9  0 . 9 0 7 - 1 . 0 0  

1 5 0  1 . 1 2 0 1 . 1 0 6 1 . 1 1 3 1 . 5 

25 0 1 . 5 0 9 1 . 4 8 2  1 . 4 9 6  2 . 5 



AEE e n d ix 4 . 2 :  N·- t e l.· m i n a l a m i n o  g r o up s d e t e r m i n a t i o n  ( TN B S )  f o r  

hy d r o l y s i s  e x p e r i m e n t . run  1 

( A 3  40 ) 

S amp l e  A a Ab B a  Bb Me a n  

( 6n - 1 )  

B 1  0 . 5 9 4  0 . 6 1 6 0 . 5 9 6  0 . 6 3 1  0 . 6 1 6  

0 . 6 0 3  0 . 6 5 4  ( 0 . 0 2 3 ) 

1 0 . 6 1 9 0 . 6 0 4  0 . 5 8 9  0 . 5 8 7 0 . 5 9 9  

0 . 6 0 2  0 . 5 9 0  ( 0 . 0 1 2 ) 

2 0 . 5 9 3  0 . 5 9 7  0 . 5 9 8  0 . 6 1 1  0 . 5 9 8  

0 . 5 9 7 0 . 5 8 9  ( 0 . 0 !:> 7 )  

3 0 . 6 0 1  0 . 6 2 7 0 . 6 0 9  0 . 6 0 0  0 . 6 0 7  

0 . 6 0 6  0 . 6 0 1  ( 0 . 0 1 0 )  

4 0 . 6 4 4  0 .  6 3 1 0 . 6 0 8  0 . 6 1 1  0 . 6 2 3  

C . 6 2 6 0 . 6 1 7  ( 0 . 0 1 4 ) 

5 0 . 6 6 1  0 . 6 6 2  0 . 6 2 6 0 . 6 3 5  0 . 6 43 

0 . 6 5 0  0 . 6 3 5  0 . 6 3 1 ( 0 . 0 1 5 )  



AEEf\ n d ix 4 .  2 :  N- t e r m i n a l amin o g r o u p s d e t e r mi n a t i o n  ( 7N B S )  f o r  

hy d r o l y s i s  e x p e r im e n t , run 2 

( A 3 40 )  

S amp l e  A a Ab B a  Bb M e a n  

( f!n - 1 )  

1 0 . 6 4 8 0 . 6 4 2 0 . 6 3 2  0 . 6 5 0  0 . 6 3 8  

0 . 6 46 0 . 6 3 0  0 . 6 3 1  0 . 6 2 8  ( 0 . 0 0 9 )  

2 0 . 6 8 8  0 .  7 0 3  0 .  7 2 4  0 .  7 0 7  0 . 7 0 0 

0 . 6 9 2  0 . 6 9 3 0 . 7 1 1 0 . 6 8 6 ( 0 . 0 1 3 ) 

3 0 . 7 5 7  0 . 8 1 2 0 . 8 0 0  0 . 8 4 4  0 . 7 9 8  

0 . 7 9 5 0 .  7 48  0 . 8 2 9 0 . 8 0 4  ( 0 . 0 3 2 )  

4 0 . 8 7 0  0 . 8 8 7 0 . 8 8 1  0 . 9 3 0  0 . 8 9 0  

0 . 5 8 4 0 . 8 5 8  0 . 9 1 3 0 . 8 7 9  ( 0 . 0 2 3 ) 

5 1 . 0 0 3  1 . 0 45 0 . 9 8 4  1 . 0 5 0 1 . 0 2 1  

1 . 0 1 7  1 . 0 2 6  1 . 0 1 3  1 . 0 3 0  ( 0 . 0 2 2 )  



AEEe n d ix 4 .  2 :  N- t e r m i n a l  a :n i n o  g r o u p e  d e t e r m i n a t i o n  ( TN B S )  f o r  

hy d r c l y s i s  e x p e r i m e n t . run 3 

( A3 4 0 )  

S amp l e  A a Ab Ba Bb M e an 

c o'n - 1 )  

B 1 0 . 6 4 4 0 . 6 6 0  0 . 6 8 5  0 . 6 6 6  0 . 6 6 4  

0 .  6 5 4 0 . 6 5 3  0 . 6 7 6  0 . 6 7 8  ( 0 . 0 1 4 )  

1 0 . 7 3 0  0 . 7 2 8 0 . 8 1 9  0 . 7 1 6 0 . 7 5 3  

0 . 7 3 0  0 . 7 4 1  0 . 7 9 5  0 . 7 6 3 ( 0 . 0 3 7 ) 

2 0 .  7 4 1  0 .  7 4 2  0 . 7 8 3 0 . 7 8 6 0 . 7 6 6  

0 . 7 5 2  0 . 7 4 4 0 . 8 0 2  0 . 7 7 9  ( 0 . 0 2 4 )  

3 0 . 7 4 0 0 . 7 6 7 C . 7 9 0  0 . 7 8 7  0 . 7 8 2 

0 . 7 8 0 0 . 7 7 0  0 . 8 3 5  0 . 7 8 4 ( v . 0 2 7 ) 

4 0 . 8 5 8  0 . 8 6 0  0 . 8 6 3  0 . 9 0 4  0 . 8 7 4  

0 . 8 8 4  0 . 8 7 0  0 . 8 6 3  0 . 8 8 7  ( 0 . 0 1 6 )  

5 0 . 9 4 0  0 . 9 5 8  0 . 9 5 1  

0 . 8 4 9  0 . 9 5 9  ( O . O O S )  



A22end ix 4 . 2 :  N- t e r mi n a l amine  g r o u p s  d e t e r m i n a t ion  ( T N B S )  f o i  

h y d r o ly s i s  exp e r io e n t . r u n  4 

(A3 4 0 )  

S amp l e  A a Ab Ba Bb M e a n  

( 6'n - 1 )  

1 0 . 7 2 ('1 0 . 7 3 5  0 .  7 1 9 0 . 7 1 4 0 . 7 2 5 

0 .  7 47  0 . 7 3 7  0 .  7 1 4 0 .  7 1 4 ( 0 . 0 1 3 )  

2 0 . 8 8 8  0 . 8 9 9  0 . 9 2 3  0 . 9 3 1  0 . 9 1 3  

0 . 9 1 3 0 . 9 0 1  0 . 9 2 0  0 . 9 2 8  ( 0 . 0 1 5 )  

3 1 . 2 49 1 . 2 6 3  1 . 3 2 6 1 . 3 3 7  1 . 2 9 3  

1 . 2 7 0  1 . 2 4 2  1 . 3 2 4  1 . 3 3 6  ( 0 . 0 4 1 )  

4 1 . 2 4 2  1 . 2 6 9  1 . 2 2 6  1 . 2 3 4  1 . 2 3 9  

1 .  2 47 1 . 2 2 9  1 .  2 4 1  1 . 2 2 0  ( 0 . 0 1 5 ) 

5 1 . 5 2 4 1 . 5 2 2  1 . 5 3 1  1 . 5 2 0  1 . 5 2 5 

1 . 5 3 0  1 . 5 3 7  1 . 5 2 5 1 .  5 1 3 ( 0 . 0 0 7 ) 



AEJ2e n d ix 4 . 2 :  N- t e r m i n a l  a m i n o  g r o u p s  d e t e rm i n a t i o n  ( T N B S )  f o r  

h y d r o l y s i s  e x p e r :.. m e n t . run 4 

( A 3 4 0 )  

S a mp l e  A a Ab Ba  Bb M e a n  

1 0 . 6 8 5  o .  6 9·o 0 . 6 6 4  0 . 6 4 6 0 . 6 7 6  

0 . 7 0 5 0 . 6 9 9  0 . 6 7 1 0 . 6 4 9  

2 0 . 8 5 1 0 . 8 46 0 . 8 4 9  0 .  8 5 1 0 . 8 5 0  

0 . 8 6 6  0 . 8 4 3  0 . 8 3 7  0 . 8 5 6  

3 1 . 1 5 6  1 . 1 46 1 . 1 8 0  1 . 2 1 1  1 . 1 7 4 

1 . 1 6 3  1 .  1 47 1 . 1 9 2  1 . 1 9 7  

4 1 . 7 0 4 1 . 7 4 0 1 .  7 1 6 1 . 7 1 7 1 . 7 2 0 

1 . 7 2 4 1 . 7 2 9 1 . 7 1 1 1 . 7 2 2  

5 2 . 1 9 7 2 . 2 1 0 2 . 2 6 6  2 . 1 6 3  2 . 2 1 4 

2 . 2 4 0  2 . 2 2 5 2 . 2 43 2 . 1 6 8  

4*  0 . 9 6 9  0 . 9 1 9  0 . 9 2 5  0 . 8 4 7  0 . 9 1 2  

0 . 9 8 0 0 . 9 3 7  0 . 9 0 6  0 . 8 1 6  ( 0 . 9 1 2 )  

5 *  0 . 9 8 1  0 . 9 3 0  0 . 9 4 6 0 . 9 2 7  0 . 9 6 1  

0 . 9 8 5  0 . 9 7 3  0 . 9 6 9  0 . 9 7 6  

* R e p e a t d. e t e r  m i n a  t i o n s a t. d i f f e r e n t  d i l u t i o n  



AEEen d ix 4 . 2 :  N- t e rm i na l a m i n o  g r o u p s  d e t e r m i n a t i o n  ( T N B S )  f o r  

hy d r o l y s i s  e x p e r im e n t . run 5 

( A3 40 )  

S a mp l e  A a Ab B a  Bb M e a n  
( 6n - 1 )  

B 1  0 . 5 5 5  0 . 5 5 4  0 . 5 5 7  0 . 5 6 1  0 . 5 5 8  

0 . 5 5 2  0 . 5 5 8  0 . 5 5 7  0 . 5 7 1  ( 0 . 0 0 6 ) 

1 0 . 5 6 6  0 . 5 7 6  0 . 5 7 5  0 . 5 7 6  0 . 5 7 3  

0 . 5 6 6  0 . 5 6 6  0 . 5 7 9  0 . 5 7 9  ( 0 . 0 0 6 ) 

2 0 . 5 6 0  0 . 5 7 6  0 . 5 8 0  0 . 5 8 3 0 . 5 7 7  

0 . 5 7 5  0 . 5 8 2  0 . 5 7 8  0 . 5 8 5 ( 0 . 0 0 8 )  

3 0 . 5 6 2  0 . 5 8 5 0 . 5 85 0 . 5 9 1  0 . 5 8 4  

0 . 5 8 2  0 . 5 9 0  0 . 5 9 1  0 . 5 8 8 ( 0 . 0 1 0 )  

4 0 . 5 9 0  0 . 6 0 6  0 . 6 0 7 0 . 6 0 6  0 . 6 0 5 

0 . 6 0 5 0 . 6 0 6  0 . 6 0 9  0 . 6 0 7  ( 0 . 0 0 6 )  

5 0 . 6 2 8  0 . 6 3 2  0 .  6 3  4 0 . 6 3 6  0 .  6 J  4 

0 . 6 3 1  0 . 6 3 2  0 . 6 3 5  0 . 6 4 2  ( 0  .. 0 0 4 )  



AEEe n d ix 4 . 2 :  N- t e r m i n a l  am i n o  g r o u p s d e t e r m i n a t i o n  ( T N B S )  f o r 

hyd r o ly s i s  e x p e r im en t . r u n  * 6  

( A3 40 ) 

S am p l e  A a Ab Ba Bb M e a n  

( tSn - 1 )  

1 0 . 5 2 4  0 . 5 46 0 . 5 2 6 0 . 5 2 5  0 . 5 3 1  

0 . 5 2 8  0 . 5 46 0 . 5 2 6 0 . 5 2 9 ( 0 . 0 0 9 )  

2 0 . 5 3 9  0 . 5 47 0 . 5 4 9 0 . 5 4 7  0 . 5 43 

0 . 5 4 4 0 . 5 3 0  0 . 5 5 0  0 . 5 3 6  ( 0 . 0 0 7 ) 

3 0 . 5 5 6  0 . 5 7 6  0 . 5 7 4  0 . 5 6 1  0 . 5 6 7  

0 . 5 6 9  0 . 5 7 5  0 . 5 6 4  0 . 5 6 1  ( 0 . 0 0 8 )  

4 0 . 5 7  4 0 . 5 8 6 0 . 5 9 9  0 . 5 8 4  0 . 5 8 6  

0 . 5 8 9 0 .  5 8 �  .. 0 . 5 9 1  0 . 5 8 0  ( 0 . 0 0 7 ) 

5 0 . 6 5 8 0 . 6 4 8 0 . 6 4 9  

0 . 6 5 3  0 . 6 3 8  ( 0 . 0 0 9 )  

6 0 .  7 2 7  0 . 7 1 6 0 . 7 2 0 o . - 2 2 0 . 7 2 4 

0 . 7 2 6 0 . 7 3 5  0 . 7 2 8 0 .  7 1 4  ( 0 . 0 0 7 ) 

7 0 . 8 2 7  0 . 7 9 1  0 . 8 2 5  0 . 8 3 3  0 . 7 2 4 

0 . 8 45 0 . 8 1 2  0 . 8 1 8  0 .  7 9 7  ( 0 . 0 1 8 )  

8 0 . 8 7 0  0 . 9 1 0 0 . 8 7 8  0 . 8 7 5  0 . 8 8 5  

0 . 9 0 8  0 . 8 9 3  0 . 8 9 8  0 . 8 3 9  ( 0 . 0 2 3 )  

* F i r s t  d e t e rm i n a t i o n . r e p e a t e d  wh e n  a m mo n i a  c o nn e c t e d  d a t a  g a v  

r e s u l t s  l e s s  t h a n  b l ank . 



A22e n d ix 4 . 2 :  N - t e r m i n a l a m i n o  g r o u p s d e t e r m i n a t i o n  ( T N B S )  f o r  

hyd r o ly s i s e x p e r im e n t . r u n  * 6 

( A3 4 0 )  

S amp l e  A a Ab Ba Bb M e an 

( 6n - 1 )  

1 0 . 5 2 4 0 . 5 3 4  0 . 5 4 9 0 . 5 5 7  0 . 5 4 0 

0 . 5 3 3 0 . 5 2 9 0 . 5 46 0 . 5 5 1  ( 0 . 0 1 2 )  

2 0 . 5 5 7 0 . 5 5 6  0 . 5 6 6  0 . 5 6 9 0 . 5 6 3  

0 . 5 6 8  0 . 5 5 1 0 . 5 6 9  C . S 7 0  ( 0 . 0 0 7 ) 

3 0 . 5 7 0  0 . 5 9 1  0 . 6 0 7  0 . 6 0 4  0 . 5 9 4 

0 . 5 7 8  0 . 5 8 3 0 . 6 0 6  0 .. 6 1 2 ( 0 . 0 1 6 )  

4 0 . 6 2 0 0 . 5 9 7 0 . 6 4 8  0 . 6 3 4  0 . 6 2 3 

0 . 6 1 4 0 . 5 9 7 0 . 6 3 6 0 . 6 3 5  ( 0 . 0 1 9 )  

5 C . 6 8 9  0 . 7 4 2 0 .  7 0 3  

0 . 6 8 0  0 . 7 0 1  ( 0 . 0 2 7 ) 

* Re p e a t  d e t e rm i n a t i o n  c ar r u e d  o u t  wh e n  amm o n i a  c o r r e c t e d d a t a  g 

r e s u lt s l e s s  t h a n  b l ank . 



Aeee nd ix 4 .  2 :  N- t e r m .i. n a l  am i n o  g r o u p s  d e t e r mi n a t i o n  ( T N B S )  f o r  

hy d r o l y s i s  exp e r imen t . :- u n  7 

( A3 4 0 )  

S a mp l e  A a Ab B a  B b  z.te a n  

( �n - 1 )  

B l  0 . 7 3 8  0 . 7 0 4 0 . 7 5 6  0 . 7 4 0 0 .  7 3 1  

0 . 7 4 9 0 . 7 0 2 0 . 7 3 5  0 . 7 2 6 ( 0 . 0 2 0 )  

1 0 . 6 9 9  0 . 7 1 1  0 . 6 9 4  0 . 6 9 0  0 . 6 9 8  

0 . 7 0 3 0 . 7 0 7 0 . 6 9 4  0 . 6 8 2  ( 0 . 0 0 9 ) 

2 0 . 6 6 7  0 . 6 9 6  0 . 6 9 2  0 . 7 2 4 0 . 6 9 2  

0 . 6 7 1 0 . 6 9 6  0 . 6 8 9  0 . 7 0 3  ( 0 . 0 1 8 )  

3 0 . 6 7 9  0 . 7 3 7  0 . 6 7 0  0 . 7 1 5 0 . 7 0 1  

0 . 6 8 6  0 . 7 4 8 0 . 6 7 5  0 . 7 0 1  ( 0 . 0 2 9 )  

4 0 . 7 6 3 0 . 7 5 0  0 . 7 3 8  0 . 7 3 0  0 . 7 4 4 

0 . 7 5 9  0 . 7 5 1  0 . 7 45 0 . 7 1 6 ( 0 . 0 1 6 )  

5 0 . 6 8 0  0 . 7 5 6  0 . 7 5 6  0 .  7 45 0 . 7 3 1  

0 . 6 8 6  0 . 7 4 8 0 . 7 5 1  . .  �,ll . 7 3 3  ( 0 . 03 1 ) 



�Ee n d ix 4 . 2 :  N- t e r m i n a l a m i n o  g r o u p s  d e t e r m i n a t i o n  ( T N B S )  f o r  

h y d r o l y s i s  e x p e r i m e n t . r u n  8 

( A3 4 0 )  

S amp l e  A a l .::> B a Bb Me a n  

( 6n - 1 )  

B 1  0 . 5 3 8  0 .  5 42 0 . 5 3 8  0 . 5 3 7  0 . 5 40 

0 . 5 4 7  0 .  5 45 0 . 5 3 4  0 . 5 3 9  ( 0 . 0 0 4 )  

1 0 .  5 8 8  0 . 5 8 2 0 . 5 7 7  0 . 5 8 0  0 . 5 8 2 

0 . 5 8 7  0 . 5 9 3 0 . 5 6 9 0 . 5 7 9  ( 0 . 0 0 7 ) 

2 0 . 6 1 9  0 .  6 2 7 0 . 6 1 9  0 . 6 3 0  0 . 6 3 9  

0 . 6 3 7  0 . 6 5 2  0 . 6 9 9 . 0 . 6 3 1  ( 0 . 0 2 6 )  

3 0 . 6 9 1  0 . 6 7 1  0 . 6 8 5 0 . 6 9 4  0 . 6 8 6  

0 . 6 9 0  0 . 6 7 3  0 . 6 8 9 0 . 6 9 2 ( 0 . 0 0 9 )  

4 0 . 7 8 0 0 .  7 8 2  0 . 8 0 9  0 . 7 9 4  

0 . 7 9 1  0 . 7 9 2  0 . 8 1 1  ( 0 . 0 13 )  

5 0 . 9 5 9  0 . 9 3 0  0 . 9 3 0  0 . 9 2 5 0 . 9 3 9  

0 . 9 7 0  0 . 9 3 0  0 . 9 3 7  0 . 9 3 4  ( 0 . 0 1 6 )  



AEEend ix 4 . 2 :  N- t e r m i n a l amino  g r o u p s  d e t e r mi n a t i o n  ( TN B S )  f o r  

h y d r o l y s i s  e x p e t· i m e n t , r u n  9 

( A 3 40 )  

S amp l e  A a A b  Ba Bb M e an 

( �n - 1 )  

B l  0 . 5 2 6 0 .  5 2 7  0 . 5 2 9  0 . 5 3 6  0 . 5 3 0  

0 . 5 3 0  0 . 5 2 7 0 . 5 3 2  0 . 5 3 6  ( 0 . 0 0 4) 

1 0 . 5 3 6  0 . 5 42 0 . 5 3 1  0 . 5 3 2  0 . 5 3 7  

0 . 5 3 1  0 . 5 5 0  0 . 5 3 1  0 . 5 3 6  ( 0 . 0 0 6 )  

2 0 .  5 4 1  0 . 5 3 9  0 . 5 43 0 . 5 43 0 . 5 4 1 

0 . 5 3 7  0 . 5 4 1 0 . 5 45 0 . 5 3 8  ( 0 . 0 03 )  

3 0 .  5 43 0 . 5 4 2 0 . 5 4 4  0 . 5 4 0  0 . 5 4 2 

0 . 5 4 1  0 . 5 4 3 0 . 5 43  0 . 5 3 7  ( 0 . 0 0 2 )  

4 0 . 5 5 0  0 . 5 5 2  0 . 5 5 6  0 . 5 5 3  0 . 5 5 4  

0 . 5 5 5  0 . 5 5 5  0 . 5 5 5  0 . 5 5 2  ( 0 . 0 0 2 )  

5 0 . 5 8 4 0 . 5 9 1  0 . 5 9 2  0 . 5 8 8  

0 . 5 85 0 . 5 8 6 0 . 5 9 1  0 . 5 8 8  ( 0 . 0 0 3 ) 



!''2e n d i x 4 . 2 :  N- t e r m i n a l  a m i n o  g r o u p s  d e t e r m in a t i o n  ( T N B S )  f o r  

hy d r o ly s i s  e x p e r im e n t . r u n  1 0  

( A3 40 )  

• '  

S am p l e A a Ab B a  Bb M e an 

<fS'n - 1 )  .<;,. 

B l  0 . 5 3 1  0 . 5 40 0 . 5 3 7  0 . 5 3 7  0 . 5 3 5  

0 . 5 3 2  0 . 5 3 2  0 . 5 3 6  0 . 5 3 2  ( 0 . 0 0 3 )  

1 0 . 5 5 5  0 . 5 6 7 0 . 5 6 7  0 . 5 6 0 0 . 5 6 3 

0 . 5 6 2  0 . 5 6 5  0 . 5 6 3  0 . 5 6 3 ( 0 . 0 0 4) 

2 0 . 6 0 7  0 . 6 2 1  0 . 6 2 1 0 . 6 2 0  0 . 6 1 7  

0 . 6 1 2  0 . 6 1 4  0 . 6 2 0 0 . 6 2 2  ( 0 . 0 0 6 )  

3 0 . 6 9 4  0 . 7 1 5 0 . 7 2 1  0 . 7 3 2  0 . 7 1 6 

0 . 7 0 8 0 . 7 1 5 0 . 7 2 1  0 . 7 2 1 ( 0 . 0 1 1 ) 

4 0 .  7 8 5  0 . 8 0 6  0 . 7 9 5 0 . 7 9 0 0 . 7 9 7 

0 . 7 9 3 0 . 8 1 0  0 . 7 8 8 0 . 8 0 8  ( 0 . 0 1 0 )  

5 0 . 9 3 0  0 . 9 f. 9  0 . 9 7 6  0 . 9 45 0 . 9 6 0  

0 . 9 3 6  0 . 9 7 6  0 . 9 8 6 0 . 95 9  ( 0 . 0 2 1 )  



AEEe n d ix 4 . 2 : N- t e rmina l amino g r O U ) S  d e t e r m i n a t i o n  ( TN B S )  f o  

h y d :t" o l y s i s  e x p e r im e n t . run 1 1  

( A3 40 ) 

S am p l e  A a Ab B a  Bb M e an 

c -<S'n - 1 )  

B l  0 . 5 6 8  0 . 5 9 2  0 . 5 6 5 0 . 5 5 0  0 . 5 6 8  

0 . 5  8 4  0 . 5 83 0 . 5 5 3  0 . 5 5 0  ( 0 . 0 1 7 )  

1 0 . 6 1 5 O w 6 3 0  0 . 5 8 5 0 . 5 7 6  0 . 5 9 9  

0 . 6 0 5  0 . 6 2 7 0 . 5 8 0 0 . 5 7 0  ( 0 . 0 2 4 ) 

2 0 . 6 0 3  0 . 6 1 7 0 . 5 7 4  0 . 5 5 3  0 . 5 8 7 

0 . 6 0 7 0 . 6 2 7  0 . 5 6 4  0 . 5 5 2  ( 0 . 0 3 0 )  

3 0 . 6 6 0  0 . 6 5 9 0 . 6 2 2  0 . 5 9 2  0 . 6 3 0  

0 . 6 5 7  0 . 6 45 0 . 6 1 6 0 . 5 85 ( 0 . 0 3 0 )  

4 0 . 6 6 8  0 . 6 7 0  0 . 6 2 0  0 . 6 0 4  0 . 6 3 6  

0 . 6 5 8  0 . 6 6 2  0 . 6 0 6  0 . 5 9 7  ( 0 . 0 3 2 ) 

5 0 . 6 9 4  0 . 7 1 0 0 . 6 5 1  0 .  6 47 0 . 6 7 8  

0 . 7 G l  0 . 7 2 0 0 . 6 6 0  0 . 6 3 7  ( 0 . 0 3 3 )  



AEE P n d i x  4 .  2 :  N- t e r m i n �. l  a m i n o  g r o u p s  d e t e r mi n a t i o 'l  ( T N B S )  f o r  

h y d r o l y s i s  exp e r im e n t , r un 1 2  

( A3 4 0 )  

S a mp l e  A a Ab Ba Bb M e an 

C 6' n - 1 )  

B l  0 . 6 4 4  J . 6 5 2 0 . 6 47  0 . 6 5 1 0 . 6 5 0  

0 . 6 5 5  0 . 6 5 7  0 . 6 5 1 0 . 6 03 ( 0 . 0 0 5 ) 

1 0 . 7 8 0  0 . 7 8 1  0 . 8 1 8 0 . 8 45 0 . 8 1 1  

0 . 7 8 1  0 . 7 9 4 0 . 8 3 5  0 . 85 4  ( 0 . 03 1 )  

2 1 .  2 0 2  1 .  2 4 8  1 . 2 7 0  1 . 2 6 8  1 .  2 5  2 

1 .  2 3 0 1 . 2 5 2  1 . 2 9 4  1 . 2 4 9  ( 0 . 0 2 8 )  

3 0 . 8 5 2  0 . 8 7 0  0 . 8 6 2  O . S 6 0  0 . 8 5 8 

0 .  8 5 1 0 . 8 4 8  0 . 8 5 7  0 . 8 6 6  ( O . O O B )  

4 0 . 8 9 5 0 . 9 1 8  0 . 9 3 4  0 . 9 2 1  0 . 9 L. 4  

0 . 9 3 0  0 . 9 2 3  0 . 9 5 3  0 . 9 1 7  ( 0 . 0 1 7 )  

c: 0 . 9 0 4  0 . 9 6 0  0 . 9 4 8  0 . 9 4 0  0 . 9 45 J 

0 . 9 3 4  0 . 9 6 6  0 . 9 6 1 0 . 9 45 ( 0 . 0 � 0 )  

3 *  1 .  7 4 0  1 . 7 8 4 1 .  7 4 2  
\ 

1 .  7 6 7  1 . 7 6 2 

1 . 7 3 8  1 . 7 9 7 1 . 7 6 1  1 .  7 7 0  ( 0 . 0 2 2 )  • 

* Re p e a t  d e t e r m i n a t i o n  a t  d i f f e r e t.o. t  d i l u t i o n . 



AEEe n d i x  4 . 2 : N- t e r m i n s.l l  a m i n o  g r o u p s  d e t e r m in a t i o n  ( TN B S )  f o r  

h y d r o lys i s  e x p e r i m e n t . r1 1. n 13  

( A3 4 0 ) 

S amp l e  A a Ab B a  Bb M e an 

( dn - 1 )  

B 1 0 . 6 26  0 . 7 0 2  0 . 6 2 2  0 . 6 5 0  0 . 6 5 1 

0 . 6 47 0 . 6 5 8 0 . 6 5 0  0 . 6 5 5  ( 0 . 0 2 4) 

1 0 . 7 0 2  0 .  8 7 1 0 . 7 1 6 0 . 7 1 3 0 . 7 3 2  

0 . 7 0 6 0 . 7 1 3 0 .  7 2 0  0 . 7 1 1  ( 0 . 0 5 7 )  

2 0 .. 7 9 9  0 . 8 2 1  0 . 8 2 4  0 . 8 1 3  0 . 8 1 6  

0 . 8 1 0  0 . 8 2 2  0 . 8 2 8  0 . 8 0 7  ( 0 . 0 1 0 )  

3 0 . 9 6 5  0 . 9 9 0 0 . 9 6 8  0 . 9 5 8  0 . 9 7 7  

0 . 9 7 9  0 . 9 9 6  0 . 9 8 2  0 . 9 8 1  ( 0 . 0 1 3 )  

4 0 . 8 5 7  0 . 8 8 7 0 . 9 0 0  0 . 8 7 7  0 . 8 8 1  

0 . 8 6 5  0 . 8 8 9  0 . 9 0 1  0 . 8 7 4  ( 0 . 0 1 6 ) 

5 0 . 9 8 1  0 . 9 9 7  0 . 9 9 4  0 . 9 8 1  0 . 9 9 3  

1 . 0 0 3  1 . 0 0 7 0 . 9 9 6  0 . 9 8 4  ( 0 . 0 1 0 )  



AEEe n d ix 4 . 2 :  N- t e rlll inu l amino  g r o u p s  d e t e r :n i n a t i o n  ( TN B S ) f o  

h y d r o l y s i s  ex p e r im e n t . run 1 4  

( A 3 4 0 ) 

S am p l e  A a Ab B a Bb M e a n  

( tTn - 1 )  

B 1  0 . 6 0 2  0 . 6 47 0 . 6 0 6 0 . 6 2 1  0 . 6 1 9  

0 . 6 1 3 0 . 6 3 7  0 . 6 0 4  0 . 6 2 2  ( 0 . 0 1 6 )  

1 0 . 6 7 1 0 . 6 9 0  0 . 6 8 8  0 . 6 7 9  0 . 6 8 4  

0 . 6 7 8  0 . 6 9 7  0 . 6 9 4  0 .  6 7  2 ( 0 . 0 1 0 )  

2 0 . 7 5 3  0 . 7 5 4  0 . 7 8 8  0 . 7 6 6  0 . 7 7 0  

0 . 7 7 1 0 . 7 6 9  0 . 7 9 4  0 . 7 6 1  ( 0 . 0 1 5 )  

3 0 . 8 4 3  0 . 8 6 1 0 . 9 2 '+ 0 . 8 8 0  o . e 7 7  

0 . 8 5 8  O . B 5 6  0 . 9 2 7  0 . 8 6 6  ( 0 . 0 3 2 )  

4 0 . 7 9 5 0 . 8 1 2  0 . 8 0 4  0 . 8 0 8  0 . 8 0 8  

0 . 8 1 0  0 . 8 1 4  0 . 8 1 8  0 . 8 0 3  ( 0 . 0 0 7 ) 

5 0 . 9 0 0  0 . 9 1 5 0 . 9 6 5  0 . 9 43 0 . 9 3 8  

0 . 9 3 6  0 . 9 3 2 0 .  9 7  8 0 . 9 3 5  ( 0 . 0 2 5 ) 



AJ2E e n d i x 4 . 2 :  N - t e r m i n a l a m i n o  g r o u p s d e t e r m i n a t i o n  ( T N B S )  f o r  

h y d r o l y s i s  e x p e r i m e n t , r u n  15  

( A3 4 0 )  

S amp l e  A a Ab Ba Bb He an 

c dn - 1 )  

B 1 0 . 6 5 4  0 . 6 1 3  0 . 6 2 0  0 . 6 45 0 . 6 3 0  

0 . 6 2 4  0 . 6 0 9  0 . 6 3 7  0 . 6 3 7  ( 0 . 0 1 6 )  

1 0 . 6 7 9  0 . 6 9 4  0 . 7 2 4 0 . 7 4 2 0 . 7 1 2 

0 . 6 8 3  0 . 6 9 7  0 .  7 3  4 0 . 7 4 0 . ( 0 . 0 2 6 )  

2 0 . 7 3 2  0 . 7 7 9  0 .  7 7  2 0 . 7 9 1  0 . 7 7 1  

0 . 7 3 8  0 . 7 9 1  0 .  7 7 1 0 . 7 9 3 ( 0 . 0 2 4 )  

3 0 . 8 6 4  0 . 9 2 2  0 . 8 7 5  0 . 8 6 7  0 . 8 8 1  

0 . 8 6 9  0 . 9 2 2  0 . 8 6 8  0 . 8 6 3  ( 0 . 0 2 5 ) 

4 0 . 8 1 9  0 . 8 1 9  0 . 8 4 4  0 . 8 3 4  0 . 83 1  

0 . 8 2 4  0 . 8 43 0 . 8 3 9  0 . 8 2 9  ( 0 . 0 1 0 )  

5 0 . 9 5 0 0 . 9 6 7  0 .  9 7  2 0 . 9 5 3  0 . 9 6 6  

0 . 9 6 9  0 . 9 7 6  0 . 9 6 9  0 . 9 7 3  ( 0 . 0 0 9 )  



AEEe n d ix 4 . 2 :  N- t e r m i n a l a m i n o  g r o u p s d e t e rm i n a t ion ( T N B S ) , c o r r e c t i o n  

f o r  t h e  e f f e c t  o f  amm o n i a , f o r  h y d r o l y s i s  E: x p e r i m e n t , 

run 1 1  

S amp l e  Amm o n i a Ammo n i a  M e a s u r e d  A 3 40 C o r r e c t e d  L- g lu I i n  i n  s amp l e  A3 4 0  c o r r e � t i o n  A3 4 0  ( mM )  I r e a c t o r  

, . ( mM)  ( mM )  

B l  7 . 2 0 . 2 9 0 . 5 6 8  0 . 0 3 5  0 . 5 3 3  2 . 0 

1 7 . 2 0 . 2 9  0 . 5 9 9  0 . 0 3 5  0 . 5 6 4  4 . 0 

2 7 ". 3 0 . 2 9  0 . 5 8 7 0 . 0 3 5  0 . 5 5 2 3 . 2 5  

3 8 . 5 0 . 3 4  0 . 6 3 0  0 . 0 3 8  0 . 5 9 2  5 . 7 5  

4 1 2 . 4 0 . 5 0  0 . 6 3 6  0 . 05 2 0 . 5 8 4  5 .  2 5  

5 2 3  0 . 9 2  0 . 6 7 8  0 . 0 9 0  0 . 5 8 8  5 . 5 



Aeee n d ix 4 .  2 :  N- t e r m i n a l am i n o  g r o u p s  d e t e r m i n a t ion { T N B S )  • c o r r e c t i on 

f o r  t h e  e f f e c t o f  ammon i a . f o r  h y d r o ly s i s  e x p e r im e n t . 

run 1 0  

S amp l e  Amm o n i a  Ammo n i a  A3 4 0  M e a s u r e d  C o r r e c t e d  L- g lu 

in  r e a c t o r .  in s amp l e  c o r r e c t i o n  A3 4 0  A 3 4 0  ( mM) 

( mM)  ( mM )  

B 1  0 0 0 0 . 5 3 5  0 . 5 3 ) . 0 . 0 6 3  

1 1 . 0 0 . 0 8 0 .  0 0 .'5 0 . 5 6 3  0 . 5 5 8  0 . 7 5  

2 6 . 1 0 . 4 9 0 . 0 5 0 0 . 6 1 7 0 . 5 6 7  1 . 0 

3 1 3 . 0  1 . 1 1 0 . 1 0 5 0 . 7 1 6 0 . 6 1 1  2 . 4 4 

4 1 7 . 1  1 . 3 7  0 . 1 2 7  iJ . 7 9 7  0 . 6 7 0  4 . 2 5 

5 1 9 . 0  1 . 5 2  0 . 1 4 2 0 . 9 6 0  0 . 8 1 8  8 . 9 4 



AEEe n d ix 4 . 2 :  N- t e rm i n a l  amino g ::- o u p z:> d e t e rm i n a t i o n  ( T N B S )  • c o r r e c t i o n  

f o r  t h e  e f f e c t  o f  ammon i a . f o r  h y d r o l y s i s  e x p e r im e n t . r u n  9 

S am p l e  Ammo n i a  Ammo n i a  A3 40 Me a s u r e d  Corr e c t e d  L- glu 

in r e a c t o r  in s am p l e  c o r r e c t i on A3 4 0  A3 4 0  ( mM) 

( mM) ( mM )  

B 1  0 0 0 0 . 5 3 0  0 . 5 3 0  0 . 05 

1 0 . 1 2  0 . 0 2 4  0 . 0 0 2  0 . 5 3 7  0 . 5 3 5  O . H ' 
I 
I 2 0 .3 0  0 . 0 6 0  0 .0 0 5  0 .5 4 1  0 .5 3 7  0 . 1 1 5 I 

3 0 . 5 6  0 . 1 1 2  0 . 0 1 5  0 . 5 42 0 . 5 27 0 . 0 3 

4 1 . 2 8  0 . 2 5 6  0 . 03 0  0 . 5 5 4  0 . 5 2 4  0 . 0 2  

5 2 . 5 9  0 .  5 1 8 0 . 05 5  0 . 5 8 8  0 . 5 3 3  J . 09 



A22e nd ix 4 . 2 :  N - t e r mi n a l  am ino group s d e t e rminat ion (TNBS)  • c o r r e c t i o n  
f o r  t h e  e f f e c t  o f  ammo n i a . f o r  h y d r o lys i s  e x p e r i m e n t . run  8 

S a m p l e  Ammo n i a  Amm o n i a  M e a s u r e d  A3 4 0  Corr e c t e d  L- glu 

i n  r e a c t o r  i n  s amp l e  A3 40  c o r r e c t ion A3 4 0  ( mM)  

( mM) ( mM)  

B 1  3 5  O o 2 8  0 . 5 4 0 O o 0 3 3  O o 5 0 7 0 

1 8 2  O o 6 6  O o 5 8 2  O o 0 6 5  0 . 5 1 7 3 . 8 

2 1 4 1 1 . 1 3 O o 6 3 9  0 . 1 0 7  0 . 5 3 2  7 o S 

3 2 3 0  1 . 8 4  O o 6 8 6  0 . 1 7 0  0 . 5 1 6 3 o 8 

4 3 2 6  2 o 6 0  0 0 7 9 4  0 . 2 3 0  0 . 5 6 4  1 8 o 8  

5 3 4 8 2 0 7 8 O o 9 3 9  O o 2 5 )  0 . 6 8 6  6 2 . 5 



AEn e n d ix 4 .  2 :  N- t e r m i n a l am o n i  g r o a p s  d e t e r m i n a t ion ( T N B S )  • c o r r e c t i o n  

f o r t h e  e f f e c t  o f  ammo n i a . f o r  hy d r o l y s i s  exp e r i m e n t . r u n  7 

S amp l e  Ammo n i a  Amm o n i a  A 3 4 0  M e a s u r e d  C o r r e c t e d  L- g l u  

i n  r e a c t o r  i n  s amp l e  c o r r e c t i o n  A 3 4 0  A3 4 0  ( mM) 

( mM )  ( mM )  

B l  0 . 5 4  0 . 0 2 1 6  . 0 0 2  0 . 7 3 1  0 . 7 2 9 1 7  

1 0 . 3 6  0 . 0 1 4 4  . 0 0 2  0 . 6 9 3  0 . 6 9 6  1 4  

2 0 . 5 1  0 . 0 2 0 4  . 0 0 2  0 . 6 9 2  0 . 6 9 0  1 4  

3 0 . 7 2  0 . 0 2 8 3  . 0 0 2  0 . 7 0 1 0 . 6 9 9  1 5  

4 1 . 2 3 0 . 0 4 9 2  0 . 0 0 4  0 . 7 4 4 0 .  7 4 0  1 9  

5 1 . 9 2  0 . 0 7 6 8  . 0 0 5  0 .  7 3 1 0 . 7 2 6 1 7  



AEEend i.x 4 . 2 :  N- t e r n dn a l  amino g ro u p s  d e t e r m i n a t ion ( T N B S )  • c o r r e c t i o n  

f o r  t h e  e f f e c t  o f  ammo n i a . f o r  hydr o ly s i s  e x p e r im e n t . r u n  6 

S amp l e  M e a s u r e d  Amm o n i a  Amm o n i a  A3 40 Co r r e c t ed L- g lu 

A3 40  i n  r e ac t o r  in s amp l e  c o r r e c t io n  A3 4 0  ( mM) 

( mM )  ( mM )  . .  

I , 
I 1 () .5 3 1  1 0 . 8 - 0 .4 3 2  0 .0 6  2. 0 .4 6 9 l e s s  t h al 

b l ank 

2 0 . 5 43 1 4 . 6  0 . 5 8 4 0 . 0 8 6  0 .  45 5 

3 0 . 5 6 7 1 7 . 0  0 . 6 8  0 . 1 0 2  0 . 46 5  

4 0 . 5 8 6 1 8 . 8  0 . 7 5 2  0 . 1 06 0 . 4 8  

5 0 . 6 6 9  2 1 . 8  0 . 8 7 2  0 . 1 3 0  0 . 5 6 9 3 

6 0 .  7 2 4  2 1 . 9  0 . 8 7 6  0 . 1 3 2  0 . 5 9 2  4 . 25 

7 0 . 8 1 9  2 2 . 2  0 . 8 8 8  0 . 1 3 3  0 . 5 8 6 1 0 . 2 5 

8 0 . 8 85  2 1 . 7  0 . 8 6 8  0 . 1 3 0  0 . 7 5 5  1 4 . 5 

--- - . 



A22end ix 4 . 2 :  N- t e r m i n a l a m i n o  g r o u � 3  d e t e r m i n a t ion ( TN B S ) , c o r r e c t ion 

f o r  t h e  e f f e c t  o f  ammon i a , f o r  h y d r o l y s i s  exp e r i m e nt , r u n  5 

S am p l e  Ammo n i a  Ammo n i a  A3 4 0  M e a s u r e d  Co r r e c t e d  L- g l u 

i n  r e a c t o r  i n  s amp l e  c o r r e c t i o n  A3 4 0 A3 4 0  ( mM )  

( mM)  ( mM )  

B 1  0 0 0 0 . 5 5 8  0 . 5 5 8  0 . 8  

1 0 0 0 0 . 5 7 3  0 . 5 7 3  1 . 0 

2 0 . 3 6  0 . 0 3 6  0 . 0 0 6  0 . 5 7 7  0 .  5 7 1  1 . 0 

3 0 . 9 2 0 . 0 9 2  C . 0 1 5  0 . 5 8 4 0 . 5 6 9  1 . 0 

4 2 . 0 8  · 0 . 2 0 8  0 . 0 2 5  0 . 6 0 5 0 . 5 8 0 1 . 3 

5 3 . 5 6  0 . 3 5 6 0 . 0 4  0 . 6 3 4  0 . 6 3 0  2 . 7 



A22e n d ix 4 . 2 : N- t e rm i n a l amino g r o u p s  d e t e r m i n a t ion (TNB S ) , c o r r e c t i on 

f o r  t h e  e f f e c t  o f  ammo n i a , f o r  h y d r o l y s i s  e x p e r im e n t , r u n  4 

S amp l e  M e a s u r e d  Amm o n i a  Amm o n i a  A3 40 C o nn e c t e d  L- g l u  

A3 40 in r e a c t o r  i n  s amp l e  c o nn e c t i o n  A3 40  ( mM)  

( mM )  ( mM )  

1 0 . 7 2 5 5 4 . 5 1 . 0 8 8  0 . 1 0 3  0 . 6 2 2 1 3 . 5  

2 0 . 9 1 3  8 9  1 .  7 8  0 . 1 6 5  0 . 7 4 8 1 7  

3 1 . 2 9 3  8 4  1 .  6 8  0 . 1 5 5  1 . 1 3 8  7 7 . 5  

4 1 . 2 3 9  8 7  0 . 8 7 0 . 0 85  1 . 1 5 4 1 5 9  

1 .  5 25 1 0 7  1 . 07 0 . 1 0 2  1 . 4 2 3  2 2 6  



A22e n d ix 4 .  2 :  N- t c r m in a l amino g r o u p s  d e t e r m i n c a t io n  ( T N B S O ,  c o r r e c t i o n  

f o r  t h e  e f f e c t  o f  ammon i a , f o r  h y d r o l y s i s  ex p e r i m e n t , r u n  3 

S amp l e  Ammo n i a  Amm o n i a  A3 40 l{ e a s u r e d  C o r r e c t e d  L- g lu 

in r e a c t o r  i n  s amp l e  c o r r e c t i o n  A3 40 A3 4 0 ( mM) 

( m M )  ( mM )  

B l  0 . 3 0 . 0 2  0 . 6 6 4  0 . 6 6 4  5 . 8 

1 1 . 2 0 . 1 0 0 . 0 0 5 0 . 7 5 3  0 .  7 4 8  8 . 9 

2 2 . 3 0 . 1 8  0 . 0 2  0 . 7 6 6  0 .  7 4 6  8 . 9 

3 4 . 4  0 . 3 5  0 .  0 3 5. 0 . 7 8 2 0 .  7 47 8 . 9 

4 8 . 9 0 . 7 1  0 . 0 7 0 .  8 7  4 0 . 8 0 4  1 0 . 9  

5 1 6 . 1  1 . 2 9  0 . 1 2 0 . 9 5 1  0 . 8 3 1  1 2 . 0  



A22 e n d ix 4 . 2 :  N- t e r m i n a l anomi g r o u p s d e t e r m i n a t ion ( TN B S ) , C iJ r r e c t i on 

f o r  t h e  e f f e c t  o f  a mmo n i a , f o r  h y d r o l y s i s  e x p e r i m e n t , run 2 

S am p l e  Amm o n i a  Amm o n i a  A3 40 M e a s u r e d  Co r r e c t e d  L- g lu 

in  r e a c t o r  in  s amp l e  c o r r e c t i o n  A3 40 A3 4 0  ( mM) 

( mM �  ( mM )  

B 1  1 4  1 . 1 2 0 . 1 0 6 

1 2 7 . 2  2 . 1 8 0 . 2 0 0  0 . 6 3 8  0 . 43 8  

2 3 5 . 2  2 . 8 2 0 . 2 5 7  0 . 7 0 0 0 . 4 43  

3 5 6  4 . 4 8 0 . 4 0 0  0 . 7 9 8  0 . 3 9 8 

4 8 2  6 . 5 6  0 . 5 40 0 . 8 9 0  0 . 3 5 0  

5 1 1 0 8 . 8  0 . 8 0 0  1 . 0 2 1  0 . 2 2 1  



A22e n d i x  4 . 2 :  N- t e rm i n a l amino g r o u p s d e t e r m i n a t i on ( T N B S ) . c o r r e c -

t ion f o r  t h e  e f f e c t  o f  amm o n i a . f o r  h y d r o l y s i s  e x p e r i-

m e n t . r u n  1 

S am p l e  Amm o n i a  Amm o n i a  A3 4 0  M e a s u r e d  C o nn e c t e d  L- g lu 

i n  r e a c t o r  i n  s amp l e  c o r r e c t i o n  A 3 4 0  A3 4 0  ( m M )  

( mM)  ( mM )  

:0 1  0 . 1 6 0 . 0 1 3  - 0 . 6 1 6 5 

' .  1 : 1 0 . 0 7 0 . 0 0 6  0 . 5 9 9  4 

2 0 . 0 8 0 . 0 0 6  0 . 5 9 8  4 

3 0 . 0 8 G . 0 0 6  0 . 6 0 7 4 . 5  

4 0 . 1 1 0 . 0 0 9  0 . 6 2 3 5 . 3 

5 0 . 2 2  0 . 0 2 0  0 . 6 4 3 6 . 2 5  



S a mp l e  4 . 2 : 

Lab e l  

0 

25  

5 0  

1 0 0  

2 5  0 

N- t e r m i n a l  am i n o  g r o u p s d e t e rm i n a t i o n  ( T N B S ) , c o r r e c t i o r 

f o r  t h e  e f i e c t  o f  a m m o n i a , f o r  h y d r o l y s i s  e x p e r ime n t , 

r u n  1 1  

M e a s u r e d  
A3 4 0  

0 . 5 0 7 

0 . 5 6 0 

0 . 5 9 2  

0 . 6 4 8 

0 . 8 4 9 

Am=n o n i a  

i n  s am p l e  

( mM )  

0 

0 . 4  m M  

0 . 8  mM 

1 . 6 m M  

4 m M  

A 3 4 0  

c o r r e c t i o n  

n i l 

0 . 0 4  

0 . 0 7 

0 . 1 2 8 

0 . 3 2 9 



� e n d ix 4 . 2 :  N- t e r m i n a l amino  g r o u p s  d e t e r m i n a t ion ( T N B S ) , c o r r e c t i on  

f o r  t h e  e f f e c t  o f  amm o n i a , f o r  hyd ro lys i s  e x p e r im e n t , 

run 1 2  

S am p l e  A:"lm o n i a  Amm o n i a  A3 4 0  M e a s u r e d  C o r r e c t e d  L- g lu 

in r e a c t o r  � n  s amp l e  c o r r e c t i o n  A3 40 A3 4 0  ( mM )  

( mM )  ( mM )  

B 1  0 0 . 6 5 0  0 . 6 5 0  4 . 4  

1 1 5  1 . 2 0 . 1 1 0  0 . 8 1 1  0 . 7 0 1  6 . 0 

2 6 1  4 . 9  0 . 4 4 1 . 25 2 0 . 8 1 2  9 . 5 

3 1 2 0  2 . 4  0 . 2 2 0 . 85 8  0 . 6 3 8  1 6  

4 1 2 0 2 . 4 0 . 2 2 0 . 9 2 4 0 . 7 0 4  2 4  

5 1 3 0  2 . 6  0 . 2 3 6  0 . 9 45 0 . 7 2 5 27  



AEE e n d i x  4 . 2 :  N - t e r m i n a l a m i n o  g r o u p s  d e t e r m i n a t i o n  ( T N B S )  • c o r r e c t i o n  

f o r  t h e  e f f e c t  o f  a m c o n i a . f o r  h y d r o l y s i s  e x p e r i m e n t . 

r u n  1 5  

S am p l e  Amm o n i a Amm o n i a  A3 40 M e a s u r e d  Co r r e c t e d L- g lu 

i n  r e a c t o r  i n  s am p l e  c o r r e c t i o n  A3 4 0  A3 4 0  \ mM )  

( mM )  ( m M )  

B l  1 . 0 0 . 0 8 0 . 0 0 3  0 . 6 3 0  0 . 6 2 7 3 .  4 

1 5 . 0 0 . 4  0 . 0 4 5  0 .  7 1 2 0 . 6 6 7  4 . 6  

2 9 . 4  0 . 7 5 2  0 . 0 7 5  0 .  7 7 1  0 . 6 9 6  5 . 6 

3 1 8 . 2  1 .  46 0 . 1 3 5  0 . 8 8 1  0 .  7 4 6  7 . 2 

4 � 0  2 . 0  0 . 1 8 4  0 . 8 3 1 0 . 6 4 7 8 

5 6 8  2 . 7 2  0 .  2 5  0 0 . 9 6 6  0 .  7 1 6 1 2 . 5  



A22e n d ix 4 . 2 :  N- t e r m i n a l a m i n o  g r o u p s  d e t e rm i n a t i o n  ( T N B S ) , c o r r e c t i o n  

f o r  t h e  e f f e c t  o f  a m m o n i a . f o r  hyd r o l y s i s  exp e r im e n t . 

run 1 4  

S am p l e  Ammo n i a  A m m o n i a  A3 4 0 M e a s u r e d  C o r r e c t e d L- g l u 

i n  r e a c t o r  i n  r e a c t o r  c o r r e c t i o n  A3 4 0  A 3 4 0  ( mM)  

( mM )  ( mM )  

I 
I . B l  0 . 3  0 . 0 2 4  0 . 6 1 9 0 . 6 1 9  3 . 2 5 

1 8 . 1  0 . 6 4 8 0 . 0 6 5  0 . 6 5 4 0 . 6 1 9 3 .  2 5  

I : 2 1 8 . 8  1 . 5 0 4  0 . 1 4 0 0 . 7 7 0  0 . 6 3 0  3 . 7 5  

3 3 2 . 5 2 . 6 0 . 2 3 6  0 . 8 7 7  0 . 6 4 1  4 . 2 5 

4 4 9 . 5  1 . 9 8  0 . 1 8 4  0 . 8 0 8  0 . 6 2 4  7 . 1 3 

5 8 0  3 . 2 0 . 2 8 0  0 . 9 3 8  0 . 6 5 8  � . 5 



AEEe n d i:c 4 . 2 :  N- t e rm i n a l aminCJ g r o u p s d e t e rm i n a t i o n  ( TNB S ) . c o r r e c t i on 

f o r  t h �  e f f e c t  o f  ammon i a . f o r  h y d r o l y s i s exp e r im e n t . 

rurl 1 3  

S amp l e  Ammo n i a  Ammo n i a  A3 40 M e a s u r e d  Co r r e c t e d  L-g lu 

i n  r e ac t o r  i n  s amp l e  c o r r e c t i o n  A3 40  A3 4 0  ( mM)  

( mM)  ( mM )  

B 1  0 0 0 0 . 6 5 1  0 . 6 5 1  4 . 25 

1 8 0 . 6 4 0 . 0 6 5  0 . 7 3 2  0 . 6 6 7  4 . 8 8 

2 1 8 . 6  1 . 488  0 . 1 3 8  0 . 8 1 6 0 .  •i 7 8 5 . 2 5 

3 3 4  . 5 * 2 . 7 6  0 . 25 0  0 . 9 7 7  0 .  7 2 7  7 . 1 3 

4 5 6 . 5 2 . 2 6 0 . 2 1 0  0 . 8 8 1  0 . 6 7 1  1 0  

5 7 8 .  5 3 . 1 4 0 . 2 8 5  0 . 9 9 3 0 .  7 0 8  1 2 . 7 5 

* b y  int e r p o l a t i o n  



AEEe n d ix 4 . 2 :  N- t e r m i n a l a m i n o  g r o u p s d e t e r min a t i o n  s t an d a r d s  

( f l uo r e s c t�. """ '""e. ) f o r  h y d r o l y s i s  exp e r im e n t . rut4 1 

P e ak He i g h t  

( mm )  

Lab e l  a b M e an Co n c e n t r a t i o n  

L- g lu 

( mM )  

0 0 . 5 0 0 0 

1 0  2 1  2 1  2 1  0 . 1 2 5 

2 0  32 40 3 6  0 . 25 

3 0 · 5 9  5 8  5 9  0 . 3 7 5  

4 0  7 7  7 5  7 6  0 . 5 0  

5 0  9 2  9 4  9 3  0 . 6 2 5 

6 0  1 0 4  1 0 5 1 05 0 . 7 5  



AEEe n d ix 4 . 2 :  N- t e r m i n a l a m i n o  g r o u p s  d e t e r m in a t i o n  s t a n d a r d s  

( f l u o r e o; c � ""' ' " <it. ) f o r  h y d r o l y s i s  e x p e r i m e n t . r u n  2 

P e ak H e i g h t  

( mm )  

Lab e l  a b M e a n  C o n c e n t r a t i o n  

L- g lu 

( mM )  

0 1 4 3 

1 0  3 3  3 1  3 2  0 . 1 2 5 

2 0  5 7  5 8  5 8  0 . 2 5 0  

3 0  8 0  8 4  8 2  0 . 3 7 5  

4 0  1 0 6 1 0 6  1 0 6 0 . 5 0 0  

5 0  1 3 0  1 3 C  1 3 0  0 .  6 2 5  

6 0  1 45 1 4 9 1 47 0 . 7 5  



AEEe n d ix 4 . 2 :  N- t e r m i n a l  a m i n o  g r o u p s  d e t e r m i n a t i o n  s t a n d a r d s  

( f l u o r e s ca. """ ' v'\  e..) f o r  h y d r o l y s i s  e x p e r i m e n t , r u n  3 

P e ak H e i g h t  
( mm )  

L ab e l  a b M e a n  C o n c e n t r at i o n  

L- g lu 

( mM )  

0 3 1 2 0 

1 0  2 4  2 4  2 4  0 . 1 2 5 

2 0  4 7  4 6  4 7  0 . 2 5 

3 0  6 4  6 2  6 3  0 . 3 7 5  

4 0  8 5  8 5  8 5  0 . 5 

5 0  1 0 4  9 7  1 0 1  0 . 6 2 5 

6 0  1 1 6 1 2 2 1 1 9 0 . 7 5  



A22e n d ix 4 . 2 :  N- t e rmin a l amino  g r o u p s  d e t e r m i n a t ion  s t an d a r d s  

( f lu o r e s c 4 � ' "e J f o r  hyd r o l y s i s  e x p e r i m e n t , r u n  4 

P e ak H e ight  

( mm )  

Lab e l  a b M e an C o n c e n t r a t i o n  

L- g l u  

( mM )  

0 3 3 3 

1 0  1 9  2 1  2 0  0 . 1 2 5 

2 0  4 1  3 7  3 9  0 . 25 

3 0  5 7  5 6  5 7  0 . 3 7 5  

4 0  7 8  6 9  7 4  0 . 5 0  

6 0  9 4  9 6  9 5  0 . 7 5 



!E..E...e n.d ix 4 .  2 :  N- t e r m in a l  a m i n o  g r o u p s  d e t e r m i n a t i o n  s t an d a r d s  ,. 
( f l u o r e a c�""" ' "'c. ) f o r  h y d r o l y s i s  e x p e r im e n t . r u n  5 

Peak Hei&ht  
( mm )  

Lab e l  a b M e an Conc ent rat ion 
L-g lu 
( mM) 

0 3 3 3 

1 0  2 2  2 0  2 1  0 . 1 25 

2 0  4 0  3 9  4 0  0 . 25 

3 0  5 6  5 9  5 8  0 . 3 7 5  

4 0  7 0  7 0  7 0  0 . 5 

s o  85 ., 8 5  8 5  0 . 6 25 

6 0  9 1  9 8  9 5  0 . 7 5  



Appen d ix 4 . 2 :  N- t e r mi n a l amino  g � o u p s  d e t e r m i n a t ion  s t a n d a t d s  

( f lu o r e s c��·�� ) f o r  hy d r o l y s i s  ex p e r im e n t , r u n  6 

Lab e l  

0 

1 0  

2 0  

3 0  

4 0  

5 0  

6 0  

a / b  

3 

3 

2 1  

1 9  

3 6  

5 0  

4 8  

6 5  

6 8  

8 2  

7 7  

9 3  

9 0  

P e ak H e i g h t s  

( mm )  

M e a n  

3 

2 0  

3 6  

49 

6 7  

8 0  

9 2  

Co n c e n t r a t i o n  

L- g l u  

( mM )  

n i l  

0 . 1 2 5 

0 . 2 5 

0 . 3 7 5  

0 . 5 0  

0 . 6 7 5  

0 . 7 5  



AEEe n d ix 4 . 2 :  N- t e r m i n a l amino  g r o u p s d e t e rm i n a t i o n  s t an d a r d s  

( f 1 u o r e s  cCA ""' ' "  t ) f o r  hy d r o  1 y s i  s e x p e r im e n t . r u n  7 

P e ak H e i g h t  

( mm )  

Lab e l  a / b  H e  a n  Co n c e n t r a t i o n  

L- g l u 

( mm )  

0 1 2 

2 

1 0  1 9  1 9  0 . 1 2 5 

1 9  

2 0  3 4  3 4  0 . 2 5 

3 4  

3 0  5 1  5 2  0 . 3 7 5  

5 2  

40  6 4  6 3  0 . 5 0 0  

6 1  

5 0  7 6  7 8  0 . 6 2 5  

7 9  

6 0  9 5  9 4  0 . 7 5  

9 2  



App e n d ix 4 . 2 :  N- t e r m i n a l  a m i n o  g r o u p s d � t e r m i n a t i o n  s t a n d a r d s  

( f l u o r e s cQ � � �t l f o r  h y d r o l y s i s  e x p e r i m e n t , r u n  8 

Lab e l  

0 

1 0  

2 0  

3 0  

4 0  

5 0  

6 0  

a / b  

2 

2 

2 0  

1 9  

3 5  

3 7  

5 2  

5 2  

6 4  

6 6  

7 9  

8 0  

9 4  

9 3  

P e ak H e i g h t  

( mm )  

M e an 

2 

2 0  

3 6  

5 2  

6 5  

8 0  

9 4  

C o n c e n t r a t i o n  

L- g lu 

( mm )  

n i l  

0 . 1 :. :'\  

0 . 2 5 

0 . 3 7 5  

0 . 5 0 0  

0 . 6 2 5 

0 . 7 5  



A:e:e e n d i x  4 �  2 :  N - t e r m i n a l a 11 i n o  g r o u p • d e t e r a i n a t i o n  1 t a n d a r d 1  

I f l u o r e s ct>< "'' · " � ) f o r  b. y d r o l y s i •  exp e r ia e n t . r u n  9 

l 

e ak. 1 H e i gb. t  
( ••) . 

L a b e l  • b M e:a'll 

- �-u 
( aM� 

;- ·. 'lo .. 

0 1 0 . 5 1 

1 0  2 2  - 2 2  2 2  0 . 1 2 5 

2 0  4 2  4 3  4 3  0 . 2 5 

3 0 5 7  5 9  5 8  0 . 3 7 5  

4 0  8 1  7 6  7 9  0 . 5  

s o  9 7  9 3  9 5  0 . 6 2 5 

6 0  1 0 6 1 0 3 1 0 5 0 . 7 5 



AJ2J2end ix 4 . 2 :  N- t e rmin a l  a m i n o  g r o u p s  d e t e rm i n a t i o n  s t an d a r d s  

( f l u o r e s co.-.,"'t.. J f o r  hy d r o ly s i s  exp e r im e n t . r u n 1 0  

P e ak He i g h t  

( mm )  

Lab e l  a b M e a n  Co n c e n t r a t i o n  

L- g l u  

( mM) 

0 4 3 3 0 

1 0  1 8  2 0  1 9  0 . 1 2 5  

2 0  3 9  3 5  3 7  0 . 25 

3 0  5 3  5 3  5 3  0 . 3 7 5  

4 0  7 1  6 6  6 9  0 . 5 0  

5 0  8 7  8 3  8 5  0 . 6 25 

6 0  1 0 1  9 0  9 6  0 . 7 5  



App e n d ix 4 , 2 :  N- t e r m i n a l  amino  g r o u p s  d e t e rmin a t i o n  s t an d a r d s 

( f l u o r e s c � - ' "( ) f o r  hyd r o l y s i s  e xp e r im e n t . r u n  1 1  

Lab e l  

0 

1 0  

2 0  

3 0  

4 0  

5 0 

6 0  

a / b  

4 

5 

2 2  

2 2  

3 9  

3 9  

5 2  

5 5  

6 8  

7 0  

8 2  

8 0  

9 3  

9 0  

P e ak He i ght  

( mm )  

M e a n  

5 

2 2  

3 9  

5 4  

6 9  

8 1  

9 2  

Con c e n t r a t i o n  

L- g lu 

( mM )  

0 . 1 2 5 

0 . 2 5 

0 . 3 7 5  

0 . s o  

0 . 6 2 5 

0 . 7 5  



AEEe n d ix 4 . 2 : N- t e rmin a l  amino  g r o u p s  d e t e rmin a t i o n  s t an d a r d s  

( f l u o r e s co. "" ' "«- ) f o r  hyd r o l y s i s  exp e r im e n t . r u n  1 2  

P e ak H e i gh t  

( mm )  

L ab e l  a b M e an C on c e n t r a t i o n  

L- g lu 

( mM)  

0 1 1 

1 0  2 9  2 8  2 9  0 . 1 25 

2 0  4 8  5 3  5 1  0 . 2 5 

3 0  7 4  7 7  7 6 0 . 3 7 5  

4 0  9 7  9 4  9 6  0 . 5 0  

5 0  1 1 5 1 1 5 1 1 5 0 . 6 2 5 

6 0  1 2 3 1 3  2 1 2 8 0 . 7 5  



AEEe n d i x 4 . 2 :  N- t e r m i n a l a m i n o  g r o u p s d e t e r m i n a t ion s t an d a r d s  

( f lu o r e s c "t  ..... , " �  1 f o r  h y d r o ly s i s  ex p e r im e n t , r u n  1 3  

P e ak H e i gh t  

( mm )  

Lab e l  a b M e an C o n c en t r a t i o n  

L- g lu 

( mM )  

0 2 2 2 

1 0  3 0  3 2  3 1  0 . 1 2 5 

2 0  5 7  5 7  5 7  0 . 2 5 

3 0  8 3  7 9  8 1  0 . 3 7 5  

4 0  9 8  1 0 3 1 0 1  0 . 5 0  

5 0  1 3  0 1 2 8  1 2 9 0 . 6 2 5 

6 0  1 4 9 1 3 8  1 4 4 0 . 7 5  



Appendix 4 . 2 &  

. .  

Lnb e l  

0 

1 0  

2 0  

•r 3 0 

1 
' 

40 .. 
·, 

5 0  

6 0  

N- t e rmina l amino g r oup s 
' 

d e t e rmin at ion s t an d ar d s _ 
0 � ·, .,:,. 

( f lu o r e s cq""" ' "" '  f o r  h y d � o lys i s  exp e r iment . r un· . 1 4  

P e ak Re i gb_ t  

( mm ) 

a b Con.cent r.at i o n  

L-g lu 

(aM) 

1 0 . 5 

2 9  2 2  0 . 125 

4 2  4 6  0 -. 25 0  

6
'
1 6 2  0 . 3 7 5  

8 6  8 2  0 . 5 0  

9 5  1 0 0  0 . 6 25 

1 1 8 1 1 9 0 . 7 5  



App e n d ix 4 . 2 : N- t e r m i n a l amino  g r o u p s d e t e r m i n a t i o n  s t a n d a r d s  

( f lu o r e s cC\""' '"�t  > f o r  hy d r o ly s i s  e x p e r i m e n t . r u n  1 5  

P e ak H e i g h t  

( mm) 

L ab e l  a b M e a n Co n c e n t r a t i o n  

L- g lu 

( mM )  

0 6 4 5 

1 0  3 4  3 4  3 4  0 . 1 2 5 

2 0  6 4  6 4  6 4  0 . 2 5 

3 0  9 1  9 1  9 1  0 . 3 7 5  

4 0  1 1 6 1 1 9 1 1 8 o . s o  

s o  1 3  9 1 5 0  0 . 6 2  

6 0  1 2 3 1 6 6  0 . 7 5 



AEEe n d i x 4 . 2 :  N- t e r m i n a l a m i n o  g r o u p s  d e t e r m i n a t i o n  ( f  l u o r e s c c,. r"' t '\ t. ) 

f o r  h y d r o l y s i s  e x p e r i m e n t . r u n  1 

P e ak H e i g h t  

( m m )  

S a m p l e  A a. A b  B a  B b  M e a n  C o n c e n t r a t i o n *  

(efn - 1 )  L- g l u in 

r e a c t o r  ( mM )  
� 

B l  4 1  5 1  4 7  5 4  4 9  1 3 . 0  

43 5 3  L� 8 5 4  ( 5 ) 

1 4 6  4 5  4 2  4 0  4 4  1 1 . 7  

4 7  4 6  4 3  4 2  ( 2 )  

2 4 4  4 1  4 5  4 0  4 3  1 1 . 4  

4 4 4 3  4 6  3 9  ( 3 )  

3 4 3  4 9  4 6  4 5  4 6  1 2 . 2  

4 6  4 9  4 5  4 4  ( 2 ) 

4 5 3  6 0  5 0  5 0  5 4  1 4 . 4  

5 8  6 0  4 8 5 1  ( 5 )  

5 7 0  7 1  f 1  5 9  6 6  1 7 . 6  

7 1  7 1  6 3  6 1  ( 5 ) 

* Ca l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  s am p l e  d i lu t i o n . 



A1212e n d i x  4 .  2 :  N- t e r m i n a l  amino g r o u p s  d e t e r m i n a t i o n  ( f l u o r e s ca. ""' ' "' t. ) 

f o r  hy d r o l y s i s e x p e r i m e n t . r u n  2 

P e ak H e i g h t s  

( mm )  

S am p l e  A a Ab B a  Bb Me an C o n c e n t r a t i o n * 

cEin - 1 )  L- g l u  in 

r e a c t o r  ( mM )  

1 2 2  2 2  1 4  1 9  1 9 . 5  7 

2 2  2 3  1 7  1 7  ( 3 . 2 5 )  

2 1 1 3  1 1 2  1 0 3 1 0 1  1 0 6  4 9 . 5  

1 1 2  1 1 1  1 0 1  9 4  ( 7  . 1 ) 

3 1 1 9 8 0  9 2  9 8  9 7  4 5  

1 2 0  8 0  9 0  9 3  ( 1 5 . 5 )  

4 6 0  7 3  6 7  7 1 6 8  3 0 . 5  

6 2  7 2  6 6  6 7  ( 4 .  7 )  

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r s am p l e  d i l u t i o n . 



A22 e n d i x  4 .  2 :  N- t e r m i na l a m i n o  g r o u p s  d e t e r m i n a t i o n  ( f  l u o r e s co. ""' • "' t.  

f o r  h y d r o l y s i s  e x p e r i m e n t  •. r u n  3 
t 

P e ak H e i g h t  

( mm ) 

S am p l e  A a A b  �a  Bb  M e an C o n c en t r a t i o t  

cdn - 1 )  L- g l u  i n  

r e a c t o r  ( mM ) 

B 1  3 7  5 5  3 9  3 8  43  2 7  

3 7  5 9  4 1  4 0  ( 9 )  

1 5 5  5 7  4 8  7 1  5 8  3 2  

5 5  5 8  4 8  7 3  ( 9 )  

2 6 2  6 6  6 3  6 5  6 4  3 5  

6 3  6 5  6 3  6 7  ( 2 ) 

3 1 1 5 4 6  5 2  5 5  6 7  3 7  

1 1 6 4 5  5 2  5 5  ( 3  0 )  

4 7 9  5 4 6 4  7 3  6 8  3 8  

7 9  5 6  6 5  7 3  ( 1 0 )  

5 7 7  7 2  7 6  4 3  

8 1  7 2  ( 4 )  

* C a l c u l a t i o n i n c lu d e s  c o r r e c t i o n  f o r  s am p l e  d i lu t i o n . 



£ - ,Ee n d ix 4 .  2 :  N - t e r m i n a l  a m i n o  g r o u p s d e t e r m i n a t i o n  ( f 1 u o r e s  c� I'V\ • ""  � )  
f o r  h y d r o l y s i s  e x p e r i m e n t ,  r u n  '• 

P e ak H e i g h t  

( mm )  

S a m p l e  A a Ab B a  Bb M e an C o n c e n t r a t i o n *  

1 5 9 1 2  6 8 3 6  

6 9 1 1  6 

2 1 6  1 1  1 5  1 4  1 4  7 8  

1 6  1 2  1 4  1 3  

3 2 4  2 1  2 2  3 1  2 4  1 4 7 

2 4  2 0  2 3  2 9  

4 4 3  3 9  4 3  5 0  4 4  2 8 9  

4 5  4 0  4 2  4 8  

5 6 7  7 6  5 7  4 3  6 :  4 0 6  

6 7  7 9  5 6  4 4  

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  s amp l e  d i : u t i o n . 



AEEen d ix 4 • 2 : N- t e r m i n a l  am i n o  g r o u p s  d e t e r m i n a t i o n  ( f l u o r e s c � "" " " � ) 

f o r  h y il r o l y s i s  e x p e r i m e n t . r un 5 

P e ak H e i gh t  ( mm )  

S amp l e  A a Ab Ba Bb Me an C o n c e n t r a t i o n * 

( (/ n - 1 )  L- g lu i n  

r e a c t o r  ( mM ) 

B 1  4 7  4 7  5 0  4 9  

5 0  4 8  5 2  ( 2 0 )  3 . 2  

1 4 8  5 1  5 3  5 0  5 1  

5 1  5 1  5 2  4 9  ( 1 . 6 )  3 . 3 

2 5 3  5 1  5 5 5  5 5  

5 6  5 7  5 :- 5 5  ( 1 .  8 )  3 . 6 

3 5 3  5 5  5 5  5 7  5 5  

5 4  5 6  5 4  5 6  ( 1 . 3 )  3 . 6 

4 5 9  6 0  5 7 5 9  .5 9 

6 2  6 0  5 9  5 9  ( 1 .  4 )  3 . 9 

5 7 3  6 3  6 6  5 9  6 5  4 . 4  

6 4  7 0  6 2  6 3  ( 4 . 5 )  

* C a l c u l a t i o n  i n c lu d e s  c o r r e c t i o n  f o r  s amp l e  d i lut i o n . 



AEEe nd i x  4 . 2 :  N- t e r m i n e l  a m i n o  g r o u p s  c,l. e t �r m i n a t i o n  ( f l u o r e s c (.( � l '\ ! ) 

f o r  hy d r o l y s i s  ex p e r im e n t . run 6 

P e ak H e i gh t  

( mm )  

S amp l e  A a A b  B a  Bb M e a n  C o n c e n t r a t i o n * 

L- g lu i n  

r e a c t o r  ( mM )  

1 5 8 7 7 7 3 . 4 

8 7 7 7 

2 8 9 8 8 8 . 5 4 . 5 

9 9 9 8 

3 1 3  1 5  1 6  1 5  1 5  9 . 8 

1 4  1 5  1 6  1 5  

4 2 4  2 3  2 5  2 4  2 4 . 5  1 7 . 5  

2 6  2 4  2 5  2 5  

5 4 4  4 4  4 4  3 3 . 4  

4 3  4 4  

6 6 9  6 9  6 7  6 7  6 8  5 3 . 5  

6 9  6 9  6 6  6 8  

7 8 9  8 7  8 8  8 7  8 8  6 9 . 2  

8 9  8 7  8 6  9 1  

8 9 8  9 4  9 5  9 9  9 6  7 5 . 8  

9 8  9 4  9 5  9 7  

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  s amp l e  d i lu t i o n  



AEEe nd i x  4 . 2 :  N - t e r m i n a l ami n o g r o u p s  d e t e r m in a t i o n  ( f l u o r e s ca ""' ' " e ) 

f o r  hyd r o l ys is  e x p e r ime n t . run 7 

P e ak H e i gh t  

( mm )  

S am p l e  B a  Bb A a Ab Me a n  Co n c e n t r a t i o n *  

( �n - 1 )  i n  r e a c t o r  

L- g lu ( mM )  

B l  6 4  6 3  6 3  5 6  6 1  4 8  

6 4  6 2  6 5  5 4  ( 4 ) 

1 4 0  4 1  5 6  5 4  4 8  3 7  
4 0  4 2  5 7  5 4  ( 8 )  

2 5 1  5 0  4 8  5 1  5 0  3 9  

5 2  5 0  4 8  5 2  ( 2 )  

3 5 3  4 9  5 3  5 1  5 1  4 0  

4 6  4 9  5 4  5 1  ( 3 )  

4 5 5  5 9  5 4  5 5  5 6  4 4  

5 5  5 9  5 4  5 5  ( 2 )  

5 5 3  5 3  6 0  49  5 3  4 1  

5 2  5 3  5 4  49  ( 3 )  

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  s amp l e  d i l u t i o n . 



AEEe n d i x  4 . 2 :  N- t e rmina l amino  g r o u p s  d e t e r min a t i o n  ( f l u o r e s c c.. I'V'\ ' " e. ) 

f o r  h y d r o l y s i s ex p e r i m e n t . r u n  8 

P e ak H e i g h t  

( mm )  

S amp l e  A a Ab Ba Bb Me an  Co n c en t r a t i o n  

( 6n - 1 )  i n  r e a c t o r  

L- g lu ( mM )  

B 1  1 3  5 4 6 . 7  2 0  

1 1  4 3 ( 4 . 2 ) 

l 8 1 0  5 5 7 2 4  

8 1 0  5 5 ( 2 . 3 )  

2 9 1 5  8 1 5  1 1 . 6  6 0  

8 1 5  8 1 5  ( 3 . 6 )  

3 1 5  1 8  1 6  2 0  1 7  1 0 4  

1 5  1 7  6 1 9  ( 1 . 9 ) 

4 3 2  2 9  3 6  4 6  3 6  2 6 0  

3 2  3 0  3 7  4 5  , 6 . 5 )  

5 6 3  6 4  7 1  6 2  6 5  4 9 6  

6 4  6 5  6 9  6 2  ( 3 . 3 )  

* C a l c u l a t i o n  i n c lu d e s  c o r r e c t i o n  f o r  s amp l e  d i l u t i o n . 



AEEe n d i x 4 .  2 :  N- t e r m i n a l a m i n o  g r o u p s  d e t e r m in a t i o n  ( f 1 u o r e s eo. ""' • "' {. 

fo r hy d r o l y s i s e x p e r i m e n t . r u n  9 

P e ak H e ight  

( mm )  

S amp l e  A a Ab B a  Bb M e a n  Co n c en t r a t i o n *  

( 6n - 1 )  i n  r e a c t o r  

L- g lu ( mM)  

B 1  6 7 6 7 6 . 7 5 0 . 7 

7 7 7 7 ( 0 . 4 6 )  

1 1 1  1 2  1 1  6 1 0 . 1 3 1 . 0 8 
1 1  1 1  1 2  7 ( 2 . 3 0 )  

2 1 2  1 5  1 3  1 1  1 2 . 6 3 1 . 3 6  

1 2  -�·' 1 - . 1 3  1 1  ( 1 . 4 1 )  

3 1 8  1 5  1 5  1 6  1 6 . 1 3 1 .  7 8 

1 8  1 5  1 5  1 7  ( 1 . 3 6 )  

4 1 7  1 8  1 3  1 3  1 5 . 2 5 1 . 6 8  

1 7  1 8  1 3  1 3  ( 2 . 43 )  

5 1 7  1 6  1 5  2 0  1 6 . 8 8 1 . 8 8 

1 6  1 6  1 5  2 0  ( 2 . 03 )  

* C a l c u l a t i o n  i n c lu d e s  c o r r e c t i o n  f o r  s am p l e  d i l u t i o n . 



!E_Ee n d ix 4 . 2 :  N- t e rmi n a l  a m i n o  g r o u p fi d e t e rmi n a t i o n  ( £  l u o r e s c (( � ' " l!.. ) 

f o r  hy d r o l y s i s  e x p e r iment . r u n  1 0  

P e ak H e i g h t  ( mm )  

S amp l e  A a Ab Ba  Bb M e a n  C o n c e n t r a t i o n *  

( �n - 1 )  L- g l u  i n  

r e ac t o r  ( mM )  

B 1  6 4 4 3 3 . 9 0 . 7  

4 4 3 3 ( 1 . 0 ) ( l o w  s am p l e  

d o u g h  b a l l )  

1 9 6 6 6 . 5 2 .  6 
7 6 6 6 ( 1 . 1 ) 

2 1 3  9 9 9 . 7 5 . 0 

7 1 0  9 ( 1 . 5 )  

3 1 8  1 7  1 8  1 7 . 6  1 1 . 0  

1 8  1 7  1 8  ( 0 . 5 )  

4 2 8  2 9  2 9  2 8 . 5  1 9 . 3 

2 8  2 9  3 0  ( 0 . 9 )  

5 4 8  5 2  c 5 1  5 1 . 6 3 7 . 0  -
5 0  5 3  5 4 ( 1 . 9 )  

* C a l c u l a t i o n  in c l u d e s  c o r r e c t: i o n  f o r  s am p l e  d i l u t i o n . 



AEE e n d. i x  4 . 2 :  N- t e r mi n a l  a m i n o  g r o u p £  d e t e rm i n a t i o n  ( f l u o r e s c� """ ' "' � ) 

f o r  hy d r o ly s i s  e x p e r im e n t , run  1 1  

P e ak H e i g h t  

( mm)  

S amp l e  A a Ab B a  Bb M e an  C o n c e n t r a t i o n  

( e/n - 1 )  L- g lu i n  

r e ac t o r  ( mM )  

B 1  1 7  1 3  1 9  1 1  1 4 . 6  5 7  

1 5  1 3  1 7  1 2  ( 2 . 8 ) 

1 1 2  1 0  1 6  1 4  1 3 . 0  4 7  

1 2  1 0  1 6  1 3  ( 2 .  4 )  

2 9 1 0  1 0  1 3  1 0 . 3  3 0  

9 1 0  9 1 2  ( 1 . 5 )  

3 9 1 0  1 0  8 9 . 1  2 4  

9 9 1 0  8 ( 0 .  8 )  

4 9 9 9 8 8 . 4 2 0  

9 8 8 7 ( 0 . 7 )  

5 9 8 7 8 7 . 9 1 6  

9 8 7 7 ( 0 . 8 ) 

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  s amf> l e  d i l u t i o n . 



A E'I� e n d  i x � . 2 : 

S amp l e  A a 

B 1  5 2  

5 6  

1 5 6  

5 7  

2 8 2  

8 6  

3 +  1 3 0  

1 3 4  

3 +  4 1  

3 8  

4 40  

4 2  

5 46  

47  

N- t e r mi n a l  a m i n o  g r o u p s  d e t e r m i n a t i o n  

f o r  h y d r o ly s i s exp e r i m e n t , r u n  1 2  

P e ak H e i gh t  

( mm )  

Ab 

5 8  

6 0  

6 2  

6 5  
2 

8 4  

8 6  

1 3 4  

1 3 4  

3 7  

3 9  

4 2  

4 0  

5 2  

5 4  

Ba 

4 2  

4 2  

- -
9 3  

9 1  
- -

-

X f lmn  

8 8  

8 7  

1 2 9 

1 2 5 

3 5  

3 5  

4 4  

46  

48  

4 8  

Bb M e a n  

c -6'n - 1 ) 

4 7  5 1  

4 9  ( 7 )  

� . ' 
1 2 0  I I 6 0  

1 2 5 � ( 4 )  , - - -
s u s p e c t e d  

1 0 4  9 0  

1 0 6  ( 9 )  

1 1 9  1 2 8  

1 2 0  ( 6 )  

3 1  3 6  

3 4  ( 3 )  

4 6  4 4  

4 8  ( 3 )  

4 7  4 9  

4 8  ( 3 )  

( f 1 u o r e s  CQ """ , " q_. ) 

C o n c en t r a t i o n *  

L- g lu in 
r e a c t o r  ( mM )  

2 3 . 5  

2 8 . 3  

4 6  

7 5  

6 4  

8 0  

9 0  

+ D e t e r m i n a t i o n  .. a t  d i f f e r e n t  d i l u t i o n . 

+ C a l c u l a t io n  in c lu d e s  c o r r e c t i o n  f o r  s am p l e  d i l u t i o n . 



AEEe n d ix 4 .  2 :  N- "" e r m i n a l a m i n o  g r o u p s d � t e rm. in a t i o n  ( f l u o r e s c� ""' ' " � ) 

f o r  hy d r o l y s i s  exp e r im en t , r u n  1 3  

P e ak H e i g h t  

( mm )  

Lab e l  A a Ab B a  Bb Me a n  C o n c e n t r a t i o n *  

( bn - 1 )  L- g lu in 

r e a c t o r  ( mM)  

B1 3 6  3 6  3 8  3 4  3 6  1 6 . 5  

3 7  3 5  3 7  3 4  ( 1 . 5 )  

1 3 3  3 5  6 5  5 6  4 7  2 1 . 0  

3 2  3 5  6 6  5 7  ( 1 5 )  

2 5 4  45  4 8  5 5  45  2 0 . 3  

5 6  4 3  5 0  5 6  ( 1 6 )  

3 8 5  1 1 0 8 9  6 0  8 6  4 0 . 4  

8 3  1 1 0  9 0  6 1  ( 1 9 )  

4 6 5  7 2  7 7  7 3  7 2  3 3 . 5  

6 8  7 2  7 5  7 3  ( 3 . 8 )  

5 9 7  9 5  8 7  8 8  9 2  4 3 . 3  

1 0 1  9 3  8 6  9 0  ( 5 . 3 )  

* C a l c u l at i o n  i n c lu d e s  c o r r e c t i o n  f o r  s amp l e  d i lu t i o n . 



�n d i:-: -4 . 2 :  N- t: e r mi n a l  a m i n o  g r o u p s d e �: e r 1r. i n  a t �. o n  \ f 1 u ·,:- e s c � """" "' e.. ) 
f o r  h y d r o l y s i s  e x p c r i !J e n t . run 1 4  

P � ak H e i gh t s  
( mm )  

S amp l P.  A a Ab B a.  :8b M e a H  Co n c e n t r a t i o n * 

( � n - 1 )  L· ·g ltt i n  

r ea c t io n  ( ml:l) 

B l  2 3  2 9  1 9  2 3  2 4 1 4 . 3  

2 3  3 0  1 8  2 3  ( 4 )  
... 

1 2 4  2 5  2 7  2 4  2 C  1 5 . 5  

2 3  2 7  3 0  2 6  { 2 )  

2 3 5  2 9  3 4  2 9  3 2  1 9 . 3  

3 1  3 0  3 4  3 0  ( 2 )  

3 3 2  3 2  4 0  2 8  3 4 2 0 . 5  

3 4  3 3  43 2 8  ( 5 )  

4 4 5  4 3  3 3  3 5  3 9  2 3 . 7  

!L5 4 3  3 3  3 2  ( 6 )  

5 5 5  5 7  6 6  6 4  6 2 ' 3 8 . 2  

5 8  6 1  7 0  6 6  ( 5 )  

* C a l c u l a t i o n  i n c l u d e s  c o r r e c t i o n  f o r  s amp l e  d i lu t i G n . 



AtEe n d i x 4 .  2 :  N- t e rm i n a l am i 11 o  g r o u p s d e t e rm i n at i o n  ( f l o u r e s co. """ ' "' �  J 
f o r  h y c r o l y s i s  e x p e r i me n t . r u n  1 5  

P e ak H e i gh t  

( mm)  

S am p l e  A a Ab B a  Bb Me an C o n c e n t r a t i o n *  

( 6'n - 1 )  L- g l u  in 

r e a c t o r  ( mM )  

B l  5 4  6 0  6 4  2 4  5 1  1 9 . 5  

5 5  6 1  6 4  2 3  ( 1 7 )  

1 1 0 9  1 5 1 7 9  7 0  1 0 2  2 4 . 5  

( 3  4 )  

1 0 9 1 5 0  7 8  7 0  7 4  

( 5 )  

2 8 9  6 4  7 5  8 0  7 8  3 1 . 2  

8 7  6 6  7 8  8 3  ( 9 ) 

3 8 8  8 5  6 8  6 4  7 7  3 0 . 8  

8 9  8 7  6 6  6 5  ( 1 2 )  

4 9 1  9 3  9 2  8 6  9 1  3 7 . 0  

9 1  9 2  9 2  8 8  ( 2 )  

5 1 2 2  1 2 8 1 2 4  9 1  1 2 1  5 2 . 0  

1 2 1  1 2 9  1 2 7  1 23 ( 1 2 )  

* C a l c u l a t i o n  in c lud e s  c .:> r r e c t i o n  f o r  s amp l e  d i lut i o n . 



Appe n d ix 4 . 5 :  An a l y s i s o f  s t a n d a r d e  f o r  d e t � r m i n a t i o n  o f  N ­

t e rm i n a l a m i n o  g r o u p s u s i n g  f l u o r e s c a� i n e  f o r  

d e t e rm i n a t i o n  o f  t o t a l  a v a i l ab l e  p e p t i d e  b � n � e  

V O L U M E  C F  

2 . 5 m M.  L- 9 \ u  
(p l )  

0 

5 

1 0  

2 0  

3 0  

4 0  

5 0  

6 0  

P EAK HE I GHT 

( mm )  

D up l i c a t e  a D up l i c at e  b 

l 1 

1 5  1 5  

2 9  2 8  

5 1  5 0  

7 1  7 6  

9 4  9 6  

1 1 0 1 0 7  

1 3 7  1 3 1 

CON CENTRAT I ON 

( mM )  

0 

0 . 0 6 25 

0 . 1 25 

0 . 2 5 

0 . 3 7 5  

0 . 5 0  

0 . 6 2 5  

0 . 7 5  



Appe n d i x  4 . 6 :  Ana l y s i s  o f  s t an d a r d s  f o r  d e t e rm i n a t i o n  o f  

amm o nia in d e t e rmin a t i o n  o f  t o t a l  a v a i l ab l e  am i d e  

VO LUME O F  

4 . 0  mM 

NH 4 C l 

(p l )  

0 

5 

1 0  

2 0  

3 0  

4 0  

5 0  

6 0  

b o n d s  

C O N CN . 

I N  

S AM P LE 

( mM )  

F i rs t D e t e rm i n a t i o n  

D up l i c a t e D u p l i c a t e  

a b 

0 2 . 2 8 6  2 . 3 0 2 

0 . 2  2 . 1 9 6  2 . 1 9 0  

0 . 4  2 . 0 8 0  2 . 0 8 9  

0 . 8  1 .  8 3 7  1 . 85 8  

1 . 2 1 .  6 4 6 1 .  6 3 6  

1 . 6  1 . 3 8 4  1 . 3 7 6  

2 . 0  1 . 1 5 7  1 . 1 4 6 

2 . 4  1 . 1 3 2  1 . 1 3 1  

A B S O R BAN CE 

S e c on d  D e t e rm in a t i o n  

D u p l i c at e  D u p l i c at e 

a b 

2 . 3 0 8  2 . 3 0 8 

2 . 1 8 9 2 . 1 8 1  

2 . 0 6 9  2 . 0 5 9  

1 . 8 2 9  1 .  8 5 4 

1 .  5 9 3  1 . 5 9 3 

1 . 3 5 1 1 . 3 5 7  

1 . 1 47 1 . 1 5 0  

1 . 1 1 5 1 . 1 3 3  



App e n d i x  5 . 1 :  Ab s o r b an c e  ( A 3 4 0 ) f o r  ammon i a  s t a � d a r d s  f o r t o t a l  

d e ami d & t i o n  o f  s p r ay d r i e d  p r o du c t  p r e p a r a t i o n s  

VOLUME O F  A B S ORBAN C E  CON CENTRAT I ON O F  

S TANDARD A3 40 AMM ON I A  I N  S A M P LE 

( 4  mM NH 4 C l )  ( a ) ( b )  ( 1 0 0  p l )  

(p l )  ( mM )  

6 0  1 . 1 8 2  1 . 1 7 6  2 . 4  

5 0  1 . 1 8 1  1 . 1 7 7  2 . 0  

6 0  1 .  3 47 1 . 3 6 6  1 . 6 

3 0  1 . 6 05 1 . 5 9 7  1 . 2 

2 0  1 .  8 6 6  1 .  8 5  2 0 . 8  

1 0  2 . 1 0 6 2 . 1 3 3  0 . 4  

5 2 .  2 2 3 2 . 2 4 1  0 . 2  

0 2 . 3 4 4 2 . 3 47 0 



AppendL� 5.2:  Absorbance (A
3 4 0

) for samp l es from tota l  deam idat ion o f  spray dr ied preparat ions 

R E ACTION 
T I M E  
(hrs) 2 4 6 STA N D A R D  

SAM P L E S  a b a b a b M E A N D E V I ATION D I L U T ION 

( 1 I )  1 .743  1 . 7 4 9  1 .8 2 1 1 . 84 5 1 . 808 1 . 7 8 7  1 . 7 9 2  0 . 0 4 0  1 / 1 0  

( I  0) 1 . 11 50 1 .4 20 1 .480 1 .49 1 1 .4 7 7  1 .4 8 3  1 .4 6 7  0 . 0 2 7  1 / 1 0  
(9)  1 . 547 1 . 5 5 5  1 . 574 1 . 568 1 . 5 7 2  1 . 57 5 1 . 5 6 5 0 . 0 1 2  I I I 0 
(8 )  1 . 56 1 1 . 5 1 6  1 . 5 1 4 1 . 502 1 . 5 5 5  1 . 5 7 2  1 . 5 3 6  0 . 0 2 9  I I I 0 
( 7 )  1 .247 1 . 22 1 1 . 242 1 . 279 1 . 30 5  1 . 2 3 2  1 . 2 5 4  0 .0 3 2  1 / 1 0  
(6 )  1 .683 1 .689 1 .724 1 . 700 1 . 796 1 . 760 1 . 7 2 5  0 . 0 4 5  1 / 20 
( 5 )  1 . 7 1 5  1 . 698 l . h84 1 .686 1 . 7 4 2 1 .6 9 5  1 . 7 0 3  0 . 0 2 2  1 / 20 
(4 )  1 .668 1 .6 58 1 . 7 3 2  1 . 706 1 . 7 1 8  1 .6 7 8  1 .69 3 o . n 3 o  1 /7.0 
( 3 )  1 . 7 1 6  1 . 7 2 2  1 . 746 1 .696 1 . 7 7 7  1 . 7 1 2  1 . 7 2 8  0 . 0 2 9  1 /20 
(2 )  1 . 702 1 .64 1 1 .6 7 6  1 . 760 1 . 7 36 1 . 699 1 . 7 0 2  0 . 0 4 2  1 / 20 

( I )  1 . 78g 1 . 7 70 1 . 7 6 3  1 . 703 1 . 7 7 0  1 . 7 1 1 1 . 7 5 1  0 .0 3 5  1 /20 

(7 )  
(Repeat) 1 .823 1 .8 5 7  I . 8 4  '3 1 . 8 3 1 1 . 8 56 1 .8 3 6  1 . 8 u  1 0 .0 1 4  1 / 20 



AEEe ndix 5 .  3 :  Ab s o rb a n c e  ( A3 4 0 ) f o r  ammo n i a  s t an d a r d s  f o r  
s t o r e d  l i qu i d  hy d r o l y s a t e s  

V O LUME O F  S T A N D A R D  A B S O RBANCE CON CENTRAT I ON O F  

( 4  m M  NH 4 C l ) \ A3 4 0 ) O F  AMM ON I A  I N  
(p l )  ( a ) ( b ) ( l O O  p l )  

( mM ) 

6 0  1 . 1 5 8  1 . 1 5 5  2 . 4 

5 0  1 . 1 6 6  1 . 1 6 4  2 . 0 

4 0  1 . 3 7  4 1 . 3 7 4  1 . 6 

3 0  1 .  6 2 6  1 . 6 2 7  1 . 2 

2 0  1 . 8 3 7  1 . 8 5 7  0 . 8  

1 0  2 . 0 7 4  2 . 0 8 2  0 . 4 

s - 2 . 1 9 5 2 . 1 7 6  0 . 2  

0 2 . 2 9 0  2 . 2 7 1  z e r o 



� 

AEEe n d i x  5 .  4 :  Ab s o rb a n c e  ( A3 4 0 ) f o r s amp l e s f o r  s t o r e d  l i qu i d  

hy d r o ly s a t e s  

SAM P LE A a Ab B a  Bb MEAN . S T ANDARD D I LU T I ON 

D EV I AT I ON 

( 2 )  1 .  85 5 1 . 7 6 7  1 . 9 1 4  1 .  9 1 3 0 . 0 5 7 1 : 40 

( 3 )  1 . 9 2 1  1 . 8 9 9  1 - 9 3 6  1 . 9 1 9  0 . 0 1 9  1 : 4 0 

( 4 )  1 . 9 0 3  1 . 9 8 9  1 . 9 8 0  1 . 9 5 7  0 .  0 47 1 : 4 0 

( 5 )  1 . 9 0 8  1 . 8 9 2  1 . 8 9 2  1 . 8 9 7  0 . 0 0 9  1 : 4 0 

( 6 )  2 . 03 4 2 . 0 1 1  2 . 0 1 2  2 . 0 1 9  0 . 0 1 3  1 : 4 0 

( 7 ) 1 . 7 6 4  1 . 6 9 6  1 .  7 1 4  1 . 7 2 5 0 . 0 3 5  1 : 40 

( 8 )  1 . 3 6 3  1 . 2 6 1 1 . 2 0 6  1 . 3 3 3  1 . 2 9 1  0 .  0 7 1 1 : 40 

( 9 )  1 . 4 2 4  1 . 3 8 8  1 . 3 3 4  1 . 3 0 9 1 . 3 6 4  0 . 0 5 2  1 : 40 

( 1 0 )  1 . 3 6 8  1 . 49 4  1 . 3 7 5  1 . 5 5 3  1 . 4 4 8  0 . 0 9 1 1 : 6 6 . 7 

( 1 1 )  1 . 8 9 7  1 .  45 3 1 . 5 3 5  1 . 4 6 8  1 . 5 8 8  0 . 2 0 9  1 : 1 0 0  



AEEe n d ix 5 . 5 :  Ab s o r b a n c e ( A3 4 0 ) f o r  amm o n i a  s t a n d a r d s  f o r  t o t a l  

d e am i d a t i o n  o f  f r e e  .. e d r i e d  p r o d u c t a n d  

h y d r o l y s at e  o f  s amp l e s p r e p a r e d  w i t h o u t  d i a l y s i s  

V O LUME OF  ( A3 4 0 ) CON CENTRAT I ON O F  

S T ANDARD ( a ) ( b )  AMMON I A  I N  S AM P LE 

( 4  mM  NH4 C l )  ( 1 0 0  p l )  

(p l )  ( mM )  

6 0  1 . 1 0 7 1 . 1 1 1  2 . 4  

5 0  1 . 1 7 8 1 . 1 3 1  2 . 0  

4 0  1 . 4 6 2  1 .  3 5 1 1 . 6 

3 0  1 0 6 5  8 1 . 5 7 6  1 . 2 

2 0  1 . 9 1 0 1 . 8 1 7 0 . 8  

1 0  2 . 2 9 0  2 . 1 3 9  0 . 4  

5 2 . 2 9 5 2 . 3 0 9 0 . 2  

0 2 . 5 1 0  2 . 4 9 8  0 . 0  



. 

Absorbance (A 3 4 0) for sa m p les from t o t a l  deam ida t ion o f  freeze d r i e d  p r o d u c t  p re pa r a t i o n s  Appen d i x  5 . 6 :  

S A M P L E  A a a  A a b  Ab a A b b  B a a  Bab Bba Bbb M E A N  STA N D A R D  D I L U T ION 
I 

D E V I ATION 

( 2 )  1 . 7 6 9  1 . & 3 2  1 . 7 3 3  1 . 7 1 :  1 . 7 7 4  1 . 760 1 . 686 1 . 6 6 3  1 . 7 4 1 0 . 0 5 4  1 : 2 0  

( 4 )  1 . 7 5 9  1 .7 8 4  1 . 70 1 1 . 7 0 7  1 . & 1 7  1 . 7 1 8  1 . 7 1 2  1 . 7 3 2 1 . 7 4 1 0 . 0 4 2  1 : 2 0  

( 5 )  1 .  7 Olt 1 . 7 7 3  1 . 8 0 3  1 . 6 3 5  1 . 7 & 5  1 . 806 1 . 7 3 2 1 . 7 3 0  1 . 7 4 6  0 . 0 5� 1 : 7. 0  

( 3) 1 . 7 5 4  1 .7 7 0  1 . 7 7 0  1 . 8 2 1 1 . 7 4 3  1 .  687 1 . 7 4 3  1 . 7 2 1 1 . 7 5 1  0 . 0 3 9  I : 2 0  

(6) 1 . 6 & 4  1 .7 5 8  1 . 694 1 . 6 6 7  1 . & 3 3  1 . 7 &  I 1 . 75& 1 .7 4 &  1 . 7 4 0  0 . 0 5 6  I : 20 

( 7 )  1 . 6 & 9  1 .7 1t 3  1 . 7 2 6  1 . 7 6 2  1 . 7 5 2  1 .6 9 2  1 . 7 4 0  1 . 7 7 3  1 . 7 3 5  0 . 0 3 1 I : 20 
(8)  1 . 8 0 9  1 .& 7 &  1 .9 5 1 1 . 9 2 9  1 . & 7 9  1 .907 1 . 8 5 3  1 . 9 1 2  1 . & 9 0  O . O lt 5  1 : 2 0  

( 1 0)  1 . & 7 6  1 . &60 1 . &90 1 . 969 1 . & 9 6  1 . &70 l .  9 1 6  1 . 9 0 7  1 . 8 9 8  0 . 0 3 4  1 : 2 0  

(9) 1 . 9 5 2  1 . 969 2 . 00& 1 . 99 1 1 .  9 5 3  1 . 99& 1 .  9 7 6  1 . 9 6 5  1 . 9 7 6  0 . 0 2 1 1 : 2 0  
( 1 1 ) 2 . 1 6 2 2.200 2 . 2 0 7  2 . 1 69 2 . 1 2 9  2. 1 3 2 2 . 1 5 5 2 . 1 2 5 2 .  1 (,0 0 . 0 3 2  1 : 2 0  

( 1 2 ) 1 . 8 1 1 1 . 7 5 6  l . 7/t 3  1 . 7 1 2  1 . 7 0 9  1 .693 1 . 7 2 4  1 . 7 7 2  1 . 7lJ. 4 0 . () 9 2  1 : 2 0  

( 1 3) 1 . 7 0 2  1 .7 3 5  1 .8 1 7  1 . 7 30 1 . 7 38 1 . 7 0 5  1 . 7 2 9  1 . 7 4 8  1 . 7 3� 0 . 0 3 2  1 : 7. 0  



A22e n d ix 5 • 7 :  Ab s o r b a n c e  ( A
3 4 0 ) f o r  am m o n i a  i n  hy d r o l y s a t e  o f  

s amp l e s  p r e p a r e d  w i t h o u t d i a l y s i s  

SAM P LE A a Ab MEAN Ba Bb MEAN 

1 2 . 4 2 5  2 . 4 1 0  2 . 4 1 8  2 . 2 9 3  2 . 3 1 5 2 . 3 5 5  

2 2 . 4 1 0  2 . 3 7 5  2 . 3 9 3  2 . 4 4 0  2 . 3 85 2 . 4 1 3  

3 a 2 . 1 45 1 . 9 6 6  2 .  0 5 6 2 . 3 1 0 2 . 3 45 2 . 3 2 8 

3 b 2 . 1 6 5  2 . 0 3 7  2 . 1 0 1  2 . 2 8 0  2 . 3 1 0 2 . 2 9 5  

D i l u t i o n  o f  A s amp l e s  w a s  1 : 1 0 0  

D i l u t i o n  o f  B s am p l e s  w a s  1 : 2 0 



Appe n d i x 5 . 8 :  P e ak h e i gh t s  o f  L- g l u  s t an d a r d s  f o r  d e t e r m i n a t i o n  

o f  N- t e rm in a l am i n o  g r o u p s . u s i n g  f l u o r e s c a mi n e . 

o f  s p r ay d r i e d  p r o du c t  p r e p a r a t i o n s  

VO LUME O F  S TANDARD 

( 2 • 5 m M L- g 1 u )  

(_pl )  

0 

5 

1 0  

2 0  

3 0  

4 0  

5 0  

6 0  

P EAK 

( mm )  

4 

1 7  

3 9  

5 8  

7 9  

1 0 2  

1 2 0  

1 4 3 

H E I GHT 

( mm )  

5 

2 1  

4 0  

5 4  

8 0  

1 0 1  

1 2 1  

1 3 8  

C ON CENTRAT I ON O F  

L- GLU I N  SAMPLE  

( mM )  

0 

0 . 06 2 5 

0 . 1 2 5 

0 . 2 5  

0 . 3 7 5  

0 . 5 0  

0 . 6 2 5 

0 . 7 5  



App e n d i x  5 . 9 :  P e ak h e i gh t s  f o r  s am p l e s  f o r  d e t e r m i n a t i o n  o f  N ­

t e rmi n a l  a m i n o  g r o u p s . u s i n g  f l u o r e s c amin e . o f  

s p r ay d r i e d  p r o d u c t  p r e p a r at i o n s  

SAM P LE 

Glu t e n  

( 2 ) 

( 1 )  

( 3 )  

( 4 ) 

( 5 )  

( 6 )  

( 7 )  

( 8 )  

( 9 )  

( 1 0 )  

( 1 1 )  

A a 

8 

1 9  

1 7  

1 3  

1 5  

1 9  

1 9  

2 1  

1 4  

1 3  

1 3  

1 7  

P EAK H E I GHT ( mm )  

Ab B a  Bb 

8 3 8  4 0  

2 0  1 8  1 9  

1 7  1 7  1 7  

1 2  1 9  1 9  

1 8  1 7  1 7  

1 9  1 7 4 ( 1 ) 2 3  

2 4  1 9  1 8  

2 2  2 3  2 4  

1 2  1 2  1 2  

1 3  1 3  1 4  

1 5  1 3  1 4  

1 7  1 5  1 5  

MEAN 

2 3 . 5  

1 9  

1 7  

1 5 . 8  

1 6 . 8  

2 0 . 3  

2 0  

2 2 . 5  

1 2 . 5  

1 3 . 2  

1 3 . 8  

1 6  

No t e  ( 1 ) R e s u l t ex c l u d e d  f r. o m  c a l c u l a t i on s  

S TANDARD 

D EV I A T I ON 

1 7 . 9  

0 . 8  

0 

3 . 8 

1 . 3 

2 . 3  

2 . 7  

1 . 3 

1 . 0 

0 . 5 

1 . 0 

1 . 2 

D I LUT I ON 

1 : 4 0 

1 : 4 0 

1 : 40 

1 : 4 0 

1 : 4 0 

1 : 40 

1 : 4 0 

1 : 40 

1 : 1 0 0  

1 : 1 0 0  

1 : 1 0 0  

1 : 1 0 0  



App e n d i x  7 . 1 : Ab � o r b a n c e .  A3 4 0 • f o r  amm o n i a  s t an d a r d s  f o r  

m e a s u r e m e n t  o f  r e a c t io n  w i t h  p e p t i d o g l u t am in a s e  

e n z y m e s 

VO LUME O F  S TANDARD A B S ORBAN C E  A3 4 0 CON CENTRAT I ON OF 

4 mM NH 4 C l  A3 4 0  AMMONIA I N  SAM P LE 

(p l )  ( a ) ( b ) ( 1 0 0  )1 1 )  
( mM )  

6 0  1 . 05 2  1 . 0 6 9  2 . 4  
5 0  1 . 0 6 9  1 . 0 7 5  2 . 0  

40  1 . 1 3 3  1 . 1 4 1  1 . 6  

3 0  1 . 3 6 0  1 .  3 5  4 1 . 2 

2 0  1 . 6 1 6  1 . 6 1 8 0 . 8  

1 0  1 .  85 7 1 . 85 3  0 . 4  

5 1 . 9 7 1 1 . 9 7 6  0 . 2  

0 2 . 0 8 1  2 . 0 8 1  0 



App e n d ix 7 . 2 :  Ab s o r b a n c e ,  A
3 4 0 • f o r  s a mp l e s  f o r  m e as u r e me n t o f  

r e a c t ion  w i t h  p e p t i d o g l u t am in a s c e n zyme s 

REACTI ON T I M E 

( M INUTE S )  

REA CT I ON NUMBER 

( 1 ) 

( 2 )  

( 3 )  

( 4 )  

( 5 )  

( 6 )  

( 7 )  

( 8 ) 

( 9 )  

( 1 0 )  

( 1 1 )  

( 1 2 )  

( 1 3 )  

( 1 4 )  

0 

2 . 05 7  

2 . 0 49 

2 . 0 5 3  

2 . 05 3  

2 .  ') 5 1 

1 . 9 0 2  

1 . 9 9 8  

1 . 9 0 4 

1 . 9 8 7  

1 . 9 2 6  

1 . 9 8 9  

1 . 9 4 6  

1 . 9 9 6  

2 . 0 4 8  

2 . 0 2 1  

1 . 9 8 5  

2 . 0 3 4  

2 . 0 4 9  

2 .  0 5  2 

1 . 8 7 7  

1 . 9 8 1  

1 . 9 1 9  

1 . 9 7 9  

1 . 9 0 7  

1 . 9 8 0  

1 . 9 1 4  

1 . 9 7 5  

2 . 0 5 1 

3 0  

1 . 9 7 9  

1 . 9 8 6 

2 . 0 5 3  

2 . 0 3 9  

2 . 0 5 3  

1 . 8 8 6  

1 . 9 8 6 

1 . 9 5 7  

1 . 9 9 5 

1 . 9 6 5  

1 . 9 9 6 

1 . 8 8 4  

1 . 9 8 0 

2 . 0 5 0  

6 0  

1 . 9 2 9  

1 . 7 5 7  

2 . 0 47 

2 . 0 2 4  

2 . 0 4 3  

1 . 9 1 9  

1 . 9 6 0  

1 . 9 0 6  

1 . 9 7 3  

1 . S 0 3  

1 . 9 4 8  

1 . 8 7 3  

1 . 9 6 0  

2 . 0 5 2  
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	20359
	20360
	20361
	20362
	20363
	20364
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