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INTRODUCTION

Cheese cultures whilch appear satisfactory at the time of
inoculation often fall to develop acid at a normal rete during
the cheesemaking process. This situation 1is a source of
internittent trouble and expense to the cheese plant because
it interferes with the plant routine and is a2 detriment to the
quality of the finished cheese.

Various tests have been devised to determine the activity
of cheese cultures and these tests have been employed in much
research. [However, since various investigators use different
activity tests in evaluating cultures, 1t appears that a uniform
test 1s neceded sc that the results of different research work-
ers can be compared.

The work hereln reported was undertaken In an attempt to
establish which activity tests are practical and accurate for
predicting the rate at which cheese cultures will produce acld
during the cheesemaking process. Thle was determined by the
extent the results of various tests were in agreement with
the activity of cultures and the extent the results of various
tests were in agreement with the rate of acld productlon during

the cheesemaking process.



REVIEW OF LITERATURE

Hales (18) states that the primary functions of cheese

cultures are:

1.
2.

o 8

L
5.

To establish the desired kind of bacteria in milk.
To assure developnent of acid for proper coagulation
of milk by the action of rennet.

To produce the deslired rate of acld throughout the
entire curd-making process.

To suppress the growth of undesirable bacteria.

To control the proper bacterial actlion during aging.

Other functions as cited by Wilster (50) are:

1.
2.

D

To break down insoluble casein.

To ald 1In the formation of brine-suluble calclum para-
caselnate.

To aild in the expulsion of molsture from the curd

partlicles.

Early investlgations by Evans, Hastings, and Hart (15) and

Knudsen (34) concluded that two or more organisms growing to-

gether can produce a greater amount of acldity than the total

each can produce alone. Hammer and Balley (20) stated that

butter cultures are composed of a combination of . lactis

organisms and the assoclated organisms, S. citrovorus and

Se paracitrovorus. The S. lactis organisms primarily ferment

milk sugars to lactlc acid while the S. citrovorus and

O« paracltrovorugs organisms produce volatlle acid which 1s



responsible for the flavor and aroma of cultures. Further
studies by Hammer (19) indicate that the volatile acid is pro-
duced from the cltric aclid of milk, while Michaellan and
Hemmer (38) concluded that lactic acld is not a source of the
volatile acid. Cordes and Hammer (10) showed that the lactic
acld produced from a pure culture of 5. lactis grown in milk,
is made up of approximately 95 per cent of the total acid pro-
duced. Of this, only 2 to 4 per cent was volatile acidity.
wWwhen the assoclated bacteria were introduced, the volatile
acidity rose to 10 to 15 per cent of the total acidity. Hammer
(19) states that S. ciltrovorus produces only 0.25 per cent and

S. paracitrovorus 0.39 to 0.77 per cent of the total lactic acid

produced when the citric acld fermenting bacteria were.added
to a pure culture of 5. lactis.
Hucker and Marquardt (27) secured desirable flavor in

cheddar cheese using S. parscitrovorus alone or in conjuction

with commerclal starters. However, the same investigators

found $. ecitrovorus had no effect upon the flavor of cheddar

cheese.

Hansen, Bendixen, and Theophilus (21) concluded that cheese
of inferior flavor and aroms and superior body and texture
resulted with the use of a pure S. lactis culture as compared
to a mixed culture.

Investigatlons by Kelly (33) indicated that the use of
S. cremoris as a starter yilelded little difference in flavor
and aroma than 8. lactis for cheesemaking.

Recent work by Beachboard (9) showed that pure cultures of



L. bulgaricus gave unsatlsfactory acld productlon during the
manufacture of cheddar cheese. L. bulgaricus in comblination

with 30 to 60 per cent commerclal starters gave satisfactory
acid development, but inferior flavor, aroma, body and texture
of the cheese.

Cox and Whitehead (11) and Marshall (37) presented data
showing that B. subtilis appeared to stimulate lactic acld pro-

duction by S. lactis. Cox and Whitehead (11) found B. coll
varied in its effect; two strains of staphylococcil had a
slight stimulating effect, and B. faecalls alkallgenes had a

slight effect on lactlic acid production. Nelson, Harriman,
and Hemmer (39) stated that 0.1l per cent abnormal milk retards
acid development.

Baker and Hammer (8) concluded that milk from different
animals made cultures of varylng acldities, while different
lots of milk from the same animal made cultures of approximately
the same acldlity. They also showed that milk with a high total
solids content produced cultures of high acidity. Knudsen (34)
stated that variations occur between subcultures grown in
different lots of milk from individual cows. Pasteurlzed milk
from various herds also shows differences. Horral, Elllker,
and EKensler (26) stated that milk from individual herds varies
from day to day in its ability to support growth of starter
bacteria. They further stated that mllk reconstituted from
spray, non-fat, dry milk sollids produced cultures and starters

more constant in activity from day to day than did selected
whole milk.



The results showed that with the use of reconstituted
non-fat dry milk solids, the culture activity was relatively
constant from day to day, with the lowest activity 0.40 per
cent and the highest 0.48 per cent, while the culture activity
on whole milk varied from 0.34 to 0.51 per cent. Horral et al
stated (26), "It was believed that if mother cultures and
starters could be carrled in milk of the same composition over
long perlods of time, more uniformity in their activity could
be obtained". They recommended the use of a 10 per cent non-
fat dry mllk solids medium for cultures. A study by Horral
et al (26) showed that certain water supplies were found un-
sultable for use in reconstituting milk for starters due to
high solids content and toxlc factors. Dlstilled water should
be used whenever possible. Otherwlse, the water should be
tested to determine whether or not it provides a reconstituted
milk sultable for cultures. Golding (17) believed that non-fat
dry milk solids would ultimately become the medium for carrying
both mother and bulk starters.

Whitehead and Cox (46) described "non-acid" milk as milk
in which active lactlic acid cultures did not develop acid at a
normal rate.

Hunter and Whitehead (30) found that when milk containing
inhibitory substances produced by growth of "non-acid" strepto-
coccl was used for culture propagation, it caused delayed coag-
ulation , simulating starter fallure caused by bacteriophage.
Graphically, the authors described the development of two
cultures in "non-acid" milk of different percentages. The re-

sults clearly indicated that one strain was more sensitive to



the inhibitory substance in "non-acid" milk than the second
strain.

Knudsen (34) stated that the number of orgaenlsms in a
starter reached maximum at coagulation. However, studies by
Baker and Hammer (8) revealed that the maximum bacterial count
was 8lightly beyond the point of coagulation; and as the ripen-
ing Increased, the bacterial count decreased. Baker and Hammer
(7) stated that prolonged overripening affected culture activ-
ity. Dahlberg and Ferris (12) found that aging starters gener-
ally slowed the development of acidity. However, Johns and
Berard (32) concluded that prolonged overripening of starters
t0 a greater extent than encountered in cheese factory practice,
falled to slow down acld development or lower the final acidity
reached. In a practlcal vat demonstration, an overripened por-
tlon of the starter worked slightly faster and produced cheese
of a higher flavor than the control vat. The effect of over-
ripening upon the proportion of milk-coagulating organisms was
studied, and 1in two of the three starters the overripened por-
tion contained a higher bacterial count than the normally
ripened portion. After thirty days of repeated overripening
the flavor of the overripened portion was superior to that of
the normally ripened portion. Rice was quoted by Johns and
Berard (32) as saying, "so long as overripening 1s avoided, a
starter will produce acid normally at any period after the
logarithmic pericd (of growth) is well established until maxi-
mum acldity 1s reached and no advantage 1s derived by cooling

a starter as soon as coagulation occurs". Johns and Berard



commented by saying, "Our results also indlcate that no dis-
advantage 1s derived by cooling a starter lmmedlately after
coagulation; they also suggeet that over-ripening is unlikely
to be responsible for the weakening of starters to which Rice
refers."

Hales (18), in discussing practical cheesemaking conditions,
stated tlwmt cultures regularly ripened to very low acldities
became dellcate and were easlly lost. When overrlipened, they
became slow. Due to sectional differences, a final ripening
acidity was not given. However, 1t was recommended that cultures
and starters be ripened to as low an acldity as possible with
the cultures at highest activity; Angevine (2) stated that the
titratable acldity of an active starter should be between 0.8
and 0.85 per cent.

Dahlberg and Ferris (12) found that lactic cultures, carried
under excellent conditions, inoculated daily or every third day,
were identical in appearance, flavor, and acld development.

The results of starters incubated at 86°F. showed rapid acld
development; at 100°F., slower acid development; and at 86°F.
for two hours and then 100°F. for 6 hours, good acld develop-
ment. Additional results indicated that incubation of cheese
milk at 86°F. increased the acld production at the cooklng
temperatures; and cheese manufactured wlth starters transferred
dally developed more flavor, better cuallity, in less time than
when made with starters transferred every third day.

Shermen and Hodge (44) transferred cultures every 12 hours

and 24 hours and determined that the total acidity produced in



7 days was less with the cultures transferred every 12 hours,

The authors theorized that the fastest growlng organisme were
capable of producing the least total acld and that these were
secured in the largest relatlive proportion by frequent transfers.
Slow growth enabled an organism to better a&apt itself to its
environment and therefore they become more viable when exposed
to adverse conditions. This research concluded with the hypo-
thesis that slow growth wae assoclated with greater acid pro-
duction power among strains of the same genetlc constitution.

Anderson and Meanwell (1) and Whitehead and Hunter (49)
found that slow startere developed socner with a light inocula-
tion. Studles by Whitehead and Cox (47) showed that normal
starter cultures were not affected by aeration of the milk;
however, they may suddenly develop a sensitlvity to aeration,
and then may Just as suddenly revert to the normal state.
Evidence was brought forth on the possible mechanism of inhib-
iting the sensitlve streptococcl which tends to show that the
action is comnected with the oxygen-reductlon by means of which
the organisms obtain their growth energy.

Hood and Katznelson (23) and Doan (14) stated that peni-
cillin, aureomycin, sulfamethazine, and streptomycin used in
the treatment of mastitis and brucellosis 1n cows were 1n the
milk for several milkings after treating such cows. Hood and
Katznelson (23) found that penicillin and aureomycin completely
inhibited acid development. Angevine (2) stated that anti-
blotics inhlbit starter development more in summer than in
vinter. Doan (14) found that serlous inhibition of starter



actlvity was caused by 0.1 unit of penicillin per 1 ml. of milk
and partlal arrest or slow acid developed with the use of 0.05
units per 1 ml. of milk. RKuehe (43) stated that 100 p.p.m. or
more of penlclllin prevented bacterial growth and acid pro-
duction in cultures and 25 - 50 p.p.m. decreased acid production.
Krienke (35) found that 1.0 per cent of the milk from the first
milking of an aureomycin-treasted udder mixed with 99 per cent
normal milk showed a complete lack of acld develcpment after

6 hours at 95°F. Pasteurizatlion had no affect on the anti-
blotlecs studied. Autoclaving at 2129, for 15 minutes reduced
the toxicity somewhat. Hunter (29) reported that steaming
culture milk for 1 hour decreased 1ts peniclllin content fifty
per cent.

Doan (14) stated that the enzyme penicillinase was a posi-
tive antidote for peniecillin; however, 1t was costly for com=-
merciel use. It has been reported by Doan (14) that starters
tolerant to antiblotlics were developed by continuous transfers
into gradually inereasing levels. He concluded that the pro-
cedure was lengthy and took experience to operate, and that the
starters could lose their resistance in the absence of the
antibiotie. The discarding of three milkings following treat-
ment was suggested.

Davis and MeClemont (13) found that mastitlc mllk would
slow acld development of starters. Slow growth of 3. lactis
and 8. cremoris were shown in mastitic milk, whereas normal
milk samples supported growth of these organisms. Whitehead
and Cox (46) observed that milk with a leucocyte count in
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excess of 5,000,000 per ml. ylelded a rennet curd in which
normal amounts of acid could not be produced. Studles by
Harrison and Dearden (22) disagreed with most investigators and
concluded that mastlic milk had no effect upon the rate of acid
produced as certalin strains of streptococcl falled to grow at
the cooking temperature. Prouty (42) found that in some samples
pasteurization of milk at 65.5°C. to 68.59%. for 30 minutes
partially overcame the retarding influence of mastitie milk on
the growth of S. lactis.

Golding et al (16) concluded that a cooking temperature of
1020F. greatly reduced the developing acldity; and the longer
the period held at this temperature, the slower was the acld
development when returned to 86°F. Further results indicated
that the development of acidity at 60°F. and 100°F. wes insig-
nificant during an 8-hour period. Optimum acidity development
was at 86°F. The results of Whitehead and Cox (47) agreed with
Golding et al (17). Babel (4) determined the rate of acid pro-
duction of cultures held at 86°F., 98°F., 101°F., and 104°F.
All cultures produced acid slowly at 101°F. and 1049%F. 5ix of
the seven cultures produced slightly less acid when held at
86°F. for 7 hours than when held at 86°F. for 2 hours then 104°F.
for 2 hours and then at 86°F. for 3 hours. In the cheesemaking
process, a cooking temperature of 102C0F. slightly retarded acid
development with five of the seven cultures when compared to
100°F. A temperature of 104°F. appreciably retarded acid
develépment compared to 100°F. All cultures and whey were
examined for bacteriophage. ©Since none was observed, 1t was

concluded that the decrease in acidity was due to the



11

temperature employed.

Whitehead and Hunter (48) concluded that orgenlsms selected
for active starters must have two properties: active acid formers
at 20°C. to 30°C. and relatively unaffected in their own growth
at 37°. Harrlson and Dearden (22) determined the rate of acid
production of three cultures at temperatures of 229, 289, 30°,
409, and 45°. The first culture produced acld up to 37°C. but
failled to produce acld at 40°C. The second and third cultures
produced acid at 40°C. After incubation at 40°C., the first
culture was incapable of growth at either 22° or 28°. The second
and third cultures were able to grow at 22%nd 28°C. after 24
hours of incubatlion at 40°C. The use of cultures capable of
normal growth at 40°C. was suggested. Golding et al (16) stated
that the rate of acld development was due to the origin of the
starter, the retarding effect of the secalding temperature, and
theltima the curd was held at the gecaldlng temperature after
cooking the curd. Horral et al (25) stated that high cooking
temperatures, poor quality milk, bacterlophage, and toxic mater-
ials hindered activity development.

Nelson et al (39) demonstrated that the source of milk or
extraneous matter was not the cause of a sudden type of slow
acid production. When an inoculation of a slow culture 1into a
fast culture dld not slow acldity, it wae concluded that slow
acld production was apparently the result of a condition pecul-
iar to the culture. Whitehead and Hunter (48) in New Zealand,
Anderson and Meanwell (1) in lngland, and Babel (5) in the
United States found that fallure of some single-straln starters
was due to bacterlophage. Hunter (29) and Whitehead and



Hunter (48) concluded that bacteriophage originated from the
whey of cheese vats since bacteriophage with titers of 1071 to
10~8 were shown in the whey of cheese vats normally producing
acid. WwWhitehead and Hunter (49) found that bacteriophage in the
alr of commerclal cheese factorles came from whey separators.
Some air-borne infections were g0 great that it was impossible
to prevent infeetion of cultures for more than a few propagations.
Nichols and Wolf (40) reported bacteriovhage prevalent in Eng-
land in May and August and wldespread geographically.

Hunter (28) found that a heavy initiel infection of bacte-
riophage caused lysis of organisms and cessatlon of acid defel—
opment before the manufacturing process was completed; a light
infection could have a noticeable effect upon the starter per-
formance in the vat; and, an intermediate 1nfection could have
an effect on acid development in late stages of manufacturing.
Anderson and Meanwell (1) reported that the inclusion of cer-
tain single-strain phaging starter cultures in a combination
of starters would cause "pack up or slowness" 1in cheesemaking.
Mixed cheese starters were also subject to bacterlophage fall-
ure. Whitehead and Hunter (48) found that bacteriophagé could
be reduced by an increase in inoculation from 0.2 to 1.0 = 1.6
per cent. The authors belleved that a heavy Ilnoculation ellim-
inated the spontaneous bacterlophage appearance due to the
rapid growth of streptococcus organisme by shortening the lag
period of bacterial growth. Also, bacteriophage was reduced
by an incubatlion temperature of 75°F. and the use of freshly
heated and cooled milk, containing a minimum of dlssolved alr.
Whitehead and Hunter (48) stated that 1t was lmpossible to



suggest why a prolonged lag perlod favored the appearance of
bacteriophage.

Johns (31) stated that an entlirely different bacterial
strain should be substituted when phaging occurs. Nichols and
Wolf(40) found:

l. Identlcal bacteriophage results were obtained from

raw and pasteurlzed milk.

2. Bacterlophage outbreaks could not be correlated with
the heat treatment of milk.

3« A certain bacteriophage race may not attack a certain
streptococcus straln but 1t may affect the organlism
in the presence of its own homologous strain.

In further studies Nichols and Wolf (41) concluded that
active bacteriophage would not usually survive a temperature of
7500. for 7 1/2 minutes; some bacteriophage were not destroyed
at 659 - 67°%. for 50 - 60 minutes; and most bacteriophage sur-
vived TO°C. for 10 - 15 minutes.

Whitehead and Cox (45) devised a culture activity test to
simulate the cheesemaking process. The relative (not actual)
amounts of acldlity developed in milk from the same source by
several starters were compared. Thls test iInvolved the follow-
Ing: milk was inoculated with a 10 per cent culture, incubated
at 100°F., rennet added, curd cut, and the increase in the whey
acldity between 5 1/2 and 6 1/2 hours of incubatlon was com-
pared. Whitehead and Cox (45) stated that, "a difference of
more than O.l1 per cent lactic acid in the final reading can be
taken as the true lndication of a deflnite difference between

two starters”.
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Halee (18} described the Spicer culbure activiity test

walch i8 & medificabtion of the dhiltehead and Cox teoh.

,,,,,,

Lot o mamed T e
Johms and Derard

32) developed o culbure acltivity test

8
at 86°%¢. for 2 hours and transferred o 102°7. for 4 hours.
Acldity tltrations were made hourly.

Babel (6) devised z culbture sctiviiy test using a medium

: . T L ey y r U TR A S Pt ] '
were made at 2, 4, 6, and 8 houre of incubablon. BRabel (6}
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Horral and #lliker (24) developed z rapld culbure actlvity
test which involveﬂ the following: reconstituted, non-fat dry
milk abz ds were inoculated with o 3.0 per cent culture, incu-
‘u@u at 37.8%. for 3 1/2 hours, =2ad titrated.

5
{

Anderson end Meanwell (1) described thelr culiurse actlivity

test a8 follows: a 1.0 per centl incculstlon was added vo 10 ml.

3

P ot . 3 e , P o SO o o
of sterile millk, the samples were incubster ai 3000 or 37 4. for

ast culture activity test using the

reduction of resazurin as the snd point in determining culture

Golding (17) recommended = culture activiiy tesi based on
the walighing of 1 gram of Lthe culture and adding 1t to 100 grams

of pesteurized milk, incubating for & hours at U6°TF. amd

titrating.



As Propagatlon and delectlon of Culiures.

The cultures used 1in these studies were obtained from the
stock cultures carried at the Cklahoma A. and M., College Dairy
Department. The culbtures were propageted in fresh, skim milk,
or occasionmlly in pasteurlzed-homogenlized mllk, obtained from
the mixed herd supply of the COklahoma A. end M. Dalry Department.

The mether cultures were propagated as fellows: approxi-
mately 18 ml. of the milk were ﬁispense& into 25 ml. serew-cap
test tubes. The teJt tubes were pasteurized with [lowlng
steam, in an aubtoclave, at 210°F. for 30 minutes and then cooled
to 709F. The tubes of pasteurized milk were incculated with
1 drop (0.3 tc 0.4 per eent) of mother culture, using a clean,
sterlle 1 ml. pipette or transfer tube. They were then placed
1n‘a thermostatic&1ly eontrolled incubstor at TOOF. for 15 to
16 hours. At the end of the incubation periocd, the culitures
were placed in a cold room maintained at 5%, until the next
tr&méfers The cultures were transferred at lsast four times

sekly and always transferred on the day before trials were run.

The selecticn of cultures for use in the sxperinental work

herein reported were made at weekly inbervals, us nug the method

Lot A

of Horral and Elliker (25) to determine the rate of acid vro-
duection of sach culture. Ho obgervatlionsg were made o the

Flavor and aroma of the culitures.



The batl gh culbures used in the meking of e pcrlmc tal
cheese were propagated in the same menner as hhe{moﬁher gultur
excent that: 400 ml. of the milk were dispensed into 500 ml.
Erlcnmayer flasks and the flasks covered with parchment Daper

stened with a rubber band; also, 2 1 ml. (0.25 per cént)
inceunlation of mother culture was used.

Be vDeterminatioL& of Titratable Aclidlitlies.

vestligatlions herein described, acldlty determina-

e

tiong of the milk and whey were made by tiltrating 9 ml. portions
with E/l@ Helli, until the first permanent oink color, using 4
drops of phenolphthalein as the indicator. |
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cidity of the wrlpene

G
welghing 9 grams of 5 thoroughly =
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and btitrating with
/10 NalH, using phenolphthalein as the indicator.
O. Culture ictivity Tests.
1. Babel Test.

The Babel (&) culiture activity test

siven by the author
ig a8 Pollowe: skim nmilk powder is reconstiitubed with 10 grang

powder per 100 ml. of distllled waler and heated 1n flowing
steam Tor 30 minutes. The reconstituted milk 1s cocled o
86°F. (30°G.), titrated for acidity and placed in flasks (100
ml, per flask). The 100 wl. of milk is incculated with 1 per
cent of the culture to be tested. Further tlirations asre made
after 2, 4, 6, and 8 hours. o index for culture activity l1s
glven by the author.

2. Johns and Berard Test.
ihe éu lture activity test recommended by Johms and Berard

skim milk samples are

i—h
Jod
o
bl

(32) is as follows: fresh, ster
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inoculated with 1 per cent of a ripencd culture, shaken, incu-~
Datod in a water bath for the Tirst two hours at 86°P, and the
fallwang four hours in o 102°F. incubator. %The transfer from
the water bath to the lncubstor takee 1 1/2 hours to reach 102°%.
3; Anderson and Meanwell Test.
The Anderson and Heanwell (1} culture activiiy test 1s as

follows: sterilized milk ie inoccuvlated with 1 per cent of the

culture o be tested and duplicate test tubes are incubated for

d

5.

The acldity is determined by titrating

6 nours at 30° or 37°%.

o
o)

wlth /9 HaOH using 1 ml. of 0.5 per cent phenolphthalelin

VY
&

ke

10 mls as the indlcator. No index for culture actlivity is
given by the euthors
4, Horreal and Blliker Test.
The medium for the Horral and Blliker (2%) culiure activity

-

teslt iIs reconstituted hig

o

h grade, spray, wnon~feot dry milk
g0lide prepared at the rate of 10 per cent of the non-Ist dry

milk solids in distilied woler and gsterilized in 2n suboclave

o

gt 15 pounds pressure for ten nminutes. Ixectly 10 ml. of the

3.

pinetted wlth & clean, sterile 10 ml. pilpetie,

o}
[ atad
o
i
Hu
a..l
®
#
-
H‘l
oo
o
[
e
m

into slterile screw-top test tubes and adjusted Lo 100°%.
(57.8%.). Bach tube is then inoculated with C.3 ml. (2 per
cent) of the sulture 10 be tested and incubated st 100°F. for

3 1/2 hours. Then, % ml. of distilled water 1o used to rinse

the tube, and the contents are titrated until the Tirst per-

wmanent pink color with 4/10 NaOH using phenclphthaleln as the
indicator. The inocculation is at the saue rate of speed 80 ag

9

to 1lunsure witration abt exactly 3 1/2 hours of incubation for

each test tube.
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The authorsg suggest the following culture activity ilndex,
CActive aclid vroductlon « o o o+ ¢ above 0.3%5 pexr cent
Less active acld production. . . between 0.3-0.35 per cent
-Little or no acld production . . below 0.3 per cent.
It should be noted thet early lnvestigations by Horral and
Blliker (24) concluded that starter cultures sbove 0.4 per cent

ne cheete val, providing bzotericphage, over-

the vatl, poor »illk guallilty, or other abunormal factors

5. Golding Test.

anthor is as Tollows: 100 granms of freshly pasteurlzed whole

milk 1s welghed into a clean, sterlle, 250 wl. Erlenmeyer flask.

The flask is covered

f‘,a
=z
}.\.& 3
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placed in a water bath adjusted to 86YF. Then 1 grawm of the
culiure to be tested 1s welghboed into a clean, sterile 125 ml.
Erlemmeyer flask. The milk 1s poured in
returned Lo the larger flask three times. The 250 ml. flask is
covered and placed in an 86%F. thermostotlcnlly controlled inm-

o &

cubator for & LHOours.

e T

At the end of ths anuowukan perlod,

g
e
¥
A

poted mlilk is welighed out into a clean 125 mi.

flask, and the psercentapge of acldity 1l

with /10 HaOH using phenolphthslein ac
of 0.3 per cont indlecates an acitive culture.
6. ihitehesad and Cox Tesh.

The vhitehead and Cox (45) culture activity test simulates

the cheesemaking process in minlature. 4 pint of pasteurized

milk is placed Into o clean, sterile, large-mouth, cuart fruld
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jar aad cove rcd with & tight-fitbingz 11d3. 4n inosulation of 5

R’

ml. of the culture 1o be tested is added to each jar. The inoc—

+

ulated milk is shaken and placed into a 100°%. ‘hﬁfuo tatically
controlled water bath, and the level of the water is ¢ dgvhned
to above the level of the milk in the Jars. After 1/2 hour,

1 nl. of scetlive remnet ie

LG

added to each jar and mixed well hy
inverting two or Lnree tlmes

In 1 heur, the coagulated curd is cut into 1/4~inch squares

with a long, clesan, knlfe. The knife was rinsed in hot water

betwesn each Jar. After two hours, all the whey 1s drained off,

the curd incubated for two more hours, and 211 the whey drained

-

again. vWhey acldity is then ﬁetermlne& hy titreting 9 ml. of

1.

*

whey with /10 NaOH, using phenolphthalein as the indicator.

The curds are then lncubated for an additlonal hour and the

whey exuded ls again trated. The resulls are expressed as

the per cent acid caleculated es lactlic acid. ; witehead and

gox (45) state, "a difference of more than 0.1 per cent of lsetie
zeid in the final recding may be taken as & true indication of

definite difference bhetween two starter culturea". Smsller

®

Aifferences can be lgnored for they are within experimental
eryor. From the two readings obtained wilith each samnle, bthe
relative (not astual) activitlies can he obhtained.

A briel summary of the Whiteheod and Cox test 1s as follows:

Ting Frocedure
Start : A4 5 ml. culture inoculum to a plint

of milk and place into 100°%F. uster
haeth,

30 minutes Add 1 ml. active rennet to each jar.
Shake. .



1 1/2 hours Cut ecurd intoe 1/4" squares.

-3 1/2 hours - Drain all whey.
5 1/2 hours Drein all vhey. Tltrste for 2iret
- reading.

6 1/2 hours Drain all whey. Titrate for final
resd :LT‘(V'
To Splcer Activity Test.

E

The Spicer (18) Lu1tu'g activity test differs from the

s

thitehead and Cox test in threse respects: a 500 ml. portion of

& o

pasteurized milk is used; the same amount of whey is withdrawn
from saol T2 . o tLamosralilire  RECH
100m 2300 JEars ailid, a Lenmpsratureg oL cL7id.

O'T‘

the first 2 hours snd then 100°F. for 4 hours.

e

A brief summary of the test is ae follows: add 5 ml. of
culture to 500 ml. of pasteurized milk; 1 hour lsier, a2dd 1 ml.
of rennet: aﬁd cut the curd in 40 mimutes. Drain an egual
volume of whey frow each jor snd determine whey acidity at the

Tirst, third, fourth, and fifih hours. 4% the f£ifth hour, the

most active culture nroduces the most acid
o ¥ oy, 2 T TIT gy g b
Ge. Lebspr Test

The Leber (36} culture actlivity test is as follows: 10

gramsg of high cuality non-fat dry milk sollds are mixed with

CO ml. of distilled water at obout S09F. and 9 ml. are trsna-
ferred to an 8 dram wial znd iwagyLate1J placed in a water

i v
bath at 98%°. Then, 1 ml. of the culture to be tested is added
with a c¢lean, sterile I ml. plpette and the skim wilk is sucked

Into the vipetie two or three times. Then, 1 ml. of 0.005 per

cent resazurln solution i1s added to the vial, gently wmixed,

and the time recorded. The samples are observed for rseduction
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chermostatleally controlled water baths. At half-hour intervals

the test tubes are exanined ©
Iin order ©o obtain more

2l

handling, some of the culture

modlified so that ths standord
actlvlity tests herveln described wasg high guallty, sprey, non-
fat dry milk solids recomstlituied at room tenporature, in &

Waring Blender, at the rate of 10 grams of solids plus 100 ml.

of dietilled watsr, and sterilized in an autoclsve at

0

O
l(q .zf LI
10 to 15 pounds pressure for 15 minutes. In a fow of

cluding trizls, the roconetituted nilk was steanm pasteurlized

reconstituted milk was not

entation of the experinmental

5

further modiflcations of the culture ectiviity lests were

2 follows: in the Johns and Berard test, & temperalture of 100
was maintained Tor the last Tour hours of incubation; in the

-~

Babel test, 10 ml. of the culture mediun were nmeasured into

test tubeg and inocuwlated with 1L per cent of the culiure o bhe

tested; 1in the Leber test, the culture wee added aiter the dye

was mixed with the milk and incubated at 10077.; in the
-

snderson and Heanwsll test, duplicateo samples vere not run, the

0%r., and & drops of a 0.5

Wl

incubation teuperature chosen was
per cent vhenclphthalein indicator solutlon wers used as the

indicator.



De Cheese Hanufacturing Processes.

The types of cheese processed in these investigatioms
were skim milk cheddar, whole milk cheddar, and cotitage cheese.
The cheddar cheese mamufacturing process herein described was
essentizlly the method of Wilson, recommended by wilster (50),
and the cottage cheese manufasturing process herelin described
was essentlally the method advocated by Angevine (3). Plate I
is a graphic outline of the Wilson method.

In the experimental work herein reported, small lots (15
poundsa) of mllk wers employed in making cheddar and cottage
gheese. The milk and skim milk used were procured from the
Cklzhoma Ae. and K. College creamory. For one trial, mllk was
obtalned from a logcal creamery. One ten-gallon can of milk or
skim milk was pasteurized in a Meyer-Blanke Nu-Irocsssor starter
pasteurizing vat at 143% 145°%. for 30 minutes =nd immediately
cooled to 60°F. The can was held overnlght in a refrigerated
room at S50°F.

Pifteen pounds of milk were welghed into 12" x 12" x 12",
clean, sterile, stalnless steel containers and placed into a 60
gallon Angevine cheese vat. The vat was filled with water ebove
the level of the milk in the contalners and the temperature of
the milk and of the water surrounding the contalners was adjusted
to 86° - 87%.

l. Cheddar Cheeae.

In making cheddar cheese 0,25 per cent of each culture to
be tested was added to each contalner and stirred vigorously.

In one hour, active rennet was added at the rate of 4 1/2 ounces
per 1000 pounds of milk and stirred gently.



PLate I

A Behenmstic Outline of the Manufactuping Method
Used for Cheddar Cheecses

Adding starter, - o o

t1l hour
Adding remetl
(Setting - . o s

20 to
Cutting ' ~ 30 min.

15 min,
E 30 min. | 2=1/4 hours

7

steam on

Drain whey
(Dipping)

.

r4~l/2fh0ﬁf§

Packing ;15 min. 7 hours

> 2-1/4 houxs
Milling o .

i /
Salting_ 1,}1) min
, |
30 min. or longer
Hooping, . i . A
. | Pinre required 7

- Pressing. ftalfill hoops

> 30 min.
Dressing —

1 G. He Wilster, Practical Cheddar Cheese Hsnufacture and
Cheese Tecimology, p. 144.
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The temperabure of the mllk and of v waiter surrounding
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the contealnsrs was adjustsd to 207F. PFive per cent of the

*

w6 added Lo each contalner and stirred

oG

rate of 1c3

with the millk. The cuvrd was cub with 5/8~fﬂcu mives when the

whey acldity resched spproximeiely C.5 per cent. Filleen

minutes after culting cookling was started, and the curd was
ant and to

O , 5O p
7. Lo 120%., in

erature was mali

3t

v determinations were mede at hourly lutervals

l’ﬂ

throughout the cheesenaklng procesg. In the lator pert of the
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A« Prelininary Comparisons of Various Culture activity

Several prelimlnary trials were run with verious culture
actlvlity tests in crder 1o galn experlence in rumnlng the tests,
to work cut & time schedule for the proper operabtlon of each

ong which would eliminats

o

test, and to develop certain modificat
some of the varlables, seclally in the medium used. These
modiflications of the testis as given by the authors are indicated
in the section on methods. In the presentation of these results,
small differences in titration velues were dlsregarded as they
were likely 1o be within experimental error.

The Babel, Johng and Berard, Anderson and leanwell, Horral
and Elllker, and Whitehead and Cox tests were employed. The
results obtained are nresented in Table I.

In Trisl 1, the Babel, Johns and Berard, Anderson and
Meanwell, and Horral and Elliker tests were compared using bten
gultures. The results show that with each test, culture No. 8
was the wmost active and‘culture Ho. 1 was the least active. The
results further show that with the Babel test, culture Nos. 4‘
and 13 were as8 active a5 Ho. & and culture Ho. 3 was a8 slow as
Fo. 1. It should be noted that the Babel test was only titrated
at the eighth hour of incubation, instead of at 2, 4, 6, and 8
mouPQ of incubation, and the Jolns and Berard test was only

$itrated at the sixth hour of incubatlon.
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TABLE I, Cont'd

Culture

A i
Johns Anderson Horral Whitehead
Babel and and and and

]
}’o'al-o\omaxmbmi-

3.0 3!4 200 2.2 .2
3.7 be2 1.7 2.1 4
304 3.7 1.7 1.9 .2
3.0 3.9 1.6 LB R
306 3-9 106 1-7 01
4‘5 3!8 2.1 2.8 07
300 303 1.8 1.9 .1
3.2 3.9 1.9 2.3 .4
3.0 3.5 1.8 1.9 .1
fal 3.8 1.5 2.1 6]

29



These results show that with the Johns and Berard tegt
there was a much wider range in titration valuea"between_ﬁhe
most actlve and the least active cultures than with the other
teste.

In Trial,z, the Anderson and Meanwell, Horral and @lllK@T,
and Whitehéad snd Cox tests were compared using & cultuve“

The results obtained with all three tests appesred to be in
agreement as £o the moet active and the least active cultured.
However, it should be observed that the results obtained with
the Anderson and Meanwsll and the Horral and Elliker tests are
considerably lower than the results obtalned 1un Trisl 1, and
also that the values obltalned were much lower than expeeted for
active csultures, The results of the Whitehead and Cox test
dicate that culture Nos. 1, 3, and H wefé active, culture No.
4 appeared to be imlflf active, thlc the remaining cultures
appeared to be slow in actliviiy. The results show that with
the Whitehead and Cox test there was a much widey rangé in
titration values between the most active and the least active
culture then with the other tests.

In Trial 3, the Babel, Johns and Berard, Anderson and
Meaﬁwell, and Horral snd Elllker tests were compared using ten

cultures. he Babel and the Jolms and Berard tests were

o

titra ed only at the sixth hour of incubation. Trom the results

it appears thet the most active culture by the various tests

were as follows: Babel, Hos. 6 and 1&, Joms and Berord, Nos.

o

» 10, end 18; Anderson and Meanwell, Nos. 8 and 1C; Horral

and Blliker, Nos. 9, 10, and 18. The least active culitures were:



Babel, No. 1;. Johnge end Berard, No. 4@ &n@sréon and Hesnwell,
Hoze 1 and 11; and Horral and Elliker, Nos. § and 11.

Thexé was only a general agreement betwsen the tests. The
resulhs Shéw ﬁhat with the Babel and Johns and Berar&~tests
there was a much wider range in titratiocn values beiween the

he B

most actlve and the least aciive cultures than with the othep

&
-t

Leats.

In Trilal 4, the Anderson and Hesnwell, Horral and Fllik@r,
and Whitehead and Cox tests were compared uslng Len culiures.
From these results 1t appeared that the most sctive cultures by
the three tests were as follows: Anderson and Meanvell, Nog.

8 and 18; Horral and Elliker, Nos. 2, %, 6, &, 10, and 18;
and Whitehead and Cox, Nos. &, and 18. The least zetlve cultures
were: Anderson and Meanwell; Hos. 1, 5, 9, and 11; Horral and
Elliker, Nog. 1, 9, and 1l;v whitehead and Cox, Nos. 1; 4, 5,

6, 9, and 11,

From the results in Trial 4 it should be observed that
cultures Nos. 8 and 18 azppeared to be active, snd Hos. 1, 9,
end 11 siocw by all three tests. It should be noted further
that cultures Hos. 5 and 6 sppeared to e active by the Horral
and Blliker test bult slew by the Whitehcad and Cox test. The
results in Trial 4 indicate that with the Johnz and Berard
test there was a mich wlder range in Uitvation values between

the most actlive and the lezst active culiture than with the

Trisls 3 and 4 were run on successive days using the

same cultures 1in esach itrisl. By comparing the resulis obtalned

in these two trials it wasg observed that the rats of seild
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production varied from day to day. In the Anderson snd Hesnwell
test, all cultures except Ho. 10, and in the Horral asnd Elliker
test, all cultures except No. 9 were signiflcantly wore active
in Tfia1’4vthan In Prisl 3. Thils appavent lncrcose ln the rate
of acld production by the cultures in Trial 4 may neve been due
to the fact that the cultures used for iﬁocul&tion in Trial 4
lwere ripened nore than the cultures used Tor inoculation in
Trial By

The results of the preliminary trisls seen 10 indlicate that

._

the culture actlv1ty test showing the widest range between the

.,,

8

most active culture and the leasl active culture were approxi-

s

ﬁat@ly in the following order: Johns and Berard, Babel (6 hoursj,:
"qural and Elliker, Anderson and keanwell; cnd Whiltehead end CoX.
Itl.laumu be noted that whey was titrated in the Whitehead and
fox test while milk was tltrated in the obther besis.

Be Comparison of Various Culiure &ctivity Yests,

After runiing the preliminary trlals reported in Dectlon A,

& seriss of twelve trials was undertalen using four oy five

“eulbtures in each trial to compare the results obitained with the
ﬁgbel, Johne znd Berard, Anderson and ieanue'l Horﬂal and
lﬁlliker, Gol@iﬁw, Whitehesad and fox, Spicer, and lLeuer culture
actlvity LbSbua In some of the trials, certain tests Were

“@mltted‘ In Trials 1, 2, 3, and 4, culitures that appeared to

be active by the Horrasl end Elliker rapid culture activity

("H

ﬁeub'were use ed while in the remeining trials, au attempt was
made o select both active and slow sultures. A4lso, in the

Habel test, in some instances, the Liitratlons were made at the



hSY
e

6-hour iﬂﬁerﬁalg and in other instances, the titrations were
made at the 6- and &-hour intervals only. The results obtained
are Jreuamteq in Table II.

In T?ial 1, the Babel, Jchne znd Bersrd, Anderson and |
Meanwell, and Horral and Elliker tests were compered using five
cultures. The results lndlcate that with each test, No. 2 was
the most active and No. 3 the least active culbure. The results
also show that with the Anderson and FMegnwell test culture No.
5 was as alow a8 culbure No, 3. Ixecept for & ‘1 ght varlation
in the Anderson znd Mesnwell test, the resultsHaf each test
indlcated tha‘.vuithrﬂﬁ Hos. 4 and 5 vere approximately equai
in activicy. There was general asgreement besitwecon the tests on

Ao

the activity of the remaining cultures.

»l

It hou:d e noted thet there wes little dlffersncs betwéea
the most active and the least asctive cultures iun sach of the
tests, except with the Horrael and Elliker test where a ﬁiffar~
ence of 0.2 ml. was obialned. It shonld be emphasized that Ln
2ll of the experimental trials whey was tltratsed in the white-
head and Cox btest, while milk was titrated in the other'téstg;

The culture actlvity te sote showlng the widest renze in

titretion values were as follows: Horrsl and Elliker, 0.9 nl.g

The results scem Lo indicate that with the Horrel snd Elliker

test a slgniliceant difference beltween the most active and the

least actlve cultures was obtalned.
In Trial 2, the Babel (6 hours), Johns and Berard,
Anderson and Meanwell, and Horval and Elllker tests were

compared using five cultures. The resulits show that wilth each
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of the testﬁ;qﬁo, 1% waz the most active while Ko, 1 was the
least aétivé'culturﬁ,-exc@pt in the Johng and Berard test which
showed that Ho. 1 was fai: *ly actlive whlle Ho. 3 was the leasd
active oultﬁreg Ctherwise, the results of the btests generally
agreed on cultufe activity in the ronge beltwesn the most active
and the least active culiture. The differsnce in titratable
acidity betWeeh the most active and the least active cultures
for each of the tests was as follows: Babel (6 hours), 2.4 ml.;
Johns and Berard, 2.3 nl.: Anderson and %e&nwell, O mle; and
Horprel and Elliker, 0.6 ml, These results seen tc'indicate that
with the Babel (6 hours) and the Johns and Bererd tests thers
was the wldest renge in titratiom values between the most active
and ths least active culiures.

In Trial 3, the Babel (6 hours), Johns and Berard, andepson
and HMeanwell, and Horral and Elliker tesis were compared using

)s

Johng and Berard, and Horral and Z1lllker tests Ho. 13 appeared

(4]

o

five cultures. The results show that with the Babel (6 how
+10 be the meost socitlve culture while in the Anderson and Meanwell
tast No. 2 appeared to be ithe most active culture. It should

be pointed out thet in the Babel {6 hours) and Horral and

Elliker teste culture No. 2 seeumed eoually as acitive as culture
No. 13. The least active culture was No. 16 in the Babel (&6
hours), Johns and Berard, and anderson and Hssnwell tests,

liker tést.

i)
b

while No. 1 uas the least active Iln the Horrsel and
There wos general agreeuent beltween the tests on the actlvity
of the remalning culiures. The difference in titratable acldity

. F) T -

between the most active and the leaoi actlive cultures for each



Johns and Berard, 2.5 ml.; Babel

of
{6 houre}, 2.1 ml.; anderson and Mesnwell, 1.5 ml.; and Horral

Ellikef 0 6 ml. These results zeen to indicate th&t ﬁi%h the
Johna and def&ru test there was the widest range in titration
values between the nost active and the ileast netive cultures.

In Teial 4, the Babel (& hours), Johme and Berard, anderson
and Meanwell and Vhitechead and Cox tests were compared using

e

four oulbures. The result

4

indicate that Wiﬁh.each test No. 1.

1w

wad the most sctive culture and No. 14 was the least active

culiture, excent the-resulits of the Andevrson and ¥ %
showed that Hos. 3 and 11 were the lescst active cultures. The
resulbts indlcated that in the Whitehesd and Cox test culiture

No. 11 was also as active as culture No., l. There was general
agreement beltuween tests on the activity of the remaining cultures.

In Trial 4 the lov results in the Anderson and

13 and Bererd, and Horral end Elliksr tests should bs noted.

and compared to the significantly higher titration valuss Ob-

tained with the same culiures in Trial 3.

ive and the least active cultures for cach of the tests was as

follcws:}vﬁabel {6 hours), 2.9 ml.: Babel (6 Louré)

Johrs and Eerar@,'elg ml.; 4nderson and Nesawell, 0.3 ml.: and
dhitshead and Cox, 0.5 ml. These resulis seem to inuicate that
vith t Rabsl (8 Louﬁc} test there woas the widest range in

titration values between the mogt asctive and the least azciive

seem to further indicate that

{-J
pod

cultures The P@&ulﬁa in Trils

}

the rise Iin aclidity between tns 6~ wnd S-hour incubsilon periods

was grester wlth the actlve culiures than with the slow culiures.
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At this time, evidence 18 glven that either the 6- or S8-hour

incubation period for the Babel test would be a good index to
eultur actlvity.
in Trisl 5, the Babel ( € and 8 hours ), Johns and Berard,

Horral aad Elliker, Coldlng,
activity tests weres compared
ghow that with the Johns and

- 3 a3 - e 2s on
and Whitehead and Jox tests,

while in the

0
€3
Cl—
}_‘:-
<}
<
o]
bt

B
CL
\-§
&y}
-

appeared to be the most actlve oculbure; bubt in the Johng sand

BGowﬂ, Horral and Elliker, CGolding, and
Ho. 3 wes the least active culiure. In the Johng snd Derard

test, No. 16 was as slow as No. 3.

a

From Trial 5, it appears that the activiity of the culturss

-

.‘
y)

s . s 3 Ay e ]
wlth eoch test was as follows: Babel (6 hours), os. 1, 3,
. i - A LY T o = AR B . S T S, vy T iy o he
and 1%, ective and Nos. 3 and 10 felirly sctive; Jelums snd

e g 3 z vl S e sl T o men Al NS P p -
Berard, wos. 1, 2, and 13, active and Hes. 3 and 16 fairly act

X = ” 7 ) = yum s Y e . N -
ive; Horral and Elliker, Hos. 1, 2, 13, and 16, active, and

L3 o 5 e Ty v -y o w1 e e o
mxeept for the sllizht varlances zbove, the teoto ve

g - : fa . O I o Ao e R
The resulis in Trial 5 indicate that in the Babel test, the
crease 1 Atrateble acidity betwecn the elxth and eighith
iﬁb>cgauv K] L ST E J L SCLO

hours of
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least active cultures was greater al the sixth hour of incubation

3,

than ot the eighth hour of incubation. The dlifferencs in tlira-

1
Vi

teble aclidity belbween the most active and least sotive cultures

A

wldest range in tltration values beltween the mozt active and

o

8

the least active culituras.

e Tnd oo %0 £oa R Csram Y T A el T s g
In Trial 6, the Babel (6 and 8 hours), Jolms and Borard,
Horral and Elilker, Golding, and the Whitehead and Cox tests

were cowpeared using the seme five cultures as in Trisl 5. From
these resulis 1t appears thalt the most actlve cultures by the

* =

culture activity tests were ze focllows: Da

0 4, v o e B
O onoursj,
? - - . A it i £y ey £ 22 TE e e o P

Fo. 133 Johmes and Berard, Nos. 2, 3, and lb;  Heorrel and

-~z

£lliker, Nos. 3 and 13; Golding, ¥os. 3 @

25 ol % bV Y- B e Tl « o e LS R ST SR O B o o s
gind Cox, Mos. 2 and 13. The vegulis indicate thal with cach

test, MNo. 1 was the lezet actlive culture. However, 1t should

e

B general agreement among the tests

ES

It should be further nobed that with the Dabel test cultures

Wos. 3 and 16 ghowsed a pronounced
the gixth znd elghth hour titratlon periods,.

nost act-

in tltratoble acldity teitweocu

ulture for sach of

2...‘1-
<
o
f&s)
I
£
CP
)
o
2
¢
&3
2]
o
&
o
o
V;..h
«d
[ 44]
Q

the culture activiiy

1, # "4 IS t o e T { & T Ty e oy s 3 ’ {5 5 il
bests was as follows: Babel (€ hours), 5.3 mi.: Babel (u hours i,

¢4 ml.y Golding, 1.7 ml.; Johns end Eerard, 1.5 ml.; Horral



~
Z‘E‘e"

e

and Elliker, 1.0 ml.: and Whitehead and Cox, 0.4 ml., These
results Indieate that with the Babel (& hours) test there was

the wldest range In titratlon values between the nmost active

the lsast active cultures.

In Trial 7, the Babel (6 i & hours),

tive cultures vere og follows: Babel (6 snd & hours), ¥o. 1]

Hos. 1 and 3. In general, the results of the tests lndicated
s. 1 and 3 were the most active cultures. ‘The

&
—y B o o T
frial T further

The regults of the Horrsel and Zlliker test indicate that Wo. 1

th

(0]

tests were 1 general agreement on the activity of the Tour
cultures analyzocd.

The difference in titratable acldity bstween the mosth
active and the least active culitures for sash of the culture

ES g g S - e v T B » y
activity tests was es follows: Johns and Zerard, 2.2 ml.

o a

Ellliker, 1.5 ml.; Eabsl
(8 hours), 0.8 ml.; end Goldinz, 0.5 ml. The results in Trial
7 indicate that with the Johns and BDerard and Babel {6 hours}
Lcst there was the wildes range or*j@eﬁ tiie most active an
the least active

tween the slixzth

the slower cult

1



In Trial 8, the Babel (6 and 8 hours), Johns =nd Bersa rd,
Hovral end Elliker, Golding, and Whitehead and Cox tests were
comps red using five culitures. 7The resulis indicate that in

gach test MNo. 12 waz the wmost active culiure and

et

s =
1

aigo show that in the Babel (8 z0d 8 hours) ¥o. 17, and in the

Whitehead and Jox Hos. 5, £, and 19 were approxisately ecual in

activity to Ho. 12. The resulis Turther Indleate that in east
best, excenl the Vhltehead and Cox test, Jo. 19 was the leansi

active culiure., The tests generally sgreed in the activity of
the remalning ¢ 1tw1=s.

Fron Trial 9, i1t a: b the activity of the cultures

‘U
el
o}
o
iF"
["}
o
b
&
v

1%, active, and No. 17, zlow.
The diffevrences in titratable aclldity betwsen the most
£

active and the least active culture for each of the culture

activity tests was as follows: dolding, 2.3 wl.; Babel (8

hours), 1.6 ml.; Babel (6 hours), l.4 nml.:; Johns end Berard,
1;2 mle.; Iorral and Elliker, 0.7 ml.; 2nd whitehead and Cox,
C.5 ml.

The results in Telal 8 indlcate that the Golding test
showed the wildest range between the most active and the least

active eulbures. It should be nobed that the RBabol

,.‘

hours) and the Jomne end Berard tests were apvroximately ecual



a

in showing tho wildest range between the nos t ac %ive and the
least active culiures. |

iThe rige in tlitratsble acldity in the Babel test between
the sixth and eighth hours of incubation wes approxilmately the

same for the fast zud slow culbures.

In Trial 9, the Dabel (£ and & hours), 8 and Derard,

f-w

Horral zund Elliker, Golding, wWhitehead and Jox, and Leber tests

vere compared using ¥ive cultures. The results indicated that
with the Babel (8 hours), Goldlng, and Uhitchead and Jox tests,
No. 18, znd in the Babel (6 hours) aand Jokms and Bera rd, No. 12
were the most active cultures. However, 1t should be noted that
in the resulbts of the Johns and Berard test, culbture No. 10 was
more active than culture MNo. 12 after the Lirst five hours of
incubation but bested lower on the 8ixth hour of incubation.

»

This discrepancy could

-

rapld lancreasse in

LJ '
o

have been caused by
acuivhy of culture Ho. 12 or & slow increase in sctiviiy of
culture ¥o. 18 between the fifth and sixth hours of incubation.
From Trial v, it appears that the sctivity of the cultures
with each vest was as follows: Babel (6 and 8 hours), lNos. 10,
11, 12, 18, and 19, active; dJohns end Berard, Nos. 10, 12, 18,
and 19, active, and ED. 11, fairly active; Horral gsnd Elliker,
Wos. 10, 12, 18, and 19, active, No. 11, fairly asctive; Jolding,
Nes. 10, 11, 12, 18, and 19, aciive; ¥hitehead and Gox, Nos.
10,12, and 18, active, Hos. 11 and 19, fairly active. In
gener&l, except for sliﬂzt variations, the tests agreed on

culture acltivity.
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In Trial 9, the results of the Leber test indicated that
all of the culitures showed excellent activiﬁy, in that easch cul-
tur@%%asrreduced in lecs than 30 minutes. In the Babel test,
1t is noted that exceplt for the most active culiture, tho increase
In titratable acldity between the sixth and eizghth hours of
incubation were approximately the same for all the cultures.

Iv was further noted that the difference in titratable
ity between the most sclbive and the 1@&sﬁ aetlive culture;
for each culbture activity btest, except the Jobns and Beraord
tegt, showsd the narrowest range in Trisl 9 of any of the

trisls to date. These differences in the tests were as follows:

1, there was the

widest range in titration values beltwegen the nmost active and

In Trial 10, the Habel (6 and 8 hours), Johng ond Berard,
Horral and Blliker, Golding, Whitehead and Cox, and Leber tests
five cultures. The resulis Indiceg
with each test No. 4 waze the most zctlive culture while results
of the Babel (8 hours)} test showed that do. 3, the dold
tost Hos. 20 znd 26, @nd the Whitehesd and Sox test, Wo. 5, o
be zz active Qs culture Wo. 4. The results of the Babel (6
and 8 hours), ﬁhit@h@aﬁ and CJox, and Leber teste Indicated Ho.

26; the Horrsl and Klliker snd Golding tests, HNo. 5; and the

. N - o e - - ‘ﬁ—« e y P ,[, - - 5 K o oy
Johns and Berard test ¥No. 20, 28 the least active cultures.
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The re&ults’of‘the tests In the rem&iﬂing aulturés were some-
what in disagrescent as to culture actlvity. This difference
mighﬁ havé bean due to the narrow range of tltratoble values
between the most active and the least active cultures.

In Trial 10, the dlfference in titratable acldlty helween
the most active and the least sellive cultures was as Tollows:
Johns and Berard, l.3 ml.; Goldingz, 1.0 ml.; Babel (8 hours),

0.8 ml.; Bebel (6 hours}), C.7 ml.; Horral and 2lliker, 0.6 ml.;

5

and WhiteHsed snd Cox, 0,6 ml. It should be noted that with

,.-u
O

(’!

the Johms and Berard test there was the wildest range betwesen the

nmost active and the least sctive cultures. Since the Leber

actlvity test wag based on cullture reducticn

cifference in the betweern the most @otb

+ A

active cultures was not compared with the other lests.

It should be noted that in Triael 10 a2l in succeeding

trisls, the cultures with the Leber test were ecuonined for re-

ductlon after 10 minutes and every 5 minutes therealler.

('1)
j3

In Trial 11, the Zubel (6 and § hours), Johns and Ber

Horral and Ll tests were compared uceling fTive

cultures. Tﬂ@
wos whe mnost aciive culiture and except Tor the &Olding tagt,
No. 5 was the leagt active culturs. It slwuld be noted that
with.the Babel (8 hours) test, cultures MNos. 2, 11, and 16
were approxlumatoly as active ag Mo. &, and in the Foldlng test,
No. 5 was approximotely as active ag He. 8. Hdowever the re-

sults further lndicate that in the Horral and Elliker

11 and in the Joldlng tost, io. 2 were as inactlve as Ho. 5.
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>Lween the most dCLLV and the least active cultures reported

Triels 5, 6, 8, 9, and 10 were selected For

evaluation as these briasls contained s sayrison of a&ll

testg. The results ohtalned are

Lt shonld be noted thoet the averase
difference in tiitratlon values between ithe wosit wotive and the
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t
1lows: Babel{d hours), 1.6 wl.; Dabel (8 hours ),

1.9 ml.; Johms and Berard, L1.28 ml.; Horral and ulllk@?g 8

ml.; Golding, 1.58 mi.; and Vhitehead and Cox, .56 ml. It

P
( LX) &
- AR R TS Y s = 1% 4 AT o e :
most active and the least acilive culturcs. Tnles dlocyre SERGY

Wab due Lo bhie lnastlivity of culture

If the results ir “rial § were onltied, the aversze difference

ot g,

ive euliures

Horral snd Tlliker, .75 ml.:

and JoOxX, 6 ml.

£

Gelding, 1.55 rl.; and Whitehead
From bhe foregolng data, the results of the
showed the widest difference in titratlon valu

-

P Ve b n ot g T g g e P
mest active and fthe legst wcotlve culturse, wnile

the Johns and Berard and Babel tests showed the next widest
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ange and weée‘apyrcximately ecual in,titration.values. The
results of the Horral and EBlliker test showed a small difference,
and the resulis of the wWhitehesd and Cox test showed the small-
est difference in titration values between the wmost active and
the least sctlve cultures.

g1

Cs Comparison of Verlous Sulture activity Tests Jith The

Rote of 4clid Productlion in Chessenaking.
Since the vesulits in Zections A and B on various culture
activity tests did not contaln 2 standord of compariscon, &

of seven irials was Initiated in which the rate of acid

seven trlals, cheddar cheesc was aanulsctured,

5.,.
e
-
Q

3
o
P
e
£5
&
{',3

and in the remzining three trisls cobisge chesse was nanufociured,
as oubtlined in the sectlon under methods. Lmell lots (15 pounds)

of milk werec employed in these studles. An stiompt was mede to

the performance of the cultures in preceding trisls,

On the day nrevious to the yunnlunzg of each trisl, small
lots (400 ml.) of skim milk were Drepered by heoblng in an
entoclave to 21297, with flowing steam for 70 minutes. Usually,

nine lots of pastourized skim milk were inocculated with Q.25

*u

C‘

a2k

per cent of the varicus cultures to be tested and incubated
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imately twelve hours of lncubation, the partially ripened cul-
tures could be Llirated and cultures revresenlting various
degrees of actlviity selected for use. The culitures were left

e T A P N s €3 . + o P X A ] % s e -~ T e o3 o§ da
lated the culiburss were agein tillrated, so as to obtoin the

In the manuiacture of cheddsr chsese, the lime schedule

P . oy B e ) oy ¥ o A P > 3 op ey o 5, & e T oy " 3 .
as advoeated by Wilster (50) was followed regerdless of the
acidity in the cheese milk. & milliag scidlity of 0.5 per cent

B

Qr more slx n from the tlnme the cheese milk was inoculated
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was considered Lo be inalcal

cultures producing #lizhitly less than €.% per cent acld were

(8

congldered Lo be

g o B e s o on & A 3 4
gent acld were conglagred o

the

Horrol snd Blliker, and

compered In four trisls,

b

using cultures of various degrees of gctlivity, with the rate
of acid produced during the cheddar cheesemaking process. The

n four trials are presanted in Table V.

!.2-

resulits obhtalined

In Prial 1, skinm milk was

- e T,

and Leber tests agree with the

s

e

roduced in cheesemsaling, In that Hos. 22 and 25 were act

i
cultures and MNos. 15 and 27 were slow eultures. The results

of the four culiture asctivity bests agresd among thenselves.



TABLE V

A Comperison of Variocus Culture Activity Tests
With the Rate of Acid Production
During the Chedder Cheesemaking Process.

Culture Activity Tests
_ Aeid
15 5.6 | 7.5 3.3‘ 3.1 58 3 Slow
22 7.8 | 8.9 6.8 5.1 32 1 Active
25 7.7 | 8.7 6.7 4.6 47 2 Aetive
ol 2.8 L5427 2.3 1 G0 A Slow
1 5.6 | 7.7 2.6 45 1 Aetive
16 5.6 | 7.5 6.1 by 5 Slow
22 6.8 | 7.8 6.5 5.3 2 Active
25 6.6 | 7.7 6.5 A 3 | Fairly active|
.y 34 1 6,1 N 2.6 e Slow
% 6.2 | 7.5 2.2 Le3 15 1 Active
6 3.9 | 5.6 4.0 3.2 24 4 Slow
11 5.9 | 8.3 5.0 3.6 23 5 Slow
22, 45 | T3 4e8 3.2 22 3 Slow
25 | 58175 58 | 2.0 al . a.lr
TQ& 4 = Degember 6, 1950
1 6.4 | 7.9 0 46 17 1 Active
6 4e5 | 6.9 4e0 3.2 18 5 Slow
21 5.3 | 7.3 5.5 hedy 11 2 Active
et L Bk LR -WA Dad 10 2.1 Feirly sctivel
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TABLE VI

& igon of Various Culture Acobivity Tests
sh vhe Rate of Acid Produc im
the Cotltage Cheesemaking Process.
CuiQUfe Aotivity Tests
Aeid
Jobng Borral Produncetion
Babel and and Lebew in Chesss
Culture Roraxd Elliker Morufacture

Mi, of ¥/10 ¥ q&i Required tof Red.
Newtralize the Smup e in
Hours c,s.E‘ Incubation Min. Hating
6 g : i
Trisl 1 -« Hovember 15, 1050
10 T | 7.0 %.0 Lou s 2% 3 Foirly activy
15 LeT | 6.9 el 3e R4 4, Slow
2/, 7.0 7.6 5.6 3.9 23 1 Active
28 LT ] 6.8 5.0 2 40 2 Aebive

i1
15

fscrmornnc

Trial 2 = December 13, 1950 7
i1 7.2 8.2 6.l 3.6 20 1 Fotive
3 7.1 8.1 PN ;‘ o5 29 4, Q1o
6L | T £ 3 3.0 39 5 Slow
Ry 7.5 1 8.3 6,7 3o 21 3 tetive
T8 1 8.3 Ted 942 20 Active

A
3
pte
2

3 = December 15, 195

1 6.5 | 7.4 6,1 4.1 20 L Active
15 5.2 | 7.2 e 3.2 2¢ 4, Slow
16 5.5 | 6.0 4o 3.5 36 5 Slow
24 7.0 ) 6.5 Ao s 3 Aetive
2% 70§ L 9 70 Q ipo 3 ] i.; 2 ﬁ.Cliriv@
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- In commercial mamufacturing oractices, occasionally a

ripened culture contalning a high per cent of titratable acldlity
fails to develop acld 2t g normel rate, and cccasionally &
ripen ulture containing a low per cent of titrateble acidity
develops somewhat faater than & culture containing a high per

cent of titratable aciaity.

A pomparison was made in a gerles

(“;

g of six trials witb Tour
or five culiures in egach trial to determine the relationshilp
of the acidity of ripened cultures to culture sctivity and to
the rate of acid produced during the cheesenmaking process,
The results obtelned are presented in Table VII.

In Trisl 1, the resulte generally agree that the two cul-

tures showing the hlghest, and the two cultures showing the

[

Kw\

ot
H”
&

lowest, ver cent of titratable acldity e ripened culiures

becanme the two most active and tite two least active cultures

im the culture scuivity in the rate of acld produced
in cheegemaking.

In Priel 2, the results apﬂbsfcq to show general agreement
in that those cultures which had 2 high titratable acidity in
the ripened culture showed o high degree of zetivity in the
culiure activity tests snd in the raté of acld produced in
cheesemaking.

In Trisl 3, the results 4ild not agree with Trisls 1 and 2.
aAlthough cultures MNos. 25 snd 11 indicated a high tlitratable

) 3 ke

cldlity in the ripened culture, culiure Ho. 25 showed more ascblv-

e

ity in the culiure activity tests, =znd significantly more sctiv-
ity in the rate of acid produced iﬂ cheesemakling than Ho. 11,
The per cent of titratable acidluy in the rinened culture

appeared Lo be an excellent indicatlion of culture activity and



TABLE VII

A Comparison of the Acidity of Ripened Cultures
to Culture Activity '
and the Rate of Acid Production in Cheesemaking.

Acid
Culture Tw_cﬂm_‘ Culture | Production
[Number Titratable Activity | in Cheese
Acidity | Renmk | Rank Rank

| e e

3 3 3

22 75 2 i o 1

25 82 1 2 2

27 224 A4 ) — 4
Trial 2 - November 22, 1950

1 8L 1 : | :

16 .70 4 4 5

22 o9 3 2 2

25 .83 2 3 3

27 +60 2 3 4

Trial 3 =

4 .& 3 : 1

6 54 4 5 4

11 .80 2 3 5

24 52 5 4 3

23 .83 = 2 -2
me

1 .85 2 3 1

() . - 5 A 5

15 .58 A 5 4

21 .80 3 2 2

22 291 1 1 3
Trial 5 = December 13, 1950

1 i@ . & 3 1

11 .70 2 4 4

15 .68 5 5 5

24 sl 4 2 3

23 +80 1 4 2

Trial 6 - December 15, 1950 |

4 .76 3 3 1

15 .70 5 4 4

16 72 4 5 5

24 .82 2 2 3

| 25 84 1 1 2
* Average rank of all tests run on date of trial,
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£ Comparigon of the Litmme
to the Rate of Acid Productie
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CONCLUBICS

1. The Johns and Berard and Babel tests appeared 1o be
more accurate than the Anderson and Heanwell, Horrsl and
Elliker, Whitehead and Cox, Golding, and Leber culture asctivity
tests In determining culture activity.

2. The Johns and Berard test was slightly more accuraie
than the Babel test.

3. The Babel test regulred less egulpment end work than
the Johns and Berard test.

4, The Johns and Beraird and Babel tests can be slmplified
by titrating only a2t the sixth hour of incubstlon.

5. The Horral and Elliker test invelved 1little work, 1is

repld, but only fairly accurate in determining culture actlivity.
6. The Anderson snd ¥ WHWe1l teat was genevally accursie

in determining culture activity.

T+ The Whitehead and Cox and Golding tests appeared Lo be
accurate in determining culture activity but both involved con-
siderable time and effort to perform.

8. The Leber test gave the most repid results of all the
tests and was easy 1o perform; however, 1t geve the poorest
index of LulLUfG activity of a1l itihe tests compared.

9. An activity test which involves the inoculatlion of
sterile 1itmus milk wlth either 2 1/2 or 5 per cent of the
‘culture to be tested, incubated at 100°F., and observed regu-~

larly for coagulation proved Lo be an easlly performed, rapid,

ki
s

and falilrly accurate test for culture activity.



(1)

(2)

3%

(%)

(5)

(10)

LITERATURE GITED

Anderson, HE. B. and jesnwell, L. J. "The Problem of
Bacterlophage in Cheesemaking. P”TL I. Ubnb Fvations
and Inves tlwutiona on Slow ucid Production.”
__.J. »Dc.......n y heu. 3 L—:8"72u 19!“'20
gevine, M. C. "Preparing and lelintaining Good Cultures,'
Mllk Plant Foathly, 39:30-32. 1950,

Angevine, W. C. "Imoroved Sweet Curd Cottage Cheese.”
Hevised edition. 5t. Louls, Missouri: ch1r~Bl anke

L}Qu g 1950.

Babel, P. J. "Factors Influencing Acid Production by
Cheese Oultures. Fart 1. Effect of Cooking Tenper-
atures on aAcld Production in the Haaufﬂaturc of
Cheddar Cheese." J. Dolry fel., 29:589-596. 1946.

Baocl, Fo J. M"Pactors Influencing acid Productilon by
Uheese Cultures. Part II. Influence on Bacterio-
ohméc on Acid Production in the Manufs cture of
Cheddar and Cottage Cheese." J. bolry Sel., 29
597-605. 1946, ’ '

Babel, ¥. J. Communicetion to H. O. Olson, Dairy
J p“rtmcmt, Oklahoma A. and M. Colle -~ Stillwater,
lchhomcwg I”let _’5, 19_}00

Baker, M. P. and Hammer, B. W. ”Influenuu of the Kilk
on the Starter liade From It."  Iowa AZr. BXpP. S%2.
Hes. Bull. 92, 1926.

LDtarters.
8.

Baker, M. P. and Hammer, B. W. "Studles on
Iowa Agsy. ExD. ﬁta, stes. pull. 106, 192

‘J“

wboard, R. . "The Use of Lactobaclllus Bulgaricus

o

(="
in the Manufacture of Cheddar Cheese from Fasteurized
ALk

G

&
kgt
o

Beack

" Unpublished thesis. Library, Cklahoma A. and
llege, Stillwater, Oklahoma, 1949,

Cordes, W. 4. 2nd Hemmer, B. W. "The Relation Bebween
thie Volatile end Total iClAih{ in otarters and in
Cultures of S. Lacticua. Iowa gf. XD Dha. 2es.

Bull. 66, 1921.



(11)

(12)

(16)

Cox, G. &. and Whitehead, H. R. "The Ianuence of
- Other Bacteris on the Production of Acld by Lactic
Streptococcl in Milk." J. Deiry Sci., 2:164—1?5,
1931. '

Uahlocrb, A. C. znd Ferrie, F. "Influence of the
Freouency of Transfer of Lactic Ztariter Upon Hate
of Acid Development and Quality of Cheddar Cheese.”
g Daliry nbl., 24:771-7T78. 1945,

Davis, J. G. and Mellemont, J. "Studies in Mastitis.
Mastitis in Relation to Cheesemaking." J. Dair
RGS., 10004-10Jo 1939

Dogn, F. F. "antiblotdes in Milk." HMilk Plant donthly,
3 :(9)28—303 1§50.

Bvans, A. C., Hastings, B. G., and Hert, E. B. "Becteria
Concerned 1in the Production of the “H@fﬂ@ueriunlc
Flavor in Cheese of the Cheddar Type.” J. Agri. Res.,
2:167-1%92, 1914,

golding, . 5., Anundson, R., and Jagenaar, . .
Hractors &iieetlnu the Developmenti of Acidity in
Pasteurized Skim MLlk Inoculated Jith Comumerecial
Lactlic gturt@fa.” Jd. Dairy Sci., 26:,0“~91) 1243,

Golding, MN. S. Communication to H. C. Ulson, Dalry
Depariment, Oklahoms L. and M. College, ﬁtlli“&b%?;
Oklehoma, September 29, 1950.

Hales, M. W. 2Cultuv s and Ste rters.” Flrst editlion.
lilwaukee, Wisconsin: Chr. Hemsen's Lobor ratory, Inc.,

1 9’2‘%“5 -
Hammer, B. ¥. "New Angles to the Starter laker's

Froblem." J. Galry Sci., 4:277-285. 1921.

Hommer, Be W. and Balley ﬁ. E. "The Volatlle Acid
Production of & tart and Orgenlsms Isolated From
Them." Iowa Agr. ﬁ;p. Sta. Res. Zull. 55, 1919.

Hensen, H. C., Bendlxen, H. 4., and Theopiallus, L. R.
"Influence of ﬂ?fizrer Starters on the Cuallty
of Cheddar Chessge." J. pDairy gel., 16:121-127. 1933
Harrison, J. and Dearden, D. Ve ' 'Slowness' in
Cheesewaling." J. Dalry Bes., 12:3F

Hood, B. G. and Katznelson, H. "Influence of Peni
and Other Antibiotlcs on Lactlc Sirepltococci in
starter Cultures Uqgu in Cheddar Cheesemaking.'
Je Dalry sSci., 32:961. 1949



(27)

(28)

P o~
(WY

e
2

h Wt

Horral, B. 5. and Blliker, 2. 8. "An “"*Lvi*“ Test To
c

l‘?
Cheddar and Cottage Gheeﬁp starters.”  J. Dalry Sei.,
30:523=-524. 1947,

Horral, B. L. and Elliker, P. R. A Actlvity Test for
Cheddar and Cottage Cheese at@rtefm " J. Dairy Bel.,

33:045-249,  1950.

Elliker, P. R., and Kensler, ¢. "Phe Use
G
e 9

h R
of Reconstituted ﬁou“f&b Dry Kilk Lolids for
Propagation of lother and Batch Starter Cultures.

Jd. Dalry Sgl., 53°250~“56 1950.

Hucker, G. J. and Marouardit, Je. C. "The Lffect of Certain
Lactic Acid vmoeu ring Streptococel Upon the Flavor of
Cheddar Cheese."” N. Y. Agr. Zxp. Lta. Tech. Bull. 117,

1926.

Funter, G. J. B. "The Influence of Bacteriophage on the
Cheesemaking Process.” J. Dalry Res., 13:294-301.

Hunter, Ga Js e ”The Bffect of Penicillin on Lactie
Streptococei.” J. Dairy Res., 16:39. 1949.

Hunter, Go Je e and “ditehcﬁd, e Re M
Qﬁ@?ﬁ&l ("Mon-acid") Milk on Cheess
Hag. » 3‘:123 lL.‘:BO l,/“*}"(:jao

——-— .

16 l 1fluence of
N
08

h
5 ter Cultures.™

Johns, 0. K. "further Studies on deuCﬂlOuﬂ&Q@ in Aelation
to Cheddar Cheesemalking." Dalry Hes., 13:119-122.
e v v

Johns, C. XK. and Berard, H. L. "The Effect of COver-
; Unon thg'kctivitj of Cheddar Cheesge Starters.
Je Dalry fQes., 13:127-135%. 1943,

13

Kelly, C. D. "lLaectlc Acid Streptococel 4cs
marly stages of Cheddar Cheecue miOuuL 17
AP .;.,a-}‘._p‘ Et??u- Toechs Bllll- 2019 3 -

Krudsen, 5. "Starters." Jg. Dale

Erienke, W. L. "Peni
B}QL@Pdlln 2314
Hontinls

jonard to starters,

i11in in Milk.
e ¥ilk P2lant

wiacture.”
G

Leber, H. in Starter actbiviiy Teot.” Milk
7
t

Resazur
Plant Honthlys, 39:{9)40-42. 1950.

Marshaell, ¥. 5. "an 4ssoeciated Study of ur phococcus
Lactbicus and Bacillus Subitills in 1L17 ga Dairy

SCles 3:406-41%. 1920,



(43)

(44)
(45)

(46)

(47)

(48)

(49)

(50)

Michaelian, M. B. and Hammer, B. W.
Volatxle Acldity P
Acld Fermenting Streptococei.®  J.

16: 157~ 164, 1933,

rm

rodueced 1in II11lk by the
Daivy

"Telscm', Fe ;,., Harriman, L. A., and Hammer, B. V.
lowa

"Slow Acid Production by Lut“
i’s@l". .,iuy‘Qu ubau Res. Bull. 56 1959-

Wichols, 4. A. end wWolf, J« Z.
svarters

J. Lalry Res., 14:81-83. 1945.

Wolf, J. Z.
“ d. Dalyy Res., 14:

Nichols, A. A. and
Bacteriophage.

Prouty, C. Cs
ﬁtreptoﬂocbug Lactis
15Gj.l 5 f... ng)'—c‘o‘,' 1940:

fushe, . 4. "Penlclillin and Other Sta:

Kilk Plant Honthly, 39:(3)36-42. 195

Sherman, J. M. and Hodg, , H. 1.
Acld Production of Direptococcus

Tobserva
With Reference to Baoteriop
rrage-organism Relationships of Stra

"Obhoervations on the Growth
in ¥estitls Tilk."

Lf~. ¥
=

C.

"Rate of or
Ieactis.

gg;., 17:487-500. 1034

Lol nead, He Re and GO\, Ge Ao
Determination of Vitalidy in &
J. Sgl. and Tech., 13: jGé—ﬁQQ.

Whit

willtOimw. He Re and Cox, 3. A. "Obsc

ctor- in the Milk of

Lh@ Growth of Lactic Streptococcl.”
27:951~959. 1933.

Whitehsad, H. R. a2nd C Ge A “Observatimns
Changes 1ln the Rate 0; Acid Formatlon
uUlGHF“L of Lectic
3:197-207.

1934,

ﬁd Hunter, G. J. He

nufacture.
in dultures
10:120«1%2. 183G,

untear » Fa Jda ihe
wobure.
Sacteriophage.’ J.

Whitehead, iH.
fTor Chesse v
Fallures ue %
12:63=T0. 1941.

Wilster, s H. "Practical Cheddar Cheesc

FLTth editlion.
1947

Cheese Technology."
Ge 8. 0. Cooperative ABSN.,

,Indiv1daal SONu

streptococcl.t o

i

Ty wegde Ty ey e e
cuftnaf LAtten

it
e rU." LJU..P\_A ..

95-199.

"Heat Reclilstance of

1945,

_:zo ML‘:lL‘?Q‘

Ix

£

N

i

J.

owLl dﬂd

YPhe Source of the
Lactic
gCiqs

1

tions on Chegse
hoge and the .
ine Isolated.”

Responces of

el ry

rrations
Which ¥

Or Some

odify

Biochen.

"J»«
G EE

Maintenance of
Q‘E‘ I;,!-. JCJ‘L.,L\.: :t,

Lo

Sudden

ster Culturses
Pro-

A01d

rapbococel.”

rher Culitures
ts to Eliminate



THESIS TITLE: A Comparison of Various Culture Aetivity
Tests for Determining the Rate of Lactie
‘Acid Production by Cheese Cultures

VANE OF AUTHOR: Willism Hldon Foster

THRESIS ADVISER: H. €. Olson

The content and form have been checked snd approved
by the author and thesis sdviser. YInstructions for
Typing and Arranging the Thesis® are availsble in
the Graduate School Office., Changes or correctiong
in the thesis are nst made by the Gradus-te School
offiee or by any committee. The copies are sent to
the bindery just as they are approved by the author
ond faculty sdviser, '

NAVE OF TYPIST: Fronces Ireland Stromberg





