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ABSTRACT 

Uns uc c e s s ful  a t t emp t s  were made to produce c l oud - s t ab l e , 

non - b it t e r c i t rus j uic e s  by e n zymic degrada t ion o f  j uic e ­

s o l ub l e  p e c t i n . The fail ure o f  th e s e  a t t emp t s  demon s t rated 

the ne c e s s it y  for a gre a t er unders t anding o f  the s o l ub i l ity 

re l a tion s h i p s  o f  l imonin and the ph enomenon o f  de l ayed 

bit t erne s s . 

The s o lubility o f  l imonin in mo d e l  s o l ut i on s  was  inve s t iga t e d . 

I t  proved imp o s s ib l e  t o  prepare aqueous s o l ut ions conta inin g 

high concentra t i ons o f  l imonin without the u s e  o f  h e a t . 

Even though t h e  addition to  such s o l utions o f  sugar , p e c tin 

and p o l y ga l a c t uronic a c id a t  c oncentrations c o mmon ly found 

in citrus j u i c e s  had a s t atis t i c a l l y  signif i c ant ( 9 5 %  l eve l )  

e ffe c t  on the equil ibrium l imonin c oncentra t i ons , the 

magnitude o f  the ef fect  was quite sma l l . Mo re ove r ,  the 

s o l ubil ity o f  l imonin shaken a t  30 C for five d ays in mo del  

s o l utions c on t aining cit rus pro t e in s  and l ip ids was  no 

gre a t e r  than its  so lubility in w a t e r , l e a din g to  the 

conc l u s ion th a t  neither l ipids nor p roteins a re re spon s i b l e  

for high c o n c e n t rations o f  l imonin i n  cit rus j uic e s . Dire c t  

s o l ub il iz a tion o f  l imonin c anno t therefore a c c ount f o r  high 

l imonin c on c e n t ra tions 1n c itrus j u i c es t o  which no h e a t  

h a s  b e en app l ie d . 

High concentra tions of  l imonin in mo d e l  s o l u t i ons c o u l d  be 

achieved by the app l ic a t ion o f  h e a t . In  re f l uxed aque ous 

s o lu t ions , the  pre s ence of p e c t in ,  s ucro s e  and s uc ro s e ,  

g l uco s e  and fru c t o s e  in combina t i on incre a s e d  the s o l ubility 

o f  l imonin , the g rea t e s t incre a s e  o c curri n g  with s uc ro s e  

a l one . Even more import ant wa s the e f fe c t  o f  s o l u t e s  on 

s l owin g down the ra t e  at which l imon i n  came out of s o l u t ion 

on c o o l ing . Again the e f fect  o f  s o l u t e s  was  dif ferent , 

sucro s e  b e ing more e ffec tive than p e c tin in h o l din g  l imonin 

in s o l ut ion , b u t  high concen tra t ions were main t ained l onger 

1n s o l u tions c ontaining the sugar mix ture o r  s uc ro s e  and 

pec tin, Sa tura t e d  s o l ut i ons o f  l imonin in a c idic mode l 

s o lutions pre p a re d  under re f l ux depo s i ted l imon i n  with 

approxima t e l y  e qu a l  rapidit y ,  irre s p e c tive o f  o ther s o lutes . 
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On the o ther hand , s o l u t ions o f  s imila r l imonin concentration, 

prepare d  by a dding comp onents  o f  the mo d e l  s o l utions ( c itric 

acid , p e c tin and sucro s e  a t  conc entrations found in citrus 

j uic e s )  to a hot  s a tura t e d  s o l ution of l imonin , re t ained 

mo dera t e ly high concen t ra t ions o f  l imonin p ro vided p e c t in 

was p re s en t . 

Limonin ana l y s is by extra c t ion at two pH l ev e l s  demons t rated 

tha t the equil ib rium opera t ing 1n t h e  e s t ab l is hment o f  high 

conc entra t ions of l imonin in mode l s o lutions invo lved neutra l  

hydro l y s is of  l imonin t o  o n e  or oth e r  of  it s hydroxyacid 

forms . On coo l ing such s o l ut ions , l imonin c rys t a l l iz e d  out , 

affe c t ing the hydroxy acid - l a c t one e quil ib rium . The e f fe c t  

of s o l u t e s  is re l a t e d  t o  their in f l uence o n  this equil ib rium . 

When s imil ar ex traction proc edure s w e re app l ie d  t o  s tudying 

the ph enomenon of  de l ayed bitterne s s  in c itru s  j uic e s , 

eviden c e  was ob tained for the pre s en c e  in fre s h l y extra c t e d  

citrus j uic e s  o f  two l imonin pre curs o rs which e ach sh owe d  

diffe ring s t abilities , b o th t o  the pre s ence  o f  natura l citrus 

en zyme s and to the app l ic a t ion o f  h e a t . 

Al l pre vious work re l a t ing the e f fe c t s  of various tre a tments 

to  l imonoid bit t erness  in citrus j uic e s  and mo de l s o lutions 

mus t  b e  re cons idered in the l igh t o f  the p o s s ib l e  invo l vement 

of the two l imonin pre curs o rs , the a s s ocia t e d  enzyme s , and 

the hydroxyacid forms of  l imonin . 
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p r i o r  trea tment w i th en zymes and CA . 

F r e e  so 2 c on t ents (ppm) of  o r ange j u i c e s  

a ft e r  s t o r a g e  a t  7 C an d 3 0  C .  

S o l ub i l i ty o f  l imon in i n  aqueous s o l ut i ons . 

Mu l t ip l e  r e g r e s s i on e qu a t i ons fo r p r e d i c t i ng  

t h e  change i n  l imonin s o lub i l i ty w i th 

t e mp e r ature . 

xi i 

6 0  

6 3  

6 3  

6 6  

6 7  

7 3  

7 4  

L imonin concent rat i on ( ppm) in sup e r s a tu r a t e d  7 6  

s o l u t i ons s t o r e d  a t  2 5  C .  

Mean values and re s i dua l s  o f  equi l ib r i um 8 5  

l i monin s o l ub i l i ty ( ppm) in vari ous s o l u t i ons . 

Ana l y s i s  of  var i ance o f  e xperime n t a l  d e s i gn . 8 6  

E f f e c t  o f  p e c t in and P GA on l imon i n  s o l ub i l i ty .  8 8  

I n i t i a l  changes  in pH o f  r e fl uxed s o l u t i ons . 9 0  

To t a l  ex t rac t ab l e  l imon in concen t r a t i on 9 1  

( p p m) in r e f l ux e d  mode l s o lut i ons . 



XXV 

XXV I  

XXV I I 

XXV I I I  

XX I X  

XXX 

XXX I 

XXX I I 

XXX I I I  

XXX I V  

XXXV 

XXXV I 

T o t a l  ext r a c t ab l e  l i mon in concen t r a t i on 

( ppm) in mo de l s o l u t i ons prepa r e d  from 

h o t  r e f l uxe d l imon i n  s o l ut i ons . 

T o t a l  ext r a c t ab l e  l imonin concen t r a t i on 

( ppm) in mo d e l  s o l ut i on s  prepar e d  from 

c o l d  supe rs a tu r a t e d s o l u t ions of l imon in . 

F a t ty a c i d  c omp os i t i on o f  c o rn o i l  and 

g r ap e fru i t  j u i c e l ip i d s . 

P r o t e in con t e n t  and j u i c e  turb i d i ty of  

New Z e a l and g rapefru i t  j u ice . 

Re s u l ts o f  an a ly s e s  o f  r e fluxe d l imon in 

s o l ut ions . 

L imonin ana ly s e s  o f  Nave l orange j u i c e s  

a n d  s e ra sub j e c t ed to  v a r ious trea tmen t s . 

Changes in t h e  l imono i d  c ontent o f  C a r t e r  

Nav e l  orange j u i c e . 

Ch ang e s  in th e l imono i d  c ontent o f  C a r t e r  

Nave l orange s e rum p r ep a r e d  imme d i a t e l y  

a f t e r  j u i c e e xt r a c t i on . 

Chang e s  in t h e  l imono i d  c ontent of C a r t e r  

Nave l orange s e rum p r e p a r e d  1 h a ft e r  

j u i c e  extrac t i on . 

Chang e s  in th e l imono i d  c ontent o f  C a r t e r  

Nave l orang e  s e rum prep a r e d  4 h a f t e r  

j u i c e  extr a c t i on . 

Chan g e s  i n  t h e  l imono i d  content o f  C a r t e r  

Nave l orang e j u i c e h e l d  a t  9 0  c. 

Ch anges  in  the l imono i d  c ontent o f  C a r t e r  

Nav e l  o range j u i c e he l d  a t  9 0  c a ft e r  

xi i i  

9 6  

9 9  

1 0 3  

1 0 6  

1 1 4  

1 1 7  

. 1 2 2  

1 2 4 

1 2 5  

1 2 6  

1 3 0  

1 3 1  



XXXV I I 

XXXV I I I  

XXX I X  

XL 

X L I  

XL I I  

a d j us tment o f  pH to  5 . 6 .  

Ch ange s  in the l imono i d  content o f  C a r t e r  

Nav e l  orange s e rum p r e p a r e d  imme d i a t e l y  

a ft e r  j u i ce e x t r a ct i on and he l d  a t  9 0  C .  

Chang es in the l imono i d  content o f  C a r t e r  

Nave l  orang e s e rum prepar e d  imme d i a t e l y  

a f t e r  ex tract i on and h e l d  at 9 0  C a f t e r  

a d j us tment t o  p H  5 . 6 .  

Ch anges in the l imono i d  content o f  New 

Z e a l and gr ap e fru i t  j u i ce s e rum p r e p a r e d  

imme d i a te l y  a f t e r  e x t r a ct i on and h e l d  

a t  r o om temp e r ature . 

Ch ang e s  in the l imono i d  content o f  mode l 

s o l u t i ons con t a in ing s u s p e nded ins o l ub l e  

s o l i ds from New Z e a l and gr ape fru i t  j u i ce 

and he l d  at r o om temp e r a ture . 

Chan g e s  in the l imono i d  content o f  New 

Z e a l and grap e f ru i t  j u i ce s e rum he l d  a t  

r o om tempera ture a f t e r  h e a t  treatment 

(1 min at 95  C ) . 

Ch anges in the l imono i d  con t ent o f  mode l 

s o lu t i ons con t a i n i ng s u s p ended ins o l ub l e  

s o l i ds from New Z e a l and grapefru i t  J U l C e  

and he l d  at r o om t emp e r a ture after  h e a t  

t r e a tment ( 1  m i n  a t  9 5  C ) . 

xi v 

1 3 2  

1 3 3  
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1 3 9 

1 4 0  

1 4 1  




