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ABSTRACT 

S trains of  lactic  s treptococci  charact eri z ed as bit t er chees e 
s tart ers multipli ed rapidly during normal chees emaking and 
r eached high populations in the curd b efor e s al t ing . The 
multiplic ation o f  s tart er s trains which are typically non­
bitter was inhib i t e d  by the c ooking t emperatures us ed in 
normal ChedQar che e s emaking , even though ac id  production  c on­
t inued . The populations reached were subs tantially l ower 
than with bitt er s tart ers . If  manufacturing c onditi ons were 
alt ered s o  that non-bitter strains reached high numb ers in 
the curd , chees es were bitt er . C o Lvers ely , bitternes s  was 
abs ent , or of reduc ed int ens ity,  when growth of c onventional�y 
bitter s tarters was restri c t ed during chees e manufactur e , 
e ither by the us e of  rai s e d  c ooking t emperatures , or by 
b ac t eri ophage attack . The results of  60 che esemaking trials 
with 1 0  s tarter s trains c onfirmed this as s oc iation b etwe en the 
s i z e  of  s tarter population reached during chees emaking and the 
pres enc e or abs enc e of bitterness . 

A new model is proposed to  acc ount f or the development o f  
b itterne s s  in Cheddar che es e .  Unlike other schemes WLere 
the produc tion of  b i tt er peptides is  attribut ed directly t o  
rennet action on c as ein , the new hypothesis c o nsiders that the 
s t arter s train is respons ibl e  for the format ion of bitt er­
flavoured peptides and do es not merely act to remove them . 
All s tart ers are p o t entially able  to  produc e either bitter or 
non-bitter che es e ,  depending upon the c o nditi ons of  manufac ture 
( inc luding bacteriophage devel opment ) and , henc e , the p opula-
t i on r8ached.  The respons e to s e l ec t ed manufac turing c on-
ditions rather than any singl e differenc e b etween particul ar 
s t arter s trains det ermines the likelihood of bitt erness 
devel opment . 

The key chees emaking trials were repeated us ing as eptic 
t echniques under c ontrolled bacterio logical c onditions . 
Previ ous s tudi es of  as eptically manufac tured chees e uti liz ed  
start ers which gave little Cheddar flavour o r  exhib it ed 
pronounc ed flavour defects . In this inves tigation , che es es  



made as ept ically with Streptoc occus cremoris AM2 alone , 
poss es s ed full Cheddar flavour and no off-flavours provided 
that normal manufacturing proc edures were followed.  Che es es 
made with Al'12 at a l ow c o oking temperature ( 33°C ) and ML8 
che es es made at the normal co oking· t emperature ( 38°C ) were 
extremely bitter and lacking in Cheddar flavour . When 
appropriat e  leve ls  of  bact eriophage were pres ent during 
manufacture , bitt erness was abolished entirely from both the 
ML8 and l ow-c ook AM2 chees es . There were acc ompanying 
increas e s  in Cheddar flavour scores . 

A s earch for temperate bac t eriophages and lys ogenic s trains 
in the l actic str eptoc occ i  us ed as s tart ers in chees emaking 
showed that the oc currenc e of lysogeny or defective lys ogeny 
c ould b e  relative ly widespread . A t emperat e bact eri ophage  
was induc ible  from Str . cremori s R1 by ultraviolet  irradiation 
or mitomyc in C treatment . Induc ed lysates produc ed plaques 
on lawns of 3 clos ely related Str.cremoris s trains , AM1 , SK1 1  
and us3 • Strain SK11 was reaclily lys ogenis ed . Str . cremori.s 
AM1 was the most rel iable  indicator s train , although the age 
of the culture us e d  for s e eding plat es was criti c al . Zones 
of lyeis , but no plaque format�on were obs erved on lawns of 
9 adJiti onal  Str . cremoris s trains . Several other s trains of 
b oth Str . cremoris and Str.lac tis were induc ibl e  by either 
tr eatment but no indic at or s trains for the induc ed phages 
w ere found . The s i gnific anc e of lysogeny in che es emaking 
c annot yet b e . ass es s ed . 
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PREFACE 

Thes e studies were undertaken to  investigat e the role  of  the 
s tart er s treptoc occ i  in the devel opment of bitt erness  and 
che es e  flavour in Cheddar che es e .  Becaus e o f  the s eas onal 
nature of the work and long p eriods r equir ed to obs erve the 
outcome o f  chees emaking experiment s a s econd pro j ect , the 
incidenc e of lys ogeny amongs t the strains of start er s trept o­
cocc i ,  was undertak en concurrent ly with the chees e investiga­
t ions . Mos t  previous studies had c onsidered only virul ent 
b acteriophaGes whereas temperat e bact eriophages had b e en 
virtually ignored . There was no c onfirmed report of lys ogeny 
in group N s treptoc occi when this investigation was c ommenc ed . 
I t  was pos sib l e  that s ome che es emaking charac t eris tic s of 
particular start er s trains were due t o  their lys ogenic nature . 

The results  of c onventional che esemaking trials c arried out 
t o  inves tigat e bitt erness development are report ed in 
S e ction I .  Sec tion II describ es experiments bas ed on che es e­
m aking using as eptic t echniques under c ontro l l ed bact erio­
l ogicel c onditions . The inve3t igations of  t emperate 
bac t,�riophages and lys o geny in the start er streptoc occi are 
contained in Sec tion III. 
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