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solids substrates 88 bulk cullure media with reapect 10 starter aciivily, bacterioph
suscepiibilly and storage stabillly at refrigeration and freezing temperalires was
straing of Lactococcus Aaclls 9ep. cremoris were evaluaied, %o of 1heee were weed in
and was cayeed by an sccumulation of lactate lon as opposed 1o hydvogen lon. Starter
culwes were sucoseshdly maintained in 10% REM, 24% ROM and R3:t for 2 monthe
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1. LUITERATURE REVIEW

1.1  Introduction

Chesse has been mads as a food for thousands of years. The origin of
chessemaking is not known but R was most ikely made accidentally. Cheese making
begen and developed as an art and remeined 30 unill the advent of the knowledge of
microbiology and chemistry during the past contury (Pederson, 1979). Tradhionally,
mik was lofR 10 sour naturally before & was used as a staner for chesse making. In
1241, C. J. Fuchs postulated the theory that the formation of acid in milkk was a
biological process. Louls Pastewr, in 1858, was the first 10 prove Fuchs’ theory by
showing that acid production In mik was caused by Mmicroorganiams, which he called
Tovwre lactique” (Lundstedt, 1983). In 1873, Joseph Lister named the lactic acld
bacteria named “Bacterium lactls®, commonly known as Sirepiococcus lactls for
Many years and now known as Laciococous lactis subep. lactls (referved 10 as L. laclls
in this theels).

The use of wadiional starter cullures, originaling om naturally soured milk
Or Ccream, was not without problems. The starter cullures were prone ©0 fallure, could
promote undesirable side eflecis and could cause considerable varistion 1 the quality of
the end product. All of these problems could be atiributed 1 the lack of knowledge in
microbiology. Since the early 1900's, starter cullures have been subjected 10
intonsive ressarch and their behaviour and metaboliem are now well understood.

The selection of starter cullures and the need for prediclable acthvity has
beceme of great importance © the dalry iIndustry, because of hhe large vohames of milk
et 7o made o chesse and the need for standarcizing the qually of sl prochet. 1
Bhis mull-milion doller industry, he classification, maintsance, preservation,
Propagation and optimization of starter cullures is of Femendous e0oNOMIc IMPErtance.



Over the last 50 years research has besn done on afl aspects of dalry starter Culhwes,
ranging from starter cullwre preservalion 10 genslic manipuistion of the bacteia.
However, the common Swead thwoughost these studies is starter activily. Starter
starter activily, including the stabiiily of the starter strain, presence of inhibliors i

One important factor is the stabllly of the properties and fermentation
characteristios of the starter organisms hemeshves. Sirains of starter bacters
cultwre is propagated. In the case of single sirain starters, CORinUOUS transler may
isad 0 a culture containing & proportion of slow acld or siow proteciytic variants (Ciul
of al, 1905). When e “siow” variants reach sighificant propertions In the culiwre,
he overall starter activily becomes inpaired. Extrineic inhibilors may be present I
milk such as nisin produced by certain straing of L. lnctls In raw milk, antibietics
from mesthis reatment and residuss of saniiizers used In the cleaning of milk and
growth temperatwre for lactocood is generally reganded 1o be 30°C (Sandine, 1986).

Tradiionally, reconstiivied skim milk (RSM) was weed 10 prepare bulk starter
cullwres. However, starters tend 10 lose aclivily on prolonged incubation ¢r sterage
10% RSM, due 1© the sposwe of the culure 10 pH lsvels below 5.0. Harvey (1908)
found that incubation of L. Macts In @ breth medium bolow pM 6.0 resulied v & masked
seduction In the speciiic sciivily of cytoplasmic enzymes. The growlh of starter
cultwres In milk is Gmied by he lactic acld they preduce and coll consenbbalions W
ton-fold Migher can be achisved I seme form of nsutrafination s wsed (Daviss and
Gasson, 1904).

One of e most inportant fasters afiscting staster astiviy s he probense of




in decreased or fallwre of lactic acid production. The pressnce of bacteriophege in dalry
starter cultwres was first reported by Whitshead and Cox (1936). In he 1970,
bacteriophage contvol. Richardson of al (77) developed a low cost phage inhibiory
(0983) developed Phase 4, which is an “ntemal” pH conrolled phage inkibitory
modium. This medium is composed of Swest whey, yesst exiract, and phosphate and
lﬂ“ﬂiﬁydﬁm ﬁmﬁ“ﬁ“
QMJH mﬁﬂh“mﬂiﬂh
More recently, wivafitered (UF) milk retontates have been vestigated as &

Aatwral Duli-in bullering systom due 10 the Inoreased mineral and milkk protein
SMounts of lactio acld % everceme e ashwal bullering capacly and o reach the
Production and malntonsnse of actve bulk starter culwres duing storage. OF




retentates have the potential 10 provide a Protective envirOnMent 0r SIBrier organiems
nmmm.mmumum»mm

Methods used for storage of starter cultures Can greally influsnce their
activity. Mature starter cullures sulfer damage ¥ they are exposed 10 the acidlly they
mmmmummmmwmm
concentrated or resze dried cullures are widely used. Much ressarch has been done on
the production of such cullures. R appears that the opimum temperature for long
mmbnwc.u.mmmm-.wcam-
the most damaging 10 the cells (Gilland, 1986).

mmaum-numuwumuw
retontates and increased milk solids substrates as bulk cullure media with respect ©©
mm.mmmmmamm
freszing tomperatures.

1.2 Description snd functions ¢f the lactesecc! In itk

formontations

Lactic acid becteria used in mikk fermentations may be divided into two general
categories based on thelr opiimum Qrowih 1OMPEralures: moesophiles with growth
mdmmmmmmm-c. The mesophilic starter
cultwres include two genera: Laciococous and Levconosioe. The lactococol are gram
wwmammmuoun“mumu
short chaine and ey react with Lancefisif's growp N antiseca. The growp antigenic
Whl““ﬂw”*“b.
inracelvier CORSENONt. mnummwum
by their sbilly 1o grow at 10°C bt et &t 45°C. They grow In 4% NaCl byt ast I
6¢.0% NaCl. Thelr autritions! requisements are complon, roquiring 4 or § of the B-



vitlaming and 10 10 13 amino acids. Lactococcus Mcils is a ha
bacterium, producing mainly L-lactic acid fom glucose or lactoes. The final pH in
ghucose broth ranges from 4.0 10 4.5. Limus milk is reduced and an acid clot is formed
(Deibel and Sesley, 19088).

The three subspecies of Laciococcus lactis ueed for starter cullres are L. lactls
1987), subsequently referred 10 as L. lactis, L. cremoris and L. discelylactis,
sbilty 10 metabolize ciirate, which is & plasmid medisted rak (Kempler and MoKay,
ond Thomas, 1902). Growth at 40°C can be used as another dilierentiating
cromoris, respeciively. Certain sivaing of L. diacedrisclis produce an unnamed
sntibiotic (Sandine, 1906).
formation. The conversion of lactess 1 lnctic acld alee mahes he product Mo




flavour compounds diacely! and acetaidehyds. Starter culuwres are & sowoe of
mun-uuumammuﬁﬁﬂn
mmammdmm-ﬂm
microorganisms.

1.3 Motsbollom of L. lectie and L. cremeris
1.3.1 Lactese metsheliom and reguisiien
catsbolic aciviies. Casbohydrate metabolism is homolactic and cslis do ROt peseses &
mmummumhwmm
or the ricarboxylic cycle (Lawwence of ai, 1978). Lactose fermentation is & twee
by & lactose-epeciic phosphotransierase system (PTS); () catsboliam of laciess-¢-
MMWMMMﬂHﬂiﬂﬂﬁ!
he coll (Thompeon, 1987).
mh“wuawwmm
dependent PTS (MciKay ot al, 1970). The lactose-0P inside the ool is hydvolyzed by
(Johnson and MoDonald, 1974). Glucsse I8 phospheryiated and fermented vie the
mmmnwnn*umw
converted © (aclic aoid.
Gel-0P is motabolined by the D-tgatese-S-phosphate pathway which iveives
e conversien of gai-0P 1 D-1geiese-Sphoaphate (10g-0P) by D-galaciese-S-



phosphate isomerase. N is further phoaphos by D-
nmimmﬁummmm“w
mmhlﬂmmhLﬂH‘IMHi.iﬂ)

is motabolized via e Lelok pathway in which R is phosphorylsted 1 gal-1-P by

oplasmic components that are constiuively synthesized. Fill-lac is a soluble
Qﬁmﬁ“llmmmﬂﬂ
Rolosids Mo (MoKay, 1906). Fili-lac, Eil-lac and P-8-gaf are Induced in the
mﬂ—_nﬂm:giﬁ; They have boon nbed 0 2 38

n_ﬂ-ﬁ--:-ﬁﬁ-ﬂmﬁﬁrﬁﬁd
onzyme Qs enevied &t e lovel of gene exprassion in e presence of apprapriste
concentrations of inbaselvier effecter molosules. “Fing” contvel of lactese

-~y



pyridine nuciectides (Lawrence of al, 197%).

PEP is found st a branch point from which R is committed ©© elther lactose
bwmml“nlm-lmﬁmmh
laciose traneport and as & reactant in suger fenmentation The conversion of PEP ©
dehydrogenass (LDH) both of which are activated by FOP (Jones of al, 1972; Coline
and Thomas, 1974). PX is the hey regulator of giycolysis in lactococol (Thomes,
1976). The control of PK activity may regulate the PEP conoer ption and hence
subseguent metabolism of lactose. During giycolysis, when both PTS and PK are most
lovels of inosganic phosphate (Py). Dwring starvetion the celis are depleted of FOP but
hat, under anaershic condiiens, ether pathways of pyvuvate metsboliom e Rot
found In L_ lostis (Thompesn and Chassy, 1908) Signiioant canoenbelions of ee




1987). However, since the discovery of the PEPPTS system in Siaphyiococcus s

mngimnpﬂhnﬁﬂmn; :

Lactic acid production is known 10 continue afler baclerial growth has csased.

Shahani, 1970; Demio of al, 1972). The main funciions of this pathway are 1
supply pentose phoaphate for nuciectide synthesis and reducing equivalonts (NADPH2)

1.3.2 Pretoin motaboliom and reguintion

Starter bastesia poseees & proteciylic system conslsling of protel -
“ﬁﬂ“l*‘“*ﬁ amine acids (AAS)
*“_hﬁﬂ“ﬂﬁﬂﬁf; 0es and
paplidases. m_:gm—q“mmﬁ;_ﬂ




mm-ﬂﬁﬁ-ﬂ.'lﬂﬂ mmwﬂgm
consists of coll wall proteinase(s), membrane-bound peplidases and an intraceliuler
qﬁdﬂm:“umm1m

Swains of L. cremoris may contain up 10 hree types of coll wall-ass
prowinases (P, Py and Py, d—mmnmm-ﬂwm
(Extorkate, 1976). There are marked sirain varistions with respect 10 $he numbers
associsted protsinase P, isclated from L. cremoris HP. The enzyme s a serine
proteinese with & pH oplimum around 6.4. A ypothesis was postulated that Py exists
a8 a complex conslsting of two distinct proteociylically acive subuniis and one of More
proteine. m-—nﬂm“nmmqmm
ﬂﬁﬂh}j, pl *',,,;ifﬂﬁmﬁmhﬁm

m 1978).

mmﬂ““n“hﬁmd



exact locations are not known (Pearce of al, 1974; Extarkale, 1975, 1978). Two
distinct types of intraceliuler proteinase activily, one with an optimal temperature
around 30 10 40°C, the other st 5 10 10°C, have bees: ;eported in L. lactls (Alazawa of
al., 1988).

aclivily than cullures grown In broth media which contain high levels of free amino
acids (AAs) and peplides (Exterkate, 1978; 1979a). This is aliributed 10 the
m-nm:a-m:mﬁ-mhnmm Prolonged

ulation of proteinase Py in e coll wall of L. cremoris AM1 ocours in the

abeence of messenger ribonucielc acid (MANA) synthesis. This process ivolves de

MHHMIﬂ;Hﬁﬁh of coll wall

0woe In milk, continuous synthesls of 0ol wall-bownd proteinases and membrans




observed, as well as presumpiive data from plasmid curing experiments (Molskness of
provide physical evidence thet prolsinase activity is associaled with plasmids. A
Lac*Prt variant of L lactie C2 had lost & 12.5 Mdal plasmid (Kasnhammer of al,
1978). In L. lactis stiraine MLS, C10 and M18, loss of 33, 40 and 45 Mdal plasmids,
respaciively, was accompanied by loes of both lacioes and proteinase activiies (Kuhi ef

The spontansous loss of lactose and proteinase activilles hes led o speculation
chwomosomal DNA because their ioes weuld be more damaging o csliuler metshollem
han the loss of e plasmid encoded swiace-bound proteinases (Law and Keletad,
1983).

12



pepiides) and they are found intraceliularly, In the cell membrane or associated wi
the hydrolysis of all casein-derived peplides 0 free AAs. The peplidases display a large
although they all appesr 1© be EDTA-sensliive metalio-enzymes (Law and Kolstad,

osll membrane in L. cremoris, because peplidases have been loocaled near the oulside

Knowledge of the peptide raneport systems In 1aciooocol is very imited but i is clear
that both exirsceliuler and intraceliier papideses coniribute 10 protein cataboliem
and AA nublion. R is N0t lnown whether !he bulk of AAS used for starter growth in
Pepide upiahe oan be fevoured over AA upishe I () peplide hydvolysls s inked 1

mermally; () alter uptshe and hydwolyels of pepides seme AAS e, oresting 8
Protwn Mmotive 15100 (Van Boven and Konings, 1908). The upper sise Bmit for pepiide
Vanepert Svough (801000008 Membranes s Bve or ok AA residues (Law, 1978; Mice

13



mmﬂmﬂmﬁ“mhﬂnmﬂ
open, largely random structure which mekes them readily suscepiible 10 proteclysis.
mmﬁmmuﬂtﬁEMMHﬁMim
Mdmmﬁbmﬂmmmﬁnmmﬂ
nirogen for growth 10 densities of 8 10 10% of the mmdmum in coaguiated milk. Afer
dMuﬂiximmimmdm&HﬂMIm

mdﬁwﬂnHMdmwﬁmm
celiuler location, & general pathway for milkk protein uilization wil be disoussed.
oslis 10 hycrolyze protein molecules into oligopepiides, which after further degradation
hyalwdpqﬁh&ﬁhﬂﬂmﬁbnmnﬁiﬂ A peplide
waneport system s required In L. cremoris. Some siraing cannot uilize dipepiides
peptideses (Law, 1977). mmnmmu o DY
-mmmﬂmmﬁwm
muﬁﬂhﬂbhbﬁmﬂn},m Rice ot al.,
1978). Onoe ineide the ool, 1he peptides e hydvolyzed 10 free AAS by & wide range of

Proteclytic enzymes preduoed by lsoiescol & &ieo bnporiant I the Apening

14



is essential for the conversion of the springy curd of unvipe chesess 10 inslastic
texiures of meture chesses, which is atiributed 10 the breakdown of aipha-casein (Law
and Kolstad, 1983). The later stages of proteciysis produce small peplides and AAs
which are invoived in flavour development of chesss. The most important function of
mbﬁﬁmdmmmmm
Casein moilsculss, especially 8-casein, have a high content of hydrophobic residuss
(Visser ot al., 19832, b) giving rise 10 the formation of bilter peplides. Theee bitter
peplides have molecular weights ranging from 1,000 10 12,000 (Law and Kolstad,
bitter peptides depends on thelr rate of formation relative 10 their rate of degradation,
pepiidases from iysing celis. The rate of proteciysis by lactococol in chesse is
mnn“ﬂm“mnmnmm
Hup, 1978). mcduﬂmnmdmm—
variants of L. cremoris as cheese stanters because R is belleved that an increase In
siraing. mﬂﬁrmnhm (a) acid production is uncoupled
, ) production is consistent in the chesse vat, (c) less caseln is
mnmmnmﬁimmﬁm

“mnmnﬂnﬂqm They are
ﬂ*m.ﬁ-’u_ﬂ“ﬂh_ snalble for




loss of vats of chessemilk or siow ackd production resulling in cheese with a high pH,
Whitehead and Cox (1936) were !he first 10 report the presence of phage In staner
mmm:&ww@'ﬁﬁhﬁ.i“ Latent (or
incubation periods) of phages in reconstiuted sidm milk (RSM) range from 23 % 56
ﬂlﬂ“biihﬂﬂdﬂﬂﬂiﬂ“iﬂ!ﬂﬂ!mn
30°C 10 1 90 130 particles st 37°C (Keogh, 1973; Pearce of al., 1970).
mm.ﬁmmhmﬂmmmm
dilevent Ble Cycles: lySc and lysogenic. (n the iyiic oycle, sher the phage DNA is
replicsted many mes and cost proteln s produced. The host coll s iyeed 1o release the
progeny phage (Lowin, 1987). Phage is Aot produced In e eegenic oycle. Praphage
whh the auciear material of the bactersl ooll. The surviving bactmie e lnown &8
ysogens. Aﬁﬁﬂ“ﬂﬁmi!!&mﬂﬁ
omusems, becouse prophage gves e ool immmnlly 1 Iiection by phage of e
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same ype (Lowin, 1967). Prophage can be activated and excised fom the bacteriel
chwomosome spontansously or by induction with UV light or mitomycin C. When
mmmmmnmnﬁﬂnmmﬁﬂ

condiions (Mathews, 1971).
in a lysogenic bacterium, phage genes are hapt inactive by the product of &
mmﬂh“hﬁMﬂﬁlmmﬁ
al, 1905). Maintenance of the iysogenic state requires continuous synthesis of the
repressor protein In quaniiies suflicient 1o Inhibt phage replication
iysogenic prophage 10 enter the iytic oycle is caused by cleevage of the regressor

mngﬁmh-mmiﬁhmﬂﬁ
represscr protein, hus preventing the establishment of iysogeny. The “decision”
onter he iysogenic or iytic oyole depends on whether the FepPressor of 070 Protein
binds 10 the operator shes (Lowin, 1987).

of calvhum and magnesium In the growth medium, growlh emperatee and growlh

%o mochaniom wheraby caloium afiects phage growth In 1900000001 s Wimown. Shudies




ﬂnmbmhhﬂmmﬂﬁndﬂmw
mﬂ-mhﬁﬁhﬁumﬂLmi—uLﬂ
(Lowrie and Pearce, 1971). On the ofher hand, calclum is required by the phage
becouse & modiied phage has he same calcham requirements when grown on L.
cremoris and L lactls (Lowsie and Peasce, 1971). Calckem may be required by both
by & decreased oxygen upishe an@smmnsed DNA and proteln synthesis. Metsbollc
mhna&@ﬂﬂﬁhdmamnhmd
when e temperature is incressed rom 40°C © 80°C. This has beon atvibuted © &
1oss of plasmid medisted resticive capsbiliies due 10 the enviconmental svess placed
‘ﬁidm-ﬂnﬂp_ﬁﬂmﬂﬁiﬂm
_ﬂmu—nmu-n-nnmng_ﬁ-jmn




Lysogenic starter straing are a major sowce of phage (Hugpins and Sandine,
1977; Houp ot &, 1978; Terzaghi and Sandine, 1981). Lysogenic sivains of

mﬁmﬂmmamﬂmﬂmnaﬂ
1904, 1987). Lﬂﬁl_mﬂﬁﬁiﬁlﬁjfi”m
GTRE030) were resistant 10 all phages of one morphological group, which were
isclated in both the Uniiad Siates and New Zealand (Jarvis and Kissnhammer, 1908).
ﬁﬁﬁﬁﬂ“ﬁhm_“mﬁlhﬁm
Satorioally, lactooooc! were suecepible 1o phage atiack due 10 seversl factors:

which & avButed o recepler olle mulalion cousing & shik from phage sonslivily ®
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phage resistance (Gng of al, 1983). Lackoooool have difierent recepior shes which
may be present in both the coll wall and coll membrane (Ovam and Reller, 1968),
therelore & single mutation is unilely o prevent adsomplion of afl phages. Blockage of
phage adsorplion 1 L. Mscils ME2 has been inked 10 & 30 Mdal plasmid, pMEDOS0
immune 10 resiriction by the host organism (McKay, 1905). A systems have been
ﬂhhﬁﬁiﬁl“lﬁﬂﬂ“ﬂ“ﬂﬂi)ﬁ
may wpisin B rapid dovelopment of phage Se.sive Sterter Cultwes.

gone expression are nommal (Sanders, 1908). Aboriive infection is a plasmid mediated
may b0 conjugally Sanshwed © & vasisly of L. Aot and L. crements stfing (Banders
ot al, 1905; Sing and asnhammes, 1900). Stuine canylng s plasmid &%




recistant 10 small isometric phages (Jarvis and IGasnhammer, 1987) and they may be
veed on a commercial lovel (Sancims, 1908). Some straing of lactococol have more

coding for interference of phage adsorplion, RAM and sboriive infection (Sanders and
engineering, which may lsad 10 the construciion of starter siraing with improved phage
The rolation of welsted phage stvaing is aleo weed 10 minimize phage infection
are woed In pairs or a8 mulliple starters (Thomas of al, 1977; Limsowiin of al,
Chosse starters have baen propagaied in the presence of whey cbiained from the
propagated wndyr shoratory condilions, which sugpests et colls sensliive to phage &

21



i-p::nsiﬂhgii-iﬁidlmngiiﬁl.ﬁuaﬁidhdFiliihidhainiii
more detall in section 1.8

1.8 Acld injury

Lactococcl produce lactic acid at the rate of more than 10% of Selr weight per
minute (Sandine, 1985). Starter cultwes l0se acivity and suller damege upon
Iﬁlﬁjﬁlhﬁﬁiﬁ:ﬂ!iﬂhiﬁli}ﬁiiﬂﬂiﬁilﬂiﬁlﬁ;,j;;,hn’;i) '
(Lawwonce of al., 197%). L. cremoris siraing ase generally move acid sensliive then
straing of L incls (Thunell and Sandine, 1905). Bacieria establish and maintain an

ochem ’,'ﬁﬂdmmmmqﬂhm This
gradient conslets of & Wansmenibrane potentisl and & Wenemembrane pH gradient,
-ﬁﬁhhIq:ﬂH!!!!i!hiiii-iiﬂglﬁilduﬂiﬁlﬁﬁnliﬁﬁ:ﬁ_n
(Kashhet of al., 1980; Kashhet, 1987). The proton molive force generated s the nst
ﬂiﬂﬂiﬁiiﬂﬁﬁﬁnﬁnﬁQQﬂiEmhﬁiiwii!rll!iilﬂﬂlﬂ*!ﬁﬁ:ﬁ
E!ﬁﬁt!!ﬂi!llﬁlﬂii!!ﬁiﬁil!Hii!ﬂhjllﬁiﬁﬁ1lﬂlﬂiliﬂi
iﬂﬁjﬂﬂlﬁjiilCﬁjﬂnljiigillliHFIQﬂiﬁ!li!hliiiiiiiv!i
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1988).

Growth of 18c100000) In milkk Causes & decrease v pH becauss of the lactic acid
illhpniﬂﬂd.Allﬁﬁlhlﬂuﬂljﬁ-iliilliﬂ’ alion Mmay continue
uﬂ!i:ﬂclillni;lln-ﬂ-iﬂ;-nndilk1iﬂl.Tilqﬁgiilblu
Iﬁﬁiﬁﬂlilil!ﬂﬂi!!ﬁdi!!i!kd!!jlli!:!liﬁll!ihllﬂ!lﬂ
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Le. ot an approsimate oxtornal pM of 4.5 (Kashhat, 1987). Acsumn on of acidic ond
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1968).
(Marquis of al, 1973). Below pH 5.0, magnesium lons were displeced from isolated
he pH gradient of the membrans. The ool diss when the Cytoplasmic pH reaches &

MIX and nondat cry milk were commonly weed as bulk starter media for
lacsooocoal sterters betore the advent of pH controlied phage Whibtory media. Starter
they are protected om acld damege. Phage infection is prevented by the addiion of
“ﬁﬁ-ﬂhﬂﬁlﬂihﬁmﬂnﬁﬂﬂi
commerciel Ghoose plants. Nichardsen of al. (1977) doveloped an extemally pH
controliod bulk starter aystem (8 whish pH s malntained at 6.0 by injection ot
m*mmnﬁ-nnm-ﬂﬂ-ﬁim
ﬁ“ﬁﬁﬁ-ﬁﬂ-ﬁﬁﬂ_mddhﬂnm



successlully veed In manulacture of Cheddar, Monterey (Richardeon of al, 1977),

ﬂ“ﬂﬂﬂﬂﬁ“bmﬁﬁdm

vom £ 10 40% of e calis, has boen chesrved In laciooocsl grown In phage inhibRory
media of dilorent formulations (Lodiend and Bpeck, 1579). Reduced preteinase
aciviy was chesrved in the presence of 2% phoaphate. Peoteingse plaamite may be
lost when colis &re grown n phage inkibiiory medium (Lediond and Speck, 1979).
g-“mdﬁn_ ﬁﬁﬂu&ﬁﬂ
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exploied in the manulachure of bulk starter cullures. The advantage of manutschuring
chesse (Hickey of al.. 1983).

Ulirafivation is & presswre driven membrane separation process based on the
membrane, 20 ©0 40% of the nonprotsin Rivogen compounds remain In the retentate.
membrans. Fat sohdie and protein bound vilaming also remain in the retenate. Up o
Caseln, whey protein and minerals contibute §3.0%, 0.7% and 30.7%, respeciively,
1 o tatal buflering capacily of a five-fold concentrated UF milk retontate (Svilnnsind
ot al, 1900). Calslum and magnesium wre prosent in soveral forme: as Mhe long, a8




vaius at pH 5.1 for a five-fold concentrated retentate (16.5% total solide) is

As a result of the incressed bullering capaclly in UF retentates, starter
mﬁmnmdﬂﬂmﬂmnﬁm
increasing the chesse manutachsing ime. This can be parially overcome by
then in milk, desphe the continuing growth of starter bacteria. This minimizes ol
injury end allows the celis 10 grow 10 higher numbers. The high bullering capaclly
and stable for longer periods of fme than 1hose grown in milk, and they are sbis ©
ferment UF retentates 10 the desired pH much quicher then conventionsl bulk starters
production (Tuner and Thomes, 1978; Hickey of al, 1989). Lactose meteboliem In
milk is inhibiled when hhe pH reaches 4.2 1 4.4, which conesponds 1 sbet 0.7%
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Freezing is a uselul method for preserving, maintaining and storing starter
oullures for extended periods of ime. The starter may be frozen directly or R may be

m:ﬁm“hDﬁM|ﬂ: mud..iﬂ:ﬂ
death rate is reduced at lower storage temperaiures (Glbeon of al, 1906; Beumen and

Elstathion of al, 1975); and (d) freeze Injury is minimized In the presence of

pryoproteciive agenis (Lamprech and Foster, 1963; Baumen and Reinbold, 1908;
Glnmﬂd..iﬂ. Stadhouders of al, 1971; Uoyd, 1978).
ﬁﬁﬁy“h“hﬁﬁﬁh“ﬂh“ﬂh
penmechilly aliows, causing leskage of celliar components thwough smell holss In the
0ol mombrane or total destuction of the membrane (Ray and Speck, 1973) Growing
Cullures 50 Mmest suscepibie  Gold sheck (Ingraham of al, 1983). Smalier ioo




crysisls may grow in size by recrystalization st mild freezing lemperatures and
recovery of injured celis prior 10 coll multipication (Thunell of al., 1984).
Freezing and storage of lactococdi in liquid nivogen at -196°C ls a very
or mik based media (Lioyd, 1975). However, this is an expensive method of storage
mm“muumuqmmmﬂgim.
up 10 231 days at -196°C (Pesbies of al, 1900). Survival of lactococc! In
concentrated cullures was 42% at -20°C, §3 10 90% at -40°C and 100% ot -110°C
1908; Gibeon of al, 1908; Stadhouders of al., 1971; Lo - |, 1978), storage
faciities at temperatures between -20°C and -40°C are . » readlly svaliable.
While some sivaing of lactococcl can be eflectively maintained when stored &t -
20°C 10 -30°C, hhere is veriation among siraing. Some sraing do ot survive well
1967; Sergers, 1968; Gilland and Speck, 1974s; Lioyd, 1978). Death of
Sacteria, metabelic Iy and loss of preteinase activily were chesrved when L. ol
varisbie resulls were cbiained at temperatwes of 40°C (GReen of al, 1908, 1906;
Swudhouders of al, 1971; Lioyd, 1976; Leach and Sanding, 1970). Mest Culres 0an
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be stored for short Smes at -20°C 10 -40°C, however, lower temperatures should be
observed at storage temperatures at -20°C and sbove. Addiion of cryoproteciive
agents is often necessary at these temperatures (Baumar and Reinbold, 1908; Gibeon
of al, 1908; Lioyd, 1975). Even though starter concenirales stored at -40°C have a
slightly lower percentage of surviving celis compared with celis stored in iquid
nivogen, the difference is uniikely 10 be sijnilicant when they are used 10 inoculate
bulk starter tanks (Lawrence ef al., 197%).

Maximum coll numbers in milk or broth are obtained when lactocood! are
cullured wnder controlied pH levels of 6.0 10 6.5 (Gilland and Speck, 1974a;
Elstathion of al, 1975). Cells survive freezing and storage at -20°C much better
when frosen at pH 7 compared with pH § (Lamprech and Foster, 1983), or at -17°C at
PH 6.0 than without pH control (Gilland and Speck, 1974a). Reduction In osll
mmmutwmwumwnwn-ﬁ
NaOH prior 10 freszing at -20°C 10 40°C (Stacdhouders of oL, 1909). When NH,OH s
veed In place of NaOM as & neuiraliser, the maximum csll aumbers increased two-fold
(Posbiss ot al, 1908; Lioyd and Pont, 1973; Gillend and Speck, 1974a; Elstathioy
ot al., 1975). Reduced proteinase activily is cbesrved when oullwres are Reuivalized
wih NH OH (Posbios of al, 1900; Gillland and Speck, 1974a), but Colls ave more
resistant 10 freezing than cells neutralized with NaOH (Efstathiow of al, 1978).
m~&m0~“ml~m.lﬁ$
for the formation of ghutamic acld or ghtamine (Pesbiss of al, 1908). Free ammenia
008008 e ool membrans by simple diliusion. Onoe inside the esll membrane seme of
e nasshvier acié may be nsutulined, S ralsing the Inracelivier g mese
"apidly Sian NaOH (Poshiss of al, 1900). Roduoed 0ol numbers and actvilly &
mnuuuwnmwdm This may be

Mb““dh“hmumim



he iate stages of exponential growih retain oplimum actvily. Moss and Speck (1963)
stationary growth phase survive freszing better than cslis in the exponential phase.
Cryoprotecive agents have been added 10 starter cullures in sitempls 10
membrane (Stadhouders ef al. 1908). Even though giyosrol is an eliecive
cryoproteciive agent, s uee in dalry starter culures is not accepiable beoaves X is
of al, 1571). Varisble resulis have been reporied on the abilly of glyoere! and
in0i000 10 provide protection during rozen storage. Some sirains are adecquately
protected whils others are not (Stachouders of al, 1971; Elstathiow ot al, 1978).
stored &t -23.9°C, but they had lower rates of cid development duwring ncubaion aer
thawing (Gheon of al, 1908). Freszing and storage of laciooocol &t -37°C In the
aflowed storage for up 0 3 months without loss of activily (Siadhouders of al, 1971).
However, lactoss was found 10 be ineflective by others (Efstathiou of al, 1978).
vishillly In the sbeence of giyosrol at 40°C, and In the presence of giyosro! &t -20°C,
foene Wy st pH 6.0 but offers no added benelt at pH 7.0 (Badheuderns of al.,
1971). Swrage temperature, however, is the single most important facter In
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temperature for starter cullures without cryoproteciive agents is 40°C and below
(Stadhouders of al, 1900, 1971).

The fatty acid composiion of the celis and the amount of capaular material
associated with lactococol appear 10 be closely related ©© survivel of cslls during
freszing at -17°C, alihough contrasting resulis heve been cbisined. GElland and Speck
(1974b) reported that the perceniage of survivors decreased as the percentage of oleic
acid in the celiular ipids of dilerent culiwres increased. No corelation between
survivel and csliular content of olsic acid was found when the culures were grown at
pH 6.0. Gokiberg and Escher (1977), on the other hand, reporied an increase in
perosntage survival as the percentage of cleic acid was increased. An increase in the
ralio of unsaturated ©© satwated falty ackis was aleo inked 10 increased survivel rates.
This is important in maintaining membrane fuidiy and hus preventing coll death
dwring reezing (Gokiberg and Escher, 1977). Swabilly of the membrane during
Wessing is most lhely influenced by the overall balance of fally acids as opposed 1 a
single fatly acid (Gilland and Speck, 1974D).

Mn”m”bh“”ﬂn“bm
mmmmdmwmmnﬂubm
hen culwes with lower amounts (Gilland and Speck, 1974b). The capeuler
Material may provide structural stsbilly ©© the cells 30 hat they can better withetend
the stress of freezing. Culiwres grown ot pH 6.0 did not contaln lesger amounts of
capouiar material than cultures grown without pH conirol (GRland and Speck,
19740).

18 Olocuscion and conciuvsion

Much research has boen done In the ara of staster Culures and thelr
®ainionsnoe, eepesially with respect 1o lastese metsbeliom and proteslytic sstvily
5000us0 $hese are the cheractenislics of primary impertance Id chesse Mmenulachwe.
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metaboliem in the pressnce of becteriophage, low pH and at a temperatwe of -70°C.
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2. COMPARATIVE EVALUATION OF BULK STARTER
SUBSTRATES ON ACTIITY AND STORAGE OF TWO
COMMERCIAL STARTER STRAINS !

2.1 Introduction

Tradiionally, reconstiuted skim mik (RSM) was used 10 prepere bulk
starters because of Nis low cost, elimination of seasonal variation in composilion and
near abeence of inhibllory substances and undesirable organisms (Davis, 19685;
Pearce and Brice, 1973). The aciivily of starters In 10% RSM was reduced during
prolonged storage at pH below 5.0 (Harvey, 1965). In 1977, a buk cullure system
for Cheddar chesse manulachure was developed using external pH control with a whey-
based bacteriophage inhibliory medium. A pH of 6.0 is maintained by injeclions of
snhydrous ammonia direclly into the starter tank (Richardeon ef al, 1977). In 1979,
an internal pH controlied medium was developed, which was composed of sweet whey,
yoast exiract and phosphate and ciivate buflers. The medium is buffered 30 that the pH
remains above 5.1-5.2, thus preventing acid injury of the bacteria (Sendine and
Am. 1983).

Because the pH is maintained above 5.0 in both the external and internal pH
controlied medie, starter organiams grow 10 higher numbers and maintain thelr
aclivily over a longer period of ime compared with organiems grown in RSM. More
recontly, the growth and acid produciion of starter organioms in witrafilered (UF)
mik retontatos have boon iwestigated (MHickey of al, 1983; Mistry and Koslhowsid,
1908). UF ntontates have & natwal bufloning syon:™ @ue 0 the increased minersl and

1. A version of this chapter has been pubished by T. H. Jones, L. Osimek and M. E.
Silies. 1900. Journal of Dalry Science 73:1108-1172.
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mik protein contents. The high bullering capacily of UF milk is regarded as &

large amounts of iaclic acid 10 overcome the natural buflering capacily 20 that the
desired pH for chessemaking is reached (Covacevich and Koslowaki, 1979). However,
potential 10 provide a proteciive environment for starter organiams by minimising
culture is not impaired.

% ls common practics in some smalier dalry industries 0 prepere & bulk
starier once & week, ©© store R at relrigeration temperatwe and to wee R for Wp 0 §
days. The chjeciives of this study were 1 compare the effacts of stosage at 2°C on the
and a commercial internal pH controlied medium.

2.2 Nslerisls and metheds
2291 Cullure medie

lomperatwe, shont Sme) were tested for the pressnce of anthiotic subetonces weing

mik was concentraied ot 80°C © velume consontration fasters of 2:1, 3:1, 4:1 and &1



43

(subsequently referved 10 as R2:1, R3:1, R4:1 and RS:1) iIn a lsboratory soale
vivafivation wnit (DDS-20 Lab Module, DDS, Nakshov, muﬁ-wnl-&
mnmumhmummmmmn
“hﬂﬁﬁ“ﬂ“ﬂ“hmh”" riments. The
controlied medium (ICM), consisting of & special blend of phosphate buflers, grade A
§5-0003 by UFL Feods, Edmonton, Canada) was used as & commercial reference

ﬁ“ﬂhﬂl-j—i“—mw“
ARragen 10 proteln. Lactose concentration was determined by HPLC, uaing § and 10%

ﬂmhm*iﬂﬂdﬂﬂﬂhhiﬁﬂﬂiﬂﬂ
_ﬂilﬂhdﬁ“lﬂﬂ“ﬂ_m
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Tivation curves were drawm, plotiing the amoun: of 1 N HCI ve pi. The buller index
was caicuiated using the following equation:

(mL acid or base)(normallty factor)
(volume of sample)(change in pH)

d8/dpH=

BSullering capacily curves were cblained by plotiing the buller index against pH (Van
Siyke, 1922).

2.2.4 Properstion of starter organioms n bulk culture

medie

Commercial strains of Laciococous cremorls siraing 103, 108, 208, 208 and
208 were cbiained from & local dairy plant and screened for acid sensliive and acld
insensitive sirains. Al sivaing wive purifierd, suspended In sterfie giycerol ciivate on
sterlle filler sirips, sealed in plastic pouches and stored ot -70°C. The preserved
straing were reconsiiuied for use by transiering & filler srip 10 10 mi of Ellker
broth (Diico Laboratories inc., Detvokt, (1) and incubating at 32°C for 16 h. Strains
were subouliured twice I 10% REM and incubated at 32°C for 16 h. REM culhwres
were subsequently incoulated (1.9%, wv) into 100 mi of he experimentsl bulk
starter media, mined horoughly by shahing and 10 mi was sseplically dispensed in
oterlie tost ubes. The tubes were Incubated at 32°C for 16 h and storned at 2°C for Wp

® 7 days.

228 (Wessuroment of olerier aslivily
The acthvily of he ot straing was sereoned v 10% RBM. Svuins 108 and
908 were solosted for fwther study based on thelr sensilivily and insensiivlly to
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acidlly, respectively. On day 0 and afier 2, § (and 7) days of storage, the activity of
5o two sirains stored In each medium was eveluated by inoculating 0.75 mi. of the
bulk culture into 50 mL of tempered 10% RSM, miing and dividing R into S mi
afiquots in 10 sterlie test tubes. These inoculated samples were incubated at 32°C and
mdh&udeM“bmnﬂ.mamm
Elecirode with a Fisher Accumet modsl 230 pH meter. pH determinations were
continued unill pH 4.8 was reached or for a maximum of 10 h. Bacterial numbers
were moniiored on APT (Difco) agar pistes. The pH of each medium was moniiored
during the § day storage period. The entire experiment comparing the eflact of the six
subsirates was repestied e imes. A computerized statisticsl package (BMOP2V,
SMOP Swtisticsl Soware, 1963. University of Caliornia Press, Berkeley, CA) wes
Nh“““dh“*“uh“dﬂm
oxciuding the 10% RSM. Anslysss were done seperately for sirain 108 and 208 based
On the Eme tahen 1 recduce the pH 10 4.6 or 8.2 Schefie’s teet was used for the ranking
and selsction of he bulk culwe media (Brock and Amold, 1908: GRbons of at,
1977).

238 Aggiutination boheviewr of starter culiures In rew milk and

1% RSN

wmuunm-ﬁmmbumd
Emmons of ol (1908). Raw, whole milkk ebisined ram the Universily of Aberta
mmmumnmumuuum Tost
Sraing 108 and 208 were inscuiated (1.9%) e 100 i of saw shim milk or 10%
REM and dapensed it & series of Suee 35 x 190 mum 190t Wbos. The hibos were
asvbated at 32°C. PH mecnwements were made at the top, middie (3.5 am depth) and
mmnmdmmd-&-mmumun
eashed
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sensiive 10 acid. Swrain 202 showed progressively siower and more variable acid
production during storage. Swaine 108 and 206 were chosen for further studies.
was aimost the same, but 10ial solids dillered by aimost 7 9/100 mi. because of the
however, the diference in total solids content was approximately 7 ¢/100 mL, and
protein content diliered by >1 /100 mi.

The maximum buflering capaciiies for the REM medie (Fig. 2.1) and UF

Activily of e 190t Cultures 510red In the bulk siarter media was measwed by
determining the Sme for the pH of the Feshly noculated 10% REM incubaid &t 32°C



Table 2.1 Proximate composiion of reconstiiuied skim mik and UF bulk
culiure media.

20% RSM  20.13 0.14 .78 100 1.50
24% RGM  24.00 0.17 8.19 120 183
Re2:1 13.29 02 .44 49 0.94

R3:1 16.81 028 .27 48 123
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and 2.4), but some loss of activily occurved afler storage in 10% RSM for 5 days. An
for 5 days caused severe injury 10 the cullure, resuliing in a lag phase of at least 10 h.
205 in 10% RSM may be due 0 aggiutination or seiiiing of the starter cullures in the
resulls for both sirains. No aggivination was cbesrved In 50% whey or in whey

was not due 1 champing of the crganiams.

data (ewcluding 10% REM) showed a significant efiect (P<0.08) atvibutable 0 the
stored at 2°C. No significant efiect (P>0.05) was atiribuiable 1o replicates or ime of
between the wo siraing In the comeaponding media (Table 2.2). Swain 208
ROM, R2:1 or ICM, with no significant dilfierence ameng theee fowr media. In contrast,
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Ronk order of ubetrates
(shortest 10 longest ime 10 achisve pH 4.6)

—JCM.

108




strain 208 during storage in each medium for 5 days is shown in Table 2.4. Die off of
the colls was minimal, oven in the culwes grown and stored in 10% REM.

simost fve mes as much acld was produoed by $he Cultures growing for 16 h in ICM
than in 10% RSM, and at lsast twice as much acid was produced in the ICM compared
with the 24% RSM or R3:1 (Table 2.3).

2.4 Discussion

pH controlied bulk starter media were developed as shematives 10 growth and
inocuiated into milk for chessemaling (Ustunol of al, 1908). Culwres grown in ICM
have 1o produce lrge amounts of laciic ackd 1© overcome he high buflering capachy of
e medium, as & resulk they would seidom be exposed 10 pH below 5.0. The bullering
capaciy of the UF retontates in this stutly was comparsbie 10 thoee report. J by
Srilacwksl of al (1908), however, the bullering capaciies were considersbly less
solids did not fall below 4.7 10 4.8, whereas the fnal pH In 10% ROM was 4.3. There
oxpocied that 0ol numbers would 0o higher In ICM han v the media with Incrense
ik solids, boomme of the greater amount of laciic acld produced (Teble 2.2).
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) Logyg of colony forming units (CFUMML® for L. cremoris
ﬂﬂﬁm ,ﬁhilh-ﬂ“iﬁh
buk culhwe media.

SUBSTRATE DAY O DAY 2 DAY S

10% RSM 8.80 8.60 8.02
20% RSM 8.9¢ .53 9.09
2% RSM .88 .58 8.61
R2:1 8.98 8.68 8.43
R3:1 8.98 8.61 .83

M .79 8.65 8.01

“Geometric log10 Mean count of Swee replicate studiss
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cullures, but this wes considered 10 be only marginal aer S days of storage &t 2°C.
manulacture before milling, and pH 4.8 is the point at which the curd is vt in coliage
siraing used In this study, ICM could be replaced with ellher 2¢4% RSM or R3:1 as 8
need 1 be apecially selected with low spore counts and abeence of antiblotics.

UF retontates could sleo be ueed a8 alematives 1o ICM 88 bulk starter media

mhﬂﬂbmﬂﬁﬁmmﬁﬂ“n
retontate § nooniration factor of 4) was stered for an exira 8§ b at 22°C beyond Ns 12
contrelind media. The cultwes remaingd stable for prelonged periads of Bme after
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be used as media for bulk starters. Allhough, this cbservation should be studied for a
broader spectrum of starter sivaing, the results are promising because sirain 205 is
highly sensiive 10 acid.

24% milk s0lids or 3:1 UF reteniates could be made onoe & week, siored at
revigeration temperature and used or up 10 § days without impainment of starter
achieved when the buffering capacity was increased by increasing the skim milk solids
content or by concentrating milk by UF. An aspect of this system that wamants study
is the phage susceptibilly of L. cremoris in UF relentates and media with increesed
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COMMERCIAL STARTER CULTURES IN BULK CULTURE MEDIA

3.1 Intreduction

The presence of phage in milk fermentations is of major conoem 1 the dalry
industry because phage can attack and destroy starter culhures, lsading 10 vest
therelore i is imporiant 10 enewre et siraine are scresned for prophage. Lysogenic

Extornal pH controlied bulk starter cullwre media (Nichardeon of al, 1977)
phage in addiion to protection frlom aposwe 10 low pH. Fhosphates and clvales

2r0 used a8 bulk culiuwre media because of their naturally bullt-in bullering power
The chjectives of his study were 0 determing o) e acivily of L. cremons
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these sirains carty prophage and their phage sensitivily 10 characterized phage
strains, and c) the phage inhbitory properties of he four bulk cullure media.

3.2 WMoaterisls and Methods
3.2.1 Becleris! strains

Frozen commercial sirains Laciococcus iaclis ssp. cremoris (L. cremoris)
103, 108, 202, 208, 208, 777, 804 and 888 (prepared as previously described in
secion 2.2.4) were used in this study. Two homologous bacteriophage sirains, phage
202 and 804 obiained from Nordica intemnational Inc., Sioux Falls, 8. D., were stored

a 2°C.

3.2.2 Sterage stabiiity of sterter cultuwres st 2°C

Activity of the sirsing 103, 108, 202, 206, 208 and 777 was determined
belore and after § days of storage at 2°C in 10% RSM, 24% RSM, UF retentate R3:1
and ICM by measuring the change in percent Sivateble acidily (A%TA) afer incubstion
&t 30°C for 8 h when grown in 10% RSM. Becterial numbers were moniiored on APT
(Dlico Laboratories Inc., Detrok, Mi) ager plates and the pH of each medium was
measured before and afler the S5-day storage period. Thees risls were done in

triplicate.

3.23 Activity of sterter cultures
The activily of starter cultwes was determined by measwing the change In
Wratable acidly (TA) aler incubiiin &t 30°C for 8 h. A 9 miL amount of distilied
Waler was added ©© 9 mi of neouiaied sample in & 50 mi. Erlenmeyer flask and 80 pl.
of 1% phonsiphthaloln (Fisher Scisntiic Company, Falr Lown, N. J.) was added 1
10°% ROM samplos, 100 pl 19 0% REM and R3:t and 100 pl 10 ICM. The samples
were Evated with 0.1 N NaOH 1 e endpoint of the phenoiphthalols Indioator, @ pink



were Sirated with 0.1 N NaOH 10 the endpoint of the phenolphthalsin indicator, & pink
colour for the mikk samples and peach for the ICM. Resulis were calculated as chenge
in percent lactic acid (A%TA) after 8 h.

3.24 Culture media

Sacterial cultures were subcultured in M17 broth (Terzaghi and Sendine,
1975) and two modified M17 broths, one containing an increased (Sx) amount of
magnesium suiphate (MgSO,) and one without MgSO4. Sieamed 10% RSM (100°C for
30 min) was aleo used. Single colonies were isclated and purified on M17 agar
containing calcium chioride (Terzaghi and Sendine, 19785). Buk culture media
inciuded 10% and 24% RSM, uliraitiered milkk retentate R3:1 and ICM (prepared as
described in section 2.2.1). Bacterial numbers were moniiored on APT (DiNco) agar

plates.

325 Oecteriophage induction of starter straine

Starter sirains were treated 10 induce phage using slight modifications of the
methods desoribed by Huggins and Sandine (1977). Fier sirips of frozen starter
Mmmmu1nuam7mmwumu
1h AO.iﬂMdliOth.waudMu"
MwnmuAuwnmuuwmwms
mL of sterile 0.1 M MgBO, (Fisher), ransferred 10 & sterlie pyvex petri dish (10 x
nmmmmwmmmmm.mm
Products, Inc., San Gabiel, CA) st 8 40 om distence with constantly swirfing the por
dish. m1ﬂﬁﬂMWHlﬂ.ﬂdﬂmb”~
oplimum enposure Ume. Swains 103, 202, 208, 777, 804 and 808 were Iwadiated
for 80 ss0. mmdmmm-mmsu



milomycin C (S ug/mL; Sigma Chemical Company, St. Louls, MO), added 10 a 4 h
culture grown in M17 broth. Incubation was continued st 30°C and Wrbidity was
centrifuged st 7000 x g for 10 min and the supermnatants were fiter steriized through
0.22 pm Milipore membranes (Millipore Corporation, Bediord, Mass).

3.2.6 Becleriophage stocks

Phage stocks were prepared by adding 0.5 mL of a 10°4 dilution of
mmbuuaunnwmmnmrmmog
mli sterfle 1.0 M CaClp (Sigme). Afer 10 min of incubstion st room tempersture, the
mixiure was added 10 50 ml. of M17 broth and incubated ovemight st 30°C. The
cullure was centrifuged at 7000 x g for 10 min and the supematant was fillered
through & 0.22 pm Millipore membrane. The phage stocks were stored at 2°C.

3.2.7 Becteriophege ssesys
M17 ager plates were seeded with bacteria by adding 100 uL of an overnight

M17 broth culture with 50 uL sterle 1.0 M CaClp (1.0 M) 10 5.0 mL of M17 soh
(0.75%) ager (Terzaghi and Sandine, 1975), mined ot low speed on & Vortex mixer
beore Rt was poured onio the suriace of M17 ager plates. The seeded piaies were
spoNed with 10 1 20 u. of phage stock or supermatants of the Induced cultures. Al
bacterial siraing were 19sted with each supematent o phage stock 1 detenming the
phage heat range. The plates were drisd and incubated st 30°C for 34 h under
anssrbio condiions, and examined for 20nes of iyels o plaques. Phage Ses were
Getormined by spoting 10 ul. of ten-lold divions of phage stock ono & lewn of &
suscepiitie host and counting the plagues. )
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agar, grown in M17 broth for 16 h at 30°C and stored for 8 h at 2°C, were subcultured
dally for four days. Afer each subcullure, each sirain was tested for suscepiibility %
sterfle 0.1% peptone waler (Diico), and inoculated (0.1 mL) into 10 mL of M17

broth, M17 without MgSO,4 (M17-Mg), M17 with 5x MgSOq (M17+5xMg) and 10%

The bulk culiure media, 10% and 24% RSM, RS:1 and ICM, were tested for
their abilly 10 inhibk phage mulliplication. A 0.5 mL aliquot of an active 16 h
oulture of L. cremoris siraing 206 and 777, grown i 10% RSM, was ueed 10 inoculate
50 mL of two 3018 of bulk culiure media, one et containing approximately 1.5 x 103
plague forming units (PFU) per mi. of phage 202, the other set was ueed 8s the convol.
The incculated bulk cultiue media were incubated at 30°C for 16 h. The A%TA wes

& Fisher Acoumet Mods! 230 pH meter) were determined after 16 b of incubation. The
phage e was determined by spoting 10 pl. of ten-fold diiuiions of the subeirate,
diuted In 0.1% pepione water ontd e plates, seaded with 0.1 ML of an active 10%
RM cultwre of the test siain, A 0.5 mL aliquot of }he 16 b bulk cullwe was
subsoquenty ineculated Ino 60 ml. of 10% REM and the A%TA was measwed after § h.
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snis were carried out in duplicate, rials 1o delermine phage
nt activity in 10% RSM were done in

suscepiibility in bulk cullure media and subseque
triplicate.

3.3 Results

RSM at 30°C for 16 h and stored at 2°C for 5§ days (Table 3.1). L. cremoris strains
stored in 24% RSEM or R3:1 was approximately equal 10 those stored in ICM. Starter
approximately 1 log oycle or more when stored in the bulk culiure subsirates (Table
period. The pH of the subsirates ranged from 4.2 10 4.4 in 10% RSM, from 4.5 10 4.7
in 24% RSM, from 4.4 10 4.8 in R3:1 and from 5.0 10 8.1 in ICM.

L. cremoris siraine 108 and 206 were screened for oplimum exposure time 10
sirain 108 was esposed 10 UV light for 30 sec or more (Fig 3.1). This was Aot due
iysis by phage because "v plagques or 20nes of iysis were cbeerved when thy supem
was spolied onlo & lown of the parent sirain. Sirain 508 was not affecied by ewpoawre




Table 3.1

Activity® (A%TA) of six strains
culiure

S days in diflerent buk

of L. cremoris during storage at 2°C for

Siorage substrate and time of storage (d)

L. cremoris 10%RSM 24% RSM R3:1 ICM
sirain o S 0 ] 0 5 0 5
103 039 008 041 042 044 048 045 045
108 043 008 047 049 048 049 047 045
202 042 007 049 047 0S50 047 051 047
206 046 000 049 049 050 048 051 048
208 028 001 034 037 039 042 050 047
1444 048 000 048 045 049 047 045 049

“Activity measured by incubstion at 30°C for 8 h in 10% RSM,

Mean of Swee replicate studies
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Visbilty’ (logqg of CFUML) of & strains of L. cremoris during storage
at 2°C for 5 days in diffierent bulk cullure media.

103

8688 374 925 924 917 928 924 9.10

8685 840 909 901 899 901 822 ..

853 848 923 900 895 9.10 845 8.40

804 724 979 785 950 816 0879 79

864 857 942 886 891 923 992 927
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Fig3.1 Growth of L. cremoris sirain 108 after exposure
© UV ight



10 UV light for 60 sec. None of the siraing tested iiberated prophage when induced with
UV ligit for 60 sec or with mitomycin C (5 ng/mL), even though all siraings were
sensiiive 10 milomycin C.

3.3.3 Susceptibiity of straine fo phage 202 snd 804

Variable results were obtained when the host ranges of phages 202 and 804
were determined. Phage sensiivity of some siraing varied from one tial 10 the next.
This led 10 the monitoring of phage susceptibility as & function of repeated subculure.
Five colonies of phage senshive siraing 205, 777, 804 and 888 were isclated and
examined for phage suscepiibily at each subculture. All four of these sirains were
sensitive 10 phage 202 and sirains 804 and 888 were aiso seneiive 10 phage 804.
After four subcultures in M17 broth all bacterial sirains lost thelr sensiivity 10 the
phage sirains. Loss of phage sensliivily was progressive, increasing with number of
subculiures.

The efiect of broth medium and milk (RSM) as well as concentration of
magnesium sulphats in the broth medium, on tho loss of phage sensiiivity as a result of
repested subculture was examined. For this study, 10 colonies of sirain 208 were
isclated and subcultured in M17 broth, M17-Mg, M17+8kMg and 10% RSM. The
presence of MgSO0, in M17 broth resulted in the (oss of phage suscepidilly. ARer 20
suboulures, none of the coloniss suboultured in M17-Mg had lost thelr susceptiiity
© phage 208, regardisss of whether the bacterial strain was piated on M17 agar with
or without Mg80,. ARer 6 subouliwres in M17, 8 of the 10 culures had become
insensiive 10 the phage; afier 20 subouliures the wo remaining cultures were ¥l
90nsiive 1o phage 202 and thelr phage Bres were unchanged at approximately § x
108 PRUML. ARer 6 suboutiwres in M17+5x0g, one cultwre had lost Ns phage
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seneiivity and wo falled 10 grow; after 10 subculures, the 7 remeining cullres hed
aiso 1oat their phage suscepiibilly. Phage senellivity was not regained alter 15
subcultures for Cullures Qrown In either M17 or M17+8xMg. Afer 20 subcultures in
10% RSM, all 10 cullures retained their sensiivity 10 phage 202.

3.3.4 Bacteriophage activity in bulk cuiture media

suscepibily of L. cremoris sraine 206 and 777 1o phage 202. The buk culture
media were inoculated with approximately 1.5 x 103 PFU of phage per mL. Afer
incubation for 16 h phage tires reached levels of 109 PFU/MML or higher in milk
subsirates compared with 104 PFU/ML or lower in ICM (Table 3.3). Decressed
except In the phage inhibitory medium ICM even though the diflerence in visble cel
numbers in the phage containing subsirates was less then 1 log cycle then in the
control subsirates after 16 h of incubation. When bulk cullures propagaied in the
mdmmmm1ﬂm1imnlmmh
host for phage 202 in ICM no phage particles could be detected aler 16 h of incubstion
in the subsirate and no loss of aciivity was cbeerved when the cullures were
subsequently inoculated into 10% RSM (Table 3.5). However, 8 large loss of activity



media at 30°C for 16 h.

10% RSM 9.62 9.31

24% RSM 10.72 9.7

R3:1 10.95 10.11

*Geometric logyg mean count results from three studies
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TﬂuwuiTndmem::mww

:'o?"" bulk culture media in the presence sbeence of phage
strain 208 swain 777
10% RSM 0.47 0.20 0.48 0.28
24% RSM 0.44 0.38 0.31 0.22
RS:1 0.59 0.22 0.40 0.28
ICM 0.60 0.59 0.74 0.67




-
~

Table 3.5 Activity® (A%TA) of L. Oremoris straing 206 and 777 after growth in
mmmmhnmmﬂEﬂmm

10% RSM 0.4¢ 0.00 0.46 0.00
24% RSM 0.49 0.01 0.48 0.01
R3:1 0.50 0.07 0.49 0.02

cM 0.51 0.20 0.45 0.48




3.4 Discussion
of phage (Huggine and Sandine, 1977; Heap of al, 1978; Terzaghi and Sandine,
occurred. However, no plagques or zones of lysis were cbesrved when the supsmatant
because UV iight is known 10 cause DNA damage that must be repaired before cell
presence of momycin C may also indicate phage lysis, however, no plagues or 30nes of
prophage.

Cullures grown In M17 broth lose thelr phage sensiiivilty aher repesied
resistant celis would ot be especied 1o cuigrow phage sensiive cslis, because plasmide
Sialo as apposed © the ylic oycle. Twbid plagues, a8 ware chasrved s an Intermediate
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s4p in loss of phage senslivily, are indicative of lysogeny (Terzaghi and Sandine,
1975). Repested subculiuring may prompt the cells 10 enter the lysogenic state 10 the

become visihie. This theory could be confirmed by isclating coloniss from inside &
twrbid plaque, inducing them with elther UV light or milomycin C 10 relsase the

bupematant for phage particles under the eleciron microscope. Because the foous of
mmmnmnnmum ARer infeciion, cell

deshable %o cultwre bacterial siraing In M17-Mg or 10% RSM 10 determine host
fanges of phages.

Culure media encourage phage muliiplication. Phage ¥ires in 24% ROM and R3:1
an be achisved n 24% RBM and R3:1. Coll numbers were very Nigh even I the

1nmmqnmm-hmi_n-nﬂ
chaorved v 107 RBM a8 & bulk eultwre Mmodium. Because S phage particies



The activily of starter siraing stored at 2°C for § days In 24% RSM and R3:1 i
bulk culures. Phage suscepiibilly could be decreased by the addition of phosphates ©
increase the buflering capacily of the medium and s a resu, [voduoe highly active
oculures.
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4.1 Introduction
below pH 5.0 in milkk due 10 the exposure 10 high hydrogen lon concentrations
atributed %o a reduction in the specific activities of cytoplasmic enzymes (Harvey,
1965). Siorage of starter cultures at low pH not only results in celluler injury but
in milkk stored for S days in 10% RSM at relrigeration temperatures dispiayed lile or
ANhough freezing and storage of starter cullures in liquid nivogen is an efective
means of preserving cell viablilly and activity (Pesbles of al, 1900; L yd, 1878),
frozen siorage ot -196°C Is very expensive and only small quantiies 0an be Fozen at
any one me. Most cullures can be siored for short imes at -20 1 -40°C, but death,
metabolic injury and (oss of proteinase activity were cbesrved when L. lscls wes
Varigble resulls were reported for siorage at -40°C and sbove (Gibeon of al, 1985,
19668; Swachouders ef &/., 1971; Lioyd, 1975). Neuiralization of cultuwres prior 1
Gillland and Speck, 1974).

ants such as glyosol and lacioss have been added 0 oullures in
ﬂﬁhi“ﬁﬂﬁhmﬂh“ Frosaing and
storage of lactococol &t -37°C In the presence of 7.0% lacioes aliowed sterae for up




1 be ineflective by others (Efstathiou et al, 1975). Cryoprotects
from freeze injury at pH 5.0 but they give no additional beneft at neutral pH

important factor in

The objectives of this study were 10 screen for the viebility and activity of L.
cremoris siraing 108 and 205 sher freezing and storage at -70°C when grown in 10%
injury was achisved by neutralizing the cultures prior 10 freezing Also, 10 determine
the critical pH for loas of activity and the effect of hydrogen ions and lactate ions on the
loss of activity by sirain 205 at 2°C.

4.2.1 Becterial strains

Sandine, 1975) and subcultured twioe in 10% RSM (section 2.2.1) before use In
experiments. The inoculum size was standardized st 1% uniess otherwise mentioned.
piates.

RSM, 24% RSM and UF retentate R3:1 (seclion 2.2.1) and incubated at 30°C for 8 h.
One set of culures was neulralized 10 pH 6.5 with 33% NaOH. The cullures were
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wuuumhmﬂﬁmnm The samples were
thawed in a 30°C waterbath for § min.

4.2.3 Starter sctivity
umnummu&mmnm:mmﬂm

4.2.4 Turbidity messuroment of starter cultwres

muﬂlmdm!ﬁ-ﬂ[ﬂnﬂﬁi.uﬂﬁﬂd
storage &t -70°C. An active 10% RSM culhre (5 mL) was used 10 inoculate 50 mi. of

10% RSM contalning 0.25 mi of 1oluene © prevent osll growth (Pesbles of &L, 1909).

The inocuiated milk was incubated at 30°C. At 4 h intervals, a § mi. sample wae
removed 19 which 1 mi of distiled water was added and 10 mi of 0.76 N
vorten ghaher &t @ low speed. mhﬂﬁnﬂ-ﬂmhuﬁh

u-mm Pec g
Mmmmnﬂ-nﬂ.lnnﬂmmm

lﬂd“ﬂﬂﬁﬂMMh!!ﬂﬂm

g4



mnmmﬁznnﬁhmﬁm This reagent was
mmﬁaﬂﬁhm-nm:Mnnﬂn

10% RSM and were incubated at 30°C for 16 h. Bacterial colils were harvested by
mﬁhMﬂﬁﬁlﬂﬂﬂlﬂﬁﬂmm“h
iﬁmﬂiim-dmum This mbxdure was incubsted
im“hﬂﬂﬁ“ﬁﬁ“ﬂ“l
8000 x @ for 10 min &t 4°C. The bacterial pefiet was resuspended in fresh 10% RSM
-ﬂiﬁmﬂbﬂl&iﬂﬂﬂﬂrﬁﬂ. One fermented milk
lﬂ_ﬂﬂbﬁll?ﬂﬂ-ﬂnﬁﬂm These culures
ﬁm:ﬁhlﬁiﬂﬁim-ﬂdm-ﬂm
Hﬂliﬂﬂuﬂl_iﬂﬂhmmﬁ)ﬂﬂ.“ﬂiﬂ
ﬂneﬂmﬁnﬁﬂvﬁﬁlmﬂﬁi—lﬁr“hmm
ﬁﬂiiﬁ““ﬂgﬂtuﬂmhmmn
stored ot pH 4.1, ﬁﬂdlﬂdﬁﬂﬁlﬁﬂdﬂpﬁ
h mﬂgﬂhmﬂﬁhﬂjﬂtﬂﬁ Dillgrentialing
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mwtmmmmmnuﬁhmmm
indicator agar. Trials were done in triplicate

4.3 Resuits

MbMWﬂMMMLmﬂiﬁﬂliﬂ
wmmhtummmumn.mm-ﬂm:-m
(Tables 4.1 and 4.2). The activity of neutralized 24% RSM and R3:1 culures of L.
cremoris swein 108 wes lower than that of unadjusted culures (Table 4.1), but this
difisrence was decreased afer freszing. The neutralized 10% RSM cultwre had &

There was no change in coll visbilly aher 58 days of fozen storage at -70°C.
Cullures of srain 108 (Table 4.3) grown in R3:1 reached higher cell numbers than
day storage period. Cell numbers did not decrease for cullures grown and stored in
10% RSM and 24% RSM. Cell numbers remained stable for L. cremoris sirain 206
(Table 4.4) and were approximately the same in all cullure subsirates.

Coll growth, measured by an incresse in turbidily at 480 nm (Fig 4.1) In 10%
RSM, was not delayed afier storage &t -70°C for 58 days. Resulis are shown for srain
108 in 10% ROM with and without neutvalization. Similar resulls were cbeerved for
straing 108 and 206 In ol Swee substrates, with and withowt neviralization. Fig 4.2

gonerally reached after 8 h of incubation at 30°C.



Table 4.1 Activi

fuiTA)dLmﬂiﬂ m—uﬂ-“g

1 14 8

10% RSM

24% RBM N*

R3:1

4 N

0.37 0.34 0.38

0.29 0.28 0.42

0.31 0.33 0.43

0.39 0.38 0.43

0.39 0.38 0.41




Talile 4.2 Activity® (A%NTA) of L. cremoris sirain 205 belore and afler storage at
-70°C in different subsirates with and without neutralization.

Stiorage ime (days) at -70°C
Substrates before 1 14 58

10% RSM 0.3§ 0.28 0.3t 0.28

10% RSM N** 0.3¢6 0.33 0.32 0.30

24% ROM 0.27 0.21 0.28 0.28

24% ROM N* 0.28 0.24 0.26 0.23

R3:1 0.27 0.23 0.24 0.28

R3:t N°** 0.23 0.22 0.20 0.23

*Activily measured by inoubation at 30°C for 6 h in 10% RSM



Tabile 4.3 Viabily (logio CFUML) of L. cremoris strain 108 before and after

10% RSM 7.78 7.83 7.7¢ .28
10% RSM N° 7.72 7.7¢6 7.92 8.01
24% RSM 7.74 7.24 7.99 7.63
24% RSM N° 7.80 7.74 7.76 7.88
RS:1 8.64 8.28 .33 7.98

R3:1 N° 8.44 8.44 8.21 7.83




Table 4.4 Lnyt}ﬂmal-m“ﬂmﬁﬁmi -70°C
in different substrates with and without neul 2

10% RSM 8.99 8.89 8.89 8.90
10% RSM N° 9.08 8.99 9.07 9.11
24% RSM 9.18 9.01 9.01 9.1
24% RSM N° 9.20 9.28 9.07 9.20
R3:1 9.00 9.00 8.92 9.11

R3:1 N° 9.02 9.11 9.01 9.11
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The proteciytic activily of sirain 108 was impaired aler 14 days of rozen
stored In 24% RSM. A decrease In protsolytic activily ocourred with increased storage
cultures in neulralized storage media was higher than that of the unadjusted culluwres
for both ftest straing. ARer 58 days of storage at -70°C, the protsolytic activity of

Starter cultures lost activily during prolonged storage &t low pH In milkk. Celle

acivily is primartly due 10 the eflect of hhe lactate ion. When cslis were siored at 2°C
for § days In 10% RSM adjusted ©©0 pH 4.2 with HCL, ool numbers and aciivity the
same: however, when e 10% ROM was adjusted o pH 4.2 with lactic acid, fo

The cslls resuspended in resh 10% ROM without Awther Yeatment actively
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O.D. 340 mm
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day ON°
day 1
day 1 N°
day 14
day 14 N°
day 56
day 58 N°

0.0 2.0 0 6.0 8.0 10.0
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acfic acid and HC! on the activity and visbilty of L. cremoris

&t 2°C for § days®.

Substrate o dayO day$ day0 day$S 7 day0 day$
RSM pH 4.2 043 0.004 0489 0.577 892 a1
ROM pH 4.7 042 o042 0441 0.541 82 89
fresh ROM 038 0M 0087 0409 872 .7
a :,)i;lgl_i 045 0.00 1.1%0 1227 878 A7
RSM pH 42 037 030 0.810 0.635 872 885
(HCI)




raised 10 4.7. This led 10 the determination of the critical storage pH for L. cremoris
strain 205 (Table 4.8). A decrease in coll numbers was cbserved only when cullures
were stored at pH 4.1. At higher pH levels, coll numbers remained constant (Table
4.8). The criical pH for storage talls around pH 4.5 (Table 4.7). A 9% loes of
MumMMmmuwlsuaﬁMduﬂy
was observed when cullures were stored at pH 4.3. The activily was regained after an
addional 4 h of incubation. The culiure stored at pH 4.1 was sill in the lag phase
afer incubation in 10% RSM at 30°C for 12 h, but & regained hs full activily within
24 h. The activity of a 24 h subculiure sher incubation in 10% RSM for 8 h wes
comparsbie 10 the actiivity before storage. When the activily of the culture stored at pH
4.1 was determined In 10% RSM containing 0.5% casamino acids, the resulls were
similer 10 those cbtained in 10% RSM.

No prt calls were detected when cells were pisted on FEDA, indicating thet the
cells had not lost their proteoiytic activily during storage at 2°C for § days. These
resulls were confimed by the proteinase aciivily assay on siraing 108 and 308. A
decrease in activity was cbesrved for both straing afler storage for S days (Fig 4.7).
Swain 108 had a higher proteciyic acivily then sirain 208. ARl cslis were able ©
ferment lactose based on the fact hat R0 lag” colonies were cbesrved when Cultwe
diktions were plated on laciose Indioator 8ger.

4.4 Disccussion

Loss of activily cbesrved aher storage was not plasmid medieted because nelther
lac" Ror pIT phonolypes were cbesrved. Loss of activily was atributed 10 ooll Injury
because colls exposed 1 pH levels below 4.5 demonsirated & redvoed activily, which
was Ay recovered afier 12 and 24 h when stored 8t pH 4.3 and 4.1, reapecively.
Normal activily wes regained aher one subouiiws. The entonded lag phase Gheenved b
culres siesed &t pH 4.1 could b Gue 19 e combined eflect of acld iNjury end ool



Table 4.6 Acivily (A%TA) and viable count of L. cremoris strain 205 grown in

10% RSM for 16 h and stored at dilerent pH lovels at 2°C for 5 days®.
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A%NTA

day S

day 0

12h 24h

4.1

0.52

0.44

43

040

47

studies.

by incubation at 30°C in 10% RSM,

replicate
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Svity of L. oremoris sirsin 108 snd 206 aher
Mt 2°C for § days.
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death, because cell numbers were reduced 1.5 log oycies while cullures siored at pH
4.3 decreased less than 0.5 log cycle.

Reduced proteinase activily was cbesrved after storage for both sirains 108 and
205. This Busirates that the proteolylic enzymes were impaired but that thelr
activily was not destroyed. The addiion of iuene 10 Hhe Mmilk inhibhs csll growth but
Rt doss not impair enzyme activiy. This aseay measures the activily of he enzymes
associsted with e colls. Synthesis of new proteclylic enzymes does Aot coowr without
osll growth (Pesbiss of al, 1909).

The injury cbesrved is caused primarfly by the lactate ion as cpposed 10 the
hydrogen ion. Because lactic acld is a wesk acid, R is present in both dissociated and
undissociated forms. More lactic acid is needed 1 achiove the same pH than is hhe case
with g strong acid. The pia of lactic acld is 3.08. The wadissociated form of lactic acld
is responeiie for the antimicroblel eflect becanes wncharged molecules Can pencirate
the coll more readlly han chasged molscules (Ingram of ol, 1958). The proportion of
undissociated acid is 30.2% at pH 4.0 and 6.00% at pH 5.0 GCMBF, 1980). Exposwre
o low pH for prolonged periods of time may alse reversily denstwe Intemal
struoisies and enzymes which ase repaived when erganisms &re svbouliwed o 8
trosh modium (Masquis of al, 1973; Lawrence of al., 1978).

Neutralization of the cultwes before Sessing was of no addiionsl benell when
osll visbily, growth and (aci0ee metaboliom were evalvaied. I fact, starter aciiviy
of neutvalized 50% ROM and RS:1 culwres of sain 108 was lower han the
wnadjusted cultwes befere resaing. This may 0o duo 1 he presence of Nigh Ne*
concontralions. Peshies of 8. (1900) suggeetod hat reduced acliviy of starter
culiwes acutalined with NaOH may be @uo % IWhibiery efiocts of o sodium lon.
Mere NaOH s roquived 1o asubaline e 0% ABM and RE:1 cultwes.  However, B
benefis of noutaiination ere reafissd when the protesiytic aclivily of e eulwes b



8800800d, because the proteciytic activily of the neutralized culiures was higher than in
the unadjusted cullures. Indicating that the proteciytic enzymes are acid sensiiive.

Conclusive cbeervetions can not be made with regards 10 OPEMUM SIOrage
medium for frozen storage because of veriations between straing. For strain 108,
small dilerences were cbesrved between all three neutralized cullures but oplimum
acivity for sirain 206 was achioved when stored In neutralized 10% RSM, Bule
difierence was cbesrved betweon the neutralized 24% RSM and RS:1 cullures.

Loss of proteciytic activily did not impeir cell growth or lactose metaboliem.
The primary function of the protsolytic system is 10 hydvolyze milk protein and make
peplides avalisbie for growth. ¥ these enzymes are in short supply, coll growth will
be slower and lsss lactoce will be metabolized. The culiures did not display an
increased lag phase afier frozen storage, which indicates that the celis were not injured
during S8 days of storage. This study soreened the effect of eesing over a relatively
short storage period. Even at low lemperature of -70°C, loes of proteciytic activity
was detected when the cultlwes were stored under acidic condiions. Therelore,
Aoutralization of cullures belore frozen siorage is recommended.
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My, cheese is made from pasteurized mik or skim milkk powder.
Thﬁuﬂﬁsmmmmgmmmmnm

and are prone 1o attack by phage in milk, pH controlied phage inhibitory media were
developed (Richardson eof al., 1977; Sandine and Ayers, 1983). The pH of these media
does not fall below 5.0 and thus prevents acid injury of the bacteria and they contain
1976; Kosikowski, 1979; Kealy and Koskowsk 1981; Athar of &/, 1983;
Chedder cheese (Chapman et al., 1974; Koslkowskl, 1979; Green ot &l., 1981;
Koslkowski of al, 1985b). One of the problems encountered in cheese manutactured
des in order 0

1 produce 10 overcome the high buflering capaciy of the UF rete
in the preperation of bulk starter culwes, which would be protected for longer
periods of ime from exposure 10 pH below 5.0 (Hichey et al., 1963; Misky and

mmmmuﬁﬁmmmumm
mmwmmﬂhﬁhmﬁﬂﬂmn
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refrigeration temperature &.. use them for up 10 5 days. Results cbtained in chapter 2

against exposure 10 low pH as the ICM after 5 days at 2°C. Culures prepered in ICM
capaoily for ICM is at 5.5 compared 10 pH 4.7-5.1 for 24% RSM and R3:1. Results
metabolism. Injury was caused by an accumulation of the lactate ion as opposed 10 the

Qrown In 10% ROM, most fkely due 10 higher call numbers thet were reached In the
former medis. Phage muliplication was minimal or inhiblled In ICM because of high
profiforation In this medium. Al present, ICM Is & more stiractive bulk cullure
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ICM are siso suscepiibie 10 phage attack once inoculated into the chesse vat. Phage
muliplication could possibly be inhibited In 24% RSM and R3:1 by the addition of
phosphates and clirates 10 the media 1 e up the free caicium. This ahemative
however, would not have an economic advantage. The cost of ICM is approximately equal
1 that of 10% RSM because the base of ICM is whey, a biproduct of chesse
manutacture. In addhion 10 increased costs due 1o ulirafliration of the fluid mik or
labour intensive, is subject 10 humen enor in measurement and contribastes 1o the
overall cost of the bulk starter medium. The eflects of added phoaphate and clirate ©
mik medium on the behaviour of starter culiures and the eflect & has on the
chessemaking process warrants further investigation.
more dalry industries become involved in menulachuring chesse from UF milk
refontsies, R would be desirable 10 use starter cullwres prepared fom UF milkk
adjustment period in the chesse vat. An addiional incresse in cheese yisld can be
obtained because of the addiion of proteing present in the reteniate bulkk cuhwe
high cell numbers.

These studiss have shown that starter siraing prasently used i the Alerta
dalry indusiry are able 1o grow well In UF retontaies and 0% REM. The substates
provide Proteciion FOm Sxposwe 15 low piH and producs Soive starters wilh Increased
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An interesting observation made when determining the host range of phage
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