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ABSTRACT 

14 C -Labe l led m i l k  prote i n s  and pept ide s wer e  requ i red for 

s tud i e s  on the n i trogen nutr i t ion and proteolyt i c  e n z yme s o f  

s t a r t e r  bacte r i a . There fore , a c ow wa s inje c ted w i t h  a m i x 

t u r e  o f  � C - l ab e l l ed amino ac ids ( 2mC i )  and milked at int e r 

va l s  over 2 8  h .  The f i r s t  m i l k ing ( 3 . 7 5 h )  con t a i ned the 

mo s t  act ive compon ent s w i t h  the c a s e i n s , B- l ac toglobu l i n  

and a- l actalbumi n  hav ing a spec i f i c  ac t iv i t y  o f  2 . 3  x 1 06 

d i s i ntegrat i ons per m i n  ( dpm ) I g wh i l e  lacto se and t r i 

g l y c e r id e s  had spec i f ic a c t iv i t i e s  o f  2 .  3 x 1 0  � dpm I g and 

3 .  4 x 1 0  4 dpm I g ,  r e s pe c t ive l y . T h i rteen amino a c i d s  i so

l ated from ac i d  hyd rol y z ed m i l k  prote i n  contained rad i o 

a c t i v i ty . On l y  6% o f  the labe l i n j ected wa s recove red i n  

m i l k  prot e i n  in  t h e  f i r s t  28  h .  

The n i trogen nut r i t ion o f  Streptococ c u s  c remo r i s  AM
2 

and E8 
wa s stud i ed by add ing �C - l abe l led mi l k  prote i n s , peptid e s  

and s ing l e  amino ac id s s eparate ly t o  un labe l l ed m i l k  and 

then d e t e rm i n i ng the i ncorpora t i on of rad ioactiv i t y  into 

bacte r ia l  prote i n  dur ing growth . A spe c i ally prepared low 

heat s k im milk powder hav i ng a content o f  potent i a l  n i t rogen 

sour c e s  s imi l ar to that of fre s h  m i l k , wa s recons t ituted for 

u s e  a s  the growth med i um .  At low c e l l  dens i t i e s , f r e e  ami no 

ac i ds and pept ide s were u s ed a s  n i trogen sou rce s .  As the 

c e l l  den s i ty i n crea sed , m i l k  prote in became an i nc re a s ing l y  

important n i trogen source and the c e l l s  bec ame dependent on 

t he i r  c e l l  wa l l -bound prote inase . All case i n s  t e s ted , 

B- lactoglobu l i n  and a- l ac ta lbumin were u sed a s  n i trogen 

s o urc e s  by both s t ra i n s . 

A prote inase a s s a y  was eval uated in which � C - labe l led c a s e i n  

( 2 .  3 x 10 6 dpm I g )  wa s u sed a s  t h e  s u b s trate . Thi s  a s s a y  

wa s u s e d  to s tudy the s pontaneous r e l e a s e  o f  c e l l  wa l l 

a s soc ia ted pro te i n a s e s  f rom m i l k-grown c e l l s  o f  l a c t i c  

s t reptococc i .  E ight s t r a i n s  o f  �· c r emo r i s  a n d  two strai n s  

o f  S .  l ac t i s  r e l e a s ed prote i n a s e  when ce l l s  were he ld in 

b u f f e r . An exc e p tion wa s S .  cremor i s  ML1 whi c h  d id not 

r e l e a s e  s ign i f i cant act i v i ty . The rate o f  prote i n a s e  r e l e a s e  

i ncrea s e d  w i th r i se i n  temperature ( 0  t o  3 4
°

C )  and pH ( 5 . 5  
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to 8 . 7 )  al though i n ac t i vation wa s apparent a t  3 4
°

C and pH 8 . 7 .  

W i t h  a l l  s tra i n s , r e l e a s e  o f  prot e i n a s e  wa s suppr e s s ed by 

the add i t ion of cac 1 2 to the bu f f e r , by lowe r ing the t emp e r 

atu r e  to 0
°

C ,  o r  by lower i n g  t h e  p H  to 5 . 5 . The rate o f  

prote i na s e  re l e a s e  var i ed marked l y  w i t h  d i f f erent s tra i n s . 

A po s s ib l e  mechan i sm f o r  the r e l e a s e  o f  pro t e ina s e  f rom t h e  

c e l l  wa l l  i s  d i s c u s s ed . 

Cheddar chee s e  wa s made w i t h  c u l ture s cont a i n ing d i f fe r e n t  

proport ions o f  prot e i na s e - po s i t ive ( Pr t
+

) and pLote in a s e 

negat i ve ( Prt ) ce l l s . T h i s  al lowed t h e  l eve l o f  s t a r t e r  

p rote i n a s e  to be var ied whi l e  the t o t a l  concentrat ion o f  

starter cel l s  i n  t h e  c u rd at s a l t ing wa s k e p t  constant . 

Chee s e s  w i th 4 5  to 7 5 %  P r t  c e l l s  deve l oped s ign i f icant ly 
+ 

l e s s  b i tterne s s  t h an c hee s e s  conta i n i ng only Prt ce l l s , 

thus prov id ing d i re c t  evidence that the l evel of  starter 

prote i na s e  ha s a r ole i n  b i tterne s s  deve lopment in Cheddar 

chee s e . The invo lveme nt of s tarter peptid a s e s  in  the r e 

moval o f  bi tter pept ide s  i s  d i scu s s ed . 
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P REFACE 

The manufac ture of Ched d ar c he e s e  and lactic c a sein invo l ve 

the fermentation o f  m i l k  by l ac t i c  s t reptococc i .  S in c e  

the se fermentat ion indu s t r i e s  a r e  o f  major importance t o  

N e w  Z ea l and an und e r s tand ing o f  t h e  g rowth and metabo l i sm o f  

l ac t i c  s t reptococc i i n  m i l k  i s  de sirab le . T h i s  the s i s  d e s 

c r i be s  r e s e arch c a r r i e d  out on a numbe r of top i c s  r e l a ted to 

the n itrogen me tabo l i sm o f  l ac t ic s t reptococc i .  A nov e l  

approach adopted i n  the se inve s t i g a t io n s  wa s the u s e  o f  

rad ioac tive m i l k , or  m i l k  frac t ion s , prepared bio synthe t i c a l l y  

i n  the mammar y  g l and o f  a cow a f ter 1''C - l abe l l ed amino ac i d s  

wer e  injec ted into t h e  blood s t ream . ·�he prepa r a t i on and 

a n a l y s i s  o f  t his mater i a l  is d e scr ibed in S e c t ion I. Rad io

act ive componen t s  wer e  i so l ated f rom this  milk and u s ed to 

eva luate the poten t i a l  n i trogen sourc e s  for g rowth of lac tlc 

s t reptococc i i n  m i l k  ( Sec tion II). Rad ioac t ive c a sein wa s 

u sed a s  s ub s t r ate in  the a s s ay o f  c e l l  wal l - a s soc i ated pro

te inase s , e nzymes wh i c h  catalyze t he fir st s tep in the br eak

d own of m i l k  pro t e i n  to the free umi110 acids reyuircd for 
s ynthe s is o f  bacte r i a l prote i n . An eva luat ion o f  the pro

te i n a s e  a s s ay and s tu d i e s on the r e l e a s e  of pro t e i n a s e  from 

the ce l l  wa l l  o f  intact c e l l s , are conta ined in S ec t i o n  III. 

P roteolyt i c  enzyme s y s tems o f  l a c t i c  s treptococci  are not 

only invo lved i n  supp lying e s s e n t i a l  nutr ients for ce l l  

g rowth dur i ng c hee s e  manu facture but a r e  a l so a c t ive d u r i ng 

subsequent chee se ripening . Sect ion IV dea l s  with the e f f e c t  

o f  t h e  leve l o f  ce l l  wal l -as soc i a ted prote inase o n  b i tterne s s  

deve lopment i n  Chedda r  chee s e . 

Part s  o f  th i s  t hes i s  have been pub l i shed in the f o l lowing 

paper s : 

Mi l l s , 0 E ( 1 9 7 6 ) . The preparat ion o f  �C - l abel led m i l k  

prote i n s . N Z J l  Da iry S c i .  Technol . 1 1 , 1 6 4  - 1 6 8 . 

Mi l l s , 0 E & Thoma s , T D ( 1 9 7 8 ) .  Re l e a s e  o f  c e l l  wa l l 

a s soc i a ted prote i na s e ( s )  f r om l a c t i c  streptococc i .  

N Z J l  D a i ry S c i . Techno l . g, 2 0 9 - 2 1 5 . 

Mi l l s , 0 E & Thoma s , T D ( 1 9 8 0 ) . B i tt e rne s s  deve l opmen t  in 



V. 

Cheddar chee s e : E f fe c t  o f  the l eve l o f  s t a r ter prote in

a s e . N Z  J l  D a i r y  S c i . Te chno l . 1 5 ,  1 3 1 - 1 4 1 . 

M i l l s , 0 E & Thoma s , T D (1 9 8 1 ) . N i t rogen sour c e s  for growth 

of l a c t ic s treptococc i in mi l k . N Z J l  Dairy S c i . 

Techno l . 16 ( i n pre s s ) . 
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