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INTRODUCTICN

Within the past several years considerabdle
interest has been aroused auxong research workers,
nutrition students, and the dairy industry by ob-
servations made from tiwe to time in research re-
ports on the physical character of milk curds form-
ed subseocuently to tne action of enzymes. This vhys-
ical character, or curd tension, as it is commonly
called, is subject to wide variation from soft, body-
less, to tough, rubbery consistancies, depending on
various physical and chemical phases in the constit-
ution of milk.,

Apolication of the existence of hard and soft
curds has been made in the manufacture of cheese, in
which a hard curd 1s advantageous; in infant nutrition,
for which a soft curd is required for greater ease of
digestion, and to facilitete maximal nutritiornal
advant=ge; and in the treatment of gastric ulcers,
for which the easily digested soft curd is obviously
to be vreferred.

Many of tihe curd tension regulatinrg influences

have been partially exvlained or indicated, but the

(1)



natural complexity of the ohysics and cheuistry of

milk invests the studies firet, with a difficulty of

approach; and secondly, with an ambiguity of results.
It is with tae ho e of making soxe contribution

toward a clearer understanding of the influences reg-

ulatirg curd tension that this work vas undertaken.



HISTCRICAL

In 1316 Alleman and Schmidt (1) published a
report of their investigations of so..e of the factors
influenckng the coagulating proocerties of cows' milk.
The revort deals with sowe of the most fundamentel
aspects of the phenomenon of coagulation, every one
of which must be considered in a discussion of the
subject,

For the puroose of measuring the hardness
of rennin curde theee woriers invented a method
which was basec on the grams of pull measured with
a epri-g scale requirec¢ to draw through the curd a
tool consistiig of concentric ri.ages on a horizontal
plane attached to tre end of a centrally placed, ver-
pendicular rod. The princivles involved seem to have
been adopted for all succeeding methods of measuriug
curd tension,

INFLUEKCE OF TI.E AFTER COAGULATICN IS
CCMPLETE: Alleman and Schmidt (1) found that tie
curcd tension ircreased in diréct proocrtion to the
time alliowed for the rennin to act until a maximum
of hardness was approached. The period of tine elavsing
tetween the moment of coagulation and the measurenent
of curd tension h-s been freqguently referred to in

their revort as the "Wartzeit". The longeest "Vartzeit#"






presented were twelve xinutes only. Between the
eleventh anéd twelfth winutes curc tension was in-
creasing at raetes of from one to three grams ver
minute. From their data tkhe autkors demonstreted
that a constznt may be found for any particular
sample of milk by dividing the curd tension by
the "Vartzeit" in minutes. This constent when
calculeted for one milk 1s invalid for other
samples of milk with 2 c¢ifferent degree of re-
action to coagulation.

DEFENDELCE OF CURXD TzZLEICN ON TEE ALCUY
OF RENNIN APDED: Curd tension and speed of co-
aguleation increased in direct pro.ortion to the
e:mount of rennin added, according to the work of
Alleman and Schmidt.

“hen a "lartzeit" equal to one tenth (or
any given frzction) of the tiwe reouired for co-
aguletion was est:zblisned, 1t was found thet for
any given sampnle of milk a constant curd tension
develoned, regardless of the amount of rennin used.

INFLUESNCE OF ACICITY O& COAGULATION: By
coagulating the milk with a constant amount of
rennin and adding equal voluues df verying strencths
of acetic acid, Alleman and Schmidt demonstrated

that increased acidity favored a harder curd.,






In this case as before, the curd tension was in direct
provortion to the sveed of cosguletion. The conclusion
was drewn that the acid itself has no svecific effects,
but only creates conditions which favor coagulation.
This conclusion wae more or less supnorted by the more
recent work of Rona and Gabbe (39) which indicated
that the action of rennin in forrnation of paracasein
is most efficient at vHs from 6.0 to €.4; and the
principle, demonstrated by Palmer (34) and Bell (2),
that under concitions of increaced acidity calcium
is made more available for the precivitation of cal-
cium paracaseinate.
INFLUENCE OF CALCIUM SALTS ON COAGULATICN:
Curd ternsion increases provortionally to the amount of
calciuia chloride added. The mathemetical relstionshio
found by Allexan and Schuidt (1) between added calcium
chloride and curd tension indicates thet the s=1t,
like acid, created conditions favorzble for coegulation.
The autnors stated that fhe calcium had no soecific
effect, tut in view of tnhe function of free calcium
recoonized by Paluer and Richerdson (33) and Hammarsten
(17) as the positive radical of an insoluble paracaseinate,
the element seems to assume a more significent vosition,
Addition of celcium hydroxide has a softening

influence on the curd according to Bosworth and Bowditch

(4).






In connection with the natural calcium con-
tent of milk, 1t hos been steted by wWeisberg, McCollum
and Johnson (50) thet soft curd milk contains less of
the element than hard curd milk. Espe and Dye (18)
found that removal of a large part of the colloidal
CaHPQ4 by centrifuging has no effects on the curd
tension. The recults of Kill (20) verified this view,
showing that eitkher removal or remixine of creem
sevarator slime,.which according to Espe and Dye (16),
contains a large nart of the colloidal calcium has no
effect on curd tension. On the cbntrary, veisverg,
VcCollum, 2nd Jorneon (50) have made the statement
that the susvensoid phase of milk, including calcium
phosvhates, through its concentrastion and mode of
distribution controls the cura character,

INFLUEICE OF ANVI'ONIA ON COAGULATICN: Alleman
and Schmidt (1) have shown thet the addition of
ammonia slows up cozguiation and brings about a de-
crease in curd tension. This effect is, in some de-
gree, only in opposition to that of addition of acid,
but it varies from the lztter effect in that the de-
crease is not in strict prooortion to the amount of
ammonia added. The curd teneion falls at a rate fast-
er than the increase of ammonia additions, which prob-
ably indicates a decomposition of the casein, rennin,

or tre casein-rennin combiration which may exist. In



this connection it is also noteworthy to recall the
demonstrstion by Van Slyke and Bosworth (43) and
Porcher and Brigando (36) that ammonium or sodium
radicals may tend to replace the calcium 1in the
caseinate or paracaselnate, and that Rimmington and
Kay(37) and Bosworth (8) have shown that weak alkalie
tends to remove phosphorus. Hill (20) has recorded
that the addition of sodium or potassium in a form
not ststed decreases curd tension.

INFLUENCE OF TENPERATURE ON COAGULATION:
Alleman and Schmidt (1) confirmed the well known fact
that coagulation occurs best at atout 40 degrees C.
Above or below this point the process becomes slower
as the temperature increases or decreasses. The change
in speed of coagulation is accompanied by a corres-
oonding change of curd tension, but not in the same
prooortion; for the increase in speed of coagulation
decrezses per degree as the tempvereture mounts toward
40 degrees, while the curd tension incresses in dir-
ect pronortion to the temnerature.

INFLUEICE OF PHYSICAL TREAT E.T OF MILK ON
COAGULATICN: Nuller (32) found theat vigorous agitation
of milk reduces its czozbility for coagulating. The
accuracy of this earlier observation was later born out
by the work of Alle:an and Sch.idt (1).

Hill (18), (19) and Espe and Dye (18) found

that pasteurizing or boiling milk has a softening



effect on the subsecuently foramed curd, ¥eisterz,
¥cCollum, and Jonnson (30) suggested that this effect
is due to the precipitation by heat of colloidal CaHPO4,
but Esve and Dye (18) have refuted this view on the
basis of evidence obtained by the removal of some of
the colloidal calciuxr salts by centrifuecing, The curd
tension was not altered by this tre=t:ent. The szne
result was obtaired by Hill (20) by removal of separ-
ator slime which contains a high procortion of the
colloidal calcium. Rupp (41) and Bell(2) have shown
that heating a2t vnasteurizing tem~erztures has little

or no effect on the amount of soluble calcium in milk
filtrates, but Nagee and Harvey (=7) and'Nattick and
Hallett (28) have rresented evidence to the contrary.
“working with colloical solutions of CaHPOs stabilized
with gelatin, Palier (34) found it very easily pre-
cipitated by heat. To show the effect of calcium in

the tvo mentioned physical states, Palmer proceeded to
dialyzed milk until it wust have been practiczally free
of all soluble calcium, then tested the effect of rennin
on the dialyzed product. Coagulation absolutely feiled
until a swxall amount of CaCl; wes added (one dron of

4 molar) uvon which the curd forwed instently. Addition
of two or thiree drovs of dilute hydrochloric acid also

permitted the curd to form., Palmer reached the conclusion



that the effect of heat on the curding vproperties of
milk was cdue to a denaturation or decomnosition of the
cagein, or to a disturced "conditions which govern what
is regarded as normal clotting of calcium paracaseinate".
Although direct evidence in the matter is svarse,
the oninion appears to be prevalent that heat causes a
definite alteration of the casein molecule. Lacqueur
and Sackur (23) showed that casein dried at 94 to 100
degrees C. underwent a cleavege yielding an alkalie
solukle fraction that vossesecd more acid oroverties
than casein, and showed a higher base binding power.
Zoller (S3) found that pasteurizing caused milk to
yield a much softer curd by acid precinitation, and
that the curd so formed contained more moisture as the
tenverature of preheating was increased. The temverztures
used were from 50 to 120 degrees C. inclusive. In an-
other study by thie worker (52) solutions of casein and
sodium hydroxide were heated to 118-135 degrees in
sealed tutes. In solutions of pH belcw 6.5 the caseinates
failed to pnrecinitate though helc at 135 degrees for
forty minutes. In soluticns of pH avove 6.5 precivitation
occurred. During the heating neriod the pH drooped .18
to .54, the drop being nore pronounced in the more
alkalire solivtions. The coagulum was solultle in acids
and alkalies and reseabled curd made from heeted or

sterilized milk. Michaelis and larui (30) demonstrated
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that the higher the temcerature to which pure casein

in alkalire solution was raised the slower was the sub-
sequent vrocess of coaguletion by rennin and calcium
chloride, The assertion was made in their revort that
the effect is on the casein 1tself rather than on the
reaction vetween tne c~lcium and the casein. Kumatsu
and Okinaka (22) heated casein with water in stoopered
bottles to 11C-120 degreesC, and obteired a nroduct,
the weight of which, when freed from weter, wcs greater
than that of the oriziral eszmple, evidence wvhich was
internreted as an incication of hycrolysis. It was
found in their work that grouvs, some of which con-
tained diemino nitrogen were removed from the protein
molecule by this treatment.

Wright (S1), on the other hand, was unzble to
fird any alterction in the opticsl rotation or racemiz-
2tion of solutions of cesein that had been heated as
high as 120 degrees C. in an autoclave.

A ocuantitative concecvtion of the effect of heat
on curd tension 1s readily geired frowm the work of
Kill (19). By heating milk ssmples from a nuuber of
cows to 92 degrees for five uirutes and deternining
curd tensions before and after heating, he arrived at
the following averages over a period of several days

on which trhe tests were reveated:
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Curd tension Curd tension sfter
of fresh nilk heating to 90 degrees
C. for 5 minutes

1G4 g8

57 o4

179 58

151 45

1€7 66

oy 6

142 48

78 15

26 4

145 67

51 8

111 34

Furtrherrore, Hill has followed the chz=nges in
curd tension through the commercial vorocesses of evap-
oraztion and condensation (2).As a result of thie study
he has been able to revort that heating to 114 degrees F.
(48 decrees C.) only slightly affects curd cheracter, In
one case the first heating to 1c0 degrees F. (80 degrees C.)
reduced the curd tension almost @s 1ldw as the final heating
to 204 degrees F. (95 degrees C.). The final sterilization
of eveporated milk in cens heated to 234 degrees F. (112
degrees C.) has the most pronouncesé effect of all, A
series of curd tensions that might be accepted as typical

for mixed herd milk can be compniled as follows:

Treatment Curd tension
Raw milk 6 -
Evaporated milk B4
Sterilized and evaporated 25
Boiled milk 19

Evaporzted milk,diluted 50« 1<
Sterilized and evevorated
diluted 50% 5
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The vrecinitetion of casein by acid is affected
in a way similar to the rennin precivitation, according
to Courtney (50), who found that evaporated milks give
a bulky and fluid curd, milk dried by the roller vrocess
a rather compact and cheesey curd, and fresh milk raw,
pasteurized, and boiled, and milk dried bty the spray
process ylelded curds with characteristics between those
of the other two groups.

INDIVIDUALITY OF COiS: Alleman and Schmidt (1)
and Hill (18) found that curd tensions of milks from
different cows show veriations as wide as those well
known in the chemical composition of milks. Alleman and
Schmidt demonstrated that milks from different cows
show no constant ratio between "Wartzeit" and curd ten-
sion. The individuality of each animal seems to te
fairly well ectablished,and to be altered only by the
gex cycle,disease, or temporarily by a crastic change
of diet. Individual covs show slight variations in
the tensions of their milss teken st different periods
of the day.

Experiments of Alleman and Schmidt with mixed
milks show that when a hard curd milk is mixed with a
soft curc milk, the curd formed from the mixture is
from 10 to 20 percent harder than would be calculated

from the tenslons of the sevarate comconents. This
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would indicate that vhatever influences tend toward a
hard curd extend their action to the softer curd milk
unon being mixed with it. This observation has been
verified in feeding exveriuents by Bergeim and co-
workers (3).

INFLUENCE OF THE PHYSIOLOTICAL CONTZITION CF
THE COW: Certain fluctuations in curd tension are
found to corres-cond to the progress of tne sex cycle
of the animal. The results of Alleman and Schmidt (1)
show a decrease in the efficiency of the action of rennin
on milk taken during the hezt veriod, but no convincing
alterations in curd tension. Hill (18), however, ob-
served that after the cow freshens and as soon as the
colostrum is exhausted the milk immecdiately assumes a
somewnat higher curd tension. This condition continues
for from four to six weeks. Hill also stated that to-
ward the end of the lactation veriod the curd usually
becomes harder, but sometimes the on-osite effect is
observed.

MYonier and Sommer (31) noted that many low curd
tension cows but no high curo tension aninals were
found to have histories of chronic udder infection,
Unputlished results of the work of C. S. Bryan, Mich-
igan State College Devartment of Bacteriolozy, have
shown that milk from udders in an advanced state of
mastitis infection failed entirely to coagulate with

rennin.,
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Washburn and Biglow (48) have found no relation
between leucocyte counts of milk and data on coagulation,
EFFECT OF THE CCW'S DIET CN CURD TEXSION:
Alleman and Schmidt (1) found no significant variations
in curd tensions resulting from cdietzry concitions. Hill
(18) wrote thet he found no incdication of eny aonreciatle
influence of normal diet on curd tension, but that cranges
might be brought about by sudden and crastic zlterztions
in diet, the effect of which 1is, however, only temoorary.
Very dry dists may cause a harder curd by favoring the
production of a more concentratec milk; or diets con-
taining an abundence of water and moisture disvose to-
ward a scfter curd by causing dilution,

INFLUEXCE OF PROTEIN OF NILK ON CURD TEXNSION:
Weisverg et al (20) mcke the sweeping statement that
the concentrztion of casein is the mzjor factor in de-
termining curd character; a high concentretion favoring
a hard curd and vice versa. Tnis idea is considered to
be supnorted by exverirents in coegulation of diluted
milk. Esve and Dye (18) have observed no difference
in alteration of curd tension when milk wes diluted
vith distillec wezter in one case, and with milk whey
in another. Argument is presexted to show that in two
gsamnles studied the difference in casein content ac-
counted for only 81 percent of the c¢ifference in curd

tensioh.
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Monier and Sommer (31) have indicated that the retio
of casein to albumin is an influencing factor in coag-
ulztion. Albumin aprarently favors softness of curd.

Van Slyke and Bosvorth (45) have found that acid in miik,
a factor that tencs toward a harder curd, reduces the
absorotion of rlbumin by casein., HEill (13) found that

curd tension seems to increace along with total oprotein st
the teginning and end of lactation, but the curd ten-
sion increases faster than the protein content itself
seems to warrant.

Espe and Dye (18) have stated that there is vrob-
ably no direct vrovnortion btetween the curd tension and the
"concentration of any one of the constituents of milk,
‘"although there may‘be marked correlations.
| INFLUZNCE OF FAT: The actual vpresence of fat
in nilk is an infiuence that softens the curd accord-
ing to Hill (18). Eowever, as a general rule, it is
found that milk of a naturally hich fot content yields
a hard curd. neisverg and co-workcrs (50) included
fatty constituents in the suspensoid phacse which they
claim controls the curd tension.

MILK PHCSPHORUS AXD CURD TENSICN: The most
committal statement in rezard to the relation of ohos-
nhorus to curd tension has been made by lonier and

Sommer (31), They record that although natural vhos-
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phorus seexrs to te higner in herd curd milks, added
phosnhates denress coagulatiliity. Perusual of the
repor:s of Van Slyke and Bosworth (45), Porcher and
Birgando (26), Piettre (35) and Rossi (4(C) convirnces
one thet there is some controversy over the physicel
and chemical ststes of toth calcium and phosvhorus in
milk, %Weisverg, McCollum, and Johnson (50), however,
thought it provacle trat the mode of distribution of
these elements in thelir inor:zanic forms has so:ie vert
to play in the deter..ination ot tne cosgulating vron-
erties., Palier (34) has contricuted striking evidence
that the calciuw phosvrates of milk are all present
as CeHPO4, some in the colloicdal and sowe in the

true solution; that in the true solution monovoliz-
ing the functions that this salt periorms relative

to coagulation.

*  RELATICN CF BREED: Hill (1€) has found that
the median of curd tensions is lower in the Holstein
than in the Jerecey breed, and Watson observed (43)
trhat the former itreed, in gernerel, yielded iilk of
a lower buffering cevacity than the latter.

RELATICUS OF XIKOR CONSIITUENISY Citric
acid has been attrituted by Xonier and Sommer (31)
with an apovreciacle softening influence on the milk

curd, Although it has been sugrested by Porcher and
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Bifgando (36) and Piettre (35) thst this effect may
regsult from a provensity of citric acid or citrates‘
to rewove calcium by precipitation, Bosworth (5) hos
shown that the solucvle calcium of milk is increased by
addition of sodium citrate, and trat the less in-
soluble- sodium-calcium ceseinate is formed.

Work of Loevenhart (2€) indicates that the
magnesium precipitates paracasein in a manner that
appears to te quite closely comparatle to trat of
calcium. Van Slyke and Bosvorth (44) have fourd maz=-
nesium in milk filtrates to tre extent of about one
sixth of the weizht of the calcium. However, no
ouanitative results have come to licht in connection
with the effect of natural magnesium on curd tension.

We are equally in iznor~-nce of the iniluence
of chlorine, lactose, and natural sodium and potessium.
Loevenhart (26) found tcat the anions chloride, sul-
fate, and nitrate were without effect on coagulation
of casein.

RELATION OF BUFFERING POYER O IILK: Notice
has been given by Vatson (49) and trennemann (13) to
the fact that soft curd milks have avlow buffering
vower. The lack of direct relation rtetween tuffering
power and curd tenéion is indicated by couvaring
the findines of Buchanan and Peterson (8) and Esve

and Dye (16). The former workers found that milk
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may bte diluted t.irty percent of its volume without

any chance in cuffering power, while the lstter have
shown that in one case renresented the dilution of a
samole of milk to the extent of trenty five vercent of
its volume caused a drov in curd tension of almost forty
vercent.

There is some disagreement arising in the work
of Buckley (9), who found that Jersey and Guernsey milks,
which tend toward harder curd than the Holstein and
Ayrshire milks, according to Hill (18), are in general,
more easily precivnitated by weaker dilutions of hydro-
chloric acid than the milks of the latter breeds, This
indicates a lower buffering power among the Jersey
animals, and is in direct opvosition to the ststement
of Watson (49).

CURD TENSION AND DI3-STIOX: Since it is scarcely
the function of a thesis bearing on this particular
sucject to make a thorough review of the very vol-
uwsninous literature concerned with tre digestibility of
milk, only some reoresentz-ive vorks will ve considered
here in order to establish a connection with certain
avplications of knowlecze of curd tension.

There has been considera le dissention over
the relative merits of toiled and unboiled milk as a
food, The status of the ouestion has been well review-

ed by Lane-Claypon (25) for the period vrevious to
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1913, and summed uo by conclusions which, as far as
our suvbject is concerned, have had but little contra-
diction since. Only one nnase of the controversy enters
in to our discussion; that is, the effect of boiling
on digestatility.

Brennemann (11) has written t:iat for years
European ovh.sicians have veen feeding milk to bacies
without tne dire results t:at were considered in
America to follow such a diet, and, in fact, with less
dizestive troucles than were exnerienced by Americen
infents nurtured on raw milk, The discovery of this
situation by American nutrition students led to in-
vestizstions tirat have given histrly concordant results.
Two esnecielly enlicintening investications were carried
out by Erennemann (10) and Eerzeim et al (3) using
the same technicue z2nd arriving at almost identical
results,

These workers were each ‘ortunate in procuring
a hucan subject who could regurzitate his food at will,
By exnloitation of tnis ¢ift the following conclusions
were reached., Raw cows' milk coaculete8 witiin thirty
seconds after it reacnes tie stomach. At first swall
curds form which grow, coalesce, and harden, to form
chunks as larre as a man's tuumb, and hard enouch to
resist breakage when dropved on the floor, These curds

grow for one to two hours, tnren gracually disappear,
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disintezrzted by verivheral dizesticn w..ich continues
in the stomach for five hours or more.

Boiled wmilk, on the other hand, forus curis
of a soft, flaky nature, wiich may acrnieve a size
equal to trat of a small pea. These curds vass from
the stomach in acout thnree hours. Pasteurized milk gave
curds with qualities tetvieen those of rzw and boiled
milks, out resemvled the raw milk curd wost strongly.
Milks modified by sodium citr~te, sodium cartconates,
or lime water; condensed milk and buttermilk yielded
soft curds.

In tie feeding of rsw and voiled milks, very
convircirg clinical evicence is of:ered in fovor of
boiled milk for infants as reported by Crennemann,
(43,44,45,48), Variot (47) and Dennett (48). The
clinical nictures vresented in these recorts are so
true to form tihat tlere is no need of sevarate discuss-
ion of each. Although a great many t:zcies are qguite
canatle of normal and undistressed prorress on a
raw milk diet, a considerszcle nuumcer of infrnts do
ha e digestive and nutritional difficulties with
raw milk tret can be prountly cured by ifeeding boiled
milk., Symptoms of such difficulties often tecoi.e
avparent in the form of rezurgitetio~s, dyscevsia,

diarrhea, cnunks of undigested curd in the etools,



licuid stools, foul stools, and even rickets and zen-
eral malnutrition. A striking nwaiber of these afflicted
babies have teen returned to normal, undietressed

grdwth and development by the simnle exvecdient of
boiling thneir milk. Variot(48) has written of consistent
success in treating iniznt eczema with boiled milk.

It is well known that human milk, teirg esvec-
islly designed for human baiies, hes the vronerty of
yielding a curd that 1s remorkevly eoft and dieestivle.
Brennemann (13) has made the conment that zll milk
modificaetions and substitutes heve one factor in common:
the curd has been recuced in size and consistancy so
as to aporoach more closely to the cualities of mothers!
milk, This is clearly shown by the evidence vresented
avove,

As has been pointed out earlier in the re-
sults of Alleman and Schmidt(1l) and Hill (18,19,20),
the milk of all cows is not the same in curding char-
acteristics. In fact cows milk is to be had that very
nearly aporoaches human milk in this respect without
being modified.

The first dewmonstrations of the use of un-
modified cows' milk with wmuch the same effect as
boiled milk has been snown to have were made by Hill
in collaboration with Blood (18, 13). These workers

furnish case reports showing grect benefits derived
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in cases of infent indigestion, malnutrition and
rickets, and in unusualiy s=tisfying norual develovment.

Somewnat more cuantitative data are presented
by Esve and Dye(1l€) wno carried out digestion exner-
iments with doss, calves, and husans, using for obser-
vation Pavlov noucres, roentcenograms, and flourosconic
methods resveciively. It was found that an adult dog
will digest 300 cec. of milk with a curd tersion of 98
grams in from 1.7 to 1.8 hours, while milk with a
curd tension of 190 grams re.ains in the seme anizal's
stomach for from 2.3 to 2.8 hours. Uncdcubtedly in-
dividuality would account for differences in thece
figures as deterrmined in different animals ot tre
same svecies,

It was also saown that zlthough the rste of
gatric secretion seeums not to be influenced by tie
curd character, tne vnersistance of tr.e secretion
does resnond to curd toughness.

Returrning to heat treated milks in the light
of treir digestibility, it is interesting that Wallen-
Lawrence and Koch (47) recort an increesse digestibility
by Trypsin in vitro of evacorated anc boiled milks. The
increased eese of cicestion seems to be a function of
the temverature to wiich the w©ilk is heated, and thLe

length of time it is held there.
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EXPERIIZ.TAL

In view of the imoortence thnat hns been attrib-
uted to the role of the inorganic constituents of milk
in the vrocess of enzymic coagulation, these com»ounds
seen to offer a promising field for investigation. Cal-
cium and ohosvhorus were selected as the outstanaing sub-
jecte cf t:iis research because vreceaenting irvestig-
ations seemed to iindicete that a study of trece constit-
uvents would contritute some light toward an under-
stending of the controlling factors of curd tension.

The milk used for this work wes obtaines from
the lichizan State Colleze exverimental herd of Hol-
steins. Holstein milk was co.sidered to ve most adavt-
ed to tiis work because of tne wide vsriations in
curd tenesion to be found in the treed, and tecause of
the fairly uni.orm and low fat content. The saurvles
were all tzken from the mixture of the total morning
milk outnut of each cow., Precautions were taken to
avoid milks from mastitis-infected animals, or from
animals in those neriods of the gex cycle in wiich
the curd tension might be a&ffected.

Deter.inations were m=de of curd tension,
total calcium, total nhosohorus, acid soluble vhos-
phorus, specific gravity and in some cases total solics

and vH.
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Curd tension was determined by the use of the
apparatus called tne "Aumerican Curd-O-Meter" manufact-
ured by the Heusser Instrument Comnary of Salt Lake City,
Jtah, and claised vy the manulacturers to zive results
closely comoarable to those obteired by the standard
Hill aonaratus. Coagulation was carried out as prescrib-
ed by Hill (18) using as a coazulant a .ixture of three
narts of .8 percent pensin solution (1-3000 dry scele)
to one nart of a calcium cnloride solvtion containing
378 grams of calciuw caloride, U.S.P., per liter. A
coagulation veriod of ten rminutes was used. A nerallel
series of determinations of curd tension was made,
using three varts of tre cepsin solution to one nart of
distilled water as the congulant without calciu. cnior-
ide. Preliminary results octained by trhese methods are
shown on Tazile 1,

Calcium and acid soluble ohos: orus wvere
det-rwined on a tricrnloracetic acid filtrate after
the procedure of Sanders (42). Sanders found theat
after oreciniteting the orotein of milk with four
voluines of ten percent trichlordcetic acid all of the
milk calcium (and magnesium) and 18.1 to 31.6 percent
of the total phosonorus were converted to 2 solutle
form end could be deter..ined guantitatively in the
filtrate with a great saving of time., The results of

these determinations were careifully checked by Sanders
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s~ainst t ose obtained by eshing methods. The filtrate
was presared by placing 20 cc of milk in a 100 cc cal-
ivrated voluretric flask end diluting, very slowly at
first, and vith rotation of tre flask, witn 10 ver cent
trichloracetic acid to tne mark. This was allowed to
stand wvitn occasionsl sraivine for trirty minutes to
permit a comnlete precinitation of the proteins and
liceration of the cealcium trom the colloicdal state and
the calciua caseinate. The nroteins were then iiltered
off. A 50 cc aliouot of the filtrate was plasced in a
Kjeldanl flask and asned wet with 25 cc of a 1-1 mix-
ture of concentrated H SO,y and concentrsted HNCg. ?n
.order to assure connlete asning and subseguently a
ready precinitation of the phosnhorus in the filtrete
it was found advisable to boil off an additional 15-20
cc of concentretea nitric acio. The divestive mix-
ture was cereiully vasited into a 400 cc beaker, usina
water as reouired until a piece of vlue litmus pnaner
dropved into the flask rerains tlue., Ninety-five per-
cent alcohol to a volume five times that of tne di-
gest end was: ings was added, The CaSO4 precinitated

in this way was allowed to settle over niegeht. The
precicitate was filtered off, nlaced in a cruciile,
and ashed for the calcium determination. This ash was

dissolved in concentrated HCl vy cigesting 45 minutes



at 50-75 degrees, diluted, and exanined for celcium
content by tne ileigs, Blatrerwick, Cary mocification of
Avderhalden's and McCrudden's met. ods comtined (23).

A counarison of this metiiod vith a siorter ore
desrived in the l.ethocs of Analysis of tne Associ=tion
of Official Agricultural Chemists, tnird edition, va:e
263, was wade. The object was to eghorten the procecure
oy omitting the cigestion and vrecinitating calcium as
the oxalate directly from tne tric loracetic acid fil-
trate. The rwethod wos slizitly mddified in that after
the first vrecioitation of czlciuu oxzlzte from the
filtrate was comnlete tne precicitate was Jissolved in
dilute HCl, treated with severzl dross of conceantrated
HI\’O3 to rewmove any atsorced orcaric matter, amd evavp-
orated to dryness. This trestrent was renested o.:ce more
veiore nroceedinz witn t.e iinal vreciocitation., Al-
trourt tne results for some milus were very se2tis cct=-
ory otners snowéd wide veriations from the val:es oo-
tained by tne 1 .neer metrod. For this reason the vpro-
cedure recomuended by Sanders was followed. Tne re-
sults of tire couovarison are shown on Tacle .

Acid solublle vnnosonorus was cetermined on tre
filtrate frowu tue celcius seoncr-tion, Tiiis alcohclic
filtrate was eveaworzated on the steam bath; t-.e residual

liquor w-s treated with concentrated ENO, droo wise
()
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to oxidize orzanic matter. neutralized wita concen-
tratec NH,OH, and used for the determinztion of ohos-
viiorus by the gravimetric methcd, lethods of Analysis,
A.O.A.C. 34 edition p., 15.

Total chosohorus was det<rmized on a 10 cc
sam~le of the milk evaporated and &sned with the addi-
tion of magnesium nitrete., The acie wees wetted witn
water and cdissolvecd by adding 5-10 cc of concentrated
ENCz, and exermining for o.osw:.orus content by the
same metnod used for acid solucle vunosnnorus. Tie
results of c=lcium &nd uros-horus determinations and
their relation to curd ternsion witu end vithout CaClg
are shown on Tables 3 and 4 and Fi-ure 1.

Totsl solils determirations wer: nade on weighed
2 cc samvples in aluminum cdis. es. The samrles were
evzporsted to «rynese con the steaom bath, and then vlaced
in an 80 decree oven (C) to dry for sever:zl hours, after
which they were cooled &n a vacuum dessicator over CaClZ .
The oven drying was re eated until toe saun:les lost less
then .5 milligrams during the final heating.

The oH was determined by use ol the ouinhydrone
electrode. The results of total solics and vH detcr-
minaticns =2re recorded on Table 4.

The eneciiic vravity was mecsured with a
lactometer wnich nad been tested for cccurscy sgeinst

vyknouneter and JWestnhall balance determinations.
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TABLE 1

Date

July
"

"
i

n
"
"
"

n
"
fl
"
"

"
"
"
"
"

f
"
"
"
L

27a

OO WO WONM

Curd tension

Hill

57
74
51
80

28
33
41
39

Without
CaClz
44
38
38
37
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F&
167
Gll
G4
Gll
G15
D15
D9
D13

27b

TAERLE 1
(concluded)
Cow Date Curd tension
Hill Without
C&Clz
F6 July 6 18 15
" " 7 33 30
" " 8 33 7
" " 9 39 36
" "o12 30 23
" " 13 30 23
" "o 14 30 27
" " 15 34 33
" " 16 38 38
" Jan.21 50 30
D15 July 6 16 13
" " 7 39 26
" " 8 28 24
" " 9 30 24
" Jan. 7 20 20
" Feb. 6 55 a7
" Mar.15 40 21
n Apr.11 53 42
" May 16 55 28
TABLE 2
Calcium by method Calcium by modi-
of Meigs,Blatherwick, fied A.0.A.C.
Cary. mg/1l00 cc method. mg/100 cc
110.4 105.8
102.1 102.8
95,3 96,1
115.0 114.4
100.6 96.8
128.3 113.2
139.4 119.7
109.8 128.6
126.8 112.5
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TAELE 3

Cow Cfrd tension Ca Total Acid sol. Acid insol.

Hill Without mg P mg P mg P
CaCl _lx.QQ.Q_l_QQ.CQ__lgg
G 11 145 0 § T160.6 3,87
G 33 104 43 117.0 103.87 81. 95 cl.92
" 1C0 41 139.3 —— - —_—
n 79 41 108.2 99.92 78.02 21.90

Herd 102 54 167.7 - - _—
G 12 100 52 140.9 - - S

G 6 91 53 158.,4 93.21 78.59 14,€2
G 17 90 339 96.3 84,21 ©64.49 19,72
" 86 48 134,0 -=- - -—

" 85 45 118.2 92.02 74.04 17.98

w52 30  118,7 ===  =—- -—
G168 85 45  128,9 ===  ——- —
"

51 <5 78.69 €2.00 18.69

G 31 84 29 139,8  =—- ——— -
" 64 3 121.,9 93.97 77.18 16.85

" 57 38 142,8 =--- —-— -

" 48 20 110.8 93.14 71.58 21.26

D 15 55 28 144,8 86,43 63.13 23,30

W 55 27  139.5 _—
W 53 42  141.7 === @ --- _—
m 40 21  149.2 ===  =-- -

Clc3 41 27 127.6 92.05 76,00 16.05
" 38 1€ 147,686 95.48 73.54 20.94
187 38 06 102.8 84.80 63,32 <l.48
D 9 36 24 109.7 --- -— -—
F 6 34 33 110.4 82.80 €6.70 15.70
G 15 29 9 145.6 -
D 13%% 25 23 126.8 67.33 ©52.14 12,13
# No coagulation in ten minutes.
@ Coagulation but no measureable curd tension in

ten minutes.
* Revresents one quarter of the udder infected by
streptococci.
Note: Each determination recorded in this table repre-
sents the average of closely checking duplicates.
Note: Specific gravity was used in each case in calcu-
lation of results.
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TABLE 4
Cow Curd tension pH Total
Hill Without Fresh Coag'd Coag'd

CaClp Without  Hill solids
CaCl2 method percent

G 33 1C4 43 6.61 -— 5.84 12.75
G 33 100 41 - - - 13,55
G 17 95 41 -— - -— 10,86
G 6 91 53 - -— -— 12,50

G 17 90 39 - 6.53 5.70 ——
G 17 85 45 -— 6.52 5,67 11,14
G 31 84 29 -—— - -— 11.63

G 33 79 41 - 6,67 5,17 -
G 31 64 32 6.60 6.60 5.87 13.03
D15 55 28 6.53 6.523 5.92 12,56
D15 53 42 —-— -— - 11,49
G 17 52 30 6.52 6.52 5.68 14,08

G 31 48 20 —-— 6.35 5,39 -—
C103 41 37 6.65 6.65 5.75 10.75

Cl103 38 16 —— 6.70 5.84 _—
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CISCUSSION

CALCIUL: The recults arrived at in this work
fail to corrororzte trose of nreceding renorters, who
in generel, assert trat the calcium content diririches
in relation vith tze curé tensicn by the Eill test, The
contradiction is sunnorted by comnesrieson of milirs taken
from tre seme cow oa (ifferent days (Table 3). It is
notatle that in soue cases t e samvnles from an in-
dividual cov that develoo the softest curd orove to
have the highest calcium content.

The lack of avwcrent relation vetween totel
calcium and curd tersion is not in tie lesst survris-
irg when one considers trat it is only tke calciun
in true solution that tekes vart in thé nrocess of
coagulation., Van Slyke and Bosvorth (44) working
with wilk filtr-tes obtained by passirg milk tnrough
a porous ezrt.enwsre filter, have found that in tvo
gam les deeclt with only 35.1¢ and 23.33 vercent of
the total calcium was nresent in true solution,

This evidence suggests thet the calciu. in true sol-
ution would show consider: cle veriation in Jiff-=rent
samples, devending u-on pH and the reletive nro-ortions
of other constituents of tie svstem rather thsn on
grose calcium co:tent. This arzument can aonly, how-

ever, only in cases in wnich milk is coegulated



without the addition of celcium ions, There is an ob-
viocus inconsistency in tryinz to correlate tre effect
of netureslly occuring calcium with results trat are
obteined only after thhe addition of an excess of these
icns. A comcerison of the curd tensicns ovteired with-

ut ond vith the zdded calciuam chlcride (Tables 1 and
4) convinces one that the tre:tzent is by no ueans
equally effective in all cases. The results shown on
Tavle 3 fail also to show any relation vetween curd
tension determined without calcium cnloride aédition
and natural total calcium.

The relationsnio in the coegulaetion process
between the activity of rennin and the increzsed
availabtility of calcium ions under conditions of
lower »H would undoubtedly be a2 moot question at
oresent, but judging from the hardness of the curd
formed under cifferent conditions, the tctal vro-
cess seems to take vlace less readily at oH 6.4- 6.0,
the zone descri:ed as the most acv-ntageous for tre
conversion of casein to pzracasein by rennin, (Rona
and Gabbel39)) than under conditions of greester acidity.

As hss been pointed out accve, the effect of
added calcium chloride on curd tension is not ouantita-
tively constant. In somwe cases observed the tensions
reasured without the addition of tre salt were scarcely

different from those measurec with it; while on thne
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oonosite extreme were those sauples thet eitrer feziled
to coaculate or yielded a curc that wes too coft to
register on the neasuring de.ice, but which yielced
comnaratively harc curds vhen coaculeted with tre added
calcium chloride. liost comuonly, pertang, the curé ten-
sion was aporoximately doubled by the use of calcium
cnioride in the pronortions indicated in the Hill teet.
No relation was found between the natvral calcium
content of milk and t:re effect of tine calcium c:loride
addition, although such a relstion is sugegested in

the cases of tvo milks listed with esvecially low
calcium figures which fziled to cozculate to any
measurable degree in ten minutes without added cal-
cium ions,

It seems obvious t at at lea. t a part of the
effect of tre calciuu crloride acdcdition lies in tre
devoression of the pH (Table 4). It has been pointed
out that coa ulation of milk ©y rennin occure more
Tsvuidly and results in a harder curd winen the vH is
lowered within reasona:le limits, %hen the acidity is
incduced by tire addition of an acid, calcium is mace
more availavle for tre precipitation of oaracessein,
tut trere is no reason to velieve thet tihis is tte
only coagulation-favoring reaction that occurs. Vhen

calciuwa culoride is t-e cause of tne cdeoression of pH,



it would seem ~robavle tiat tue i:crease of available
calcium would be accomnlisned even if ti.e »H wzre not
lowered. The addition of calcium hydroxide, as vpoint-
ed out above, has a deoressing effect on curd tensinn,
which @ay be the result of a lowerinz of acicitv. Un-
fortunately, no one has addea calciun ions.to milk
without chranging or radicelly trreateninz tane orio-
inal oH., Again we ar. reminded of the assertion of
Rona and Gacbe (39) that the change of casein to vara-
casein is comolete only in the range of oH 6.0-8.4,
This ranze ot pH is somew: at hisner than that wiiich

is ovtained by tie addition of calcium chloride as

in the Hill test.

Some lack of uniror.ity wmay arise among
various workers as a result of using rennin in sone
cases and vensin in others for coazulation, for con-
sideration siould be given to tne f=2ct that vensin shows
a maximum activity at a lower pH than does rennin,

There is no av-arent correlation between any
of the oH ivzlues recorcec in ra.le 4 or the alterations
in oH values and tne curd tensions.

Althorgn the discussion on calcium ion addi-
tion and pH alteration has been liuited for the sake
of avoidine confusion, such a restricted view is far
from adecuate. The cicture is considers 1y comvlicated

by veriation in c=zcein and fat contents, the effect of
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which this study 1s not well =zdzoted to evaluete. In
addition there is the colloidal ©vhase of the ouestion,
which involves variations in stacility of casein and
paracasein in solutions of various ©H values and con-
ditions of salt equilitrium. Certainly t-e shitt toward
tne isoelectric woint of casein ancé onaracasein which
recults in verying degrees from calcium chnloride add-
ition will exert some re-ul=tory influence on the curd
hardness. These onvsical relations arc not at orecsent
understood.

PHOSPHORUS: It is observsd thzt Loth the acid
soluble and total ohosohorus decrease in a general
relztion with the curd tension (Table 3 and Figure 1).
So far as can be verceived by tnese results trere is
no apnreciable cifference between t-e activity of total
and of acid soluble vnosohorus in tiis relation. This
see:ing parallelism is affected by the fact that thre
total phosnhorus reores=nts the acid eoiuble plus
the casein phosciorus; and the latter remains fairly
constant? 14.6 to 27.0 vercent of tre total prosnhor-
us. (Sanders: 18.1 to 31.6 percent).

An estimation of the casein content oi these
milks is vossivle based on the analysis of casein ty
tosworth and Van Slyke (7) showing .71 percent oros-
nhorus; and the conclusion of Lenstrup (25) that the
acid insoluvle phosvhorus of milk 1is 93.5 vercent

casein phosphorus. Cssein cezlculzted in this way
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appears to nave no relation to curd tension,

Nothing has teen dore to soecifically demonstirate
any acti. ity of the ohos:h-te ions in curd formation.
Palmer (34),in fect, produced a ready precinitation of
paracaseinaste bty tre sddition of calcium crloride to
rennin treated milks that had teen previously dialyzed
until the calcium had been remnoved, and micht therefore
be presumed to re fairly free of vhosphate ions,
Furtheraore, Loevenhart(28) found that chloride,
sulphate, and nitrzte ions had no effect on coasulation;
evidence which.indirectly favors the assumnntion that
the vhosohate racical is impotent, at least in a
strictly c.ewical scnse. As has becn stated above,
it seews orobable tnat tue vhosinate ion may have some
role in statcilizetion of casein from the vrysical view-
noint,

‘"hether or not the orincivles of calcium
buffering wnich have teen worked out by Kucelmass
(21) enter into tuis picture is an interesting auestion.
If such be the case, 1t nust pe effective to only a
linites extent, for in the Hill test calcium is added
in a rather excescsive amount: rouzhly seven to nine
times the amount find in true solution, and two and
a helf to four times the total calcium of milk.

However, tne conditions outiined by Kucelmass for
buffering against calciu: ions are not exactly

satisfied in milk, These concitions are set uv by
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mixtures of weax acids and their salts, wnhich react to
form inslouble normal calcium szlts and solutle inter-
mediates.

Since a large vart of the soluvle chosohorus
is considered to we oresent as a calcium vhosohate,
it might seem evident that the content of acid soluble
ohosohorus might be merely an indicetion of the zmount
of cslcium aveilable for orecipitation as the para-
caseinate, The case cannot be so eimple as that,for
the argument in itself 1s not explanatory of the re-
letion that the vhos_ hztes bear to the effect of added
calsium chloride., Furthermore, the added calsiuwa would
be expected to ovliterate the relation between the
phospnorous content and curd tension.

Some of the erratic manifestations of the
results might cte exnlainea on tne basis that the ner-
centage, as well s the weicht of the ~hosvhorus
present in true solution varies., Van Slyke and Bos-
worth (45) found that of the total milk vhosnhorus
70,0 and €4.4 vercent veesed trrougn the earthenware
filter in the resvective cases of two cifferent samnles
of milk., A curve in which the curc¢ tension were plot-
ted against the nuospnorus in true solution might

show a more even relation.
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TCTAL SCLILS: Exeauiration of Tatle 4 reveals
no relation between totzl solicds arnd the curd tensicn,
Reconslderation in resrvect to curd tensions deterrined
without the use of calsium chioride is ecuvally fruit-
less. As in the case of totel caleium, this lezck of
relatiornship 1s not surprising in view of the many
other mocdifyirng fectors. Total solics contairs
colloidal caleium &nd cioschorus, sodium, votassium,
and megnesium selts, citric acid, lactose, and other
gucstances; the effect of wunich on curc tension is nil ,

douctful, or very little unceretocd.



CONCLUSICHS

1. Curd tension as meecurecd by the Hill method
ig feirly constznt ior individual cowvs,

2. The effect of calsium cnloride in coz:-ulation
differs markecly with milks from cifferent cows., Al-
though caleiun chloride has 2 ovronounced eff ct on the
pH of milk, the effect of edded celeium is more deenly
seated than in a mere zlteration of oH.

1

3. 'here is no incicated correlation tstween
total s5lids and cur:c tension or vH and curd teneion.
4, Acic inseoluble vrnosohorus varies sligntly
in milks of c¢ifferent curd tensions, but there is no
incic#ted correlaticn in this resvect.
5. Acic eolutle niosvhorus varies with curd

tension. In ecenerel, milxs with 2 high curd tension

have a higher content of acid soluble vnosoiorus.
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