THE EFFECT OF VARIOUS FACTORS ON THE RATE OF
PRODUCTION OF LACTIC ACID BY CHEESE CULTURES
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INTRODUCTION
Cheese cultures of S. lactis that fail to develop acid at a normal rate

are a constant source of trouble and expense wherever cultures are used.
Characteristically, many times cultures suddenly develop this defect,
without warning or apparent reason, appearing to be satisfactory at the
time it is used, then failing to develop the desired changes in the product
being mamifactured. These occurrences interfere with gemeral plant routine,
and if additional time is allowed to develop the acid in the product, its
quality is impaired. If extremely slow acid development is encountered the
product is often a total loss.

The rate of lactic acid development by cultures has been receiving
considerable attention the past few years, probably because of the larger
amounts of cheese and butter being manufactured from pasteurized milk,
and the adoption of definite manufacturing schedules, These schedules
assure certain degrees of acidity developed in a certain scheduled period
of time, thus the cultures used must produce the acid in the required
amounts consistently from day to day.

There are various causes of slow acid production by cultures. Some
of these are rather easily found and corrected, while others are difficult
if not impossible to detect.

It has been reported that in most cases, the period of slow acid pro-
duction difficulty is not long, occurring for the most part in the latter
part of the summer or the early fall.

The work herein reported was undertaken to determine the influence
of the various factors upon the rate of acid production by cheese cultures.



REVIEW OF THE LITERATURE
Hammer (6) noted that S. lacticus is nearly always found in starters
in large numbers, and that associated organisms make up only a very small
percentage of the total flora. These associated organisms were known as
S. citrovorus and S. paracitrovorus, and Hammer states that they are res-

ponsible for the volatile acidity in culture which is in turn responsible
for the flavor and aroma of a culture. He also noted that in general

Se cltrovorus lives longer in old acid milk than the S. lacticus so there

would seem to be little if any danger of the former being lost by the
overripening of a starter, although the activity of both organisms may be
seriously interfered with.

Kelly (1h) compared the bacterial flora of various cheese cultures
and stated that although in some cases the cheese made with S. cremoris
as a starter culture had a better aroma and flavor during the making than
similar cheese made with S, lactis cultures, little difference could be
detected when the cheese was ready for consumption. He also stated that
good cheese was made with pure 5. lactis cultures which were acid pro-
Mngorgminaanddmlopnoarm; Kelly further states that equally
as good raw milk cheese was made without starter, where S. lactis was the
predominant organism, and that it appeared that acid production is the
chief function of a starter, and that the starter has little direct action
on the flavor and aroma of the cheese.

Evans et al (L) concluded that the action of two or more organisms
growing together is not the sum of their individual actions when growing
alone. When growing together, they may attack substances that neither
can attack alone, or they may produce a larger quantity of acid than the
sum of the quantities that either can produce alone., When added to past-



eurized milk, the orgasisms of the "B. casel growp” p 1
in the cheess during the sarly part of the ripeming period, and that no
¢heddar flavor 15 obtained in pasteurized milk cheess when the organisms

Bangen et sl {7) found that the flaver of oh
8. lactis cwitures wa# almost equel to that of cheese made with mized
'mimm, but the Hx and texture of the 8. lsciis cheese was superior
to that af the echsese m&e with the mixed stariteru.

fucker and Warquardt (1}.) cmﬁm that 3. Wimwm appears
to have a decided effect upon the production of the characteristic flavor
developed in ﬁhﬁéﬁar cheese, This is g&ﬁiﬁnlwly true in cases in which
ing. 3. c:immsi when aﬁé&t&

eese made with pure

pasteurized milk is used for cheese mak

milk in large psbers previcus Lo the cheese making showed no effect upon
the flaver of the cheddar cheese, Other date presented by them showed
that 8. lactis, although producing a somewhat more acid flaver in soms

aced cheose ’wzs,r similar to that produced with commervial

ing to Orls~Jensen, 5. cremoris 28 the prodamin-
ating type of @miaa W&. fl‘my state aiso ﬁmt ilk af a m qaali%y’
 to which cmnany pam laaﬁiu wié had %ﬁm aéﬁaé to gﬁe a fmai acid '
content of Wmﬂy 0.23 to 0.2h percent produced as high guality
cheese as similar cheese made from milk with commereial starter added.

Bekles et al {3) state that imﬁiaﬁﬁiy after wilk is drewn from the

~ eow, there appears %ahe a time dﬁﬁ.ﬂgmeh there iz no grsrth of bacteris,
‘ s. This gﬁr&i@iﬁa‘i period varies o

m&@wmiy a decrease in the numbe
songiderably in leagﬁz, useally being ghorter at ﬁi@ér temperatures but
quite promcunced and mere ymlmagaé at lower Wm@r&s« It varies in
milk from different cows at different bimes, fram varicus Ws of the




wdder and of mwma.ﬁamw of milik from wwa_,mua@ quarters g ﬂﬁ%@ 18
destroyed by heating the milk to 150%. to 176°F., for 30 mimutes.
‘Helson et al (15) found that wilk frem different animals make culiures

 of varying acidities, while different lots of milk from the same animals

g cultures of w%%wwmw% the same acidity. This study was made

- using &ww from ﬁ.&,g@ sources in both raw gnd vﬁgﬁu&@@ aoﬁmw.w»@m wen.

. propagation of 84 lactis cultures, ﬁ& wégﬁa that the source of the

equipment, »%%w% ,gﬁ 88 the cause of retarded mﬁ.a deval

Since neither the ﬁ%%w@«g?gw@ﬁg present cuused
as much differsnce in acid development, as oceurred bebween different cule
tures grom in the same lots of wilk, slow acid production was spparently
the result of Boms candition peculisr to .ﬁ% culture. By plate counts,
the slow asid production was shewn to bo the result of comparstively slow
growth of the %@wﬁw% and not to contamination with bacteria or .m@&&% ,
%ﬂ%& the relationehip betwesn the noymal culiure species. Helson et

, opment of acid has been

al found glso, that in certain cases, slow de
attributed to the use of abmormal w1k, %m often in cheese coltures

L milk mﬁ%@w in cencentrations of ﬁww ' wm interferes ﬁﬁ& acid

o3 present in sxcess of five %g per ml. §ﬁ$ the gﬂ@iw
,gamhgwg&ﬁ& in wilk. mﬁw a%mﬁgﬁﬁggggww .
g&%%ﬁ»ﬁ%ﬁ#ﬁ%& for 30 secemds.

Hunter and Whitehesd (12) found thet if milk containing the imhibitory



cad hy growth of . onn aeidﬂ stmp%w:mai ia used for tha
prepagatim of maar%@r, it gan cause éﬁlﬁ?@ﬁ m@ﬂaﬁim, aimlaﬁag a
starter failm gimilar to baamwi They also state %&;aﬁ if milk

which containg this mﬁm is nebd for W&g@him of stﬁrﬁer

it effects cultures ﬁiffmﬁy sccording to the paﬁiéﬁlar atmizzs ‘@f
smww garesmﬁ, and that some aﬁxﬁ.ﬁs are amié@m 1y lasa imhi—-

bited 'ﬁ&m aﬁ@m. :
ﬁmﬁsm m Pearden (&) 2‘ ’&Izat a:hn@ml or mﬁiﬁm ﬂlﬁ hasz no

permils %ha devel@mﬁ of & high titra%a%la aﬂiﬂiﬁy due *&@ the smount of
Mfwm&m&inthehigﬁ selides milk, m&m{sﬁemfm t&@useaflm
: selixis milk can eaﬁm mich trouble in sfk&%@r @rapagaﬁim. m alsoe found

uew . of a:eidity for the &am& starters used in their

Eiarrail MMr (10) state that im&&i@aﬁm on slow acid Pro- :
duction in cheddar cheese manufacture indicated that starter cultures varied

in sotivity from day %o day even thosgh the milk uwsed for the cultures was



. starters.

mmgmmmmm; %ywrim{i mﬁttﬂalsmgmemwﬁ-
 formity &mi mﬁivﬁy of 8. laﬁ‘&iﬁ cheese culiurss pw@agam iﬁ selected
 herd milk #ith that in reconstituted skim milk prepared from representative
lots of high z;;ras%e EW, non-Lab dry miik g0l v
ned 3&% mﬁk sﬁiﬁm Gultures carried in the remmtﬁa%é am

The r@m*&im&ﬁd milk |

milk were more wniform in aativity frm day to d Ay thm éagligma enltures
carried in *&E;e mlmmﬁ herd m : Baﬁa single and miﬁple a'%rxia m&hﬁr
culiures %m W&gﬁ%ﬁ successlally in mmti%umd skim milk far pﬁﬂm '
of s :L@agas W@}”@&?ﬁ ﬁmwe: aféis‘&imsmmia recommt

in mcmﬁwtm of t!w W&% dry milk solids,
Dalberg and Ferris {2} found ﬁh&t when laetic Mt@ﬂ% wore inoceulated
avery day or every t&aizﬂﬁ day mé aarx»iaé :méer excellent mm%&tim, their

qualities weve menﬁeal as Judged by 3@&&%, ﬂamar and acid develop~

en tm sﬁar%@rs ware mmwé in milk at W@mﬁw asad in

 ment. Wh
ehoese making, mam were slight differences in the starters. When incubated
at 869, acid development was rapid and the same for both starters; at |
and at 869F. for two hours fallwa@

1009, acid development was very slow
by 100°F. for six hours the seid development was good snd the same for both

mm flaver of better guality than when mede with starters trmfw
avery third day. The dats show thet transfer of lactic cultures every
third day as emgvamd with daily transfer reduced the seid mm émng '
pess,; and incubatien aab B6°F., in ‘.:he cheese |

milk incressed the Mmﬁ@ of aeid at t}ma wekﬂng mra{:m&

and Besrd (13} foand that severe and yzﬁeﬁmgaé mmrrimng af
star%ars t‘a an extent gre&ii&;’ than aszwally encamtered in @iawsa faem

practices failgd 4o slow d&ma the rate of hagmriai gzwbii, or aegid develop-



nent, or to lower the finsl acidity reached.

for perieds of from 2 howrs up to to weeks. Iﬂaprmtimtm, _

Gﬁfﬂ?@mé portion of a starter, worked &%33 fagter in ‘the mt,
duced a cheess with & higher flaver score than the epntral starter.

mﬂwmmmammmmmmw‘ Inwwﬁé‘;’ﬁiesa,-

Babel (1) feami thai% cultares which gould produce agid normally at
temperaturas raﬂgiﬁg frem 96°7. to 102°. mw contime to produce 1t sll
, ese menalacturing ?we@a& but that cultares
whish showed a glowing sim in aﬁé production at-‘-t&ses‘e:} twmmmma
%mmmnm%ammmngwwamymwmtmt
peint they slowed m‘ , | | |




L Raamm ?r@ag&%im of the Gmltams Lo ' N
ﬁm cultures used in this work were standard ammiai mitam taken
klshoma A. & ¥, tollege oulture collection, and were propagate: 1
dally as 'fm; Clesn six ounce pre‘serigﬁim bottles with molded serew

caps, were Pilled with 100 ml, of skim milk, The bottles of wilk were then
' ol peraky 216%, for 30 minutes in ﬁmiag stesm in
of

an a%t%mlm They were ‘then eooled in & amt@r bath to & temperature
approximtely 70%F., af%@r Wirich they were sach inoeulated with 6 drops

of a mother enlbure, asﬁd plaged in an inmbamr aﬁ a W@mﬁum of TOOF.
for 16 hours. After ineubstion, they were placed in a aﬁm room at a temp-

2, scidity of the Ripened @.}.ﬁt&mﬁ

The aﬁy af’ t%w ripened m&mg wan da%@mimé by %ranafmﬁag
17.6 wil. of the ﬁm&ﬁ euiture, using a 17.6 ml. wilk pipette, m‘w a
small erlemmeyer flask, The pipette was then rinsed with 17.6 ml.. of
digtiiled water, | and the flask titrated &i«th *lgm asing phenclphthis
7 sged as the p&r eent of

m as m iﬁéimmr. - %he results wers expre
acid calcalated 5 lactic acids
3. fhe ’ﬂama Howr &aﬁwﬁy &’a&t
. The t%:r% heur activity test was developed by Hiyka o

- and consiste of uw followingy 10 mnl. quentities of raw sm were éia»




a temperature of 98°F. After being incubated for three hours, the tubes
were removed and titrated with .1N NaOH, using phenolphthalein as the &
indicator. The resulits are expressed as the amount of .1N NaOH required
to neutralize the acid in 10 ml. of skim milk after the inoculation and
incubation.

k. The Seven Hour Activity Test

The purpose of this method is to similate the time and temperature

used in cheese making. One hundred ml. portions of skim milk were dispensed

into six ounce prescription bottles, pasteurized at 210°F. in flowing
steam for 30 minutes in an autoclave, cooled in a water bath to a temper-
ature of 88°F., and inoculated with one per cent of a mother culture. The

bottles were then placed in an incubator at a temperature of 88°F. for

seven hours. After incubation they were removed and titrated with .1N NaOH

using phenolphthalein as the indicator.



" A, Sanitary Quality of the Milk

The influence of the quality of the eulm wilk used upon the activity
of chesse culbures was studied by comparing the activities of oulteres |
propagabed d&ﬂyf in fresh ﬁi&k with thess asi’ the same mlmres ;smyagateé
in the sawe milk aftar it had been allowed to develop a high bacterial
' count.

¥ixed raw mﬁk from tka hm at the Oklahoma A. ami He ﬁaﬁa@ wes

pre-hested to a temperature of 95%.,. separated and placed in a 2 liter
» Erlermyer flask. The tiﬁm&aable aridity was determined, a,n& plate counts
were made according to the proced

re outlined in Stendard Metheds for the
Examination of Deiry Preducts, Bth Bdition. (16) The plates were incubated

at 89.607. (329C.) Immsdiately after plat

ing, a pertion of the raw skim

wilk was dispensed in 100 ml. portions into § ounce presecription bottles

with molded screw caps, and the milk was then pasteurized by heating in
flowing steam, 210°F., for 30 mimstes. After the heating, the comtain

was placed in hot water, sad cocled by rumuing 'wafkér to zbout 60°, and
~ then placed in 2 cold roem at & temperature of 50%. The remeinder of the

im was then m}.ﬁ at room temperature, about 809P,, for 8 hours. The

acidity was agﬁa determined and the plale coun The incubated

portion of the milk was then dispensed into etmmmem, mWﬁ and
cocled in the same mawnner as the fresh milk had been treated. The two lats
of milk were then designsted as, "fresh milk", and "high ‘sount milkv,

" Both lots were then tempered in a water bath to 7@% m m;m cheese
eultures were selected

and each ineeculated inte s b@%}a ef froesh milk,
6 drops of culture (about .3%) for
each boittle, The inoculated botiles of wmilk were then imcubated at 707,

and a bottle of high count milk using




for 16 hours in & thermostatically mﬁm fncubator. At the end of
the incubation pe;da&,f the mltms’mm held in a m}.d room at 50°F. until
 the mext tramsfer. In subsequent transfers those cultures grown in the
fresh milk were prepagated in fresh milk for a period of 7 days, and those
cultures grosn in high count milk were propagated in the high count milk
for 3 period ﬁf 7 é@.ys- Esch morming the activities of each freshly

ripensd evlture in the twe sets was determinec by the three hour and the |
seven Mr activity tests. The titratable aciditiss of the freﬂh, rimmﬁ
‘gultures was also determined.

The influence of the quality of the milk used for daily propagations
upon the activities of cheese gultures is shown in Table 1. These results
represent the averages oblained ﬂ% ten cheess wl*:.umg propagated wly

in fresh skim ﬁilk, and in the same milk after imhatim for eight bonrs

 at room %sagemﬁm E@t&; 1@@3 of m were pastearized in the usual

Wer priocr to imau}.atim. :

The results show that with each lot of ﬁilk there was an m@easa in
titratable acidity during the eight hour incubation periocd and the average
increase for the seven lots of milk was 0.019%.

Thers m & striking increase in bacterisl content with each lot of

mil ng the incwbation and the log average of the Standerd Plate Counts

for the fresh milk was 185,000, while that for the incubated milk was

The results indicate that there were only slightly higher acidities
on the ripened cultures from the fresh milk as compsy

od to those from the

incubated milk. In five of the seven comparisoms, the acidities of the

» f‘»v',ﬁ.;.;ga
and in the other two comparisons, the acidities were higher izith cultares

culture were higher for the caltaure propagsted in the fresh milk

which wem propagated in the incubsted milk. In no msﬁmzés ware the



éiff-eréms in ascidities ve&'y gmat and the avemgé. ‘diffeﬂn@a for the
seven prapagatiem was anly +005¢ in favor of the fresh milk.

- Both the three hour and the seven hmr aetivity tests imiaa%s that
vtham was no striking éﬁfemea between the activities of cheese cultures
prepﬁgaﬁed in fresh milk as mmé to the same cnltures propagated in

wilk which was incubated amd which m émlapeda high baeterial count,

With the three hour astivity test, the cultures propagated in the fresh

milk showed skightly more rapid seid development In four of the comparisons
and slightly }.W in the 3@% thres marmm&. The amwag&_&ifférm
in faver of the eul%mm propagated in the fresh milk was only .03 ml. of
\1N WaOH required or the itration of ten ml. of skim milk inoculated with
 three per cent of culture, sud incwbated for three hours at 98°F.

- With the seven hour activity test, the cultures propagated in the fresh

milk shows
parisons and slower acid production in the other trial. However, the

d slightly more rapid seld production in six ot of seven come

average difference in acid production in favor of the fresh milkcﬁl%m’w v
was only 0.0h ml. 1N HaOH required to neutrslize the acid produced in
ten ml. of skim milk incculated with ome per cent culture and inembated
for seven hours &1; 88°F. The m parently descrepant reswlts cbtained on
‘the sixth day are unexplai&bla. | |
Apgaﬁmnw there was no cumlstive effect on the Mivi‘&;y of the
mltma resulting fm t!mir being propagated daily in fresh milk and
in tha same milk in vﬂam!a congiderable mmbm of bacteria were allam

to develop before being

pagtmrizm& W@?@&W te inceulation with the
mother culiure.



Table I

The Influence of the Quality of the Milk Used For Daily Propagations Upon the
Activities of Cheese Cultures

Average for 10 Cultures With Each Type Milk

Activity Tests
“Standard Plate Acidity of
Acidit%icf Milk Count Ripened Culture Three Hour # Seven Hour ##
Date of |Transfer gh Count High Count Figh Count High Count High count
Transfer| Number [Fresh Milk Fresh Milk Fresh Milk Fresh Milk Fresh Milk
helol8 | 1 <175 190 |160,000(37,000,000|.8590| .84SS [3.75 3.70  [9.47 9439
h-2-148 | 2 70|  .220 |197,000(76,000,000].9285| .9250 |[3.22 3.12  |8.26 8.22
L-3-48 | 3 170 .185 |210,000| 2,900,000|.9085| 8945 |3.25 3.26 |8.10 8.05
Lheli=liB | L .170| .180 |250,000/10,000,000|.9110| .9000 |3.23 3.25 |8.1k4 8413
k=548 | 5 .A175| .185 |270,000|25,000,000|,8815| .8870 |3.28 3.24 |7.88 7.83
h-6-48 | 6 175 | 185  |600,000|26,000,000|.9000| .9060 |3.45 3.54 [7.19 776
Le7=U8 | 7 175 | .200 |310,000 (14,000,000 [.7575| 7530 [3.59 3.43  |7.76 7.70
log log

Average .72 | .191  |185,000(26,000,000 {,8780| .8730 |3.39 3.36 [8.11 8.15

# Ml, .1N NaOH required to neutralize the acid developed in 10 ml. skim milk

## M1, .1N NaOH required to neutralize the acid developed in 10 ml, skim milk




B« The Influence of the Composition of the Milk Used for Propagation on
the Activity of Cheese Cultures.

1. The Influence of Fat Content

The influence of the butter fat content of the culture milk used
upon the activities of cheese cultures was studied by comparing the ac-
tivities of the cultures propagated in whole milk with those of the same
cultures propagated in the same milk after it had been skimmed.

Mixed raw milk from the herd at the Cklahoma A. and M. College was
pre-heated to a temperature of 95°F., and skimmed with an electrically
powered centrifugal separator. A sample of the whole milk was obtained
from the separator supply tank, and a sample of the skim milk was collected
immediately afterward from the skim milk spout of the separator. 10 ml.
quantities of the two lots of milk were then dispensed into test tubes,
loosely stoppered with rubber stoppers and then pasteuriszed at a tempera-
ture of 210°., for thirty mimutes in flowing steam, in an autoclave,
Both lots were then tempered in a water bath to 98°F. Ten active cheese
cultures were then selected, and used to inoculate ten tubes of each of
the lots of milk, and the activities of the two sets were determined by
the three hour activity test.

The influence of the buttier fat content of the culture milk upon
the activities of cheese cultures is shown in Table 11, and summarized
in Table III. These results represent the activities of ten cheese cul-
tures which were inoculated into whole milk, and into the same milk after
it had been skimmed. Both lois were pasteurized in the usual manner prior
to incculation.

The results indicate that the rate of acid production was alightly
higher for the cultures grown in the skim milk as compared to those grown



in the whole milk., In three of the five comparisons, the acidities were
higher for the cultures which were inoculated into the whole milk, and in
the other two comparisons, the acidities were higher with the cultures
which were inoculated into the skim milk. In no instances are the dif-
ferences in the acidities very great, and the average difference for the
five trials was only .00l ml, in favor of the skim milk, Apparently
there was no effect on the activity of the cultures resulting from their
being inoculated into whole milk, and in the same milk which had been
skdrmed,



Table II

Used Upon the Activities of Cheese Cultures

The Influence of the Butter Fa£ Content of the Culture Milk

Trial 1 Trial 2 Trial 3 Trial b Trial 5
Whole ! Skim | Whole | Skim | Rhole | Skim | Whole | Skim | Whole | Skim
Culture No. 1n;calat.a‘.1iZ’Ei’231Eﬁrﬁ’iﬁi“ii::bﬁﬁid‘§§31§rhiﬁra a:l§8gF. e
5 Le7 | LeO [ 345 343 | 3¢9 |3e7 | 3.7 | 3.3 | 3.5 |31
é 3.7 | 3.7 | he3 |L4eS | 5.2 | 5.6 | 3.6 | 3.6 | 3.0 |3.5
7 306 | 3e8 | NaB |3k kel | Ba2 | 3.7 | 3k :]11 3.8 I3k
9 3.8 [ 3.7 | 3.6 [3.6 | bo2 |he2 | 3,6 ] 3.4"1.3.8 [3.K
1 UeO | he2 | 3.9 |heO | 5.2 | 5.6 | he2 [ ko2 | 3.1 |31
12 Lol | 347 | 3uk 3.3 | L4e6 [ 5.2 | LeO [ Lol | 3.2 |3.2
16 3.3 331 3.3 [3.1 | bl [.50 | kol | 369 § 3ok [ 346
19 3.5 | 3.6 | 3.2 |31 | b lhe$8 | 2,9]3.01 25 |26
21 302 | 33 | 3.2 13,2 | b | he2 | 3.8 3,67 72,8 | 2.8
25 3els | 3.3 | 3.0 [ 2.9 | 5.1 ] 5.6 | he6 ] b3 | 3.3 | 3.3
Average 3e73 346U 3452 3ulki| LokS| Le79| 3.82| 3.68| 3.19| 3.20




Table III

Summary of Results in Table II

oped
Date Trial No. | Fat Content-iWhole| milk,

i

Average

# The Three Hour Activity Determination

7



2. The Influence of the Solids Not Fat Content

The influence of the solids-not~fat content of the culture milk used
upon the activities of cheese cultures was studied by comparing the ac-
tivities of cultures propagated daily in milk containing various levels
of solids content.

a. Preliminary Study

The object of this preliminary study was to determine the influence
of various levels of non-fat dry milk sclids content of reconstituted milk
oo the activities of cheese cultures.

Three lots of reconstituted non-fat dry milk solids were prepared
with distilled water, the lots containing six, nine and twelve per cent
of the milk powder. The titratable acidity of the reconstituted milk
was determined, and 100 ml. portions of the milk then dispensed into six
ounce prescription bottles with molded screw caps. The milk was then
pasteurized by heating to a temperature of about 210°F., in flowing steam
for 30 minutes, then cooled in a water bath to 709F. Five active cheese
cultures were selected and each culture inoculated into a bottle of each
of the three levels of total solids, The inoculated bottles of milk
were then incubated at 70°F. for 16 hours in a thermostatically controlled
incubator. At the end of the incubation period the cultures were removed
and held in a cold room at 50°. until the next transfer. In subsequent
transfers each of the five cultures were propagated daily in the three
lots of milk, namely six per cent, nine per cent and 12 per cent solids,
for a period of 21 days. Every seven days, the activities of the cultures
propagated in the three lots of milk were determined by the seven hour
activity test.

The influence of the solids not fat content of milk used for propagating
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cheese cultures on the rates of acid production by the cultures is shown in
Table IV. The results are expressed as the per cent increase in the
acidity of reconstituted non-fat dry milk solids (9¢) inoculated with

one per cent culture and incubated for seven hours at 88°F.

The results indicale that as the solids-not-fat content increases,
the rate of acid production by the cultures grown in it increases., After
propagating one week, the cultures grown in the nine per cent solids milk
developed .056% more acid during incubation in reconstituted (9%) milk
at 88°F, for seven hours than did the culture propagated in milk containing
six per cent solids-not-fat, while the cultures grown in the 12% milk
developed ,154% more acid during the seven hour incubation period at
88%F, than did the cultures propagated in the nine per cent milk. At
the end of the second week, the cultures propagated in the nine per cent
milk developed .058% more acid during the seven hour incubation period
at 88°., than did the cultures propagated in the six per cent milk, while
the cultures propagated in the 12% milk developed .052% more acid during
the seven hour incubation period at 88°F. than did the cultures propa-
gated in the nine per cent milk. At the end of the third week, the cul-
tures that were propagated in the nine per cent milk developed .OLLZ
more acid during the seven hour incubation pericd at 88°F. than did the
cultures propagated in the six per cent milk, while the cultures propa-
gated in the 12% milk developed .050f more acid during the seven hour
incubation period at 88°F., than did the cultures propagated in the nine
per cent milk, The averages of the three trials showed that the cultures
propegated in the nine per cent milk had developed an average of .0526%
more acid than these cultures propagated in the six per cent milk, and
m£mm1m-mmmmmundmmmanmor



»0854% more acid than those propagated in the nine per cent milk. These
results show rather conclusively that increasing the non-fat dry milk
solids cantent of the milk progressively increases the activities of the
cultures carried therein, and that the higher the non-fat dry milk solids
content in the milk, the more active are the cultures propagated.



Table IV

The Influence of the Solids Not Fat Content of Milk Used
for Propagating Cheese Cultures on the Rates of Acid Pro-
duction by the Cultures.

(The results are expressed as the § increase in the acidity
of reconstituted non-fat dry milk sclids (9Z) inoculated
with 1% culture and incubated seven hours at 88°F.)
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be The Influence of Wide Variations in Sclids-not~Fat Content.

This work is a continuation of the preliminary study, the object of
which was to study the effect of varying the amount of the non-fat dry
milk solids content of the reconstituted milk upon the activities of cheese
cultures. Since the preliminary results reported above showed that the
solids-not~fat content of the milk used for propagating cultures had a
profound influence on the rate of acid production by the cultures, it seemed
advisable to repeat the experiment and use wider variations in the con-
centrations of sclids-not-fat used.

Tekko Brand non-fat dry milk solids was reconstituted at the rate
of 6, 9, 12, 15, and 18 per cent in distilled water. The five lots of
reconstituted milk were then used for daily propagations of six cheese
cultures, as in the previous experiment. The cultures were propagated for
a period of 21 days, and the three hour activity test was run at regular
intervals of seven days. The rate of acid production by the mother cul-
tures propagated daily in fresh skim milk was also determined for com-
parison with the mother cultures propagated in the reconstituted milk,

At the end of the 21 day period, one run was made to determine whether the
effects noted during the 21 day period were cumulative, or whether the
seme effects could be noted by inoculating fresh mother culture into
freshly reconstituted milk which had been pasteurized in the usual manner,
at the same levels of non-fat dry milk solids content carried for the 21
day period. The three hour activity determination was run on this trial
also.

The influence of the non-fat dry milk solids content of the milk
used for daily propagations upon the activities of the cheese culiures is
shown in Table V., and summarized in Table VI. These results represent
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the averages of six cheese cultures propagated daily in freshly reconsti-
tuted skim milk at levels of 6, 9, 12, 15 and 18 per cent solids-not~fat
content, The resulis show that as the non-fai dry milk solids content is
increased, the activities of the cheese cultures propagated therein also
increased. The cultures propagated in the nine per cent milk showed an
average increase of 0.54 ml. of .1N NaCH over the cultures propagated in
six per cent milk., The cultures propagated in 12% milk showed an average
increase of 0,32 ml. 1N NaOH over the cultures propagated in the nine
per cent milk. The cultures propagated in 15% milk showed an average
incresse of 0.64 ml. .1N NaOH over the cultures propagated in the 12%
milk, The cultures propagated in the 18% milk showed an averasge increase
of 0,33 ml, of .1N NaOH over the cultures propagated in the 15% milk,
The reliability of the results reported herein is established when one
notes that the nine per cent milk which most nearly approximates normal
skim milk, showed an average acidity of 3.22 ml., 1N NaOH developed in
10 ml. of skim milk, by the three hour acid method, while the mother
cultures which were carried in normal skim milk showed an average acidity
of 3.30 ml. .IN NaCH. The close similarity of these averages are there-
fore highly significant.

In order to determine whether the effects noted above were cumlative,
or whether they would occur spontaneously whenever the non-fat dry milk
solids content of the milk was increased, another trial was conducted
similar to those above only the milk was freshly reconstituted, pasteur-
izsed in the usual manner, cocled in a water bath to 70°F. and inoculated
with about .3f of the same six fresh mother cultures from the Cklahoma
A. and M. College Collection. The following day, they were inoculated
inteo skim milk which was pasteurized in the usual manner, tempered in a
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water bath to 98°F., and a three hour activity test was run. The results
of this test are shown in Table VII. The culture grown in the nine per
cent milk showed an average increase in acidity of 0.70 ml. .1N NaOH

over those grown in the six per cent milk, The culture grown in the 12%
milk showed an average increase of 0.45 ml. .1N NaOH over those grown in
the nine per cent milk., The culture grown in the 15¢ milk showed an
average decrease of 0,005 ml., .1N NaOH from that grown in the 12% milk.
The culture grown in the 18% milk showed an average increase of 0.52 ml.
«1N NaOH over that inoculated into the 15% milk. These results show con-
clusively that the effect of increasing the solids-not~fat content is not
cumlative, and that an increase in the activity of cheese cultures can
be caused spontaneously by increasing the solids-not-~fat content of the
milk into which the culture is to be inoculated., The cultures grown in
the 18% milk has proved to be in all cases, the best level of solids-not=
fat for the propagations of cheese cultures. From these results it appears
that, for the most active cultures, it is desirable to grow cheese cultures
in milk with a high solids-not=fat mmh



Table V

The Influence of the Non-Fat Dry Milk Solids Content of the Milk Used For
Daily Propagations Upon the Activities of Cheese Cultures

Trial l. Trial 2, . Trial 3.
Percent Total §olids Percent Total Solids Percent To
¥ 1 required %o nen‘trﬂisa The acidity in 10 ml, skim milk inoculated with 3%
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Table VII

The Spontaneous Influence of Solids-Not~Fat Content
of the Milk Used for Propagations Upon the Activity
of Cheese Cultures
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C. The Influence of the Heat Treatment of the Milk Used.

l. Temperatures of Pasteurization

The influence of temperatures of pasteurization upon the activity of
cheese cultures was studied by comparing the rates of acid production by
cultures inoculated into skim milk pasteurized at various temperatures,
renging from 145%., to 205°., for 30 mimtes,

Fresh, raw, skim milk from the Oklahoma A. and ¥. College Milk Plant
was divided into four lots and each lot was dispensed into six ocunce pre-
seription bottles with molded screw caps and pasteurized for thirty mine-
utes in a water bath at temperatures of 145°, 165°, 185° and 205°.,
respectively, The four lots of milk were then cooled to approximately
60°F. and then dispensed in 10 ml. quantities in rubber stoppered test
tubes., The four lots of tubes were then tempered in a water bath to
a temperature of 98°F. Ten active cheese cultures were inoculated into
10 test tubes of each of the four lots of tempered milk, and the tubes
then incubated at 98°F. for three hours. The 10 ml. quantities of milk
were then titrated with .1N NaOH.

The influence of pasteurization at 145°, 165°, 185°, and 205°F.
for 30 minutes on the rate of acid production by cheese cultures is shom
in Table VIII and summarized in Table IX. The results obtained indicate
that the average rate of acid preduction was highest for the cultures
grown in the milk pasteurized at 165°F. and lowest for the cultures grown
in the milk pasteurized at 145°F. In three of the five comparisons, the
highest average acidities were cbtained with the milk pasteurized at
205%., and in the other two comparisons, with the milk pasteurized at
165°, 1In three of five comparisons, the lowest average acidities were
obtained in milk pasteurized nt1h5°r., while in one of the comparisons,
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it occurred in the milk pasteurized at 185°F., and in the remaining trial
in milk pasteurized at 205°F.

It appears from results presented in Table VIII that pasteurization
at temperatures of 165°F, or higher for 30 mimutes is entirely satisfactory
for cheese cultures, The data seem to indicate that pasteuriszation at
165°, for 30 minutes gave the most consistent and highest average results
but the differences between the average acidities obtained are in no in-
stance very great and the additional protection afforded by pasteurization
at temperatures sbove 165°F, may justify their use. The results further
indicate that at 145%. the acid production was slower than for any of the
other pasteurization temperatures because the gexﬁ.cidnl property, which
inhibits bacterial development, presumably had not been destroyed.



Table VIII

The Influence of Pasteurization of Culture Milk at 1459, 165°, 185°, and 2059,
Upon the Rate of Acid Production in the Milk
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2, The Period of Exposure at 205°F.

The influence of the period of exposure of milk at 205°F. upon the
rate of acid production by cheese cultures was studied by comparing the
activities of the cultures inoculated into lots of fresh, skim milk which
had been heated to a temperature of 205°. for periods of 0, 5, 10, 20,
and 4O mimtes.

Fresh, raw skim milk from the Oklahoma A. and M. College Milk Plant
was dispensed in 10 ml, portions into 50 sterile, rubber stoppered test
tubes. One lot of 10 tubes was placed in the cooler at S0°F. until time
for inoculation., The remaining 4O tubes were placed in a water bath at
a temperature of 205°F. At the end of five minutes, one lot of 10 tubes
was removed and cooled immediately in a water bath to 60°., The remain-
ing lots of 10 tubes each were similarly removed and cooled after 10, 20,
and 4O mimutes, respectively. The five lots of milk were then tempered
to a temperature of 989F., and each lot inoculated with 10 active cheese
cultures, using three per cent inoculation. The inoculated milk was then
incubated for three hours and the amount of 1N NaOH required to neutralize
each 10 ml, portion of milk then determined.

The influence of the period of exposure of milk pasteurized at 205°F.
upon the rate of acid production by cheese cultures is shown in Table X,
and summarized in Table XI. The results indicate that the rate of acid
pmﬁonm highest for the cultures grown in the milk heated for five
mimutes at 205°F., and lowest in the unheated milk, This can be explained
by the fact that the germicidal properties of the raw skim milk exercised
ar inhibitory effect over the action of the cheese cultures inoculated
therein, The milk heated at 205°F. for five mimutes required an average
of 3.65 ml. of .1N NaOH to neutralize the acid, that heated for 10 mimutes
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required 3,57 ml., the 20 and LO minute lots required 3,47 ml. each, while
the raw lot required 3,28 ml.

The five minute period of heating had the highest average acidity
in 2ll three trials, while the lowest average acidity occurred in two
trisls at 4O minutes and in the remaining trial at 20 minutes., After
five minutes heating, the cultures showed progressively less acid pro-
duction as the period of heating increased to 4O minutes, although the

differences noted were not very great.



Table X

The Influence of the Period of Exposure of Milk at 205°F. upon the
Rate of Production by Cheese Cultures

Trial 1 Trial 2 Trial 3
o osure in MAnutes |Period of Lxposure in Mimites |Period of BXposure in Minutes
0 S 10 | 20 | L0 0 5 | 10 | 20 | L0 0 5 10 | 20 | 4O
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De The Influence of Temperature of Incubation.

l. Comparison Between 70° and 0°F.

Since cheese making temperatures usually range from a setting tempera-
ture of 86°F., to a cooking temperature of 102°F., it seemed logical that
cultures carried in this temperature range would produce acid more rapidly
than those carried at 70°F. An experiment was set up to compare the 70°F.
temperature of incubation with an incubation temperature of 90°F.

Fresh, raw skim milk from the Oklahoma A. and ¥. College Milk Plant
was divided into three lots, and 100 ml. quantities of each of the three
lots dispensed into six ounce prescription bottles, with molded screw caps.
Two of the luts were pasteurized in the usual manner, and cooled in a
water bath, while the other lot was sterilized at fifteen pounds pressure
for 20 minutes, and then cooled in a water bath. One lot of the pasteur-
ized milk and the sterilized lot were tempered in the water bath to 90%.
and the remaining lot was tempered to 70°F. Bight active cheese cultures
were s_eloctad from the Oklahoma A. and M. culture collection, and each
culture was inoculated into a bottle of each of the two lots of pasteurized
and into the lot of sterilized milk, using .3% inoculation. After inocu-
lation, the two lots of milk tempered to 90°F., and the remaining lot
tempered to 70°F. were incubated in thermostatically controlled incubators
at 90°F., and 70°F., respectively, for 16 hours. At the end of the incu-
bation period, the cultures were removed and held in a cold room at 50°F.
until the next transfer. The three lots of milk were prepared and propa-
gated daily in this manner for a period of seven days, and the comparative
amounts of acid produced during seven hours of incubation at 88°F. in pas-
teurized skim milk inoculated with one per cent culture then determined.

The influence of incubation at 70°F. as compared with 90°F. on the



rate of acid production by cheese cultures is shown in Table XII. The
results show that the mother cultures that were propagated in pasteurized
milk at 70°F., had an average acidity of 0.9087%, while those propagated
at 90°F. had 0.7788% for the pasteurized lot, and 0.8625¢ for the steril-
ized lot of milk. The seven hour activity test shows similar results in
that the cultures propagated at 70°F., developed an average acidity of
0.8625% during seven hours at 88°F., the pasteurized lot propagated at
90%. 0.6962%, and the sterilized lot propagated at 90°F. 0.7075% acid.
The mother cultures were scored for flavor after the seven days of prop-
agation and were characteriged as follows:

Propagated at at Propagated at
90°F. in past- 90°. in 70°F. in past-
Culture No. eurized milk iliged milk eurized milk
3 Tlat-coarse preen “Tlat-mild
5 very coarse flat flat
6 coarse flat-coarse mild-green
8 distinct off " n fine flavor
12 . » distinct off » "
]_h it " flat " "
21 " " very flat . .
25 " " distinct of f " "

From the results obtained above, it is evident that the cheese cultures
propagated at 70°F. are more active than those propagated at 90°F., The
flavor scores also indicate that 70°F. is a better temperature for incu-
bation than 90°F. because in a majority of cases, a distinet off flavor
developed in the cultures incubated at 90°F., which suggests that this
temperature allowed the development of undesirable bacteria in the culture.

2. Comparison between 70°F., and 80°F.

Since the results given above show that a 70°F. temperature of incu~-
bstion was definitely superior to 90%F., it seemed advisable to compare
the 70°F. temperature with 80°F. This experiment was repeated exactly as
the experiment presented above in Part 1, except that comparisons were
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made between 70°F., and 80°F. temperatures of incubation rather than between
70%. and 90°F,

The cultures were propagated for 14 more days, and the seven hour
activity test was run at the end of each seven days.

The influence of incubation cheese cultures at 70°F., and at 80°F.
is shown in Table XIII and summarized in Table XIV. The pasteurized milk
which was incubated at BOOF. had an average acidity for the 14 days of
0.8781% as compared with the sterilised milk at 80°F., which had an average
acidity of 0.9045%. Thus the sterilized lot showed an average increase
in acidity of 0.0264f over the pasteurized lot at 80°. The cultures
incubated at 70°F. showed an average acidity of 0.9158% which is greater
than the sterilized lot at 80°F., and which is also more acid development
than the pasteurized lot at 80°F. The taste tests indicated no difference
as far as the flavor quality of the 70°F. cultures, and the lot which had
been propagated at 80°F.

The results indicate that there is only slight difference between
the two temperatures of incubation as far as the activity, and the flavor
characteristics of the two lots of cultures are concerned. In no case
was the difference in acidities very great, and the differences are thus
considered insignificant.



Table XII

Rate of Acid Production by Cheese Cultures After Propagation

For One Week at 70°F., and at 90°F.

Conditions for Daily Propagation

70°F,

90%,

70°F,

90°F

¢ acid in mother cultures:

acid in skim milk inoculated with 13
cult, and incubated 7 hours at 88°F.

Culture Nos | Pasteurized Milk | Past. Milk | Sterilized Milk||Past. Milk |Past. Milk |Sterilized Milk

3 « 900 670 +850 «800 «730 790

5 950 +750 «870 920 770 +830

6 +810 + 790 +870 850 +770 +830

8 + 80 735 .880 860 750 .810

12 920 +930 1,000 «870 +890 «910

i +9L0 .725 780 .860 +360 .150

21 +930 780 880 +850 «510 1450

25 +980 +850 930 +890 +790 590
Average «9087 « 7787 .8825 .8625 6962 «7075




Table XIII

Rate of Acid Production by Cheese Cultures After Propagation
For One Week at 70°F. and 80°F.

Trial l. Trial 2.
Incubation Temperature “Incubation Jemperature
TOOF « BOCF, TO0°F. BO°F .
Past. WL1K | P & 3te 3d Milk| Past. Milk | Past, M| Sterilized Milk
Gulture No. [ % acid in skim m nocula ted ? culture and incubabed 7 hours at BOOF.
3 o) .gﬁﬁ' «935 1,040 880 .B;g
5 «935 «I05 «9085 «970 890 0
b :m 0-530 .m_ .9& .m_ -
0 +BL0 0535 w070 <870 « 920 « 500
12 + 920 « 900 1,030 + 000 2920 lg;g
pon <950 « 900 g%&é_ <890 2180 .
21 <970 .g%g ) L0 » 000 . 130
25 <080 _ . 1.0L0 900 <930 «930
Average 003 » 9050 29503 29237 | <8500 L0512
Table X1V
Summary of Results in Table XIII.
m- Q er .= . as ‘ . m
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rages 9158 +B70L 9005
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E. Influence of Chilling.

Since many plants commonly cool the cultures as soon as they are
ripened even if they are to be used the same day, an experiment was set
up to determine the influence of this chilling upon the rate of acid
production by the cheese cultures., This was accomplished by holding the
freshly ripened cultures for one hour and for five hours at temperatures
of 70%., and of 32%., and comparing their asctivities with those of the
fresh mother cultures.

Fresh raw skim milk was obtained from the Oklahoma A, and ¥, College
Milk Plant, dispensed in 100 ml. portions inte 10 six ocunce prescription
bottles with molded screw caps, pasteurized in the usual mamnner and cooled
to 70°. in a water bath., After cooling the bottles were inoculated with
10 active cheese cultures, BRach of these lots of inoculated milk was
then dispensed in 10 ml, portions into five sterile test tubes, stoppered
with rubber stoppers, and placed in a thermostatically controlled incubator
at 70%. for 16 hourss Two of the sets of tubes were allowed to remain
in the 70° incubator, and the other three sets were removed. Immediately
upon removal from the incubator, one set of cultures were tested for
activity by the three hour activity test, and the other two sets were
placed in ice water at 329, At the emd of one hour, a set of tubes were
removed from the ice water and another from the 709, incubator, and
tested for activity by the three hour activity test. At the end of five
hours the remaining two sets were removed from the 70°., and the 32°F.
helding temperatures, and tested for activity by the three hour activity
test.

The influence of chilling ripened cultures for one hour and for five
hours is shown in Table XV, and swmarized in Table XVI. The results
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indicate that, in general, chilling the cultures to a temperature of 329.
immediately after ripening, maintained the cultures in a more active con~
dition than when the cultures were not cooled during the holding from one
to five hours, The averages of the three trials shomm in Table XVI indi-
cate that the cultures held for cne hour at 329. were slightly more active
than the same cultures when fresh. The cultures held at 32°F. for five
hours were significantly less active than the fresh cultures, or those held
at 32%. for one hour.

The cultures held for one hour at 70°F. subsequent to the 16 hour
ripening period sppeared to be significantly less active than the fresh
cultures, while those held for five hours at 70°F. produced more acid than
those held for one hour, but less acid than the fresh cultures.

These results indicate that in general the cultures should be cocled
after thorough ripening unless they are to be used immediatelyes



Table XV

The Influence of Chilling Upon the Rate of Acid Production by Cheese Cultures

Trial Ho, 1 Trial Ho. 2 ~frial Hoe 3
. “320F s ~ TOCF. ~ 3208 ~7O0F . J20F ¢
bl O i ol o oo
Fresh | hour | hours| hour | hours | Fresh| hour | hours| hour| hours | Fresh] hour | hours| hour | hours
mie o required to neutralize the acid in 10 ml, of skim milk inoculated with 3 ml.
Culture No., | of culture -and incubated for 3 hours at 989, .
5 el | 302 [ Jelt |32 | 342 o2 1 350 | 3a3 | 3e3 | Sag Seh | 32 | Je3 |30 | Je2
6 3ol ;T o1 | ded | 30 Lol | 3e5 | 3e5 %‘9‘ - ol | Jek | Jo 3¢5 | 3l
7 el | ek | 30 | 2s7. | 20 o3 | Jod | ReT | 3ef | &9 Je3 | o7 | o2 1 3s0 | Ju3
5 “Jelt | 3s0 | 362 | Jels | 3¢k el 1 3s5> |34 o7 | Js5 33 | 340 | 3e7 I3eL | 345
11 o8 | 3e2 | 3s7 [3s0 | 3abt 3¢5 | 302 | 369 | 369 | 365 3e0 | 3ok | 360 139 | 35
12 . ol | 3+ [3s5 | 3e3 Be2 |3e8 | 3e7 | Belt | 367 3ol | 2e0 | 3oL [ 3e3 | Je
15 3e0 | 3¢k g.s 300 | 342 Lol [3ed | 3s8 | LU | 3u0 ekt |28 | 3¢5 |Le3 | Led
Iy_ . 506 - 3-5 . 3‘5 209 3—;6 _30_6 30;7 301 3;!-. 308 3_-1‘ 05
21 T 38 1|30 | 38 | %‘ (3.6 o2 |30 |3e5 | LD | 307 363 |38 | Jef 3ol | 3e2
25 3eli | 248 %%: W0 | 340 303 |Jeh |30 | 345 | 3¢3 el |3e2 | 32 |3eh | 342
Average 3037 | 3e2L | 318 | 3032 [ 3420 | 30734 3+31 (3453 | 3.00 | 3447 | 3439|3410 | 3,59 [3.43 | 3.45
Table XVI

Sumary of Results in Table XV

ml. .1N NaOH required vo neutrallze the
acid developed in 10 ml, skim milk by
the Three Hour Activi

Test

Held Held | Held
Trial No, | Fresh |1 hour | 5 hours | 1 hour | 5 hours
3 3037 | 325 | Jed8 3032 Je 20
2 Sel3 | Jeoi | 353 300 | 3eh0
3 Je 300 [ 349 | 3.h3 | 3h5 |
‘"W L] L] SOEU SOH 3.35




CCNCLUSIOKS

1. There is no siriking difference between the activities of cheese
cultures propagated in fresh milk as compared to the same cultures propagated
in milk which was incubated and which had developed a high bacterial count.

2, The rate of acid production is slightly higher for cheese cule
tures grown in skim milk, as compared to those grown in whole milk, how-
ever in no instances are the differences in activities very great.

3. Increasing the nonefat milk solids content of the milk progress-
ively increases the activities of cheese cultures propagated therein.

L. Pasteurization of milk for cultures at temperatures of 165°F,
for 30 minutes appeared to be as satisfactory as higher exposures, but
the additional protection given by pasteurization at higher temperatures
may justify the use of higher temperatures.

S. Milk pasteurized at 145°F., for 30 mimutes produced acid more
slowly than that pasteurized at 165°F., or higher; the slower acid pro-
duction in milk pasteurized at 145°F. for 30 mimites probably was due
to the fact that the germicidal property of the milk was not destroyed.

6. Cheese cultures propagated daily at 70°F. produced acid in milk
more rapidly than those propagated at 90°F.

7. Cheese cultures propagated for one week in pasteurized milk at
an incubation temperature of 90°F, developed off flavors, as did cultures
which were propagated in sterilized milk at 90°F.

8. Cheese cultures propagated in pasteurized wilk at an incubation
temperature of 80°F. were equally as good both in flavor characteristics
anéd in acid development as the same cultures propagated at 70°F.

9. In general cheese cultures should be cocled after thorough ripen-
ing, unless they are to be used immediately.
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