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"REARING FOALS AND LAMBS BY THE

USE OF COLOSTRUM, BLOOD SERUM,
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INTRODUCTION

Although inherited weaknesses, accidents, and diseases are im-
portant factors in early losses among foals and lambs, it appears that
a considerable part of these losses is due to malnutrition arising from
an-ysufficient supply of milk, from the death of the dams at parturi-
ti r shortly thereafter, or from the unsuitability of the colostrum
and<milk the dams provide.

The most cconomical procedure for the production of healthy
weanling animals is undoubtedly the breeding of only such females
as gan deliver and properly nourish healthy offspring. It is usually
unecpnomical to have to provide for the care and artificial feeding of
youli animals whose dams are unable to nurture ihem. However,
the attempt to breed such females does not always produce the
desired results, and it is sometimes of considerable importance, es-
gecia]ly if purebred stock are concerned, that the animal husbandman

e able to feed young animals by hand. Since, in this country at

least, milk production has played only a small part in the selective
I.7eding of horses and of most types of sheep, there is seldom in
either of these species a surplus of milk available for feeding an

1 Bubmitted for publlecation May 10, 1935,
23, A, Gamble left the Departinent 'May 31, 1085,
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orphan. Hence, the hand-fed young must be fed on some substitute
for the milk of its own kind. .

The difficulty in raising orphuned foals on milk substitutes is ap-
parently greater than that encountered with the young of other furm
animals, gIT-IQ\\‘ much of this dificulty may be attributed to an absence
of the benefits of colostrum, how much to the unsuitability of the
substituted milk, and how much to faults in the handhng and
management of the fozl are as yet unsolved problems. Information
in regard to suitable substitutes for homologous colostrum and milk
for use with hand-fed foals probably promises more in the way of
ccononmic returns than with the young of other farm animals. since
a young foal frequently represents a large investment in stud fee
alone.

When a 1rung animal s suckled by its dam it normally receives
two rather istinctive products of mammary secretion, the first being
colostrum from whicli theve is a rapid transition to milk. After the
first few days following parturition, the milk does not change vadi-
cally during the remuinder of che suckling period. Whether the colos-
trum is essential to the health of the young of the species and if so,
what substance may perform the same fanctions, are questions which
demand consideration in a program of hand-feeding of young animals
from birth. Hence the studies reported in this buﬁetin included
observations, {1) on the necessity for colostrum or 2 suitable substitute
in rearing healthy animals {2} on the use of substitutes for
homologous colostrum and (3} oun the use of substitutes for homo-

logous milk.
REVIEW OF LITERATURE
FUNCTIONS OF COLOSTRUM

The first prodnet of the mammary gland after parturition differs
markedly from the normal mitk of the mammal in chemical com-
position” and in biological properties. Perhaps the most signifi-
cant difference in composition is in the quantity of globulins,
which occur in high concentration in the colostrum and only in
relatively small quantities in the milk. The concentration of total
protein In colostrum is sometimes seven or eight times that in milk
of the same animal, and the lavger portion of this increased protein
in the colostrum consists of globulins. It has been shown by
Crowther and Raistrick (€)%, Wells and Osborne {36}, and Wooc{-
man (J7) that the globulins In colostrum are identical in composi-
tion not only with those in milk but also with those in the blood
seram from the same species. It has also been shown that the
colostrum of the goat, sheep, cow, and horse may be richer in vari-
ous types of antibodies that are closely associated with serum
elobulins than the blood sernm of the same animals (/, 10, 22. 23},
Both globulin concentration and antibedy concentration of colos-
trum diminish rapidly after the first few hours following parturi-
tion. It appears, therefore, that the colostrum globuling are prob-
ably serum globaline with their associated aatibodies that either
have been taken up by the glandular epithelinm and excreted un-
changed or clse appear in the mammary secretion as the result of a
leakage from the cupillaries.

3 Italie numbers in parentheses refer to Liteyuture Oited, p. 32.
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The particular benefits of colostrum to the newborn animal have
been attributed by some observers—Bauer (2}, Birk (3}, and Hohl-
feld (73)—to the high concentration of nutrients, namely, roteins,
in 2 form most easily used by an organism in which the digestive
fanetions have not yet become well developed. The extraordinarily
high metabolic rate during the period immediately after birth, to-
gether with the known absence 0? or deficiency in digestive enzymes
m the newborn animal, indicates that this posg’lﬁe function of
colostrum sheuld not be ignored.

Attention has been directed more recently by Dann {7) to the part
played by colostrum in providing the newborn ealf with vitamin
A. Damn found colestrum from cows to be from 10 to 100 times
richer in vitamin A than milk from the same animals. This con-
centration of the vitamin in the colostrum of the cow seems espe-
cially significant in view of the low concentration of the vitamin
in the tissues of the newborn calf (11).

The function of colostrum most thoroughly investigated is the
part that it plays In the passive inmunization of the young. Since
the classical researches of Ehrlich {9} on mice, in which he demon-
strated the transfer of certain phytotoxins from dam to young by
way of the milk, many other studies have beent made on the trans-
fer of immunity through milk and colestrum. Interpretation of
resnlts of these studies was confused until it was shown that in
some species of animals there was transfer of passive immunity in
utero, whereas in others there was no transfer, through the placenta,
of the immune bodies investigated.

Famulener ('0) was among the first to emphasize the peculiar
value of colostrum in the immunization of the young, He immunized
pregnant goats with sheep erythrocytes and demonstrated the absence
of hemolysins in the serum of kids born of these immunized dams
and the absorption by the kids during the first few days after birth
of hemolysins from the colostrum. Reymann (27) made similar
observations in regard to the transfer of agelutinins in goats.

In 1922 Smith and Little (31) publisheﬁ the first of a series of
mvestigations that definitely established the importance of colos-
trum to the newborn calf. They showed that § of 12 calves that
were deprived of colostrum succumbed to Bacillus col septicemia,
whereas all the control animals which received colostrum lived.
These authors concluded (37, p. 187)—that the function of the colos-
trum is essentially protective against miscellaneous hacteria which
are harmless later on when the protective functions of the calf have
begur t~ operate and accumulate energy.

l:2 same year Howe (15}, an associate of Smith, found that the
blood of the calf at birth contained neither euglobulin nor pseudo-
globulin I in appreciable quantities, but that these protein fractions
appeared in the blood soon after the ingestion of colostrum by the
animal ab any times within 2 days after birth. Little and Orcutt (.22),
also associates of Smith, stated that calves born of cows with 2 rela-
tively high content of agglutinins toward Brucella abortus {referred to
by these Investigators as Bacillus abortus) are without agglutinins in
tgeir serum at birth. These antibodies appeared in the serum of the
calves only after they had received colostrum from their dams. Fur-
ther, Orcntt and Howe (25) farnished evidence of the association of
agglutinins with certain globulin fractions in the colosirum, They
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were also able o associate the appearance of these globulin fractions
in the blood of the newborn animal with the simultaneous absorption
of agglutinins,

Lewis and Wells (20) repeated the work of Howe, using the human
infant. They found that in contrast to the calf the infant at birth
has a quantity of pseudoglobulin per cubic centimeter of blood com-
parable to that of the adult, and lacks only englobulin.  These findings
were confirmed by Boyd (4), who showed further that after the inges-
tion of colostrum there is a definite, although not great, increase in the
quantity of euglobulin,

Kuttner and Ratner (78), in a study of the permeability to diph-
theria antitoxin of the human placenta, found that the concentration
of antitoxin in the blood from the nmbilical cord of the infant corre-
sponded to that in the blood of the mother. They observed no increase
in antitoxin attributable to colostrum ingestion, and concluded that
colostrum has no significance in the feeding of the human infant com-
parable to that shown by the work of Smith and his associates in the
feeding of calves. They interpreted the differences in the globulin
confent of the blood of newhorn infants and of newborn calves before
the ingestion of colostrum, and the differences in placental transmission
of immune substances in utero in the different species, as arising fron:
differences in the listological structure of placentae of these species.
A greater degree of perineability is found in animals in which the
placenta interposes only one layer of cells between the m-ternal and
the fetal blood, as in man, apes, and rodents, than in animals in which
there are several cell Iayers between the maternal and the fetal blood,
as in swine and cattle.

Transference of immunity from dam to offspring only through the
colostrum has been demonstrated in the ewe for lamb dysentery by
Mason, Dalling, and Gordon (23), in the mare for tetanus by Bardelli
(Z), and in the sow for vaccinia virus by Nelson (24).

Observations were made in this laboratory on the absorption of
globulins from homologous colostrum by the newborn foal, kid, lamb.
and pig (§). In the serum of the newborn of all four species studied,
the euglobulin fraction was absent and the pseudoglobuiin I fraction
was present in much smaller quantities than in the adult of the same
species. When the young animals were fed only milk there was no
significant increase in either of these globulin fractions during the
first few days, but in those animals that received colostrum from their
respective dams there wus a striking rise in the concentration of total
serum proteins, which rise was occasioned by large increases in the
euglobulin and pseudoglobulin I fractions. In view of the vesults
obtained by other workers with calves, this investigator (Earle) con-
cludes that yomng foals, kids, lambs, and pigs fed lhomologous
colostrum during the period of extraordinary intestinal permcability.
which apparently persists during the first 24 to 48 howrs after birth,
absorbed euglobulin and pseudoglobulin I as well as the immune sub-
stances that are associated with these fractions from the colostrum
ingested.

Although it has been shown that lanbs at birth lack both serum
globulins and the immune substances present in the blood of the dams,
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Smith and Ring (34) have published results which indicated that,
under the conditions of their experiments—

Ewe’s colostrum was not necessary to protect the lamb against miscellaneons
infections and that nermal growth took place even when 1o colostrum was fed,
* * * The freedom from early diseases * * * ig to be assigned to the
absence of infections agents in the flock and to the peneral indifference of sheep
to bacterial diseases such ss those which afflict calves (34, p. [2601).

It appears, therefore, that although in the cow, horse, sheep, goat,
and pig, the serum of the newhorn is deficient in certain globulin
fractions that are later absorbed from the colostrum ingested, and
although colostrum is the sole channel for transfer of antibodies
from dam to young, still the particular environmental conditions
may be such that the protective action of colostrum against invasion
of the young animal by miscellaneous bacteria is not so essential
for some animals as for others. Further work seems to be necessary
to establish the necessity for colostrum for the young of species other
than the cow under the usual conditions.

SUBSTITUTES FOR HOMOLOGOUS COLOSTRUM AND MILK

In the selection of a colostrum substitute the guestion arises as to
which of the functions of colostrum is to be served primarily by the
substitute. The part played by colostrum in the ;mmunization of
the newborn has been given most attention, and there is reason to
believe that it is of greatest importance to the young of some species
at least. To serve this function those products which are carriers
of antibodies against bacteria, pathogenic to the newborn animal,
can be used. After homologous colostrum, homologous serum sug-
gests itself as the most practical source of Immune substances in an
easily absorbed medium.

Bauer (2) in 1909 concluded that colostrum owed its peculiaz value, .
for the newborn, to the presence of certain blood constituents,
Famulener (17) in 1912 attempted to replace colostram by feeding
these constituents as they oceur in homologous serum. He presenteg.
experimental evidence that antibody absorption can take place when
hemolytic serums are fed to newborn kids. Smith angd Little {32, 33)
showed that the administration of cow seram by feeding may replace
colostrum as a conveyer of passive immunity from cow to calf.
Mason, Dalling, and Gordon {23) went a step farther in showing that
the lamb, calf, and foal absorb antitoxin from heterologous as well
as from homologous serums when they are fed.

Milk is the natural food normally supplied by the dams to the
young of all mammals. Although the dependence of the young on
milk varies with the specics, apparently in_no mammalian species
can_the young do without milk entirely. Furthermore, results of
studies on the feeding of milk of one species to the young of another
species, as reviewed by Lane-Claypon (79), indicate that homologous
milk is greatly superior to milk from another species in the nutrition
of the young. The earlier the snbstitution of the foreign milk in
the feeding of young animals the more unfavorable the results. The
obvious eonclusion is that the variations in the composition of the
milks of different species are such that the nutritional requirements
of the young of each species appear to be satisfied most successfully
by the natural miik of its own kind.
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Experimental work reported in the literature on the substitution
of some product for the natural milk of the dam in the Yeeding of
the suckling farm animal has been most often concerned with the
feeding of calves. Interest in the artificial feeding of calves has been
stimulated prinecipally by the aim to reduce the cost of raising calves
by substituting some food of less economic value than whole ‘milk
and, to a less extent, by the desire to raise disease-free calves which
have been delivered by cows infected with some disease that may
be transmitted through the milk.

In most of the experimental work directed towsard the attainment
of the ends just mentioned, the calves received colostrum for the
first 1 to 4 days after delivery and whole milk for the next several
days thereafter. At various ages of the animals, other feeds were
substituted for varyiug proportions of the total quantity of mill
ordinarily consumed. Numeraus studies proved that skim milk with
supplements is an excellent substitute for whole milk after the calf
is from 2 to 3 weeks of age. Obscrvations on the effect of further
reducing the total quantity of milk used have been made in experi-
ments in which calf meals of diffevrent kinds were used as milk
substitutes. In all these studies, the milk substitutes replaced only
a part of the homologous milk required by the young animals under
normal conditions.

In feeding orphan foals, fresh cow’s milk is often modified to ap-
proximate more or less the composition of mare’s milk. Dimock,!
of the University of Kentucky, advises the use of equal parts of
cow’s milk and boiled water with the addition of a tablespoonful of
sugar (sucrose) to each pint of the mixture. As an alternative, he
also sugeests the use of one of the artificial foods that are on the
market for human use,

A comparison of the average composition of cow’s milk with mare’s
and ewe’s milk showed that it contains less sugar, much more fat,
and o little more protein than does mare's milk and considerably
less protein and fat and a little more sugar than does ewe’s milk.

In ithe composition of the milk of mares, Linton (2/) reported
no differences associnted with breed, except in minera! content. He
found that, in general, the heavier breeds produce milk with a higher
ash content than do the lighter breeds. Linton’s report alse included
observations on milk from mares whose foals appeared to be mal-
nourished and unthrifty. As a result of his studies, he concluded
that foals grow well on milk containing materially higher fat per-
centages {lian the average mare's mill. On the other hand. with
an occasional exception, fouls also do well on mare’s mills containing
less than 1 percent of fut. Alilk having a sugar content higher than
that of the average mure’s milk is well tolerated by foals, whereas
those receiving milk with a lower sugar content than the average
mare’s milk appear malnourished.

Hand-fed lambs usoally veceive whole cow’s milk.  There are, how-
ever, no data available for comparison of growth of such animals
with that of animals snckled by their dams.

Ewe’s milk, as compared with the milk of other species of farn
animals, is very high in total solids. The concentration of total
solids, however, uppears to vary markedly with the stage of lactation.

1 Pereonal communicetion.
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Scheimgraber (30) reviewed briefly previous studies illustrating in-
creases in fat and in protein in ewe’s milk with the advance in
lactation. Steinacker (35) studied the composition of the milk of
five different breeds of sheep during the period that the ewes nor-
mally suckle their lambs. He reported no significant differences due
to breed and attributed the differences in the reports in the litera-
ture on the composition of ewe’s milk to individnal variations and to
differences in stage of lactation.

Ritzman (28) made observations on the wide variations in the fat
content of ewe’s milk and the relation of these variations to the
growth of the lambs. He found a range in milk fat of from 2.4
to 12.1 percent among 108 individuals. His observations indicate
that there is considerable variation in the rate of growth of Iambs,
without any relationship to the percentage of fat in the milk of the
dam. The growth of lambs receiving milk rich in fat was no greater
than that of lambs receiving milk Jow in fat. Ritzman pointed out
that milk fat is probably important in the nutrition of the growing
lamb chiefly as a vehicle for the vitamins as growth stimulants an
that milk which will satisfy the suckling’s demands for protein and
ash may be low in fat and still satisfy all nutritive requirements of

the Jlamb.
REARING OF FOALS
EXPERIMENTAL PRCOCEDURE

Experiments reported in this bulletin on the feeding of foals in-
volved the use of ]l1mnologous serum as 1 constituent of a milk mix-
ture used as a colostrum substitute and the use of two mixtures of
dried cow’s milk as substitutes for homologous milk. In these studies
13 newborn foals were used, consisting of three Thoroughbred-Mor-
gans, one Thoroughbred-Percheron, one grade Clydesdale, two grade
Percherons, three grade Thorouchbreds, one grade American Saddle,
and two Thoroughbreds. At birth all animals were healthy and
vigorous. The studices were made at the Agricultural Researel) Cen-
ter, Beltsville, Md.

MEFTHODS OF SERUM PREPARATION

Two healthy old horses were used for the purpose of providing
serum. At each bleeding, from 2 to 8 liters of blood was drawn
under aseptic conditions from a jugular vein of one of these animals
into a sterile bottle which contained a handful of gluss bends. The
blood was defibrinated by shaking and then allowed to stand 6 to 12
hours for the cells to settle out. The seruni was siphoned off into a
sterile bottle and either stored until needed or dried, at room tem-
Eeruture, in a desiceator over suiphuric acid at reduced pressure,

T for any reason the blood was suspected of having become con-
taminated during the drawing, the serum was filtered tTu-ough a Seitz
bacteriological filter before it was stored or dried.

The serum was prepared for feeding to foals by substituting the
quantity of serum to be used for a similar volume of water, in malk-
ing up a dried milk mixture. The proportions of dried milk and
sugar used are given in table 1. When dried serum was used, it
was first dissolved in water to make it up to its original volume and
then mized with the dried milk,




bo TECHNICAL BULLETIX 661, U. 8 DEPY. OF AGRICULTURE
METHODS OF MILK FREPARATION

As a substitute for homologous milk two mixtures were made of
dried whele cow’s milk, dried skim milk, sugar, and limewater, ap-
prozimating mare’s milk in the relative proportions of protein, fat,
and sugar. The total solids of these reconstructed milks, however,
were considerably higher than those of the average mare’s milk.
It was considered that the higher concentration of nutrients was 2
distinct advantage in the handling and feeding of the milk and might
conceivably be of farther advantage to the foal in that it offered
opportunity for increasing the total nutrients ingested without
increasing the bulk.

The two mixtures differed from each other somewhat in the rela-
tive proportions of protein, fat, and sugar. The constituents and
composition of these two milk mixtures are shown in table 1. The
commercial dried whole milk and dried skim milk used in mixture 1,
were both manufactured by the spray process. The skim milk used
in mixture 2 was spray dried, but the whole milk wus dried by the
roller process. In order to increase the solubility or degree of dis-
persion of the roller-dried milk, the preparation, after being mixed,
was heated to 100° C. and held at that temperature for 2 minutes
before it was cooled and stored or fed,

TasLe 1.—Constituents and composition of ihe dricd-cow’s-milk miziures fed to

foais
Constituents romposition |
Milk i |\ T ; T | T i
ture No. Fi ried Lime- [ ¢ i Total
whigie | skim 1 Sugar | e 1 Waler | Protein] Pul | Sugar Ash i 2OME |y ater
nilk | milkk | Ymier i i X ! solids
: : ! : . : !
—_ \ e ; St . i .
Percent | Perceal | Percent s Percen!’ Percewd | Pereentd I Pereent ! Fercent ; Prreent ! Pereent| Percent
§ i ' i
| P ('.7’F 2.4 '.’,Si L[ LT .3 38, o U,Sl 4.4 854
-, 3.ﬁ| 5.1 4.1 s T2 40, 2.6 T L IG.3| &7

1 Explidling lime added as Vnwewaler.,

In preparing mixture 2, the proportions of the ingredients used
In mixture 1 were changed so as to decrease the quantity of fat and
increase the protein and sugar. The butterfat in the roller-dried
mitk had a tendency to separate out before the milk could be fed.
Experience in feeding the voller-dried milk, made up in the propor-
tions used in milk mixture 1, indicated that it produced in the young
foal a diarrhea that was attributed to the physical zondition of the
fat; hence, the change in the formula with the change in kind of
dried milk,

The percentage distribution of the totul calories furnished by the
protein, fat, and sugar in each mixture, as compared with that of
cow’s and mare’s milk, is shown in table 2. The prepared milks fed
to the experimental foals were more concentrated sources of calories
than either cow’s or mare’smilk. However, the distribution of ealories
among fat and sugar in the prepared milks approached that in mare’s
milk more closely than that in unmodified cow’s milk.
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Tanre 2 —Comparison of different mitka with respect to percentage of tatel
calories furnished by protein, fet, and sugar

. Distribution of calories in—
Chulories
Kind of milk per 100 g
of milk

Protein Fat Bugar

Pereant Percent Percent
. 49,25

28.6
36. 1
3.0

The curd tension of the prepared milks was also more like that of
mare’s milk than of cow’s milk. Results of curd-tension determina-
tions made according to Hill’s method (72) indicated that mare’s
milk has a curd tension of 0 g. Fresh cow’s milk has an average curd
tension of 60 to 80 g, wheveas the prepared milks fed to the foals had
a curd tension of 14 to 19 g. A curd tension of 20 g, according to
Hill, is the most desirable standard for soft-curd milk recommended
as a substitute in infant feeding for human milk which, like mare’s
milk, has a curd tension of 0 g,

METHODS OF FEEDING

For the first 8 to 10 days, the hand-fed animals were fed from
bottles fitted with large rubber nipples. They were soon taught,
however, to drink from pails. The milk was warmed to APProx-

imately 37° C. before it was fed. The same precantions were ob-
served in handling this milk as are used in the handling of milk
intended for human consumption,

During the early part of the experimental period, each foal was
fed five or six times every 24 hours. The number of feedings was
gradually decreased until at 6 weeks of age the foal received only
three feedings per day, and at 20 weeks, only two. Milk feeding
was discontinued at 24 weeks.

The feeding data for each of the foals in the experiment are given
in table 8. As shown in the table, foals 15, 16, and 17 received only
dried-milk mixture 2. Beginning during the first 3 hours after birth,
each foal received 450 cc of the mixture every 4 hours. At 18 hours
after birth foal 18, which was received 16 hours after delivery, was
fed 350 cc of mare’s colostrum and every 4 hours thereafter 450 co
of dried-milk mixture 2, Foals 7 and 9 were fed, during the first
24 hours, colostrum which had been milked from their respective
dams. They were then returned to their dams to suckle. During the
first 14 hours after delivery foul 11 was fed 1.500 cc of fresh horse
serum and thereafier 450 cc of dried-milk mixture 2 every 4
hours until it was returned to its dam at 48 hours after birth.
Foals 6, 8, 10, 12, 13, and 14 were fed various quantities of horse
serum as a colostrum substitute during the first 6 to 12 hours after
delivery and were thereafter fed 450 cc of either dried-milk mixturs
1lor2

96208°—38——m2
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Tanre 3 —Hreeding, birth weights, ond feeding dafe of foalzs used in the
ewperiments

Qruaut.ity
Colostrum or substitute el Birth of marg's .

fed end foal No, Treeding weight | coostrum Milk red
tute fed

No colestrum or sub- Cubic
Pounds | centinteters
Thoroughbred-3organ 110 Dried-mnilk mixtore 2.
do . . Da.
Thoroughbred-Perch Iro.

¥rade Perelieron .o ..

Do,
ALk of dem.
Da.

Dried-milk mixture 1.
. do Dried-milk mixture 2.
Thoroughbred-AMorgan, . _ . 0 Tirigd-milk mixture 2
rnd milk of demt,
Grade Clydesdaln Drigd-milk mixture I.

.| Grede Percheron E Dried-milk mlxture 2.
Grede American Saddle . a.
Grade Thoroughbred. . .. -4 - Drried-milk mixture 1.

1 Volume given is in terms of fresh serum,

In estimating the quantities of milk required by the experimental
foals during the first 12 weeks, during which milk was practically
the sole source of energy, recourse was had to the data published by
Brody and assistant (5} on the energy metabolism of Percheron
foals. From these data the caleulations shown in table 4 were made.
Although it is recognized that the energy metabolism of foals of a
draft breed, such as the Percheron, may be lower than that of the
cross-bred animals used in these studies, it was considered that the
data for Percheron fonls could be used as an approximate basis for
estimating the basal requirements of the experimental foals,

TarLE 4.—Daily encrgy requirentenis of Percheron foals under resting conditions!

i Quantity Quantity Quantity | Quantity
. - of dried- of dried- P of dried- | af drind-
Caorles | “milk ‘milk Calories |~ milk
Aie af fonls p unds mixtore 1 | mixiare 2 Ape of foals T, i mixture !
{weoks) 1o ez 10H) yer 100 (woeks) potinds per 100
of body sonnds & of hody d
weight I prungs welght ponnds
of hody of bady of hody
weight weight weight

Calorics Pounds Calorier Pounds Pairnda
2,270 1,07 L 1, 77} .83 .
2,270 . 113 - i, 860 &7
2, IR . 1,08 .- . 1,70 .83
1, 450 - AT - 1,840 s
1, 450 . A7 1, 550 .73
1, 860 . i~ PP, | 1,450 L8

1 Caleuloted from data on § 1Percheron fonls puklished by Brody snd nssistant (5).

In order to avoid the possibilities of digestive disturbances due to
overfeeding, only sufficient milk to maintain birth weight was fed
during the first week. This quantity was gradually increased. The
actual daily qtllmntity of milk fed to any one foal from the second
week until it began to eat an appreciable quantity of grain was the
estimated quantity of milk necessary te furnish energy for normal
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metabolism under resting conditions, taken from table 4, this quantity
being increased until the foal appeared to be gaining at a rate ap-
proximately normal for Morgan foals of the same age. Table 5
shows the average gquantities of milk consumed daily by the ex-
perimentally fed foals.

TABLE 5.—Average daily conswmption of dried-nill mizture 1 or 2 by
exparimental fouls

Quentity | Quantity Quantity | Quantity Quantity | Quantity
ol mixture| of mixture ol mixturef of mixtyre ofmixturelof mixture
1 uslelﬁl 2nsed 1 useélo 2 uﬁfﬁ?ﬂ 1 used 2 used

per per 100 | 4 o0 of toals | PeT 1 per Age af foals
pounds of| pounds of |} &%, pounds of] pounds of || 8¢ ol 1 pounds of]
body | body tweeks)  “hogy | body {weeks) | hody
weight weight weight waight weight
(avera%e {mveraga (average | (avernge {nverage Ea
al 3 fonls) | of 3 fouls) of 3 foals} | of 5 foals) af 3 foals) | of 3 foals)

Age ol foals e 100

{weaks)

Faun

=1

Pounds Pounds | Pounds Poards | Pounds
. 140 1.4 0.99

dy
0.80 0.92

-
ba
=

L.25
a2

e
ZRRHkSE
bt utul et
EREEERY

L
i

At 3 to 4 weeks of age, the foals began nibbling grain and timothy
hay. The grain mixture fed consisted of 1 part of cracked corn, 2
partg of ground oats, and 1 part of wheat bran, By the time each foal
was 3 months old it was eating approximately 0.5 pound of grain mix-
ture per 100 pounds of body weight. This quantity was inereased as
the quantity of milk wus decreased.

MANAGEMENT OF ANIMALS

With the exception of foals 18, 14, and 18, each animal was delivered
under the observation of some person connected with the experimental
work and was removed from its dam before it had a chance to suck.
With the exceptions indicated, each foal was born in a clean box stall
and was removed at once to another clean siall. The stump of the
umbilical cord was left untied but was washed well with tincture of
lodine within a few minutes after delivery and at 24-hour intervals
until the cord was fairly well dried. In the ease of the foals {Nos. 15
16, and 17) which received no serum or colostrum, the additional pre-
cla‘il't-ion was taken to wash the stalls with a disinfecting solution before
delivery.

Foals 13 and 14 were delivered unobserved in an open paddock, but
it is believed that each was found before it had sucked. After removal
from their dams these foals received the same care given to the others.
Foal 18 was delivered by a mare which vefused to suckle it and was
received for experimental use when it was 18 hours old.

All foals were quartered in box stalls in the same barn and allowed
to run in a paddock for about 4 hours a day during favorable weather.
This paddock was kept closely cropped by the other animals confined
theremn during the remainder of the day and therefore furnished poor
pasturage,
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In view of the belief among horse husbandmen that colostrum
serves as a necessary laxative for the young foal, all animals weve
watched closely for signs of constipation or diarrhes.

OBSERVATIONS ON SERTM PROTEINS

QObservations were made on the serum proteins of 11 of these foals
at birth and at one or more intervals after the ingestion of the first
food, on the assumption that any increase in serum globulins ocenr-
ring in the foals shortly after receiving serum would be indicative
of an absorption of globulins from the serum ingested.

All blood samples were drawn from a jugular veln. As precautions
against the introduction of any infection at the site of venepuncture,
the skin area was clipped and scrubbed with lodine and alcohol and
a sterile needle was nsed.

Blood samples were contrifugalized and the serum was removed.
The proteins in the serum were fractioned by Howe’s micromethod
(14), using the modification luter suggested by him in which volume
molar concentrations of sodium sulphate were substituted for the
percentage concentrations originally wsed (7). All nitrogen deter-
minations were made by means of the technique of Pregl (26) for
micre-Kieldahls.

EXPERIMENTAL RESULTS

FEEDING OF COLOSTRUB

Table 6 shows that in foals 7 and 9, which were fed large quantities
of colostrum during the first 24 hours, there were marked increases in
the englobulin and pseudoglobulin I fractions and, consequently, in
the total globulins of their blood serum. These foals were in excel-
lent health during the experimental period.

‘Pavre G—Protein fractions in Wood serums fram erperimenial forals at birth and
at rarying periods afler feedingt

[Resulls are exprossed as gprams of nitrogen e 108 ec of seru|

Nitropen partition {n biood seritm

Colastonm or sub- (lohaylin
stitute fed amrd Food ingested 7

foni Na, Adbu-

Paeu- | Psen- min

da- lir-
globti- | glodn-
linl | linIL

‘Fotal

No colestram or
substitute: Fliery

19; 5 ||450 ce of dried-milk mix- |J W . Ky 3?38 0. g:’,g 0. fﬁz u. :‘;{;‘E
o tirre cvery 4 hatirs. - . - Reci” - Fs . LY
33 I IE 0 Y1 it .6

12 - . UM LEES | o2 LT3B

{0,5 SRR B £ L0 | 407 | L6028 By
36 .. PRE B2 L5241 L0 et

{(i.."; } do Nk L0624 . L35 L4130 L0635
[ TrTesmmmmmmn e SOF L RT3 B P i

I Xa dats were abtained from fosls 12 and L6 unkil eiter (ke first feeding; consequently, blood-serune data
for these anlmals nre not reported., . .

1 The serum ferd was tuken from 2 horses, e colosbenm feomn senees, aod deied cows's eilk was wsed in
making the driedanilk mixlires.
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TaBLe 8.—Prolein frections in blood serwms from experimental foals at birth and
at varying perlods efter feeding—Continued

Nitrogen partition in blood serum

Colostrum or sub- | L Globulin
stituto fed and
foal Ne.

Pgeu- | Pgeur-
| do- do-

globu-{ glabi-
ilnI |lnix

Nooe,

350 co of colostrum fed
18 hours after birth
and dried-milk mix-
ture thereaftey,

3,800 ¢ of colostrum dur-
ing flrst 24 hours.

Colostrum: l

4,300 ce of colosirum dur-
ing Arat 24 hours,

1,000 ec ol serum {n dried-
milk mixtore during
firat 18 honrs after de-
Iivery.

1,000 cc of sern fn drjed-

wmilk mixture during

ftrat 10 hours after de-

livory.

500 ¢ of serum o dried-
milk mixtura 14 hours
alier dalivery,

1,500 e¢ of serum in dried-
niflk mistura during
first § hours after de
livery.

Dl serum equivalent
‘o to LITO ee of fresh se-
rum in dried-milk mix- |3 -
{ure during first 12
heonrs after delivery.
Tiried serum cquivalent
Lo 2,450 ca of fresh se-| . M4 . . . . 508
rum in dried-milk mix- {% | 088 | . . . . . B85
ture duriog flrst 12 . 008 . 66D
hours afler dellvery,

Besults of analyses of sernm from foal 18, which was not fed until
18 hours after birth, when it was given 850 cc of colostrum, indicate
an inerease in serum globulin 13 hours later but no inerease in pseudo-

lobulin I. This foal, 52 hours after birth, developed a severe
5iarrhea. The hind legs appeared lame at this time and the left
hock joint was beginning to swell. On the same day the animal re-
ceived intravenously 100 ce of sterile serum drawn from g healthy
mare and on the fourth day 75 cc of the same serum. On the Afth
day the diarrhea had been checked and the animal appeared lively,
had an excellent appetite, and its eyes were bright. Ten days later
the foal contracted a cold as evidenced Ly ranning eyes, a nasal
discharge, and diarrhea, which persisted for 2 weeks. “Af the enid
of this time the animal began to make good gains in weight, but at
7 weeks of age it became completely blind antf was killed.
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SUBSTITUTION OF DRIEZD-MILK MIXTURE FOR COLOSTRUM

Three foals, Nos. 15, 16, and 17, which were fed only dried-miik
mixture 2 from birth, gave every indication of being vigorous and
healthy animals at birth. Foals 15 and 17 lived only 42 and &7
hours, respectively. Tach died of a bacteremia caused by the
Shigellu equirulis organism. TFoal 16, under similar conditions and
identical surroundings, lived 12 days and died of a septicopyemia
caused by a strain of Salmonella paratyphi. The Shigelln equirulis
organism was also present in the tissues. Each of the animals gave
definite evidence of illness within 40 b~urs after delivery.

Results of fractionation of serum preiving of these animals are
included in table 6. In foal 15 there were very slight increases in
euglobulin, in pseudoglobulin I, and in total globulins, within the
first 33 hours. Data on globulin fractions in foal 16 are incomplete
owing to the loss of samples during the analyses, but a decrease in
total globulins was shown, whereas m foal 17 there was 2 slight in-

crease 1n total globulins which was due to an increase in pseudoglob-

ulin IT.
SUBSTITUTION OF SERUM FOR COLOSTRUM

Seven foals (Nos. 6, 8, 10, 11, 12, 18, and 14) were fed horse serum
as a constituent of a dried-milk mixture, instead of colostrum. The
serum fed to foals 10, 13, and 14 had been dried. Foal 11 was re-
turned -to its dam 48 hours after delivery, by which time the milk
of its dam had lost its colostrnm churacteristics. All these foals
were healthy, thrifty animals from birth. In no case was there any
evidence of constipation due to failure to receive colostrum and in
only one instance was there any indication of diarrhea. Foal 12, on
the third day, developed a mild diarrhea. This was attributed to
the milk, since there had been used in the mixture a new lot of dried
milk which, on examination, was found to be badly discolored and to
contain appreciable quantities of foreign detritus. The diarrhen
quickly disappeared when the milk was changed.

Results of fractionation of serum proteins from fve of these ani-
mals are presented in table 6. Blood samples were not obtained from
the other two foals until after the first feeding. In the foals which
received the dried-milk mixture alone there was not sufficient in-
crease in seram globulins to suggest an absorption of globulins from
the milk. The results obtuined from the foals that received serum
indicate that there was a definite increase in the serum globulin
fractions, which was presumably due to absorption of these frac-
tions from the serum ingested. The absorption of globulins from
serum, however, was much less than from colostrum.

SUBSTITUTION OF DRIEB-MILK MIXTURES FOR MILK OF DAMS

Of the experimental animals that received a dried-milk mixture
instead of their dams’ milk, foals 8 and 13 were grade animals of
draft type and grew at neurly the same rate. Their weights were
averaged and plotted together on one line in figure 1. Foals 6, 10,
12, and 14 were grade animals from light-harness-type dams ranging
in weight from 900 to 1,200 pounds. Their weights were averaged
and plotted on another line in the same figure. All of these animals
were fed the dried-milk mixzture for 168 days. As shown previously,
they received serum as a colostrum substitute.
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For comparative purposes, the rate of growth of 10 normally fed
Morgan foals is also shown in figure 1. The average sucklin period
of these animals was 165 days. The four experimental foals of
light-harness type (Nos. 6, 10, 12, and 14) grew at a rate comparing
favorably with that of the Morgan foals which had the same ran
of adult size as the experimental foals specified. The draft foals
(Nos. 8 and 13), as was to be expected, grew more rapidly. In view
of the fact that the foals available for use in this study were of
more than one type, a close comparison of their rate of growth with
that of the Morgan foals or with that of the Thoroughbred foals
(Nos. 7 and 9) is of no great value.
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Frouze 1—Growth of draft and light-harness-type foals fod o mixture of horse
Serum and dried cow's milk iy a substitute for mare's colostrum and & mix-
ture of dried cow’s milk a5 n substitnte for mare’s milk us compared with
the growth of Morgan fouls renrred on their dams.

The significant observations on the foals that were fed serum as
a colostrum substitute followed by mixtures of dried cow’s milk are
that, with minor exceptions, all fouls so fed were thrifty and vig-
orous throughout the experimental period and that they gained In
weight steadily.® The exceptions were as follows: Foal § received a
leg Injury in the barn from which she developed tetanus. She lost
weight during the infection but recovered fully. During one period
of about 2 weeks, all foals either lost a little weight ov failed to gain.

&In the experlments, the growth of the fonly fed the dreied-milk mixtures was entlrely
satigfoctory.  However, In the practival feeting of foals the additfon of cod-liver oll or
Bome other concentrated source of vitamins & zud D Is geneenlly advisuble,
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Examinations of feces at this time indicatad in every foal an infes-
tation of ascarids. The foals were treated for these parasites and
after treatment they began gaining in weight.

DISCUSSION

The three foals which were fed, from birth, a dried-milk mixture
without either serum or colostrum became il within 40 honrs after
birth and died in 12 days or less. When handled under the same
environmental conditions, the same system of management, and the
same feeding schedule, except that they received a. liter or more
of horse serum within 12 hours after birth, five other foals suffered
no illness during the first 8 months which could be attributed to the
lack of colostrum and grew with every appearance of being healthy
animals,

The foals that received no serum or colostrum developed symptoms
commonly associated with the condition termed “joint ilL.” The chief
symptoms observed were extreme lassitude, loss of uppetite, swollen
joints, and acute lameness. The fact that all three foals succumbed
to infections can scarcely be considered aceidentxl or due to surround-
ings especially favoring invasion of these animals by the pathogenic
organisms, With the exception of these three foals, there had never
been: a case of joint ill in the barn in which they were kept although
many healthy foals had been delivered and housed in the same stalls
used for the experimental animals. As far as was determined. the
dums of these three foals were healthy animals. The dams of Nos.
15 and 16 had each previously had two healthy foals, whereas foal
17 was the firet offspring of its dam. Full sisters of foals 15 and 16,
delivered the previous year. were thrifty. healthy animals. Al
though the possibility of infection before delivery is not ruled out,
there seems to be no reason to assume such infection. It appears
that the foals which received colostrum or serum had been ex-
posed to the same hazards of infections to which foals 15, 16, and 17T
succumbed but that they were supplied with protection which had
been withheld from those that died.

In the light of the findings of Smith and Little {1} concerning
the function of colostrum as a protective agency against invasion
of the newlorn calf by organisms to which the adult cow is immune,
and against which the newborn has ne resistance, it is to be expected
that analogous conditions of susceptibility of the newborn are pres-
ent in other animal species of similar placental structure or permea-
bility, It has been shown that in the foal, as in the calf, there is
an absence at birth of antibodies that ave present in the blood of the
dam. The results reported here suggest that there are organisms
which are to the horse what the colon bacillus is fo the cow; that
is, pathogenic for the newborn animal but relatively barmless to the
adult. In such case the adult horse has a resistance to these organ-
jems which is transmitted under normal conditions to the foul through
the colostrum. But when this passive immunization is not frans-
mitted, the young animal when invaded by the organisms. appears
unable to combat the infection.

There is probably a quantitative relatlonship among the gross
guantity of Immune substunces sbsorbed from the colostrum by the
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newborn animal, the size of the animal, and the degree and virulence
of the infections. Even when foals suck their dams, the actual
quantity of colostrum provided by the dam may be small in some
cases. Observations made by the authors indicate that not infre-
quently mares “milk out” before the delivery of the foal. The mam-
mary seeretion available to the fosl in such cases is then more like
milk than colostrum, at least as far as its globulin content is con-
cerned, and it scems probable that the antibody content is related
to the globulin content. Again, if there is delay in the receipt of
the first colostrum by the foal the proportion of globulins and anti-
bodies absorbed to that ingested is greatly decreased. In such events,
the quantity of antibodies absorbed may be insufficient to protect
the foal against infection. The relationship between transference
to the newborn animal of passive resistance by means of ingestion
of colostrum or serum and the incidence of the infections which are
assoclated with jomnt ill in foals appears to be a field which promises
interesting and valuable returns for further work.

REARING OF LAMBS
EXPERIMENTAL PROCEDURE

In the feeding of lambs, vse was made of ewe’s or goat’s milk, cow’s
colostrum, and sheep serum as substitutes for homologous colostrum.
Dried cow’s-milk mixtures also were nsed as substitutes for homolo-
gous colostrum and homologous milk. Some of the lambs in these
studies were from Hampshive, Corriedale, Shropshire, and Karakul
ewes at the Agricultura! Research Center. Other lambs used were
from grade ewes on farms nearby.

FEEDS USED AND METHODS OF PREPARATION

FRESIT EWE'S 01 GOAT'S MILK

Ewe’s milk that was fed fresh to newborn lambs in place of colos-
tram was miiked by hand from ewes with lambs that were 8 days
or more old. It was not always possible to obtain sufficient. quantity
of such milk to feed the experimental lambs of this group. Hence,
in certain instances, fresh goat’s milk obtained from the mixed milk
of the Beltsville lierd of milking does was used.

COW'S L OLOSTRUM

The fresh cow’s colostrum that was fed as a substitute for ewe’s
colostrum was obtained from cows within 12 hours after parturition.
Since a supply of fresh cow’s colostrum was not always availuble
when needecE part of the fresh colustrum was dried and stored. It
was believed that the results obtained from the feeding of dried
colostrum woald not differ from those obtained from the Fresh fluid,
provided there was no denaturation of profeins nor destruction of
antibodies during the process of drying.

In order to avoid the possibility of denaturation of the colostrum
proteins by heat, an attempt was made to dry quantities of cow’s
colostrum at room temperature (20° to 80° C.) under reduced pres-
sure over g suitable drying agent. The process, however, became

08293°—38—3
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so laborious with only the usual laboratory facilities for that type of
work that another means of drying the colostrum was sought. Use
was made of a milk-drying machine of the dot-head type. In this
machine the colostrum was blown as a fine mist into the top of a
chamber and dried as it fell through 6 or 8 feet of hot air. The
temperature of the chamber varied during the process from 93° to
104° .C. As soon as the dried particles fell to the bottom, they
passed through an opening into a flask in which the temperature was
always below 37° C. Theoretically, the droplets of colostrum were
dried instantly, thus maling the exposure of the proteins while in
solution to high temperatures extremely brief. The colostrum
preparations were as follows:

Ng. 1, dried under reduced pressure; no analysis.

No. 2, dried by machine; 40.7 percent of protein.

No. 3, dried by machine; 40.% percent of protein.

No. 38, same colostrum as No. 3 but dried under reduced pressure.

No, 4, fresh colostrum ; 8.0 pereent of protein.

No. 4a, colostrum 4 fortified with dried colostrum 2; 13.0 pereent of proteln
No, 81, fresh colostrum:; 13.6 percent of protein.

No. 82, fresh colostrum ; 8.5 percent of protein.

The dried product appeared to go into solution readily; however,
in filtering such a solution, much of the apparently dissolved protein
failed to pass through the filter paper. Nevertheless, fractionation
of the filtrate by Howe’s sodium sulphate method {16) indicated
that the filtrate contained considerab{:z quantities of globulin and
albumin.

Nothing is known of the antibody content of the colostrum that
was used either before or after drying. The colostrum that was
dried in the milk-drying machine was obtained by milking fresh
cows from 12 to 24 hours after calving; that dried under reduced
pressure, within 12 hours after calving. This dried material was
Ebor_ed in tightly covered tins and was used within 8 months after

rying.

Forgfeed.ing to lambs, the dried colostrum was dissolved or sus-
pended in warm water in the proportion of 25 parts by weight of
colostrum to 75 parts of water.

BHEEP SERTUM

The sheep serum that was fed to lambs in place of ewe’s colostrum
was obtained from bleod drawn from healthy adult sheep by puncture
of a jugular vein. The defibrinated blood was centrifugalized and the
serum syphoned off. This serum was filtered through a Seitz bac-
teriological filter and either stored or dried in a desiccator at reduced
pressure.

When fresh serum was used it was fed, within 72 hours after the
blood had been drawn, as a mixture of serum and dried milk made up
in the proportion of 85 to 15 parts by weight. When dried serum was
fed it was first dissolved in sufficient water to make it up to its origimal
volume and then combined with the milk in the proportion of 85 parts
of serum to 15 parts of dried milk.

DEIED-COW'B-MILK MIXTURES

In most cases when dried cow’s milk was fed in place of ewe's
colostrum, a mixture of 15 parts by weight of dried whole milk and 85
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arts of water was used. However, more concentrated mixtures of

ried milk were fed during the first 3 days to lambs 19, 22, and 27,
The quantities of dried milk protein fed to these lambs are shown in
table 13,

Two different milk mixtures were fed as substitutes for ewe’s milk.
The percentage composition of each of these milk mixtures is recorded
in table 7, together with the average composition of ewe’s milk. The
whole milk used was 2 mixture of dried whole milk and water in the
proportions of 20 to 80 parts by weight. The skim milk used twas
mixture of dried skim milk and water in the proportions of 29 to 71
parts by weight. As shown in table 7, although the two dried-milk
mixtures had practically the same energy value as ewe’s milk, the com-
position of the substitute milks was quite different. The dried-whole-
milk mixture differed only slightly from ewe’s milk in both protein
and ash content. The fat content of the swhole milk, however, was a
little Tower and the sugar content somewhat greater than those of
ewe’s milk. The skim-milk mixture, on the other hand, had approxi-
mately twice the protein content and three times the sugar content of
ewe’s milk, and, of course, an extremely low fat content.

Taste 7—Comparison of composition of dried-cow's-milk miztures fed to lambs
with that of ewe's mivk

Proportion of | Propertion of | Proportion of .

total protein total fat total sugar ?03_]"3‘} gfoﬁles

Mk analyzed total |per100g
. . walght | pf foid

Weight |Calories| Welght | Calorias| Weight |Calories| of ash

Fizrcend | Pereent | Percant | Percent ! | Pereent | Pereent
Ewe'smilk . _____..____ 533 23.4 8.52 58.7 , B 18,3 0.93
20-percent dried whole milic 7 539 215 573 61.6 A 222 1,19
M-parcent dried skim milic 10. 3G 4.2 .51 4.6 3 &6. 4 2.534

! From pssociates of Jlogers (£,
3 Caleulated frorm date tukon from associates of Rogers (#9).

BAY AND GRAIN MINTURE

In accordance with the practice employed by the sheep husband-
men at the Agricnltural Research Center, when the lambs were 2
weeks old alfalfa hay and a grain mixtare were made available to
them. The grain mixture consisted of corn, 4 parts; oats, 4 parts;
bran, 2 parts; and linseed meal, 1 part.

METHQODS OF FEEDING

Observations were made on groups of experimental lambs that were
fed as follows:

Group 1. Seven lambs were fed fresh milk in place of colostrum
for the first 3 days or 4 after birth and were thereafter allowed to
suckle their dmms. Three lambs in this groups were fed fresh ewe’s

milk; the other four were fed fresh goat’s milk.

Group 2. Twelve lambs were fed a mixture of dried cow’s milk
from birth. During the first 8 days after birth this was a 15-percent.
mixture of dried whole milk and water; on the fourth day the con-
centration of milk was increased 4o 20 percent.

Group 3. Eleven lambs were fod cow’s colostrum, either fresh or
dried, in place of ewe’s colostrum. Two of these lambs received dried
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cow’s milk for 1 or 2 days before receiving the colostrum. Since
there was considerable variation among individuals in the method of
feeding during the first 3 days, details of feeding for this period are
summarized in table 8. Four of this group were suckled by their
dams after the third day, and the other seven were fed a mixture
of dried whole cow’s milk thereafter.

TapLE B—Bovine colostrums and milks fed to lambs in group & during the first
3 dayy after birth

Product and gnantity of proteln fed on—

Firat day Bacond day Third day

Prodizct ! Product Product

Drigd colostrum 2..... 75 5 | Ewe's milk
Diriad colestrom 2. a0 70 percont dried milk..

Drried milk 106

Dried colostrun 3a...- 55 | Ewesmilk____.__._..
Fresh cologtrum 4a._..f 108 FDraiselé cc%osirum 1:13.._--
ried enlostrum 3__...
25....--.-| Dried colostrum 3 o ({3 percent dried Ml .
|- I do... 80 | Dried eolostrum 3 d
7. f%rgeg m!l'F'lr : ImEs 15 percant dried milk.. Fresh colostrum 31
ried eolostrum 15
e e 3 33 [|Driod calostrum 3 Dried colostrum 3
Fresctlz golostram 32_... gg 20 p%rcent dried milk_. 20 pclejrcent dried ik _
0. {v} a

i For descriplion of colostrums, ssa texl.
t A pproximatsly.

Group 4. Seven lambs were fed during the first 24 hours o mixture
of sheep serum and dried cow’s milk, and dried cow’s milk thereafter.

Group 5. Eleven lambs received colostrum from their dams and
were thereafter fed dried whole cow’s milk. These lambs, as well as
those in groups 6 and 7, were left with their respective dams for 6 to
48 hours after delivery and were then placed on experiment.

Group 6. Eleven lambs suckled colostrum from their dams and were
thereafter fed dried skim millk.

Group 7. Nine lambs suckled colostrum from their dams and were
thereafter fed dried skim milk. In addition, all animals in this group
received 10 ce of cod-liver oil each day. Five of the group received
each day a further addition of 75 mg of iron, 15 mg of copper, and
30 cc of tomato juice.

Newborn Jambs fed by hand received daily for the first 3 duys from
450 to 900 cc of fluid in Ave or six equal feedings. Small lambs, §
to 7 pounds in weight, were fed 450 cc cach 24 hours, and larger lanbs
received proportionately more. The average daily quantities of milk
fed to the lambs after the first 3 days are indicated in table 9. Milk
feeding was terminated at 12 weeks of age except in a few cases shown
in later tables. No account was kept of the quantity of hay consumed
by the lambs. The quantity of grain consumed daily per lamb was
ap[)roxlma.tely one-fourth pound at 4 weeks of age, increased tv one-
half pound at 8 weeks of age. During the early weeks of life, the
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young lambs were fed five times during each 24 hours as follows:
2a.m,8a.m,12m, 4p. m,and 10 p. m. At abont 8 weeks of age,
the 2 a. m. feeding was omitted and a few days later the 10 p. m.
feeding also,

TarLe O —drerage daily conswmption of whole or skim wmilk by experimental
i fasmbs per 100 pounds of body weight

Dricd | Dried | Dricd | Dried “ Dried | Dried
Apge(week< whnls skim Age{weeks) [ whole skim | Agme (weels) | whole skim
milk milk ! milk milk milk milk

Founde | Pounds } Pounds I Pounds | Poundy
3.6 5.0 35 L3 L9

: R L3

i

%8 WS N 21 )

|
|
|

8t
id

For the first 4 weeks the hand-fed lambs were fed from hottles
fitted with large rubber nipples. At about 4 weeks of age they were
taught to drink milk from jpails. Due regard for cleanliness was exer-
cised in mixing and handling the milk. All milk containers, nipples,
and other feeding apparatus were sterilized every day. When the
mixed milk was to be stored for several hours before being fed it was
kept in a refrigerator. All milk was warmed to 37° C. for feeding.

MANAGEMENT OF ANIMALS

All animals fed milk or some other product instead of colostrum
were delivered under observation and removed from their dams im-
mediately. ach newborn lamb was rubbed with a cloth and the
umbﬂica{ cord painted with tincture of iodine. Subsequent manage-
ment of the animal varied somewhat with the experimental roup to
which it belonged and is described for each group separately.

The seven lambs ( "l'OllE 1) that were fed only fresh milk during
the first 3 or 4 days after birth and were then placed with their damg
were normal lambs delivered from healthy ewes at the Agrienltural
Research Center, Immediately after the birth of the lamb, an apron
was tied around the ewe in such a fashion that the udder was in-
accessible to the lamb. The ewe and lamb were then placed together
in a small pen. The lamb was fed fresh milk from a bottle for the
first 3 or 4 days. Each ewe was milked twice 2 day during the period
that she wore the. apron in order to remove all colostrum before the
lamb suckled her. The apron was removed from the ewe on the third
or fourth day, and the lamb allowed to suck. Lamb and ewe were
then returned to the flock. When this procedure for handling ewes
and their lambs was followed, there was no difficulty in getting a ewe
to own her lamb and, furthermore, little trouble in persuading the
lamb to suck its dam, even though it had been fed from s botile
for the first few days of its life.

In the first three cases so managed, the lamb and ewe were kept
in a pen about 4 feet square in the same barn with other srorns of
experimentally fed lambs. Several of the experimental lambs i1} this
barn died of pneumonia during the latter part of February. To
avoid, as far as possible, infection by the agent producing the death
of these lambs, the next four lambs which were to receive no colos-
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trum were kept in the sheep barn in the “maternity” pens used
throughout, the lambing season for ewes during and immediately
after delivery of lambs.

Of the 12 lambs (group 2) that were deprived of colostrum and
fed a mixture of dried cow’s milk throughout the suckling period, 2
were from healthy ewes at the Agricultural Research Center. The
other 10 were from ewes of mixed breeding on farms a few miles dis-
tant from Beltsvillee These ewes were brought fo the center
several days before lambing and kept until after delivery of the
lambs. The ewes were of poor grade stock and appeared thin and
in poor condition. After delivery the Jambs were placed in individual
pens in an unheated building where they were under cover and pro-
tected from the wind.

Of the 11 lambs (group 3) that were fed cow’s colostrum in place
of ewe’s colostruny, 2 were from ewes brought to Beltsville just before
delivery of the lambs. The other nine Jambs were from the Re-
search Center. The four lambs in this group that were suckled
by their respective dams after the third day were managed in the
same manner as the lambs that received ewe’s or goat’s milk instead
of colostrum. The seven lambs that were fed the dried-milk mixture
after the colostrum feeding were removed at once after delivery to
individual pens in an unheated building.

The seven lambs (group 4) that were fed sheep serum in place of
colostrum were also from the grade ewes that were borrowed from
nearby farmers and kept at the Research Center until after delivery
of the lambs, They were removed at birth to pens in the barn where
the bottle-fed lambs were housed.

Lambs, not move than 2 days old, that weve reported by their
owners to have suckled their vespective dams were obtained from
farmers living in the vicinity of Beitsville. The lambs were col-
lected in a covered truck in which'they were kept from 4 to 10 hours
before delivery at the station. All lambs were from ewes of mixzed
breeding. Adfter being delivered at the Research Center, the lambs
were divided into three groups—Nos. 5, 6, and 7. An effort was made
to effect an equal distribution of weak and strong lambs among the

three groups.
' OBSERVATIONS ON SERUM PROTEINS

In order to determine whether there was a comparahle absorption
of globulins from cow’s und ewe's colostrum, protein studies were
made on blood serum from lambs that were fed cow’s colostrum and
on blood serum from lambs that were allowed to suckle colostrum
from their dams. Similar studies were alse made on serum from
lambs that were fed dried milk insteard of eolostrum. All blood sam-
ples were drawn from a jugalar vein with proper precautions against
introduction of any infection at the site of vencpuncture. Not more
than 10 cc of blood was drawn from a lamb at any one time. Blood
samples were handled and the serum protein fractions determined in
the manner deseribed for the determination of serum proteins of
toals.
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EXPERIMENTAL RESULTS
SUBSTITUTION OF FRESH MILK FOR COLOSTRUM

Of the seven lumbs (group 1) fed fresh ewe's or goat's milk in
place of colostrum, only three survived long enough to be placed on
their dams to suck. One of these died 4 ﬁnys later, and the other
two, lambs 1 and 7, made good growth. Data in regard to the ani-
mals in this group are summarized in table 10. Autopsy of each of
the five lambs that died revealed evidences of a lung infection, and
n four cases additional evidence of a pericarditis also. However,
bacteriological cultures were made in only one case. Although it
appeurs that these five animals died of infections, there are no records
to indicate whether one or several types were involved,

TABLE 10.—Resulls obigined from feeding lambs (group 1) cwe's or poat’s mitk
inatead of colostrim for the first 8 or 4 duys und allowing them to suck their
dams thereufter

L_\"-:;{b , Lireeding

Weight | Soures of milk fed

ut hirth [instead af colostrum Feediug resalts

i Poundy
Tlampshire .. ; L5 | Sheep Weckiy rate of gain for first 4 weeks, 4.5 pounds;
for segonil 4 weeks, 4.7 pounds; nnd lor third
4 woeeks, & pounds.
.| Corriednle. . aooto o ____.| Died on fourth day.
PR TR [ N ..d Died on third day.
oo Hempshire. . D
[ PR [« AN,
.| Southdewn. ..

R PR § | - RSP

0.
-| Tdied om second day,
.| Died on seventh day.
.| Weekly rate of gain for first 4 weeks, 3.4 pounds;
! : for second ! weoks, 2.5 pounds,
1

Lo g
SIS o

SIEEn e Gl b3

FEEDING OF DRIED COW'S MILK FROM BIRTH

Of the 12 lambs (group 2) that were fed a mixture of dried cow’s
milk and water from birth, 7 survived to be slaughtered at approx-
Imately 16 weeks of age. Four died between 8 nnd 18 days after
birth, each with a lung infection, and one, lamb 14, became partially
paralyzed on the second day. dying 5 weeks later. The seven sur-
vivors made good growth, nveraging 8.4 pounds of gain per week
for 16 weeks. Data on growth of these animals ave assembled in
table 11. Results of fractionation of serum proteins of two of
these animals are included in {able 13. Lamb 18 which was fed a
15-percent mixture of dried milk sufficient to supply 30 ¢ of protein
during the first 24 honrs, showed a decrease in serum globulins that
was proportionally greater than the decrease in albumin. ZLamb
19 was fed a much more concentrated dried-milk mixture sufficient
to supply 113 g of protein during the first 24 howrs and showed an
increase 1n a1l globulin fractions that was proportioually mach greater
than the increase in albumin.




24 TECHNICAL BULLETIN 661, U. 8, DEPT. OF AGRICULTURE

Tasle 11.—Weekly gaing of group 2 Iminbs, fed dried whole milk from birth

Average weekly gain during—

Weight
St Bitth | pirst | Second | Third | Fourth
4 weeks | 4 weeks | 4 weoks | 4 weeks

1

Pounds | Pounds | Pounds
. 3.8 il

bl at-dl
~

SmElpaapEo
T P En Bh s G OF B3 DSy

31
2.3

o
.| Bhropshire__
Hampshice., ccevann..

| Digd at 8 days of age.

1 Died at 12 days of ages.
2 Died at 5 wegks of age.
+ Died at 17 days of age.
¢ IYied ot 18 days of age.

SUBSTITUTION OF COW'S COLOSTRUM FOR EWE'S COLOSTRUM

The growth and feeding vecords of the group-3 lambs, which re-
ceived cow’s colostrum in place of ewe’s ccﬁostrum, are summarized
in table 12. Results of the fractionation of serum proteins in seven
of these lambs are presented in table 13. Similar data from two
lambs (Nos. 39-T and 47-I) that were allowed to suckle colostrum
from their dams are included in the same table. Lambs 20, 21, 23,
24, and 26, which received cow’s colostrum, either fresh or dried, on
the first day after birth showed decided increases in serum globuiins
within 18 to 48 hours. These increases, however, are much Jess than
those occurring in the two lambs that received ewe’s colostrum,

Tasrk 12, —Weekly gaing of group 3 lambs, fed rois eolostrin g8 a substituie
for cwe's colastrum followed by the feeding of ewe's milk or of dried whole
col's miilk

Weight | Pays after Lirth on

it which colostruin Mk fed

hirth was fed First { Becomtly Thied
4 4 4

Average weekly gain
during-—

Breeding

weeks | woeks | weels

Poundy, Pounds 'Paunds Pounds
8,7 1. Q.4 3.8
1.8

TTnmpshire....
Sculhidown. _.
Hampshire.._.
Shropshire.. .. X
Sotlhdown. .. .3 | First und second
RO T
do
Iampshire....
Southdown. .

1D BN LE R 122 2 08
o Rt s

T Dled of nephrilis at 7.5 weeks of age.

2 Dled of nephritis at 8 weeks of ngo.

1 Dled of nulnhril.is at 4.5 weelrs of npe,

+ Only small quantity of colostrom proteins lnpested,
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TaBLe 13.—Profein fractions of blood serum from lambs ihat received ewe's
coloslrium and from lambs that received cow's colostrym or dried-cow'a-milk
mirture in place of ewe's colosirum.

[Results exprassed as grams of pitrogen pot 190 e of sertin)

Protein Ingested Nitrogen partition in bload sernm

Eu-
glob-
ulin

Psen-
do-
glob-
ulin
I

Psou-

Non-
pro-
teln

altro-
gen

Totsl
aitro-
gen

Fleurs

1to 24, .
24 1o 4B .
1to28

-| Ewe's coiostrom.._

[ £ T,

Colnstrum 4n 2. _
Frosh colostrum 4,
Diried colostrum 2.

{1 to M__.| Dried cologtrum 3.
241048. do

Itol8...

1o %4
24tpd8. ... ..de

Ttofd. . Dried milk

{24 to48_ | Fresheglostrum 31
and dried mitk,
]{1 024, | Dried wmitk ..., __

itodl . dea.. ...
38t032. | Frosh colestragu 3l |
1to M __{ Diried mitk

19| 1lo24

3

¢ Colastrumn prepurations are described on p. 15,
* Fresh colosirum fortifterd with dried colostrui,
¥ Of psendoglotmiins I and IT,

Lambs 22 and 27 were fed on the first day dried milk sufficient to
supply total protein in quantities equal to or exceeding that supplied
by the cow’s colostrum, which was fed to other lambs. In neither
of these two lambs was there an appreciable increase in either the
euglobulin or pseudoglobulin fractions. Furthermore, when cow’s
colostrum was fed on the second or third day to these animals, there
was still no marked change in either of these two protein fractions.

In contrast to the results of protein determinations for Iambs 22
and 27 are the results obtainec{ for lamb 19. A greater quantity
of dried-milk protein was ingested by this animal during the first
24 hours than of either dried-milk or colostrum protein by any other
animal during the same time. In the case of lamb 19 there was a
decided increase in globulins.

Of the lambs that were fed cow’s colostrum, the four that were
suckled by their respective dams after the first 3 days survived
{table 12). Lamb 22, in which it was demonstrated that there was
no gross absorption of foreign protein, made much better growth
then Nos. 20, 21, and 23, in which marked increases in serum
globulins occurred after the ingestion of the cow’s colostram. Of
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the seven that were fed dried milk, three died of acute nephritis,
The others grew very well.

Histological examination, at autopsy, of kidneys of all these ani-
mals that were fed cow’s colostrum revenled in each case evidences
of marked kidney damage. This damage varied in extent from a
moderate distention of the convolited tuabules, with some degenera-
tion of their epithelium in the regions near the capsule in lamb 22
to practically complete degeneration of most of the epithelinm of
the convoluted tubules in lamb 23. In those lambs that were fed
ewe’s milk after the first few days, the collecting tubules and
glomeruli were relatively normal. However, in those animals that
were fed dried cow’s milk following cow’s colostrum, in addition to
the degeneration of the epithelium of the convoluted tubules, there
was in each case some fibrosis of the cords of Bellini, degeneration of
the cells of the eollecting tubules, custs in the lumen of collecting
tubules, and oceasional hemorrhages in the pavenchymal tissues.

FEEDING OF SHEEP SERUM OR COLOSTRUM FOLLOWED BY DRIED WHOLE
COW'S MILK

Of the seven lambs (group 4) that were fed sheep serum and dried
cow’s milk, two died during the first 2 weeks. Under similar con-
ditions of environment and management 5 lambs died cut of & group
of 12 that received neither serum nor eolostrun: but the same gr.ie(%—
milk mixture from birth {table 11). Growth records of the serum-
fed lambs are assembled in table 14.

TADLE 14.—Weekly guains of lambs of mized breeding {group §) fed sheep serum
s o suwbstitute for ewe's colostritm awud dried whole milk as a substitute for
ciwe's milk

) Serum fed Average weekly gain during—-
Welg
Tty Ma. al %;il}lfltl'
e . i First 4 { Second 4| Third 4
3 '
: mmnnui T omditien weeks weeks wenks
I Pounds | Groms i Pounds | Pownds | Founds
[ 1 T 12,4 ﬁl!j barkert, . L0 4.7 KN
. e
32 o B4 Sl Preslo. Lt A 2.8
3., 9.5 ., L de .. . LY 3.8 4.0
B 6.2 i o B . El) TR I,
oo, 3.5 B do. e aem e L3} R I,
-1 LY B .. do e 2.1 22 4.0
ER) 1.4 P&

3?'.__.___-___:'..| ) o LT 15

¢ Tred ab 34 hours of age.
T Very wenk inmb; died a2 weeks ol ape,

Data on 11 lambs (group 5} that were fed dried whole mitk after
having received ewe’s colostrum are presented In table 15. Lambs
in this group were 12 to 48 hours old when removed from their dams.
Ten of these lamnbs survived and appeared to be thrifty and in excel-
lent condition throughout the experimental period.

It appears that whereas jumbs fed sheep serum as a substitute for
colostrum have a better chance of survival than Jambs that are fed
only dried milk, they still may not have all the benefits supplied to
those lamnbs that receive ewe’s colostrum,
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TapLe 15—Weekly geins of lambs of mized breeding (group 5) thet received
ewe’s eologtrim and dried whole milk

Apaand weight Ape nod weight i

ol lamb st end Acrarage weekly gain oflamb atend | Averape weekly gain
of colostrum during— af eolostrum during--

feeding feading

First | Second
4 weaks| 4 waeks

First | Second | Third

Age | Welght 4 weaks| { weels| 4 weeks

Ape | Weight

Founds| Peunds| Powndy Hours | Poumids| Pounds| Pounds

81 20 . 48 R.Y 21 2.0

23

2.8
0]

2.8

L&
<«

=
ta

8.
1.
3,
8

Herasiza
(L2 -
e
=3 LR T -1 -

! Somewhnt less than this age.
t Ded at 734 weeks of uge.

FEEDING OF DRIED SKIM MILK AFTER EWE'S COLOSTRUM

Data on the 11 lambs (group 6) that received ewe’s colostrum and
were subsequently fed dried skim milk alone are assembled in table
16. All lJambs in this group except No. 59 were with the ewe 94
hours or more. All survived for 3 weeks or more, but only 5§ sur-
vived after the fourth week. Although three of these lambs {Nos.
50, 52, and 53) made good growth, they all suffered from frequent
diarrhea and appeared to be in poor condition.

TaABLE 16—Woeekly gaing of lumbs (group G) that received ewe's eologirum and
dried skin mitk

Aiza and weight of
umb atend of | Average weekly gain during—
colostrum feeding

Breeding

Ag o First 4 | Becond 4 | Third ¢
Age Weight weeks weeks

Pounds | Pounds | Pounds
N

80
1.3 3.0

o
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—_ T GO
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BESE T Fwm s

—_
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T Mived. . L.00TTTT

1 Died ot 28 days of ape.
1 Dded at 21 davs of age,
7 Recalvod 10 g of swe's colostrum of #irsi, milking and dried skim milk (hereafter,

Four lambs in group 7 were fed dried skim milk supplemented b
10 ce of cod-liver oil daily. Three animals of this group surviveg
thronghout the 3-month period of the experiment and made fair
growti. Five lambs also in group 7 received, in addition to the
cod-liver oil, further supplements of 30 cc of tomato juice, 75 mg of
iron, and 15 mg of copper per day. Of these, four died within about
3 weeks of age and one lived to 3 months, unthrifty and ill-nourished,
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The records of the lambs that were fed skim milk and supplements
are presented in table 17,

TaBLy 17.—Weekly gaing of lambs (group V) that received ewe's colostrum and
dried skim milk with gupplements

Age and weight of
amb af end of
colosirum  feed-

Bresding lng Supplement

Average weekly gain during—

Weight ‘| First 4 | Segond

Age weeks | 4 weeks

Mixed. .. ...

da
Cad-liver oil, iron, copper,
and tomato juice.

- do.
Corriedale ...

{ Diad at 30 days of age.
1 Txed at 22 days of age.
¥ Dried at 19 days of age.
+ Died af 15 days of aga
4 Diad 8t 8 days of age.

The addition of cod-liver oil alone to the skim.-milk diet appeared
to effect a larger percentage of survivals, but the lambs were no
thriftier in appearance than those without cod-liver oil and evidenced
the same diarrhea. Tomato juice, iron, and copper suppiements
appeared to be harmful rather than beneficial. -

Examination of the digestive tracts of the lambs that died revealed
large, very firm curds of undigested milk in the stomach and highly
inflamed intestines.

DISCUSSION

Results of observations indicated that when a sufficient quantity
of fresh cow’s colostrum was ingested by the lamb during the first
24 hours after birth, there was an increased concentration of globulins
in the serum of the lamb. The same quantity of fresh colostrum
ingested during the second 24 hours after birth was ineffective in this
respect, as determined by ordinary chemical methods of determining
proteins. Furthermore, colostrum dried under reduced pressure at
roor. temperature appeared to be as easily absorbed as fresh colos-
trum during the first 24 hours. Colostrum dried by heat, however,
produced mnch smaller increases in serum-globulin fractions than
the same colostrum, fresh or dried under reduced pressure, when
each was fed in equivalent quantities. That this increase in serum

lobulins was not a phenomenon occcurring independently of the
Ingested colostrum was shown by the fact that it did not occeur when
a dried-milk mixture of a protein concentration equivalent to that
of the colostrum was fed. However, it appears possible to produce
inereases in serum globulins by feeding dried miFk if the concentra-
tion and total quantity fed during the first 24 hours after birth are
sufficiently great. This was demonstrated by the results obtained
from serum from lamb 19 {table 13).
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When the ingestion by the newborn animal of large quantities of
homologous gl(g)ﬁsulins, which are known to be identical with the
serum globulins, results in increases in certain globulin fractions of
the circulating blood, the phenomenon is explained as being the result
of absorption of these unsigested globuling from the intestinal tract.
This absorption may be due to an unusual and rapidly dimirishing
selective permeability of the intestinal mucosa during the early hours
of life or to 2 deficiency of proteolytic enzymes in the newborn anjmal
and s selective permeability which persists but does not operate ex-
tensively after the proteolytic enzymes begin to function. When,
however, similar increases ocenr in the serum-globulin fractions fol-
lowing the ingestion of heterologous proteins, the question arises as
to whether these increases are due to direct absorption of the heterolo-
gous globulins or to a stimulation of the organism to the production
of homologous globulins. A few unpublished experiments by the au-
thors on the precipitin reaction of serum drawn ?om lambs following
the ingestion of bovine colostrum strongly suggest the presence, in the
blood serum, of bovine globulins that were directly absorbed from
the colostrum. However, it is difficult to explain the increases in
serum globulins in lamb 19, following the ingestion of a high con-
centration of dried milk, as'the result solely of absorption, since the
globulin concentration of the dried milk is shown to be low.

If the absorption of globulins and their associated antibodies from
heterologous serum and colostrum ingested by the newborn lamb can
take Ylace, such serum or colostrum would serve as a substitute for
homologous colostrum in the transference of passive immunity to the

young animals, provided the antibodies needed by the lamb were pres-

ent in the substituted serum or colostrum. Mason, Dalling, and Gor-
don (23) have already shown that lambs absorb tetanus antitoxin
from horse serum injected subcutaneously, .._.d less readily from horse
serum administered per os during the early hours of life. For any
such substitution to become of practical use in the transference of
Immunity to lambs, it should be known what Immunity is needed by
the young animal in its particular environment, what medium will
supply the needed immune substances and further, what, if any,
deleterions effects may result in the normal development of the young
animal from the administration of the foreign protein.

Under the conditions of the experimental work reported here, the
use of cow’s colostrum in place of ewe’s colostrum was of no value in
the production of healthy lambs, although there was considerable
absorption of globuling from the colostrum fed during the first 24
hours and conceivably abserption of antibodies also. larger per-
centage of lambs fed cow’s colostrum survived during the first few
weeks than of those receiving no colostrum. But the autopsies indi-
cate that the smvivors of the latter group appear to have a better
chance to make a good rate of growth than those of the group fed
cow’s colostrum. Results of histological study of the kidneys of
lambs fed cow’s colostrum suggest that there was a sensitization of the
newborn lamb to the foreign protein that was absorbed in appreciable
guantities and a subsequent resulting kidney dama especiall;;
marked when the feeding of the foreign protein in the form of cow’s
milk was continued,
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In the group of lambs that received either ewe’s milk or gosat’s
milk instead of colostrum and their dams’ milk after the third day.
five of seven died within 7 days after birth, In the same environ-
ment and the same season, only 9.6 percent of the lambs delivered
and fed by the ewes in the flocks at the Research Center died dur-
ing the first 2 weeks of life. In the group of lambs fed dried whole
milk from birth {table 11} 5 of 12 died between the eighth and
thirty-fifth days whereas in a group of 11 lambs similarly fed and
housed except that they received ewe’s colostrum (talble 135}, only
1 died during the suckling or milk-feeding period.

Although in each group of lambs there are uncontrolled factors
such as breeding, the results warrant the conclusion that, at least
under the conditions and environment that prevailed during these
experiments, lambs need homologous colostrum or ifs equivalent.
Since, in & group of 7 lambs that were fed sheep serum as a colos-
trum substitute and dried milk thereafter, only 2 died as com-
pared with 5 in a group of 12 that received dried milk alone, it
may be concluded that sheep serum iz at least partizlly successful
2s a substitute for colostrum.

Losses in the groups of hand-fed Jambs seem somewhat high until
they are compared with the total losses among lambs in the flocks
at the Research Center during the same season. The latfer losses
amounted fo 9.6 percent during the first 2 weeks after birth and
to an additional 6.2 percent from 2 weeks to 4 months of age. These
losses were greater than usual and suggest during this particular
season the presence of some unfavorable factor, probably baeterial.
among all lambs,

SUMMARY AND CONCLUSIONS

Studies were made on 18 newborn foais and 68 lambs with respect
to the importance of colostrum in their development, the use of cer-
tain substitutes for homologous colostrum, and the use of mixtures
of dried cow’s milk as substitutes for homologous milk. These
studies were carried on at the Agrienitural Research Center, Belts-
ville, Md.

During the first 18 hours after birth, seven of the foals were fed,
as a substifute for mare’s colostrum, 1,000 cc or morz of horse serum
incorporated in a mixture of dried whole cow’s milk, dried skim
milk, sugar, und water. These foals suffered no apparent ill effects
from fallure to receive colostrum. Four of these foals received
fresh serum, and the other three received serum that had been dried
at room temperature under atmospheric pressure. Both serums
appeared to give equally good results.

hree feals fed only the driad-milk mixtures as a substitute for
dam’s colostrum developed symptoms commonly associated with
joint ill and died within & weeks after birth.

Three foals were fed known quantities of mares colostrum. Studies
were made of the changes in protein fractions of the bleod serum of
these three foals, of the three that received the dried-milk mixtures,
and of five that received horse serum incorporated in the dried-milk
mixtures. These studies indicated that when 1,000 c¢ or more of
horse serum was ingested by a foal during the first 18 hours after
birth, sufficient globulins were absorbed o produce an increase in
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serum globulins that was easily demonstrated by the ordinary meth-
ods of protein fractionation. In the foals receiving no colostrum or
substitute, there was either a decrease or only a slight increase in total
serum glo’lmiins.

Six of the foals that received the colostrum substitute of horse
serum incorporated in a dried-milk rmisture also received the dried-
milkk mixture as a substitute for mare’s milk during the first 24 weeks.
These six foals were healthy and vigorous and grew at & rate that
compared favorably with that of foals suckling their dams.

Because of the small number of foals used and the differences in
breeding, no definite conclusions can be made regarding the com-
parative rates of growth of colts suckled by their dams and of colts
fed the dried milk mistures. However, the studies show that the
use of colostrum or a suitable substitute is essentizl to the animal,
that horse serum incorporated in n dried-milk mixture can be used
successtully as such a substitute, and that a cow’s-milk mixture such
as the one nsed in the experiments is a satisfactory substitute for
dam’s milk. In the practical feeding of foals, the addition, to the
milk mixture, of cod-liver oil or some other concentrated source of
vitamins A and D is considered advisable.

Of the 68 lambs used in the experiments, 7 were fed fresh sheep’s
or goat’s milk as a substitute for colostrum. Ouly two of this group
survived beyond the seventh day.

Seven of twelve lambs fed trom birth o misture of dried whole
cow’s milk and water survived and made a good rate of growth.

A. third group, containing 11 lambs, was fed cow’s colostrum as n
substitute for ewe's colostrum. Four of these lamnbs were fed ewe's
milk after the second day and all survived. Seven of them were fed
the mixture of dried whole cow’s milk and water after the second
diy. Three of these died of nephritis at 8 weeks of age or less.
The kidneys of all animals that were fed cow’s colostrum showed
marked damage at autopsy.

Studies made on serum-protein fractions of nine of the lambs fed
either cow’s colostrum or the dried-milk mixture in place of their
dams’ colostrum indicate that cow’s colostrum, when ingested in suffi-
cient quantities by the newborn lamb during the first 24 hours after
birth. effects & marked increase in the serum globulins of the lamb.,
It is suggested that the absorption of the foreign protein from cow’s
colostrum may be a factor in the kidney damage observed in the
animals fed such colostrum. This damage was most marked in those
animals subsequently fed dried cow’s milk.

In a fourth group. consisting of seven lnmbs, that were fed during
ithe first 24 hours a sheep serum incorporated in the whole-milk
mixture, followed by the milk mixture in place of dam’s milk. only
two died during the first 2 weeks. The percentage of survivals was
larger than was obtained with the substitution of cow’s colostrum
for ewe's colostrum and the use of a similar dried-milk mixture
thereafter.

Thirty-one lambs, after being allowed to suckle colostrum from
their dams, were fed mixturves of dried cow’s milk and water. Of
11 of these lambs fed a mixture of dried whole milk and water, 10
remained heulthy and made excellent growth. Of 11 fed u dried-
skim-milk mixture, only 5 survived for the entire feeding period and

these suffered from frequent diarthea. In u group of nine lammbs,
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neither the addition of cod-liver oil to a skim-milk mixture nor the
further addition of tomato juice, iron, and copper appeared to effect
a marked improvement in the condition of the animals over that
observed in those fed skim milk alone.

The experiments indicate, therefore, that lambs, as well as foals
need homologous colostrum or its substitute. In the feeding o
lambs, sheep serum appears to be at least a partly successful substi-
tute for colostram. The experiments also indicate that lambs and
foals grow well on a mixture of dried whole cow’s milk and water fed
in place of the milk of the dam,
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