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INTRODUCTION

Goat’s milk is used for human consumption through both choiee and
necessity in muny parts of the world. It serves s the chief source
of millk in some countries.  In the United Stutes the 1930 census
reported more than 1,000,000 ndlk gouts,

Goat’s milk is used either without consideration of any special
charncteristie it may possess or because of its c,pe(*ﬂw propettles
Some persons who manifest allergic renctions to the ingestion of cow’s
millk have no such difliculty w ith goat’s milk. The apparent ease of
digestion of goat’s milk hns been attributed to the churacter of its
t'uzd, pided to some extens by the small size of its fot globules. On
the other hand, there has developed an impression, trnmorl lareely
from earlier fmelr'n liternture, that children fed goat’s milk develop
anemia, el o ed by some to be due to a vitamin clol’mmncv in gont's
milk and by others to & high meleeular fat-peid content,
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2 TECHNICAL BULLETIN 671, U. 3. DEPT. OF AGRICULTURE

Relizble dute on the composition aud properties of goat’s milk are
surprisingly meager. Although much published opinion exists re-
garding 1ts nutritional value, controlled experimental evidence sup-
porting such opinion is generslly lacking. To obtain such informa-
tion, therefore, the writers corried on experimental work with goat’s
nuel cow’s milk «+ the Agricultural Research Center, Beltsville, Md.,
from 1929 to 1932, inclusive. The results of the work are contained
in this bulletin,

REVIEW OF LITERATURE
COMPOSITION OF THE MILKS

Variations 1n the composition of milk of different breeds of goats
have been peinted out by o number of workers. Barbellion (72)
compared a numer of breeds fed on a similar dietary regimen. He
concluded that the Multese goat gnve the richest milk; then in de-
creasing order he ranked the Spanish and Swiss breeds. The range
in fat conbent was from approximately 2.4 to 5.0 percent and in
total solids from 10.0 to 14.7 percent.

Crépin (32) bas compiled an extensive series of both individual
and collective analyses on the milk of roats of different breeds. The
milk of the Nubian goat had an especially high fat content, averaging
6.3 percent, although the protein content was lower than that of the
Maltese. The miik of Pyrenees, Massive, Spanish, Syrign, Sudanese,
Angora, and Tibetan goats had ar average fat content ranging from
4.0 to 4.4 percent and a proteir content ranging from 2.6 to 3.7 per-
cent. The Swiss or alpine breeds, including the Toggenburg and
SBasnen, had an average fat content of 3.7 and a profein content of
2.7 percent. There iz considerable variation in the fai content of
cow’s milk, as shown by Nystrom (99). He found that for six dairy
breeds in the United States the fat conten$ ranged from 3.4 percent
for the Holstein-Friesian breed to 5.36 for the Jersey.

Lusk (81) pointed out that the principal cause for the more pro-
nounced effect of the feed on the composition and vield of goat's
mill than on that of cow’s milk is that the goat produces more milk
for its weight and is thus more dependent on the food supply. Lusk
found that starvation of goats caused an abrupt drop in yield and a
rise in fut content of the milk. He further stated that & {at-poor
diet fed to sheep and goats produced a milk low in fat, whereas addi-
tions of fat up to 1 g per kilogram of animal weight increased the fat
content of millc. The increase in the orotein content of the diet
increansed the yield but not the fat content of the milk.

Bender and Maynard (78) recently reported experiments on lactat-
ing gonts in which & decrcase in yield of milk and fab resulted when
the Int content of the ration was reduced to 1 percent by extraction
with bhenzene, whereas addition of linseed or coconut oil tended to
restore the vield to the original level on natural fat-containing feeds.
Maynard and McCay (90) obtained comparable results with cows
when the fat content of the grain ration contuining 6§ to 7 percent
was reduced to 1 percent by extraction.

At least four milk proteins have been described: Cusein, globulin,
atbumin, and an alcohol-soluble protein. Walls and Osborne (132}
showed that these [our proteins are immunologically distinet. Casein,

4 Bindle smbers in prcenbheses vefer to Literature Clted, p. 66,
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which is present in the largest quantities and is the best known of the
proteins because of its characteristic curd formation under the influ-
ence of rennin, malces up about 3 percent of cow’s miltk., The caseins
of the milks of the different species appenr to be very similar. Dale
and Hartley (35) were unable to show any clear disparity of antigenic
properties among different caseins. Although chemical differences are
not demonstrable by ordinary methods, a study of the products of
racemization, in the hands of Dudley and Woodman {40}, yielded
evidences of structural differences between sheep’s casein and cow’s
casein, although the amino acid composition of the two caseins
uppeared to be identical.

The remaining proteins of milk are in the whey. In the results of
the usuai analyses of milk these proteins are recorded as albumin
or whey protetns. These proteins are distinct from casein, both
immunologically and chemucally. Very little study of the whey
proteins in goat's milk has been made. Crowther and Raistrick (33)
showed that cow’s albumin, whether prepared from colostrum or from
milk, Is the same but is markedly different from the serum slbumin
of cows. The globulin likewise 1s the same whether prepared from
eolostrum or from milk. It is, however, identical with cow’s serum
globulin. Globulin may constitute 6 to 12 percent of colostrum.
On the other hand, according to Crowther and Reistrick (33), it
constitutes only sbout 0.05 percent of cow’s milk. Osborne and
Walkeman (107) found the aleohol-soluble protein only in exceedingly
small quantities.

The composition of the fat in goat's milk has not been studied
extensively. From analyses which have been made it is evident
that the composition of milk fat of cows and that of goats are not
ureatly different. There is evidence that the volatile acids are some-
what higher in the milk fat of goats. This is reflected particularly
in inereased values for the saponification number and the Polenske
number. Bardisian (/8) pointed out that the milk fat of human
beings is characterized by a high content of unsaturated acids and a
small content of low maolecular welght acids. This investigator also
noted that the milk fat of cows resembled that of humans more closely
than did the milk fut of goats. Data quoted by the associsntes of
Rogers (7) show that goat’s milk fat is characterized by relatively
high caprylic and eapric contents and low oleic and linoleic acid
contents.

The size and distribution of [n§ globules in cow’s milk have been
fairly well established by several workers. Associates of Rogers (7)
and Cumphell (28) have given compreliensive reviews of this subject,
which shov .h.e [ud globules of cow’s milk to have an approximate
average dizmeter of 3u. Work by Schultz and Chandler (111)
shows that 57 percent of the fat globules i goat’s milk are smaller
in diameter than 2p, whereas Pizzte, as quoted by Riclumond (104),
shows that the globules have 8 “medium” diameter of 1.8p. Milk
possessing sinnll fat glob-ules has been advocated by many pediatricians
us nu el in digestion.

MINERAL AND VITAMIN CONTENTS OF THE MILKS

In the Burepean literature, frequent reference is made to observa-
tions of cases of anemin in children fed goat’s milk,  Stoeltzner (123)
stated that the high content of volatile fat acids in goat’s milk has a
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definite effect on the development of anemia. Rudder (107) slso
suggested that the anemia which he observed in infants fed e\cluswe}y
on gout's millk was due to hemolysis produced by the fat acids of goat’s
milk when absorbed into the blood stream. Behrendt (16) observed
anemin in o Iarge number of infants consuming goat’s milk and sug-
gested o vitamin deficiency in the milk as & cavse that could be reme-
died by a more liberal supply of green feed to the goat. Baar (9}
differentiated alimentary anemia from several forms, among which
were iron-deficient and gont’s-milk anemias. Both Baar {9) and
Muayr (97) suggested that faulty feeding methods, rather than ab-
nmmnl lnllelent qualities of the o'oats milk, were responsible for
nneinig n infants.

It appears that the interpretations of the work of these investigators
are subject to modifications in the light of recent advances in the study
of anemin and the effects of & milk diet. Recent work by Holt and
cowarkers® with babies relative to the production of hemelytic
anemis shows that the goat’s milk fat produced no destruction of
hlood as judeed by the urebilin output,

Sines the discovery of Hart and coworkers (60) that the addition of
copper and iron salts to o milk diet enabled growing rats to maintain
& normal hemoglobin Jevel, much of the dlfhcu]ty in the suecessful
rearing of rats as well as other mammals on n milk diet has been over-
come.  Hart and coworkers (58) cured anemia in suckling pigs by the
ndministration of iron selts. Mackay (82) found that in bottle-fed
habies that were anemic between the third and fifth months of age,
but that were otherwise liealthy, the anemis could be corrected to a
large extent by the administration of iron.  Rose and coworkers (706)
t.rnciudecl that in the case of young children 0.5 mg of iron per 100
calories I the diet was sufficient for maintenance orﬂy and recom-
mended .75 mg of iron per 100 ealories for grewth and maintenance.
Tho successiul treatment of secondary anemign in children and adulés
with iron and copper therapy is discussed by the Wisconsin Agricul-
tural Experiment Station (735). Observations were made at both
the Madison public Iiealth centers and in the General Hospital at
Montreal, Canada.

Reecent worke at the Wisconsin Station (136) has revealed that
emaciation and related symptoms of faulty growth in experimental
animals fed goat's millk supplemented with iron and copper were
correeted by a change in the source of supply of the forage. Thus it
appears rather certain that the anemia produced in animals fed goat’s
milk, which has been claimed to be of the pernicious tvpe, is amenable
to the syme treatment as the nutritional anemia produced in animals
fed cow’s milk or other diets deficient in iron and copper.

A review of work on the iron and eopper content of cow’s, goat’s,
and human millc shows no putstanding or consistent differences among
the three kinds of nulk.,  Lésne, C‘lément, and Zizine {78) concluded
that the mille of the human, the cow, the goat, and the ass were all
deficient in iron.  Waddell, Steenbock, and Hart (127) stated that
milk supplemented with small guantities of iron and copper was still
1ot a perfect food,  Later, the importance of manganese was shown
by Skinner, Peterson, and "Stecnbock {115), who added this element
along with iron and copper to a millk diet with a resulting stimulation

¢ Parsonnd cammunicstion.
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of the growth of young rats, especially those without adequate stores
of manganese when the experimental milk diet was first given.

Elvehjem, Herrin, end Hart (44) increased the iron content of the
ration of both cows and goats without the detection of any increase
in the iron eontent of the milk. However, they noted fully 100-per-
cent varistion among individual cows. Henriques and Roche (61)
found no change in the iren content of the blood of hwman mothers
and of goats when ferrous salts were added to the diets. They were
also unsuccessful with intravenous injections of iron in gonts. The
addition of copper salts to the diet likewise caused little, if any,
change in the quantity sccreted in the millk in studies made by
Eivehjem, Steenbock, and Hart (46).

Milk contains a large number of eloments not all of which, in the
average diet, are recognized as necessary for the growth and well-being
of the aninal. The elements that constitute the greater portion of
the ash of milk include caleium, sodium, potassium, magnesium,
phosphorus, chloring, and sulphur. Other elements that are present
aro iron, copper, lodine, manganese, and zinc, Spectrographic
studies on cow’s milk, by & number of workers, reviewed by the asso-
cintes of Rogers (7), showed in one or more instances the presence of
titanium, aluminum, boron, vanadium, rubtdium, lithium, stroutium,
silicon, chromium, lead, tin, and germanium.

Bosworth and Van Slyke (79) compared the content of the various
salts in cow’s, goat’s, and hunn milk.  Their results show differences
in distribution although they were unable to assigh any spocial
properties to the individual salts, They cited the presence of both
diealcium and tricaleium phosphate in goat’s milk and only dicaleium
phosphate In cow’s milk. Daniels and Stearns (36) suggested such
differences as possibly responsible for the finer curds of gout’s milk.
Bosworth and Van Slyke (/9) also found that chlorine oceurred in
relatively lurge quantities in goat’s milk, not only as caleium chioride,
the form common o both cow’s and human milk, but also as the so-
divm and potassium salts. Stockreiter (122) showed that the Ui~
tty of chlorine increases with advance in the lactation period of the
gont from approximately 100 to 190 mg per 100 cc of niilk.

Although vitamin studics on gont’s milk have generally shown no
marked differences from those on cow’s milk, the studies made have
heen Iimmited.  Few, if any, reports on goat’s milk have given & com-~
plete pictura of the vitamin A, B, C, D, E, and G content from a
large herd kept under well-controlled Teeding conditions for au
extended poeriod.

Gont’s milk is praciicnlly eolorless and contains onlv traces of the
carotenoid pigments.  Cow’s milk, on the other hand, is generally
well pigmented with carotene, the precursor of vitamin A. There
has been considerable conflict in the experimental evidence on the
relative quantities of earotene and vitamin A as aflected by sersonal
changes in dict and by breeds. However, & recent roport by Bau-
mann, Steenbock, Beeson, and Rupel (75) showed that Guernsey milk
centained more carotene than preformed vitamin A, Jersey milk
approximately equal proportions, wherens in the Holstein milk the
carotene constituted approximately 30 percent, and the vitamin A, 70
percent, of the total biologically active vitamin A. The maximum
avernge carotene content was 17 micrograms per gram of Guernsey
butterfat produced on pastute, and the minimum was 4.3 micrograms
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per gram of Holstein butter{ut produced on winter feed. Appar-
ently a lghter-colored butterfat, such as is obtained {rom Holstein
milk, indicated & more thorough conversion of carotene to vitamin A.
Also, the difference apparently existing between the pigmented cow’s -
milk fat and the colorless goat’s milk fat appears to be due to the
same cause. A recent report by Fasold and Heidemann (52) indi-
cated that thyroxine plays an importeni role in the conversion of
carotene into vitamin A. These suthors found that thyroidectomized
goats socreted largs quantities of carotene but no preformed vitamin
A The conclusion was that the rate of metabolism was the governing
factor,

Among the investigations on the content of the vitemin B complex
in goat's milk, Gunderson und Steenbock (56) observed no difference
in the milks from Toggenburg goats and from Holstein, Guernsey,
end Durham eows. Their experiments also indicated that the addi-
tion of feeds to a diet rich in vitamin B had no effect on the vitamin
content of the milk. Abderhalden (2) stated recently that goat’s
milk is richer than cow’s milk in vitamin B.

Most of the reports on the vitamin C content of goat’s milk have
included a comparison with cow’s millc, These reports fail to show
any unanimity as to the relative potency of the milks. Although
work of Hunt and Winter (74) indicated that gost’s milk may be
somewhat richer than cow’s milk, de Ruyter de Wildt and Brouwer
(108) found approximate equality, and Frank (54) found goat's milk
to be much less potent than cow’s milk. Meyer and Nassau (92)
ulso reported thut goat's milk was deficlent in vitamin C.

Considerable work has been done with lactating goats in experi-
mental studies with vitamin D. Steenbock and associates (121)
showu:t that milk produced by goats confined in & dark basement did
nob induce henling of rickets in rats receiving 12 ce of the milk.
When the goats were irradiated, 4 cc of milk was effective. Cows
under similur conditions did not show the same response in incresse
in potency ol the mnilk (120).

Studies on the vitanin E content of milk have been confined chiefly
to cow’s milk in the forin of whole and skim-milk powders. Evans,
Burr, and Althausen (50) coneluded that liguid milk is low in vitamin
K and genernlly inadequate for normal reproduction in rate. How-
ever, Anderegg and Nelson (6) reported as little as 15 percent of
whole-milk powder to be effective in preventing sterility in female
rats.

With respect to vitamins, breed comparisons of cow’s milk have
heenn made, The vitamin A content of the butterfats of Holstein,
Ayrshire, Jersey, Duteh Belted, and Devon cows showed little if
nny difference according to Holmes (71). Likewise, no significant
difference was found in the milk of Holstein, Ayrshire, Jersey, and
(Guernsey cows in studies by Davis and Hathaway (38). The lack
of difference among breeds in the vitamin B eomplex hins been noted.
Butcher and eowurkers (J2) found no demonstrable difference in
vithmin € m the milks from Jersey and Holstein cows. Although
little ernphusis has heen given to breed comparisons, much of the
gencral knowledge of the vitamin content of milk has been gained
from investigations on cow’s milk. The influence, on vitamin
conient, of dietary factors in the production of cow’s milk and of
hent treatment in the marketing and handling of milk has become
well established and needs no further discussion.
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DIGESTIBILITY OF THE MILKS

There is a prevailing opinion that goat’s milk is morve easily digested
then milk of some otl)aer species, particularly cow’s milk. The
foreign literature conteing clinical evidence to support this epinion.
Mayr (91) reports noteworthy success in the feeding of goat’s milk to
ill infants, Sparapani (718) points out the value of goat’s milk in
the treatment of intestinal troubles because of its ense of digestion.
He further cites its use by a sunatorium in the treatment of digestive
troubles and advocates mixing cow’s and sheep’s milk with it,

As shown previously, it appears from the work of several investi-
gators that goat’s milk has comparatively small fat %lobu]cs, which
many pediatricinns regard as an aid in digestion.  The buffer capacity,
including the hydrogen-ien concentration, and the physical charncter
of the curd fornsed by the coagulation of the milk are alse beld to be
important factors in its digestibility.

here is considersble variation in reported values for the hydro-
gen-ion conceotration of raw milk.  As pointed out by the associates
of Rogers (7), differences in values obtained for milk of the same specics
are due to such factors as differences in methods of determinations,
differences in composition of the milks, loss of earbon dioxide from the
milk, and perhaps also to the condition of the udder from which the
milk was drawn.  The pH vuluesreported by Alexander (3) for normal
cow'’s milk range from 6.4 to 6.9 and for human milk from 6.6 to 7.6.
Sehultz and Chandler (110} give a range of 6.4 to 6.7 for goat’s milk.

Buchanan and Peterson (24) caleulated the buffer action of cow's
millk at several pH runges and showed that it is greater betwenn
4.6 and 6.0 than at higher ranges.  Whittier (134) found the maximma
buffer setion of cow’s milk at pH 5.5. Holmn and Webb (70) invoesii-
gated the buller cnpacities of various milks over thepH range coneerned
1 digestion in relation to their suitability as infant foods. The data
presented by these workers indicate that goat’s milk has a larger
buffer capeeity wnd human milk a much smaller buffer capacity than
cow's mirl{ in the range of pH 5 to 6. On the other hand, Moser
(96} reported adarge buller capacity for cow’s milk, o somewhatsmaller
one for goat's milk, and the smallest for human milk, Watson (180)
studied the varintions that oceur in the bufier capacitics of milk ob-
tained from large herds of different breeds of cows.  He showed that
Jersey mitk has a markedly greater bufler capacity than Holstein milk.

In connection with the physical character ol the eurd, since pro-
teolytic enzymes act on the surfuce of the protein aggregates, 1t is
evident that digestion will be most rapid when the curd is composed
of smull particles.  Such a coagulum exists in the case of the floc-
culently curdled human milkk, Marriott (86) and Hill (66) showed
that raw cow’s milk is generally coagulnted in the form of a tough,
rubbery curd that is not always readily digested by infants. In many
cases, nccording to Brennemann (27) and Courtney (29), such curds
have been found in the regurgitated chyme and in the stools of
infants.

Jordan and Smith (78) reported that the curds formed in the stom-
achs of infunts fed goat’s milk were smaller and more flocculent than
in those fod cow’s milk.  Seventeen of cighteen infanis that were not
thriving on any other food responded favorably to goat's milk, and
for that reason these investigators considered goat’s milk to be very
desirable for infant feeding. The curd of goat’s milk, according to
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1iill (68}, differs from that of cow’s milk in that it is & granular rather
than a rubbery type and undoubtedly forms smaller particles in the
infant’s stomach. He also stated (68) that excellent results have
often been obtained with goat's milk in feeding infants and that in
many instances goat’s milk has been used with success where cow's
milk has failed. This fact suggests a possible relationship between
curd charscter and utilization efliciency. On the other hand, Hill
(69) has more recently announced that, on the average, goat’s milk
which he tested had o tougher curd than cow’s milk,

Buckiey (25), s curly as 1014, stimulated rescurch in determining
the correlation hetween digestibility and coagulation when he stated
that—
innbility to digest and assimilafe raw vatreated mitk from some cows, and the
perfect digestion apd assimilation of similar milk from other cows by an infand
4 Lt experience of nearly all physiciena and others having to do with infant
feoding,  Examinalion by the usual tests for the eause of this difference in the
digestibility of such milks fails {o indicate it.

Buekley noticed the wide variation of curd character of vurious
milks when he used dilute hydrochloric acid s a flocculating agent.
By this method, be found that human milk failed to flocculate.
Coat’'s milk produced a very slight and finely divided precipitate,
bub in no ease wus there any tendency for the formation of the mass
produced 1n cow's milk. O the latter, he found that Holstein milk
hind the finest particies and that Ayrshire, Jersey, and Guernsey mitks
increased in curd-particle size in the order named. This led Buckley
to sugeest the study of the curd as an index of the digestibility of
milk.

il (67) in 1923 described o method, now used extensively, that
follows the principles of the methods of Buckley {25) and of Allemann
snd Schodd {4} {for the measurement of the toughness of o pepsin-
cougulated curd.  Hill’'s method for measuring the curd tension as an
indieation of digestibiity bas been substantiated by infont feeding.
He reported (G8) results of clinical investigations carried out in co-
operation with Blood that mills of low curd tension are readily di-
grosted by infants that would not thrive on other milks. They con-
cluded that soft-curd milk is of inestimable value to newborn babies,
{o persistent vomiters of whey and leathery curds, to infantile eczems
cases, and to colicky bables, particularly those with Indigestion
typified by the presence of numerous protein curds in the stools.
Thetr findings indicated that soft-curd bovine milk is tolerated as
lavorably as human milk, even with respect to assimilation, as shown
by gains in body weight., Hill (69) considered curd tension of 30 g
as the upper limit of soit-curd milk but that the more desirable mitks
for infants were lower than 30 g in curd tenmsion. From experiments
on does and humans, Espe and Dye (47) concluded that hard curds
reguired more time for digestion than soft curds.

A wide range in curd tension is genernlty found among the individ-
ual cows in each breed, though in some breeds the distribution shows
a fnvorable proportion of cows producing soft-curd milk, Hill (68)
found that the following pereentages of cows in the hreeds mentioned
had & curd tension helow 30 g: Holstein, 7.78; Guernsey, 3.25; and
Jersey, 1.73. It has been stated (7} that 15.96 percent of Ayrshire
cows tested had a curd teasion below 30 g According to Hill (66},
in somne cases the physical character of the curd is apparently an
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inherited characteristic and a cow producing soft-curd milk in one
lactation will continue to do so in suLsequenﬁactutions except at the
beginning and eund of the lactation period. Recent work by Riddell
and coworkers (105) indicates & significant daily variation in the curd
tension of milk from cows producing soft-curd milk., The stage in
the Jactation period and breed differences were likewise found to be
important factors in jnfluencing curd tension. These authors were
also able to show a relationship between curd tension and composition
of the milk during the first month following parturition. Weisberz,
Johnson, and McCoilum (131) couciuded that the vuriations in in-
Jividual cows were due to variations in concentrations of colloidal
causeinates and phosphates.

As an aid to digestion, attempts to obtain a milk of correspondingly
solter curd and lower buffer properties have been made principally
through chemical and mechanical treatments. According to some
reports, the use of such milk hns given fuvorable results. ;R'E(Jjolmier
(93) as early as 1905 called attention to the fact that evaporated millk
or boiled milk was handled by the infant more nearly like human milk.
Marriott (85) used buttermilk and acidified milk for the treatment of
sicle infants. Later Marriott and Davidson (87) showed that the
optimum gastric acidity of normal breast-fed infants was reached in
1% hours alter feeding and maintained for 1 hour. Because of the
greater buffer action of cow’s milk over the range of hydrogen-ien
concentration of the infant’s stomach during digestion, acidified milk
as routine infant feeding was advocated (8§).

Brennemann (22) made & study of the coagulation of ecow’s milk in
the human stomaech. 1ie showed that Dolled and evaporated milks,
buttermilk, and milks to which rennin, limewater, magnesin, barley
water, or pepsin had heen added, all formed fine curds and were easiy
digested. Lindet (80) pointed out that boiled milk is not coagulated
hy rennin unless a smail quantity of caleium chlorideis added. Heated
milks were claimed to have less buffer eflect than raw milks owing to
the changing of the ealcium and phosphates from a soluble to an in-
soluble form on heating. Sommer and Hart (117} are of the opinion
that most cases of congulation by heat are accelerated by an excess of
caleium and magnesium.  Hess; Xoch, ard Sennewald (63) shiowed
that heated milk is mere easily digested by pepsin in vitro than raw
milk, and Wallen-Lawrence and Boch (725) found similar results with
trypsin,  Washburn and Jones (/29) obtalned a soft curd and small
It globules by homogenizing cow’s milk.

Controlled foeding compurisons, however, have generally failed to
show differences in digestibility or in growth response of animals fed
on tilks known to be unlike in curd churncter.  Washburn and Jones
(129} observed no dilference in growth of pigs fed IHolstein or Jersey
milk, nor on homogenized, beiled, or raw milk. They found that the
comwposition of the gnin in weight wus determined largely by the
enlorie intuke, since the carcasses were fattest in groups fed the mills
highest in fat and in ealories. The wark of Nevens and Shaw (97)
with rats shows that raw milks are equal, if not superior, to heated
milks in digestibility of fat, protein, and total solids. Thetr com-
parisons of the raw milks of five breeds of dairy cows—Ayrshire,
Brown Swiss, Guernsey, Holstein-Friesinn, and Jersey—showed no
significant differences.  The apparent digestibility of the fat ranged

107580 —36—2
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from 98.2 to 99 percent, of the protein from 89.7 to 92.3 percent, and
of total solids from 91.8 to 93.3 percent. In & study of mere than
3,700 children throughout the United States, Frank and coworkers
(55} failed to note any significant difference between heated and raw
milk, as measured by their growth-promoting properties in children
under 6 years of age.

Behrendt (7) reports no marked nutritional difference between
goat’s and cow’s milk.  His findings are based on feeding comparisons
with iafants in two institutions located near each other. In one of
the institutions 70 infants were fed goat’s wilk, and in the other 70
infants were fed cow’s milk.  All other conditions were similar. At
the end of a year’s observation, Behrendt concluded that goat’s milk
is the equal of cow’s milk as an infant food.

In 1uetubolism experimenis with infants fed cow’s and goat’s milk,
Danitels and 8terns (36) found that tho nitrogen excretion was higher
when goat’s mills was fod, whereas no difference was noted in the cal-
cium and phosphorns halance between the two milks. The need of a
generous supply of minerals and of energy-producing constituents in
the milk diet of goat kids has beeu shown by Telfer and Crichton (124).
Of w series of four groups of kids reared from birth on whole or modified
gont’s nilk, the group on milk diluted with equal parts of water but
supplemented with albumin, Iactose, and fat made the best growth,
wheress the group on whole milk alone ranked second. The best
bone development occurred in the group on diluted milk generously
supplemented with & salt mixture.

MICROBIOLOGY OF THE MILKS

The microbiology of cow’s milk, including the bacterial flora of the
ndder, has been extensively Investigated.  Associates of Rogers (7)
present A comprehensive review of the subject. These authors list
four groups of bacterin that generally occur in healthy udders—
staphylococel, streptocoeel, diphtheroids, and the Brucella meliten<iy
and Br. abortus group. Dorner (39) used the loop-smear technique
proposed by Buril (27) for examining milk aseptically drawn from
132 rows in six herds. By the use of this method, Dorner obtained a
caleulnted herd average hacterial count of 7,475 per cubic centimeter
of mitk.  Among the saniples analyzed, Baeterium lipolyticum, belong-
ing to the diphtheroid group, was the most frequently encountered
organism, followed in order by the streptocoeet and microcoeel groups.
When the standurd agar plate method wns applied to these milk sam-
ples, a caleulated herd average bacterial count of only 2,775 per cubic
centhmeter was obtained, and the order of frequency was reversed
with which the same three groups of bhacteria were encountered.
Breed (20) identified 12 species of microcoeel from aseptically drawn
cow’s milk.  The average bacterind count of the milk from the udders
ol the cows examined was in excess of 500 per cubic centimeter.

Aside from eontributions in connection with studies of Malta, fever,
little atlention has been given to the bacterial flora of the goat’s
pdder.  Since the early work of Bruee {23) and, later, of Eyre and co-
workers (57), goat’s milkk has been cousidered as the chief source
of Malta Jever infection,  In 1918, however, Evans (48) called atten-
ton to the morphological and serological similarity between the
micro-organism responsible for Malta fever {undulané fever) in man
and Bang's disease in eattle.  8he was of the opinion (49) that these
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two micro-organisms were varicties of the same bacterial species,
melitensis, and suggested for this group the generic name Brucella,
also referred to as Alealigenes. These findings, together with renorts
of many cases of undulant fever not traceable to the use of goat’s milk,
immediately focused attention on probable sources of Brucclla in-
fection. Cattle and swine as well as goats are now considered ss
possible disseminators of this disease.

TEST ANIMALS USED

Young growing rats were used for the determination of the content
of vitamins A, B, D, and G of the milks. Mature female rats main-
tained on o diet deficient in vitamin E were used for measuring the
vitamin E content of the goat’s milk. Young guinea pigs were used
in the vitamin C tests on both the goat’s and cow’s milks. Rats and
kids were used in experiments to compare the nutritive properties of
the milks for growth and well-being. The experimental work with
ruts, guines pigs, and kids was conducted in the Beltsville laboratories,

Tn addition to these stuclies, records were kept at the Florence
Crittenton Mission of babies fed the goat’s and cow’s milks under
the direction of medical staff members of the Johns Hopkins Hospital.

SOURCES OF MILK AND METHODS OF HANDLING

The goat’s milk used in the present investigation was supplied by
the herd of milking does of the Saanen and Toggenburg breeds, main-
tatned for experimental purposes at the Agrieultural Research Center,

Fizeae 1.—Portion of experimental herd of Saanen and Toggenburg goats.

Beltsville, Md. (fig. 1). The herd contained approximately equal
numbers of each breed and was considered representative of milking
goats bred to a reasonably high plane of purity. The does from
which the milk was obtained varied in number from 20 to 35.

The fecding habits of goats, together with the lack of experimental
data on their comparative performance on different diets, made it
inadvisable to restrict unduly the experimental conditions necessary
for rigid feeding comparisons of goats nnd cows. Consequently, in




12 TECHXNICAL BULLETIN 671, T. 5. DEPT. OF AGRICULTURE

this study data were obtaired from goats kept under normal dairying
conditions and rcceiving, for the most part, the same feeds. The
winter ration of the does consisted of a good quality slfalfa hay,
corn silage, and a grain mixture containing corn, oats, wheat bran,
and linseed meal. During the pasture season, green oats and Canada
field peas, soybeans, barley, or rye, when available, was grazed in
place of the hay and silage 1n the winter ration.

The cow's milk used was from Holstein and Jersey cattle, The
Holstein milk was obtained during 1929 from three cows in a large
purebred herd. In 1930 and 1931 a pedigreed herd of 50 to 80
Holstein cows furnished the supply. The ration fed this herd con-
sisted of cither alfalia or clover hay, pasture when available, corn
silage, and a grain mixture. The Jersey milk was obtained from
three different sources. During 1929, three Jersey cows furnished
the supply. In 1930 and 1931, the milk was from representative
herds gomprising approximately 50 Jerseys. Their feed consisted of
aifalfn hay, silage, pasture, and a grain mixture.

The cow’s milk was delivered daily from the dairies to the labora-
tories at Beltsville.  Both the Holstein and Jersey milks were cooled
to approximately 45° F. either over brine coils or in containers placed
i ice water and held at or near this temperature until used. Because
of the diflerence in the composition of these two milks, they were
tested separutely.

A preliminary chemical comparison of 41 samples of Saanen milk
and 48 samples of Toggenburg milic taken at intervals during the
Inctation period revenled an average fat content of 3.53 percent for
the former mille and 3.63 percent for the latter, and o protein content
of 3.20 and 3.10 percent, respectively. Consequently in the experi-
ments reported the milks of the two breeds of goats were mixed, as
this, as well as other information in hand, indicated little difference
between the breeds in the chemical composition of their millks. The
morning and evening milks also were combined. The milh was
cooled at 45° F. by frequent stirring in a container surrounded by
ice water, and this tempernture was maintained as nearly as possible
hy mechanical refrigeration.

The milks used in the infant feeding were sampled for bacteriological
and chemical tests, then bottled, packed in suitable iced containers,
and shipped daily from Beltsville by truek, arriving within 1% hours
ab the Florenee Crittenton Mission in Baltimore and not later than
I'T a. m. Upon arrival at the mission all milks were immediately
used in the preparation of the feeding formulas, were boiled for 1
minute, cooled, and held in the refrigerator until fed.

CHEMICAL COMPOSITION OF THE MILKS

Daily aliquot samples of the combined milk of the Saanens and
Toggenburgs and also samples of the Holstein and of the Jersey milks
were composited and examined weekly for fat, protein, lactose, ash,
and water, encrgy content being expressed in terms of either total
nutrients or calories. Iron, copper, ealeium, and phosphorus were
determined monthly on samples made from aliquots taken from
weekly samples.  Determinations of iron were made by the mercapto-
acetic acid method (78), and of copper by the Elvehjem and Lindow
(47) method.  All other determinations were made by the methods of
the Association of Official Agriculture Chemists (8).
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The percentages of int and protein and the total calories per 100 g
of goat’s milk Dased on the weekly analyses between February 1
und November 30 for the 8 years 1929-31 are shown in figure 2.
‘The highest protein content was in February and November 1929,
when it reached nearly 4 percent. From May to October of ail 3
years, the protein content usuaily fluetusted between 2.5 and 3.0
percent.  On the whole, there was relatively little variation from
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Freene 2.-~Fal, protein, sod toialenergy contents of gont’s milk, Tebrupey 1 -
November 30, average of 3 suceessive yeurs, during which aanalyses on caily
composite samples were examined weekly.

yenr Lo year for corresponding pertods. The grentest change wus
the gradual decline from February to April 15 and then an increase
dering October nmd November.

The fut content showed a mueh grenter fluetnation then did the
protein.  During the 3 years, & value of 5 percent was excecded only
twico. From these maximum values, which occurved during February
and March, there was a gradual, although irregulur, drop to approxi-
mutely 3 poreent carly 3n September.  Unlike the protein, no regular
rse in fat content oceurred during October and November.

The curves for total-energy content also reflect the changes n
protein and fat.  The milk produced during August and September
wns fuily 25 percent lower in energy content than a number of the
Fobruary and March samples.  In genernl, the curves show & con-
sistent and steady decrease in energy confent until September, fol-
lowed by n smll inerense until the end of November.

Table | gives the average mouthly composition of the goat’s milk
(Snanen and Togzenburg combined) and of the Holstein and the
Jersey mills,  The composition of the goat’s milk was similar to
thet of the Holstein mitk; this fact is especially evident in the yearly
pvernzes.  [owever, the protein content of the gont’s milk from
Aprit to Septomber wis the fower of the two, Except for one instunce,
the ash content of the goat's milk was higher thronghout the year
than {he nsh coutent of either the flolstein or dersey milk.
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TasLe L.—Average monthly composilion of goal’s milk (Saanen and Toggenburg combined) and of IHolstein and J ersey cow's milks (1929-32)1
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t Analyses of water, protein, Iactose, fat, ash, and total nutrients were made from’ February to December 1929-31, except for gont’s milk, which includes, in addition, Februdry
1t_o J}S%zzust 1932." Iron analyses were made in 1926-30, copper from April 1931 to March 1932, and caleiumn and phosphorus in 1929-31.  Except ' for copper, averages do not include data
or 1932,

2 Because of the small numher of goats lactating in January, milk produced during this month was not used in the experimental work.

3 Results are expressed as milligrams per 100 ecof milk.
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The iron content of the milk, irrespective of breed and species, was
remarkably constant throughout the experimental period. The
Jersey milk showed more irregularity than the others. The content
of iron, as determined by the writers, was for the most part lower than
that usunlly given. 'These determinations leave little room for doubt
as to the probability of the development of severe nu tritional anemia

5.0 ]
4.5

L~

N

o}
omt:lowo:utrtcmo(\lquomvmmougw
o NN mom T T <

PERIOD AFTER PARTURITION {WEEKS)

[ =]
r 0

Fiegur 3.—Iffect of period of Inctation on the daily milk production of poats, as
represented by the composite sumples of the Baaneu and Toggeuburg breeds.

in young snimals fed on any of the milks alone, and consequently
differences in iron content among the milks studied are of little
significance.

"The copper content was found to be nob greatly lower than the iron
content. Except for & tendency toward an incrense in copper con-
tept from February to October in the goat’s and Jersey mulks, no
marked changes or differences among milks were observed. The
values obtained in the present work tend to be higher than those of
other investigators.

With respect to the caleium and phosphorus countents of the three
milks, the Holstein milk was lowest in both elements, and the Jersey
and goat’s milks were approximately equal. The lowest levels were
wenerally reached in midsummer with o marked rise in pbosphorus
during September and October.

Although it appears from the data presented that season has a
nnrlked effect on the composition of geat’s milk, variations due to the
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periodd of luctation are in all probability the principal controlling
tactors, as shown by figure 3. The figure shows the deily milk pro-
duction and percentage of fat during the complete lactation period of
13 to 17 Sainen and Toggenbure does whose {reshening dates occurred
from January 14 to MMarch 21, The data for each animal were
obtained for an entire day st regular weekly wtervals, beginning 7
days alter the snimal freshened.

These results indicate o rather rapid decline in the fag percentages
of goat’s milk in the first few weeks of lactation, the int content
reaching alevel that was nmintained somewhat unilorrly for 18 weeks,
alter which time a gradunl inerease in fat content was again observed.,
During this period the quantity of milk produced increased for the
lirst 4 weeks after freshening, alter which a gradual but uniform de-
crease in production necurred to the end of lactation,

On the basis of these findings, when freshening oceurs within a
restricted period, as in gonts, the tendency {or the coniposition of the
herd milk to be typical of the luctation evele of an individua! animal is
much nore likely than when the freshening dates occur during the
entire year, as in cows,  The evidenen apparently indicates that the
marked drop observed in the fnt and protein contents of the goat's
ilk from carly spring until late summer wus due principally to the
[net that nearly all the goats Creshened between February and May.
Sinee the samples of Holstein and Jersey milks were obtained from g
souiee wherein the period of lactation was not & factor, because the
cows Treshened throughout the year, the general chemical romposition
showed only minor variations [rom month to month, such as normally
oveur as a result of sensonnl and feed factars.

PROTEIN FRACTIONS

InAhis study determinations were made of the casein, glabulin, and
albumin in the milks as separate protein fractions. The Flolstein and
Jersey milks used in the study were obtained during November and
Becember 1932, and the goat’s milk was obtained in February of that
year. For additional comparative purpeses, one sample of human
milk was made available for similar analysis through the conrtesy of
D, Park of Jobng Hopkins Hospital.

Larly in the investigation it beeame evident that not enough was
known regarding the properties of casein and globulin, as they exist in
solution in the different milks, to assure the adequacy of known pro-
tein methods of annlyses when applied to the milks of different species.
An extensive shudy of the methods themselves and their particular
applicition to milk of ench specics was not leasible. However, some
preliminary observations indieated that Moir's method (94) applicd to
the determination of casein and globulin had noteworthy ndvantages
over the other inethods in general use in reproductibility of results,
ease of operntion, as well as accuracy.  This technique, therefore, was
ased in the present study with some modifications as noted later,
There was reason to believe that the actunl distribution of protein
(ractions in the milk wus more truly represented by ahialysis made on
skim mille than similar determinations made on whole mitk., Aceord-
ingly, milk fron: which the fat had been removed by centrilugalization
was ased Inostudying protein partition.  All protein {ractions were
determined as nitrogen and results recorded as grams of nitrogen per
100 ce ol skim milk.
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Nitrogen determinations wore made by the Kjeldahl meothod.
The precipitate resulting from adding 140 cc of 16-percent trichior-
acetic acid to 10 ce of milk was analyzed for nitrogen and recorded as
totel protein nitrogen.

The casein in cow’s milk was precipitated at pH 4.5 to 4.55. DBe-
enuse considerable globulin was precipitated from goat’s milk by the
use of Moir's sodium acetate mixture at pH 4.5, casein was precipi-
tated from goat’s millke at pIl 4.35 to 4.4. In the case of human milk,
better fiocentution of the easein precipitate, as well as a clearer filtrate,
was obtained when nmutk wus added directly to o 0.2-molar sodium
peetabe huffer mixture of pH 4.5 than when acetic acid and then
sodium acetate were added to the diluted milk according to Moir's
method (943,

Thoe filtrate and washings from the casein precipitation were neu-
trulized nod sufficient sodium sulphate added to make a final concen-
tration of 1.50 volume molur.  The nitrogen in the resulting prectpi-
tate was determined and recorded as globulin nitrogen.  Albumin
nitrogen was caleulated as the difference between total protein nitro-
gen nod the sum of casein and globulin nitrogen.

Tu table 2 are the results of the nitrogen distribution among the
proteins of the various milks studied. These data differ from the
nsunl aunlyses in that they are based on Tat-free samples and are
expressed in terms of nitrogen without subsequent conversion to
protein,

Tanve 2.-- Nitrogen distribution of goel's milt (Sagnen and Toggenburg combined)
Holstein and Jersey eow's wmilk, and one sample of homan milk
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For human milk, Beblessmann, (709) gives the Tollowing percentage
distribution of nitrogen: Cusein, 41; globulin plus albumin, 44 {0 39;
andl nonprotein nitroges, 13 to 20, Courtney und Brown (80}, {from
an annlysis of the milk of 16 normal women, obtained 34.3, 30.5, and
35.2 percent respectively for the three above-mentioned fractions.
The dito of the present investigators ure in good agreement with those
of Schlossmann but are somewhat at variance with those reported by
Courtney and Brown.

The table shows that the total nitrogen content of goat’s millk wus
similsr to that of Holstein milk, a finding that is in harmony with
the protein findings shown in table 1. In fact, in the present study,
with the exception of the albumin fraction, the nitrogen content of
wout’s and Holstein milk were similar for all the protein fractions.
Jersey milk had the highest confent of cusein, as u result of which it
had also the highest {otal protein and total nitrogen. The albumin

107580°— 30—



http:precipitll.te

18 TECHNICAL BULLETIN 671, U. 5. DEPT. OF AGRICULTORE

content of Jersey milk, on the other hand, was slightly lower than
that of goat's milk. Human and Holstein milks differed very little
in their actual albumin and nonprotein nitrogen contents. The
large quantity of nitrogen precipitated from cow’s milk as globulin
seems surprising in view of the small quantities reported by Crowther
and Raistrick (38) and Osborne and Wakeman (1013,

On the hasis of the percenteso of total nitrogen represented by each
of the nitrogen fructions, the percentages of albumin and noaprotein
nitrogen in goat’s millc were somewhat higher than were those in the
milk from either breed of cows. In humen milk the percentages of
nonprotein nitrogen, albumin, and globulin were much higher than
were those of elther goat's or cow’s mitk., However, the percentage
of casein In buman molk was much lower than that in cow’s and goat’s
mills.

Alexander {8) pointed out that as far as nutritional efficiency of
mitk as & food for the human infant is concerned, the actual concen-
trution ol tho protein fractions is probubly of less importance than the
rutiog of those proteins that serve as “protective celloids’ to the
cnsein.  Consequently, the ratio of the sum of the albumin and glo-
hulin fracttons to the casein fraction of the different milks 1s included
in table 2. These daty show that goat’s mille, although it has a higher
protective ratio than cow’s mill, is much lower than the milk of
humans in this respect.

COMPOSITION OF BUTTERFAT

Six hutterfut samples from the Jersey and Tolstein milks and from
the combined milks of the Saanen and Teggenburg goats were pre-
pared from mills produced in March and June 1931.  Fab constants
were deternined on these samples.  In addition, individual fat-acid
determinations were mude of o sample of butterfat obtained from
gont’s milk (Saanen nnd Toggenburg combined) and from cow’s milk
(Holstein and Jersey combined), both produced during the summer
of 1932,

The samples of butterfat were obtained by filtering the decanted
melted 12t Javer {from butter churned from sweet cream. Fat con-
stants were determined by methods previously noted (8) except for
the thioeynnogen number, In which case the method described by
Jamteson (73)Y was loliowed. The method of Hilditeh and Jones (64)
way used for determiinine fat acids.

Results of the fat-constant study are shown in table 3. Two sig-
nificunt differences in composition of the fats are indicated by these
datn, (1) (roat’s hutterint contains considerably more of the steam-
volatile, water-insoluble acids than does Jersey or Holstein cow's
hutterint, as indicated by the higher Polenske number and saponi-
lirntion number for goat's butterfat; and (2) cow’s butferfat contains
the greater number of unsuturated linkages as shown by the higher
iodine and thiocyanogen numbers.  Since the thiocyanogen number is
lower than the iodine number 1t 15 considered good evidence of the
presence of acids containing miore than one double bond.

No wmaterisl differences in fut constants between the March and
June butterfuts of any of the milks were obtained. Neither was
there any significnnt difference between the fat constants of the
Holstein and Jersey milks.  Consequently, in thie Tat-acid determina-
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tions no seasonal distinction of the milks was made, and the cow’s
milk represented the combined milk of the Holstein and Jersey breeds.

TABLE 3—~—Comparison of fal consiants in goat’s milk (Saanen and Toggenburg
combined} and in Holstein and Jersey milks

Tat constants

Month

Source of hutter{fat - [T— i —
produced Thivey | Saponifi-1 propper n,f_}“‘?&‘ Folensko| Soluble
i number | nuwmier | aetds

number | mmbar ruiher

Ialine
wnnber

=

246
245, 4
2
2213
725, 5
qiEy u

. SfMnreh. L. 32,
el ... . Ll Jll.nu.l-\.... Em
P Mareh ... Y
Felsteln . ..o June Y

{March._.. it
o i Junu._,._.‘. 7.

ISR
Lol Il ]
bt ol
- R R o

Joryey

1D i

Results of the fat-neid study sre shown in table 4, These samples
of butterfats had the following fat constants: OF the goat’s butterfat,
the iodine number was 32.2, thiocyanogen number 27.2, saponifica-
tion nuraber 234 .8, and Polenske number 7.6. Of the cow’s butterfat,
the lodine number was 35.8, thiocyanogen number 30.4, saponifica-
tion number 228.7, and Polenske number 2.3,

TapnLg 4—Comparison of the fal-acid content of goat’s butlerfal {Saanen and Toggen-
burg combined) and of cow's butlerfat (FHolstein and Jerscy combined}
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b Eateatnted as stoncie aekd, clohough very siadl gunatities of higher saturated neids were present,

A significant difference in fat-ncid content between goat’s bufterfat
and cow’s butterfat is the greater quantities of caproic, caprylic, and
capric acids in the former. These acids are the steam-volatile,
water-insoluble acids chiefly concerned in the Polenske numbers,
and that have been referred to by some workers as having a definite
effect on anemia development in Infants. These acids may be
chiefly responsible for the characteristic odor and taste claimed by
some to be prevalent in goat's milk.

The higher jodine number of cow’s butterfat can be easily accounted
for by the greater quantities of unsaturated scids present, especially
oleie acid.  Arachidonic acid was present to sbout the same extent
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in both butterfats. This highly unsaturated acid is one of the
essential fat acids eflective in curing the fat-deficiency syndrome.
Although the acid prepared by reduction of the bromides was found
to be meffective by Burr snd Burr {28) recent work from several
laboratories has shown that the ascid prepared by less drastic means
is highly effective in euring this pathological eondition.

No dats have yet been published to determine whether decenoic,
tetradecenoic, and hexadecenoic acids have unusual biclogical sig-
nificance, Flilditch and Paul (65), however, have suggested a possible
explanation of their origin by stating that they may represent degra-
dation products of oleoglycerides that have escaped complete satura-
tion to fower saturated groups.

DIGESTIBILITY FACTORS OF THE MILKS
RELATIVE NUMBER AND SIZE OF FAT GLOBULES

Smalt-sized fat globules have been frequently recommended as an
aid in digestion.  The Iut globules in goat’s milk are considered to be
gencerally smaller than in eow’s milk., Unpublished work of the
suthors indieates that the pancreatic enzyme preparation, steapsin,
splits the fat of goat's milk more rapidly than the fut of cow’s milk,
this procedure being due presumably to the smaller fat globules in
gont's milk,

In order to establish the relative size and the average number of
fut globules in gont’s milk and in Holstein and Jersey milks, four
examinations of herd samples of each of the three milks were made
in November and December 1932 by a modifieation of Babcoek's
methed (17}, A standard hemocytometer was used in meussuring the
size of globules and & Levy counter for determining the number of
globules.  Water wns used ss the dilutent, and a technique similar
to that used in counting red blood cells was followed. The diffieulty
experienced in keeping the globules in focus, owing to their tendency
to rise, was overcome by insertion of & Whipple eyepiece micrometer
diskt in the ocular, and the deaw tube was so adjusted that the rulings
on the counting chamber corresponded with those of the disk. This
provided a permianent ruled area regardless of focal depth.

Tante 5—Comparison of the nwmber and relative size of fal globules in the milk
of gouts (Saanen end Toggenburg combined) and of Holstrin and Jersey cows
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T Cadeulated by methiod of Gucesit (373

The average results of the examinations are given in table 5.  These
data indiente that the average relative size of fat globules in the
Holstein milk examined was nearly twice us large as the fat globules
of goat’s milk and that in the Jersey milk they were more than five
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times as lurge. Gutzeit (57}, studying the average diameter of fat
globules in Holstein and dJersey milks, found values of 2.58; and
3.50u, respectively. The application of Gutzeit's formula to the data
obtained in the present investigation yielded values similar to those
he obtained, as shown in table 5. Not only are the data obtained on
cow’s milk in the present study comparable with these reported hy
other investigntors, but the values for the diameter of the fat globules
of goat's milk are in ngreement with those of Schultz and Chandler
11i).

( J SURFACE TENSION

Surface tension is influenced by a number of factors, such as proteins
ang ealts.  Studies of the surface tension of the various milks were
conducted.  The greater surfuce area of the fut globules in goat’s milk,
due to the much greater number though smaller size of the former,
suggestod the likelihood of & difference 1n surface tension,

Surfuce-tension measuretnents were made by the Du Noiiy method
41y wherein o chainomatic balance wus used to determine the pull
required to separate the ring from the milk. Examinations were
mide of whole milks, skim milks, and milks reconstructed to contain
3, 4, and & percent of butterfat.

The surlace-tension results expressed as dynes per square centi-
meter are shown in table 6, These daty indicate that no significant
difference existed among the three mnilks cither before or after modifien-
tion, atany level of fut content.  Removal of the eream enused a small
increase in surface tension.  In the series of reconstructed milks, sur-
fnee tonsion deerensed with 1nerease in lat content.

Tantk b, Swrfaee tension of the milk of gonts (Saanen and Toggenburg combined)
and of Holstein and Jersey cows ol varying percentages af fal content

[ Results cxpressed ns dynes per sgiare centimeler]
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BUFFER CAPACITY

The hydrogen-ion concentration ol the stomach contents plays an
important role in digestion. For the stomach contenls at the height
of digestion in normal infants less than 4 moenths of age, Davidsohn
(37} reported an avernge hydrogen-ion concentration of pH 5.1 in
infunts fed cow’s mille diluted with waber 1 to 3, and of pH 4.9 in
similnr infants fed cow’s milk diuted 2 to 3. Babbhott, Johnston,
Huskings, and Shohl (/) found a hydrogen-ion concentration of pH
3.2 to 5.0 in the stomachs of normud inlants from 3 to 1% months old
led ntest meal containing powdered millk.  MMarriott and Davidson
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(87) reported u hydrogen-ion concentration of 3.5 to 5.0, with an
average of 3,75, in normal breast-fed infants.

Since the acid-secreting cupacity of the stomach of the infant is
limited, the buffer capacity of ingested food is of considerabie impor-
tance. Cow's milk has a hicher buffer capacity than human milk
nver the range of hydrogen-ion concentration concerned in digestion;
therefore, cow’s milk requires a larger quantity of acid to bring it to
the optimum hydrogen-ion concentration for digestion. For this rea-
sore Marriott and Davidson (87) advised the acidification of cow’s millkc
when fed to sick inlunts whose gastric secretion was lessened. These
investientors (88) Inter recommended the use of acidified whole cow’s
mille as # routine food for infants.

Studies of the buffer capacity of goat’s milk (Saanen and Toggen-
burg combined) and of Jersey and Holstein milks were made during
November and December 1931, Four samples of goat’s milk were
used, two of Jersey, and one of Iolstein. The observations were
limited to a ranye of hydrogen-ion concentration between pH 4.5 and
6.5, at which it appeared thab differences in buffer capacitics would
be of greatest signtlicance in the digestion of the milks by infants.

All hydrogen-ion determinations were made with the quinhydrone
electrode, as deseribed by Clullen and Billmann (84). No attempt was
made to control losses of carbon dioxdde from the milks. The initial
hydrogen-ion determination obtained on the four samples of goat's
milk ranged from pH 6.54 to 6.57; on the two samples of Jersey milk
from G.62 to 6.66; and on the one snmple of Iolstein milk the pH
wus (.70,

To 50-ce portions of the milk, measured guantities of 0.2 normal
hydrochlorie acid were added. The acid was added slowly while the
mitk was stirred by hamd, The hydrogen-ion concentration of each
portion of milk was determined 2 hours after the addition of the acid.

Titration curves were constructed for each sample of tnilks, and the
quantity of added acid required to produce each increment in hydro-
won-ion concentration cquivalent to 0.2 pIl was read from these curves.

MM TVT o1 Y ({'6

The huffer index dpil

was then esleulated for each sinall inerement ol aeld by the following

formula;

dg _ (cuble confimeler of acid added)

o pll ~ {volume of milk)

r?ifﬁ were enleulated for ench interval of 0.2 pH.
I8

" . . . ¢
Figure 4 presents bufler curves in which values for apli

agninst hydrogen-ion concentration.  The curves obtained on all sam-
ples of gont’s millkk were so nearly alike, as were those on the two sam-
ples of Jersey niilk, that only results from one sample of each kind of
milk are shown in this figure.

In general, the results obtained on Jersey and Holstein milks are in
agreemend with those reported by Watson (730}, The writers’ results
o gont’s milk, however, differ imarkedly from those publishied by lolm
and Webb 0, who used only one sample of goat’s milk. In the

of Van Sivke (£26) at the pH range involved

(normality Tactor of acid)
(pil change)

X

The values [or each

were plotted
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present investigation, between pH 5.2 and 6.4 the buffer capacity of
the goat’s milk is very similar to thet of Jersey millc. As the hydrogen-
jon concentration is incressed ebove pH 5.2, the buffer capacity of
woat’s milk decreases below that of Jersey milk. Holstein millc has a
Tower buffer index than either Jersey or goat’s milk over the pH range
of 4.8 to 6.5.
Whittier {784) has indicated that casein is one of the chief factors
Lin the buller action of milk at a pH rangs of 4.5 to 5.7. However, the
differences found by the writers between goat’s milk and Holstein
milk cun searcely be accounted for on the basis of concentration of
casein since, as has sl-
réndy been shown, gout’s 0.050
miltk has about thesame
casein content as Hol-
stein milk snd o much
snaller casein content
then Jersey milk,

0.045%

CURD TENSION

The determinntion of
the echarncier of milk
curds formed by pepsin
coagulation, by measur-
ing their resistance 1o
the cutiing action of
knives ss 1s done in the
11l procedure {60}, has
come Into extensive use
within recent years,
Application of the test 0.0is
in the present experi- a0 48 50 5'5/’7, 60 &5 70
ruents was undertaken Froong 4 —Buft it ’; sat’s milk (8

- l 31, ! i e CF capacity at’s mik (daanci
t_o .(‘\ﬂlll‘i[,t.} th? ¢ I_il{.i and Toggenburg_co?nbin{:d)_ :ﬁld of Holsf.(ein and
charncter of gout’s milk,  Jorsey cow’s milks at different hydrogen-ion
as represented by the  coneentrations.
combined mille of the
Suancn and Togzenburg breeds, and to compare it with Holstein and
Jersey milks. For nearly 2 years, curd-tension studies were made of
monthly samples of the various mitks, After the studies had been in
progress for o short time, a number of questions arose chiefly concern-
ing the use of the calcium chioride in the congulant presciibed by Hill.
The resulting study, purticularly as it related to the development of
o modified method Tor curd-tension measurement involving the use of
hydrochloric acid in place of the calcium chloride, has been reported
by Miller (93).

The modified procedure as finally adopted consisted in the use of a
coaguiant made up of & 0.4-percent (0.1 1-N) solution i hydrochlorie
avid containing 0.45 ¢ of pepsin per 100 ce. The other details of the
method were like those given by Hill {66). The apparatus employed
consisted of & seb of knives having radial blades joined o an upnight
slender hundle, glass jars as containers for the coagulant and milk, a
spring balance supported ab the top at a convendent height, and a
jacketed piston operated with water that provided means of applying

BUFFER INDEX

0.020
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tension to the milk curds by lowering the glass jars at a uniform rate.
All tests were conducted in duplicate and when possible in triplicate.

Besides obtaining curd-tension measurements of the milks in the
raw stite, tests were also made of milks subjected to special treni-
ment. including boiling, homogenizing, sepurating, and reconstruc-
tion by the addition and interchanging of mechanically separated
creams.  Results are given for only 1 minute of boiling, as boiling
for 5, 10, and 15 minutes failed to cause a significantly increased
softening of the curd. Homogenization took place at 48° C. under o
pressure of 4,000 pounds. Separation was accomplished by puassing
the milks, at & temperature of 35°, through a hand-operated milk
sepurntor.  Beenuse of the small-sized fab globules in the goat's
nulk, 1% was necessary to run this milk through the separator twice
in order to obtain a'skim milk with a fat content of less than 0.1
percent. The average curd-tension measurements of the raw and
trewted milks wre given in table 7.

Tanwe V.- Comparfson of enrl-trnsion readings of raw and treated millk from goats
(Saunen and Toggenburg combined) and from [Tolstein and Jersey cows, as deter-

mined with the hydrochloric aeid and pepsin coagulant
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Tuble 7 shows that the whole raw milk of the gonts was 31 percent
solter, on the average, than that of Holstein milk and 54 percent
softer than that of Jersey milk.  The curd tensions of the skim milks
were higher than those of the corresponding whole milks. Boiling
either whole or skim milks reduced their curd tensions, skim milks
heing affected to a greater extent by this process than whole milks,
This methed of freatment resulted in the curd-tension measurements
ol hoiled skim milks being not materially different from the correspond-
ing measurerments of hoiled whole milks and definitely places such
treated goat’s and Holstein milks in the class of soft-curd milk,
Boiling either Jersey whole or skim milk produced eurd tensions
representative of the upper Jimits of soft-curd milk.

The fuct that boiling results in lower curd tensions indientes in-
creased stability of the milks and .ppears to warrant the dismissal
of the importance of the albumin as ‘a_protective colloid, since lne-
talbumin s Leat congulnble nbove 70° (. In fact, heating the milks
to 70° Tor 1 to 10 minutes produced no noticeable softening of their
curds.  That Inetalbumin does not funetion us o thermal stabilizer
in milk is borne out by the work of Mutsico (89) and the associates
of Kogers (7).
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It has long been claimed that homogenization produces easily
digested milk, By means of the ecurd-tension test, Weisberg and
associates (f/87) have presented results in substantiation of this
claim. In the present work, homogenization at the pressure used
{4,000 pounds) was found to soften milk curds but not to the same
degree us did boiling, Homogenization failed to lower the curd
tension of Jersey whole milk sufficiently to class it as soft-curd milk,
Similar treatment of goat's and Holstein whole milks, on the other
hand, produced soft-curd milks, Homogenization of skim milks
produced no effect on their curd-tension measurements except in
the case of gnot's milk.  Any effeet that homogenization may have
had on the colloidal structure of the proteins in the skim milk was not
reflected in the coagulum formed. The character of the curd scems
to be determined by the phenomenon of aggregation of the protein
particles, the stability of which apparenily is controlled by the ionic
balunee present in milk,

The fact that whole milks have a lower curd-tension value than
their corresponding skim milks suggests that fat may play a part in
curd-tension measurements.  That fats may diff'er in this behavitor is
indienteid by the relatively high eurd tenston of Jersey whole millk,
notwithstanding 1ts greater fot eontent, as woll as observed curd-
tension differences between gont’s and Ilolstein milk of similar fat
composition.

In order to investignte the role of milk fat in curd tension, whole
milks and milks reconstructed by the addition to skim milk of me-
chanically separated ereans were tested for curd-tension values.
Results are shown in table 8 'These include two semples of goat’s
milk representing & normal curd tension and & high curd tension.

TanvLe 8—FEffect vn curd tension of the addition {o skim mills of mechanically sepa-
rated cremms, us dedermtined with the hydrochloric neid and pepsin cougulunt
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The two sumples of goat’s milk with varying eurd tensions, when
separaled and reconstructed to the original fat content with cream
from either goat's or cow’s milk, had the same extreme curd-tension
values ns the original goat’s milk. The same was true in general
with Holstein and Jersevy milks, in which eream from the milk of

107580 —31 —g
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thesa two breeds was interchanged. Apparently the relative softness
orﬂiftlgluless of whole milk curds is prunarily a funciton of the skim
m

Curd-tension measurements of the milk of 23 individual goats
representative of the herd were made at several intervals during
their lactation period. In all, 114 samples were measurad by the
use of the calcium chloride and pepsin coagulant. Of the goats
?tudllc(} 11 were of the Saanen breed and 12 of the Toggenburg
hreec

Table 9 shows the percentage of the goat's-milk samples in various
ranges of curd-tension measurements. Comparative data from the
milk of Flolstein and Jersey cows, taken from Hill (#6), are also
included in the table.  The fact that about 60 percent of the Holstein
samples examined by Hill had a curd tension of 50 g or above and
about 70 percent of the Jersey samples had a eurd tension of 60 g
or above is in agreement with the avernges presented for these milks
in table 7. Likewise, the fact that 55 percent of the samples of
goat's milk had a curd tension of less than 30 ¢ is in harmony with

previous observations as to the relative soft curd possessed by gont’s
milk.

TanLe 0.— Distribution of eurd-tension measurements of samples of goat’'s milk
{(Suanen and Toggenburg combined) and of Holstein and Jersey cow's milk

1
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INCRSIEre T LS B ' cnve L NeasUrellients . A
A . {toal's | Halstoln EECY 3 Gaal's | Dolstein | Jersey
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plos) ples) ples} - ples) plos) pies}
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10- 14 . . . 17.1 I. & 5 - . 0.6 14. 0 2,

T T . ) 7.5 5.0 . i . e 12,1 20.0
Heltn. 'i 20, 8 15,0 X 2.8 4.5

Vluken froean 1R (ﬁs:

The stage of lactation has been previously pointed out as having
an elfeet on the composition and yield of goat’'s milk {fig. 3). To
determine whether curd-tension measurements were likewise allected,
curd tenstons were taken of the daily milking of individual does in
the herd af l'egular intervals during lactntion Measurements were
mudle by Hill’s (66) method, Fi(rur 5 shows the average results of
91 detcrminations from 9 Sasnen smd 8 Toggenburg daes during
their lactation period. The highest indiv idual’ avernge curd tension
[or this period wns 45 g and the lowest 21 g.

Following parturition, as lactation progresses, there is n noticeable
decline in curd tension for approximately 12 wecks. For the next
8 weeks the eurd tension remains rather uniform, followed by a
rise during the lntter stages of lnctation. This curd-tension trend
lins n murked similarity to the fat curve under similar conditions
(fig. 3). Although the fat content of millk probably plays only a
minor role in curd-tension values, fluctustions of this component in
ront's milk due to stages of lac tation are usually accompanied by
similar changes in other chemical components (table 1). It appenrs,
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therefore, that the curd tension of goat's milk varies during the lac-
tation period in accordance with variations in the chemical composi-
tion of the milk. .
The curd-tension measurements of goat’s milk were correlated with
the protein end fat contents, Hill's (66) method being used for measur-
ing curd vilues. Mixed night and morning milks of individual deesin
the experimental herd were analyzed from March to November.
The average analyses of 71 milk samples from 10 Saanen and 10
Toggenburg does were as follows: Protein, 3.14 percent; fat, 3.51 per-
cent; and curd tension, 31.3 g. .
By means of scatter dirgrams, a study was made of the relationships
hetween @ number of the possible comginutions of milk constitutents

40
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Frouvus 5.—Effect of lactation on the average curd-tension values of goat's mitk.

and the curd tension. 1t was found that a linear relationship existed
between the protein content and curd tension. Accordingly, simple,
multiple, and partial correlations were obtained for those combinations
that appeared to be most eritical.

The simple correlativn between protein and curd tension of goat’s
milk was found to be 0.76. Espe and Dye (47) caleulated that the
correlation between the snme frctors of cow’s milkk was 0.88.  Although
the fut content follows the protein content to some extent, as revealed
by n correlation coefficienst of 0.61, the correlation of 0.50 between the
fat and curd tension shows the low correlution of fat, which was borne
out by experiments previously presented, with skim milk slone and
combined with vatrious milk fats. Furthermore, the multiple corre-
intion coefhicient of 0.74 for curd tension with fat and protein, and &
partial correlation coefficient of 0.66 for protein and curd tension with
fat, indicate the negligible purt that fat plays in determining the curd
character.

Nevertheless, analyses of the curds revealed that o high pereentage
of milk fat was tenaciously retained within the curds. It was found
that 04 pervent of the milk fut was enmeshed in the card from Jersey
milk, 92 percent in the curd from Holstein milk, and 88 percent in
the goat’s-mitk curd.

Hence, it may be concluded thnt fat exerts little influence except to
prevent the protein from forming an extremely hard curd by the
enmeshment of the fat globules, therehy decreasing the cohesive action
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of the protein particles and creating points of weakness in the curd.
It uppears that the character of the curd is relatively independent of
the kind or quantity of {ot present in the milks and is more or less
dependent on the protein and its concentration.

VITAMIN POTENCY OF THE MILKS
YITAMIN A

Determinations of vitamin A potency were made on goat’s milk
{Ssanen and Toggenburg combined) and on Jersey and Holstein
cow’s milk. This investigation was made on summer and winter
milks in 1929, 1930, and 1831. Milks produced during June, July,
Auvgust, and early September were considered summer miiks. Winter
milks consisted of those produced during February, March, end
April.  Vitamin tests of butterfats were also made, the milks used
being produced in March and June, 1931, The butterfat samples
were prepared in the laboratory from sweet ¢ream.  After Temoval of
the protein and water, the samples were stored in the refrigerator in
brown ginss bottles us a precaution against vitemin A losses until the
samples were used.  The tests were begun after the preparation of the
June samples.

The biological rat-assay method of therapeutic testing was used for
all vitamin A estimations. This method consisted In feeding to
recently weaned rats & diet deficient in vitamin A, eomposed of the
following ingredieuts, in percentage: Dextrin, 72; purified casein, 18:
salt mixture, 4; agar, 1; and irradiated dry yeast cells, 5. This diet
was fod for 28 to 42 days, by which time growth had practically ceased
and definite signs of xerophthalmia developed. As a therapeutic
measure, milk or butterfat was then added to the diet, the milk being
fed 6 days per week for 8 weeks at levels ranging from 0.5 to 2.0 cc.
The butterfat samples were fed at 21 and 43 mg daily levels, or the
equivalent of approxunately 0.5 cc and 1 ce respectively in terms of
milk testing 5-percent butterfat. Control animals were continued on
the vitemin A deficient diet without any therapeutic supplement.

Litter mates were distributed into four groups representing those
fod goat’s, Holstein, and Jersey milks or butterfats, and controls
receiving only thie vitamin A deficient dieb.  So far as possible each of
these four groups contained an equal number of male and female rats.
Such a distribution of rats, together with the various feeding levels
of summer- and winter-produced milks and butterfats, provided a
means of comparing vitamin A potencies according to season, sex, and
quantity of the thernpeutic agent fed.

At the close of ench 8-weck period, as shown by figure 6, the rats
fed Jersey milk had made the greatest average gains on all levels of
feeding. Of the 14 groups of rats fed the varying quantities of goat’s
milk during the 3 yeurs, 7 groups gained more and 7 gained less than
the rats fed the Holstein mill. For the entire period, the difference
in total gains between the rats receiving the goat’s and Holstein milks
was notsignificant.  Likewise, for the three winter tests the difference
in grins of the rats fed Jersey milk and those fed goat’s milk was not
significant. The summer tests and the combined summer and winter
tests, however, showed o probability greater than 1 to 99 that the
Jevsey milk contained more vitamin A than the goat’s milk, Note-
worthy differences were also found between Jersey and Holstein milk.
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TiGoRe 6. --Vitamin A poleney of goat’s milk (Sasnen and Togegenburg com-
bined) and of Holstein and Jersey cow’s milk, as shown by gains of rals fed
varving daily quantities of the ntilks and o basal dict deficient in vitamin A
for B wecks.

The odds were greater thun 1 to 99 for the winter milk and 1 to 49 for

the sunumer milk that the Jersey mill contained more vitemin A.
The growth of the rats on the various levels of winter-produced

milks generally showed close agreement. [rom year to yewr. This
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point is of especial interest in the case of the Jersey milk, which was
obtained from different herds ench year. On a feeding level of 0.5 ce,
which included the 3 years, the average total gain, for the 8 weeks, of
the rats fed Jersey milk runged from 28 to 36 . The gains of rats fed
goat’s milk also showed a close agreement from year to year on this
level, the range being 14 to 19 g, The range was considerably greater
for the ruts fed Holstein milk, the gain being 22 g in 1929 and only 2
g in 1831, On the higher levels of feeding, however, the growth of
the rats fed the Holstein milk was in close agreement during the 2
years that the mille was fed. The same uniformity in results were
obtained during this time for the other two milks.

The ruts on the summer-produced milk fuiled to show & corre-
sponding uniformity in growth from year to yeur. In the summer of
1929, the rats grew unusually rapidly during the first 4 to 5 weeks of
the depletion period while on the vitamin A-deficient diet alone.
Adthough the control ruts, which were allowed to continue on the
basal dict alone, showed no unusual rate of decline or survival period
(fig. 6}, their litter mates on the 0.5-c¢ dose of milk lost weight during
the greater part of the 8-week period. On higher doses, the rats
maude satisfactory gains.

The results from the summer-produced milks of 1930 are of interest
Irom the apparmnt parallel they show to the drought conditions which
prevailed.  The gain curves of the rats fed gout's and Holstein milks
show a marked break at about the fifth week of the test, which oe-
curred in mid-July.  This period is within 2 to 3 weeks after the time
that the paslures became noticeably dry. The feeding of eut green
feed or ulfnlfn hny as substitutes for pasturnge in this period ap-
parently fatled to maintain the potency of the milks. The effect on
the gains of the rats on Jersey milk was less pronounced, owing possi-
bly to the [act that the Jersey herds were in an ares less allected by
ack of minfall early in the summer.  The curve for the rats on Hol-
stein milk in 1931 niso shows a break midway in the therapy period,
which was probably related to the diet of the cows.

A summary of average guins in weicht of the rats on each milk ac-
cording to sex of rats, season, and quantity of millk fed is given in
tnhle 10, Seasonnl averages on goat's milk show a slightly greater
vitamin A polency in the winter-produced milic than in that produced
in the summer.  This finding may be accounted for by the fuct that
the goat's milk showed a drop of approximately 20 percent in fat
content from March to July (table 1), a phenomenon apparently
refated to the stage in lactation as pointed out previously,  Seasonal
comparisons of the Holstein and Jersey milks show no such unanimity
favorable fo either winter or summer milks. Only ot the 2-ce levels
of mill do the mule rats show any consistent superiority over the fe-
matle rats in their comparative gains in welght on milks produced the
spme season,  When the results from winter and summer milks are
combined, the data show that only in the rats fod Jersey milk was
there o galn 1n weight consistently favoruble to the mule rats at all
three levels of milk leeding.

The data show also that whereas 0.5 ce of Jersey miik was generally
more than safficient to produce gains in weight of 3 g per week—the
measure of 1 unib of vitamin A as suggested by Sherman and Munsell
(114)~-upwards of 1.0 ce of Holstein and goat’s milk was required for
equal growth., The number of International Units of vitamin A per
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1 ce of whole milk was estirnated as follows: For goat’s milk, winter 1
and summer % for Holstein milk, winter 1 and sumier 1; and for
Jersey milk, winter 14 and summer 1%.

TapLE 10.— Average gring of rats fed a basal diel deficient in vilamin A plus winler-
and swmmer-produced goat's milk (Saanen and Toggenburg combined) and Hol-
stein and Jeraey cow's milks
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The responses of the rats to the various levels of milk fed are in
general agreement with the results of other investigators. MacLeod
and coworkers {(84) found that 0.5 to 0.75 cc supplied 1 Sherman
vitamin A unit. Dutcher, Honeywell, and Dahle (43) reported that
1 ce of cow's milk from an experiment station herd produced an
average guin of 3 ¢ per week, or 1 Sherman unit of vitamin. The
comparisons made by Davis and Hathaway (38) of Holstein with
Jersey, Guernsey, and Ayrshire milk at 1.0-ce Jevel showed gains of 4
to 7 g per week. The present results, i which gains of 2 to 6 g per
weok resulted from a 1-c¢ dose of milk are in agreement with those
just mentioned.

The results in table 11 on the vitamin A potency of butteriat for the
most part show w considerably greater polency for the summer-
produced butterfat than for that produced in the winter. The dnta
nlso show o greater potency for the winter-produced butterfat of the
Holstein cow and the goat than for that of the Jersey cow. The highest
mortelity among the rats occurred in the groups on Jersey butterfat.
The number of International Units per gram of butterfat were esti-
mated as follows: For goat's milk, winter 20 and summer 30; for
Holstein milk, winter 20 and summer 30; and for Jersey milk, winter
15 anel sumer 30.

The results on Holstein and poat’s butterfats, like those on whole
milk, show approximate equality in vitamin A, not only between the
milk of the two species of animals, but also between the summer and
winter milks of either species.

Compnrisons of the yellow pigmentation of these butterfat samples
showed the following order of decreasing intensity of color: (1) Jersey
butterfat producedin June, (2) Holstein produced in June, (3) Holstein
in March, (4) Jersey in March, (5) goat's in March, and (6) gont's in
June. The order of vitamin potency and color intenstty even among
the samples from the cow’s bubterfat showed only general agreement.
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The lack of color in the goat’s butterfat was in no way reflected in the
vitamin content, which was comparable to the highly pigmented June
butterfats of the Jersey and Holstein cows.

TanLe 11.—Average gaine or losses in rals Jed a basel diel deficient in vilamin A
plus butlerfatz made from winter- and summer-produced goal's milk {Seanen and
Toggenburg combined) and Holstein and Jervey cow's milks
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Season in which hiutterfat was
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Distribution of the international siandard carotene preparation
for use as a vitumin A standard shortly after the conclusion of the tests
on the butterfats made advisuble o check determination on one butter-
fat sample. Accordingly, one group of animals wus given 1 gamma
(0.001 mg) of the international standard carotene preparation daily for
8 weeks. Litter mates of the same sex were allowed & daily dose of 40
mg of goat’s butterfut from the March snmple. Results showed that
the rats receiving the goat’s butterfat gained slightly more than 3 g
per week, whereas those receiving 1 ganmma of carotene grined approxi-
mately 5g. These results from the feeding of 1 gamma of the carotene
standard are supported by other unpublisbed work by the authors,
which showed that one-half gamma is insufficient to support growth
tnd 2 gumuma is sufficient for growth slightly grester than 10 g per week.

¥ITAMIN B
The vitamin B (B,) potency of the three milks was compared in a

series of four rat-feeding tests, two with winter- and two with summer-
produced milks for a period of 8 weelts. The basal diet used in both
the vitamin B and the vitamin G experiments consisted in percentage
of purified casein, 20; rice or corn dextrin, 65; minerals, 4; agar, 1; and
lard, 10. To insure adequate quantities of vitamins A and D, cod-
liver oil was fed separately at the rate of 0.5 ec per week. During the
centire fime, the animals were kept in individusl cages with raised
screen bottoms. A short depletion period of 10 to 15 days preceded
the 8-weclk experimental milk-feeding period.

Since both vitamins B and G were lacking in the basal diet, it was
necessary to add a source of vitamin G for use in the .vitamin B
assays. Therefore, yeast sutoclaved at pH 9 for 2 hours was fed at the
rate of 0.5 g daily.

The growth of rats on the basal diet, with or without supplemental
sources of vitamins B and G, is shown graphicaliy in figure 7. The
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autoclaved yeast had no significant effect in prolonging life as compared
with results obtained on the basal diet alone. However, the vitamin
B-rich rice polish or extract of rice polish in combination with the
vitumin G-rich autoclaved yeast was approximately equal to untreated
yeast in promoting excellent growth. On the other hand, the rice
polish supplements alone were ineffective owing to the low vitamin G
vonient, wherens venst was rich in both factors.

Tuble 12 gives the gains or losses of the rats fed the three kinds of
milk in addition to the basal diet supplemented with the autocluved
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veast, The tuble shows that a 2-ve level of winter millk in 1930 was
i inwdequate souree of vitarain B oas messured by erowth response,
wherens the 5- amd 10-ce lovels fed at this time were adequate. When
~ammier il was fed at the same lovels, greuter gaing generally re-
wilied on all lovels of milk.  The 2-ce level of summer milk permitted
~low @nins in welzht, howeser.

Calenlations nnede necording to Fisher's method (2.3) for significance
of dilferenve of mewns of the gains gave the resulis shown in table 13.
Assnming that the limit of significance is renched with a £ value of
(0,05, it is npparent from the table that any vitnmin B difference be-
tween Holstenn and Jdersey milh, s reflerted by the dillferences in gain
i oweiediis of mis, sonot statisGeally sienilicont. Likewise, between
wigtiter- amd wnster-produesd goat’s milk there appears to be no sig-
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uificant difference, although similar comparisons in the case of cow’s
milk show significance. Aside from the difference between goat’s
and Holstein summer-produced milk, which was just outside the
limit of significance, differences between goat’s and cow’s millks appear
to be quite significant. Tuble 13 shows that such comparisons gen-
erally {avor goat’s milk.

Tanue 12.—Effect of season of production on vitamin B potency of goal's milk
(Saanen end] Toggenburg combined) and of Holstein and Jersey milks, ns
meakired by growth of rals during an B-week perfod in whick they were fed these
milks wnd o vilamin B-free diel
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Tawek 13 - Comparisan of wileanin I3 polency of mills as measured by significance
of menn diffevences 1o gains of rals
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The number of nnits of vitwmin B an the milkk was estimated by
comparison with the growth of rats which reecived the international
stundard preparation distributed in 1932, The growth on 10 mg (I
anit) daily of this preparation averaged approximately 45 gin § weeks.
Accordingly, by estimation from the growth on 2- and 5-ce levels,
shewn in table 12, the geat’s milk contnined 1 unit of vitumin B in
approximaiely 4 ce of winter-produced milk and 3 c¢ of milk produced
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in the surmer. The Holstein nnd Jersey milks contuined somewhat
fess, the winter milks containing 1 unit of § to 7 ce and the summer
milk 1 unit in approximately 5 ce.

VITAMIN G

The vitamin G content of the goat's and the eow's milks was deter-
mined in o sertes of three tests, one during the summer of 1930 and
the others in the winter and summer of 1931, In 1930, the test milk
was produced in August and September during a drought, whereas in
1931 the summer milk was produced during the same months on rela-
tively green pastures.  The rts were kept under the same conditions
as those used in the vitumin B tests except that the autoclaved yenst
in the diet was replaced with a rice-polish extract prepared with 83
pereent ol ethyt aleohol.  Animals on this basal diet made little or no
main in weight during o 12- to 14-week period, by which time they
vsunlly showed muarked shedding ol hair from the rear quarters,
reddened skin in some instances, and emarcintion.  The Inclusion of
sutoclaved yoast or other vitamin G supplements in the diet per-
mitted normal gains and eliminuted or prevented the deflciency
~ymptoms.

The data on the vitumin G content of the milks from the three
sonrees are given in table 14, Only the d-ce level of milk was led.
Little dilference was noted hefween the summer milks of 1930 and
1631 and between seasons in 1031, Although Hunt and Wrauss (7.3)
heve noted a decrense in the vitnmin G eontent of mille with advanees
in summer season and deerease In the syvailability of tender green
fnrnee, the present results did not show any eficets of the drought on
e ability ol the pastures to maintain the vitamin ¢ content of the
milk,
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Conparisons by means of the £ test for significance of differences of
means refutive to the vitamin G eontent vielded the reselts shown in
Mble 150 The £ values on the comparizons of gont’s milk with
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Holstein milk for both summer and winter tests and for goat’s milk
with Jersey milk for the winter tests showed significant differences
fuvorable to the goat's mitk. No significant difference existed between
the other milk ecomparisons.

TapLe 18.-—Comparizon of vitamia ( polency of wmills as measured by significance
of difference of means tn gains of rofs
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VITAMIN C

In the investigations on vitamin C, the combined milks of the
Saanen and Toggenburg goats and the milk of the Holstein and Jer-
sey cows were studied m 1929, 1936, and 1931. During each year
the winter-produced milk wuas tested during February, R{arc-h, and
April, and the summer-produced milk during June, July, and August.

The vitamin C potency of milk was determined by feeding experi-
ments with young guinea pigs using the growth method. The guinea
pigs were p{aced on the scorbutic diet when their weights approxi-
mated 250 g.  This diet consisted, in percentage, of rolled oats, 66;
alfalfa leaf meal (autoclaved at 15 pounds of pressure for 30 minutes),
25; casein, 5; irradiated dry yeast cells, 3: and sodium chloride, 1.

The test substance was fed daily to the animals as & supplement
to the scorbutic diet. To one group of animals 40 ¢c and to another
group G0 ce of milk were made available in the usual case. The milk
was meuasured into casseroles and the actual daily consumption re-
corded. Great difficulty attended the various attempts to obtain full
consumption at these levels. The withholding of water and the addi-
tion of milk in two or more portions daily were without avail. Fre-
quently somewhat more than the required 40 or 60 c¢ of milk were
measured into the cassercles in order to keep the weekly average near
the required level. Numercous animais were dizcarded because they
lailed to consume the required quantities. Control animals were fed
only the scorbrtie diet or this diet plus measured quantities of carrots
or orange juive. Those receiving the scorbutic diet alone were con-
sidered as negative controls, and those receiving in addition the supple-
ments known to be rich in vitamin O were constdered as positive
controls.

In addition to the keeping of a weekly record of bodv weight and
milk consumption, each animal was examined for scorbutic symptoms,
A maximum score of 4 was given to animals in advanced stages of
scurvy when they were just able to stand but had lost the power of
locomeotion in their rear ]]_imbs. A score of 1 indicates the initial stage
of scurvy as evidenced by tenderness and stiffness of the joints. Most
of the animals were autopsied. In this examination, the Sherman
procedure {773) was used as o guide in the classilication of severity of
seurvy. A composile or average autopsy seore ranging from O to ¢4
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wats ohtained instead of the additive score used by Sterman. In this
manner the elinicel and autopsy scores were on a comparable basis.
The latter score usualiy showed more marked scwrvy since clinical
signs were not always fully evident.

Results of the vitamin € work are shown in table 16. The animals
on tie scorbutic diet alone developed seurvy within 3 weeks and died
within 33 duys of the time that thev were placed on experiment.
Carrots fod ut either 25- or 10-g levels furnished full protection against
scurvy.  Although 1.5 cc of orange juice failed to furnish full protec-
tion in all cuses, the 3-cc level was adequate and permitted normal
gnins in the animals.

Tanie 16, ~Efret of vitamin C supplement on body weighl and on tncidence af
scurty among giinen pigs fed o scorbulic diet for 8 weehs
b
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Goat's milic at the levels fod gave purtial protection agrinsg seurvy
in the usual case: these levels therefore represent horder-line doses of
vitnmin C. Of 13 guinen pigs that consumed approximately 40 cc of
winter-produced goat’s milk, only § survived the experimental period
of B weeks,  Greater consumption of milk, ranging from 49 to 7 c¢
per day , gave somewhat better protection sinee ail 10 animals survived
the pxpertment.  Tno 1020 both the winter- and summer-produced
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gout’s milks indicated n somewhat greater vitamin C' potency than in
suhsequent years, During the 3 years a greater variation in potency
occurred m the summer-produced goat’s milk than in that produced
in the winter. The summer milk of 1929 had the greatest potency :
that of 1031 had the least. Relative abundance ol green forage
wis probably the most important single factor responsible for the
vurintions,

The results on Holstein milk, as given in table 16, show that the
milk in 1029 was apparently more potent in vitamin € than that
produced in 1930 and 1931, Tn 1929 two of three animals that con-
sumed a doily avernge of 56 ce of winter milk and all animals receiving
Al ce of summer milk survived the test period and showed no scorbutie
symptoms,  On the othier band, &l animals receiving milk produced
in 1930 angd 1031, which was obtained from the snme herd, died from
~enryy during the course of the experiment regardless of the quantity
of milk consumed. When antopsied, all the animals showed unmis-
tukable signs of scurvy, which appenred to be the mmin enuse of
death. — Animals on winter milk died nearly s soon as the negative
controls. - Summer milk furnished slightly more protection since the
untinals Bved foneer than on winter milk.

The Jersey milk showed considerable varintion front year to year
m vitamin O poteney. I 1020 the average daily consumption of
30 ee of winter milk furnished maderate protection comparable to
that obtined from goat’s milk.  The summer milk showed a slight
merease in poteney as judged by the freedom from seurvy of six
aninls on test. The results of 1930 on animals fed millk from another
herd of Jersey cows showed a high maortality of guinea pigs on winter
milke and a low mortality on summer milk.  However, none of the
aniials on the Intter milk were free of scurvy, four of the seven lost
weight, und all showed severe senrvy on autopsy.  Henee, the summer
milk was Hitthe if any higher in vitamin C content than was the winter
mitk., 10 1031, only 2 of 17 aniinals survived the experimental period
and these 2 lost greatly in weight.  The nverage daily consumption of
32 ee of winter-produeed milk was not effective in greatly delaying
the onset of seurvy, which generally ocenurred during the second and
third week on the seorbutie diet. A constunption of more than 50 c¢
per day of summer milk was not obtained in any animal, and quan-
lities up to d7 ce perday Tailed to prevent seurvy,

In wiew of the wide range in the size of the protective dose of milk
AEINSE SCUT Y in guinen pigs as reported in numerous investigntions,
the present results obtained over a 3-vear period are not surprising
or ung=ual. The present experiments were planned pricerily  to
study goat's and cow’s mitks produced under the Teeding and manage-
ment conditions generally practiced by dairvmen and mariceted as
raw k. Rainfall apparently was an important factor so far as it
inlluenced the growth of grass and of the eorn used for silage.  The
resulls, espeeially those of 1020, generally support 1the evidence
reviewed by associates of Rogers (7Y, which showa that the vitamin ¢
content ol milk from cows on suceulent summer pasturage is usually
higher than that of milk from cows on dry feeds.

Approzimately 50 ce of pasture-produced eow’s mitk gave full pro-
Levtion from seurvy in 1929, In one instanee 38 ce of Jersey milk
gnve proteefion in 1020, The swme result was obtained with 50 ce
of millk by Hart, Steenbocek, and Ellis 37, and with slightly Jess than
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56 ce by MacLeod (83), on summer as well as winter milk.  As was
the usunl ense, the difference between Holstrin and dersey milks was
more striking than the dilference hetween gout's and Jersey milks.

In the two subsequent years, the consumption of 5@ ce of Jersey or
Holstein milk, produced cithier in summer or winter, failed to prevent
the development of seurvy. Hess and Unger (62) stated thut an
80-ce daily allownnee of milk is required, and Barnes and Hume (/1)
fornd that 100 to 150 e of eaw milk is required for protection against
seurvy.  In the present study, it was not possible to induce ruinea
pits 0l 200 to 350 g in weight to consume such Luge quantities.
There were only oeeastonal instances of the consumption of 400 ve
or more during | week.  Therefore it was not possible to determine
the protective dose,

The wide varintions noted from year to year in the results obtained
on goat's milk fronn the same erd and on Jersey milk from three herds
mahe unlikely any pronounced or persistent inferiority of Haolstein
mik., Beenuse of the varintions obtained, o relutive ranking of cow's
and gont’s milk or of milk from different breeds of cows as to vitamin C
conient for use as 1 general eriterion is not feasible.  The low vitamin
(' vontent of milk, together with the high demands of the guinea pigs
for 1his Inetor, tends to aecentunte the differences observed among
milks, 1t was not possible, therefore, to assign any ratio or per-
contige that would indieate, for example, that one nilk bad one-half
or one-fourth the poteney of another milk.  Since none of the milks
were outstnndingly high in vitumin €', there can be no question as to
the desirability of the wddition of un antiscorbutic factor as a supple-
went Lo milk.

Subsequent to the completion of the vitmnin C assays by the
biological method, two developments have taken place in the field of
vitumin O research. (1) There was the discovery of the chemical
nature of vitamin O, namely, ascorbic ueid,  (2) A number of chemical
methods were developed Tor the determination of ascorbic acid in
biological materials. By the use of madifications of the metliod
originully proposed by Tillmans and coworkers (J23) numerous
investigations have heen mude on the vitamin €' content of milks of
various animal specics.  Comparisons have also been made of the
results, by the biological and the cliemicnlmethods, through the inter-
medinry ol test feedings of graded quantities of ascorbic acid to
guinea pigs.  Whitab and Riddell (/34) found that guinen pigs were
crpunlly as well protected by adaily dose of 1 mig of ascorbic ucil as
by 40 ce of fresh mw cow’s milk which, on titration, showed a content
of 1.04 my of ascorbie neid.

In order to supplement the data obtained in 1929-31 by the authors,
chemienl determinations of vitamin ¢ in gout's milk were made at
monthly intervals for { year beginning in June 1936, the method of
Rusmussen and coworkers (103} being used.  Milk sumples from
individial gonts were obtuined from the moerning milkings, taken to
the lboratory, and analyzed during the day.  The conditivns of
handling of the milk were kept us nearly as possible tike those followed
in the earlier guinea-pig tests, Undoubtedly some loss in titratable
pseorhie neid oceurrel in the interval from the milking of the goats
to the time of (e analysis.  The data obtained on the wilk from
individual gosts over the 12=month perisd ranged Trom 5 to 25 myge,
with o nvertge of 13 mg, ol aseorbic aeid per liter; or 1 g in 77 ec.
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Although the spring and summer milks tended to have u higher
content than that of the fall and winter milks, 8 I-mg protective dose
{133) was seldom contained in less than 60 cc of goat’s milk of any
S5OSO,

These data aid in the explanation of the vitamin C results previously
obtained by the animal-ussuy method. The guinen pigs used in the
biological tests usually consumed from 30 to 50 cc of milk, which is
considernbly less than the quantity usually nccepted as a sufficient
protective level.  Furthermore, some loss of vitamin C probably
oceurred after the milk was placed in the cage and before the guinea
pigs had consumed their allowance, in addition to that lost from the
time of ilking to the arrival of the milk in the laboratory. Under
such conditions variations in results may be expected.

In order to determine the extent of loss of vitamin C in goat’s milk
through exposure to alr mul Hght, samples were placed in open jars
at roum temperature. At the end of 20 hours, the less in ascorbic
acid whs approximuately 44 percent.  Selleg and King (272) found that
linman mi(k held in o refrigerator for 18 hours lost 27 percent, whereas
Krauss nnd Washburn found, as veported by the Ohio Agricultural
Experiment Station (100}, that cow’s milk lost 50 percent of its ascorbic
ackl content in 6 hours ufter pasteurization or boiling.

YITAMIN D

The guestion of the quantity of milk required to induce healing in
rachitic rats has led to widely conllicting results by different workers.
In numerons instunces 4 to 12 ec of milk daily has proved to be
sufficient, although Quthouse. Macy, and Brekke (J02) have reported
that 30 co was required.  Steenboek and coworkers (120 showed that
I oee of milk from o cow fed a suitable dose of irradisted yeast was
more eflective in the prevention of rickets than 4 ce of herd milk.

In the present stiddies, young ruts were rendered mchitic by feeding
the Steenbock and Bluek (7£9) diet for 3 to 4 weeks.,  The animals
were then given eight doily feedings of milk and wers killed on the
tenth day. The milk was fod 1n doses of 4, 8, and 12 e¢ in all tests.

After the animals were killed, the femurs were dissected out for
bone analyses and the tibine for line tests. The latter boneswere
proserved i 1-pereent formabklehyde.  Line-test readings were made
by at least two members of the laboratory stafl, first on one tibin
shortly after the mits were killed, aud Tinally on the other tibia after
ull the tests were completed.  Tn the latier case, comparisons betweon
milles, sensons. nmnd years were given especial attention.  The finul
value reported was a numerical average of the gradings; actually,
there was hitle variation in the various readings within a serios.

Beanning with o negative rending ws 0, the next reading us 1. pml
the hest caleifiention denoted by 4, these numerieal values on caeh rat
woere avernged.  Photomicrographs weree also taken ol selected bones
showbe Gy pleal e te<ts for the milk and dosage as o basis of reference
in the final interpretation of resolis,

The femnr hone was driod, extractod with aleobol, then with ether,
and nelly asbed. B 10920 these analvses were made on individual
rats, aped i 1930 one bone of each b of a group was aunlyzed for
ane determination and the other set of bones in o duplivate determing-
fon. The resailts on bone analy<es were expressed as pereentage of
asle ol the devooxtraetmd weicht of bone.  in the interpeetation of
result~ thewe chita ranked s <econdory to the averaoed line fests.
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Weight and feed-consumption records were kept weekly and feed
consumption was calculated to a daily basis. Data on animals whose
abnormal behavior or stunted growth rendered them useless to the
experiment were omitted from the fingl summary.

The average results on control rats fed the rachitogenic diet without
supplement and killed at the beginning of therapy are shown in table
17. All showed & reasonably uniform degree of rickets. Table 18
shows the data on rats that reeeived milk therapy. Examination of
the results presented shows that there was no consistent difference in
antirachitic propertics wmong goat's milk (Szanen and Togeenbure
combined) and Holstein and Jersey ecow’s milks.  Line-test values and
pereentage of ash agree in thisyespect.  The quantity of millk required
to produce healing tended toward the lower rather than the higher
levels stated by vartous investigators.  In the present work 4 to 8 ce of
siummcar mille nnd 8§ to 12 ce of winter milk were found to be minimum
doses.

Tanck 17— iverage resulls oblained on condrol rals fed the rachitogenic divt without
supplement and Lilled ot the beginning of thernpy

Ting Ashin
fosg t feipur

Asliin

Heleeon wod yee | Bals fod feniur

Hoesore aml yoar | Ruts fed
i

Winter: Nvmder Frreent ! Spnners Nuvder Fereent
W2, T [F: ) gl 114 5 0.7 378
it : 4 ) KL LR I . 5 i 40.8

t Nuerkend vitlios represent degree of boswe veleiftentions 0, nooe; 1, perceptibie; 2, Jistinet; 3, mivioesd:
nowl 4, sty comgiete,

YITAMIN E

The vitamin B eontent of the whele milkc of goats (Saanen and Tog-
genburg combined) was studied in the winter of 1933 by feeding ex-
periments with rats.  The basal diet, deficient in vitamin E, consisted,
it percentage, of aleohol-extructed casein, 20; lard, 15; minerals, 4;
ngar, yessl, G; and corn dextrin, 84, Clod-liver oil was administered
thiree times weeicly,

Fourleen fenmle rats reared on the diet just deseribed were mated
altor puberty.  After signs of pregnancy had been observed, the ani-
mule were examined for the placentad sign 12 to 14 days later and then
weighed daily throughout the remainder of the gestation period.
After resorptions oceirred from thisinitial pregnancy, the females were
mated again and fed milk at levels of 10, 25, and 40 ce per day through-
nut the gestation period. They were exawnined as before for the
placental sign, weighed, and reserption or birth of Tlitter recorded.

No material changes in the weight of the animals were observed.
The pregnancies of the rats on the various levels of milk resulted as
follows: The four pregnancies that occurred on the 10-ce daily level
all resulted in resorptions.  1In the five pregnant rats receiving a dnily
level of 25 c¢ there was no delivery of litters.  The five pregnancies
on the 40-ce Ievel, the highest daily consumption that eould be ob-
tained, also resulted in resorptions.  Thus, ell the pregnancies studied
resulted in resorptions. A group of eight control rats, fed known
sources of vitamin ¥ in addition to the basal diet, produced normal
litters In all enses.

The data from these stwdies indicate the absence of detectable quan-
tities of vitamin E in whole goat's milk at the levels fed. ‘
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TaBLe 18— Average resulls of tesis on the vitamin D content of goal’s milk (Saanen and Toggenburg combined) and of Holslein and Jersey
“cow's milks produced under winter- and summer-feeding conditions and fed to rats for 10 days

Data on rachitic rats fed indicated quantities of milk

Source of milk dee 8.cc
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BACTERIOLOGICAL STUDIES OF GOAT’S MILK

Although hacterial flora of aseptically drawn cow’s milk has been
extensively investigated (7), aside from the contribution in relation to
undulant fever the udder flora of goat's milk has received little aiten-
tion. The purpose of this investization was to determine (1) the
normal bacterial count of goat's mitk procduced under properly con-
trolled dairy-farm conditions, (2) the avernge number of micro-
organisms contributed by the does to this total under practical condi-
tions of milking, and (3} the kinds of bacteria and number of each in
aseplically drawn goat’s millc.

Only healthy animals, fairly well along in lactation and having
normal udders, were used in these studies. The milk was handled
under such approved methods as would ordinarily be found in any
small dairy, which included steam sterilization of equipment and
utensils besides adequate cooling and stornge facilities for the milk.
Milking was done by hind, proper sanitary precnutions both as to
the animals and the milkers being ohserved. In making the bacterial
sounts, the procedure outlined in Standard Methods of Milk Analysis
(&) was followed, except as noted.

For a 27-week period beginning May 9, 1929, daily bacterial counts

were made of 24-hour-old bottled mixed milk from & herd of 35 milk-
ing does of the Saanen and Toggenbuwrg breeds. In addition, bac-
terin]l counts of samples of the complete milking of each of these
individual does, the samples being taken directly from the milking
puils, were made once weekly. These latter samples were plated
within an hour after milking.

The procedure wns somewhat altered in the case of aseptically
drawn milk, snimples of which were obtained on August 19 and Sep-
tember 12, 1932, from ench doein the milking herd. In suchinstances
the does were prepared for milking by washing the udders with soap
and water, rinsing, drying, and finally applying a 67-percent alcohol
solution to each teat. Samples were obtained from the strippings of
the afternoon milking. The milk was drawn by hand into sterile
test tubes, one tube being used for each teat and care being exercised
to avoid contamination. The samples were stored in the ice box
overnight, and 1 ce of each millkk sample plated directly on tryptophane-
peptone-yeast extract agnr the following day.  In o few cases of milk
with high counts, a higher dilution was found to be necessary and in
certain 1nstances the 1-cc portion was divided between two plutes.
Incubation at 37° C. showed no advantage over room temperature
(25°), and 3 days’ incubation as a rule produced as many large colo-
nies as did longer incubation periods of 1 to 2 weeks.

Samples of milk failing to show any initial growth were incubated
for an additional week and again examined for the presence of bac-
terin. The procedure included centrifuging, staining, and the making
of fresh agar slant cultures,

Barri (27) in 1928 proposed the use of milk smears in place of
plates as o simple and convenient means of evaluating total bacterial
counts, and Dorner (39) pointed out the greater accuracy of the
count by the former method owing to the carrying over, to the agar
slant, of milk nutrients essential for rapid and immediate growth.
Beecouse of the small numbers of organisms encountered in goat’s
milk, this method was less satisfactory than the direct plating of 1-ce
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quantities of mille, At the same time it was felt that the advantages
due te o carry-over of milk nutrients as advocated by Dorner were
eceomplished in the technique as outlined by the use of this larger
inoculum.

Results of the bactericlogical examination of bottled goat’s milk
revealed an average duily count, for the euntire 27-week period, of
1,340 bacteria per cubic centimeter. The lowest count was 200 and
the highest 9,800 bacteria per cubic centimeter of milk; 80 percent of
sdlcoun&‘won;COnﬁdenﬂﬁy‘kﬁsthan 1,000 buacteria and 52 percent
were less than 500 bacterin per cubie centimeter.

Individual samples, numbering 7385, obtained at weekly intervals
from the does supplying the bottled mille during the 27-week period
produced an avernge number of 775 bacterin per cubic centimeter of
milk, with a minitnum and maximum ecount of 10 and 100,000 bae-
Lerin per cubic centimeter, respectively.  The average results indicate
thnt the does probably contributed more than 50 percent to the
average bacterigl count of the milk that was bottled.

Tanne 10-fesults of bacteriologicel ezaminalion af the strippings af aseplically
dramn wmilk from Sacnen and Toggenburg goals of differenl ages and slages of
{fiegtalion
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Eighty ssmples of milk from 11 Saanen and 12 Toggenburg does
were lncluded in the studies of aseptically drawn milk. The age of
these does, their stuge of luctation, quantity of milk produced, and
thie bacteria count per cubic centimeter are shown in table 19. Milk
from 49 teats produced no evidence of bacterial growth. In the
remuining 31 samples, from 13 right and 18 left teats, 3 organisms
were isoluted and dentified ﬂu-mclmrf to Hucker’s (72) (.la-,mhcatmn
These resulls are shown in table 20, The organisms appenred in
pure culture exeept in goat 706, in which Micrococeus epidermidis and
M. aurantieeys were jound in the same teat. M. epidermidis repre-
sented 87 percent, M. aurantiacus 11 percent, and AL, varigns 2 per-
cent of the totul number of bucteria encountered.

TavLe 20, Felewt uf presence of defferent Lypes of bucteria fsoluled frem aseplically
dratn grmr & il Nugust 18 and Ne ptember 12
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The duta prescnted in table 19 show an avorage count of 2,500
hacterin per cubie centimeter of millk, from the 31 teats, showing evi-
dence of niicrobial life. SBeveral of the does produced milk of high
bacterinl count in at least one teat, whereas goat 608 showed o con-
gistently high count in both teats.  The high ‘hacterial content of the
milk t’]h[’lllll[‘l! from these several teats, when the milk was aseptienlly
drawn, is not significant evidenee of n generaliy }utrh hacterial count
of goats’ milk ])Iu(|1lt(‘t| under normal ((Hldlfl(]llh, since every effort
was made to cultivate these orgunisins and since the last portion of
the milking, which was used in this test, was found to carry more
organisms than either the foremilk or the middle milk.  In spite of
these unfavoruble conditions, however, ealenlations based on the
aeluil niaber of baeterta contributed from each doe’s milking to the
total quantity of milk produced, show thut aseptieally drawn milk
fram. the herd studivd had an average count of G960 bacteria per cubic
centtmeler. This nomber is ecomparable with the actual number
f[ound over a mueh longer period reported previously.

Micraencews epidermidic was by Tar the most widespread orge m
andd oveurred in the lnreest numbers. The reason Tor this lindim_ v
he the degree of natural I(“*I"stllﬂt’(‘ poasessel by this organism ansd (he
fact Uhet it is often found in the deeper layers of skin glands,  None
of the bacterin isolated appear to liwve pathological signilicance,
Neither was there evidenee (hat the age or breed of the doe, nor the
quantity of milk or stage in Iuetation, were factors affeeting the
presenee of ndero-organi=ms in the milk.
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Among the most significant results of these udder studies is that
more than 60 percent of the teats examined failed to show evidence
of the presence of bacteria in spite of the fact that the media used
provided an abundant source of both carbon and nitrogen for the
eeneral growth requirements of bacteria. This result was verified by
n careful microscopic examisation of eentrifuged samples. The
{reedom of so large a proportion of teats {rom the presence of bacteria
largely explains the low bacterial count of the bottied milk and offers
additional evidence for assuining that a count of not more than 2,500
bacteria per cubic centimeter is a reasonable requirement for market
goat’s mill.

FEEDING COMPARISONS OF THE MILKS

KIDS AS TEST ANIMALS

The comparative feeding experiments with kids consisted of two
series.  In the first, the animals were fed raw or boiled milks without
supplements for measurement of the growth rate and changes in the
hemoglobin Jevel of the blood. 1n the second series, groups were fed
tron, and iron and copper, added to the milk to determine their effect
in the prevention or alleviation of nutritional anemis and other mani-
festations of malnutrition.

Healthy Toggenburg or Saanen kids born late in the winter or
early iu the spring wers used for the milk-feeding worle. These ldids
were placed in the experimental feeding pens when they were between
1 and 2 weeks of nge. The pens were built with wooden sides and
concrete Hoors, Wood shavings, renewed at least once each week,
were used as bedding. In some instances, two kids were placed in
s single pen. In selecting experimental animals no consideration
was given to breed or sex. Al male kids were castrated o few days
after hirth,  Each animal was weighed at the beginning of the experi-
ment and during each succeceding week., Blood samples were taken
from the neclk vein of ench kid before it was placed on experiment, at
the end of 2 weeks, and every 4 weelss thercafter for hemoglobin
determinutions made by the Neweomer method (98).

The kids were bottle-fed 2t 8 a. m., 12 m., 4 p. m., and 12 p. m.
The enimals in any given experiment received equal quantities of
millk cuch day, the quantity being regulated by the group consuming
the least. In the usual case this was the group fed Jersey milk.
(‘hangoe in level was made weelkdy ns Indicated by the readiness with
which the millc was econsumed during the previous week. The total
nutrients (prolein 4+lrctose 4-2.25 times fat) consumed by each animal
were computed weekly from the chiemndesl analyses of the milks, and
these datn, together with individual weekly gains, were used as the
basis for compnrisons.  Weight snd hemoglobin data {or compara-
tive purposes were obtained at the sama time from normal kids
selected Tor breeding stock and fed the regular station ration of hay
and grain, ad lbitun, in addition to milk to o maximum of 40 ounces.
These anials constituted the control group,

In the first series of experiments, during the summer months of
1430 and 1031, 18 kids received equal quantities of an exclusive raw-
mille diet for 26 conseentive weels.  The kids Ted Jersey milk made
more rapid weekly gnins than those receiving cither goat’s or Hol-
atein mitk,  However, there appeared to be no significant difference
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in these gains when compared on an equal nutritive _basis. (fig. 8).
Results were found to be similar for each year. Feeding etght kids
these same milks after boiling for 1 minute produced results similar

to those obtained by feeding raw milk, )
There was a uniform gain in weight per pound of total nutrients
consumedl up to the time that about 30 pounds of gain had been made.
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Fracug 8.—Comparison of gains in weight made by kids fed, for 20 wezks, an
vxelusive raw-milk diet of goat’s mitk (Saanen and Toggenburg cowbined) and
of Holstein and Jersey cow’s milk,

A gain o aboul 30 pounds required approximately 80 pounds of total
nutrients in the form of milk regardless of the source of the milk or
whether i6 was fed raw or after boiling, In table 21 are presented
data covering Lhis period of the milk-feeding experiment.  Data were
taken feomn the week atb the end of which the nearest to an average of
30 pounds of gain in weight had been made. The control animals
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reached the weight sooner than the kids fed exclusively on any of
the miiks.

TanLe 21.—Gaing in weight per pound of nulrient jed and average hemoglobin values
of the bload of kids al lhe time of reaching about 30 pounds of iotal gain on raw and
boiled goat's milk (Seanen and Toggenburg combined), Heolslein, and Jersey milk
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The period of uniform gain per pound of total nutrients consumed
was followed by a period of relative fluctuations in these values, as
indicated in figure 8. At this time the milk-fed animals were anemie.
Their average hemoglobin values had dropped more than 50 percent,
which fact greatly impaired their appetite. Milk consumption fell off
and in many cases complete refusals took place, The result was a loss
of bedy weight, compensated for in part by a slight rise in hemoglobin
level, resulting in the ingestion of more milk, which in turn increased
the body weight. With the increase in weight, hemoglobin values
declined and the hemoglobin-growth cycle began over again. The
effect of such a procedure on the efficient, utilizetion of the nutrients
present in the milks is shown in the latier part of the curves in figure 8,
These show that for a total gain of 35 pounds, each pound of nutrients
consumed produced an average gain of 0.305 pound for all three milks,
us compared with an average gain of 0.370 pound per pound of nutrient
at 30 pounds of total gnin. Such results cannot be attributed to a
flattening out of the normal growth eurve of kids, since the control
animals reached 33.6 pounds in weight at 18 weeks of age, thereby
continuing the snme rate of gain #s for 15 weeks.

Nitritional anemin developed on the continued exclusive feeding
of any of the three milks. The rate of development appeared to
depend largely on the rate with which growth took place. It is
upparent, therefore, that the hemoglobin-forming properties of the
body do not keep pace with the demands occasioned by a repid
inerease in body weight.

In the second phase of the milk-feeding experiment, 15 kids made
nnemic by an exclusive diet of milk were subsequently fed the various
milks with and without mineral supplements. Iron and copper were
supplied in the form of ferric ehloride and copper sulphate without
specinl purification.  Tron dosages were so administered that each
nnimanl reccived 15 mg daily, and when copper also was given the
duily dosuges included 1.5 mg of this mincral in addition to the 15 mg
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of iron. The experiment was conducted for 5 weeks. A comparison
was also made of the efficiency with which gain in weight took place
during the 5-week experimental period and the preceding 5-week
period of anemia development. Results are shown 1n table 22.

TaBLy 22 —Gaing in body weight and increase in hemoglobin of the bood of anemic
kide fed milk of goats (Suaren and Toggenburg combined) and of Holslein and
Jersey cows for 5 weeks with and withoul iron or iron and copper supplements
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These date show u general response to the inclusion of supplements
to the milks as mensured by increases in hemoglobin and gains in
weight made by the animals. The addition to cow’s milk of iron in
combination with copper produced greater gains more efficiently than
did iron alone. In poat’s milk, iron alone was equally as effective as
iron and copper together. In all cases, however, as the hemoglobin
values rose during the experimental period milk was consumed with -
greater efliciency by the animuls receiving the supplements as meus-
ured by their gain in weight per total nutrients consumed. No
such increasel utilization took pluce during this period, or during the
5-week period prior to such therapy, with the animals recetving the
mitks withou$ supplement.

It appewrrs that low hemoglobin values resulting from an exclusive
milk diet are accompanied 1n the kid by a loss in efficiency of food
utilizntion that may be corrected by supplementary iron and copper
feedings.

RATS AS TEST ANIMALS

Two series of compurative feeding experiments were also conducted
with young rats. The first series dealt primarily with the hemato-
poietic properties of the three milks and the second with the growth-
promoting propertics. The rats used in the feeding experiments were
confined, at the age of 28 days, in individual cages with raised screen
bottoms. Distilled water was provided. The milk wus measured
daily into porcelnin bowls. The inorganic salt supplement when fed
was added as a solution to the rmilk. The milk consumption was
recorded daily and the body weights were taken weekly. As in the
vitamin work, rats of the same litter and sex were generally arranged
in triplicute, one on ecach of the three kinds of il
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ANEMIA-PRODUCING PROPERTIES O THE MILKS

In the first series of experiments the comparative anemia-producing
roperties of the three milks were studied, including & comparison
etweenr winter and sumumer milks, Rats were divided into three

experimental groups: (1) Those rats made anemic by the continued
feeding of an exclusive raw-milk diet for 20 weeks; (2) those rats made
unemic by feeding an exclusive raw-milk diet for 10 weeks, at which
time the iilk was supplemented with 0.5 me of ferric chloride and
0.05 myg of copper sulphate per day as a curative therapy for the next
10 weelks; and (3) those rats in which snemis was prevented by feeding
the iron and copper supplements in addition to raw milk for 20 weeks.
In the first and third groups the experiments were terminated after
20 weeks of feeding. At this time selected animals were killed and
their entire bodies nnalyzed for totsl ash and iron, the Intter being
determined by the Kennedy method (77). In the second group the
anlmals were continued on the diet of milk, iron, and copper for 25 to
29 weeks before being killed. The purpose was to determine whether
any marked changes in hemoglobin content as well as other manifesta-
tions of anemin were likely to oecur during such o long test period
with nuimals that bad once been anemic.

Milks produced during February, March, and April were considered
winter mitks, and May, June, July, and August were considered
summer months of milk production.  Eneh experimental group con-
sisted ol at least two series of rats, one placed on experiment in Febru-
ary and the other in June.  Since 10 weeks was usually sufficient to
develop severe anemin, the rats plreed on experiment in February
had well advanced eases of this disease by the time the cows and goats
were turnied on pasture.  The second 10-week feeding period of this
group thus provided an opportunity to observe any pronounced dif-
Terences in anemia-producing properties of the three milks that could
be attributed to pasture feeding of the goats and cows.  The progress
of anemin was followed by means of blood resdings, milk cousumption,
and weight of the rats.

In muking the hemoglobin studies, blood was obtained from the ti
of the rat’s tail, and hemoglobin readings were determined colori-
metrically by the Newecomermethod (98). Readingswere made at the
beginning of the experiment and at intervals of 3 to 4 weelks thereafter.

Figure 9 shows that the exclusive feeding of whole raw milk from
any of the three sources led to the rapid development of nutritional
anermia.  In the three experimenis the hemoglobin values in 1920
were determined at the end of the ninth week, and in 1930 ot the end
of the tenth weelk.  In experiment 1, in the fests made in 1929, the
hemoglobin values of the blood of the rats averaged approximately
11 g when milk feeding was begun,  From this point, the hemoglobin
values dropped stendly until at the end of the ninth week the animals
ususlly showed charncteristic symptoms of anemin. In 1930 the
voung rats when placed on the milk diet had nn average hemoglobin
value of 12.8 oo The drop in hemoglobin during the first 10 weeks
on winter milk was fully as rapid as 1n 1928, but on suminer milk the
decline was interrupted after the fifth week.

The feeding tests conducted durtg 1929 with whole ik nlone
showed o noticenhle relationship hetween volunte of milk consumed
nnd hemoglobin confent of the blood (table 28 and fgz. 9). In view
of the fact that there was no pronounced difference in iron and eopper
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contents of the three milks, as shown in teble 1, it appeared reason-
nble to suppose that incressing consumption of milk furnished in-
crensing supplies of the elements necessary for hemoglobin formation.
This relationship was not borne out in the results of the following
vear. In the group piaced on test in February 1930, the rats on
Holsteln milk were the most anemic by the end of 10 weeks, even
though they had consumed the most milk. However, they showed
an incresse in hemoglobin content during the secoud 10-weelk period.
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They reveived milk produced on pasture during the latter part of this
period, which corresponded in time to the first 10-wecek period of the
animals pliced on oxperiment in June.  In the group of rats placed
on experiment in February, slight recovery during the last 10 weeks
by the rats on Halstein and on Jersey milks is in harmony with the
Iss abrupt decrease in hemoglobin content f the blood in the case
of the group placed on experiment in June.

In goneral the data do not indicate an outstanding difference In the
three milks so far as effeet on hemoglobin content of the blood is con-
cerned.  The average hemoglobin values at the close of the first 9-
and 1-week periods 1n experiments 1 and 2 were 5.064 g for the 27 rats
fed gout’s milk, 5.91 g for the 27 rats fed Holstein milk, and 5.06 g
for the 26 mts fod Jersey milk,  These values are In the snme order
as the quantity of millc consumed.  In ether words, severity of anemia
was associnted will deerease in volume of milk consumed.
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TanLe 23,

and Jersey milks, to deternune thetr anemia-producing properties
EXPERIMENT 1 (DIET OF MILK ONLY)

- Arverage gain or loss in weight and average milk conswumption of rats fed goat’s milk (Saanen and Toggenburg combined) and Holstein

First 10 weeks of feeding period

Seeond 18 weeks of feeding period
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Diate of begianing of . oy | Rats at §
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Nutither | Grams Gramng Calories 1 Grams Gramy | Number | Grams meters | Calories | CGramy Gran
[S107 1 SO 4 44 63 1, 963 21 3.2 135 -1 2,740 L0608 b ... ..., PO ON
Febmmary 1920, . oo eeuoo., {Holstein, ... a 46 s 2,201 2,42 3.83 15 37 3,767 2,420 0. 98 L4t
ersey. oo .. 1} 45 6 2,135 2,50 3. 56 24 2 2744 2,142 RUl .17
: J Goat R 4 62 [} 1, 480 145 3.2 4 14 3,034 2,378 .36 .59
Fragse 1920 . Holstein 4 52 U 2,35 297 3.45 4 —4 3,04 2,308 [
i Llcrst‘y. s 4 52 12 2, Ui} 2.48 3.0 43 2 2,450 1,700 .80 1.12
HGoat .. . a 62 58 1, 897 2.07 279 i5 15 3,044 1,061 .49 .76
Fobrnary 15 E ,‘;{Ilolswlm 5 a2 [£1] 2,175 261 4,14 35 35 4, 050 2, 488 86 1.41
SUdorsey .. 25 53 59 2,368 3. 04 370 4 58 2, 596 2,437 2.0 L8
Goat . . 4 53 125 2,815 2,93 4,44 4 15 4, 41 2,636 .12 b7
Iatie 1030 {l Tolstein, ., 4 a5 15 2,524 2.57 4.55 4 26 4,878 2,755 3] W
Jersey 4 b3 10y 2, 460 3,72 4.38 4 11 3,215 2,452 It L 4h

EXPFRIMENT 2 (MILK WITH IRON AND COPPER ADDED AFTER TENTH WEEK)
Goat - 5 45 H2 3,120 1, 431 1.9 3.2 d 45 3, 026 2,308 115 88
Fobriary Ju2y Holsteln . 5 48 T 3,213 2,161 2.40 3.50 5 70 4, 705 3,205 149 214
“Jersey 4 47 70 2,037 2,100 300 3. 06 4 70 N 3,240 1,75 2,15
HGont . 4 48 i 2,875 1,748 2.05 338 3 ki 5,202 2,845 1,08 197
Jugie 1929 : gHolstein ., . 4 Y Ta 3,308 240 2,27 3.34 4 60 5, 452 3 454 1012 1.74
& Jersey. ... 3y it} 05 3,129 2,512 3.04 3.78 3 o 4.878 3,735 L97 2.57
EXPERIMENT 3 (MILK WITH IRON AND COPP ER ADDED FROM THE BEGINNING)
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Fohruary 1930, Holsteir H] 43 05 3, 620 2, 26! 2.01 4.47 5 52 4, 869 2,982 1,07 174
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Hdrats died during the feeding period; data based on survivors.
# 4 rats died during the feeding period; data based on survivors.

31 rat died during the feeding period; data based on survivi s,
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A study was made of the duta on gains in weight, consumption of
miilk, and gains per 100 calories of milk consumed by the rats receiving
milk exclusively for the first 10-week feeding period. The summarized
results of this study showed the mean valugs given in table 24.

Tanur 24.—HRelative milk consumption and paln in weight made by rets fed exclu-
sively on milk of goats (Saenens and Toggenburgs combined) and of Holstein and
Jeraey cows for 10 weeks
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A variance analysis on the intake of calories showed that after the
removal of varianees due to fuctors other than the milks, the odds
were greater than 99 o 1 that the milks were consumed at signifi-
cantly different caloric levels. The variance analvsis on gains in
weight gave essentiully the same results as that for calories of milk
constituents consumed. Iinally, the varinnce analysis on gain per
100 calories of milk showed a greater difference between sexes than
between milks, although neither were sufficiently great to be of signifi-
cance since the odds were somewhat less than 19 to 1.

The nature of these results prompted the application of covariance
analysis in order to remove the effect of the vartations in consumption
of milk from the gains in weight. The results are given in table 25.
Such an analysis with comparison of gain to feed consumption has
been made recently by Crampton (34) on data of a similar nature.

Tanre 25, = Analysis of guins corrected for culoric intake

. . 1
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The ratio of the items “between milks’ and “error’ is 1.89, which
15 outside the 0.05 limit of significance for the degrees of freedom ns
indicated in table 25, The confirmation aflorded here for lack of
signtficunce in the differences in gains due to corresponding difterences
in the intake of enlories is strongly convincing that no pronounced
differences existed among the milks which could have influenced the
efficiency of the gains, The question remains unanswered concerning
the reason fur the limited consumption of goat’s milk, especially since
the wide difference in caloric content per unit volume between Hol-
stein and Jersey milk did not prevent the rats from adjusting their
mtake proportionally.




H4 TECUNICAL BULLEPIN 671, . & DEPL. OF AGRICULTCRE

In experiment 2 the addition of iron and copper supplements to the
milk diet of rats at the end of the tenth week led to & rapid rise in the
hemoglobin content of the blood. In the test begun in 1929, in 15
duys after the addition of supplements the hemoglobin value had risen
to more than 15 g per 100 c¢ of blood, at which it remained until the
end of the experiitnent at 20 weeks. Approximately thig same hemo-
aglobin value was reached in the test hegun in the summer of 1929,
although the rise was pot so rapid as in that of the former test.

Clonsumption of goat’s milk, although it exceeded that of Jersey
milk a part of the time and frequently nearly equalled that of Holstein
mill, was not sufficient to furnish the same caloric intalke as the cow’s
milk.  As a result, in all eases the gains were lowest on goat’s milk.
Hewever, the use of iron and copper definitely inoreased the consump-
tion .of milkk and the growth of the rats on all three milks from tllle
tenth Lo twentieth weeks as compared with the milk consumption and
growth ol rats used in experiment 1, whirh were similarly fed exceopt
thint they di¢l not receive the iron and copper supplements.

In experiment 3, the inclusion of the iron and copper supplements
in the mille diet throughout the entire feeding period enabled the rats
to build up and maintain a high hemoglobin level. The first hemao-
globin determinations were made during the fifth week of the experi-
ment, when values approximating 14 g per 100 ¢e of blood were found.
About the sume level was maintained throughout the remaining 15
weeks of the experiment.  Several of the hemoglobin determinations
for the animals fed Iolstein milk were more than 15 g.

The rats placed on experiment 3 in February and fed goat’s milk
pained rapidly until the early part of April  -hen they censed growing
foratime. MNleanwhile, the rats on Iolstet: .nd Jersey milk continued
to grow during April and May. The subsequentresumption of growth
of those ruts on goat’s milk, which coincided with the use of pasture-
produced milk, was sufficlently rapid to enable them to reach weights
nearly equal to those on Holstein and Jersey milks.  In the test begun
in June and earried through the summer and fajl months, the gains on
all thiree milks were espeeinlly rapid during the first 10 weeks. A
compnrable rapid growth, especially of the rats fed goat’s mill, was
made by the rits fed milk without iron and copper supplement (exper-
iment 1),

The results of experiment 3 emphnsize the important role played by
Ihe paletability Tactor.  Gains were generally proportional to the con-
sumption of milk, particularly as measured by the esloric intake.
The results Tor the first 10 weeks sugzest o somewhat lower efliciency
of utilizution for the goat’s milk, as measured by the gain of the rats
per unit calorie intake. The entire 20-week period shows the same
tendeney, although less marked.

THON {ONTENT OF TIE RATS USED IN EXPERIMENTSR 1, 2, AND 3, AND IS RELATION
TO THE BLOOL FINDINGS

Smythe and Miller (176) found that the bedies (minus the sliment-
ary tract) of rats at the nge of 6 weeks contained 0.0045 percent of
iron, a level maintnined by the growing rats until maturity, after
which the iron content Increased to 0.0051 pereent and remained
eonstant at that level.  Analyses for iron content on animals from the
three experiments already discussed are shown in table 26. These
results substantiste the findings obtained by the hemoglobin deter-
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mination as indicated in figure 8. The animals in experiment 3 had
the highest iron content, the values being equivalent to those obtained
for normal rats by Smythe and Miller. The results of experiments
2 and 3 indicate that the body can be depleted to approximately
0.003 percent without being deprived of the necessary iron for hema-
topoiesis. This leads to the belief that iron is converted primarily
into hemoglobin until the normal is attained and the excess iron is
then stored in the tissues.

TanLe 26.— Swummary of dale on tron conleni of rals used in experimenis 1, 2, and 3
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{ For u teseripition of the experlments, see p, 5.
GROWTH-PROMOTING PROPERTIES OF THE MILKS

In the second series of comparative feeding experiments with young
rats, a study was made of the growth-promoting properties of the three
milks as measured by gain in weight and economy of food utilization.
Three different fecding conditions formed the basis for making com-
parisons in this series.  In tha first an attempt was made to control the
protein intake of the milks; in the second an attempt was made to
control the milk consumed at specified volume levels; and in the third
the effect of boiling the milks was studied.

In the work on growth and cconomy of food utilization of rats, the
protein iuteke of the milk from goats (Snanens and Toggenburgs
combined) and from Holstein and Jersey cows was equalized as far as
possible in order to avoid the variable milk consumption and the
possible influence that this variation had on the gains of the rats in
the previous experinients, Three sets of eight male rats each were
fed raw milks at levels that provided approximately an equal quantity
of protein from each kind of milk. This quantity was caleulated
from the analysis of the weekly milk sample of the preceding week.
The quantity of milk was regulated so that all rats consumed all the
milk given them each day. Prophylaxis against anemia was provided
by the daily administration of 0.5 mg of iron and 0.05 mg of copper,
as in the previous experiment. At the end of an 8-week feeding period,
the animals were killed, and six rats fed cach of the three milks were
prel)ared for chemical analysis. The entire body, including all organs,
with stomach and intestines cleaned, was analyzed for water, protein,
fat, sand ash.

The results of an 8-week [eeding period on 24 male rats are shown
in table 27. It will be noted that equalization of the protein intake
provided a nearly equul volume of goat’s and Holstein milk and
an approximately equal intake of calories of goat’s and Jersey milk.
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Although the total gain, as well as the gain per 100 cc of milk, per
100 csjones, and perig of protein, is lower in the ease of goat’s Tilk
than in either of the cow’s milks, the differences are not statistically
significant, The average body composition of the rats showed no
marked difference in protein content. The rats on Holstein milk had
the highest fat content, although in composition of fat the milk was
not greatly different from gont’s milk and was actually lower in total
calories. Differences in the fat content of Holstein and Jersey milk
were not reflected in the composition of the rats. The rats on goat’s
milk were genernlly lower in fat content than those on Holstein or
Jersey mill. The order of decreasing fatness was related to the fotal
gain 1n live weight.,

Tasnk 27.—Compurulive growth-promoling properiies of goat’s milk (Sannen and
Toggenburg combined), Holstein wilk, and Jersey milk when fed lo rats for 8
weeks on the :'mwa of an approrimele equal protein inlake
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Under the second {eeding conditions of these studies, raw goat’s
itk and raw Ifolstein and Jersey milks were fed at five graded levels
of intake to compare the effects of different volumes of “milk us well
as different quantities of protein, fat, and totel ecalories on the body
grins and the economy of gatns of rats, The quantity of milk was
inereased by equal intervals for all five levels. Allowance was made
for an incrensing rate of consumption by the rats during the fifth to
twelfth week of life and for sex differences. Only Jersey milk was fed
at level 1, the lowest, since at this low intake the caloric content of
the goat’ s and Holstein milks was not sufficient for growth, Simi.
hniy at level 5, the highest, Jersey-milk feeding was omitbed since its
high ‘caloric value at this level precluded any volume comparisons.

The first week of milk feeding was treated as o preliminary or adjust-
ment period. The summarizad results on the rats cover an 8-week
experimental period which extended from the age of 5 to 13 weeks.
Anenia prophylaxis was given as in the previous experiment.

The guins of the rats and their milk consumption by feed levels
aud by sexes are shown in table 28. Some irregularities in cou-
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sumption oceurred, particularly with the rats fed Jersey milk at levals
3 and 4. The high calorie value of this milk made it extremely diffi-
cult for the ruts to consume increased quantities toward the latter end
of the feeding period that were comparable with the quantities con-
sumed by the ruts fed the goat's and the Holstein millk. At all
levels, however, at which the three milks were fed, the animals receiv-
ing Jersey millk conswmed the most calories, Among the female
ruts no datn are presented for the animals fed Holstein milk at level 4,
since inadvertently these animals consumed much more than the
required mill for this level,

Taunre 28— Compurative growth-promoling properties of goal’s wilk (Seanen and
Toggenburg combined), and Holstein and Jersey cow's mill: when fed to rals for 8
weeks ol different lovels of milk intake
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In genersl, the total gains us well as the efficiency of the gains of the
rats increased with Increasing milk intake. Comparison of the
three milks at the same total-c mmm:ptlon levels shows that the Jersey
milk uwsually produced the greatest total gain, contained the most
calories, and showed the greatesb gain per unit {onsmnptmn of milk.
On an equal calorie-consumption basis the three milks were not
consistent o their relative efficiency of gain.  The same was generally
true for an equal protein basis,

When the gains were plotted against milk consumption they were
found to express a linear relationship. Correlation coeflicients and
regression lines were aceordingly ealculated for the relationship of
volume and calories of mitk consumed to gains made by the ruis.
The results given in table 29 show corrected correlntion coeflicients,
which range from 0.36 to 0.95. It is noteworthy that the minimum
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of these values for males was 0.86, indicating a high correlation be-
tween gains in weight and either voiume or total calories of the milk.
The femnale rats fed Jersey milk showed an exceedingly low correlation
in both series. The correlations of gain in body weight to total
calories are lower than eorrelations of gains in body weight to volume of
milk. Although the number of rats in any one group 1s small, all the
groups show essentially the same trend, and the » values are sufficiently
hizh to show significance with the possible exception of the group of
femnles on Jersey 1nilk,

Tanve 29.—Carrelalions of gaing in body weight of reis lo the volume and calorie
indake of milk
CORRELATIONS OF QAINE IN BCDY WEIGHT TC VYVOLUME OF MILK

T = .
; r 5. Ty r
# . . | (corrected -
Sooree of milk Sex of rals led fr]luu}l- ,_(i'l';;l“;ﬂ:r_ t%mmi“.{ %ﬁgfg;i:‘rlf (it:;_ﬂs%'}d
W . on oal-
Aclout) ficient) mination) | estlmate)
[alnla... . 10 f. 12 [N} 0.4 0.8
(tont.... }I{‘emnle, .- 16 83 .80 N 17.5
. Male.. .. 10 LG .05 .32 14.2
Nolstein. . ... }Fenmle.., : 16 B4 .82 .61 17.7
Male . .. 11 L =] .30 15.3
Jerses . VFemale.. . 0. | ] 64 5T o 10.7

CORUEBLATIONS OF GAINF IN BODY WEIGHT TO TOTAL CALORIES

Gt l.{.\tn!u... o 10 0.89 0.8% 0.51 96.8
B - I-‘ulltlull:. . t tg Sf .31 .6l 68.0
Male.... | . . 4 1 gn L 46 6.4

Holstein . 1 Fomnl. : 10 & 81 62 720
Alnke. : 1" 87 .5 . #.4
fersey. _{Fomuic. v -0 .36 ‘® 80.6

The regression lines were plotéed in figure 10.  Those on the total-
volume hasis show a considerable spread among the milks. On &
total-tilorie busis the regression lines are grouped over a relatively
narrow range with no evidence of any outstanding differences for
any one miltk. The female rats on Jersey milk showed the greatest
divergence from the general trend of the other five groups.

The elfect of boiling the milk for 1 minute was studied under the
third feeding condition of the growth-promoting series. This study
consisted of two parts, one in which the boiled milks were fed at re-
stricted volume levels and the other on an ad libitum basis. Anemis
prophylaxis wus ecarried on, as previously, in both cases.

Although in the first part of this study the boiled milks were fed on
8 contrelled-intake basis, an attempt was also made to keep the
caloric consumption spproximately equal. This was accomplished
by feeding the goot’s and Iolstein milks at level 3 of the preceding
experiment, whereas Jersey milk consumption was atlevel 2. Results
of an 8-weel feeding period sre given in table 30.

With the exception of the male rats fed boiled goat’s milk the gains
were in comparatively close agreement.  Consumption of protein was
low in the case of boiled Jersey milk owing to the comparatively low
volume of milk intoke, but the gain per gram of protetn was next to
the highest. The caleulations of gain per unit of milk consumption
show the highest for boiled Jersey milk. There was little consistent
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difference among any of the milks in relative gain per 100 calories.
Male rats made more efficient gain per unit of mitk, protein, or calorte,
than female rats, except in the case of Holstein mulk, for which the
reverse was true. Clomparison with the same milks fed at the same
levels in the raw state (table 28) shows a lower gain on the boiled
milks. Inasmuch as the experiments with boiled milk were made
spproximately 8 weeks after the experiments with raw milk, a final
conclusion eannot be drawn as {o the relative value of boiled and raw
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GAIN IN WEIGHT (GRAMS)

|
!
g

o
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Fgene 10—Regression lnes expressing the relationship between gains in weight
of rats and the tetal volume aod total cndories fr ogoat's milk (Sganen and
Togeenburg combined) and Holstein and Jersey cow’s milk ingesled.

miliks. The greater initial weights of the rats fed boiled milk, neces-
sitating a larger propertion of their food intake for maintenance,
unloubtedly contributed to an apparently poorer efficiency of food
utilizution, The data show, however, that gains of the animals in
hoth experiments took place proportionately to Lhe nutrients in the
milks consumed.

TasLe 30.— Compurative growth-promoting properties of boded goul's mill {(Saonen
and Toggenbury combined) and Holstein and Jersey milks when fed to rals for
8 werks ab controlled feeding levely
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Milk boiled for 1 minute was fed to 13 rats on an ad libitum basis
for 10 weeks, and to 12 of the 15 animals for a subsequent 10-week
period. Results are shown in table 31.

Tanue 31.—Comparative growth-promoting properties of boiled goat's milk (Scanen
wnd Toggenburg combined) and Ffolslein and Jersey milks when fed lo rals ad
tiliitum and with unemia prophylazis for 20 weeks
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During the first 10 weeks, the rats fed goat’s and IHolstein milks
consumed approximately equal volumes of boiled miik. These
quantitics were in excess of those consumed by the rats fed Jersey
milk. Notwithstanding this difference in total consumption of beiled
milks, the total culories consumed were fairly uniform for all three
milks, thus indicating a tendency on the part of the rats to adjust
consumption of milk to an equal caloric intake. Thus the rats fed
Jersey milk made & better gain per 100 ce of boiled milk consumed,
but on the basig of 100 calories of milk the grins were more nearly
equal for ell three milks.

The cffect of increased age and weight of the rabs in relationship
to their food requirements 1s reflected in the second 10-week period
of this feeding experiment. During this period the total boiled-
millc consumption was greater in every case than during the preceding
10-week period. However, guins increased at only one-third to one-
fifth of the previous rute, which faet in turn affected the gain in
weight per 100 cc and 100 calories.

The present experiment was conducted at the same time as the
summer series on raw milks (table 23). Since the initial weights of
the rats and the anemin therepy in this cxperiment and experiment
3 of the raw-milk series are similar, a comparison of results can be
made. In general, the rats fed raw milk showed a slightly greater
increase in gain in weight and total milk consumption thau similar
aniraals fed boiled milk, yet & comparison of their relative gains in
weight per unit of caloric intake showed no advantage in favor of
the raw milk. Likewise no significant difference among the three
millks was noted in their relative ability to produce gain on an equal
caloric basis. It is also evident that no marked improvement in
efliciency was produced by boiling milks as judged by these tests.
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The use of whole milk--whether goat’s or Holstein or Jersey cow's
milk—aus the only food except for the iron and copper suppiements,
for growing rats, has genernlly produced satisfactory growth for
periods up to 20 weeks, The differences in galns on the milks were
not abunormally great nor were they due to an unusual property of
any one milk. The comparatively low efficiency of goat’s milk
observed on the ad libituin feeding was not found to a marked extent
when the intake of protein or culories wis equalized. Since milk,
regurdless of the kind, is a reasonubly complete food for young mum-
muals, the close agreement of the goat’s, Holstein, and Jersey milks
in producing gains proportional to the caloric content rather than
the volume of mill is not surprising.

The mensurcments of curd tension showed that although there are
wide differences in toughness of curd in raw milks from Jersey and
Holstein cows and from gounts, muech of the difference disappenrs
after bhoiling.  One might expect nutritive efficiency for growth to
be ussocinted with ense and speed of digestibility, as indieated by a
soft curd, The differences in curd tension as & measure of toughness
among goat’s and Holstein and Jersey cow’s milk, or between raw
and boiled milks, were not reflected in the rat-feeding experiments.

MILK-FEEDING STUDY WITH INFANTS

In snother phase of the feeding experiments a study with healthy
infants was undertaken in cooperation with Jobns Hopking Unt-
versity.  Cloat’s mille Saanen and Togeenburg combined) and Hol-
stein and Jersey cow’s milks were used as substifutes Tor that of the
himan mother in feeding work conducted ot the IMlorence Crittenton
Mission.  The data reported were obtuined on healthy infants fed
between April 23 and Decentber 3, 1931,

As healthy infants who required substitite feeding hecume gvaiinble,
they were placed on the different mitks without distinetion as to sex,
birth weight, and other factors. Up to the age of 3 months, the
feeding formuls consisted of 1 part of wilk to 2 parts of water with
sucrose added nb the rate of 5 g per 100 ce of milk.  Eunch infant also
recetved daily 2 ea of cod-liver oil and 10 co of orangs juice. At the
ages of 3 and 4 maonths, 2 parts of milk and 1 part of waler were used,
awd at ages of more than 4 months the milk was fed undiluted. The
sugar was added as before, the guantity of cod-liver oil increased to
4 ce, and the orange juice to 30 ce at the age of 3 months or more.
As already stafed, the millkk mixture was bolled immedintely after
preparntion. By the addition of the cod-liver oil and the orange
juice, vitnmins A, (*, and 1D were eliminated as limiting factors n
the milk compnrisons,

A registered nurse working under the direction of the physician in
charge of the home supervised the feeding of the milks and the weigh-
ing and general care of the infants from which these datu are reported.

The [oad consumption, expressed in calories, was calculated on o
weekly basis from the volume of mill taken by the infants and the
ansiyses for protein, [at, and sugar muade on the milks. Only those
infants who were fed without digestive or other disturbances over a
12-week period were included In the final summary. The 12-week
period was considered by the pediatricians concerned as sufficient to
show the differences, If sny, nmoeng the milks. Qutbreaks of inter-
mittent dinrrhes in the nursery from early w August to late in October
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reduced the number of infants from which econclusions eould be drawn.,
The diwrrhea developed among infants on eich of the three mitks,
although fewer on Jersey milk were affected than on goat’s or on Hol-
stein milk. The results presented are from data on 4 babies receiving
goat's milk and 3 each receiving Holstein and Jersey milks.

Tuble 32 presents the average weekly eonsumption of milk and
gain in weight of the infants studied. Based on these data, logarithmic
growth curves were constructed (fig. 11) representing the relutionship
hetween the totel ealoric intake and gain in weight. A statistical
treatinent of these data fuil to show any significant difference umong
the three milks in their ability to produce gain in weight per ealorie
consumed.  Between Holstein and Jersey milks, the two milks with
the greatest difference, the probability that such a difference is due to
chance is 28 out of 100. A probability larger than 5 out of 100 is not
considered significant.

Tanne 32— Weekly consumption and gaing in weight of babies fed will: of goals
iSeanens ond Togyrubiergs combined) and of Hoelatein and Fersey cows
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The et that the babies Ted Jersey milk made the highest gains, as
shown in table 32, appears to be due to the higher consumption of
food constituents, for m figure 11 it is shown that per unit of calorie
intoke the gain in weight of babies on ewch of the three milks is
approximately the same.  Hence, it is evident that the babics under
ebservation gained in weight in direct proporiion 1o the nutrients in
the millk consumed hy ench,

This conelusion substantintes the results already given with these
sume milks fed to kids and rats,

SUMMARY AND CONCLUSIONS

The goat's milk used in the study, which was earried on from 1929
to 1032, inclusive, was prodnesd by 20 to 35 Baanen and Toggenburg
does muintained at the Agricultural Research Center, Beltsville, Md.
The milks of the two breeds were mixed, as information at hand
tndicated fittle difference hetween the breeds in the ehemienl composi-
tion of their milks. The Holstein and Jersey cow’s milk were ob-
tined Trom herds o or near Beltsville,  1n 1920, three animals of
cach breed were wsed.  In 1930 31, the milk was abtained trom 50
o 60 cows of each of the two breeds,
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The goat's milk was similar to tbat of Holstein milk in percentage
of water, protein, fat, and lactose. The gout’s milk was more variable
in composition than either the Holstein or Jersey milk, owing probably
to the fact that the does freshened during a relatively short period late
in the winter and in the spring, whereus cows freshien during the entire
year. In general, the composition of the milk of the two breeds of
goats used wes comparable to that found in the literature.

Analyses for iron and copper showed no marked seasonal breed or
species differences.  The iron conterdt was Jow in all samples.  Small
differences were noted in the results on ecaleium and phosphorus
analyses.  Holstein 55
milk was generally the 7
lowest, and sensonil 50 ¥
trends showed mini-
mum values in mid-
summetr.

In making the pro-
tein lrretionations, one
sample of human milk
also was used. This
study sliowed that one
of themost marked dif- 30
ferences nmong cow's,
goat’s, and human
milks 1s the large quan-
tity of casein 1n cow's
and goat'smilk ascom-
pared with the very
smull quantity in hu-
man mille.  The high FAIES FED GOTTE Mk
nonprotein nitrogen BABIES FED NOLSTEIN MUK
content of gont’s milk Y, BABIES FED JEESEY MUK
also geems significant.

A high rotio of albu-

min aad globulin to 0
easeln was Jound in © 5 10 5 2 23 30 3% 40
human milk. Like- MILK CONSUMPTION (1000 GALORIES)
wiso, o higher ratio Figuns 11--Relatiouship of milk eonsumaption to
was chserved in goat's puin in weight of bables cunsuming goat’s milk
than in cow's milk. (Suanen and Toggenburg eombined) and Holstein

and Jersey cow's milk.

Anadyses of butter- y
fot prepared from milk produced in March and June showed small but
sienifiennt differences in fat constants among the three milks.  There
was o Jov or unsaturzted acid and o higher insoluble volatile acid con-
tent in the goat’s butterfat than in cow’s butterfat.  Among the fat
acids determined, caproice, caprylic, and eapric acids were found in con-
sidernbly greater quantities in goal’s butterfat than in cow’s butter-
fat, whereas the roverse was true in the ense of tetaradecenoie acid.

The fat globules of Holstein milk were found to be 1.97 times and
Jersey milk 5.53 times as large as those of goat’s milk.

In surface-tension measurements, no significunt dilferences were
found nmong the three milks in their natural state.

The buller capacity of the milk from the goats used in the study was
very similar to that of the Jersey milk over the pl range of 5.2 to G.4.
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Holstein milk had o lower bufler capacity than either goat’s or Jersey
milk over this saume runge,

The milk of the Toggenbury and Sasnen goats was found to be of
low curd tension, as it was 31 percent solter on the average than that
of Holstein millk and 54 percent softer than that of Jersey millk
Skt milks hud o higher eurd tension tivan their corresponding whole
milks. Boiling either whole or skim milk reduced their curd tensions,
the effect being greater in the case of skim mitks, Homogenization
of whole miltks at 4,000 pounds’ pressure praduced softening of the
card but did not reduce all milk to the snme Jevel.  Jersey milk was
the least affected.

Fat wns found to exert little influence on curd tension other than
to enimesh dtsell within the curds, thus preventing the protein from
forming an extremely hard cwrd. The character of the curd was
found to be relatively independent of the kind or quantity of fat
present in the mitks and appears to be more dependent on the protein
and its concentration.

AMilk from individual does differed in curd tension, with the greatest
number of samples being definitely soft curd. The curd-tension
values varied with the stage of lnctation in mueh the same manner
as did the chemieal eomposition of goat’s milk.

The vitamin content of the milks was determined by means of
fecding experiments with rats and guinea pigs.  Herd miltks produced
during the winter and the summer for & 3-vear period were studied.
One cubic centimeter of gost’s milk produced in the winter and 1
cubir centimeter of Holstein milk produced in cither the winter or the
summer furnished approximately 1 International Unit of vitamin A,

Jout’s milk preduced in the summer contained about two-thirds of
g unit per cubic centimeter.  The Jersey milk produced in the winter
rontained 1% units and that in the summer, 1% units. The principal
dilference hotween the butterlats of these milks was the lower vitamin
A netivity of the Jersey sample of winter milk.

Conl’s milk had a comparntively hizh potency in vitamin B and
vitsmin G In both winter- and summer-produced milks.  Little or no
differenee in vitamin (3 wus observed in the cow’s milks relative to
hreed or seasoand and feed Tactors. The summer-produced cow’s
millc showed a slight incrense from winter to summer Teeding.

The vitamin (' content of the milks in the quantities consurned
was found to be inadequate for the prevention of seurvy in guinea
pigs.  The milks il varied in potency from year to year.  Apparently,
fhese variations were attributable in part at least to the feeding
conditions,  Although adequnte summer pasturage appeared to be
responsible for the increase in vitamin C potency of the mille from
winler to sunimer during the first vear of the studies, drought condi-
tions alfeeted the vitamin O content of the pasturage as well as the
winter feeds in the two subsequent years. Milk from individual
daes varied in ascorbie acid content, the spring- and summer-produced
milke tending to have higher contents than fall- and winter-produced
milk. Bxposure of the milk to air and light materially reduced its
pseorbic acid content.




GOAES AMITLI COMPARED WITH C0OW S MILK 65

No marked differences in vitamin [ content were nuted nmong the
three mitks. The summer-produced milk generally showed a wlight
increase in potency over the winter-produced puilk.

Gont’s milk wus lncking in vitunin E at the levels fed.

The gout’s milk, when seereted, was found to be comparatively free
from bacterin. More thun 60 percent of the samples drawn from

individusl anitnals showed no evidenee of bacterial growth.  Miero-
cocens epidermidis reprosented 87 percent, 3. auwrantiacws 11 pereent,
and M. rarians 2 pereent of the total number of bacteria Tound.

The average count of bottled gont’s milk prepared under normal
conditions wira found to be 1,340 baeteria per enbie contimeter ol milk.
[t is felt that a total count of not more than 2,500 bacterin per cubic
contimeter of mitk is n reasonable standard for the production of
market gont’s milk.

Phe mixed milk of Toggenburg and Saanen goats, the Holstein herd
milk, and the Jessey herd milk were fed to kids and rats under ¢on-
trolied foeding conditions fo determine the nutritive value of gont’s
il as compared with thet of the other two milks. The duta obiained
inlicated that the gains in weight took place in proportion to the
totnl energy contained in the milks.  Owing to its higher energy coti-
tent, Jersey milk produced the greatest gain, per unit volume, in
kids and rats. On the whole, the goat’s and Holstein milks were
generally consumed in greator quasntities than Jersey milk when the
Titake was nob lmiled. I this way the growing animals were able
(o sdjust, in part at least, the intake of energy to their reguirements
oven though the milks were unequal i composition,  Nutritive
efliciency for growth appeared not to be associated with ecase and
speed of digestibility, as indicated by a soft curd.

In the feeding tests with kids and rats, the development of nutri-
fionad anemin folowed in time, rrespective of the type of milic fed.
This was troe of boiled milks as well as raw milks. 1t was Tound that
anemia was evred or prevented equally well in the three milks by the
addition of iron and copper.  This finding substantisted the fact that
eneh of these mitks was defieient iu iron.

fn the kids, loss of appetite and impairment of efficiency of gain
per unit of energy, cnusing u deerease inthe rate of oy in, gecompanied
the lowered hemoglobin values, which resulted in the enrly fattening
out of the growth curve.  The copper and iron in the dietary of kids
gpparently maintained the efliciency of utilization of food by provent-
ing the onset of anemin, It was concluded that no stanificant differ-
enee exists in the response of kids to the ingestion of cqual nutrients
of goat, Holstein, or Jersey milks,

Tn addition 1o the feeding studies with kids and rats, records were
kept at the Florenee Crittenton Mission 1n Baltimore, M, of 10
heulthy babies fod the gont’s and cow’s milks under the direction of
medical st mombers of the Johns Hopkins Hospital,  Bach inlant
received, duily, in addition to milk, 2 ce of cod-liver oif and 10 co of
aeange juice,  These healthy babies gained in weight in proportion
to tho nutrients con<ned in the milk.  This finding substantiates
the resules ohtained with the same milks Jed to kids nnd rats.
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