THE EFFECT OF EARLY LACTATION SKIMMILK
IN MAKING COTTAGE CHEESE AND CULTURES

Thests for the Degres of M. S.
MICHIGAN STATE UNIVERSITY
Lloyd O. Luedecke

1958



THesSis



>



THE EFFECT OF EARLY LACTATION SKIMMILK IN MAKING
COTTAGE CHEESE AND CULTURES

By
LLOYD O. LUEDECKE

AN ABSTRACT
Submitted to the College of Agriculture
Michigan State University of Agriculture and

Applied Science in partial fulfillment
of the requirements for the degree of

MASTER OF SCIENCE

Department of Dairy
1958

Approved‘?ém&gu‘, J . Vdﬁmz__




AB3STRACT

Cottage cheese was made from blends of skimnnllk con-
taining from O to 25 rer cent colostrum and cultured butter-
mllk was msde from blends of s¥xi=mmilk contalning from 1 to
50 per cent colostrum. The milks used in mesking cheece
were analyzed for rroteln content, sterter activity, curd
tension at the time of cutting the curd, yleld and charac-
teristics of the finlshed curd. The ssmples proyarated as
cultures were analyzed for starter activity and the curd
tenslon of the coarulated mnilks.

The starter organlsms produced sufficlient acid to
coagulate all of the vets of mnilk. In some 1instances acid
rroductlion was delayed, but not comrletely inhibdbited.

The amcunts of total, non-caseln, and globulin groteins
were usually slightly hirher in the blended milks. The
curd tension was normal at the time of cutting the curd 1in
most of the vats of milk containing colostrur skimnilk., 1In
the blended mllks there appeared to be an inverse relstion-
shic between globulin protein content and curd tension.

There was no significant difference in yleld between
the vats of normsl skimmilk, and normal skimmllk blended
with various percentages of colostrum skimmilk.

The body and texture characteristics of the finished
cheese were not materislly affected when colostrum sxinnilk

was. included in normal sxinmilk. The prarticles of curd



formed from coagulated milk with a tension of less than 50
grams were not uniform in size and shape, and the use of
"bloody" colostrum resulted in an undesirable grey curd,
When cultures were propegated the starter organisns
usually rroduced less acid in the normal skinnilk, than in
the blends of normal and colostrun skimmilk, with the acid
increasing as the per cent of colostrum increased. Also
the curd tension was usually higher in the coagulated mil«s
containing colostrum. The greater starter activity and |
higher curd tension.valuea were attributed to the hich

total so0lilds content of colostrum.
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INTRCDUCTION

Cottare cheese and cultured buttermilkx are highly
nutriticus foolds which are increessing in rorulerity.
Between 1953 and 1955 the annual per carita consumction of
cottare cheese 1n the United 3tates incressed from 2.1 to
4.5 pounds .l Also, in some arees of the United States,
particularly the South, cultured buttermilk accounts for 20
to 45 per cent of the bottlei fluild milk. Uniform flaver
and conpositlion must be maintained if these rroducts are to
be successful in the msrket. Milk composition 18 one of
several varlables which m3y affect the desirability cf these
nrroducts,

The stsge of lactstion 1s one fecter which affects
the comrosition of 1nilkx. Reports in the literature indicate
that colostrum and early lactation mil% should be avoided
in milk sucplies used for the menufacture of cultured
products. These reports however, do not contain srecific
data 1ndicating in what manner the cheese is affected or
how much early lactation milk mey be tolerated. 3eversl
questions have remained unanswered. Are the starter orcfan-
isms inhibited? Does the milk coaculate satisfactorily?
How 1s the yleld affected? If curd 1is formed how does it
handle during the cooxing operatlion and how does the

finished curd comnrare with normal curd?

1 3outhern Dairy Products Journal, 62 (1): 106. 1957.
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This Eesearch was coniducted to deternine how cottarge
cheese and starters are affected by the use of milx fron

the early stages of lactation.



REVIEW OF LITERATURE

Cottage Cheese

Literature reporte (3, 11, 33, 34) indicate that
colostrum should be excluded from milk supplies used for
the manufacture of cottage cheese and cultured buttermilk.
However, the reports fail to indlcate the specific effects
of colostrum on these products.

Hales (11) reported that sometimes trouble was encoun-
tered with milk from cows early or late in thelr lactation
periods. According to Tuckey (34) colostrum milk and
mastitie milk contains inhibitory substances which tend to
retard the growth of starter cultures, Davis and McClemont
(8) also report that slowness of starters may result from
mastitie infected milk. Colostrum also contains protective
bodies for the young suckling animals and a high percentage
of non-casein proteins, which allegedly do not rroduce
satigfactory curd for cheese meking (3). Particularly in
areas where milk production 1s seasonal, many cottage cheese
manufactures have experienced instances when skimmilk
appeared to coasgulate normally but the curd tended to dis-
solve and became soft and mushy during the cooking process,
Tretsven (33) attributes this improper coagulation to the
fact that milk produced at psrturition and Juring early
lactation, especially in the spring, differs 1in composition

from milk produced after prolonged lactation.
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Tretsven (33) nrepared cottzge cheecse using colostrum
pilk and skimmilk contalning 5 per cent by welght of fresh
erg whites; both of these rreraratlons contalned larrge
amounts of heat cosgulable rroteiln, He was unable to make
cheese from elther prorerly prasteurized colostrum or from
nrooerly pasteurized skimnllk contsining the z2ided ecr
wvhites. When the colostrum was not rasteurized, the curd
formed end expelled whey readily; however, the cooxed curd
from this colostrum wes not a typical cheese curd. 1In
contrast, the unpasteurized mixture of skimmilk and egg
whites gave a typicel curd which excrelled whey readily.

Hales (11) reported that the characteristics desired
in cottare cheese curd are: (a) thorourh and uniform coag-
ulation of the casein, (b) desired firmness of the curd
for convenlient and efficlent handling without excessive
natting or shatterine, and (c¢) a curd which will exude whey
resdlly. Helnemnann (14) re-orted that at the time of
cutting, a curd streneth of 50, 100, and 150 grens would be
consldered a soft, normal, and firmn coagulumn, resnectively,

in ncrmn2l =milk.

Cultured Buttermilk

Little information 18 svallsble relating to the effect
of early lactation milk on the manufacture of cultured
Luttermilk. Frouty (2?) describes cultured buttermilx es a

product in which a sequence of changes take place, derendent



upon desirable fermentations sccomplished by cultures of
streptococci which produce lactic acid, and leuconostocs
which produce chemical comoonents assoclated with desir-
able flavor and aroma. Angevine (2) emphasized the
importance of milk composition and quality for the produc-

tion of a uniform buttermilk.

Comprosition of Colostrum

Roadhouse and Henderson (26) described colostrum as
being reddish yellow, with a strong odor and bitter flavor.
They found 1t contained more globulin, albumin, caseiln, and
ash, and less lactose than noraal milk. Newlander (°1)
ncted that the pH of colostrum ranged fromn 5.25 on the
first day to 6.46 on the third Jday, while the averare pH
of fresh milk was 6.6 to 5.7.

Sato et al. (?28) found colostra of the same and differ-
ent cows to be extremely variable in chemlcal comgosition.
They found that the speciflc gravity and total ash were
fairly constant, but wide fluctuation occurred in the
hydrogen lon concentration, color, and intensity and firm-
ness of coagulation., Also the vercentages of lactose, fat,
total protein, and relative proportions of each individusl
protein also varied considerably.

Large amounts of antibody vrotein were present in.
colostrum (10, 15, 20, 23, 26). Riddell et al. (?5)

analyzed the milk from seven cows and found the first



711l%xine after rarturition aversced 2.92 ~er cent albumnin
znd 7.90 per cent glo®ulin. TIMe mlilk obtained on the 28th
day after parturition averaged 0.729 rer cent albumnin arid
0.?27 per cent globulin. Neurath and Balley (20) noted that
thirty days before discontioulng nilkinz at the end of the
lactation pgfioj, the globulin and albumin componsnts began
to increase progressively. At parturition the colostrun
flobulin exceeded all the other proteins. The globulin
content 1s usually considerably less in the second nilxing
than the first nilxingc. Smith (32) observed that tae
globulln content of revresentative samnples obtained fron
the second milking from three cows contalned 12, 30, and

55 rer cent of thz total protein contained in the first
rilkings.

Accordineg to Ragsdale and Brody (23), the globulin in
colostrum 18 1dentlical to the globulin in blood serum.
Neurath and Balley (20) repnorted that colostrum globulin
was essentlally the same 2s the lamune globulin of normnal
milk.

The investigations of Garrett and Overman (10) showed
that colostrum was high in calcium, magnesium, sodlum,
phosphorous and chlorine, especlally at carturltion and
durlng the early hours of lactation, but the level of these
substances declinei rapiily towsrd a failrly constant level
as the mllk becare nornal. Fotasslum was comraratively low

at rzarturition but gradually 1lncreas=3 to a uniformn level
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as the milk became normal. Other workers (28, 29) found
that the first mllk after parturition contained a amuch
larger amount of manganese than normal milk and the zinc
content was guite high immedlately after rarturition, but
declined to a relastively constant value after about ten
days.

Laskowskl and Laskowskl (17) recorted that bovine and
human colostrun contalned significant amounts of trypsin
inhibitor. Both Neurath and Bailey (20) end Laskowakl and
Laskowski (17) suggested that the function of the trypsin
inhibitor in colostrum was to prevent the hydrolysis of the

ipwune proteins in the alimentary tract.

Curd Tensilon

Colostrum usually has a higher curd tenslon than
normal milk (7, 15, 25). Berry (7) found that inltlal
colostrun formed a very hard curd, followed by a slight
decrease in curd tension as the milk approached normality,
Thereafter the curd tension was usually falrly uniform
throughout the lsctation period. Riddell et sl. (253)
observed that in a majority of instances maximnum curd
tensions were observed on the third to the fifth days after
parturition, followed by irregular decreases until uniform-
ity was attained. However, 1n a few instances, the highest
values occurred in the initial colostrum. This irregular

behavior in curd tension followling parturition was



attributed to major varlations in the serum solids portion
of the secretion, rartilcularly the proteln and ash
constituents,.

t al. (35) assoclated high snd low concentra-

welsberg
tion of casein with hard and soft curd milks, respectively.
According to Riddell et al. (P?5) there was & hipgh corre-
lation between the caseln content and the curd tenslon 1in
normal milk, but the curd tension values 3id not correlsate
closely with the casein in the initisl three or four
nilkings. After the fourth milking the correlation imrroved
rrogressively and became stabilized at the end of the first
month of the lactation periocd. Therefore, they assumed
that in the early milkings, the high globulin and elbumnin
content of the milk undoubtedly were modifying influences
on curd tension, but since the concentration of globulin
and albumlin decressed mwuch more rapldly than the caseln, the
latter soon becane the dominant factor. Data reported by
Weisbefg et 8l1. (35) showed that the ratio of casein to
whey oroteins could be decreased from 4.5 to 1.5 and still
maintain the sane curd strength,.

In normal milk Berry (7) observed 1little variatlion in
the curd tension between milkings of the same day or of
consecutive days. He found no seasonal variation in the

curd tension of 71ilk.



Starter Activity

Rice (24) rerorted on the effect of colostrum on the
lactic acid fermentation. He cointed out that colostrunm
was Xnown to inhibit certain nlcroorganisms such as typlcal
udder rathorens ani coliforms. This inhibitlion was attrib-
uted to agglutination but there appeared to be no evidence
in the literature that colostrumn possessed agglutinins for
true lactic acid strertococél. The above worker studled
the rate of acid development by lactic stregtococeci in
colostrum and in normal milk containing varyling progortions
of colostrum. He concluded that 10 per cent or more
colostrum in ncrnal milkx will stimulate acid production and
attributed this to the higsh tuffer value of colostrum.

Sato et 3l. (?8) rerorted that with the normal rartu-
rition, colostrum always contalns agglutinins., According
to Houdiniere (15) colostrum is rich in opsonins, and
contains agglutinins, precinitins and lytic antibodles for
some types of organismns., However, according to Rlce (24)
the lactic acld streptococcl are not affected by the above

ininical agents.
lLactenins

Auclair (4) rerorted that the natural inhibition of
microorganisns in milk is attributed to lactenin I znd
lactenin II. Colostrum is high in lactenin I, and lactenin

II -redominates st mid-lactation (4). Auclair and Hirsch



(5) observed that the inhibitory activity of lactenin I
was much greater than lactenin II. They heated willk to
70° C. for 20 minutes and observed that nearly 8ll of the
inhibltory activity of lactenin II was lost. When they
added an ejual part of raw colostrum to heated mllk, the
activity was restored. They also adied one part of raw
colostrun to 100 parts of heat-treated milk snd found sn
inhibition comparable to that of raw milk.

wWilson (36) reported that lactenins enparently
required oxygen or a high oxidation-reduction potential
before they were inhibitory. He noted that when nllk was
1noculated with a streptococcus and incubated in an
anaerobic jar or when a chernical reducing agent such as
cysteine was added, the organisms grew well. Addition of

excess thiamine renderel the lactenin inactive.
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EXFPERIMENTAL PROCEDURES

This project was con3ucted to determine how cottage
cheese and starters are affected when made from milk
contalning rortions of colostrum or milk produced during
the early stages of lsctation. Throughout this discussion
the early lactation milk will be referred to as "colostrum"
although some of it was obtalned as late as 10 days after
calving.

The colostrum used for making cheese and starters was
secured from individual cows 1in the Michigan State
University dairy herd. The colostrum was obtained on
aporoximately the fourth, seventh, and tenth days after
parturition. Collection was started on the fourth 3Jay,
primarily because colostrum apnears almost normal at that
tine and some nroducers are prone to include this milk in
their suvply.

Me colostrun skimmnllx w3s blended with nornal skimnilk
obtained fron the Michigan Stste Unlversity Dalry Flant.
These blended nixtures were made into cottage cheese by the
short-set methoi. The primnary motive was to determine if a
satlsfactory cottage cheese could be made from nornal siim-
1ilx that contalned colostrum skimmilk. Analyses were per-
formed to Jetermine starter activity, curd tenslon at the
time of cutting, yleld, and the appearance of the finlished

curd, The percentages of total, non-casein, and globulin

11



protein contained in the blended milks were determined.
Flavor was not eveluated; however, adnittedly it 1s
important in commerciasl practice.

Starters were made from blends of normal skimmilk and
colostrum skimmllk. Curd tension and developed acidity

tests were made on the coagulated milks.

Cottage Cheese

The colostrum was separated at 90° F. The skimmilk
was pasteurized at 1430 F. for 30 minutes in a two gallon

1 or in a steam heated water

Safgard Home Milk Pastsurizer
bath. The pasteurized skimmlilk was cooled by passing over
a plate cooler or by placing in 3 32° F. water bath. The
cooled skimmilk was held untll the following day.

Normal skimmilk pasteurized at 162° F. for 16 seconis
or 143° F. for 30 minutes was obtained from the lMichigan
State University Dairy Plant in suffliclent quantity to make
four vats of cheese. The use of the same milk for all four
vats of cheese in each trial vernitted a direct comparison
of results. The m1lk wes stored at 32° to 33° F. until 1t
was used, usually a period of seven to ten days. No
deterioration appesred in the skinmmilk dJurine storare.

Each trial included a control vat of cheese msde from

normal skimmillk, and three vats of cheese mzde from normsl

skinmilk plus colostrum skimmilk produced on the fourth,

1 Guarait Manufacturing Company, 615 North Aberdeen Sireet,
Chicago, Illinois.
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seventh, and tenth days after parturition, respectively.
Specific percentares of colostrum skimmilk were included in
each trisl, the amounts being 3, 5, 10, snd 25 per cent by
welght. Dupllicate trials were performed using each of these
percentages of colostrum skimmilk. In the first and second
trials msde with milk containing three rper cent colostrum,
an additional vat of cheese was mede from milk contalning
colostrum produced on the sixth and second Jays efter
perturition, resrectively.

Forty to fifty gallons of mllk were mads 1into cottage
cheese 1n a 100 gallon caracity Cherry-Burrell cheese vat,
The blended mllk was thoroughly mixed and a sample obtained
for protein analysis. After addition of the starter, a
sample of the inoculated milk was obtained for total sollids
analysis,

The inoculated milk was stirred approximately every 15
minutes until the acidity reached 0.25 toc 0.26 per cent.

At this point, rennet was added at the rste of 1 1l. per
1000 pounds of milk, except for one series of vats of cheese
made without rennet. Two elght-ounce sample jars containing
180 ml. of 11lk were susrended in the vat and incubated
therein until the curd in the vat wss reedy to cut, at which
time the Jars were removed and the curd tension was meas-
ured with a Submarine 3ignal Company curd-o-mster., The

curd tension of the milk in the Jjars corresponded to the

curd tension of the coagulum in the vat., The highest
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accurete reading obtainsble on the meter was 150 grams;
therefore, several vats of curd are reported as heving a
curd tension of 150 grams even though the reading may have
been higher.

A sample of the cheese curd was centrifuged in a cream
test bottle to obtaln whey for the acidity test. The curd
was cut when the whey acidity was 0.50 to 0.54 per cent
lactic acld equivalent, except the vats set without rennet,
which were cut at 0.58 to 0.6% per cent acidity.

The curd was cut with one-half inch cheese knives and
allowed to stand for 15 minutes before cooking and agitation
were started. An additional 65 to 75 minutes were used for
cooking the curd to 120° to 125o F. with the finel acidity
increasing to 0.56 to 0.58 per cent. No water was added to
the curd before or during cooking. FPrecautions were ob-
served to minimize the amount of solids lost.

After sdding the first and second wash waters the
temperature of the curd was 80° to 850 F. and 50° to 550 F.,
res~ectively. The wash waters were drained into ten gallon
cens and retained for subsequent analysis,

The weshed curd was allowed to drain for at least one
hour and then thoroughly mixed to obtaln a representative
sample for total solids determinations.

Analyses were made on the whey and wash waters to
determine the total solids lost in each. To faclllitate

accurate sampling, the whey and wash waters were homogenized
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separately at 2000 pounds pressure in a Cherry-3urrell or a
Manton Gaulin homogenizer., Homogenization caused the small
curd particles to remain in suspension for several hours.
After homogenlzation the whey and wash waters were
welghed and dumped separately into the cheese vat, thor-

ocughly agitated and representative samples were obtained.
Starters

Blends of skimmilk were made by adding quantities vary-
ing from 1 to 50 per cent by weilght of colostrum sikirmilk
to normal skimmilk., The blended milks were used to rrepare
starter cultures, DSamples of colostrum were obtained
intermittently throughout the first ten days after
parturition. The normal skimmilkx was obtained in sufficlient
volume to permit use of the same mllk throughout ezch trial,
Two hundred ml. éuantities of millk were made up from normal
skimmlilk plus varying percentages of colostrun sximnllix and
rlaced in elght ounce samnple Jars.

The blended milks were steamed at 212° F. for 30
minutes in an autoclave. The samples were remocved from the
autoclave, allowed to cool at room temperature to 160° F;,
and then cooled in flowing water to 720 F.

One per cent starter was sdded, the acliity was Jeter-
1ined, and the inoculated cultures were then incubated at

(¢]

727 F, for 15 hours,

At the conclusion of the incubaticn, the curd tension



was measured with a Submarine Slgnsl Conpany curd tenslon

neter. The curd wss then broken, thoroughly mlxed, and the
acliity was determined by titration. A comparison was made
of the difference between the initial and the final acidity
of each mixture which contained colostrum skimmilk, and the

correspronding control which contained no colostrum.

ANALYTICAL PIDCEDURES

Total So0llds Analyses

The ioJonnier method (19) was used to determine the
total so0li1ds contalned in the inoculated cheese milk, whey,
and wash waters, The total solids content of the cheese
curd was determined by the procedure outlined by Harmon
et al. (13). The amnounts of total solids retained in the

curd and lost in the whey and wash waters were calculated,.

Protein Anslyses

Total nitrogen, non-casein nitrogen and globulin
nitrogen were Jetermined by the rrocedure outlined by
Shahani and Sommer (31). The per cent protein in éach
fractlon was obtsined by multiprlying the per cent nitrocen
by 6.38. Globulin nitrogen refers to the fraction that
contains the euglobulin and pseudoglobulin nitrogen.
Durlicate analyses were made on each of the protein frections.
Blank determinations involving digestion, distillation,

and titration procedures were made on 9.5 ml. of distilled
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water plus the usual amount of reagents used in measuring
the total, and non-caseln nitrogen, and on a sheet of filter
raper plus the ususal amount of reagents used in determining
globulin nitrogen.

The per cent nitrogen was caslculated by the following

formula:

(ml. acid - blank)(N acid)(0.014 meg. Nitrogen) x o0 =
wt, of sample in grams

? Nitrogen X 6.38 = % protein.



Cottage Cheese

Normal Skimnmilk Contalnine Three Per Cent Colostrun.

The colostrum skimmilx used in maxing the curd in the
gserlies of vats in the first trial was secured fror a
Holsteln cow in the third lactation period.

In the vat of normal skimmilk, 5.75 hours elapsed
between setting the milk and cutting the curd (Table I).
In the vats of normal skximmilkz olus colostrum skimonilk
rroduced on the fourth, sixth, seventh, and tenth days after
rarturition, 5.92, 6.17, 7.75, and 5.75 hours, respectively,
elapsed between setting and cutting. The curd tension was
150 grams or more in each of tnhe vats of curd, except the
‘one contalning colostrum produced on the seventh day after
rarturition, which haid a curd tension of only 1”1 grams.
In the vat of cheese made from normal skimmilx, 37.83 per
cent of the milk soliis were retalned in the curd. Wwhen
colostrum skimnilk produced on the fourth, sixth, seventh,
and tenth days after parturition was blended with normnal
skinmnilk, 35.97, 35.66, 34.30, and 35.70 per cent, respec-
tively, of the milk solids were retained in the curd.
There were no apparent differences in the body, texture, or
appearance between the control and the exrerimental cheese.

A Holstein cow in the second lactation perlod produced

18
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TATLE 1

COTTAGE CHaLST MADY fitCl NORMAL SILMMILK AND NORTAL SHIITIIK
CONTAINTIIG THIUL PiR CUNT COLOSTR UM SKLMIILK S.CULD
INTERMITTANTLY DURING TH. FIRST TN DAYS AFTER
PARTURITION F:OM A HOLSTEIN CCJ IN THi TiZiD
LACTATION PuRIOD

Control Normal skimmilk containing three

(no per cent colostrun skirmilk
skimmilk) Days after parturition
L 6 7 10
Setting to cutting (hrs.) S.75 6492 6.17 775 615
Acidity at cutting (%) o52 58 o52 53 52
Curd tension at cutting (g.) 150 150 150 121 150
Wte of milk plus
starter (lbs,) LLé 3L6 371 38L 373
Total solids in inoculated
milk (%) 9.20 9,208 9,11 9.26  9.2L
Total milk solids (1bs.) 41,06 32.11 33.80 35.55  3L.L8
Total milk solids recovered
in cheese (%) 37.83 35,97 36,56  3Le30 34470
Total milk solids lost
in whey (%) 12,36 L2.h2 36667  L1.76  37.63
Total milk solids lost
in wash-water (3) 15.75 18,57 26,05 17.78  23.35
Total solids accounted
for (%) 9994 96495 59439 93.8L  97.68

b - - —



the colostrum skimmilk used in the serles of vats of curd
in the second trial (Table II). The starter activity,
yleld, body and texture were simlilar in the vats of curd
made fromn normal skimmilx and from nornal skimmilk contain-
Ing 3 per cent colostrum produced on the second and fourth
days after calving., However, the vats of milk contalining
colostrum produced on the seventh and tenth daya after
parturition required 9.67 and 8.50 hours, resrectively, to
attaln sufficient aci3ity and coagulation to warrant cutting
the curd. The curd tension of the coagulated millk in these
vats was 115 and 1?3 gramns, respectively, as compared to
150 grams for the curd made from regular skimmilk. 1In the
vat of cheese made from normal sximmnilk, 37.55 per cent of
the milk solids were retalned in the curd. In the vats of
cheese made from normal skimmilx plus separated colostrum
secured on the second, fourth, seventh, and tenth 3ays after
calving, 38.08, 37.29, 36.70, and 36.91 per. cent, respec-
tively, of the mllk solids were retained in the curd. The
body was soft in the finished curd made from blended skim-
mllk containing colostrum produced on the seventh and tenth
days after parturition. An objectionable grey color
prevailed in the finished vats of cheese made from normsal
skimmilk plus separated colostrum secured on the second and
fourth days after parturition.

Normal Skimmilx Containing Five Per Cent Colostrum,

The colostrum skimmilk used in the series of vats of curd
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TABLE II

COTTAGE CHEESE MADE FROM NORMAL SKIMMILK AND NORMAL SKIMMILK
CONTAINING THREE PER CENT COLOSTRUM SKIMMILK SECURED
INTERMITTENTLY DURING THE FIRST TEN DAYS AFTER
PARTURITION FROM A HOLSTEIN COW IN THE SECOND
LACTATION PERIOD

Control  Normal containing three
(normal per cent colostrum skimmilk
skimmilk) Days after parturition
2 L 7 10
Setting to cutting (hrs.) 6,08 6.17 6.50 9,67 8.50
Acidity at cutting (%) .53 52 52 53 52
Curd tengion. at cutting (g.) 150 150 150 115 123
Wt. of milk plus
starter (1lbs.) 452 L66 L66 L66 Loo
Total solids in inoculated
milk (%) 9.19 9.20 9.18 9.20 9.17
Total milk solids (1lbs.) 11.50  L2.89 42.79  L2.88  L2.Th

Total milk solids recovered

in cheese (%) 37.56  38.08 37.29 36.70  36.91
Total milk solids lost

in whey (%) 11.50 L1.82 L3.29  L3.04  LO.98
Total milk solids lost

in wash-water (%) 16.LL 18.99 18.89 17.40 17.39

Total solids accounted
for (%) 95.49  98.89 99.47  97.14  95.28
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in the first trial was secured from a Holstein cow in the
fourth lactation period.

The time between setting the milk and cutting the curd
in the vat of normal skinmilk was 5.42 hours (Table III).
The blends of normal and colostrum skimmilk produced on the
fourth, seventh, and tenth days after calviné required 5.42,
5.92, and 6.00 hours, respectively, between setting the
milk and cutting the curd. The curd tension of the control
vat of coagulated skimmllk was 150 grams. The curd tension
of the vats of curd made from normal skimmilk and colostrum
skimpilk produced on the fourth, seventh, and tenth days
after parturition was 67, 134, and 133 Eréms, respectively.
The cheese made from normal skimmilk retained 39.34 per
cent of the wilk solids in the curd. When colostrum skim-
milk produced on the fourth, seventh, and tenth days after
rarturition was blended with normel skimmilk, 39.21, 36.35,
and 36.22 per cent, respectively, of the milk solids were
retained in the curd. The control cheese and the cheese
made from normal skimmilk contalning colostrum were similar
in body, texture, and appearance.

The colostrum used in the series of vats of curd in
the next trial was secured fron a Holstein cow in the third
lactation period. 1In this series of vats the cheese was
nade without rennet.

The vat of normel skimmilk (control) required 7.50

hours between setting the milk and cdtting the curd (Table
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TABLE III

COTTAGE CHEESE MADE FROM NORMAL SKIMMILK AND NORMAL SKIMMILK

CONTAINING FIVE PER CENT COLOSTRUM SKIMMILK SECURED
INTERMITTENTLY DURING THE FIRST TEN DAYS AFTER
PARTURITION FROM A HOLSTEIN COW IN THE FOURTH

LACTATION PERIOD

Control Normal skimmilk containing five
(normal per cent colostrum skimmilk
skimmilk) Days after parturition
N 7 10
Setting to cutting (hrs.) S.42 S.1i2 5.92 6,00
Acidity at cutting (%) 53 53 052 53
Curd tension at cutting (g.) 150 67 134 133
Wt. of milk plus
starter (1bs.) LSy L7L L75 L7h
Total solids in inoculated
milk (%) 8.70 8.73 8.72 8.61
Total milk solids (1lbs.) 39.28 41.40 L1.43 l1.78
Total milk solids recovered
in cheese (%) 39.34 39.21 36.35 36422
Total milk solids lost
in whey (%) Lk.23 LL.3h L7.67 37.01
Total milk solids lost
in wash-water (%) 13.97 14.59 13.67 23.61
Total solids accounted
for (%) 9754 98.14 97.69 96480

———

—

——————
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IV). The blends of milk containing regular skimmilk plus
serarated colostrum produced on the fourth and tenth days
after calving required 7.75 and 7.25 hours, respectively,
between setting the milk and cutting the curd. The colos-
trum produced on the seventh day after parturition was not
used in making cheese, since it was infected with mastitis
organisms. The tension of the curd made from normal skim-
milk was 10 grams. The tension of the vats of curd made
from normal skimmilk and colostrumn skimmilk produced on the
fourth and tenth days after parturition was 11 and 8 graoms,
respectively. The cheese made from the control skimmilk,
contained 37.66 per cent of the original milk solids. The
per cent of the milk solids retained in the curd nade from
normal skimmilk containing colostrum skimmilk produced on
the fourth and tenth days after carturition was 38,77 and
37.07 per cent, respectively. There was no apvarent differ-
ence in the body, texture, or appearance between the cheese
made from normal skimeilk and the cheese made from the
blended milks.

Normal Skinmilk Containing Ten Per Cent Colostrum, A

Brown Swiss cow in the second lactation period produced the
colostrum used in the series of vats of curd in the first
trial.

The coagulating time was 6.42 hours in the vat of
normal ekimmilk (Teble V). The control skimmilk plus colos-
trum skimmilk secured on the fourth, seventh, and tenth days

after calving required 6.58, 7.00, and 6.08 hours,
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. TABLE IV
COTTAGE CHEESE MADE FROM NORMAL SKIMMILK AND NORMAL SKIMMILK
CONTAINING FIVE PER CENT COLOSTRUM SKIMMILK SECURED
INTERMITTENTLY DURING THE FIRST TEN DAYS AFTER
PARTURITION FROM A HOLSTEIN COW IN THE THIRD
LACTATION PERIOD™

Control Normal skimmilk containing five

(normal per cent colostrum skimmilk
skimmilk) Days after parturition
L 7 10
Setting to cutting (hrs.) 7.50 7.75 " 7425
Acidity at cutting (%) .58 <63 59
Curd tension at cutting (g.) 10 1 8
Wt. of milk plus
starter (1lbs.) Ls7 382 L
Total solids in inoculated
milk (%) 9.07 9.22 8494
Total milk solids (1b80) hlohll 35.18 h2.08
Total milk solids recovered
in cheese (%) 37.66 38.77 37.07
Total milk solids lost
in whey (%) 37.55 38.01 36.68
Total milk solids lost
in wash-water (%) 22,97 23.13 20, L)
Total solids accounted
for (%) 98.18 99.91 96.19

# Coagulated without rennet.
#% Mastitis milk.
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TABLE V

COTTAGE CHEESE MADE FROM NORMAL SKIMMILK AND NORMAL SKIMMILK
CONTAINING TEN PER CENT COLOSTRUM SKIMMILK SECURED
INTERMITTENTLY DURING THE FIRST TEN DAYS AFTER
PARTURITION FROM A BROWN SWISS COW IN THE
SECOND LACTATION PERIOD

—
Control Normal skimmilk containing ten
(normal per cent colostrum skimmilk

skimmilk) Days after parturition
L 7 10
Setting to cutting (hrs.) 6.42 6.58 7.00 6,08
Acidity st cutting (%) 52 51 55 52
Curd tension at cutting (g.) 150 150 150 150
Wt. of milk plus
starter (1bs.) Ls3 L39 L97 L97
Total solids in inoculated
milk (%) 9.00 9.09 9.24 9.00
Total milk 8011“ (lb!o) u0073 39090 h5089 hhon
Total milk solids recovered
in cheese (%) 37.87 37.86 39.35 39.42
Total milk solids lost :
in whey (%) L0.62 39.53 39.17 39.71
Total milk solids lost
in wash-water (%) 16.7h 18.97 21.33 18.44

Total solids accounted
for (%) 95023 ’ 96036 99085 97057




respectively, between setting and cutting the ocurd. The

per cent of milk solids retained in the curd made from
normal skimmilk was 37.87. The cheese made from normal
skimmilk and separated colostrum produced on the fourth,
seventh, and tenth days after calving contained 37.86,
39.35, and 39.42 per cent, respectively, of the original
milk solids. The body, texture, and aprearance were simnilar
in the cheese made from normal skimmilk and blended milks.

The colostrum ekimmllk used in the serles of vats of
curd in the second trisl was secured from a Holstein cow
in the second lactation period.

The length of time between setting the vat of normal
skimmilk and cutting the curd was 5.67 hours (Table VI).
The blends of normal and colostrum skimmilk produced on the
fourth, seventh, and tenth days after parturition required
5.50, 6.83, and 5.25 hours, respectively, between setting
and cutting., The curd tension was 150 grams or more in
each of the vats of curd. In the vat of cheese made from
the control skimmilk 38.91 per cent of the milk solilds were
retained in the curd. The per cent of the milk solids
retained in the curd made from normal skimmnllk plus colos-
trum skinmilk produced on the fourth, seventh, and tenth
days after parturition was 39.48, 39.74, and 38.56,
respectively. The control cheese and the cheese made from
the blended milks were similar in body, texture, and

appearance,
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TABLE VI

COTTAGE CHEESE MADE FROM NORMAL SKIMMILK AND NORMAL SKIMMILK
CONTAINING TEN PER CENT COLOSTRUM SKIMMILK SECURED

INTERMITTENTLY DURING THE FIRST TEN DAYS AFTER
PARTURITION FROM A HOLSTEIN COW IN THE SECOND
LACTATION PERIOD

——— —— ——
Control Normal skivmilk containing ten
(normal per cent colostrum skimmilk
skimmilk) Days after parturition
l 7 10
Setting to cutting (hrs.) 5.67 5.50 6.83 5.25
Ac:l.dity at cutting (’) oSh » osh 052
Curd tension at cutting (g.) 150 150 150 150
Wt. of milk plus
starter (1bs.) Ls2 L27 L27 L27
Total solids in inoculated
milk (%) 9.L6 9.57 9.61 9.51
Total milk solids (1bs.) L2.71 40.50 11,07 L4O. 64
Total milk solids recovered
in cheese (%) 38.91 39,48 39.74 38,56
Total milk solids lost
in whey (%) 39.48 40.50 39.80 Lk.23
Total milk solids lost
in wash-water (%) 19.50 19.14 18.42 18.39
Total solids accounted
for (%) 97.89 99.02 97.96  101.18

—

h
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Normal Skilmmilk Containing Twenty-Five Per Cent

Colostrum, The celostra used 1n the first trial were

secured from an Ayrshire cow in the second lactation period
and from & Guernsey cow 1in the first lactation period.

The time between setting the milk and cutting the curd
in the control vat was 5.75 hours (Table VII). The blends
of normal skimmilk and colostrum secured on the fourth,
seventh, and tenth days after parturition required 6.75,
6.08, and 5.92 hours, respectively, between setting and
cutting. The curd tension of the control vat of coagulated
skimmilk was 150 grams. The curd made from normal skimmilk
containing colostrum skimpilk produced on the fourth,
seventh, and tenth days after parturition had a curd tenslon
of 32, 44, end 150 grams, respectively. The cheese msade
from normal skiomilk contained 38.40 per cent of the
original milk solids. The amounts of milk so0lids retained
in the curd made frozd normal skimmilk plus colostrum skim-
1ilk secured on the fourth, seventh, and tenth days after
parturition was 40,62, 40,88, and 36.65 per cent,
respectively., Whey pockets tended to form during the early
part of the cooking process in the first two vats mentioned
above. An objectionable grey color prevailed in the fin-
ished vats of experimental cheese. The cheese made from
normal skimmilk and the cheese made from the blended milks
were simllar 1in body, texture, and appearance,

The colostra used 1n the series of vats of curd in the

second trilal were secured from an Ayrshire cow in the third
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TABLE VII

COTTAGE CHEESE MADE FROM NORMAL SKIMMILK AND NORMAL SKIMMILK CONTAINING
25 PER CENT COLOSTRUM SKIMMILK SECURED INTERMITTENTLY DURING THE
FIRST TEN DAYS AFTER PARTURITION FROM AN AYRSHIRE COW IN THE
SBCOND LACTATION PERIOD AND FROM A GUERNSEY COW IN THE
FIRST LACTATION PERIOD

e ————— — e —— ——
Control Normal skimmilk containing 25
(normal per cent colostrum skimmilk
skimmilk) Days after parturition
L 7 10
Setting to cutting (hrs.) 5.75 6475 6.08 5.92
Acidity at cutting (%) 52 <50 o5k 50
Curd tension at cutting (g.) 150 32 Lh 150
Wt. of milk plus
starter (1lbs.) 361 269 338 380
Total solids in inoculated
milk (%) 9.07 9.20 9.28 9.16
Total milk solids (1lbs.) 32.76 2L.73 31.38 34.82
Total milk solids recovered
in cheese (%) 38.40 L0.62 L,0.88 36465
Total milk solids lost
in whey (%) L3.89 L3.63 38.96 L3.23
Total milk solids lost
in wash-water (%) 16.94 18,02 20,46 18,53
Total solids accounted
for (%) 99.23 102,27 100,30 98.141

e e —_—
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lactation period, and from a Guernsey cow in the second
lactation period.

The coagulation timre in the vat of normal skimmilk
was 5.57 hours (Table VIII)., The length of time between
setting the milk and cutting the curd in the vats of
control skimmilk contalning colostrum skirmnilk secured on
the fourth, seventh, and tenth days after calving was 5.42,
5.25, and 5.33 hours, respgectively. The curd made from
norazal skimmilk had a curd tension of 150 erams. The curd
tension of the vats of curd made frcm normal sximmilk and
colostrum skimmilk produced on the fourth, seventh, and
tenth days after parturition was 74, 129, and 128 grams,
respectively. The per cent of the milk solids retained in
the curd made from normal skimmilk was 35.45. When colos-
trum produced on the fourth, seventh, and tenth days after
parturition was blended with normal skimmilk, 37.26, 37.86,
and 35.32 per cent, respectively, of the milk solids were
retained in the curd. Whey pockets tended to form during
the early part of the cooking process in the cheese made
fron blends of normal and colostrum skimmilk. There was no
arparent difference in the body, texture, or appearance,

between the control end the experimental cheese.

Protein Analyses

The results in Table IX show the amounts of the protein
constituents in the uninoculated milk used in making the

cheese. The total rrotein and the non-casein protein
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TABLE VIII

COTTAGE CHEESE MADE FROM NORMAL SKIMMILK AND NORMAL SKIMMILK CONTAINING
25 PER CENT COLOSTRUM SKIMMILK SECURED INTERMITTENTLY DURING THE
FIRST TEN DAYS AFTER PARTURITION FROM AN AYRSHIRE COW IN THE
SECOND LACTATION PERIOD AND FROM A GUERNSEY COW IN THE
SECOND LACTATION PERIOD

Control Normal skimmilk containiggrzs

(normal per cent colostrum skimmilk
skinmilk) Days after parturition
L 7 10
Setting to cutting (hrs.) 5.67 5.42 5.25 533
Acidity at cutting (%) 51 .51 51 52
Curd tension at cutting (g.) 150 74 129 128
Wte of milk plus
starter (1lbs.) 361 353 38 31
Total solids in inoculated
milk (%) 9.08 9.03 9.17 9.19
Total milk solids (1lbs.) 32.80 31.86 31.87 28,85
Total milk solids recovered
in cheese (%) 35.45 37.26 37.86 35.32
Total milk solids lost
in whey (%) Ll 10 L3.36 L5.97 LL.29
Total milk solids lost
in wash-water (%) 17.52 20.52 17.00 18,66
Total solids accounted
for (%) 97.37 101.1;  100.83 98,27

—_—————————— — — ——— — —— ——  —— ——  _ —— — —— _— _——_ _ _J
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PROTEIN ANALYSES OF UNINOCULATED MILK USED IN MAKING CHEESE (NORMAL
SKIMMILK CONTAINING COLOSTRUM SKIMMILK SECURED INTERMITTENTLY
DURING THE FIRST TEN DAYS AFTER PARTURITION)

— =]

Control
(normal
skimmilk)

Normal skimmilk containing

colostrum skimmilk

Days after parturition

2 N

6 1

10

Total protein
Non-casein protein
Casein protein
Globulin protein

Total protein
Non-casein protein
Casein protein
Globulin protein

Total protein
Non-casein protein
Casein protein
Globulin protein

Total protein
Non-casein protein
Casein protein
Globulin protein

Percentage of protein

3.3867
0. 7654
2.6213
0.2635

3.4809
0.8608
2.6201

0.2908

3.3868
0.8635
2,5233
0.1738

3.7u56
0.8355
2.9101
0.2859

Skinmilk containing 3% colostrum

3.14367
0,8137
2,6330
0.3456

3.6972 3.5811
0.9308 0.9109
2,766 2.6702
0.2993 0.2910

(Holstein)

345640 3.L731
0,9866 0.8187
2.577L  2.65uL
0.2772 0.2591

3.6113
0.8742
2.6371
0.2948

3.3458
0.9092
2,366
0,3273

3.L91L
0.8L475
2.6439
0.2906

Skimmilk containing 5% colostrum

3.5L0L
0.8691
2,673
0.1906

3.6558
0,8635
2.7923
0.2859

(Holstein)

3.3194
1.1383
2.1809
0.2186

3.3867
0.8692
2.5175
0.2130

3.8802
0.8298
3.050L
0.2859

———

o—
——

—

# Mastitis milk.
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Control
(normal
skimmilk)

Normal skimmilk containing

colostrum skimmilk

Days after parturition

2 L

6

1

10

Total protein
Non-casein protein
Casein protein
Globulin protein

Total protein
Non-casein protein
Casein protein
Globulin protein

Total protein
Non-casein protein
Casein protein
Globulin protein

Total protein
Non-casein protein
Casein protein
Globulin protein

Percentage of protein

3.9040
0.8007
0.2578

3.4316
0.7850
2.6466
0.2815

3.4160
0.7074
2.7086
0.219)

3.2680
0.7623
2,5057
0.2797

Skimmilk containing 104 colostrum

(Brown Swiss)
L.2990 3.9270
0.6811) 0.8116
3.4876 3.1154
0.219) 0.219)

(Holstein)

3.6386 3.5437
0.9252 0.7962
2.713L 27474
0.2523 0.2l13

3.8170
0.8117
3.0053
0.2523

3.3868
0.7779
2,6089
0.2303

Skimmilk containing 25% colostrum
(Ayrshire and Guernsey combined)

3.6855
0.73L9
2.9506
0.2303

3.7070
0.817
2.8899
0.2l13

3.6140
0.7L40L
2.8736
0.,2138

(Ayrshire and Guernsey combined)

3.4220
1,069
2.3526
0.3729

3.7510
0.7897
2.9613
0.2852

3.5240
07623
2.7617
0.2962

——————— e ————————ae—
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usuelly were greater 1n the blended milks than in the normal
milk, with the total protein and non-caesein protein
approaching normality as the lactation progressed. The
amount of globulin protein remained fairly constant except

a greater amount was noted in one trial using 3 per cent
colostrum skimmilk, in one trial using 5 per cent colostrum
skimmilx, and in the two trisls using 25 fer cent colostrum

skimmilk.

Acid Development in Cultures

The initlal acidity of colostrum 1s higher than that
of normal skimmilk; therefore, the percentage of colostrum
skimmilk included influenced the initisl acidities of the
blended milks. As the lactation progressed the acidity of
the colost;um skimmilk gradually diminished until normal
acidity was reached., The initial acidities of the inocu-
lated blended milks ranged from 0.14 to 0.21 per cent,
Coagulation usually occurred during the heat treatment of
the blended mllks containing 20 and 50 per cent colostrum
skinnilk obtained from the first and third mnilkings after
parturition.

The data indicated that the lactlic acld organisms were
able to produce acild at & normel rate in milks containing
skimpilk produced early in the lactation period. The data
in Table X show the initlal, developed, and final acidities
in the inoculated blends of skimmilk containing 1 to 50 per

cent colostrum skimmilk secured intermittently throughout
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TABLE X

INITIAL, DEVSELOPED, AND FINAL ACIDITIES OF COAGULATED MILKS MADE FRCM
BLENDS OF NORMAL SKIMMILK AND NORMAL SKDMMILK CONTAINING 1 TO SO
PER CENT OF COLOSTRUM SKIMMILK SECURED INTERMITTENTLY DURING
THE FIRST TEN DAYS AFTER PARTURITION

———

Milking after Breed of cow Initial acidity
calving Per cent colostrum siimmilk
0 1 2 S 10 20
3 Holstein 0,155 0,160 0,168 0,170 0.173 0.195
L «155 160 L163 165  .1T70  L180
S «155 160  L170 L165 L1680 ,L185
5 «150 150 ,155 .158 .,160 L,170
8 «150 150 L1580 155  L165  L17S
10 JdL3 LS JOLS  J8 150 150
1 01&3 01h3 olhs OIhs 0150 0155
13 JAL0  L1L0 L1L0 LS 150 140
19 JAL0 L0 L0 LS 150 150
0 1 5 10 20 50
3&L Jersey 0.145 0.1L5 0,145 0,150 0,155 0,200
10 & 11 JL0  JALO JALS 150 L1680 .190
13 & 1 «150 .150 L,150 .150 L1l65 L210
19 & 20 S U0 B 160 165 175 *
1l Guernsey 0.1L.0 0,150 0,155 0.160 e e
3 140 150 150 L1150 180 L,200
S L0 LS L1500 L.155 180 L18S
7 135 JALO  .w 2150 160 ,1380
13 e135  JLO  LAL0 L0 L0 L1LO
19 0150 0150 .150 0150 0150 0150
1 Ayrshire 0.1L0 0.1i5 0,150 0.180 0,170 -
3 10 150 G155 165 185 Lww
S 10 140 150 150 L1170 L2055
7 0135 01130 ouls olso 0160 0210
13 «135 O L1LO AL S0 L1860
19 «150 150 .150 .150 L1555 .150

*# Laboratory accident.
## Coafulated during heat treatment.



TABLE X (Continued)

Developed acidity

Total acidity
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J

Per cent colostrum skirmilk

Per cent colostrum skimmilk

0 1 2 5 10 20 0 1 2 5 10 20
0,620 0,620 0,627 0,625 0,652 0,665 0,775 0,780 0,795 0.795 0.825 0,860
° 625 0655 0652 ° 650 . 630 ° 635 ° 780 . 815 . 815 . 815 Y ° 815
0625 660 675 4655 6U45 .635 .760 .820 .845 .820 .825 .820
0620 0675 0715 0687 0685 .6)45 0770 0825 0810 081‘.5 081&5 .815
0635 655 J660 660 675 685 «785 .805 .810 .815 .8LO .860
602 o615 620 .,602 L,620 L6220 oTUS o760 765 o750 <770 o770
o617 o637 <625 o615 L570 L6195 o760 4780 o770 o760 4720 770
e590 ,L575 L40O ,025 ,000 ,0OO o730 4725 4555 .180 .160 L,160
«600 570 4595 <585 L590 .600 ¢720 <710 735 730 <750 760
0 1 5 10 20 50 0 1 S 10 20 50
0,650 0,650 0,660 0,660 0,665 0.720 0,795 0,795 0,805 0.810 0,820 0,920
680 675 4655 650 .680 ,720  .B20 .815 .800 .B8LO .8LO .910
o6US  JOLO 650 4655 L665 4690 o795 o790 .,800 ,805 .830 .900
650 & 650 o655 L6775 =« .810 «810 .830 .,850 %
«600 o570 LOLO 645 6LS .780 oThO +720 790 <795 805 .980
o580 o585 615 o630 625 Q1S JT20 4730 4755 785 .785 4900
575 610 .#  .590 615 L625 o710 o750 #  7LO 775 .805
oSUS +565 o575 <595 580 .650 680 705 LTS5 735 4720 ,.800
o560 o555 o570 4585 <570 4635  oTI0 .705 .720 735 4720 .805
0,580 0.585 04630 0.655 0,655 ## 0,720 0,730 0,780 0.815 0.825
o595 600 ,630 655 L665 o735 4750 785 .820 .,850 %
oSU5 595 4620 LOLO LELO 665 o735 735 4770 ,800 .810 ,860
o550 <560 560 o575 620 ,660 685 o700 ,705 .720 ,780 870
oSUS  ¢560 o575 o590 4620 4660 4680 4735 TS 735 <780 L8LO
o560 o585 4580 .585 610 625 eTIO o735 4730 735 o765 785
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the first ten days after parturition. The values that are
reported as develored acidities in Table X show the amount
of acid actually develored and are the‘dlfference between
the initial acidities of the inoculated blended milks and
the finsl acidities of the corresponding coagulated milks,
Starter activity was normnal in each of the trlals using

blends of normal skimmllk and colostrum from the Holsteiln,
Jersey, Guernsey, and Ayrshire cows. The initial and final
acidity values from the four trilals were averaged together

and the averages sre shown graphically in Figure 1.
Curd Tension

The curd tension values of coagulated milks made from
blende of normal and colostrum skinmnilk are presented 1in
Table XI. The milk was coagulated entirely by acid; there-
fore, the curd tensions are lower than would be the case \if
a persin or rennet coagulator had been used.

The blends of normal skimmilk end Holsteln colostrum
exhiblted a higher curd tension than normal skimmilx alone.
The ¢reater the amount of cclostrum skimmilk used and the
earlier it was obtalned after parturition, the greater the
curd tension. The colostrum skimmilk produced on the tenth
day after parturition 3did not influence the curd tension to
any great extent, except whem 50 per cent was used,

The curd tension values were approximately equal in the
normal skimmilk and the blends containing colostrum skimnilk

secured from the Jersey, Guernsey, and Ayrshire animals,
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TABLE XI

CURD TENSION READINGS OF COAGULATED MILKS MADE FROM NORMAL SKIMMILK
CONTAINING 1 TO 50 PER CENT COLOSTRUM

- —— ————————_

Milking after Breed of cow Per cent colostrum in the skimmilk
parturition 0 1 2 5 10 20 50
Curd tension
3 Holstein 35 L2 L8 sh 62 ™
L ¥ 44 28 27 38 Lo 2L
S 27 30 3 30 38 sS4
6 12 ) TR 28 36 62
8 52 56 57 60 67 T2
10 k6 42 Ly 52 5 60
1n 36 34 L ko 3 50
13 b8 L 38 » » »
19 38 38 38 -39 h2 ‘ Lu8
3&4 Jersey 16 16 18 16 16 16
10&11 n 1n 12 12 1, 18
13 & 1 12 12 13 1 W 15
19 & 20 18 w#x 17 16 18
1l Guernsey 18 18 18 20 ¢ +
3 15 15 16 17 13 18
5 17 18 18 19 23 25
7 11 12 - 13 1, 16
13 18 20 20 23 18 23
19 3 28 27 32 30 26
1 Ayrshire 18 18 17 18 19 +
3 15 15 15 16 25 +
5 17 17 18 18 18 17
7 1 1 12 12 13 13
13 18 17 17 17 18 19
19 % 26 27 27 29 25

# Starter organisms were inhibited.
## Lgboratory accldent.
+ Coagulated during heat treatment,
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The curd tension values from the above three trials were
averaged together and the averages are 1llustrated graph-
ically 1in Figure 2. The curd tension vslues from the trial
using the Holstein colostrum were not included becsuse the
curd tension was not measured in the same manner as 1n the

other three trisls.
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DISCUS3ION

Cottage Cheese

3tarter Activity., The starters used in this work were

active in all of the vets of blended nilk mnade from normal
and colostrum skimnllk, but there were some variations in
the lsngth of time tetween setting the 1ilx and cutting the
curd. In 19 of the 25 vats cbntalning a blend of normal

and colostrum skimmilk, the coagulation time ranged from 25
minutes less, to 50 minutes more than the time required to
coagulate the vat of normal (control) skilmmilk. In 6 of the
25 blends of skimmilk, the coagulating time was from 1.00
to 3.59 hours longer than the time elapsed between setting
and cutting the vats of normzl sklwmmilk, For example, the
data in Table II showed that the blended milks containing 3
per cent of colostrum secured on the seventh and.tenth Jdays
after parturition required 9.67 and 8.50 hours to coagulate,
respectively, as comprared to 6.08 hours required by the vat
of normal skimmilk. Only one of these six slow vats con-
tained colostrum secured earlier than seven days after
parturition. A statistical analyses using Filsher "t"
distribution (p = .05) indicates that a significantly longer
period of time was required before cutting the curd made
from the mllk containing colostrum secured on the seventh
day after parturlition than the curd made from the control

milkx. No significant differences were noted between the

43
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control milk and the milk containing colostrum secured on
the fourth or tenth day after parturition. These results
suggest that an inhibitory substance may be present in
colostrum and that it 1e more active during the latter part
of the ten day interval immedliately following parturition.

In the six delayed vats of curd, four were blends of
normal skimmilk and 3 per cent colostrum skimmilk (Tables
I and II). Apparently there was no direct relatlonship
between the amount of colostrum present in the milk and the
activity of the starter organisms,

According to Hales (11) a vat of skimmilk inoculated
with 5 per cent starter will normally develop approximately
0.11 per cent acid in 2 hours and the remaining 0.21 per
cent acid necessary to attain the cutting acidity should
develop in approximately 1.75 hours. In one of the vats of
blended milk containing 3 per cent colostrum secured on the
seventh day after parturition, only 0.11 per cent acid
developed in 6 hours, After the initial lag phase an addi-
tional 3.67 hours were necessary to produce the additional
0.21 per cenﬁ acid requlired to attaln cutting acidity. The
vat of blended milk containing 3 per cent colostrum skimmilk
produced on the tenth day after parturition showed a similar
pattern of acid development, but less time was required
during the lag phase.

Approximately 7.50 hours were required to attain 0.60
per cent acid in each of the vats of milk inoculated with

6 per cent starter and coagulated without rennet. According
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to Hales (11) a vat of normal skimmilk inoculated with 6

per cent starter should attain 0.60 per cent acid in 4 hours
and according to Angevine (1) a similarly inoculated vat
should attain an acidity of 0.50 to 0.52 per cent acid in
4.5 to 5 hours.

Some of the blends of milk contained "bloody" colostrum;
however, the starter organisms were not inhibited in these
milks. The results concur with the work reported by Davis
(9) who observed that the presence of serum and blood in
1ilk usually do not have a marked effect on the growth of
lactic acid bacteria,

Curd Tension, Calcium chloride, which is frequently

added to ald rennet in coagulating milk, was not used in
this vroject because it was desired to secure data that
would show the effect of colostrum on the curd tension of

an acid-rennet curd. The curd tension was 150 grams or
higher (the maximum scale reading on the curd tension meter
was 150 grams) in all of the vats of normal skimmilk, except
the vat of milkx coagulated without rennet, in which the curd
tension was only 10 grams. The appearance of several of the
vats of curd,immediately after cutting indicated that a curd
tension of approximately 50 grams or higher was desired.

The curd with a curd tension of less than 50 grams was
inclined to be fraglile and mushy and the curd particles

were lacking in uniform size and shape. This defect 1s less

objJectionable in small curd cheese than in large curd cheese.
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In 11 of the 23 blends of normal and colostrum skim-
milk the curd tension of the scid-rennet coagulated wmilk
was less than 150 grams., In elght of these eleven vats,
the globulin protein content waﬁ greater in the blended
milke than in the original normal skimmilk. In the remain-
ing three of the eleven vats, the globulin protein content
was normal, but delayed starter activity was apparent,
However, the curd tenslion was not below 150 grams in each
of the vats with delayed starter activity; therefore, the
curd tension and starter activity probably are not directly
related. These results suggest that globulin rrotein
reduces the effectiveness of rennet 1n coagulating milk.
This conclusion is in agreemnent with Ling (18) who stated
that the soluble proteins, albunin ard globulin, are known
to retard rennet action. However, Welsberg et al. (35)
added whey proteins to milk and found that the curd tension
was not altered when the caseln content was held at a con-
stant level and a pepsin coagulator was added. Several
workers (7, 15, 25, 35) have rerorted tha£ when fpepsin is
used as the cosgulator, the curd tension of colostrum 1is
higher than that of normal milk. In view of these reports
and the rerort by Ling (18), it would seem that pepsin is
not inhibited by large amounts of globulin, but inhibition
of rennet may occur when a limited amount of rennet is
present in a large amount of globulin. Also the globulin
proteins from certain individual cows may have a greater

inhibitory effect on the rennet.
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There are no reports in the literature that indicate
the normal curd tenslon of milk when coagulated entirely by
starter action, The curd tension of the three vats of wilk
inoculated with 6 per cent starter and set without rennet
was approximately 10 grams at the time of cutting. The
data in Teble IV indicate that the ylelds from the vats of
curd formed without a coagulating enzyme were equivalent to
the ylelds of several vats of curd with &8 curd tension of
150 grams.

Ylield, In this project, the average total solids
content of the vats of normsl skimmilk and normal skimmilk
contalning various percentages of colostrum skimmilk was
9.10 and 9.15 per cent, respectively. Actually the total
80l1lds content of the blended milks varied considerably,
depending on the amount of colostrum included in the blends.
The average amount of total solids retalned in the curd
made from normal skimmilk and the blended milks containing
colostrum skimmilk was 37.88 and 37.83 peb cent, respectively.
The curd made from the blended milks containing 3, 5, 10,
and 25 per cent colostrum skimmilk contained an average of
36.58, 37.59, 39.07, and 38.10 per cent of the original
milk solids, respectively. The cheese made in the corre-
sponding control vats (normal skimmilk) contained an average
of 37.69, 38.50, 38.39, and 39.92 per cent, rescectively,
of the original milk solids. It 1s impossible to malntain
complete uniformity in all the manufacturing procedures

that affect yleld. Therefore, if the experiment were
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repeated, the above ylelds might very slightly. However,
the averages indicate that the yilelds from blended milks
contalning colostrum should be approximately equal to the
ylelds from normal skimmilk. Dsta reported by Riddell et al.
(25) on the average composition values of colostrum produced
by various breeds of cows, showed that colostrum secured on
the fourth day after parturition contalned approximately

1l per cent more casein, but only 0.22 per cent more globulin
than normal milk. Therefore, when colostrum 1s blended with
normal skimmilk, the increase in total solids is primarily
casein. Since about 80 per cent of the total solids mate-
risl in cottage cheese 18 casein, the ylelds from blends of
normal and colostrum skimmilk should be almost equal or in
some instances slightly higher than the yleld from normal
skimmilk. The rate of change in colostrum composition
varlies among individual cows, and in some instances, colos-
trum produced on the fourth day after parturition may have

a globulin content nearly equal to the casein content.

In 8ix of the eight vats of milk in which the globulin
protein content was greater than in the corresponding normal
skimmilk (control), the ylelds were equal to or greater than
the ylelds from normal skimmilk. These results suggest that
curd tenslon and yleld are not directly related.

Generally speaking, approximately equal amounts of
total solids were lost in the whey and wash waters from
each vat of cheese in a series. The amount of solids lost

in the whey and in the wash waters depended on how
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completely the whey was drained from the curd. Data from
Table V, indicate that 57.36, 58.50, 60.52, and S8.15 per
cent of the wilk solids were lost in the combined whey and
wash waters from the cheese. These results compare
favorably with the data reported by Bender and Tuckey (6).
In most instances, as the calculated per cent total solids
increased, the calculated per cent total solids accounted
for also increased.

Body, Texture, and Appearance, The body characteristics

in a majority of the vats of finlshed cheese made frowm
blendes of normal and colostrum skimmllk compared favorably
to the cheese made from normal skimmilk. In some instances
a soft body defect was arparent in the cheese made from
blends of normal and colostrum skimmilk, This soft body
may have been due to insufficlent cooxing temperature and
time.

During the early part of the cooking process there was
a tendency for whey pockets to form in the curd particles
made from blends of milk containing 25 per cent colostrum.
Therefore= the rate of heating during the first part of the
cooxing procedure was decreased to allow sufficient time to
expel the whey before the curd particles becamne firm on the
outside. These whey pockets were not encountered in the
curd made from blended milks contalning 3, 5, and 10 per
cent colostrum skimmilk. There was no significant difference
in the texture of the curd made from normnal skimmllk and the

blended skimmilks,
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The vats of curd in which the tension was 50 grams or
more at the time of cutting were simnilar in appearance,
except the curd made from the blends of milk contalning
"bloody" colostrum. These vats of curd had an objectionable
grey color, the intensity of which depended upon the
arparent amount of blood contained in the colostrum. In
some instances the undesirable color was not easily detected
unless the curd was compared with the curd made from normal
skximmilk,

The curd particles were not uniform in elze and shape
when the curd tenslon was leas than 50 gramns in the vats of
milk that were coagulated with and without rennet. Lack of
uniformity would be less objectionable in the small curd
cheese than in the large curd cheese.

Proteln Analyses, Colostrum produced on the fourth

day after parturition is nearly normal and caused very
little change in composition when blended with normal milk,
but the total, non-casein, and globulin proteins were
usually slightly higher in the blended mnilks,

The data in Table IX showed that in four of the elight
trials there was an occasional instance in which the globulin
protein was greater in one of the blended milk samples. In
the four remalning trials, most of the blended 1llk samples
contained a greater amount of globulin protein than the
normnal skimmilk samples. In three of the latter four trials
the curd tension values were lower in the blended mnilxs than

in the normal skimmlilk. The data from these three trials
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suggest that there m2y be a direct relatlonship between
the globulin protein content and curd tension values. In
the remaining trial the curd tension values were 150 grams
or more in each of the three blended milk samples.

In the two series in which 25 per cent colostrum was
used the blended milks contained a greater amount of glob-
ulin protein and the curd tension values were lower than in
normal sklwmmilk.

The data in Tables I, II, VII, VIII, and IX indicate
that in 10 of the 11 blended milks with a high globulin
content, the time between setting and cutting thg curd was
equal to that of the normal skimmilk. Therefore, the glob-
ulin protein probably does not influence the rate of growth
of the lactic acild organisms,

Development of Acid in Starters, 3Several reports in
the literature indicate that colostrum contains substances
inhibitory to starter organisms. In this project the blends
of normal and colostrum skimmilk, that were inoculated and
incubated as starters, supported the growth of lactic acid
producing organisns. Rice (24) reported that lactic acid
organisms would produce acid at the normal rate when they
were carried in blends of milk and colostrum. He observed
that mllk containing 10 per cent or more colostrum had a
stimulating effect on the organisms and attributed the
stimulation to the high buffer value of colostrum. The data
from Table X indicate that an average of 0.50 and 0.61 per

.cent acld developed in excess of the initial &acldity 1in the
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normal skimmilk samples and in the blended milk samples,
respectively. Approximately O0.70 per cent apid willl usually
develop 1n excess of the initlal acidity in milks inoculated
with 1 per cent starter and incubated at 72° F. for 15
hours, A comparison of the above figures suggests that the
total solids content of the normal skimmilk may have been
lower than usual,

In many instances, the lactic organisms developed more
acld in the blended m1ilks than in the nornal skimmilk with
the acid increasing as the per cent of colostrum increased.
Apparently the stimulation was due to components of the
colostrum. 3ince the amount of stimulation definitely varied
with individual cows 1t would seem that the stimulation may
be partially attributed to the higher solids content of the
colostrum, Thls conclusion may be further substantiated by
the fact that inoculated blended milks containing colostrum
from the Jersey, Guernsey, and Ayrshire cows supported
starter activity better than the colostrum from the Holsteln
cow (Table X). Also the greatest amount of acld was produced
in the blended milks containing colostrum secured nearest to
parturition and the starter activity was normal in the
blended milks containing this colostrum.

Curd Tension, Cultured buttermilk should have a
relatively heavy body; therefore, the milk must be coagulated
sufficiently to give the desired high viscosity. The curd
tension test performed on the coagulated milks gave an

indication as to whether milk containing colostrum would
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produce the body characteristics desired of a gond cultured
buttermilk.

The data in Table XI show that the curd tension values
of a majority of the blended milk samples were equal to or
greater than the curd tension of the normal skimmilk. The
higher curd tenslons were attributed to the greater solids
in the colostrum,

Coagulation usually occurred during heat treatment of
the blended milk samples containing 20 to 50 per cent
colostrum secured from the first one or two mllkings. These
blended milk samples undoubtedly contalned large amounts of
heat coagulable protein. Wwhen the samples were inoculated
and incubated without heat treatment, the starter organisms
produced acid at a normal rate, but the milk falled to
coagulate although the acid was above 1 per cent.

Normally we expac¢t Holsteln milk to form a softer curd
than Jersey, Guernsey, and Ayrshire wmilk. However, in this
project, the data from the milk samples that were coagulated
by starter showed that the curd tension values of the blended
milks'contalnlng Holstein colostrum were higher than the
values of the blended milks containing Jersey, Guernsey, or
Ayrshire colostrum (Table XI). Two varlations in laboratory
procedures may be responsible for the above results: (a) the
coagulated milks containing Holstein coloetrur were removed
from the incubator and cooled to 40° F. before the curd
tension was measured, whereas the coagulated milxs containing

colostrum from the Jersey, Guernsey and Ayrshire were not
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cooled before the curd tension was measured. (b) The same
starter was not used to inoculate the blended milks contain-
ing Holsteln colostrum. 3ince the proteolytic astivity will
vary among starters, the curd tension may have been
influenced. Heilnemann (14) rerorted that the rroteolytic .

activity of starters definitely affects curd tension.



SUMMARY AND CCNCLUSIONS

Thirty-three vats of cottage cheese were made from
normal skimmilk and normal skimmilk containing 3 to 25 per
cent by welght of milk secured during the first ten days
after parturition. Analyses were made for starter activity,
curd tension, yleld, losses of solids in whey and wash
waters, and characteristics of the finished curd. Also,
starters were prepared from blends of normal skimmilk con-
taining 1 to 50 per cent of early lactation milk. Analyses
were made feor starter activity and curd tension.

In most of the vats of blended milk, the starter
activity was normal even when "bloody" colostrum was used
and when the blended milks contained a high globulln content.

The curd tension in a majority of the vats of blended
milk was 150 grams or more. The data from the vats of curd
with a curd tension of less than 150 grams suggested that a
high globulin protein content may 1limit the rennet action.

There was no sienificant difference in the yields from
the normal skimmilk and the normal skimmilk containing 3 to
25 per cent colostrum secured during the first ten days
after parturition. The yield was not affected when the
blended milks ccntained more globulin and possessed a lower
curd tension than the normal skimmilk. Evidently the
caseln content in the colostrum was sufficient to compensate

for the globulin protein and the ylelds were nct reduced.
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The body ané texture of the finished cheese were not
materlally affected when made from blended milks containing
3 to 25 per cent of colostrum secured during the first ten
days after parturition. In a few instances the curd
rossessed an undeslrable grey color which was attributed to
the use of "bloody" colostrum. The curd prarticles were not
uniform in size and shape when the curd tension was less
than 50 grams at the time of cutting the curd.

The amounts of total, non-casein, and globulin proteins
were usually slightly hlgher in the blended milks.

The developed acid was usually greater in the blended
milks, that were inoculated and incubated as cultures, than
in the normal skimmilk, with the acid increasing as the per
cent of colostrum increased, Also the curd tension was
usually lower in the normal skimmilk than in the coagulated
milks contalning colostrum. The greater starter activity
and higher curd tension values were attributed to the higher

total solids content of the colostrum.
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