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ABSTRACT Milk samples averaging 500 ml were collected weekly from 10 to 54
days postpartum from five lactating mares. Samples were obtained by hand milking
after oxytocin administration and while the foal nursed. Dry matter, protein and gross
energy were higher in samples obtained at 10 and 17 days postpartum than those ob-
tained during the midlactation period of 24-54 days. Midlactation samples averaged
10.5% dry matter, 1.29% fat, 1.93% protein, 6.91% sugar and 50.6 keal/100 g. Protein
comprised 22% of milk energy. Milk intake was estimated in five foals from deuterium
oxide (D;O) turnover to be 16, 15 and 18 kg/day at 11, 25 and 39 days postpartum.
Milk intake differed significantly among foals and at the various postpartum ages,
whether intake was expressed as a daily amount, as a percent of foal body weight, per
kilogram®?® or per gram of foal body weight gain. Milk production was equivalent to
3.1% of the mare’s body weight at 11 days postpartum, 2.9% at 25 days and 3.4% at
39 days. On the basis of metabolic body size milk output by the mare was 149 g/kg®™,
139 g/kg®"™ and 163 g/kg"™ at 11, 25 and 39 days postpartum, respectively. Nutrient
intakes by foals were calculated from milk composition and intake data. At 11, 25 and
39 days postpartum, respectively, dry matter intake equaled 3.1, 2.1 and 2.0% of foal
body weight, and daily gross energy intake was 9380, 7590 and 8910 kcal. For each
gram of body weight gain, foals ingested 0.37 g protein and 8.3 kecal at 11 days, 0.26
g protein and 6.7 kcal at 25 days, and 0.30 g protein and 7.8 kcal at 39 days of

age. J. Nutr. 113: 2196-2206, 1983.
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Knowledge of the composition and pro-
duction of mare’s milk is essential for a
better understanding of the nutrient re-
quirements of both the mare and the foal.
Although many reports on milk composition
are available (1, 2), recent information on
milk production by the light horse breeds is
limited and contradictory. The daily milk
yield of 14 Quarter Horse mares as
measured by the weigh-suckle-weigh
method averaged 10-12 kg/day or about
2.1% of body weight for the first 150 days of
lactation (3). Milk production by mares
estimated by using deuterium oxide (D;0)
as a tracer of foal body water averaged 16.2
kg/day during the first week of lactation (4).
In contrast, hand milking Quarter Horse

horses

lactation . milk composition

mares while the foal nursed led to milk
production estimates of only 1.5-9 liters of
milk daily or about 0.3-1.8% of the mare’s
body weight (5). The National Research
Council (NRC) Subcommittee on Horse
Nutrition (6) concluded that mares of light
breeds may produce milk equivalent to 3%
of body weight during the first 12 weeks of
lactation and about 2% of body weight
during the second 12 weeks of lactation.
The following study was part of a larger
project that compared milk composition
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and production to nutrient requirements
and developmental strategies of the suckling
young of several mammalian species (7, 8).
This paper reports on production and com-
position of mare’s milk and relates these
values to estimated nutrient requirements of
foals. Milk production was measured from
the dilution and turnover of DO adminis-
tered to foals. Both tritiated water and D,O
have been shown to yield valid estimates of
milk production if corrections for changes in
body water pool size are made (4, 8-10).

MATERIALS AND METHODS

Animals and management. Ten lactating
mares and their foals were housed and
maintained in box stalls. Mares and foals
were allowed to exercise in an outdoor dirt
paddock for an hour daily. Mares were fed
a mixed grain and molasses feed containing
about 13% crude protein, 0.5% calcium,
0.3% phosphorus and 3.4 kcal of digestible
energy per gram. Mixed grass-legume hay
and water were available to the mares ad
libitum. Feed and water intake by the foals
was restricted to mare’s milk during the first
6 weeks. Foals had access to hay, but con-
sumed limited quantities. Therefore, hay
was a negligible source of extraneous water.
The characteristics of the mares and foals
used in this study are given in table 1.

Milk composition studies. Samples were
collected from five lactating mares (table 1)
at weekly intervals from 10 to 54 days post-
partum. Muzzles prevented the foals from
suckling for 1-2 hours prior to milking.
After administration of 1.0 ml of an oxytocin
solution (20 1U/ml) by intramuscular injec-
tion, mares were milked by hand in the stall.
Only one teat was milked, and an effort was
made to completely evacuate the gland. The
muzzle was removed from the foal just prior
to or during milking, and the foal suckled
the opposite teat from the one being sam-
pled. An average of 500 ml (+ 177 sSD) of
milk was obtained in a 15- to 25-minute
period.

The weekly samples, representing the
time periods 10-11, 17, 24-25, 31-33, 38-40,
45-47 and 52-54 days postpartum, were
analyzed in duplicate for major constitu-
ents. Total solids content was determined by

drying samples in a forced convection oven
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TABLE 1
Characteristics of lactating mares and foals
Sex
Partu- of Prior
Breed Age Wt rition foal foals
yr kg mo
Milk composition study
C-30 Thoroughbred 18 — May M 3
C-32 Thoroughbred 12 — Mar M 1
C-37 Thoroughbred 11 — Feb M 1
C-38 Thoroughbred 20 — May M 9
C-40 Thoroughbred 14 — May F 5
Milk production study
C-36 Thoroughbred 7 581 Feb M 0
C-34 Thoroughbred 10 484 Feb F 0
C-43 Standardbred 11 499 Mar F 1
C-43 Thoroughbred 6 522 Mar M 0
318 Standardbred 5 488 Apr F 3

at 100° for 5 hours. Total nitrogen (TN) and
nonprotein nitrogen (NPN) were deter-
mined by the Kjeldahl procedure (11). NPN
was measured after precipitation of protein
in 12% trichloroacetic acid. Protein was cal-
culated as: (TN —NPN) x 6.38. Total lipid
was estimated by the Roese-Gottlieb gravi-
metric method (11). Sugar was determined
by the phenol-sulfuric acid method (12, 13),
by using lactose monohydrate for prepara-
tion of standards. Gross energy (GE) was
estimated according to an equation devel-
oped from data on five species (14): GE (in
kilocalories/100 g) = 9.11(fat %) + 5.86
(protein %) + 7.4(NPN %) + 3.95(sugar
%).

)Milk intake. Milk intake was estimated
from water kinetics of five foals (table 1).
D,O (99.8% purity) was administered by
stomach tube to the foals at 6-8 days, 20-22
days and 34-36 days postpartum at the rate
of 1.6, 1.3 and 1.2 g/kg of body weight at the
respective time periods. The tube was
flushed with water and air to ensure com-
plete isotope administration to the foal. The
time required for isotope equilibration was
found to be 1.5 hours in a 7-day-old foal and
2.0 hours in a 36-day-old foal. Hence 2
hours were allowed for equilibration before
10-ml blood samples were collected. Each
foal was bled at 2- to 3-day intervals during
each weekly study period. Blood water was
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isolated by heat distillation and assayed for
deuterium concentration by infrared spec-
trophotometry (15). Deuterium concentra-
tion was corrected for body weight changes
in computations of fractional turnover rate
and body water fraction (7). At the second
(20-22 days) and third (34-35 days) admin-
istrations of D,O the residual isotope con-
centration remaining from the preceding
test period was determined by extrapola-
tion. This residual level was considered as a
base line to which the subsequent increase
in deuterium concentration was measured.
With but one foal per mare, it was not pos-
sible to correct for isotope recycling; the
error is considered minor in that newborn
foals urinate and defecate independently
with minimal maternal ingestion, unlike al-
tricial or semialtricial species. Estimates of
water loss (L), water gain (G), and water in-
take (I), were calculated as follows:

I =L+G
L=k.F.W,
G = F . AW,

where F is the body water fraction (body
water pool + body weight), k is an estimate
of the fractional turnover rate of body water
(regression coefficient for the regression of
corrected log D;O concentration against
time), Wy is body weight and AW, is daily
change in body weight.

The relationship of water intake (as esti-
mated by D,O turnover) to milk intake was
considered to depend on the free water con-
tent of milk and the proportions of milk con-
stituents that are catabolized to yield meta-
bolic water. Milk composition, foal growth
rate and the estimated content of fat and
protein in the foal’s body weight gain were
used in iterative calculations of the catabo-
lism of milk constituents and the corre-
sponding water yield. Details of these calcu-
lations are given elsewhere (7).

Statistical analyses were performed by
using programs of the Statistical Package for
the Social Sciences (SPSS) on a Honeywell
computer at the Office of Computer Ser-
vices, Smithsonian Institution.

RESULTS

Milk composition. Means and standard
errors for milk constituents at the seven
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sampling times are presented in table 2. On
a whole-milk basis, there were significant
differences among sampling times for total
solids, protein and gross energy (table 3). At
10-11 days and at 17 days the total solids and
gross energy content were greater than at
later sampling times. Protein content de-
creased from 10-11 days to 17 days and from
17 days to 31-33 days. Thus, mare’s milk up
to 17 days postpartum is not representative
of milk composition during midlactation
but rather reflects a transitional phase be-
tween colostrum and mature milk.

If data for the two early sampling times
are excluded, there are no significant differ-
ences in the composition of whole milk
among the remaining sampling times (table
2). Representative values for the composi-
tion of mare’s milk in midlactation are
shown in table 4. There are significant dif-
ferences among the seven sampling times
with regard to protein and sugar on a dry
matter basis (table 3). An increase with time
in the percentage of milk energy derived
from sugar is also apparent. If the two early
sampling times are excluded, however, no
significant differences among sampling
times remain, either on a dry matter or gross
energy basis (P > 0.05).

Given the significant effect of sampling
time on milk composition for many constit-
uents, differences among mares over the
period of 10-54 days were tested by analysis
of covariance (table 3). As expected, the co-
variate effect (days postpartum) was highly
significant for most constituents tested;
more surprisingly, a significant animal ef-
fect was found for all constituents except
protein (whole-milk basis) and sugar (dry
matter basis) (table 3). On a whole-milk
basis, average total solids content for 10-54
days postpartum varied among mares from
10.4 to 11.1%, fat from 0.99 to 1.70%, sugar
from 6.70 to 7.12%, residual dry matter
from 0.17 to 0.68% and gross energy from
48.7 to 56.1 kcal/100 g. Protein comprised
from as little as 17.8% of dry matter (21.2%
of gross energy) to as much as 21.0% (26.3%
of gross energy). These significant interani-
mal differences suggest that the representa-
tive values for midlactation milk (table 4)
may be influenced by the small number of
mares involved in the present study.

Nonprotein nitrogen (NPN), varied from
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TABLE 3

Statistical tests on milk composition data for horses'

Analysis of variance by

sample order

Analysis of covariance with
days postpartum as covariate

Between Covariate Animal
Constituent groups effect effect

F(6,28) F(1,29) F(4,29)
Whole-milk basis
Total solids, % 0.001 0.001 0.05
Fat, % NS 0.001 0.001
Protein, % 0.001 0.001 NS
Sugar, % NS NS 0.001
Residual, % NS NS 0.001
Gross energy 0.01 0.001 0.001
Dry matter basis
Fat % NS 0.001 0.001
Protein, % 0.01 0.001 0.05
Sugar, % 0.01 0.001 NS
Residual, % NS NT NT
Gross energy NS NT NT
Gross energy basis
Fat energy, % NS 0.01 0.001
Protein energy, % NS 0.001 0.001
Sugar energy, % 0.001 0.001 0.05

'Values in columns represent probability level at
significant (P > 0.05); NT, not tested.

0.033 to 0.064% (mean of 0.0395%) and
comprised 8.7-17.3% of total nitrogen.
There were no significant differences among
sampling times in NPN content of milk.

Milk intake. Milk intake by foals was cal-
culated for the midpoint of each study pe-
riod, ie, 11, 25 and 39 days postpartum.
Growth rate and estimated body weight at
these ages were obtained from linear regres-
sions of foal weight on age during the period
of 6-43 days postpartum.

Fractional turnover rate of body water (k)
and body water fraction (F) were derived
from linear regressions of the logarithm of
deuterium concentration in blood water
(corrected for body weight changes) on time
after isotope administration. Fractional
turnover rate per day decreased significantly
(P < 0.05) from 0.289 in the first study pe-
riod to 0.236 in the second and to 0.219 in
the third (table 5). Body water fraction was
estimated as 0.833, 0.756 and 0.793 at 6-8
days, 20-22 days and 34-36 days, respective-
ly. These estimates of F did not differ signif-

which statistical significance was observed. NS, not

icantly with time after parturition nor
among foals.

Calculated estimates of daily water loss
(L), daily gain in body water (G) and daily
water intake (I) are presented in table 5.
Daily water loss varied significantly with
age among foals (P < 0.05) but daily water
gain did not. Reflecting the large contribu-
tion of water loss to water intake calcula-
tions, daily water intake was found to differ
both among ages (P < 0.05) and among
foals (P < 0.05). Daily water intake was
equivalent to 25.5, 18.9 and 18.2% of foal
body weight at 11, 25 and 39 days, respec-
tively.

Conversion of water intake to milk intake
required calculation of the predicted ratio
of milk intake to water intake by an iterative
process. Body weight gain was considered to
contain 19.0% protein and 6.5% fat (7). The
proportions of ingested fat and protein ca-
tabolized were estimated as 73 and 48% at
11 days, 62 and 25% at 25 days, and 67 and
36% at 39 days. In midlactation, 100 g of
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TABLE 4

Representative values for the composition of mare’s
milk at midlactation'

Whole-milk  Dry matter Gross energy

Constituent basis basis basis
% % %
Total solids 10.5 = 0.08 — —
Fat 1.29 + 0.074 12.1 + 0.64 22.8 + 1.01
Protein 1.93 + 0.042 18.3 + 0.38 22.4 % 0.56
Sugar 6.91 + 0.057 65.6 + 0.55 54.2 £ 0.73
Residual 0.42 + 0.058 4.0 + 0.56 —
Gross energy,
keal/100 g 50.6 + 0.83 480 = 5.0 —

'Means + SEM. Based on 25 samples collected from 24 to 54
days postpartum.

milk will then yield 94.5 g water, of which
5.0 g or 5.3% is of metabolic origin. An
average ratio of milk intake to water intake
of 1.058 was utilized for all age groups.
Calculated daily milk intake averaged
16.0 kg at 11 days, 15.0 kg at 25 days, and
17.6 kg at 39 days (table 6). Whether ex-
pressed as a daily amount, as a percentage
of body weight, per unit of metabolic body
size (kilograms® ™) or per gram body weight
gain, milk intake differed significantly (P
< 0.05) both among foals and among ages.
There was a significant increase in the daily
amount of milk consumed from 25 to 39
days postpartum (P < 0.01), but neither of
these amounts was significantly different
from daily milk intake at 11 days (table 6).
At 39 days the two largest intakes, 20.2 and
18.8 kg, were by foals of multiparous mares.
As a percentage of body weight, daily milk
intake fell from an average of 27.0% at 11 days
to 20.0% at 25 days and 19.3% at 39 days;
the two latter values do not differ statistical-
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ly. In relation to metabolic body size, milk
intake was higher at 11 than at 25 and 39
days; milk intake per gram body weight
gain increased from 25 to 39 days but not
from 11 to 25 days (table 6).

With only one foal per mare, the milk in-
take estimated per foal is equal to milk out-
put of the mare. Milk production was
equivalent to 3.1% + 0.17 (mean + SEM)
of the body weight of the mares at 11 days,
2.9% = 0.20 at 25 days and 3.4% + 0.22 at
39 days. On the basis of metabolic body
size, milk output was calculated as 149
g/kg®™ + 7.1, 139 g/kg”” + 9.0 and 163
g/kg®™ + 10.0 at 11, 25 and 39 days post-
partum, respectively.

Nutrient intakes. By combining milk
composition and milk intake data, the in-
take of various milk constituents can be cal-
culated (table 7). At 11, 25 and 39 days post-
partum, respectively, dry matter intake
equaled 3.13, 2.10 and 2.03% of foal body
weight, and daily gross energy intake was
9380, 7590 and 8910 kcal (equivalent to 439,
298 and 302 kcal/kg® ™). For every gram of
body weight gain, suckling foals ingested
0.372 g protein and 8.26 kcal gross energy at
11 days of age, 0.255 g protein and 6.68 kcal
gross energy at 25 days of age, and 0.299 g
protein and 7.84 kcal gross energy at 39 days
of age.

DISCUSSION

Milk composition. The decrease in total
solids and protein of mare’s milk observed in
this study in the period of 10-11 days to
24-25 days (table 2) agrees with numerous
prior studies (1, 16-24). Trends in the fat

TABLE 5
Body water turnover in suckling foals'

Time
after
partu- Body Wt Fractional Wt Daily Daily Daily
rition wt gain turnover fraction loss gain intake

W, AW, k F L G I
day kg kg-day™ day™ kg kg kg
11 59.2 £ 1.61 1.14 + 0.041 0.289 + 0.0160 0.833 + 0.0290 14.2 + 0.55 0.95 + 0.021 15.1 + 0.54
25 75.2 =+ 1.91 1.14 £ 0.041 0.236 = 0.0158 0.756 + 0.0239 13.3 + 0.74 0.86 + 0.011 14.2 + 0.76
39 91.1 + 231 1.14 + 0.041 0.219 + 0.0161 0.793 + 0.0266 15.7 + 0.95 0.91 + 0.057 16.6 = 0.94

'"Means + SEM.
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TABLE 6
Comparison of milk intakes of suckling foals'*
Foal % of
Postpartum body Daily foal body Per Per gram
age wt amount weight kg®"™® growth
day kg kg % g g
11 59.2 + 1.612 16.0 = 0.572>  27.0 + 0.66% 749 + 18.6% 14.1 + 0.512b
25 75.2 + 1.91>  15.0 £ 0.81*  20.0 + 1.15* 588 + 32.4> 13.2 x 0.79°
39 91.1 + 2.31° 17.6 + 0.99® 19.3 + 1.14> 596 =+ 34.2® 155 + 1.03°
Two-way analysis of variance
Animal effect F(4,8) P < 0.001 P < 0.01 P < 0.01 P < 0.01 P <0.01
Age effect F(2,8) P < 0.001 P < 0.01 P < 0.001 P < 0.001 P < 0.05

'Means + SEM. “Pairs of means in a column that do not share the same superscript letter are statistically

different (paired ¢-test, P < 0.05).

content in the first few weeks are less clear.
Some studies suggest a decline in fat content
in early lactation (17, 21, 24), while others
reveal no consistent trend (1, 20, 22). If the
effects of sampling time and animal are dis-
tinguished by analysis of covariance, how-
ever, time after parturition can be shown to
exert a highly significant effect on milk fat
content (table 3).

Changes in milk composition imply that
the first 3 weeks postpartum should be re-
garded as a transitional period between
colostrum and mature, midlactation milk.

extensive data on the composition of mare’s
milk at this lactation stage (table 8). Overall
mean values for total solids (10.8%) and fat
(1.57%) calculated from the combined liter-
ature data are somewhat higher than the
corresponding values obtained in the pres-
ent study. Caution is required in interpret-

TABLE 7

Average nutrient intakes of suckling foals from
mare’s milk

s . Per 100 g  Per Per g
In the current study, mare’s milk was found  Constituent! Total body wt kg"™  wt gain
to be relatively stable in composition be- R
eps Day 11 postpartum

tween 24 and 54 days after parturition [ g 1880 5.13 869 163
(table 2). The suggestion that total solids a4 278 0.47 13.0 0.25
and protein continue to decline throughout Protein, g 422 0.71 19.8 0.37
lactation (3, 21, 24) overlooks the rather Sugar. g 1090 1.84 5L.1 0.96
constant midlactation period. Most studies G- kol 9380 158 439 8.26
indicate that even in late laCtatIOI.l, ie, 30r  pgy 95 postpartum’
more months postpartum, protein content pm, ¢ 1580  2.10 61.7 1.38
declines only slightly if at all (1, 3, 21, 24, Fat g 194  0.26 7.6 0.17
25). Total solids and fat, on the other hand, Frotein. & 290 0.39 113 026

. d remain un- Sugar, g 1090 1.38 40.6 0.91
may increase, decrease or GE, keal 7590 10.1 298 6.68
changed in late lactation (1, 3, 17, 19, 2I,
24). Milk sugar, measured by difference, has  Day 39 postpartum®
been found to increase in late lactation (1, DM.g 1850 2.03 62.6 1.63
21, 24), although Kulisa (25) inastudyon56 p*-& wmeomo r
mares at 15-150 days postpartum found no  g,.,. 1200 133 4le 107
significant change in sugar content with GE, keal 8910 977 302 7.84

time.

Mare’s milk at midlactation (24-54 days)
contained 10.5% total solids, 1.25% fat,
1.93% protein and 6.91% sugar (table 4).
Seven reports published since 1930 include

'DM, dry matter; GE, gross energy. “Based on average
milk composition at 10-11 days (table 2) and mean milk intake
at 11 days (table 6).  *Based on representative milk composi-
tion values (table 4) and mean milk intake at 25 and 39 days
(table 6).
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ing these data. Incomplete mammary evac-
uation could strongly bias results. For
example, among Soviet dairy mares, the
first or cisternal milk (26) may contain but
0.15% fat while the last or residual milk
contains 3.5-7.2% . In none of the studies in
table 8 was oxytocin administered to ensure
a milk ejection response. In view of the
diverse sampling methods used, differences
in the estimates of fat and total solids among
prior studies as well as between prior studies
and the present investigation are to be ex-
pected.

The combined literature data indicate a
mean value for crude protein of 2.15%
(table 8). In the present study true protein
was found to average 1.93%, but if the data
are recalculated on a total nitrogen basis,
the consequent crude protein estimate (2.18
+ 0.045% SEM) is equivalent to the litera-
ture mean. The NPN content of mare’s milk
has been reported as between 0.033 and
0.045% (1), which is consistent with the cur-
rent results (0.0395%). Crude protein data
overestimate true protein by about 0.0395
X 6.38 = 0.25 percentage points.

Most previous sugar estimates are some-
what lower than the 6.9% reported here
(table 8). As these values were obtained by
difference [total solids — (fat + protein
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+ ash)] they incorporate the cumulative
errors of the other analyses and may be
somewhat inaccurate.

In 100 g of milk, 0.42 g of solids were not
accounted for by the summation of protein,
fat and sugar. Part of this residual can be at-
tributed to mineral matter (ash) and part to
NPN constituents. Published data on the ash
content of mare’s milk in the period of 21-60
days postpartum (16, 17, 20, 21, 24) yield an
average value of 0.41% (n = 242). By com-
parison to cow’s milk the combined weight
of NPN constituents may be approximated
by NPN x 5.34, i.e., 0.21% (7). The sum of
ash and NPN constituents, 0.62%, exceeds
the residual value by 0.20 percentage points
suggesting some small analytical error.

The finding of significant differences
among individual mares in major milk con-
stituents (table 3) was surprising. All mares
used in the study of milk constituents were
registered Thoroughbreds so that breed dif-
ferences were not involved. In a study of six
Quarter Horse mares in the first 2 weeks
after birth, significant differences in milk
protein were observed, but not in the other
major constituents (22). Breed differences
have been shown for the protein level of
colostrum (1) and the fat content of mature
milk (22). Further systemic study involving

TABLE 8
Published data on the composition of mare’s milk from 21 to 60 days postpartum'
Days
Mares  after Total Crude
Source milked  birth n solids Fat protein® Sugar®
%o

Linton 1931 (16) 37 21-60 37 10.8 1.56 2.55 6.34
Linton 1937 (17) 6 21-60 32-36 10.4 0.97 2.13 6.95
Neseni et al. 1958 (1) 15 21-60 39 10.6 1.72 2.17 6.36*
Ullrey et al. 1966 (21) 10 21-60 30 10.9 2.0 2.5 6.0
Kulisa 1977 (25) 56 30-60 168 — 1.52 1.99 6.02
Bouwman and

van der Schee 1978 (24) 5 21-56  100° 11.2 1.76 2.15 6.84
Gibbs et al. 1982 (3) 14 30-60 42 10.6 1.4 2.9° —

Mean values, all data combined: 10.8 1.57 2.15 6.36

(n=284) (n=451) (n=449) (n = 406)

"Mean values calculated from data provided in source publications.

rected if other conversion factors were originally used.
if not all, were obtained by difference, i.e.,
procedure unclear.

binding.

; total solids — (fat + protein + ash) = sugar.
Approximate number. More than 100 samples were reported.

*Total nitrogen times 6.38. Data cor-
*Sugar values as reported in original source. Most,
*Analytical
*Determined by dye-



2104

standardized sampling procedures is needed
to evaluate the extent of interindividual and
interbreed variation. All but two of the pub-
lications (3, 24) referred to in table 8 encom-
pass two or more breeds, ranging in size
from ponies to draft horses.

Milk intake. Milk intake estimates are
only as accurate as the estimates of body
water fraction (F) and turnover rate (k) on
which the calculations are based. Direct
body composition studies indicate that foals
contain about 73% water at birth and 69%
at 4 months of age (27, 28). The current esti-
mates of body water fraction in foals ob-
tained by DyO dilution are somewhat
greater. Doreau et al. (4) report a range of
71-79% body water in foals 1-3 days of age,
measured by D,O. Discrepancies between
isotope dilution and direct dessication esti-
mates of body water have been reported for
dogs, rats and pigs (29-31), but the magni-
tude of discrepancy is disputed (32). Error
may arise in direct body composition studies
by incomplete carcass dessication or water
loss prior to analysis (27). Alternatively, in-
complete isotope administration, urinary
excretion of isotope prior to equilibrium, or
exchange with nonwater hydrogen would
cause body water to be overestimated.

The high fractional turnover rates of body
water seen in foals (table 5) are not surpris-
ing. Mare’s milk is low in energy but high in
water content; in order to meet energy
needs, foals must ingest large quantities of
milk. The mean value of k at 11 days post-
partum, 0.289, corresponds to a biological
half-life for body water of 2.4 days. Foals
less than 1 week old also have a half-life for
water of about 2.5 days (4). A mature stal-
lion, by contrast, takes 8.4 days (k = 0.085)
to turn over half of body water (33). The
fractional turnover rate falls as foals in-
crease in age (table 5). Daily water intake of
foals averaged more than 25% of body
weight at 11 days; even at 39 days water in-
take was above 18% of body weight. Pro-
duction of milk places a large water demand
on lactating mares, making access to drink-
ing water of particular importance.

At 11 days foals were calculated to ingest
16.0 kg milk, a value essentially identical to
the estimate of 16.2 kg for foals under 1
week old obtained by Doreau et al. (4) using

OFTEDAL, HINTZ AND SCHRYVER

D,0. By 39 days foals consumed nearly 18
kg milk. Milk intake values similar to those
reported here have also been obtained by
measurement of weight gains of foals during
suckling bouts. Foals suckling mares with an
average weight of 590 kg were found to con-
sume 14.7 kg at 1 month, 16.9 kg at 2
months and 16.0 kg at 3 months of age; the
highest individual intake was 21.3 kg (1, 20).
The milk intakes of foals of Dutch saddle
horses (average weight 616 kg) have been
determined as 14.5 kg at 1 week, 16.5 kg at
3 weeks and 17-18 kg at 5-9 weeks post-
partum (24). Milk intakes declined steadily
thereafter, reaching about 11 kg at 23 weeks
of age. The somewhat lower milk intakes
measured in Quarter Horse foals (11.8 kg at
peak lactation) suggest that the rather long
intersuckling interval employed (3 hours)
may have depressed milk consumption dur-
ing the period of study (3). Heavier breeds
can be expected to produce more milk: draft
horses of 710 kg mean weight produced
about 1.6 kg more milk per day in the first
3 months of lactation than did lighter breeds
of 590 kg mean weight but yield per unit of
body weight was the same (1). A record-
breaking 724 kg Soviet draft mare milked
for the production of koumiss achieved a
maximum daily yield of about 29 kg (34).
The low milk yield reported by Ashcraft and
Tyznik (5) was probably due to incomplete
hand milking.

Peak lactation in horses appears to occur
at about 2 months postpartum or a few
weeks thereafter (1, 20, 24). Milk intakes at
39 days, as estimated herein, may approxi-
mate peak yields. The difference between
daily milk intake of 5-week-old foals and
9-week-old Dutch foals (24) was only about
0.5 kg or 3%, a difference which may not be
significant. Other studies (1, 20) found a
somewhat greater increase of milk intake
between foals in their second and third
months of life (the former consuming
8-13% less milk than the latter), but the
absolute amounts consumed at peak
lactation in breeds of comparable size were
still less than the 39-day milk intakes
estimated in the present study.

Protein and energy intakes in relation to
NRC estimates of requirements. Suckling
foals ingested 422 g protein and 9830 kecal
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gross energy at 11 days, 290 g protein and
7590 kcal gross energy at 25 days, and 340
g protein and 8910 kcal gross energy at 39
days postpartum (table 7). These protein
and energy intakes may be compared to re-
quirements estimated by NRC (6).

The crude protein requirements of a
3-month-old foal are estimated to be 18.0%
when fed a diet containing 3.25 kcal digest-
ible energy per gram (6). On a dry weight
basis mare’s milk supplies 18.3% protein
(20.1% crude protein) and 4.7 kcal digest-
ible energy per gram, assuming apparent di-
gestibility to be 97-99% (7). Thus per 100
keal digestible energy, mare’s milk contains
3.9 g protein (4.3 g crude protein) as com-
pared to 5.5 g crude protein in the recom-
mended NRC diet. Even with allowance for
the superior amino acid balance and digest-
ibility of milk protein, the NRC protein level
appears excessive and may need revision.

The present finding that foals about 1
month of age ingest 300 kcal gross energy
per kilogram®”® can be compared to esti-
mated energy intakes of 3-month-old foals
as tabulated by the NRC (6). The NRC data
indicate digestible energy intakes (310-340
keal/kg" ™) somewhat in excess of the cur-
rent results. _

Hay intake by foals was not measured but
the older foals probably consumed some. Per-
haps the intake of hay by the older foals con-
tributed to the apparent increased efficiency
of milk utilization as the foal matured. How-
ever, water intake from hay consumption
would have little impact on estimates of milk
intake. Hay contains about 10% water. It
was estimated that foals at 39 days of age ob-
tained about 18 kg of water daily from milk.
Consumption of 1 kg of hay would contrib-
ute only 100 ml of preformed water.
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