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INTRODUCTICON

For meny years the Instahbility of cows' milk toward

heat has at times been of great concern to the evaporated
milk industry., Some constituent or combination of con-
stituents normally present in cows' milk 1s helieved to he
responsible for the heat coaruletion of milk, This problem
was alloviated to sore extent by the use of hich temperature
preheatine treatments or by the addition of protein stabi-
lizing salts.

The first basic research nertainine to the coapgu-
lation of milk by heat was reported by Sommer and Hart
(1926)., Since then, various reports have heen published
on different phases of the heat coarulstion problem,
lost of the workers have associated the instability of
milk toward heat with the seasonal effect, the effect of
acidity, and the effect of an Improper cation-anion
balance.

The purpose of this study was to determine the
changes which occur in the composition of milk due to
seasonal and breed differences and the effect of these
changes on the chemical and physical properties of the
milk, The study was subdivided into three parts, The
object of the first part of this study was to determine

the variations in the comvosition of milk with respect
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to the seasonal influence, The purpose of the second
part of this study was to determine the effects of
various heat treatments upon the constituents of cows'
milk, The last part of the investirsation was devoted
to the chanres which occur in comnostion and properties
of cows' milk due to the combined effects of heat and

scidity.
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REVIEYW OF LITERATURE

Natural Variaticns in the Compositlion and
Properties of Cows' Nilk

Influence of Breed

tat and totsl solids. There are differences in

the fat content of milk from different breeds of cows,
Rarsdale and Turner (1922) renorted that a Suernsey
herd cave milk with a consistently higher faf content
than did a liolstein herd. This observation was further
supported by the work of Jacobsen and Wallis (1933) who
found that the milk of the smaller breeds had a higher
fat content than milk from the larrer breeds,

Since the per cent of fat 1s encompassed in the
per cent of total sollds, any variation in the fat content
of milk will show up as a variation in total solids,
Jacobsen and ¥allis (1939) showed that the milk of the
smaller breeds had a higher percentase of total solids
then did the milk of the larcer breeds,

Protein, Very little information has been reported
on the differences in the total protein content of milk
of iIndividuals or breeds, A report published by Shahani
and Sommer (1G51a) showed & slightly hisher average for

total protein 1In Guernsey milk than that found in Eolstein
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milk, or mixed herds milk, the averace total protein
content was lower than that reported for the individual
breeds, Rowland (1938), nunder Enprlish conditions, found

that the protelin content of a hish fat, hirh solids milk

wau3 conslstently hicher than ths protein content of a
low fat, low solids milk,

Minerals, The salts which are most renerally
believed to influence the properties of milk are calciunm,
macnesium, phosphorous and citric acid., Holm, vebb and
Deysher (1932), from complete milk analyses, concluded
that the smaller breeds of cows showed a consistently
hizher calcium content, a hirher total phosphorous content
and very little difference in marnesium content when
compared to similar analyses of the larcer herds, However,
in a comparison of the citric acid content of high fat
milk with that of low fat milk, the citric acid content
was consistently higher in the low fat milk. Rice and
Markley (1921) reported data which asreed favorably with
the observations of Holm et al (1932).

Curd tension. Hill (1923), durinc his classical

research on the curd tension of milk, observed that if a
milk has a curd tension of less than 30 srams then it
usually produces a curd of soft character, The sverare
curd tension of Holstein milk was lower than that of
Guernsey milk., He also pointed out that the fat content

of the milk has no direct relationship with a hich or
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low curd tension, but tha®t the salt content may be re-
sponsible for the differences in curd tension. This is

In partial agreement with ressarch carried out by Weisbers,
Johnson and IeCollum (1933) who found that the softer

curd milks contained less salts than did the harder curd
milks.

Riddell, Caalfisld and “hitnah (19356) showed that
the curd tension of milk could he correlated with its
protein content, Therefore, the different breecds could
ve ranked in curd tension in the same order as their
total protein content, In this manner, the breeds would
rank from the low2st to the highest in the following
order: Holstein, Ayrshire, Guernsey, Jeorsey.

Heat stability, The heat stebility of milk may

be defined as that length of time at whlich milk will
resist coazulation at a specified temperature. The
influence of the breed on the heat stability of milk is
related to the composition of the milk from the indi-
viduals, There are few specific references to the effect
of any certain breed upon heat stability.

Sommer and Hart (1919) found that the stability
of milk toward heat was influenced by the concentration
of the salts which were present. Their exveriments
indicated that in heated-milk, coagulation will not occur
when the calcium is removed, but that small amounts of

calcium salts, when added to the milk, will cause coaru-
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lation, The calcium and marnesium ions were found to be
halanced by phosphates and citrates in almost aram-eqilva-
lent amounts, Optimum heat stability in the milk is
achieved wnen the proper balsnce i3 present between the
calzcium and magnesium ions and phosphate and citrate
radicals, lowever, they concluded that coaesulation would
result if one of the salt combinations was hicher than
the other,

The data presented by Holm et al (1932) showed,
renerally, that the higher ths calcium and phosphorous
content the lonser was the time required to coasulate
milk at 130° C, These worksers found no definite corre-
lation between the salt balance and heat stability.

webb and Holm (1932) reported that as the temper-
ature of the milk was increased, the time required for
coasulation decreased logarithmically, They determined
that a temperature of 120° C. was the most optimum
temperature to use in evaluatins the heat stability of
milk,

Holm, Deysher and Evans (1923) eliminated the
presence of a hizh fat content as beineg a factor in the
coarulation of milk. They revorted that the pressence
of the high fat content raised the coagulation temper-
ature only slicshtly and deduced from this observation
that the difference was probably due to heat absorbed by

the fat.



Influence of Jeasons

Fat and total solids, The season of the year 1is

known to influence the fat content of milk, In research
carried out by Overman (19/,5) with the Guernsey breed,
the fat content decreased durinc the summer season but
gradually increased during the fall and rewained at a
hizgher level during the winter months, Overman also
reported that in the !lolstein breed the fat content of
the milk was high in late summer but remained at a lower
level durinec the rest of the year., These results were
In rceneral agreement with data revorted by Jacobsen and
Wallis (1939) who demonstrated a downward trendi in fat
content for all breeds durinc the summer months and an
increase during the fall and winter months, The work by
Rapgsdals and Turner (1922) further verifled these trends
in fat content,

As stated earlier, since the fat is included in
the total solids, any variasnces in the fat content will
result in a corresponding apparent variation in the
total solids, Overman (19!//5) observed this relation-
ship when he (ound greater differences in the total
solids of Guernsey milk than in Ilolstein milk over a
period of a year, He attributed this to the greater
variations in the fat content of Guernsey milk as com-

pared to the lower range of variations in fat content






of Holstein milk,

Protein. Davis, Harland, Caster and Xellner (1947a)
conducted experiments under Arizona condltions and observed
that the vprotein content of Cuernsey milk was consistently
higher than the protein content of lHolstein milk. Thelr
results showed flucuations in protein content for Suernsey
milk during the early summer months while the period of
greatest varlances for Holstein milk occurred in the
later summer months, The lolsteln milk showed a leveled
decrease period. #rom later exveriments on mixed herds,
Davis, Harland, Caster and Kellner (19)7b) found that
the protein content of mixed herds milk remained at one
level over a psriod of one year,

In experiments upon the use of antiscorbutic-
free fodder and pasture feeding of Holstein cows, liess,
Unger and Supplee (1920) found that the protein content
of the milk produced on pasture was inherently higher,
but that an increase was also noted in the fat and
total solids of the milk.

Minerals, 1In analyses of mixed herd milk,

Jacobsen and Wallis (1939) reported that the mineral
content generally showed slightly lower values during
the summer months while winter milk showed a slightly
higher mineral content, Sommer and Hart (1925) reported
that there was no chance in the calcium or phosphorous

content of milk from cows fed on dry winter rouchage




and creen pasture grass. Lenstrup's (1925) deata showed
that the total phnosphorous remained at a constant value
during the yesr but that the values were slichtly lower
durins the summer months. Investigations by Golding,
Mackintosh and lattick (1932) showed lowsr mineral
values for the summer months followed by an increase
and eventual leveling olf durinc the late fall and
winter seasons,

Suppnlee and Rellis (1921) renorted only a slight
increase in the citric acid content of milk when one
mixed herd wes chaanrsd from winter feed to green
pesturage. Holm et al (1932) found a slicht decrease
in the citric acid content of mil¥% produced in Masrch
over that in milk produced in February. Their data 1s
inconcluslive as to the effect of feed on the salt
comrosition of milk since their cows were fed dry hay.
Hunziker (19,9) stated that, "preen fseds increase the
citric acid content of milk; dry winter feeds decrease
it." This statement was supported by Sommer and Ilart
(1925) who believed that there was o significant in-
crease in the citric acid content of mllk when a cow
was chanced from vwinter feed to creen pasture. Hess
et al (192C) ohserved that when a liolstein cow was
chanred from vitamin C-free fodder to green pasture
the citric acid content of the milk Showed a very

Sienificant increase,.
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Curd tensjion, There are very few research

reports related to the influvence of seasonal variations
on the curd tension of milk, 1ii11 (1923) observed no
sisnificant dilferences in curd tcnsion over a six

Y

months period. I'e believed that the more important

salts were responsible for varistions in curd tension 1
and that a decrease in the insoluble calcium might

tend to cause a softer curd or recduced curd tension in !
milk., This stetement is supported by Weisbers, Johnson

and N®Collum (1933) who observed that a soft curd mllk

contained less calcium and phosphorous than a hard

curd milk,

lleet stebility., The investigations of liolm et

al (1932) showed that the heat stability of milk in-
creased and reached a maximum during March and April.
According to their data, there is a decrecase in cltric
acid content of milk and a slirht decrease in calcium
and phosphorous. Cole and Tarassuk (1945) observed
that when a hicsh stability of milk to hea% occurred
that the best stability was encountered durings March
and April. 1In eeneral, the ssme assuptions as stated
earlier, under the heat stability as affected by breed,
would also be true when aspplied to the influence of

seasons on the heat stablility of milk.
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Variations in the Composition and Properties
of Cows!' Milk Resultinz from
Induced Factors

Influence of Heat Treatment

Minersl distribution. Verma and Sommer (1950)

observed, from determinations of both total and soluble

salts in heated milk, that there was a significant
decrease in soluble calcium after pasteurization but that
followinm cool aging for 2l hours the amount of soluble
calcium was higher than that determined in the raw mill,
In analyses of fresh skim milk heated to 200°, 250°, 300°
and 3250 F., Bernardoni and Tuckey (1G50) determined that
the contents of calcium and phosphorous in the ultra-
filtrates of the heated milk samples decreased as the
temperature increased, Sommer and Hart (1926) observed
that there were larger amounts of soluble calcium in
concentrated skimmilk which had been heated at 180° F.
for 5 minutes. This was accounted for, in part, to the
precipitation of albumin.

Harman and Slater (1950) observed that in sall
samples of heated milk, regardless of the temperature
used, the rates of diffusion of calcium, phosphorous
and magnesium were significantly reduced and that citric
acld appeared to be unaffected.

Whittier and Benton (1926) observed from their
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experiments that as milk was heated the titratable
acidity decreased momentarily and then rose, while the
hydrogen-ion concentration increased consistently., In
leter experiments, Whittier and Benton (1927) concluded
that the acid formed, upon the heating of milk, was in
direct ccrrelation with the time and temperature used
as well as with the concentrastion of lactose, Gyorgy
(1923) found that as the pH was lowered tha amounts of
calcium and pnosphorous in solution were increased and
that as the iso-electric point of casein was reached no
calcium remained 1n combination with casein,

Nitrogen distribution. Few works have been

reported on the effect of heat upon the nltrocen distri-
bution in milk, Menefee, Overman and Tracy (19l1) showed
no signjficant changes between the total nitrogen
content of raw milk and the same milk pssteurized at
IMSO F. for 30 minutes, However, when the milk was
heated to 203° F. there was an immediate decrease in
total nitrogen which was deduced to be due to a partisl
hydrolysis of proteins,

Shahani and Sommer (1951b) observed that there
were no significant changes between the total nitrogen
or serum nitrogen of raw milk and of milk pasteurized
at 1550 F. for 30 minutes although there were changes in
a_few of the nitrozen supplying compounds. They also

observed a similar pattern in the nitrogen distribution
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of milk heated at lhBO e for 30 minutes, The nitroren
compounds most affected were the albhumin and globulin,

Heat stsbility. Nost of the research on heat

stability has been done on evaporated milk, Webb and
Bell (19)3) found thet hish-temperature short-time
heating of a concentrated milk caused an increase in
heat stebillity, Further increases in temperature or
time resulted in a decrease In the heat stability of
concentrated milk. They also observed that when a raw
milk had been forewarmed to 120° C. for O to 10 minutes
the milk attained a heat stability conducive to the
production of & food evaporated milk., The forewarming
treatment increased the stability of the milk toward
heat, W%ebb, Bell, Deysher and Holm (19/{3) also found
that milk forewasrmed from 110° C. to 15C° C. for one-
half to 5 minutes exhibited better heat stabilization
than did milk forewarmed to 95° C. for 10 minutes.
Further, they observed that a forewarming temperature
and holding time of 120° C. for 3 to !} minutes to be
optimum,

In heat-treated milk, Powell (1G35) observed that
when a milk was heated to 85° C. the time required for
rennet coesgulation was increased many times over that
required to cause cosgulation of the raw milk before

heating,
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Curd tension. Menefee et sl (19/;1) showed that

the curd tension of milk was lowered when it was pasteur-
1zed at 145° F. for 30 minutes. Mortenson, Espe and
Cannon (1935) observed from curd tension experiments

that in all samples of milk tested the curd tension of
milk was reduced by all temperstures of heating but to
different degrees. At pasteurizing conditions of 1’.;2O r,
for 30 minutes the curd tension was reduced approximastely
one-third, the curd tension of boiled milk was reduced
abocut three times, while the curd tension of milk heated
In an autoclave at ZhZO F, for 15 minutes was so reduced
that no curd tension value could be made, The work of
H111 (1931) substantiates the work of Nortenson et al
(1935) since he also reported a decrease in the curd
tension of milk samples when they were heated to in-
creasingly higher temperetures. Miller (1935), in his
experiments on the curd tension of heated Holstein and
Jersey milk, observed that heating caused a decrease in
the curd tension of both milks and that the decreases

were similar for both milks,
Influence of Developed Acidity

Mineral distribution. Sommer and Hart (1026)

concluded that when milk coagulates due to a lack of
calcium the developement of acid will reduce the excess

phosphate by reverting some of the phosphates to primary



15
phosphates, In turn, they stated that the develo=zement
of acid would increasas the amount of solublzs caleium due
to the acid action upon any dl-zalcium or tri-calcium
phosphate present in the milk.

Van Slyke (1928) stated that the formation of
lactic acid on the heatine of milk converts insoluble
di-calcium phosphatzs salts into g soluble form such as
mono-calcium phospnhate, The hicher the acidity is
allowed to develope, the lower will be the minerals
left in the curd., iic also determined that inscluble
di-calcium phosphate was converted comvpletely by lactlc
acid into soluble mono-caleium dhosphate in approximately
12 hours, However, the calcium in calcium caseinate
combined with the lactic acid less repidly than did the
calecium of di-calcium phosphate, In earlier work, Van
Slyke and Bosworth (1914) determined that insolubls
magnesium went into solution completely in 11.5 hours
and that the citric acid was completely decomposed into
acetic scid and carbon dioxide. M®Cammon, Caulfield and
Kramer (1333) observed that rennet-type cheddar cheecse
showed a higher calcium content than did the acid types.
This was due to the formation of insoluble calcium
paracaseinate which was formed before an increase in
acidity took place.

Khambatta and Dastur, (1950) working with milk

from Indian cows, found that as sourine prosressed there
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was a consistent decrease in total solids and that this
decrecase was more pronounced in raw milk than in boiled
milk., They also determined that there was little chanse
in total calcium and phosphorous between the orirfinal
milk and the soured milk. However, they noted that
the calcium and phosphorous content of the dialyzable
portion of the soured milk was sisnificantly increased
over the dialyzable portion of the origsinal milk,

These results are similar to those of ice and Markley
(lQZh) who found that as acidity decreased there was a
peneral decrease in total solids as well as in
phosphorous,

Nitrogen distridbution, FKhambatta and Dastur

(1951) reported that as the process of sourina occurred
the total nitrocen content of milkx did not chanre, but
thaet the nitroren content of the dlalyzable portion of
the soured milk showed a marked increase durineg souring.

Heat stability, Webh and Bell (19)2) found that

excessive acidity was conducive to the coagulation of
milk durine hisch temperature snd that normal, good
quality milk could be treated with temperatures of 150°
C.=160° C. without inducing coaculetion, M®Inerney
(1920) reported that as the acidity of milk Increases
the temperature required for coazulation of the milk
sample will decrease, and that this characteristic

wa3 due to a transformation of the calcium salts in milk.
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Rorers, Deysher and Zvans (1321) supnorted these renorts
when they [ound that a low pll in milk decreased the
time required to coagulate a sample of milk at a riven
temperature, OULteuart (1920) has shown that a milk of
three per cent acidity will curdle when boiled and if
the same milk is allowed to attain 0.5 to 0,8 per cent
acldity 1t will curdle spontaneously. He also demon-
strated that milk, pasteurized at 165° F, for 5 minutes
and held 3 weeks, would curdle at 0,18 per cht acidity,

Sommer and Hart (1926) concluded that the

developement of acidity, in milk wnich coagulated in
the heat test due to a low calcium content or citrate
and phosphate excess, prevented the coagulation of the
milk because of the liberation of soluble calcium and
an accompanying reduction in secondary phosphate in the
milk,

Curd tension. Very 1little has been reported

upon the curd tension of soured milk., However, a
common obhservation in cheesemaking has been that as
more acid is produced the curd will become harder,
Weisberz et al (1933) supported this observation with
their experiments on soft curd milk., They concluded
that in addition to the possible effect of salts on the
curd tension, the amount of fat present in the milk may
also affect the curd tension by interrupting the growth

of micellar threads in the protein,
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SXPERINENTAL PROCEDURE

The mllk samples used in this stnudy were obtained
from two individual herds and the pooled herds milk as
received by the collere creamery. Cne of the individual
milx sources was from a llolstein herd and the other
source was from a Guernsey herd. The herd sample3 were
obtained from the weirhh tank as they were received at
the colleme creamery. " The pooled milk samples were
obtained from the raw-milk bulk-storace tank, All
samples were immediately cooled to /|5° I, after
collection,

Preparation and celection of “hole Milk Ssmples
to Show “ffect of Seasonal Varliations and
Variations Dus to Acidity and Heat

Upon the Provertiss and
Constituents of Milk

The samples of milk used Tor seasonal varlations

were obtained freqiently throurhout the various seasons

o

of the year. They were collected as stated above,
Analyses of the samples were started on the same day
that the samples were taken,
To study the effect of heat upon milk, raw
pooled herds milk was divided into five one-quart portions,

One portion of raw milk was kept ss a control. The other

four portions of milk were put into covered containers
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which were placed in & hot water bath and were heated to
lh}o F. and succeeding portions were removed after

intervals of five minutes, ten minutes, thirty minutes

and sixty minutes of holdines., Each portion of milk
was immediately cooled to at least /|50 F, after its
removal from the water bath. The analyses of the |
control and the heated portions of milk were started
at once,
To study the effect of hszat upon milk of differ-
snt aciditles six one-quart portlions of raw pooled
herds whole milk were obtained by the means stated
herein, One portion of the raw milk of normal acidity
was analyzed as a control, Two other portions of the
normal acidity milk were subjected to various degrees
of heat treatment., The heating wss accomplished as before,
with a circulating hot water bath, The second portion
was heated to 1,5° F, and held at this temvsrature for
thirty minutes and the third portion was heated to 190o
F. and held at this temperature for ten minutes.
Analyses of thess three portions were started immedistely
after cooling to }5° ¥, The remainin~ three portions
of milk were put into one container with three ml, of
fresh buttermilk starter and the acidity was allowed to
develope, at room temperature to an arbitrarily chosen
acidity of three-tenths per cent acidity after reaching
the desired acidity the milk was immediately cooled to
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hOO F. or below, The acidity induzed milk was again

divided into three portions; +tue first portion analyzed

as a control and the remainin-~ portions subhjected to
different derrees of heat trzatment. The second
portion was heated in the hot water hath to & temperature
of 145° ¥, and held for thirty minutes and the third
portion of acid-milk wns heated to 190° F., and held for
ten minutes at this temperature, Analyses were started [
immediately after coolinge, i
Pooled herds milk was also used to study the
effect of acidity upon milk which had been subjected to
heat treatment, A six-quart portion of the normel milk
was divided into three two-guart portions., The first of
these portions was further divided into two one-guart
portions and an analysis made upon the normal milk which
served as a control, The second portion was allowed to
develope acid, in the manncr described earller, to a
titratable aclidity of three-tenths ver cent prior to heinp
analyzed, The second two-quart portion was subjected to
a temperature of 1!|50 @, ana held for thirty minutes.
This portion was then divided into two one-quart portions
and an analysis made of one of the normal heated portions
and the other portion was analyzed after it had acquired
an induced acidity of thres-tenths per cent, The third
two-quart portion was subjected to a temperature of 190o

F, for ten minutes and then carried through in the same
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manner as before. A one-quasrt rortion of the normal

milk was analyzed as a control. The remaining milk was

o

incculated with three ml, of “recsh buttermilk starter

and the acidity was allowed to develone at room temper-
aturc, Onec-guart nortions were taken from the acid-
incduced milk at arbitrary scidities of 0.22 per cent, |
0.30 pver cent and 0.);0 per cent. Analyscs of the
Individusl portions wecre startcd immedlately aTter they
had been cooled.

Proeparation of the Milk Serum-the Dialyzable
Portion of the Nilk

From the portions of milk used in thils study, 35
ml, alicguots were pipetted into prepared 28 mm,
cellophane dialyzing sacs. The dialyzincs bacs containine
the samples of milk were suspended 1In erlenmeyer flasks
which were evacuated by a water vacuum pump. The flasks
were partially immersed in a water bath at SOO F, or
below to retard the developement of acidity during the
experimental period. The ultrafiltration of the milk
samples was allowed to continue for not-longer than
twelve hours, Immediately after removine the dialyzing
bacs from the erlenmeyer flasks, the ultraliltration-
serum=-portions were put Into test tubes which were then
stoppered and placed in the refricerator, Analyses of
the serum portions were carried out as soon as possible

after their removal from the ultrafiltration setup, In
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the dialyzinm of milk samnles with abnormal induced
acidity present, severesl dronrs of chloroform were added
to prevent further bacterial sction and acidity incresses.
Chemical and Physical Methods Used to Estimate
Charices in the Froperties and Constituents

of the Selected VM11lk Samples and Thelr
Respective Dialyzable Portions

All samples of milk and their corresponding
ultrafiltrates were examined in duplicate by each of the
followine tests:

Pat and total solids. All fat and total solids

determinations of the whole milk samples were made by
the Mo jonnier method (1925),

Alcohol number, This test was run on all whole

milk samrles using five ml, whole milk and an equal
amount of 70-75 per cent alcochol as sugrested by lHunziker

(1949).
Acidity (titratable), The titratable acidities

of all whole milk samples were determined by the acidity
me thod adopted by Hunziker (1949).

Curd tension. Curd tensions of the whole milk

samples were determined according to the recommendations
of the American Dairy Science Association committee on
methods of determinine curd tension (1941). The
apparatus used was the Submarine Sircnal Company's curd
tensiometer calibrated to read curd tension directly in

grams,
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pil. The pll of the whole milk samples were
determined by use of a model G, Beckman rlass electrcde

pH meter.

Heat stabillity, Illeat stabillity determinations

were run on all whole milk samples., Glass tubes of 6 mm.
inside diameter and approximaetely 100 mm, in lensth were
made with one end sealed, A two ml. aliguot of whole
milk was pipetted into the tube and the opnen end was
sealed., The tubes were then inserted in specially
designed holders mounted on a rotary shaft which was
submersed in & constant temperature oil bath at 120° C,
The shaft was allowed to rotate at a slcw but constant
rate of speed until the first sisn of coarsulation was
noticed. COCbservations were made at rerular five minute
intervals,

Citric acid. A new method devised by Babad and

Shtrikman (1951) for determining citric acid in milk was
used in determining the citric acid contents of the
whole milk samples and the correspondincs dlalyzable
portions of the milk, A calibration curve was prepsared
for the procedure as it wes used in this study. This
was necessary because a Cenco-Sheard Photelometer and

a ;50 mu filter was used whereas Rabad and Shtrikman
(1951) used a Photoelectric Lumitron Colorimeter with

a ;20 mu filter, Otherwise, the procedure was followed

exactly as outlined.
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Citric acid contents of the serum portions were
determincd by the same procedure excent that one ml,
aliquots of the serum sampnles were nused directly in the
determinations.

Total nitrcren., Total nitroren contents of the

whole milk samples were determined by a semi-micro
Kjeldahl method similar to one reported by Menefee and
Overman (1940)., A five ml. aliquot of the whole milk
sample was pipetted into a 100 ml, flaslz, diluted to
volume and thorourhly mixed, A ten ml, aliquot,
representing 0.5 ml, of milk, was dirested in a 30C ml.
Kjeldahl flask, serum nitroren was determined by the
same procedure except that a two ml, aliguot of the
serum was used directly in the nitroren determination,

Minersls, samples of whole milk were prevnared
for total calcium, total phosphorous and total masrnesium
assay by usinc the ash from 25 ecrams of milk, The ash
was dissolved in hydrochloric 2cid and evaporated to
dryness, then dissolved in dilute hydrochloric acid and
hot water, made up to a volume of 50 ml, and filtered,
Ten ml. of the filtrate was pipetted into a 100 ml,
flask and made to volume. This dilution revresents 0,08
grams of milk,

The total calclum content of whole milk was
determined, wusing a ten ml, aliquot of the final ashinm-

dilution, by a modified method of Kramer-Tisdall as
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sugcested by Shohl (1922)., Goluble calcium was
determined in a two ml. aliguot of the serum according
to 8 modification of the Collip and Clark method as
advanced by liawk, Oser and Zummerson (19,9),

Total rhosphorous of whole milk was determined by
a modilication of a method of “iske and Uubbarow (1G25)
using a ten ml. aliquot of the ash filtrate made to a
volume of 250 ml. and representinm 0.05 gm, of milk.
soluble inorranic vhosphorous found in the serum portion
was determined usine one ml, serum diluted to 50 ml, and
five ml, of thils dilution in 2 ml., distilled water,
psivine a representation of 0.1 ml, of serum, The same
procedure was used 8s for total phosphorous,

Colloidal phosphorous was determined as the
difference between total and soluble inoresanic phosvhorous
accordineg to the definition riven by Pyne and Rysn (1950).
To determine the totsl inormonic phosphorous in milk, a
ten ml, aliquot of milk was added to Corty ml, of a ten
per cent solution of trichloracetic acid and allowed to
stand at room temperature for two hours in order to allow
for complete precipitation of the protein, The solution
was filtered and a five ml, aliquot of the filtrate made
to 50 ml. and 5 ml. of this dilution was pipetted into
a 25 ml., flask for the final dilution which represented
0.1 gram of milk, The modified procedure of Fiske and

Subbarow (1925) for phosphorous estimation was then followed,
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The maernesium content of whole milk was determined
accordin~ to a method advanced by Brirgs (192]1) using
fifteen ml, of calcium-free solution from the calcium
determination. The final aliguot represented 0.25 cram
ol milk. Yoluble magnesium in the serum was determined
by the same method but usine two ml, of calcium-free
solution, from the soluble calcium determination,

representing an aliquot of 0.5 ml, of serum.
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RESULTS

Variations in Jome of the Jonstituents and
Physlcal Provnerties of Cows' Lilk in
Relation to Yeassons of the Year

Fat and total solids. The data eraphically

presented (#irure 1) shows a moderately level fat
content in pooled herds milk over the entire seasonal
rance, A high in fat per cent occurred in April with
a decrease to a lower level in the surmer and a slight
rise arain in the fall, 'The total solids content of
pooled herds milk ( firure 2) followed asporoximately
the samec seasonal trend as the fat but with a smaller
rance of variastions,

Thne data (Micure 1) also shows the seasonal
variations of the fat content observed for milk from a
Guernsey herd, .or the f“uernsey milk, a wider rannce of
variations was ohserved, The hirh point for the fat
per cent was noted to occur In the winter followed by a
decrease in the sprines which showed some varistions
durings the summer but at a lower level than that for the
winter, A slirsht increase occurred in the fall, It was
apparent from the data (:#igure 2) that the total solids
followed an identical trend of the fat content, the
only difference beine in the ranre of variations,

The seasonal variations in the fat content of milk
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from a Holstein herd are also shown (ifirure 1). The fat

content showed only slicht variations durinc the seasons

until late summer when an increase occurred to show a

higher level of fat which was maintained throu~h the

fall season, The total solids content of the iHolstein

herd's milk (#iegure 2) was found to parallel the trend

for the fat over the entlire seasonal period, ;
The fat and total solids contents of the Tuernsey

herd's milk showed (Figwres 1 and 2) consistently higher

values and wider variatlons, than the other milks tested, -

for all the seasons,

Titratable acidity and pH. Srom the data rathered

(Tables 1,2 and 3) there appeared to be little evidence
of a direct relationship between the titratable acidity
and pli of the milks with seasons of the yvear. However,

a marked degree of difference was noted in the titratable
acidities of normasl milk betwecen bre=sds, The milk of

the Guernsey herd showed consistently hicrher titratable
acidities than either the pooled herdds' or liolsteiln
herd's milks,.

Curd tension. The experimental data tabulated

in Tables 1,2 and 3 showed no indication that the curd
tensions of the cows!' milk tested were affected by
chances in sessons, It was observed that the curd
tension of milk from the Guernsey herd was higher than

that of pooled herds or of the Holstein herd's milk,
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Heat stability, The heat stabilities of all thrce

milks showed little relationship to the seascn of the
year (Tables 1,2 and 3). !lowsver, all samples of milks
were most stable to hest durins the late spring and
early summer,

Citric Acid, The data shows a wide ranrce of

values for the citric acid content of the milks studied,
The data for the milk from a Cuernsey herd (Table 2)
shows a slirht decrease durin~ the late winter and a
very materialkincrease in citric acid content in April
which was followed by a decrease during the summer and
a slicht rise in the fall, The citric acid contents of
the pooled herds and Folstein herd's milks (Tables 1 and
3) showed a gradual decrease during late winter and
early sprine which was followed by an irrerfular level
until late summer when a slicht upward trend was noted.
The citric acid contents of thec serum portions
of the three milks studied (Tables 1,2 and 3) were
observed to follow the same general trend with a
decrease to a lower irregular level through the spring
and a rfradual rise occurring in the summer and fall,
Fitrocen, The seasons of the year were found to
exhibit identical general trends of total nitroren
contents in all the milks studied., The data (Firfure 3)

showed 8 slight decrease in total nitrocen during the

late winter months followed by an irrecular level during
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the sprine and carly summer, lowever, a steady rise in
total nitroren contents of the milks bheran in the summer
anc coatinued into the fall, A marked difference was noted
in the total nitroren contents of milk "rom the differant
hreeds., Tne Tuernsey herd's milk showed consistently
higher total nitroren valies than the other two milks
studied, A similarity was noted hetweasa the trends
observed for the total solids 9nd the total nitro-en
contents o the milks studied for the seasnns of the yecar,

The results for the serum nitroran (Tables 1,2 and
3) for the millks studied show little relationship with
any particular season of the year, Thers were larce

increases and decreascs in serum nitrorcen noted throush-

O

out the entire testinec period.

Minerals, irure !} shows the effect of seasons
upon the calcium and total vnhosphorous contents of the
milk samples studied., The calzium contents for all milks
tested were observed to parallel each other ovear the
entire seasonal ranre. A slisht decrease in calcium
content was noted in the late winter followed by a sharp
rise in the sprin~ which reached a hich in April. The
calclum contents of the milks then decreased durin~ the
late spring until a point was reached which approximated
the results for the winter season., The trend then
remained fairly level during the summer and fall seasons,

The total phosphorous contents of the three milks in-
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vesticatad (Pimure ') followesd a trend similar to the
one obsarved r'or the calcium conbtents except that a more
rradual decrease occurred in the summer and fall,

The curves for the P/Ca ratios of the three miluks
(Firure l) show approximately the same trend as for the
calcium and phosphorous contents in the milks but the
pcalts of the ratios came in mid-summer followed by a
rsradual decrease in the late summ=er and fall.

The marsnesium contents of the milks studied
(Tables 1,2 and 3) were found to be within the same
rance of results over the entire seasonal trend. Iiownve
a marked decreass was noticed for the mld-surmer season
and another low value was observed for larch,

There were few variations found in the calciunm
content of the ssrum ol the milks studied., However,
from the results observed for calcium in the serum of
the pooled herds and Suernscy herd's milks (Tables 1
and 2), a slisht increase was noted in the sprinc
followed by a uniform level in the summer with a slisht
decrease in the fall, The serum calcium of the Holsteln
herd's milk was noticed (Table 3) to remain at a fairly
uniform level over the entire seasonal range excepnt for
a slirhtly hizher value than the normal observed in the
fall season, The serum phosphorous contents of the
three milks (Table 1,2 and 3) were found to exhibit the

same trend but at differins concentration levels, A

”
Ly
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reneral increase in sernum phosphorous was nohbked In the
late winter with a hihﬁ peal reached in the summer and
"ollowed by a rradual decrcase in late summer and fall,
The serum marnesium contents from the three milks
studied (Tables 1,2 and 3) were observed to be almost
the reverse of the trend noted for ma~nesium in the
whole milkx. The lowest valuzs of serum marnesium were
found in the winter season mil4s and hirhest values
were found In the summer season milXs,

The total inorr~anic phosphorous contents of all
three milks were obsarved to follow an identical trend
(Tables 1,2 and 3). A low was observed in the late
winter followed by a very marked increase in the sprine,
A sharp decrease was noted in the summer followed by an
increase which remained somewhat level throurh the fall
season,

The data presented for the calculated values for
colloidal phosphorons (Ficure 5) shows a seasonal trend
to occur with a high pealkk obszrved in the spring
followed by a rradual decrease during the later seasons

of the yeoar,

»
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Variations in Constituents and Some of the
Properties of “Whole Iilk When Subjected
to Various Yteriods ol Heatinge

Fat and total solids, Chanres in some of the

constituents and properties of wnole mixed milk as a
result of heatins the milk to 143° F, for varying
lenzths of time are recordzd in tablz I,

The percentarecs of fat and total solids werse not
chanmed as a result of heatine the milk, ;

Alconol number, The alcohol number of the milk -

was obsarved (Table l;) to become less as the milk was
sub jected to longer periods of heatine.

Titratable acidity and pH. The titratable

acidities of the hested milk (Table l}) were observed to
be only slirghtly hirher than the oricinal titratable
acidity of the unheated milk, In the case of the milk
heated at 1}3° F, for flve minutes, the titratable
acidity showed a slichtly lower value than the oricinal,

The p!l of the milk was observed to decrease
rradually as the milk wes heated for succeedingly loncer
periods of time,

lleat stability., The heat stability determination

(Table h) demonstrated that the times required to cause
coarzulation of the milk samples were almost directly
proportional to the derree of heat treatment,

Citric acid., Citric acid determinations on the
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neated milk (Table !}) stiowed slirhtly lower citric acid
values than the oririnal citric acld contents of the
unheated milk, The citric acid contents of thie heated
milk were cenerally a little lower., The citric scid
determination of the serum portion of the heatad milk
showed a8 renerally lower level of citric scid then was
found in the serum of the unheated milk,

Total nitroren, Total nitroren snd seruim nitroren

values were express=d prashically (Ricure H) and showed
that as the milk was heated the total nltroren increased,
at first, then decreased as the neating perlod lencthened,
Serumt nitroren values for the heated milk showad slicatly
lower values than those observed Cor the orirsinal unheated
milk,

Ninerals, firure 7 shows the values for celcinum
in raw milk and heated milk, ©No chanre in the calcium
content occurrsd between the raw millk end the milk
neated for five minutes at 143° #. Nilk heated for ten
minutes at the same temperature showed & sharp decrease
in calcium with 1ittle chanrme observed in the calcium
content of milk heated lonmer than ten minutes, Serum
calzium results followed the same trend as that observed
for the total calcium but with a smaller decree of
chanpe, A decrease In serum calcium was shown to occur
in the milk which had been heated at 14,3° ®. for five

minutes, after which very little variation occurred in
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the serum calcium of milk heatsad for longrer timés.

Total phosphorous determinations (Fisure 7) show
a slicht decrecase in milk heated for five minutes but no
further chan~e until the milk had been heated for thirty
minutes when a sharp decrease was observed, A marked
Increase was noted iIn the milk heated for sixty minutes,
serum phosphorous determinations shown in the same rraoh
followed almost the same pattern except that there was no
apparent chanre in serum nhosphorous prlor to the decrease
in serum phosphorous recorded for milk heated for thirty
minutes,

From the calculated P/Ca ratio of the milk studied
(Pipure 7) 1little change was noted prior to the period
of heating for ten minutes when a rise occurred, followed
by only sli~ht chanres as the milk was heated for lonrer
periods of time, The calculated P/Ca ratio for the serum
increascd markedley for the mlilk heated for five minutes
followed by slipght variations as the milk was subjected
to longser periods ol heatine.

The data in Table |} showed a steady increase in
masnesium as the milk was heated for succeedinely lonrer
intervals, except for the milk heated for ten minutes
when & slirht decrease resulted., The macnesium contents
of the serums obtained from the raw and heated milks
showed but small variations,

The total inorganic phosphorous (Table ) was

ceoT
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found to decrease in milk heated for five minutes when
comnared with the orleinal valus for the raw milk, The

results for inorranic phosvhorous then increased esraduslly

as the milk was subjected to loncer heating periods.

An increase in colloidal phosphorous (Table ;)
was shown 1In millkk heated for {ive minutes, but the data
then showed a pradual decrease as the period of heating
was lengthened,

The Tffect of lieat Upon some of the

Constituents and Properties of -
Milk with Abnormal Acidity

Fat and total solids, All values and data for the

determinations made in this section of the study are
recorded 1in Table 5, There was no apparent change in the
per cent fat and total solids between the normal and the
acid-milks.

Alcohol number. The alcohol number Increased for

normal milk which had been heat-trcated (Table G) while
the alcohol number decreased for the heated milk with
developed acidity. Tne alcohol numbers of the acid-milk
samples were much lower than those of the non-acid-milk
samples,

Titratable acidity., The titratable acidity of the

normal milk was noted to decrease slightly as the milk
was heated, there being no difference between the milk

heated at 1}5° F. for thirty minutes and that heated at
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19¢° F. for ten minutes. However, the titratable scidity
of the acld-milk showed sn increase when heated with the
nighest acidity occurrines in the acid-millk heated at 15°
P, for thirty minutes,

pll. Tne pi of the normal millk cdecreased when
heated, with the hirher heat-trcated milk showing a
larcer pll decrease, The pi of the acid-milk samples
showed lower values than the normal milk samples, low-

ever, the pil of the heated acid-milk showed a slicht :

’
increase over that of the control wnen heated at 1&50 ", -
for thirty minutes whils the acid-milk heated at 1900 I,

for ten minutes showed a decrease over the original acid-

milk value,

Curd tension. The curd tension of normal heated

milk showed a decrease and the milk hested at 190O IR

for ten minutes showed the lowest curd tension., The
same trend was noted for the heated acid-milk, but the
curd of the acid-milk heated at 190° i, was Fassy and
flocculent in character., This curd was not cut by the
curd knives but it showed no resistance to the pressure
applied by the tenslometer.,

leat stability, The heat stability of the normal

milk showed an increase in the time required for coapulation
when that milk was heated, lHowever, when an acidity was
allowed to develope in the milk, that milk showed no

stability toward heat, Illeating of the acid-milk falled to
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snow any chanre In the heat stahility of that milk,

Citric acid, Data in Table 5 shows an increase

in citric acid content of normal milk when heated at
190o F., for ten minutes, The citric acid content of

the unheated acid-milk was sliehtly hiesher than that of
the normal urheated milk, A decrease in citric acid was
noted for the acid-milk heated at 1hSo &, for thirty
minutes while citric acid in the acid-milk hecated at
1900 F, for ten minutes was the same as for the normal
unheated milk,

Nitroren, .hen normal milk was heated the total
nitrosen increased, with the larcest increase occurring
in the milk heated to 190° [, for ten minutes. The
total nitrosen of the unheated acid-milk was found to be
higher than that for the unhecated normal milk. A decrease
was noted in totsl nitroren of the acid-milk heated at
1&50 F. for thirty minutes but a marked increase was
noted in the acid-milk heated at 190° F., for ten minutes.

The nitrosen contents of the sera from the normal
heated milks showed an increase over that of the original
milk., The serum of the normal milk heated at 190° F.
showed the preatest increase in nitrogen. The serum
nitrogen of the unheated acid-milk was higher than that
of the unheated normal milk, The sera of tho hcated acid-
milks showed an increase over the unheated acid-milk,

The increases in serum nitroren of the heated acid-milk
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were of less marnitude than those for the hented normal
milk,

Iinerals, The calclium content of normal heated
milk increcased over that of the unheated milk, The
calcium showed a hirsher increase in the milk heated to
the hirher temperatur=s., The calcium contents of the
heated and unheated acil-rillic showed 1little variastion
between each other and colcium valus reported for the
orisinal unhested normal milk, The ~hosrhorous caontent

f the normal wilk ircreased 2s the milk was subjected
to a nirher tempecrature, The calculated P/Ca ratios

for the acid-rill samnles were Tnund tn be clcser to 1:1
than the ratios for the normal milk samples, The
masnesium contents of the nnrmal milk showed an Increase

wien the milk was heated to 1900 . for ten minutes but

a slimsnt decreose in merrnesium was noted in the milk

D

10 .

nheatel st 145 . for thirty minutes, lMarnesiuwn in the
acid-milk shewed an incronse when the acid-m1ilk wss

heated, The acid-milk heated at 1,5° P, for thirty

showed the larpest increase, Inorranic phosphorous of

the normal heated milk increased over the valuc of the
oricinal milk irrespective of the demree of heat-treatmsnt,
The 1inorganic phosphorous of the acid-milk showed a
succeedinrly higher increase as a hicher heat-trcatment
was used., The inorwanic phosphorocus values of the heated

N

end unheated acid-milk were hicher than the values for



the normal milk sanmples,

The serum calcium of the normal milk shovwed a
succecedingly larger docrease as the ml k was heated to a
Liigher termperature., The serum calcium of the acid-milk
decreased as the acid-milk was subjected to heat and the
fFreatest decrease ocecruarred when the acid-milk was heated
to 190° F. for ten minutes., It was also noted that the
serum calcium values of the hented and unheated acid-milks
were higher than those recorded for the sers of the normal
milk semples., The phosphorous contents of the sera of
the normal heated and unheated milks showed little chanre,
but the serum phosphorous of the acid-milk showed higher
values than the normal and these values were noted to
decrease as the mil% received a higher heat-treatment,

The data showed slicht decreases in serum magnesium as

the normal milk was heated with the larcest decrease

cccurring in the serum of the milk heated to IHSO ¥, for

thirty minutes, The marnesium of the sera from the

heated acid-milk showed a decrease over the value for the

unheated acid-milk, A creater decrease was noted in the
o

serum macnesium of the acid milk heated to 1HSO r, for

thirty minutes,.



The Effect of Induced Acidity Urpon
Some ol the Constituents and
Propertices of Heated Milk

f'at and total s50lids, Analyses of the constituents

and cbscrvations on the nropertics of the milk samnles
studied in this part of the experimecnt arc tahulated in
Table 6, The fat and total solids showed no chanre
between tlie normal milk and the ascid-milk,

Alcohol numbher, The data showed an increase in

alcohol number as the normal milk was heated, The acid-
milk showed no stability to the slcohol test but the
acid-milk heated to 190° F, for ten minutes showed a
slisht increase in alcohol number,

Titratable acidity. As the normal mllk was heated

a decrease in aciditvy was noted with the larrer decrease
cccurrine in the milk heated to lQOO B, for ten minutes,
The acidities recorded for tlie acid-milk were chosen as
thie end-point for the study of acidity unon heated milk,

pli. TFrom the data (Table 6) 1t was observed that
the pli of the normal milk decreased as the milk was
subjected to hicgher temperatures, The p! values of the
acid-milks were lower than those of the normal mllks,
but there was no apparent trend related to the heat-
treatment used,

Curd tension. The curd tension of the normal millk

showed a marked decrease only in the milk heated to 190o Fo
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for ten minutes, The date showed lower curd tension
values (or the acid-milk which had been heated than those
reccorded for the normal milk, lowever, thz curd formed
in the acid-milk which had been heated to 19C° I°, was
racsy and ol a flocculent character, T[Ihe curd was not
cut by the curd knives and offerred no resistance to

the curd tensiometer,

feat stability, The heat stabdility of the normal

milk showrd an incrcase as the milk was subjected to
hiecat, but the acid-milk showed no stability towards heat,

Citric acid, The citric acid content of normal

milk showed no chenre between the unheated milk and the
milk heated to lMSO F, but a lower value was observed
for the milk heated to 190° F. The cltric acid values
for the acid-milks were found to decrease when the milk
hed teen heated to a hirher temperature., The citric
acid values of the acid-milk samples were observed to be
renerally lcwer than those for the normel milk samples
althouch the opnosite was true for the milks heated at
1900 I, The citric acid contents in the sera of the acid-
milk samples were found to bhe penerally lower than 1n
the normal sera, lowever, the scra from the milk, both
normal and acid-milks, showed hirlier values when the
milk had been heated at 190O =,

Nitrocen, The data shows the total nitromen of

——b

the normal milk to be higher as & higher heat-treatment
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is used. The total nitroren valnes Tor the acid-milk
show a decrease as thie milk was heatéd with a hicher
temperature and also lower values than those revorted
for the normal milk, The serum nitroren of the normal
milk was observed to decrease as higher hest-treatment

was used whnile the serum nitrorcen values of the heated

acid-milks increased at ecual rates, The serum nitrogen

W e e

values of the acid-milk samples were markedley hicgher
than those of the sers from the normal milk samples, {
Iinerals, The calcium contents of the normal ;M
milks showed no sirnificant chance as the milks under-
went heat-treatment., The results {or caolcium in the
acid-milit samples showed an increase only for the milk
which had been heated at 190° [, The phosphorous values
of the normsl milk showed a slirht increase as the milk
was subjected to heat, The phosphorous content of the
acld-milk wss higher thsn the original value and as a
higher tempcrature was used on the milk the phosphorous
value increased., The calculated P/Ca ratio was noted
to be hirher in the milkts which were heated at 1,5° F,
Marnesium values in the normal milk decrcased as higher
temperatures were used, The marnesium contents of the
acid-milk varied with no special trend noted for the
heat-treated samples, The inorganic nhosphorous results
showed a slightly higher value in the normal milk heated

at 115° F. but no other variation. The inorganic
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phosphiorous of the acid-milk increased as a hicher
temnersature was used in heat-treating the milk, The
calculated colloidnl phosphorous valucs for the normal
milk showed slicht Increases as hicher temperatures

were used, The calculated collcidal phosphorous values
for the acid-mil% showed an increase when the mill had
been heated at lHSO ', but a decrease when the millk had
been heated at 1900 v,

The calcium contents of the sera “rom the normal
milks were observed to be lower as a hipher heat-treating
temperature was used, The data shows that the serum
calcium of the acid-milk increased as the milk was heated
at a8 hicher temperature, These valnes for the serum
calcium of the acid-milks were much hicher than those
recorded for the normal milks, Jerum phosnhorous
decreased in the serum o7 the normal milk as the milk
was subjected to hircher heat-treatment while the
phosphorous content of the serum {rom the acid-milk
increased as the milk was heated at higher temperatures,
The serum phosphorous contents of the acid-milks were
higher than the reported normal values. The serum
marsnesium of the normal milk decreased as the milk was
heated at higher temperatures but the serum marnesium
of the acid-milk increased as higher temperatures were
used in heat-treatment of the milk., The serum marnesium

values of the heated acid-milk were hirsher than those

80t el



revorted for the normal values,

Effect of Chanfes 1n Tltratable Acidity Upon
Some of the Constituents and froperties
of Raw +hole Nilk

at and total solids, All data for this section

of the study is recorded in Tahle 7. There were no
changes in per cent fat or total solids as the milk

increased in titratable acidity,

Titratable acidity and »nl!, The milk was allowed

to develope titratabls aciditv to the values recorded
and samples ol milk were analyzed at those acidities.
The pil values of the milk decrcased as the acidity
Increased.

Alcohol number and heat stability. The values

for the alcohol numher and heat stabhility of the milk
were ohserved to decrease as the milk increased in

titratable acidity.

Curd tension. The curd tension showed a narrow

range of variations until the inal stace of aclidity
when no curd resistance was encountered by the curd
knives. The curd formed in the milk of 0./;2 per cent
acidity was noticed to be of a massy, flocculent
character,

Nitrocen, ®irsure 9 shows total nitrocen values
for milk with induced acidity. It was appvarent that

the nitroren values increased only slightly at the
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first stace of develoned aecidity, but, as the acidity
was ollowed to develope further, the nitro-en values
increased at a succeedingly hish:r rate, The serum
nitroren decreased at a fairly level rate as the acidity
of the milk increased,

Citric 2cid, The citric acid content of the

milk showed no chanre until the second stace of induced
acidity when a sharp decrease occurred followed by a
further decreaze as the acidity increased in the milk.
However, the citric acid values for the serum showed an
increase as the milk developed a higher acidity,

iwinerals, r'icure 10 shows that the calcium of
thhe milk Increased almost proportionally with the degree
of acidity developed iIn the milk. The phosphorous content
showed a decrcasc in milk of the first and second stages
of induced acidity followed by an increase to the oririnal
value in the final stare of acidity. ‘The P/Ca ratio for
whole milk decreased (Fifure 10) as the acidity of the
milk Increased. The masneslum content of the milk
(Table 7) showed a wide rance of variations as acidity
developed in the milk. A slicht decrease occurred in
magnesium present in milk of the first stare of Induced
acidity, but, an increase was observed in milk of the
second induced acidlty stare, The marnesium content
showed a marked decrease in the finsl stare of acidlty.

Values [or the inorcanic phosphorous (Table 7) showed no
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sirnificant chanre, The calculated values for the
colloidal phosphorous show 3 slirht decrcase in the milk
of the first and second staces of developed acidity
followed by an increase in the final stare to a value
31i~ktly hirher than the normal,

Thz calecium in the serum nortion of the milk
steadily increased as the milk developced hiener acidity.
The vhosrhorous content of the serum also increased as
the acidity increased but at a ocreater rate than the
calcium., The F/Ca ratio for the serum pesralleled the
P/Ca ratio of the whole milk but with a smaller decrease
as the acidity of the milk developed, The serum
masnesium increased as the milk increesed in acidity
while the hichest maonesium value occurred in the final

stare of acid developement,



DISCUCSION

Milk becomes a very unstable product when various
external influences are anonlied or when the normal

balance amons the constituents of milk is upset. 3y the

same token, milk can be made more stable with the

application of external influences and by restoring

more “avorahle halance awmonr the constituents of the milk,
These variations and sdjustments have been shown bto -

exlst by such baslc woris =2s those by ..ommer ond llart
(1920),

Althourn the minerals of milk sre in the lowest
guantity, they seem to be the most important ecroup of
constituents to aflect the stability of a milk toward
tiie application of external factors, The three most
common external influences which seem to affect the
constituents of milk are the scasons of the year which
cause natural occurrine variations, tne formation of
acidity due to the presence of normal lactic acid
fermentine bacteria =2nd the annlication of heats used in
processing milk for consumption., Other extarnal lactors
such as health of the cow, the presznce of bacteria
normally not Cound in milk and the »nresence of chemlcals

in the milk arc not considered as normal external factors,

It is renerally arreed among dairy research workers
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that a certain halance should bhe present amoner the

mineral elements, calcium, marnesium, phosphorous, and

This study was undertazen to acquire information
about the Qistribution of som2 of the normal constituents
of milk when the milk was subjected to the three common
external factors discussed, alone and in combination with
each other,

Inflaience of Breed and the Seasons of the Year
Upon Some Properties and Distribution of
Various Normal Constituents of Milk

In this part of the study no attempt was made to
control factors of lactation, tyve of feed other than
to know wnen cows were feedings on pasture or winter
rations or individual cows in a herd, but it wass found
from the producers that the two typed herds were nut on
pasture within the same wecek. The pooled herds milk
was not chec¥ed but it was assumed from the general
weather conditions that there would be 1little difference
in the time that herds of the middle section of Il'ichiran

were put to pasture,

The trends observed in "irure 1 for the Tat and
total solids of Guernssy milk were found to colincide
closely with results reported by Overman (19)5) and
Jacobsen and Wallis (1939) that lower values were

observed during the summer months with an increase



in the fall and hirh values in the winter months, e
r=sults In *icure 2 for iiolstein milk are also simllar
to those revorted by Overman (19.5) in that increases
were observed in the late summer while a moderate lavel

was maintained the rest of the yzar., 0OGnernsey herds'

milk is decidedly hisher in fat and total solids when

-

compared to values for Holstelin milk. 7{nis was alson
in pood agreement with work done by Racrsdale and Turner

(1922).

g s s e

Since the total sollds of 2 milk includes the
total nitrogen content it was assumed that it should
vary a3 the total solilds varied, This was found to be
the case and correlated closely with work reported by
Rowland (1938) and Jhanhani and Sormmer (1951) that a
milk with a hiceh fat, hich solids content showed
consistently hisher total nitroren contents, Investi-
gations of the total nitroren content of cows' milk
{or seasons produced similar results to those found by
Davis et 8l (19/y78) over a period of one year, The
nitroren contents generally showed lower values in the
winter months with increases noted when the cows were
put to pasture, which was also in rood anmrecment with
works revported by Hess et al (1920),

Cranfleld, Griffiths and TLings (1027) reported
that Ca0 decreases in summer and the P205 increases

for the summer period with CaO:ons ratio reaching a
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maximun in Aurust, This is in part contradlctory to
results by Hess et al (1920), Zllenberrcr, Newlander
and Jones (1950), who observed that both the calcium
and phosphorous increased when cows were put on
pasturace, Results obtained in thils study indicate
an szgreement with the work done by Iless and co-workers
in that the calcium and phosnphorous increased markedly
i1n the sprine secason, These values were shown to be
lower durinc the late summer which is in agreement with
results of Golding et al (1932'. 3Since the total solids
of milk from the smaller breeds are hirher 1%t was
expected that the mineral contenb of hish solids milk
would be hirher, Tuls is in accord with works reported
by Holm et al (1932) and Zraham and Kay (1933-3).

In the past, investirators have differed as to
the effect of seasons upon the citric acid content of
milk, One main reason for this has becen the lack of a
satisfactory method for determinins citric acid which
gives undisputable results, comrner and liart (1925)
believed, with Hunziker (1949), that the citric acid
content 1Increases when a cow rcoes onto green pasture in
the spring. It appears from the data obtained in this
study that the citric acld content may increase ot
decrease in milk from cows on pasture, An increase
occurred in the Guernsey milk sampled in the sprine

but a decrease occurred in the llolstein milk. This

v
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fact is in direct disacrecment, as concerned with breed
differences, with results of Holm et al (1932) wnho
found decreases in high fat milk and inecreases in low
fat milk, TIhe disarreement i1 results could possibly
be traced to the weather conditions or type of
pasturace,

The results in this study upon the curd tzcnsion
with szasons of the year show a relationship between
increases in total nitroren and hicher valunes in curd
tension., This 1s supported by investirations renorted
by Aiddell et al (1930)., Lo definite relationship was
observed betwecn the salt content and the curd tenslon,
but it was observed in s3ome cases that a hicher curd
tension resulted when a combination of hirgh total
nitrofsen and high calcium contents were present, The
decree of citric acid present in the samples appeared
to make no difference upon the results of curd tension,

The stabllity of milk towards heat is an
important factor in processin~ of the milk, The heat
test 1s one of the best means advanced to give an
indicatlion of heat stability., rom the results of this
study the reasons for a better heat stable milk are not
very clear but 1t seems to require a balance amoneg the
salts and the protein content of the milk. The best
stability of the milk toward heat appeared to occur

when the differences between the mineral contents and
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the nitro-cn contents of the milk were st their widest
limits. This scems to follow the reasoning o7 Sommer
und Hart (1926) that the coa~ulation of albumin 1is
hastened when an inzcreasins amount o electrolyte is
added, They have also siaown 8 lower heat stability of
milk to occur when the calcium and albumin contents of
milk are hich, This may account for the occurrence of
a lower trend in heat stability of the spring season
milk when thz calcium content was highest alon~ with a
relatively hirh protein content. (An assumption must be
made that the albumin content of milk iIncreases 2s the
nrotein content increases as no determination was made
in this study of the comnonents ol the total protein,)
The idea of Sommer and Yart (1020), that an improvement
is inherent in the stability of the milk toﬁard heat
when the cows go on nasture in the spring, 1s in dis-
arreement with results in this study as the best
stability was noticed to occur in the summer and fall,

Colloidal phosphorous anpears to be affected by

seasonal variations, as shown In results in Firure S,

with 2 p=ak noticeable in the spring and aprees favorably

with data renorted by Davies and Provan (1928) that

colloidal phosphorous (total inorranic) showed a&n

increase as a result of crazing, This 1s in disarreement

with results stated by Lin~ (1Q37) that the total

inorganic phosphorous did not appear to b»s affected by

e e na =



changces in seasons.,

Ls a result of work in this study and the studies
of other investirators a closcr control of factors which
mirht influsncs variations of milk constitusnts and
standardization of enalytical procedures is an end to be
deslired il results are to be comnared between investipations,

There seemed to he no relationshin of the alcohol
number and the season of the year, One interestins ohser-
vation on 811 the milk studied was that the alcohol
number improved as the total 1inorcanic nhosphorous in-
creased, This follows the report by Sommer and Binney
(1923) that a slight increase in a phosphate salt will

increase the alcohol test but an increase in a calcium

3alt will csive a lower alcohol test,

Tffect of lizat Upon Some of the Conztituents

o
and Propertics of Cows!' llilk

=

'nere nas been little work reported on the offect
of pasteurizing temperature with various holding times
upon chances in properties and constituents of milk., It
was realized, after this part of the study was completed,
that a lorewarming temperature should have been run in
conjunction with the pasteurizines temperature and holding
times used in order to estimate the elfects of the two

more common processing heats. This will be covered to

some extent in later investirations. LVost of the temper-
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atures renorted in earlier studies by other investigpators
were (or temperatures near the bollins point of milk
and forewarming temperature o” milk in preparation for
concentration,

Davies (1936) relates that the apvlication of
heat to milk acts to couse a slicsht doerease in
titratable acidity by driving off carbon dioxide and
causing a partial decomposition of bicarbonates present,
but that {urther heatin~ of the milk will cause a slieht
increase in acidity due to the chancing buffer index
resulting from the precivitation of insoluble calcium
salts. Results of titratable acidity as obtained in
this study upon hesting of milk follow the reasoning
of Davies., Investipations by “hittier and Denton
(1927) sinowed a similar trend in results of milk heated
at 95° C, for varying time lencths but with greater
increases., In later works Jhittier and Eenteon reportzsd
the increase in acidity to be Adirectly related to the
amount of lactose present in the milk., Yo correspondin-
data as to the eflfect of lactosc concentration was
determined in this study. ollowins the reasoninr
established by Jhittler and Benton 1t appears that the
aclidity of the milk investirated here should Increase
with a decreasc in pH as milk is heated., Such was the
case in this study when the pl was observed to follow a

steady decrease as the milk was heated for lonecer



parioids o tima,
Trne variations 1n total nitrocen values renorted
"or tnis study (i~ure 6) on the effact o heat unon the

total nitroren content of milk {s in disawvrecement with

other investirators, ohahani and Somrer (1951) and

—~+

lenefee et al (191) have all shown that there wore no |

——

sirnllicsnt cliangzs in total nitroren wher milk was

heated, Jlnca nn attemnt was mode to Investicate the
s
lish wnlues reported it is assamed that they are Jducs to !

imnrorer z2am~ling or ungatisfoctory analyticnl

tectinigque, liowecver, sirce it 1s comron tnowledre that
protelins are denatured by heat, it 1s possible that the
low total nitroren vaelue obtalned in the milk heated for
sixty minutes at 1&30 ', may have bean 3us to the
denaturation and subscqguent coatine of conarnlated proteins
on the heatlin~ vessel, Davies (1936) has identified

the albumnin fraction ol milk protein as conforming to

thhe characteristics of a water-soluble protein and
rmlobulin as a colloidal protein., That albumin and
r~lchbulin in milk are coamnlated by lieat in succeedinesly
larcer amounts as hizher temperatures are used was
reported by Rowland (1933). This may account “or th
small decreacses in dialyzable nitrorcen observed in this
study which were possibly due to the coarmlation of
water-soluble proteins present In the raw milk. FHowever,

tiais is 1n contradiction to results reported by Nattick



and llallet (1929) that no chanre occurrad in the
diffusible porticn of millkk hrated for thirty minutes
at a rance of temrerstures [rom ;0-9C° C,

The decresse in total calcium is nnexplalinable
except that in the coarulaticn of somz of the proteins,
the calcium was used 1in the precinitstion reaction
caused by the hest and fna~curate sampline resulted,
Ts 1033 in calecium may be due te the formation of tri-
calcium phosphate shown by Soldner (186F) to occur in
the coaculum whizch forms on the surface of the milk
when heated. The solublle caleium was found to dacrease
51ichtly when the mill was heated at 1.3° F, for rive
minutes and remain level durin~ farther heating, This
is In cond arreement with worlks reported by Verma and

Sommer (1950) and Lampitt and 3usti111 (193)) that

soluble salts are nprecinitated with heat in the presence

o7 water-soluble rrotelns,

Sommer and liart (1919) have explained the heat
stability of milk uron the basis of a balence amone the
ma jor salts found 1in milk., From the rcraph In Firure 7
showinr the P/Ca ratios for whole milk and the serum
and comparins the increase in heat stability results
(Teble i) and increase in the ratios as the milk was
heated 1t 1s apparent that the ratio of vhosphorous
increased over the calcium at the same voint that the

hecat stablility incrcassd, Followine the reasonings of

r‘"/f
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somm2r and Hart it may be sunpositioned that the chanre

in the salt ratio has sore 27 Tect unon the Improvement in

the heat stability of the milk, A5 stated earlicr if
some of the soluble zalcium salts werc precinitated to
i insolunlz form In the surface coamgulum formed, the
ratio of soluble salts would become hirher for the
phospnorous over the calcium, as the phosphorocus shows
little varistion excent for increases in inorranic
phosphorous,

It has been renerally arreed amons investigators
tnat the firmness of the curd formed between rennin and
paracaseinate 1s subject to the presence of calcium
salts in one ZTorm or another, The evidence avallable
from this study polints to the lact of a lower curd
tension o~currinm when a lower calcium content was
noticed. This {ollows the reasoninrs of Van &Slyke and
Roswortn (1915) that the firmness of a rennin Tormed
curd of porecascinate is due to the amount of calcium
salts present, the more calcium present the firmer the
curd.

7hen normal milk was heated for longer periods
of time the alcohol number was observed to increase,
but the heat stability of the heated mill increased
along with an increase In acidity and a decrcase in
soluble calcium. These results are in agreement wlth

reports of Sommer and Binney (1923) that the effect of
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salts and acidity are additive and that increases in
heat, will cause a relative increase in stahility due to
the precipitation of soluble calcium, They did not,
however, account for the relstive increase and effect of

acidity due to the heat,

Zffect of Varions Derreas of Acidity Upon Some

o7 the Properties and Constituzsnts
of Cows!' ¥ilk

An unusucl increase In total nitroren, whsn ;
acidity 1is allowed to dcvelepe in milk, was noted which —

was insceountable, Other investirators have fonnd no
chance In the total nitroren of fresh and acid milus,.
This was shown in data reported by Khambatta and Dastur
(1951). tHowever, they reported an incresse in the
armonia nitroren content of soured milk, Roy and
Bhatnscar (19)8) believed that increases in the total
nitrocen were due to miecroviai act®-r, These reports
may aid in accountins for the unusual increase in total
nitrorcen found in the acidified milk in this study. The
decreaseas in the dialyzable nitrocen contents as repvorted
in these exrnariments disarres with the revorts of
nambatta aﬁd Dastur (19%1) that dialyzable nitropen
increases in sourin~ milk, J

The increases in calciumn with increasing acidity
are not in agreement with results reported by Khambatta

and Dastur (1950) althourh results on the total phosphorous
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were found to be similar in that no lar~e variations
occurred with chanres in acidity. The results for the
serum calcium and phosphorous agree with works of Van
Slyke (1928) in that these dialyzable minerals increase
as the acidity is allowed to increase, Van 51lyke and
Bosworth (1916) also report results similar to those ¢
found iIn this study. Dialyzable meenesinm was observed
to increase with iIncreases 1In acidity., The dccrcase in

the citric acid content of sourin~ milk occurred due to

the fermentation of citric acid by various organisms, e
The increase 1In dialyzeble citric acid is unaccountable
and in disagreement with a8 reneral oninion of other
workers that a decrease should occur due to fermentation,
More data 1is needed on this constituent with emphasis
upon the formaetion of a suitable analytical determination
procedure,
The results of this experiment appear to lend

' theory of Sommer and

some support to the '"salt balance'
Hart (1926) that a change in the balance will cause a
decrcase in the stability of milk,

when the heat stability results are compared with
changes in the P/Ca ratlo shown in Figure 9, the heat
stability decreased very markedly with a decrease 1in the
ratio of total phosphorous to the total calcium, Of

course, 1t must also be reslized that the presence of the

casein and minor proteins should also be included in
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explaining the heat stability of an acid-milk. OSuch a
relationship nas been demonstratsd by Van Slyke end
Bosworth (1916) when they found the maximum solubility
of calcium to occur when casein was at 1ts isoclectric
point. sommer and Ilart (1925) expressed the same
reasonling when they observed thabt an ontimum calcium
content will furnish optimum stability to the casein.
Hammarsten (18906) and Palmer and 3ichardson
(1925) observed from experiments on rennin coarculation
that a flaky precinitate, such as was observed in the
rennet coarulated curd of milk at 0.];2 per cent acidity
in this study, 1s found when only calcium paracsseinate
is present and no calcium phosvhate; but a clot will
form when calcium phosphate 1is present, It 1is possible

to assume that the flocculent curd observed in this

study was due larecely to the ahsence of calcium phosphate

which is thought to be soluhle in the presence of in-
creased acidity, The factors responsible for varyine
curds were too varied and incomplete-to express any
definite conclusions at this point,

In this portion of the study the alcohol number
of the normal milk was found to decrease as the acldity
was allowed to develope. Along with the decreasse in
alcohol number with decreasinr ascidity an increase in
soluble salts was noted. The lowered alcohol numbers

may then be explained by reports of Sommer and Rinney
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(1923) that addition of solutle salts will decrease the
alcohol test,
Zffect of Heat=Treatment Upon Some Propertiles
and Constituents of Milk With
Various Decrees of Acidity

The effect of heat and acidity upon milk was
studied and discussed earlier. In this part of the study
the effect of heat upon milk of hirh acidity was investi-
rated to determine chanres which mirht occur under
processinc conditions,

The increases obtained for the nitro~sen values of
the heated milk arc rcrarded with suspicion. Accordine
to other.investigators, Verma and Sommer (1950) and
Vattick and Hallet (1929), no increases should occur when
normal milk is heated, The incresses in nitrocen values
for acid-milk may be considered valid following the
reasoning of Roy and Bhatnaear (19L8) that nitrocen
increases may be expected as a result of increased bacterial
action. The heat-treatments serve to increase certain
bacterial action., This probably takes place as the temper-
ature of the milk is beine increased to the desired
processing temperature and during the period of acid
developement in the milk preliminary to the heat-treatments,
Another reason for the increcasecs may have been due to
poor sampling technique of the flocculent proteins which

formed due to the acid-heat denaturation. Nelson (1953)
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has observed that the serum nitroren found in whey will
decreases as heat 1s applied, Iie also stated that the
denatiration may play an importsnt rart in the heat
stability beccause of a sarious loss of charre resulting
in a larger particle size and aidinr in causinc an in-
stability between the calcium and phosphorous salts, In
this study the dialyza®le nitreogen was found to increase
in the milk as hircher heat-treatments were used, ‘Then

acid developement was allowed to take place the dialyzable

nitrogen increased but when the milk was subjected to -
heat the dialvzable nitrocen was lower than those recorded
for the normal heated milks, These results are in fair
agrreement with results reported by Khambatta and Dastur
(1951).

From results discussed earlier upon the effect of
heat on milk, a Jecrease in soluble calcium was expected
with no chance in the other soluble salts, Also, from an
earlier discussion of effects of pil (acidity) upon milk,

a marked increase 1in soluble salts could be expected to

be found in a milk with a lowered pll, These trends occurred
in the heat-treated acid-milk., liowever, the increases of
soluble salts weras found to be checked by the application

of heat to the acid-milk, Sommer and Hart (1926) reasoned
that acid develonement sided the heat stability by the

fact that the soluble calcium increased from the insoluble

di- and tri-calcium phosphate of milk, However, 1t



appears that since thia increass in solunle (rrimary)
posphintes was of sueh a2 marked rise comdnared to the
increasz of solubls calcium, the P/Ca ratio increased at
e as to cause a lowzred 1cabt stabllity test

due to a lack of secoandary phosphates, '™is also adheres
to the reasonins of Sommer and Mart (191%5) that acid
developzsment in milk will cause a decrease In secondary

phosphates and increase in rrimsry phosphates wialch have

no effect on the salt balance, ©Eut in thi

[¥/]

study, since
the calciwm and vhosphorous d1d not increase st the same
rate the difference ovetween the two salts was too great
to be in sood balance,

Since few chanres in citric acid contents ware
ohserved, it would annear that there woere few citric acid
fermenting bacteria n»resent or active at the time of
samnlinr, Probably, the apnlication of heat stopned the
action of these bacteria,

The curd tensions of the normal and acid-milk
appear to show the same c¢ffect whether high acidity was
present or not. ilowever, the lower curd tenslon values
observed for the heated acid-milk may be attributed to a
lower insoluble salts content in combination with the
coagulum formed by the rennet used in the determination,

The glcohol number decreased in milk with developed
acldity and also with an increase in soluble salts, An

Increase in alcohol number was also noted as the heat
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stability increased in the hested milk, These resalts
follow the reasonine of Sommer and Zinney (19223) that
acidity increases will brine about increased amounts ofl
soluble salts end it is the relation of soluble salts
which are responsinble for the reaction in an alcohol test,

Lflfect of Various Deprces of Acidity Upon

some of the Constituents and
Properties of lleated Milk :

This section of the study was concerned with the
effect of heat and of chan~mes which occur when acldity
is allowed to develope in the heated milk, The increase
in total nitroren of the heated milk iIs unaccountable but
the decrease in serum or dislyzable nitrocen mirht be
attributed to the denaturation and coaculation of soluble
proteins in the serum. This 1s in accord with reports
by Rowland (1933-3!.) that water solubl~ =»votein of milk
are coaculated by heat, he decrease in total nitroren
found to occur in the acid-milk as temperatures of
processinT were increased are in arcrcement with observations
of Roy and Bhatnagar (16/.8) who stated that the decrease
could be due to the breakdown of the colloidal protein
by proteolytic bacteria. This may also aid in explaining
the marked decreass in total nitro~en alones with the
fact that inaccurate samplinz would result due to
coapgulated proteins,

The results for total amounts of the salts show
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slirnt increases wnich mi~ht be attributed to a
concentration o' the milk durine heatine althourh the
volames of thc hested milk and the unheated milk were
not compared to determine the amount of evaporatlion
which had taken place,

The statement above would also hold for the
incresses noted for the results observed, The dialyzable
calcium and phosphorous both shcowzd marked increases in
heated milk where a lowerine of pl occurred, This was
in good agreement with works renorted by Lampitt and
Jushill (193)).

The cltric acid contents show little variation
with heat-treatment of the milk samples, which follows an
ohservation reported by Arup (193%) who stated that there
were neclirible chanres in citrates when mllk was heated
in an autoclave at succeedingly hirher temperatures, Tae
decreases in citric acid values 1In the acid-milk are
Similar in trend to decreases shown to occur in experiments
by Van Slyke and 3osworth (1915). The decreases are
possibly due to the utilizatlion o the citrates by the
bacterial flora.

The presence of a lower pld in the acid-milk appears
to be the deciding factor in the lower curd tension of
the milk because an increase in acidity lowered the curd
tension to a value less than that observed in normal

heated milk, This is probably due to the changing of

—— e xmieaA L C
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inseluble salts to a soluvle Torm from the denatured
proteins., That the soluble salts are precipitated by
heat has been shown in roports of Jommer and llart
(1925) while insoluble calcium snd phosphorous salts
are shown to be solubilized by the work revorted by
Lempitt and Bushill,

In ceneral, the alcohol number of the milk
samples in this portion of the study follow the same
trends discussed 1n earlier parts of this investigation,
The alcohol te3t may be aa effective tool in forecasting
the heat stability ol a milk as it appears that the

test shows whether an ahnormal reaction has occurred in

thie salt and acidity present in the milk,




SUNMNARY AND SONTLIUSIONS

Studies were made unnn the chanres whicnh oconr in
some of the normal constituents and vroverties of

fuernse: Hlolstein and mix=3d herds milk darins seasons

A

of the y=ar, Zxpariments were also condichead unon

normal mix=l1 nerds milk to Jdetermine the ofechs

of ncat-tre2ctment and develoned acidity upon 3ome of

the constituznts and proncrties of cows' millk,
Influence of 3reed and the Zeasons of the Year

Jpon Lome rroperties and Distribution of
Various Constituents of Milk

The seasons of the vyvear were found to show definite

trends ror some of the milk constituents, The trends
were similar in almost all cases for the milks investi-
gated, It wns found that the fat and total snolilds

were cenerally lower in the summer season and hicher
durine the winter months, There was a tendencv for
the total and dialvzable nitroren vealues to incresse
steadily throurh the sprin- and sumnmer seasons aflter
the cows were put on pasture., The nitrorsen values also
varied as the total solids contents varied. The citric
acid showed no steady trends but the values were
rcenerally hicher for milk produced in the summer months,

Minerals of the milks were found to increase markedly in

. —— 4. .-



/)r)

tne sprinc with lower values “ound in thae winter months,

[e heat atanility and enrd tensinom ware fommd to ha
indirectly related to seasnns of the yeapr hy an associ-
ation with the seasnnel ~"nan~es in the calcium and total
nitroren present in the milk, :i¢n card t=2n3ion values
were found In the mil% when hira calcium and total
nisrocen contents were orezent in the milk due to in-
creases in the snrines se2ason. 'The hent stahility of
the milks showed an improvement in the summer when the
calciuwn and the total nitroren contents were {ound to
be at their widest differenze, The alcohol number was
found to have no definite relationship to seasonal
cnangce but when the total inoreanic nhosohnorous in-
creases were noted, there was a deecided im»rovement in
the slcohol test,

In comaarine analvyses of the Guernsey and
Holstein milks, the Suernsey milk showed consistently
hicher averar=2 concentrations of fat, total solids,
total nitrocen, citric acid, calcium, but lower averace
concaentrations of phosphorous and macnesium salts,

The curd tensions of the Guernsevy milk were decidedly

hisher than those of the llolstein milk,

ZUNPIDE R S Y
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Sffect of !eat Unnn Some of the
Constitnuents and troparties of
~ormal Cows' Nilk

Heatin~ of milk caa3es an increase in acidity and
a decrease in pl, The variations in total nitrozen
valies werc discussed, The total nitroren content of
heated milk showed an Increasse during the initial stare
of heating with decreases as the milk was heated for
lonear reriods of time at 13° », 1o marked variations
were observed Tor the dialyzable nitrnmen, Total
calcium and nhosnhorous decreased slisghtly es heat wnas
apnlied, but the ma—nesium content increased, The
dislyzable salts {n heated milk showed 1ittle variation
over the normal values, excent for the dialyzable
calcium which decreased slichtly durines the initial

sta~e of hestine, As the mllk wes subjected to lonrer

s of neating the hest stahility of the milk was

joN)

vario
improved. The curd tensions of the heated milk were
found to be lower when lower levals of dialvzable
calcium were found, Tne stability of the milk toward
the alcohol test in~reased as the milk was suhjected

to lonrer pcriods of heatinr.

- —n | ——— G
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Effect of Various Decrees of Acidity
Upon sSome of the Pronerties and
Constituents of Cows!' Liilk
A decreasing pd accompanied an increasine titrat-
able acidity., The totsl nitraorsen content increasased at a
steady rate as the acidity increased while the dialyzable
nitrocen decreased. The totsl calcium increased slichtly
with increases in 2zidity but the other salts showed
little variastion from the oricinal values., The dialyzable
salts increased with increasing acldity with soluble
prnosphtiorous showins the ~reatest increases, Citrates are
known to bz utilized by certaln bacteria, therefore the
resultineg decreases in citric acid of whole milk were
expected, DBut the increcases in dialyzable citric acid
cannot be accounted for, The stability of the milk to-
ward neat may be indirectly related to the ncidity
present in the milk but directly related to the dis-
turbing of the equilibrium smone the salts and proteins
of milk., The curd tension varied little in the early
Stares of developed acidity hut at the hiehest acidity
the character of the curd anpnecared to be completely
changed thus showing to some extent the rance of equi-
librium which will tolerate the destabilizinc effect

of scidity.




Lffect of llzat-Treatment lpon Jome Properties
and CUonstibtuents of ilk Wit Various
Decrees of Lcidity
In studrsing the =2ffect of nrocessine heat-

treatmeants upon scid-milk it was found that the total
nitroren values increaszd as the normal and acid-milks
were heatzsd, The total nitro-en values of acid-milk
stiowed a smaller Increase with heat-treatment, The
diaelyzahle nitrosen also increased as hircher processing
temparatures weres ussd, Thz Jinlyzable nitro~en of
the zcid-mil% showed only slichtly hicher values -after
noat-tr2atment, S51isht incresases in ecalcium and
phosphorous were notal in the heated normal milk but
little chan 2 occurred in these s2lts when the acid-milk

lieated, althiouch the level of salt contents were

j 9]
[®]

4

hirher than for the normal 'ieated millk, The concentration
of dialyzahle snalta increased markedly with acidity but
decreased slichtly when the milk wes heant-trested,
Zvidently thue 2cidity had not increased to a point where
tne citrates were alfectad or there was a cdestruction

of citric acid fermenting bacteris prasent in the acid-
milk at tas processins temparatures, Slishtly lower

curd tensions were obhserved in the acid-milk thsn in ths
normal milk, but both milks showed decreasing curd
tensions with hichar processinr temperaturss, The lower

values might be attributed to the decrease in the in-

P T ey
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zelurlae salts in the acid-rill,

$efact of Variousz Terrees of Acldity iipon
Come ol the Tonstlituents and
rroperties of iicated Nilk

N

It was found that wien heatad mil¥ 135 allowed to

e

N
|

Inavelope acidity the total nitrocozan content decreased
as a hilrher orocessins btermorcocture was used, but the

. . K ) . 2 e
Aislyzakrle nitro~en increasasl In the acld-milk when

heated, The dlalyzablz nitroren wns hicher in heated
acfd-mill than in normal +ecated milk, The calcium,
pnosprorous and marnasium voried 1little upon heat-
treatment of the mill but the total salts of the acid-
milk were hicher than those of the normal milk., The
cdialyzable calcium and phosphorous values were hisher
in the acid-milk than In the normal milks; increasine
proportionally with the heat trestment, Iowever, the
dialyzable cslcium snd nhosphorous of the normal milk
decreased with hirher temperatures of heat-trestments.
The citric acid contents weare fournd to vary little with
reference to the processing temreratures but a marked
decrease was found to occur in the millk when the acidity
was allowved to develcocpe. The developement of acidity
in milk appears to lower the curd tension of milk,

rom all indications, the most important factors
found to cause detrimental affects in milk in relation

to heat stability are the selts and proteins present in
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milk and the develcpeament of an sabnormal acidity, T[Ihe
salt and protein contants are definitely related to
seasons of the year and mav he altered to form an un-
balanced combination of constitusnts in the milk. The
heating of milk will cause a chanre in distribution of
sorna of the constituents but will also increasc the
stability of the milk toward heet, herefore, the most

Qe

important faztor to nHe concerned with upon the receiving
platform appears to he an abnormal acldity, due to de-
velooed acidity and not to natural acidity, alcng with
a possible detrimental chanrse 1n salt distribution, The

alcohol test micht be considered instrumental as & plat-

form test in this resvect,
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Flrzure 1. 1ne fat content of milk as influenced by
seasons of the year, A- Lilk from a Cuernsey herd.
Foolesd herds milk. C- lilk from a ilolstain herd,
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Fizure 2. Total solids of milk a3 influenced by
3easons of the year, A- Iilk from a TJuernsey herd.
B~ Pooled herds milk. C- Milk from a liolstein

herd,
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#irare 3. Variatlons in the total nitrosen content
of milk with seasons of the year., A- Wilk from »
Tusrnseay herd, B- Lilk from a Holstein herd,

C- Foolesd herds milk,
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Figure !|. Comparison of the Ca, P and the P/Ca ratio
in whole milk with seasons of the year, A- Milk from
a Cuernsey herd, B- Milk from a Holstein herd.

C- Pooled herds milk.
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Pigure 4, Variations in collonidel phosnhorous with
seasons of the year, A- I'ilk from a Guernsey herd,
B- 1'11% from a Holstein herd, C- Pooled herds milk.
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Fisure 6. Variastions in the total and
serum nitrogen contants of milk heated
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serum nitrogen contents in milk of
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Serum portion of the milk.
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