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INTRODUCTION

There has been little change in the methods used for
making of cottage cheese in the last decade. While per
capita consumption has greatly increased, the time required
for the manufacture of cottage cheese has not been reduced.
Therefore, the producer must increase size of equipment and
plant space to increase production.

Methods have been developed for the contlnuous making
of butter, ice cream, and processing of milk and more recent-
ly, for cheddar cheese., It would seem logical that a con-
tinuous method for the manufacture of cottage cheese could
be developed. Before such a method can be developed, the
various factors which influence the rate of coagulation of
the milk must be established.

The work hersin reported 1s g study of various factors
affecting the rates of acid development in, and the pericd
of time required for the coagulation of, milk in the man-
ufacture of cottage cheess. A study was made of the various
factors affecting the rates of acid producticn by lactic
cultures. These included: (1) additicn of Stimulatory
materials, (2) rates of inocculation, (3) depth of milk layer,
and (i) the solids content of the milk., Also studied were

mocdified methods for making cottage cheese.



REVIEW OF LITERATURE

Certain peptides or crude extracts containing peptides
have a stimulatory effect on the growth of various species
of bacteria in the family Lactobacteriaceae (7, 11, 12, 13,
1y, 15, 17, 21, 24, 25, 26, 27, 28, 29, 35, 37). Interest

in this general subject was intensified by the work of
Sprince and Woolley (28), who coined the term "strepogenin!
to describe these stimulatory peptides. They found that
tryptiec digests of many proteins were much richer sources
of the growth factor than was the liver extract previously
used as a starting point for analysis.

Sprince and Woolley (28), also noted that highly pur-
ified proteilns isolated from pancreas were s far richer
source of stimulation than was pancreas itself. In assaying
autolysates of pancreas, it was found that the major portion
of the strepogenin of this organ could be accounted for in
the insulin and proteolytic enzymes normally found thereino-
This pointed to the conclusion that strepogenin was a part
of the protein molecule. Furthermore, slow liberation of
the factor during tryptic digestion suggested that this
compound was an integral part of the protein rather than an
impurity.. It was alsc possible for a protein to contain all
the amino acids and yet not possess strepogenin activity,

for the amino acids might not be linked together in the



proper combination.

Peeler ot al. (21), obtained evidence that acid-hyd-
rolyzed casein contalned at least two unidentified growth
factors Whidh were also present in liver extracts. Rickes,
Koch, and Wood (23), showed that a pronounced increase in

growth rate of Lactobacillus casei was observed when the

levels of asparagine, serine, and glutamic acid were in-
creased in the base medium. It was belleved that these amino
aclds servéd directly or indirectly as precursors of strep-
ogenin activity. Stokes et al. (29) presented evidence that
trypsinized casein was about four times as potent as Wilson's
liver fraction "L" when used in low concentrations for |

Lactobacillus casei and that high concentrations of aspar-

agine inhibited the growth,

Evidence Was presented to show that strepogenin is not
a single amino acld or even a combination of only several
amino acids (1l, 17, 21, 29, 35, 36, 37,). It was also
believed that some specificity of structﬁre was involved.
Strepogenin activity had been found to be present in many
different protein substances such as extracts from liver,
yeasts, 1nsulin, hemoglobin, casein, crystalline mosaic
virus, and pancreas. Woolley and Merrifield (37). showed
that the substance with the highest strepogenin activity
was synthetic insﬁliﬁ which had undergone partial hydrolysis,.

Garvie and Mébbitt (7, showed that the rate of acid

production by a slow variant of Streptococcus cremoris in

milk was raised tc that of the fast parent strain when pep-

tone or acid hydrolysed peptone was added. Other sources



of available nitrogen gave similar results. This led to
the conclusion that the factor which changed a fast culture
to a slow culture was due to the loss of ébility to utilize
the nitrogen compounds of milk.

Speck and co-workers (17, 2hg 25, 27), attempted to
identify the constituent amino acids in pancreas extract
which were the stimulators for the lactic acid bacteria.
They were able to identify fourteen aminc acids. It was
noted that all of the amino aclds that had been reportsd
tc be present in peptides possessing strepogenin activity
were present in the two active peptides isolated from pan-
creas tissue., This gave further confirmation to the fact
that strepogenin was not confined to a single compound.

MacLecd and Gordon {(15), reported that Streptococcus

lactis and Streptococcus g¢remoris possess peptidases capable

of hydrolyzing a number of commercially avallable dipeptides
and tripeptides into the constituent amino acids. It was
alsc shown that 1f the C=terminal aminoc acid of the peptide
was of D=configuraticn, no hydrolysis occcurred. Dipeptides
in which ons of the constituent aminc acids was L-lsucine or
Li=valine, when substituted for these aminc acids in chemi-
cally defined media, were shown to fulfill the nutritional
requirements of each of the cultures for these essential
acids.

Kihara and Snell (12, 13) and Kihara, Ikawa, and Snell

(11), using the organism Lactobacillus casei, gave svidence

which strongly supports the views that to serve as a sole



gource of an essential amino acid for growth, a peptide must
be hydrolyzed by the cell and that the growth=promoting
activity of hydrolyzable peptides may be greater than , equal
to, or less than that of the free limiting aminc acid they
supply depending upon whether the two independent processes
of abscrption and hydrolysis supply the limiting amino acid
to the cell at a rate greater than, equal to or less than
that which the free amino acid can be absorbed from the
medium. These results lead one to believe that requirements
for complex peptides (strepogenin) ére apparent only and re=
sult from the fact that a single peptide must supply several,
rather than only one, of the limiting amino acids in a form
that can be absorbed and utilized by the cell more rapidly
than the free amino acids of the mediﬁmo There is thus no
evidence that peptides having strepogenin activity play any
special role in metabolism of the organism other than as
readily availlable sources of limiting amino acids.

Speck and Ledford (26), showed that by adding aqueous
extract of pancreatic tissue to cobttage cheese milk at the
time of setting, they could speed up the time for develop=
ment of the proper amount of lactic acid by as much as L0%
and decrease the overall time for making of cottage cheese
as much as l2%. They also stated that the finished product
had no difference in flavor or appearance from the control
product which was made by the standard "short-set" me thod.,

The influencs of rate of inoculétion on propégation of

mother cultures has been investigated by several workers.



Hales (8) recommended the use of 1.0% inoculation or greater
so as to get desirable development of all the organisms
present and to keep the blend of organisms as intact as
possible.,

Olson, Beachboard and Cohenour (20), recorded the ac-
tivity on lactic cultures regularly inoculated at the rate
of 0.1%, 0.4%, and 1.6% for a period of 6 weeks and found
that best activity was maintained with the 1.6% inoculation.
The activity decreased progressively with lower percentages
of inoculation.

Babel (2, 3), stated that the first inoculation should
be incubated until the milk is curdled and then cooled until
the next propagation. SBucceeding inoculatlons should be at
the rate of 1.0% with incubation at 700 to 729F. for 1l to
16 hours. He stated (2), that if an incubation period of
1 to 16 hours resulted in a culture having too great an
acidity, the iﬁcubation time of the culture should be de-
cfeased rather than the amount of inoculum.

The influence of depth of milk layer on the rate of
lactic acid production of cultures was reported by Harper and

Huber (10), using the organisms Lactobacillus bulgaricus,

Lactobacillus lactis, and Streptococcus thermophilus. They

were able to show that differences in the ratlio of the sur-
face area to the depth of the milk was related to problems
involving slow acild development'during the manufacture of
experimental ProValone cheese, It was also noted that the

ratio of the surface area to the depth of the milk must be



similar to that which was used in carrying the starter cul-
ture to maintain the same rapld acid development.

Thurston and Barnhart (31), investigating the effects
of heating skimmilk on the pH at coagulation by lactic cul-
tures, showed that as the heat treatments of the skimmilk
were raised from 145° to 198°F, for 30 minutes, the pH at
coagulation increased from ;.60 to 5.03. They believed that
this was caused by the effect of heat on the casein. They
also found that the amount of acid produced at the time of
coagulation was less as the temperature of heat treatment
was lncreased, The time for coagulation under uniform set-
ting conditions was about the same for lots of milk pasteu-
rized at temperatures up to 155°F., but was reduced material=-
ly at 165°F., beyond which there was little further change in
coagulation time.

Emmons, Price, and Swanson (5, 6) reported the same
effect on the pH at time of coagulation. Their work covered
both skimmilk and reconstituted non-fat dry milk solids.

The amount of starter culture which should be used in
making cottage cheese seems to be one of preference by the
individual cheese makers, Van Slyke and Price (33), suggested
that when the short set method 1s used, the amount of starter
to add to the skimmilk should be l to 5%. They believed
that this was the maximum amount of stafter that could be
used without deCreasing the filrmness of the cottage cheese
curd. They also stated that the starter should be strained

before i1t 1s added to the skim milk for cottage cheese to



remove particles of curd and aid in thorough distribution.

Thurston and Gould (32), made cottage cheese with
starter amounts ranging from 1.0 to 10,0%. The period re-
gulred to develop a titratable acidity of 0.6% was 6 hours
for the 1% inoculation, u hours and 30 minutes for 3%, 3
hours and 55 minutes for 5%, and 3 hours and 5 minutes for
10%.

Hales (9), stated that when the short set method was
used, it was desirable to avcocid the use of excessively high
percentages of starter because the starter was a coagulated
material and might interfere with good knitting of cottage
cheese curd if too high a percentage was present,

Morgan, Jarman, and Willingham (19), using inoculation
rates of 5, 10, 15, and 20%, showed that the average time
from setting to cutting was 5 hours and 20 minutes, 3 hours
and L7 minutes, 3 hours and 21 minutes, and 3 hours and 5
minutes, respectively., This was a savings of 1 hour and 13
minutes, 1 hour and 59 minutes, and 2 hours and 15 minutes
for the 10, 15, and 20% inoculations, respectively., They
stated that there was no significant difference between the
yield cbtalned at the various rates of inoculation and that
the whey losses from the variocus lots were approximately the
Same .

Stone, Lange, and Graf (30), showed that they were able
to use 7 pounds of starter per 25 pounds of milk (28% starter)
when making pilot vats of cocttage cheese with reconstituted

non=fat dry milk solids and rennet added at the rate of 0,25



ml per 100 pounds of milk plus starter, With good low heat
dry milk powder, exceilent bateches of chesese were made,
while some were of very poor quality depending on the
quaiity of the Speéific low heat dry milk powder used.

. There are numerous articles written which state that
a specific per cent total solids should be used in the milk
for the manufacture of cottage cheese (1, 6, 9, 22, 30, 33,
3L). Angevine (1), stated that for small curd cottage cheese,
8.5 to 9.0% solids was most suitable with fresh skimmilk and
9.5% to not more than 10.5% solids if reconstituted non-fat
dry milk solids were used. He also stated that for large
curd cottage cheese, fresh skimmilk with 9% solids or forti-
fied to 12% solids With low heat powder maj be used. When
making with all reconstituted non-fat dfy milk solids, g
solids content of 11% to 12% should be used.,

Whitaker (34, reéommended using from 9 to 12% solids
when making cottage cheese with non-fat dry milk solids as
the sole source of solids. He stated that if 9% solids were
used, the acildity of the whey at the time of cutting should
range from 0.50% to 0.52% and should be increased 0.02% for
every 1% increase in solids content.

Hales (9),.fecommendéd the addition of 1%/ponmfat dry
milk solids and/or.cohdensed skim of low hesat freatment to
skimmilk for cottageﬂ§néése_manuracﬁuré.

Attempts td;ﬂiﬁd:methods of'ﬁékingicottage cheese with-
out the use of lactic staftefs s0 that more speed and uni-

formity of produptjcou1d be obtained were presented by Deane
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and Hammond (L), using meso-lactide at an amount equal to
8.8% of the solids~not-fat of the milk. They were able to
coagulate the milk and reach a pH of about li.6 in 2 hours

at a temperature of 25°C. or L7 minutes at a temperature of
37.5°C. It was found necessary to use about 0.02% calcium
chloride with the lactide to obtain normal expression of the
whey dufing cooking. They also noted that the addition of
rennet made 1t possible to cut the curd at higher pH values
than normal and thus reduced the setting time. It was stated
that & coagulation temperature above 37°C. caused excessive
matting of the curd but if the temperature was below that,

a cottage cheese made by this method had a bland flavor and
was very similar in appearance to that made by starter
cultures.

Mabbitt, Qhépman, and Berridge (16), reported that
glﬁcono-delta—lactone, when dissolved in milk, hydrolyzed
slowly to produce gluconic acid, and formed a sultable curd
for making cheddar cheese., Deane and Hammond (L), using
glucono=delta=-lactone, found that it was unsatisfactory for
cottage chesse méking because of the 1ong period required

for coagulation of the milk.



EXPERIMENTAL METHODS

A. ROUTINE PROPAGATION OF CULTURES
The cultures used in these experiments were commercial
lactic cultures taken from stock cultures maintained at
Oklahoma State University. The lactié cultures consisted

of strains of Streptococcus lactis and Streptococcus cremoris

in combination with strainsg of Leuconostoc.

The method for propagation of these cultures was as
follows: Approximately Q ml gquantities of reconstituted
non-fat dry milk solids (10 gm added to 100 ml distilled
water) were dispensed in screw capped test tubes containing
calcium carbonate (CaCO3) and autoclaved for 15 minutes at
15 psi.. The milk was tempered to 72°F., i1lnoculated with 0.1
ml (1%) of the culture, and incubated for 1l to 16 hours at
700 to 72°F, The cultures were then placed in a cold room
at |5°F. until needed.

Before belng used, the cultures were propagated twice
in milk (without added calcium carbonate) in order to re-
store theilr vigor, Activity tests were frequently run in
order to insure the selection of cultures which would be

satisfactory.

11



B. GENERAL CHEESE MAKING PROCEDURE

The following 1s a brief description of the process
used as the general or routine procedure for making of cottage
cheese: Cultures were propagated as previously described.
Milk was either pasteurized skimmilk (1L3°F. for 30 minutes)
with a solids content varying from 8.5% to 9.75% or recon-
stituted non=fat dry milk solids (10 parts to 100 parts of
water) with no further heat treatment applied.

The milk was dispensed at the rate of 9.5 pounds per
batch with 0.5 pounds (5%) starter added. The inoculated
milk was then tempered to 90°F, and allowed to stand for 1
hour at which time rennet was added at the rate of 0.0l ml
per 10 pounds of milk., The rennet was diluted at the rate
of 121,000 with sterilized distilled water and a 10 ml
vortion was added to the milk,

Titratable acidity readings were taken at hourly or
half hour intervals until the titratable acidity reading of
the whey reached a value of 5.2 (approximately 0.51%). At
this point, the curd was cut with 3/8 inch knives and allowed
to stand for 15 minutes prior to the start of cooking. In
the cooking process, the temperature was brought up at the
rate of 20F, every 5 minutes until reaching 1209F. The curd
weas held at this témperature for 20 minutes or until cooked
out,

Upon completion of coocking, the whey was partially
drained and tap water was added at the rate of hQOOO ml per

10 pound lot. This was allowed to stand for 15 minutes,



drained and repeated. After partially draining the last tap
water rinse, ice water was added at the rate of l.,000 ml

per 10 pound lot and allowed to stand for 15 minutes. The
ice water was drained and the cheese curd was allowed to
drain for 1% hours. The finished curd was stored in con-
tainers at [5°F. for at least 12 hours before further tests

were pefformed°
C. TFOUR=HOUR ACTIVITY TEST

The Four-hour achtivity test was used in the determination
of the rate of lactic acid production by lactic cultures.
This method was used because 1t more closely represents the
making of cottage cheese than any cf the other types of active
ity tests. Briefiy the method used was as follows: Meas-
ured 9 ﬁl guantities of reconstituted non=fat dry milk
sclids (10 parts added to 100 parts distilled water) were
dispensed in rubber stoppered test tubes and heated in flow=-
ing steam for 30 minutes, The milk was then tempered to
Q0OF., inoculated with 0.5 ml (approximately 5%) of the cule-
ture, and incubated for Il hours at 90°F. At the end of the
incubation pericd, the milk was ccoled immediately in an
ice water bath. The entire contents of each tube was then
titrated with N/10 NaOH, using phenolphthalsin as the in-
dicator., The ml of N/10 NaOH required was used as an in-

dicaticn of the activity of the culture.



D, RECONSTITUTED NON-FAT DRY MILK SOLIDS

The use of reconstituted non-fat dry milk solids for
the routine propagation of cultures and making of cheese
was done as follows: Non-fat dry milk solids were added to
water at the rate of 10 parts of the solids to 100 parts of
water which gave a final total solids content of the milk
of approximately 9o1%. Distilled water was used in pre-
paring the milk for activity tests. Unless otherwise stated,
this procedure was used whenever reconstituted non-fat dry

milk solids were used.



EXPERIMENTAL RESULTS AND DISCUSSION

A. INFLUBNCE OF VARIOUS MATERIALS ON STIMULATION
OF ACID PRODUCTION BY LACTIC CULTURES

Several authors have reported on the stimulatory effect
of different materials on lactic acid producing organisms,
Much of the work was done with organisms other than those
used for the making of cottage cheese. Based on these facts,
work was undertaken to determine if some of these materials
had stimulatory effects on cottage cheese cultures and to
what extent they would affect the rate of lactic acid pro-
duction.

1. Pancreas extract. Pancreas extract, as reported

by Speck and co-workers (17, 25), is an agueous extract of
pancreas tissue which has a stimulatory effect on lactic
acild producing organisms. Trials were inititated to deter-
mine its stimulatory effect on mother culture and on acid
production during cottage cheese making.

a. Stimulation of lactic cultures by the use of pan-

creas extract. In order to determine the stimulatory effect

of pancreas extract on mother cultures with various abili-
ties to produce lactic acid, 16 cultures with titration
values ranging from 2.3 to 7.1 with the Four-hour activity

test were propagated by the routine procedare previously

15
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described. The pancreas extract® was made up as follows:
The dried product was added to sterile distilled water at
the rate of 1 gm per 25 ml of water and shaken until dis-
solved. To the tubes of milk prepared for the Four-~hour
activity test, 0.5 ml of agueous pancreas extract (approx-
imately 0.2%) was added and the Four=hour activity test was
run. Controls containing no pancreas extract were also run.
Titrations were run on all samples at 0 hours and l. hours
and the increase in acidity noted. The results are shown in
Table T.

Since one is concerned with the amount of aecid produced
during the four hour incubation period, the results are ex-
pressed in terms of the titration values at the end of the
four hours minus the initial (0 hours) titration values.

The initial titration values for the cultures without the
pancreas extract ranged from 1.7 to 2,1 ml and avergged

1.95 ml, while those for the cultures with the pancreas ex-
tract added ranged from 1.0 to 2.3 ml and averaged 2.1 ml,
With the Four=hour activity test, the titration values should
be 6.0 ml or higher for satisfactory cultures; therefore with
the initial values of about 2.0 ml, the increase during the
four hours of incubation should be lL.0 ml or more.

It will be noted that the pancreas extract had a stim-

ulatory effect on all cultures tested, The average increase

2
(]

-1

Dried pancreas extract was obtained from Dr. Marvin
Speck, Department of Animal Industry, North Carolina
State College, Raleigh, North Carolina.



TABLE T
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INFLUENCE OF PANCREAS EXTRACT ON RATE OF ACID PRODUCTION

BY LACTIC CULTURES

CULTURE NO. INCREASE IN ACID DURING INCREASE

NO., TRIALS FOUR-HOUR TEST nggRgzs

- PANCREAS EXTRACT ADDED EXTRACT

None 0,2%
ml ml ml
2 2 0.55 2.50 1.95
8 2 1.00 2.90 1.90
9 2 ly.60 5.60 1.00
26 3 0.60 2.85 2.25
27 3 3.45 L.25 0.80
28 3 3.80 5.15 1.25
29 3 3.85 h.95 1.10
30 3 3.05 l.50 1.45
37 Ly 2.55 l}.50 1.95
L1 8 5.00 5.80 0.80
iy 8 5.00 6.00 1.00
50 Ly 5.05 5.90 0.85
51 Iy 5.20 6.15 0.95
63 3 L.55 5.1.0 0.85
76 5 3.70 11.90 1.20
78 20 .75 5.10 0.35
Average Value 3.56 .78 1.22
No. Satisfactory 7 13

Cultures
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in acid during the four hour test was 3.56 ml for the con=
trol culbures and l[.78 ml for the cultures with the pancreas
extract added, a difference of 1.22 ml which was attribut-
able to the added stimulant. Of the 16 lactic cultures test-
ed, 9 failed to produce an increase in titration value of
lL.O ml or more which is considered adequate for making of
cottage cheese, Upon the addition of the pancreas extract,
only 3 cultures had titration values of less than L.0 ml.,
It will be noted that the three slowest cultures, Nos. 2,
8, and 26, were greatly stimulated by the pancreas extract
but were still too weak to use for cheese making., Without
pancreas extract, they produced 0,55, 1.00. and 0.60 ml
titration values, respectively, while with the extract, they
had titration values of 2.50, 2.90, and 2,85 ml, respectively.,

In order to determine i1f pancreas extract had a stim-
ulatory effect on stored cultures, further studies were in-
itiated. Four lactic cultures were prepared by the standard
procedure In quantities of 100 ml per culture. These cul-
tures were then stored at L5°F. and the Four-hour activity
test was run on O days, 1, 3, 5, 7, and 9 days. Pancreas
extract at the rate of 0.,2% was added to one set of activity
tests and none was added to the control set. The results
are shown in Table IT.

When pancreas extract was added to the culture, titra-
ticn values held up well until the fifth day when there was
a rapid drop in titration values. Cultures with pancreas

extract added still produced enough lactic acid to be
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TABLE IT

EFFECT OF PANCREAS EXTRACT ON STORED MOTHER CULTURES

DAYS INCREASE IN ACID DURING FOUR-HOUR TEST
STORED (Averages of Four Trials)
AT |}5OF -
CONTROL 0.2% PANCREAS
EXTRACT ADDRE
ml ml
0 li.80 5.70
1 .70 5.70
3 .35 5.60
5 3.55 5.05
7 2.20 3.75
9 0.80 1.25
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considered active enough for use in cheese making after the
fifth day while the titration values of the controi cultures
failed to show sufficiently high titration values after
three days of storage.

Based upon the results obtained from the above trials,
tests were initliated to determine if the pancreas eXxtract
had a lasting effect. Tubes for the Four-hour activity test
were prepared. Triplicate tubes for the control and with
pancreas extract added at the rate of 0.2% were inoculated.
One tube for each was titrated at O hours‘and another at I
hours while the third tube was chilled immediately after the
the four hours of incubation. This tube was held at L5°F,
for 1l hours and the Four-hour activity tests were run in
milk without the pancreas extract added., This was also re-
peated the following day. The results are shown in Table III.

The results indicate that pancreas extract does not
have a lasting stimulatory effect on the lactic culture and
that it must be present to cause stimulationg This would
lead one to bellieve that pancreas extract contains a nutrité
ional factor which 1s lacking in milk or not present in large

be Stimulatory effect of pancreas extract in cheese

making. In order to determine the stimulatory effect of

pancreas extract on the acid production during the cottage
cheese making process, two 10 pound lots of milk were made
into cottage cheese with the conventional procedure except

that 0.2% pancreas extract was added to one vat and none to
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TABLE III

INFLUENCE OF PANCREAS EXTRACT ON SUBSEQUENT TRANSFERS
OF LACTIC CULTURES

CONTROL PANCREAS EXTRACT
CULTURE TRANSFER PANCREAS 1st 2nd
NO. BEXTRACT TRANS. TRANS,
FIRST SECOND THIRD (0.2%) FROM FROM

PANCREAS PANCREAS
EXTRACT EXTRACT

ml ml ml ml ml ml
2 0,6 0.3 0.l 2.5 0.6 0.5
8 0.6 0.6 0.6 2.7 0.7 0.7
9 lp.7 .6 .6 5.6 1.6 .5
26 0.6 0.6 0.6 2.7 - 0.7 047
27 3.7 3.3 3.5 a7 3.5 33
28 3,8 3.7 3.6 5.5 L.0 L1
29 3.6 3.3 3.5 5.l 3.l 3.3

30 3.0 3.0 2.9 .9 3.0 3.2




the other. The time allowed to bring the temperature from
90° to 1209F, was shortened from 75 minutes to 45 minutes
for the vat containing pancreas extract. This was done be-
cause of the information obtained from work by Speck and
Ledford (26). Five trials were run using reconstituted non-
fat dry milk solids at the rate of 1 pound solids to 10
pounds of water which gave a final solids content of ap-
proximately 9.1%. The results are shown in Table IV,

The results show that the lots of cottage cheese made
with the addition of pancreas extract, on the average, were
cut approximately 1 to 1% hours sooner than the controls
and reguired only about one-half the time to cook out. The
savings in time for making the cottage cheese from start to
finish ranged from 2 hours and 05 minutes to 2 hours and [0
minutes.

The lots of cottage cheese which were made with pancreas
~extract had no detectable off flavors or odors and the bodies
and textures were similar to those of the control lots except
for slightly rubbery body defects.

It would seem that cottage cheese made with the use of
pancreas extract would be feasible in a commercial operation,
By the use.of pancreas extract, 1t would be possible to make
a complete batch of cottage cheese and also clean up in an
8 hour working day.

2. Amino acids and related compounds. Research has

been reported with the organism Lactobacillus casel which

Indicated that what had previously been reported as



TABLE IV
INFLUENCE OF PANCREAS EXTRACT ON TIME REQUIRED TO MAKE COTTAGE CHEESE

ml N/10 NaOH TO NEUTRALIZE PERIOD OF TIME FROM:
9 ml OF MILK 4.
TRIAL CULTURE PROCESS SETTING CUTTING TOTAL REDUCTION IN
NO. NO. INITIAL CUTTING DRAINING T0 TO TIME TIME
~ CUTTING DRAINING ATTRIBUTABLE
TO PANCREAS
EXTRACT
ml ml ml hr:min hrimin hrimin hr:min
L1 Control 2.2 5.2 5.7 L35 2:00 6:35
1
L1 P.E.¥ 2k 5.l 5.5 3:20 1:05 L:25 2:10
Ly Control 2.2 5.3 5.9 L:lo 2:00 6:40
% _
Iy P.E. 2.1 5.2 5.l 3:00 1:00 L:00 2:110
51 Control 2.3 5¢3 5.8 ly:05 1:55 6:00
3
51 P.E. 2.5 5.2 5.l 2:50 1:05 3:55 2:05
L 63 Control 242 5.1 5.6 l:25 2:05 6:30
63 P.E. 2.1 5.2 5.1 3:00 1:05 L:05 2:25
; 63 Control 242 5.2 5.7 235 2:00 6:35
63 P.E. 2.1 5.2 AN 3:05 1305 L:10 2:25

*Pancreas extract added at the rate of 0.2%.

£e



strepogenin activity was not due to complex peptides but
rather that it was due to the lack of certain limiting amino
acids which were needed to meet specific requirements,

Kihara and 8Snell (12), recommended that certain compounds
should be added to the basal medium for testing strepogenin
activity and if this was done, no strepogenin activity could
be shown with complex peptides. DBased on these facts, work
was undertaken to determine 1if any of the compounds which

were recommended by Kihara and Snell would have a stimulatory
effect on lactic cultures,

L-gscorbic acid, Le-cysteine, Leglutamine, L-serine,
guanylic acid, uracll, and spermine were tested for their
stimuiatory effect on lactic cultures, FTach of the above
compounds was made up by diluting the d;ied or crystalline
compound with a desired amount of double, glass distilled,
sterilized water. Concentrations of 1, 2, L, 8, 10, 20, L0,
80, 100, 200, 10O, 500, and 600 ppm of the various compounds
were added to reconstituted non-fat dry milk solids prepared
for the Four-hour activity test. The tests were then run in
the usual manner. Thrse trials were run with four cultures,
Similar results were cobtained for all cultures.

Spermine showed only slight stimulation at concentra-
tlons of 1 to 10 ppm added but no stimulation with concen-
trations of 20 ppm or higher., Based on the Four-hour activity
test, spermine at concentrations of iess than 10 ppm showed
titration values of O.lp ml greater than the controls which

contained no spermine,
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The results presented in Table V show the effect of
guanylic acid and L-~cysteine on the rate of production of
lactic acid by lactic cultures. Guanylic acid in concen-
trations of LO ppm or greater had a stimulatory effect on
lactic cultures with a maximum of stimulation at approx=-
imately 400 ppm. Concentrations over the [00 ppm had slightly
less stimulatory effect than that which was obtalned with
L00 ppm of guanylic acid. The maximum value of the increase
in lactic acid production due to guanylic acid was 1.20 ml
based on the Four~hour activity test.

The data in Table V shows that L-cysteine reduces the
rate of production of lactic acid by lactic cultures, At
concentrations of lesé than 20 ppm, L~cysteine had a slight
inhibitory effect on the culture., At concentrations of 20 ppm
there was marked inhibition and as the concentration of
L-cysteine was increased, greater inhibition occurred.

No stimulation or inhibition was noted for L=-ascorbic
acid, Leglutawmine, L-serine, or uracil at concentrations of
100 ppm or less, L-serine showed inhibition with concen-
trations greater than 100 ppm and L-glutamine showed in-
hibition with concentrations greater than 300 ppm. L-ascorbic
acid and uracil showed no effect even with concentrations of
600 ppm.

Guanylic acid was then added to a Four-hour activity
test in combination with pancreas extract. Guanylic acid
was added at the rate of ;00 ppm and pancreas extract was

added at the rate of 2,000 ppm (0.2%). The results are



TABLE V

INFLUENCE OF CYSTEINE AND GUANYLIC ACID ON RATE OF
ACID PRODUCTION BY LACTIC CULTURES

CHANGE DUE TO:

ppm
CYSTEINE OR INCREASE IN ACID
GUANYLIC DURING FOUR-HOUR TEST GUANVYLIC GCUYSTEINE
ACID ACID
GUANYLIC  CYSTRINE
ACID
ml ml ml mlL
0 5.65 5.65 0.00 0.00
1 5.65 5.60 0.00 ~0.05
2 5.65 5.60 0,00 -0,05
L 5.65 5.15 0.00 -0.20
8 5.70 5.5 #0.05 =0,20
10 5.70 5.45 #40,05 =0,20
20 5.75 l.85 £0,10 ~0.80
110 5.80 4. 30 A0.15 =1.35
80 5.90 3.80 £0.25 =1.85
100 5.95 3.30 £0.30 =2.35
200 - 6.0 2.65 A0.75 =3,00
1100 6.85 1.65 #L1.20 =11, 00
500 6.75 1,50 #1.10 =l.15

€00 6.70 1.45 A1.05 ~l..20
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shown in Table VI. These results indicate that guanylic
acid had, at the most, only a slight stimulatory effect on
the lactic culture when added with pancreas extract. Thils
would lead one to believe that pancreas extract either con-
tains guanylic acld or a compound which can replace it. It
was also observed that with each of the four cultures used,
the pancreas extract was more stimulatory than the guanylie
acld with the concentrations used,

It would seem from these results, that the compounds
which were used by Kihara and Snell (12), except for cysteine
and guanylic acld, had little or no effect on the growth of
lactic cultures, It could alsoc be concluded that guanylic
acld plays a part in stimulation of the lactic culture to
‘produce lactic acid but that pancreas extract can replace 1t
and has a greater stimulatory effect. Cysteine in any amount
seemed to have a detrimental effect on the production of
lactic acid although the effect was only slight until greater
than 10 ppm of the cysteine was added.

B. INFLUENCE OF VARIOUS FACTORS ON THE RATE
OF ACID PRODUCTION BY LACTIC CULTURES

Several factors other than adding of stimulants were
considered which might have an effect on lactic acid produc-
tion by lactic cultures. Considerable work has been done
which shows that temperature plays a vital part in the rate
of lactle acid production. Work has also been done which
indicates that rate of inoculation, depth of milk layer, and

total solids in the mlilk also play a vital role in rate of



TABLE VI

INFLUENCE OF GUANYLIC ACID AND PANCREAS EXTRACT IN
COMBINATION ON THE RATE OF ACID PRODUCTION BY
LACTIC CULTURES

28

CULTURE NO. INCREASE IN ACID DURING FOUR=HOUR TEST
NO. TRIALS

CONTROL GUANYLIC PANCREAS GOMBINATION

ACID EXTRACT

ml ml ml ml

I 3 3.95 L.L5 5.10 5.10
inn 3 .15 1. 60 5.20 5.30
63 i l} .60 5.20 5.60 5.65
78 L L.85 5:00 5.20 5.35
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lactic acid produced. Accordingly, experiments were initi-
ated to determine how much the amount of inoculation used

in the propagation of mother cultures, amount of inoculation
used in making of cottage cheese, depth of milk layer, and
total solids in the milk effected the production of lactic
acid by lactic cultures.

Le Effect of amount of inoculum used in propagating

mother cultures. In order to determine the influence of

the rate of inoculation for propagating mother cultures on
the rate of production of lactic acid, cultures were carried
through successive transfers using different rates of in-
oculation, TFour active cultures were selected and carried
through 10 successive transfers with inoculation rates of
0.1, 0.3, 1.0, 3.0, and 10.0% for each culture., The Four-
hour activity test was run after each transfer and subse-
quent ripening. The results are shown in Table VIT and sum-
marized in Table VIIT,

The results in Table VII indicate that when transferring
mother culture one should not use a heavier inoculation than
1.0%o The results also show that there is 1ittle difference
in activity of the cultures with 1.,0% incculation or less,
One factor which is not revealed in the results of the activ=
ity tests 18 that of flavor. Cultures which were trans-
ferred with 0.1% inoculations had a green Tlavor after the
10 days of transferring while those which had been trans-
ferred using 1.0% inoculations maintained a good flavor.

This would seem to be due to the fact that the Lieuconostoe




TABLE VII
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INFLUENCE OF AMOUNT OF CULTURE USED TN TRANSFERRING
MOTHER CULTURES ON RATE OF ACID PRODUCTION

TRANSFER CULTURE

INCREASE IN ACID DURING FOUR-HOUR TEST

NO.,
PER CENT CULTURE ADDED
0,1 0.3 1.0 3.0 10.0
ml ml ml ml ml
1 {70 lL. 60 ;.50 lt. 30 3.60
2 5.10 lL.70 ly.80 11,50 li.60
3 lt.35 l}.10 ly.15 ly.05 3.90
L L.75  L.50  L.55 .30 L.10
5 i1 li.60 L.55 l1.50 1|50 .25
6 5.10 .90 L.60 ly.65 ly.50
7 5.20 5.00 1} .60 .70 li. 30
8 .85 5,15 L.65 .30 li.30
9 Lo 45 l1.60 .10 .20 110
10 5.05 5.35 5,10 11,80 lL.50
1 li. 60 li.60 5.00 li.60 ly.20
2 5.10 5.30 5.50 5.10 l}.90
3 L.65  5.05  L.90  L.75 l}.50
A 5.05 5.25 5.10 5.05 15
5 Ly 5.00 5,00 5.20 5,00 .75
6 5.20 5.30 5.30 5.10 L,.80
7 5.15 5.40  5.30 .95 L.85
8 5.05 5.15 5.0 5.00 175
9 li.35 l1.80 ly .85 ;.50 ll.10
10 .70 L,.80 5,30 5.20 .75
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TABLE VII (Con't)

INFLUENCE OF AMOUNT OF CULTURE USED IN TRANSFERRING
MOTHER CULTURES ON RATE OF ACID PRODUCTION

TRANSFER CULTURE INCREASE IN ACID DURING FOUR-HOUR TEST

NO.
PER CENT CULTURE ADDED

0.1 0.3 1.0 3.0 10,0

ml ml ml ml ml
1 L. )5 Iy .50 ly.30 li.15 l1.00
2 .50 li.30 ly.00 3.90 3.140
3 IYITe) ly.25 ly.25 .15 3.90
L L.65  L.60  L4.35  L.45 L.30
5 63 5,05 .95 L. 65 li.60 L. 30
6 5.00 5.00 Iy .85 .50 Iy.Lyo
7 190 ly.95 l.90 ly.60 ly.20
8 5.00 5.00 5.10 ly.lo l;.00
9 ly.90 5.10 5.10 ly.15 3.90
10 1,90 5.25 5.15 .20 3.70
1 ly. 60 .50 ly.30 ly.20 Ly, 00
2 I ly.00 . L5 3.90 3.5
3 ly.90 ly.50 .45 ly.lL0 ly. 00
Iy ly.95 l1.85 .70 ly.70 .25
5 78 1,90 1190 ly.80 I .60 ly.30
6 5,10 ly.90 .85 ly. 110 ly.30
7 5.00  L.95  L.90 k.30 L.4o
8 5.00 1190 5.10 .25 li.10
9 lt.90 li.85 5,00 ly.00 3.80

I_J

(@)
—
o)
1

.70 lL.90 lL. 00 3,65




SUMMARY OF INFLUENCE OF AMOUNT OF CULTURE USED
IN TRANSFERRING MOTHER CULTURES ON RATE OF

TABLE VITI

ACID PRODUCTION
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CULTURE TRANSFERS

AVERAGE INCREASE IN ACID DURING FOUR-

NO. HOUR TEST
PER CENT CULTURE ADDED
0.1 0.3 1.0 3.0 10,0
ml ml ml ml ml

1- 5 L.7o  L.hg  L.50  L.33 li.09

L1 6 - 10 .93 5,00  L.67 L.53 L3l

1 - 10 11,82 L.75 .59 Loli3 li.22

1 5 l;.88 5.0l 5.1L .96 ;.56

Ll 6 - 10 L.89  5.09  5.23  L.95 LL.6l

1 - 10 1,89 5,07 5.19 11,96 11,60

1 - 5 .61 1,52 li. 31 li.25 3.98

63 6 - 10 L. 9l 5,06 5.02 .37 L. ol

1 - 10 L.77 L.79 lL.66 li.31 1y, 01

) 1- 5 L6 L35 L.k L3600
78 6 - 10 .97 1186 1195 l1.19 ly.05

1 - 10 li.87 Lo71 J1.85 L. 28 [,,03

1 5 L. 7h l.65 .62 Lo1y8 .16

average

Lo 6 - 10 4,93  5.00  L.97  L.51 L.27
1 =10 ;.83 11,83 1,80 1,119 1,21




grow more slowly than Streptococcus lactis or Streptococcus

cremoris but will continue to grow when the pH is low enough
to stop the 8. lactis or S. cremoris. It would seem that
with 1.0% inoculation, peaks of acid production would be
reached sooner than with the 0.1% inoculation thus allowing

the Leuconostoc a longer period of time to develop and to

produce flavor compounds.

When transfers of inoculum were greater than 1.0%9 the
titration values for the Four~hour activity test were some-
what lower. This would be due to the fact that with the
heavier inoculation, peak acid production would be reached
sooner than with 1l to 16 hours of incubation before running
the Four-hour activity test, the cultures would have passed
their peak ability to produce lactic acid. If the incubation
time were shortened, the titration values for the 3% and 10%
inoculation rates would probably have been higher,

If the heavier inoculation rates (3% and 10%) caused a
gradual weakening of the cultures; the activitles on the
last filve propagations would be much lower than on the first
five. The data in Table VIII show that this is not true.
Except for one culture (No. 78) the average activity values
for the last five determinations were equal to or higher
than those for the first five. This suggests that the heavy
inoculation rates do not Weaken‘the éultures and that the
relatively low activity values résulted from the culture have
ing passed the peak for greatest activitye.

From all indications, a 1.0% inoculation is desired
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when transferring mother cultures and an incubation period
ranging from 12 to 16 hours is desirable at incubation
temperatures of 70° to 72°F,

2, Bffect of depth of milk layer. In order to de-

termine if the depth of the milk in the vat influences the
rate of lactic acid production by lactic cultures, cultures
were propagated in equal gquantities on milk in different
shaped containers, Reconstituted nen-fat dry milk solids
were made up in 200 ml portions and heated in flowing steam
for 30 minutes and tewmpered to G00F. The milk was then
fnoculated with 5% of the desired culture which had been
propagated by the routine procedure. One-hundred ml of the
inoculated milk was poured into a sterilized 10 X 1 inch
test tube and the remaining 100 ml of milk was poured into
a 500 ml erlenmeyer flask. The milk in the test tube had =
depth of 7% inches and the depth of the milk in the erlen-
meyer flask was three~fourths of one inch, Both containers
were incubated at GOOF. for L hours. At the end of the L
hour incubatiocn, 9 ml samples from each contaliner were ti=
trated with N/lO NaOH to determine the amount of lactiec acid
produced in a [ hour period. Three or four trials were run
on each of five cultures. The results are shown in Tgble IX.

The results indicate that the depth of the milk has =
slight influence on the amount of lactic¢ acid produced. 1In
all cases, more lactic acld was produced in the tubss than
in the flasks, The difference in lactic acid procduction

based on ml of N/10 NaOH ranged from 0.33 ml to 0,77 ml with
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TABLE IX

EFrECT OF DEPTH OF MILK LAYER‘ON THE RATE OF
PRODUCTION OF LACTIC ACID

CULTURE NO., AVERAGE ml N/10 NaOH REQUIRED DIFFERENCE
NO. TRIALS TO NRUTRALIZE ACID AFTER
l, HOUR INCUBATION IN:

TUBE FLASK

ml ml ml
1 3 .70 ly. 37 0.33
i b 5.43 L.90 0.53
63 L 5.78 5.1.0 0.38
68 3 6.50 5.73 0,77
78 i '6003 5.53 0.50

Average 5,69 5.19 0,50
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an average of 0,50 ml, This would lead one to believe that,

because Streptococcus lactis and Streptococcus cremoris are

facultative anaerobes, the oxidation=reduction potential is
more favorable when the ratio of surface area to volume is

small resulting in less absorption of oxXygen.

3. Influence of rate of inoculation of cheese milk.

The usual rate of inoculation for the making of cottage
cheese with the "short set" is approximately 5% of culture.
This portion of the study was undertaken to determine 1if
larger quantities of starter could be used and to determine
what effect the use of largser quantities would have on the
time required to make cottage cheese and on the quality of
the finished product. Work previously reported has indi-
cated that 28% starter could be used and a good cottage
cheese obtained.

8, Preliminary trials. Preliminary trials were run

with 9 ml portions of milk to determine the influence of the
rate of inocculation on the rate of acid production and time
required for coagulatiocn. By the use of small portions in
closed test tubes, there was less chance of contaminaticn
and other factors entering into the results.

Reconstituted non-fat dry milk solids were placed in
half=-pint bocttles, One bottle containing a 12C gm portion
and 3 bottles containing 100 gm portions were covered with
double parchment and heated in flowing steam for 30 minutes
and then cooled to 90CF, To the 120 gm porticn of milk,

80 ml of freshly ripened culture was added and shaken well.,



This was equivalent to a AO% inocculation. One-hundred grams
of this MO% inoculation was weighed into a 100 gm portion
of milk which was eqﬁivalent to a 20% inoculation. Tnis
was well shaken and a 100 gm porticn of this milk was welghed
into another 100 gm portion of milk which was equilvalent to
a 10% inoculation. This was well shaken and a 100 gm portion
of this milk was welighed into another 100 gm portion of milk
which was equivalent to a 5% inocualtion. Ten 9 ml portions
of the above lots of inoculated milk were pipetted into
sterile screw capped test tubes using sterilized pipettes
and placed in a 90C. incubator and held at this tewmperature.
One tube of each lot of ilnoculated milk was removed at O, 1,
1%, 2, 2%, 3, 3%, L, L}, and 5 hours and placed in an ice
water bath. Coagulation time was noted for each lot and pH
and titratable acidity were also run. The results are shown
in Table X,

It will be noted that with the increase in amount of
inoculation, the initial acidity increased from 1.80 ml
for the 5% inoculation te [ .10 ml for the L0% inoculaticn.
It will also be noted that time for first sigm of cozgula-
tion was shorbened and cccured at pH of approximately 5.0
and a titratable acidity value of approximately 5.l ml.
This coagulation point was reached st 3% hours with 5%7
inocculation, 3 hours with 10% inocculation, 2 hours wiﬁh 20%
inoculation, and 1 hour with 1;0% inoculation. This was noﬁ
a solid coagulation but only denoting the time when coag-

ulation had begun. Solid coagulation did not occur for



TABLE X

INFLUENCE OF RATE OF INOCULATION ON COAGULATION
TIME, pH, AND TITRATABLE AGIDITY
(Average of Four Trials)

RATE OF INOCULATION

TIME 5% 104 20%  Lo% 5% 10% 20%  Lo%
pH VALUES N/10 NaOH REQUIRED TO
TITRATE § ml OF MILK
hr ml ml ml ml
0 6.5 6.27 6,08 5.h1 1.80 2.10 2.90 L.10
1 .23 6.02 5.72 1.98% 2.10 2.65 3.80 5.,35%
1+ 6.16 5.82 5.39 L.71 2.35 3.15 L.55 6.25
2 6.00 5.53 5.07% .61 2.80 3.95 5.50% 6.60
2% 5.68 5.28 .72 .55 3.5 1..85 6.25 6.75
30 5.30 L.ob¥ b6 L.l 4e30 5.75% 6.55 6,95
3% L.99% L.72 L.65 L.ls 5.35% 6.30 6.80 7.05
Ly Le7l L.68 L.61 L2 6.20 6.55 6.95 7.15
I .65 L.6L .56 L.,0 6.35 6.80 7.05 7.20
5 h.57 L.50 L.48 L.Lo 6.70 6.95 7.15 7.20

YFirst Bvidence of Coagulation
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approximately another one-halfl hour,

Although there was quite a difference in the titratable
acidity values for the initial readings, there was somewhatb
of a narrower range of values after 5 hours of incubation.
At 5 hours, the titratable acidity value for the 5% inoc-
ulation was 6.7 and for the LO% inoculation 7,20, The pesk
acid production per given time was reached when the pH was
approximately L.7 and the titratable acidity was approximately
6.30 ml, This would indicate that there is a marked decrease
in acid development once solid coagulation has taken place,

Another peocint of interest 1s the amount that the lag
period is decreased when the amount of starter is increased.
With the use of AO% starter, there was little or no lag per-
1od noted while with 5% starter, the maximum production of
lactic acid did not start until after approximately 2 hours.

As previously mentioned, the time for ccagulation was
reduced as the amount of starter added was increased, It
will be noted that for every S% of starter added over the
original 5% of starter, there is a decrease in coagulation
time of approximately one-half hour up to a total of 20%
starter added. After this point, time which can be savéd
is less for the amount of starter added due to the lag
phase which the organisms go through before rapid growth
is evident.

b. Cheese making. PFrom the results obtained in the

preliminary trials, it appeared the larger amounts of culture

could be used to shorten the cheese making process,
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Accordingly, 10 pound lots of reconstituted milk were made
into cottage cheese. The routine procedure for making cot-
tage cheese was used except that the amount of starter was
varied from 5% to 40%. The results are shown in Table XI.

The results show that the time from setting to cutting
was reduced as the amount of starter added was increased.
When 10% starter was used, setting time was reduced approx-
imately 1 hour. When 20% starter was used, setting time was
reduced approximately 1 hour and 15 minutes. When LO% starter
was used, setting time was reduced approximately 2 hoﬁrs and
15 minutes. The time to cook the curd was not affected by
the amount of starter added, although there were slight_difn
ferences in time required for the different lots. It will
be noted that by the use of 10% starter rather than the con-
ventional 5%, the time for making cheese was reduced approx-
imately 1 hour. The quality of the cheese made with 10%
starter was comparable to that made with 5% starter excépt
for a slightly shattered curd with the lO%Istartera Cottage
cheese made with 20 and L0% starter was déemed unsatisfactory
because of the large amount of shattered curd, mealy texturs,
and poor color.

From the results obtained, the author believes that the
uss of 10% starter for making of cottage cheese would result
in a prcduct of high quality with a reduction in time of
approximately 1 hour as compared to the use of 5% starter.

li. Influence of solids content of milk., A factor which

is known to influence the time required to make cottage



TABLE XI

INFLUENCE OF RATE OF INOCULATION ON THE MAKING OF COTTAGE CHEESE

STARTER ml W/10 NsOH T0 NEUTRIA= TINE BODY &
FLAVOR TEXTURE APPEARANCE

ADDED LIZE 9 ml OF MTLK, ,
o — R SETTING
INITIAL CUTTING FINAL 70
| ~_ CUTTING COOKING TOTAL

% mL ml ml hrimin hrimin Rrimin

5 2.05 5.20 5,63  L:38 2:10 6:48  Good  Good Good

10 2.3 5.03 5.55 3:h1 2306 5:L7 Good Slightly  Good
Shattered

20 3.10 5,18 5.58 3:23 2:13 5:36 Good Shattered Chalky
& Mealy

Lo L5 =Ty 5.33 2:20 2:15 }s35  Good  Badly Dull to
Shattered Yellow
& Very
Mealy




cheese and also the quality of the finished cheese 1s the
amount of solids used in the milk. Too low a solids content
will give a poor bodled cheese which 1s weak, while too high
a solids content will cause the cheese to be coarse and have
a chalky appearance. Tests were undertaken to determine
what the optimum amount of solids in milk for cottage cheese
made with fortified skimmilk and with reconstituted ncon-fat
dry milk solids would be,

8. Preliminary trials. It was desirable to know at

what pH and at what titratable acidity coagulation was first
taking place. Reconstituted non-fat dry milk solids were
made up at rates so that the solids content ranged from 7 to
16%. Bight 9 ml portiocns of each lot of milk were pipetted
into screw capped test tubes and autcclaved for 15 minutes
at 15 psi. ‘The tubes were then cooled to 90°F. and inocu=
lated with 0.5 ml of a freshly prepared culture and placed
in an incubator at 900F, One tube of each lot of inoculated
milk was removed at O, 1, 2, 3, 3%, Ui, L&, and 5 hours and
placed in an ice water bath. The pericd required for the
first appearance of ccagulation was noted for each lot and
pH and titratable acidity were alsoc run. The results are
shown in Table XII.

The results show the periocd required for the lots Qf
milk to start to coagulate were 3% hours for the lots with
7 to 10%9 inclusive, of solids present. The coagulation
period lengthened as the solids contents increased above 10%,

being I hours for the lots with 11% and with 12% solids, L&



EFFECT OF SOLIDS CONTENT OF MILK ON RATE OF COAGULATION,

TABLE XII

pH, AND TITRATABLE ACIDITY (Average of 3 trials)

L3

TIVE PER_CENT SOLIDS
8 9 10
pH  TA pH TA pH TA pH TA
hr m1 ml L ml
0 6.15 1.50 6.25 2.03 6.19 2.17 6.09 2.37
1 .05 1.93 5.90 2.50 5.93 2.53 5,97 2.77
2 5.85 2,50 5.6L 3.33 5.69 3.50 5.70 3.80
3 5.1, 3.67 5.07 5.00 5.16 5.20 5.21 5.68
34 L.90 5.03% .91 5.50% 5.00 6.00% 5.06 6.63%
Iy 1,83 5.30 L.72 6,18 L.81 6,80 .87 7.03
LE  L.55 5.53 5.66 6,91 L.73 7.35 L.80 7.63
5. L.l9 6.20 L.57 7.05 L4.66 7.50_ L.71 7.90
TIME PER CENT SOLIDS
12 1 16
pH TA pH TA pH TA pH TA
hr mi ml ML L
0 6.13 2.63 6.18 3.00 6,16 3.37 6.12 3.60
1 5.99 3.03 5.98 3.33 6.04 3.47 6.01 3.83
2 S.74 3.98 5.78 l.20 5.81 L.60 5.81 5.25
3 5.38 5.70 5.45 5.83 5.9 6.18 5.55 6.60
3% 5.1, 6.85 5.26 7.60 5.31 8.05 5.38 8.12
N 5.02 7.10% 5,01 8.00% 5.18 8.23 5.21 8.65
e .90 8.62 L.96 8.70 5.09 9.65% 5,13 9.80
5 h.77 8.65 L.87 9,10 5,00 9,85 5,06 9,99%

*First Bvidence of Coagulation



i

hours for the lots with 1% solids, and 5 hours for the lots
with 16% golids. It may be noted that the titratable acid-
ity at coagulation increased as the solids content increased,
while the pH values were rather constant at about 5.0.

b. Cheese making. From the results obtained in the

preliminary trials, it was decided that L vats of cheese
would be made at one time using 9, 10, 11, and 12% solids.
The cottage cheese was made by the standard procedure ex-
cept that the solids content was varied in each lot,.

(1). Reconstituted non-fat dry milk solids. Four

trials of | vats each containing 10 pounds of milk per vat
were made into cottage cheese by the routine procedure. The
milk was made by adding non=fat dry milk solids to water so
that the final solids content of the l vats were 9, 10, 11,
and 12%, respectively. No further heat treatment was gilven
the milk. Starter was propagated by the routine method ex=
cept that the solids content of the starter culture was the
same as the solids content of the vat that in which it was
to be used. The Results are shown in Table XITI,

The results show the lots of milk with 11% solids re-
sulted in the best quality cheese. With elther higher or
lower solids, defects in body and texture were evident. As
the solids of the milk was increased, the time reqguired for
making the cheese increased. Although the lots with 11%
solids in the milk required more time for making than the
lots with lower solids contents, the better quality may

justify the longer time.



TABLE XITT

INFLUENGE CF SOLIDS CONTENT OF MILK IN CHERSE MAKING USING)RECONSTITUTED
trials

DRY MILK SOLIDS (Average of I

NON=-FAT

SOLIDS mwl N/10 NaOH TO NEUTRA- TIME BODY &
CONTENT LIZE 9 ml OF MILK . ) , FLAVOR TEXTURE APPEARANCE
OF . SETTING ,
MILK INITIAL CUTTING FINAL TO
CUTTING COOKING TOTAL
% ml ml ml hrimin hrimin hrimin
9 2.23 5.13 5.33 l1$33 2:10 6:i3 Green Pasty Mushy
10 2.0 5.58 5.80 l:50 2305 6355 Good  Slightly Slightly
Pasty Mushy
11 2.60 6.20 6.5 5:15 1350 7305 Good  Good Good
12 2.85 6.5 6.70 5535 2:00 7335  Acid lealy & Good
Shattered

oL



L6

The data show that as the solids content increased,
the titratable acidity at cutting also increased. With 9%
solids, the acidity at cutting averaged 5.13 ml while that
for the lots with 12% solids averaged 6.45 ml.

One fact which is not noted in the table is that 2 of L
vats of 10% solids and all vats of 11% and 12% solids had
floating curd and as the solids were increased the amount of
floating curd increased. There was no reasonable explanation
for this fact,.

It would seem that, with the use of reconstituted non-
fat dry milk solids as the total solids content of the milk,
11% sollds is the most favorable amount of solids for the
best yield and finished product. .

(2). Fortified skimmilk. In a further study of the

influence of solids content of the milk, four trials were
conducted using fortified skimmilk. With the first trial;
skimmilk was obtained from the Oklahoma State University
Creamery., The milk had been pasteurized at 1L3°F., for 30
minutes and held in the cold box for one day. A Mojonnisyr
test (18), was run to determine the solids=not=fat content
of the skimmilk. The milk was then divided into four 10
pound lots and ncn-fat dry milk solids were added at the
rates of 0, 1, 2, and 3% to each lot. The milk was then
made into cheese by the routine procedure. The results are
shown in Table XIV.

The effect of fortifying skimmilk with non-fat dry milk

golids were essentially the same as those obbtained by using



TABLE XIV
- INFLUENCE OF FORTIFYING MILK WITH NON-FAT DRY MILK SOLIDS

SOLIDS ml N/10 NaOH TO NEUTRA- TINE BODY &
CONTENT LIZE 9 ml OF MILK : S FLAVOR TEXTURE APPEARANCE
OF o SETTING . : :

MILK INITIAL CUTTING FINAL TO
CUTTING COOKING TOTAL

% ml ml ml hrimin hr:min hrimin
9.0 2.20 5,20 5.60 sl 5 2:25 7110 Good Weak Mushy
10.0 2.0 5.50 5.90 ly:55 1:55 6150 Good Weak Slightly
Mushy
11.0 2.60 6,10 6.0 5:10 1:50 7:00 Good  Slightly  Good
Weak
12.0 2.90 6.10 6.80 5:25 1:45 7:10 High  Good Good

Acid

L
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reconstituted milk in the pfevious experiment (Table XIII}
except that, the milk which contained 12% solids resulted

in the best finished product. There was no criticism of the
cheese for body and texture or appearance. The time required
for making the cheese was slightly longer than that required
for the 10% or 11% milk but was not considered sufficently
longer to affect the time required to make cheese.

Milk was then obtained from the Oklahoma State Univer-
sity herd from cows known to produce milk with low solids
content, The milk was separated and the skim milk pasteur-
ized in a 10 gallon can at 13°F., for 30 minutes. The
Mojonnier test (18), was run to determine the solids~not-fat
content of the skimmilk. The milk was then divided into
four 10 pound lots and non-fat dry milk solids were added at
the rates of 0, 1, 2, and 3% to each lot. The milk was then
made into cheese by the routine procedure., The results are
shown in Table XV,

The effects of fortifying low solids milk with non=fat
dry milk solids are essentially the same as those obtained
from the regular fortified skimmilk. The results in Table
XV are the average of 3 trials. The total solids content of
the milk before fortifying ranged from 8.15% to 8.50% which
gave an average of 8.32% solids. The lots of milk which had
an average of 11.32% sclids resulted in the best finished pro=
duct. The only criticism was that of a very slight weskness

in the body of the chesse,



TABLE XV

INFLUENCE OF FORTIFYING MILK WITH NON-FAT DRY MILK SOLIDS
A . (Average. of 3. trlals)

SOLIDS ml N/10 NaOH TO NEUTRA=- . TIME BODY &
CONTENT LIZE QO ml OF MILK . C - .. FLAVOR TEXTURE APPEARANCE
oF . IO A S SETTING . S

MILK INITIAL CUTTING TFINAL  TO.
. L . CUTTING COOKING TOTAL

% ml -ml - ml Trimin  hrimin o hrimin
8.32 2.11 5.05 5.h1 lL:35 2:0 7115  Green Weak Mushy
9.32 2.35 5.21 5.57 [}:+50 2:15 7:05 Good Weak Slightly
Mushy
10.32 2.53 5.50 5.88 5:10 2300 7:10 Good  S8lightly Good
. . ) Weak
11.32 2.81 5.89 6.32 5:20 1350 7:10 Good  Slightly Good
. . Weak

61
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The total time for making the cheese was approximately
the same for all four vats. It will be noted that 1t took
longer for the 11.32% solids milk to reach cutting time but
the cooking time was somewhat reduced compared to the other
vats of cheese., The 8,32% solids milk reached cutting time
the fastest but the cooking time was increased greatly. For
the 8,32% solids milk, the cooking temperature was raised
to 1300F, in an attempt to complete the sooking and firm the
body but the finished cheese was still of poor quality. It
would seem from these results that, the best chesse made with
fortified skimmilk should have a total solids content of
approximately 12.0%.

It would seem that the solids content of the milk has
a considergble effect on the finished cottage cheese as well
as on the time required to cook the curd. It seems that al-
though it requires slightly longer to make a vat of cheese
of high solids milk, the gain in quality of the finished
product is worth the little extra time required in processing.
The author believes that 11.0% solids should be used when
making cottage cheese with reconstituted non-fat dry milk

so0llds and 12.0% solids when fortified skimmilk is used.
C. MODIFICATION OF THE CHEESE MAXING PROCESS

While undertaking the above experiments, the author was
at all times looking for methods which would shorten the time
required fTor making cottage cheese, It has been shown thst

some time can be sgved by the standard procedures for
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making of cottage cheese even if all factors involved are
used to their maximum efficiency. A factor which had not
been explored was that of preliminary ripening such as that
used in the cheddar cheese operation., It was the purpose

of this part of the experiment to determine if by some means,
it would be possible to add rennet in greater guantities
than normal thus allowing the milk to set faster but to
stiil have the same desirable quality of cottage cheese

made by the standard procedures.

1. Preliminary triasls. DBefore attempts to make cottage

cheese by the use of an excess amount of rennet, preliminary
experiments were undertaken to determine at what titratable
acidity the most favorable rennet action occurred.
Reconstituted non-fat dry milk solids were divided into
280 ml portions and heated with flowing steam for 30 minutes.
The milk was then cooled in an ice water bath and 20 ml of
freshly prepared culture was added., Nine ml portions of the
Inoculated milk were then pipetted with sterile pipettes
into sterile screw capped test tubes. The inoculated milk
was then warmed to 90°F. and placed in a 90%F. incubator.
At intervals of 0, 30, 60, 90, 100, 120, 130, 140, and 150
minutes, one tube was removed from the incubator and titrated
with N/10 NsOH., At the same time, rennet was added to another
tube at the rate of four times normal (8.,8‘“6 ml rennet per ml
of milk) and allowed to continue to incubate for a total in-
cubation period of 180 minutes. Coagulation time, titratable

acidity, and condition of the curd were noted for all samples.



The results are shown in Table XVI,

The results indicated that, if the rennet was added
when the titratable acidity had reached a value socmewhers
between .2 ml and L.8 ml {approximately 0.1 to 0.L7%
acidity), the best cottage cheese curd would probably be
obtalned,

With this information, four 10 pound lots of cothage
cheese were made from non=fat dry miik solids by the routine
procedure except that four times the normal amount of rennet
was added to each vat. The rennet was added wnen the vats
reached titratable acidity values of .2, U.l, L.6, and .8
ml. The curd was cut 30 minutes after adding rennet and
routine procedures were then followed for cocking.

None of the vats of cheese were satisfactory becuause
as soon as cookling was started, the cheese matted badly
and the final product was badly matted and very rubbery.

It appeared impossible to cook out cottage cheese with an
excess of rennet added.

2s Preliminary ripening plus added acid. From ths

results obtained by adding four times the normal amount of
rennet, it was deemed necessary to devise a method which
would result in a very rapid increase in acid to counteract
the rubbery texture resulting from the action of the rennet
at a low acidity. It was thought that citric acid added at
the time of cutting the curd would possibly give the counter-
acting results desired,

In a preliminary trial, 10 pound lots of milk were made
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TABLE XVI

BEFFECT OF ADDING RENNET TO COTTAGE CHEESE MILK AT
VARTOUS TITRATABLE ACIDITIES
(Average of L trials)

TIME TITRATABLE COAGULATION EFFECT ON CURD
ACIDITY TIME
min ml min
0 2.4 50 Firm, whey off
30 2.7 50 Firm, whey off
€0 3.0 110 Firm, whey off
90 3.7 35 FPirm, whey off
100 3.9 30 Firm, slight whey off
110 L2 30 Firm, no whey off
120 .5 30 Firm, no whey off, "best"
130 l;.8 20 Firm, slight whey off
140 5.1 10 Firm, considerable whey off.

150 5.l 10 Not firm, considerable whey off
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into cottage cheese. Ten per cent starter was used and the
titratable acidity was allowed to reach a value of .6 ml
at which time four times hormal amounts of rennet were added
to each vat and allowed to stand for 30 minutes. The curd
was then cut and a solution of 50% citric acid was added to
each vat at the rate of 15, 20, 25, and 30 ml per vat, re-
spectively., Coocking was begun 5 minutes after cutting and
the temperature of the curd was raised from 90° to 120°F,
in 30 minutes and allowed to stand at this temperature for
5 minutes. The cheese was then rinsed twice in tap water
and once in ice water and allowed to drain.

The final titratable acidity values on the four vats
were 5.8 ml for 15 ml of citric acid added, 6.2 ml for 20 ml
of citric acid added, 6.6 ml for 25 ml of citric acid added,
and 7.0 ml for 30 ml of citric acid added. The flavor of
all vats of cheese was that of hlgh acid. The body and tex-
ture for the first vat was rubbery, the second and third
vat slightly rubbery, and the fourth vat was good. The ap-
pearance of the cheese was good except for the first vat
which was slightly dull.

One serious problem was still noted. After one day,
the cheese curd became more rubbery and continued to expel
whey., This was believed due to continued rennet action.

It was assumed that a temperature of 120°F. for 5 minutes
failed to stop the action of the rennet.

An experiment was carried out to determine the temper-

ature and period of exposure requlred to stop rennet action
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when the large amount of rennet was used. Reconstituted
non-fat dry milk solids were used for the milk and 9 ml
portions were pipetted into 28 screw capped test tubes
which were then autoclaved for 15 minutes at 15 psi and
cooled to 90°F. The tubes were then divided into l groups
of 7 tubes each and four times the normal amount of rennet
was added to 6 of the 7 tubes in each group. The remaining
tube had a thermometer placed in and was used as the temp-
erature control for the remaining 6 tubes. Each group of
tubes was placed in a separate water bath and temperatures
were adjusted so that the temperature for group 1 was 119°F.;
group 2, 12,°F.; group 3, 129°F.; and group L4, 1350F. One
tube from each group was removed from the water bath and
placed in an ice water bath at 0, 5, 10, 15, 20, and 25
minutes.

Four-hundred and fifty ml of reconstituted milk was
autoclaved for 15 minutes at 15 psi, cooled to 90°F. and
the pH was then adjusted to 5.00 with citric acid. This
milk was then pipetted into sterilized screw capped test
tubes.at the rate of 8 ml of acidified milk per test tube.
To these tubes, 2 ml of the rennetted milk which had been
heated at different temperatures and periods was added to
duplicate tubes and L tubes were used with no rennet and I
tubes with unheated rennet were used as controls. All tubes
were placed in a 959F. incubator and observed for two days

for coagulation. The results are shown in Table XVII,
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TABLE XVII

TIME AND TENPERATURE REQUIRED TO DESTROY THE ACTION
OF RENNET ENZYMES IN COTTAGE CHEESE
(Average of 3 trials)

PERIOD TEMPERATURE
OF
EXPOSURE 119°F 121, oF 129°F 1350F

Rennet Coagulation

min

10
15
20
25

TR TR TR TR TR
D N N N Y
g
!
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The results indicate that the rennet acﬁion was de=
stroyed at a temperature of 12)40'17'o for 25 minutes or a temp-
erature of 129°F., for 5 minutes. These results thus indi=-
cated, for all practical purposes, that a temperature of
129°F, should be reached and maintained for a period of 5
minutes when cheese was made with four times the normal
amount of rennet,

With these results, two lots of cottage cheese were
»made with & control vat and a vat of cheese made with four
times normal amount of rennet. The control vats of cheese
were made according to the general cheese making procedure
using reconstituted non-fat dry milk solids. The vat with
four times normal amount of rennet contained 10% starter
and the titratable acidity was allowed to reach a value of
.6 ml at which time four times normal amount of rennet was
added and the milk allowed to stand for 30 minutes. The
curd was then cut and a solution of 50% citric acid'was added
to the vat at a rate of 30 ml per 10 pdunds of milk. Cook-
ing wasg %egun 5 minutes after cutting and the temperature of
the curd was raised from 90° to 129°F, 4in 35 minutes. The
curd was rinsed and drained acccrding to general proccedures.
The results are shown in Table XVIIT,

The results show that the time from setting to cutting
was reduced by approximately 1 hour and 50 minutes and the
time to cook was reduced approximately 1 hour and 25 minutes;
This gave an approximate time reduction of 3 hours and 15

minutes. The quality of the acid-rennet cheese was similar



TABLE XVIIT

EFPECT OF ACID-RENNET PROCESS ON QUALITY OF COTTAGE CHEESE

LOT PROCESS ml N/10 NaOH TO NEUTRA- TINE REMARKS

NO. LIZE 9 ml OF MILK
SETTING
INITIAL CUTTING FINAL TO
CUTTING COOKING TOTAL
ml ml ml hrimin hrimin hrimin
Control 2.2 5.2 5.7 335 2:10 &:lL5 Good
1
Acid- 2.5 .6 7.0 2105 0:l10 3:25 High acid flavor, body
Rennet and texture good
Control 2.3 5.3 5.8 235 2:05 6210 Good
2
Acid- 2.6 Iy .6 6.9 2350 0:445 3335  High acid flavor, slight
Rennet rubbery body and

texture

84



to that of the control vat except for a high acid flavor in
both lots and a slight rubbery body and texture of lot No. 2.
The high acld flavor was not undesirable after the curd was
creamed and salted. Although the second lot had a slightly
rubbery body and texture, it was not considered to be serious.
There was no noticeable increase in rubbery body after I days

of storage at L5°F.
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SUMMARY AND CONCLUSIONS

In attempts to shorten the time required for making
cottage cheese, a study was made of the various factors
which influence the rates of acid production by lactic cul-
tures used for cottage cheese making. Those factors which
resulted in consideragble stimulation of acid production were
applied to cottage cheese making to determine their influ-
ence on the quality of the finished product.

Preliminary ripening of the milk followed by rennet
coagulation and the addition of acid during the cooking
were also used to reduce the time required to make cottage
cheese.,

Of various materials added to milk to stimulate acid
production, pancreas extract was the most effective. By
adding approximately 0.2% to milk for cheese meking, the
period required to make the cheese could be reduced approx-
imately two and one=fourth hours. The pancreas extract had
no detrimental effect on the quality of the finished cheese.
Of the several amino acids and related compounds studied,
guanylic acid in a concentration of AOO pprm stimulated acid
production considerably and spermine in a concentration of
10 ppm'was slightly stimulatory. Lwasgorbic acid, Leglut-

amine, Lw~serine, and uracil showed no stimulatory effect,
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while L-cysteine was inhibitory to the lactic culture.

The effect of amount of inoculum used in propagating
mother culture was studied by propagating cultures through
10 successive transfers with inoculation rates of 0.1, 0.3,
1.0, 3.0, and 10.0%. The acidity tests indicated that an
inoculation of 1.0% was the most desirable with 1l to 16
hours incubation at 70° to 72°F.

The influence of the depth of the milk layer on the rate
of lactic acid production by cultures was studied by prop-
agating the cultures in equal volumes of milk in shallow and
in deep layers. The results indicated that better produc=
tion of lactic acid resulted from the cultures grown in the
containers in which the surface area was small. This led to

the conclusion that, because Streptococcus lactis and Strepto-

coccus cremoris are facultative anaerobes, the oxidation-= re-

duction potential 1s more favorable when the milk has con=
éiderable depth and small surface area for the incorporation
of oxygen.

Using inoculation rates of 5, 10, 20, and L 0%, it was
found that the period required for coagulation of milk
decreased as the rate of inoculation increased. However,
in making cottage cheese, it was found that when amounts
greater than 10% were used, the body and texture of the
cheese were inferior. From these results, it appearsed that
10% of culture is the maximum that can be used.

The influence of the solids content of the milk on the

rates of acid production and coagulation was studied with



reconstituted milk and with low solids milk fortified to
different levels with non-fat dry milk solids. The results
indicated that as the solids content increased, the period
required for coagulation increased. The most desirable
cheese resulted from the milk with 10 to 12% solids. Higher
solids content in the milk prolonged the cheese making pro=
cess excessively, while lower solids milk resulted in poorer
quality cheese.

The cheese making process can be shértened considerably
by ripening the milk to about 0.45% acidity, adding four
times the normal amount of rennet and then adding acid after
cutting to speed up the cooklng process. The resulting
cheese was of good quality except for an acid flavor which
largely disappeared when the cheese was creamed. Without
the addition of acld prior to cooking, the cheese matted
excessively.

When four times the normal amount of rennet was used,
the cheese wheyed off during storage subsequent to making.,
This defect was presumably due to continued action of the
rennet extract enzymes. The coagulating enzyme can be de-
stroyed by heating to 12/j°F. for 25 minutes or to 129°F,

for 5 minutes.
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