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Effects of Acute Changes in the Energy and Protein Intake Levels over the
Short-term on the Maternal Milk Amino Acid Concentrations in Lactating Mares

A, Matsui*, Y, Inoue and Y. Asai
Equine Science Division. Hidaka Training and Research Center. Japan Racing Association. 535-13 Aza-Nishicha
Urakawa-cho. Urakawa-gun. Hokkaido 057-0171. Japan

ABSTRACT : This study was designed to test the effects of changes in energy and protein intake levels on the maternal milk amino
acid concentrations over the short-term in lactating mares. Three lactating mares were enrolled for the study 7 weeks after parturition. A
low-energy and low-protein diet (LEP) was admmistered during the first week of the study, followed by admimstration of a lugh-energy
and high-protein diet (HEP), again for a week (day 1 to day 7). and milk was sampled thrice daily at intervals of § h during the study
period. The mean amino acid concentrations in the maternal milk, except for those of proline, serine and valine, were significantly
higher in the HEP feeding period than during the LEP feeding period (p<0.05). The sum of the concentrations of all the amino acids
(TAA) in the matemal milk samples during the HEP and LEP feeding periods was 1,644.9426.9 and 1.542.3436.0 mg/100 g,
respectively, the difference between the two was not significant. When the ratio of each amino acid concentration to the TAA m the
maternal milk was analyzed, there were significant differences between the HEP and LEP feeding penods for all amino acids, except
glycine, serine, alanine and histidine. It was found that the concentrations of glutamic acid+glutamine, serine, threonine, arginine and
valine were significantlv higher (p<0.05) on day | than on day 7 during the LEP feeding period, and there were no such difterences
during the HEP feeding peried. In regard to the effects of changes in the energy and protein intake levels m lactating mares, no changes
in milk amine acid concentrations were found fellowing administration of HEP for a week, whereas 7 days of administration of LEP was

associated with a decrease in the amino acid concentrations. (dsian-Adust. J. Anin. Sci. 2005. Jol 18, No. 6 : 855-860)
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INTRODUCTION

Matemal milk is an important source of nutrients for
foals during growth and development. Its importance
increases especially during the period when the foals do not
have adequate access to grass (Gibbs et al.. 1982: Oftedal et

al., 1983; Doreau et al.. 1986). In humans and milking cows.

the composition of matemal milk is known to be affected by
the nutritional composition of the ingested diet (Powers et
al., 1993; Preissinger et al.. 1998 Wang et al.. 2004). In this
context. our attention was drawn to a report that the
maternal milk amino acid concentrations were elevated
following ingestion of high-quality protein by the mares
(Glade et al.. 1990).

It has been reported that amino acids are particularly
important for the growth of foals (Staniar et al., 2001). that
the amino acid composition of the maternal milk protein in
pigs affects the absorption of protein in voung pigs. and that
there is an ideal amino acid composition for optimal growth
and development (Newport et al.. 1985). The amino acid
composition of the ingested protein affected the growth rate
of calves in one study (Khan et al., 2002). The amino acid
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concentrations. and the composition of maternal milk are
thus very nutritionally important for the suckling foal. To
allow appropriate nutritional management of horses during
the lactating period and foals during the suckling period, it
is essential to clarify the relationship between the nutritional
composition of the diet given to horses feeding their foals.
and the maternal milk compaosition.

The composition of a lactating mare’s milk is affected
by several factors, including the stage of lactation.
individual differences. and the parity of the mare (Doreau et
al.. 1990. Doreau et al, 1991). The present study was
undertaken to examine the effects of changes in the energy
and protein intake levels by lactating mares on the maternal
milk amino acid concentrations over the short-term.

MATERIALS AND METHODS

Test horses and period of study

Three lactating thoroughbred mares (mean body weight.
566 kg: mean age. 9 vears) were examined 7 weeks after
parturition. The study period was divided into two phases:
the high-energy and high-protein feeding period (HEP). and
the low-energy and low-protein feeding period (LEP).
lasted for a week (day 1 to day 7). The two dietary feeding
periods were switched in the same horse (Figure 1). Table 1
shows the amounts of the diet and the nutrients fed to each
horse during the two dietary phases. The amounts of
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Figure 1. Test protocol outline. The studyv period was divided into
two phases: the high-energy and high-protem feeding perod
(HEP), and the low-energy and low-protem feeding period (LEP),
lasted for a week (day | to dav 7). The two dietarv feeding periods
were switched m the same horse. 1 An interval period feeding
medim-energy and medium-protein for dimmishing previous
teeding eftect.

digestible energy and crude protein were 120.2% and
160.0% of the daily requirement for a lactating mare (NRC
1989: Japanese Feeding Standard for Horse. 1998) during
the HEP feeding period. and 93.1% and 87.0% of the daily
requirement during the LEP feeding period. respectively.
Medium-energy and medium-protein feeding period
(ordinal), which were described in a previous study and
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one-week interval period between diet treatments. are
shown in Table L. The daily pasture intake during grazing
was estimated using the double-indicator method. using
chromium oxide and lignin in a previous study (Van Soest.
1967. AOAC. 1999: Asai et al.. 1999. Takagi et al.. 2002).
Because the results of a previous study (Matsui et al., 2003)
suggested that the maternal milk amino acid concentrations
might vary depending on the time of sampling of the milk.
milk samples were collected thrice a day at intervals of 8
hours during each phase of the study. About 50 ml of milk
was sampled each time by hand. and the samples were
stored frozen at -80°C until analysis. The milk samples
were dried using a freeze drier (FDU-830, Tokyo Rikakikai
Co.. Tokvo). The amounts of the total solids in the milk
were calculated from the differences between the pre-drying
and post-drying weights. Prior to the amino acid analysis.
the freeze-dried milk samples were subjected to hydrolysis
in 6 N HCI for 24 h at 110°C. The HCl was removed by
drying the sample under reduced pressure in the freeze-drier.
The hydrolyzed samples were diluted with 0.02 N HCI. and
the glutamic acid+glutamine. proline. isoleucine. lysine.

Table 1. The daily amounts of feed and nutrients ingested by lactating mares during the high-energy and high-protein feeding period
(HEP) and the low-energy and low-protein feeding period (LEP)

HEP LEP [nterval '
Oats ke/dav 27 1.8 27
Pelleted diet ke/dav 32 1.8 32
Alfalta hay kg/day 1.0 1.0 1.0
Sovbean meal ke/day 1.3
Timothy hay kg/day 37 37 37
Dry matter of pasture * kg/dav 4.9 5.0 5.0
Mineral supplement kg/day 0.1 0.1 0.1
Digestible energy intake Mecal/day 382 29.6 333
The ratio to the requirement * Yo 120.2 93.1 1005.3
Crude protein intake g/day 2,231 1213 1,493
The ratio to the requirement ® % 160.0 87.0 106.8
Glutamic acid+glutamine mg/dav (TAA * %) 3247 (16.24) 1478 (13.88) 189.5  (14.81)
Proline mg/day (TAA %) 267.9 (13.40) 161.7 (15.18) 1894 (14.80)
Methionine mg/day (TAA %) 28.3 (1.42) 16.2 (1.532) 20.3 (1.39)
Isoleucine mg/day (TAA %) 875 (4.38) 436 (4.28) 33.9 4.21)
Lysime mg/day (TAA %) 1132 (3.66) 38.3 (3.47) 68.1 (3.32)
Glycine mg/day (TAA %) 998 (4.99) 56.4 (5.300) 67.7 (5.29)
Senne mg/day (TAA %) 788 (3.94) 41.3 (3.88) 302 (3.92)
Threonine mg/day (TAA %) 775 (3.88) 43.9 (4.12) 31.7 (4.04)
Alanine mg/day (TAA %) 111.9 (5.60) 66.0 (6.20) 786 (6.14)
Aspartic acid+asparagine mg/day (TAA %) 210.8 (10.55) 113.2 (10.63) 1301 (10.25)
Phenylalanine mg/day (TAA %) 100} (3.00) 347 (3.14) 63.0 (3.08)
Argimine mg/day (TAA %) 119.2 (3.96) 36.2 (3.28) 68.7 (3.37)
Leucine mg/day (TAA %) 1557 (7.79) 836 (7.85) 1000.6 (7.86)
Histidme mg/day (TAA %) 48.9 (2.43) 243 (2.28) 208 (2.33)
Tyvrosine mg/day (TAA %) 62.7 (314 330 (3.11) 40.0 (3.13)
Valine mg/dav (TAA %) 111.9 (5.60) 62.8 (5.90) 748 (5.85)
TAAY mg/day 1.998.8 1,063.1 12794

UInterval period (7 davs) feeding medium-energy and medium-protein for diminishing previous feeding effect.

* The daily pasture intake during grazing was estimated in a previous study by the double-indicator method using chromium oxide and lignin.
* The percentage of mtakerelative to the requirement to National Research Council (1989).

* The sum of the amino acid concentrations measured in the present experiment.
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Table 2. The mean concentrations of solids, fats. and amino acids (AA) during the high-energy and high-protein (HEP) feeding period and losv-energy
and low-protein (LEP) intake feeding period. and those changes on different davs during cach feeding period

2 P-value
Overall ©

Day on feed '

et Davs Daiet-davs 2 3 4 5 § 7
DD
Salitl HEP 11.17 NSNS NS 1116 11.43 11.21 1ol 11.04 1118 10199
LEP 1107 11.09 11.18 10.94 10.94 10.91 19 11.61
SEM 006 N4 a13 a1 014 016 20 018
Fat HEP 1.79 NS NS NS 1.75 2. 1.78 1.74 1.89 1.73 1.37
LEP 1.92 1.90 1.92 1.72 1.96 1.81 207 230
SEMI 0.04 007 013 Q.09 012 014 017 017
g 100 g
Glutamic acid+gltamine  HEP 337.76 = NS NS 338,45 23964 334.89 23544 322,84 236,42 344.2]
LEP 3121 346,87 234.16° 330011° 067" 300497 23187 264580
SEM 432 1195 % 54 1237 1401 G92 § 59% 14 (198
Proline HEP 0731 NS NS NS 186 87 17742 1886 153 78 205 83 224 35 241 03
LEP 208,20 23171 23899 220133 201.32 207.33 23384 171.403
SEM 618 1218 1976 1731 1142 1251 18 05§
Methuemine HEP 3087 #FE NS NS 3144 3139 20 24 2R 75 2085 3128
LEP 2818 2974 2899 2665 2726 29 14 2474
SEMI 042 .89 23 1.11 0.63 093 1.36
Isnleucine HEP 7927 ¥ NS NS 779 7918 7735 76 68 793R 8027
LEP 7317 7833 7704 7153 706 7426 6216
SEMI 1.0% ) 1.87 209 342 1.74 st 279
Lysine HEP 121,60 = NS NS 12216 119.29 121.33 120,42 117.36 12103 122.02
LEP 11254 12457 120 71 11878 109 37 109 (2 114 99 9323
SEM 156 327 443 0% 240 319 a82
Glveine HEP 2803 kak NS N5 28.23 2823 1736 2762 2812 279
LEP 2386 28.41 2718 500 2317 2541 6
SEM 034 noe 0194 11 05§ NS 132
Serine HEP 67.81 = NS = 649 68.77 70.3 &1.06 87 712
LEP 63.12 60,78 £7.91" 3817 39,757 66.3% 10.44°
SEM 118 279 328 357 208 279% NE{EN
Threcnime HEP 5829 ¥ NS ¥ 3761 SRT6 S8 77 S 5748 59 9
LEP 3303 078t 57.09% 3154 31384 35048 34.22¢
SEM 078 191 217 25 101 17% 2978
Alanine HEP 5368 NS NS 3616 3583 541 5428 5572 56 73
LEP 5208 3763 5483 N s2 038 5277 4413
SEMI 0.71 1.97 1.99 223 0,96 1.54 2658
Aspartic acidtasparaging HEP 146 3% * NS NS 147 36 145 8% 14515 14217 1453 147 37
LEP 13477 148 63 142 34 131 78 1306 13592 11432
SEMI 1.83 4.93 317 502 274 388 697
Phenylalanine HEP 69.81 = NS NS 7014 &9.52 £8.74 &7 £9.66 7112
LEP G 5 7134 6% 32 6278 6248 6613 472
SEM 089 243 256 29] 14 182 335
Arginine HEP 5004 = NS NS 91.66 90.41 3967 56.74 90,48 9314
LEP $4.43 9d.01? §908° g2 §] 25%® S687 701 6a®
SEM 120 319 24 341 380 182 257% 4518
Leutine HEP 133.77 = NS NS 13431 139.75 152,87 151,68 147.35 153.87 157.06
LEP 142,78 13691 15202 151.3 139.27 127.86 146,89 12056
SEM a2 524 405 a8l 66 318 432 751
Histidine HEP 402 ¥ NS NS 4114 4006 4075 109] 392 40 96 417
LEP 3813 42208 287 40.27 369 268 3936 3022
SEMI 0.34 1.43 1.2 1.36 1.82 096 1.11 1.98
Tyrosme HEP S8 64 NS = 3§76 5943 3706 5878 S607 3726 601 34
LEP 5339 399 5847 5631 S108 5154 54 66 4374
SEMI 0.77 213 1.46 209 232 1.1 1.56 221
Valine HEP 98 N6 NS NS NS 9983 95 34 9% 97 9503 a4 31 o8 28 1001 47
LEP 93N4 106 73* 102 3% 102 03* EDE-E 901 oM 05 72 80 39°
SEMI 1.32 3.09 228 4407 417 245 a5 4.438
Total of ammo  acids HEP L6640 NS NS NS 162974 139116 1621 1ané %G 1.583 5§ 1.707 03
iTAA) LEP 15423 171054 1L66703* 164223 140188 1493 74 1.294 55*
SEMI 228 6269 31.91 68,51 775 2231 $3 688

Bk 0 (LOAT, ** p0] * pu(L03 from difference between HEP and LEP.
3P-¢ Values with different characters in the same rows are significantly ditfereat. (p=0.031. $. Significant different between HEF and LEP in the same columns for the amino

actd of the row (p=D D3}

! The day from the begmning of study feed mgeste * Averaged values dunng ach feeding penod {7 days)

glycine. serine. threonine. alanine. aspartic acid+asparagine.
arginine, leucine, histidine, tvrosine and valine
concentrations of the samples were analvzed using a high-
performance amino acid amalvzer (L-8800, Hitachi High-
Technologies Co.. Tokyvo) (Le Boucher et al.. 1997). After
another session of hydrolysis, the methionine and
phenylalanine concentrations were also analvzed using a

high-performance amino acid analvzer (Penke et al.. 1974).
The milk lipid level was analyzed with a Gerber
butvrometer (H-135. Kokusan Co., Tokyo) by the Gerber
method. The concentrations of these milk components were
compared between milk samples obtained during the HEP
and LEP feeding periods.
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Statistical analysis

The differences in the parameters were examined by
repeated-measures ANOVA using the JMP software (SAS
I[nstitute Inc, 2002). The linear model included the effect of
diet. the effect of repeated measurements over different
days. the effect of different sampling times during the same
day. and interactions among these factors. Since there were
no significant effects of the sampling times and the
interactions among the factors. the data were pooled and the
effects of diet and the day of measurement were re-analvzed.
When the effect of the interaction between diet and the day
of measurement was significant. the effect of the dav of
measurement within the same dietary phase and the effect
of diet within the same day were analyzed. Significant
differences were analvzed by the paired t-test.

RESULTS

There were no significant differences in the average
concentrations of the total solids or fat in the milk samples
obtained from the mares during the HEP and LEP feeding
phases (Table 2). However. the concentrations of all the
amino acids. except those of proline. serine and valine. were
significantly higher during the HEP than during the LEP
feeding phase (p<0.05). The sum of the amino acid
concentrations measured in the milk samples in the present
experiment (TAA) was not significantly different between
the HEP and LEP feeding phases. However. significant
differences due to interactions between the diet and the dayvs
of measurement were observed for glutamic acid+
glutamine. proline. serine. threonine. arginine. valine and
TAA (p<0.03). Changes in the concentrations of the amino
acids during the one-week study period for each diet (day 1

MATSUIETAL.

to 7) are shown in Table 2. The concentrations of glutamic
acid+glutamine. serine. threonine. arginine. valine and TAA
were significantly lower (p<0.05) on day 7 than on day |
during the LEP feeding period. Furthermore, the
concentrations of glutamic  acid+glutamine.  serine,
threonine. alanine and arginine on day 7 were significantly
lower (p<0.05) in the LEP feeding phase than in the HEP
feeding phase. To examine the changes in the amino acid
composition of the milk protein. the percent concentration
of each amino acid relative to the TAA was analyzed (Table
3). While the percent concentrations of glutamic acid+
glutamine. methionine. isoleucine. lysine. glvcine.
threonine, alanine, aspartic acid+asparagine, phenylalanine.
arginine and leucine were significantly higher during the
HEP than during the LEP feeding period (p<0.03), the
percent levels of proline and valine were significantly
higher during the LEP feeding period than during the HEP
feeding period (p<0.03). On the other hand, it was found
that the effects of interactions between the diet and the day
of measurement were significant for glutamic acid+
glutamine. proline, methionine, lysine, aspartic acid+
asparagine. phenylalanine. arginine. leucine and histidine
(p<0.03).

DISCUSSION

In the present study. adnmunistration of a high-energy and
high-protein diet was not associated with any significant
increase in the amino acid concentrations in maternal milk.
In contrast to our results, Gibbs et al. (1982) reported that
the protein content of milk increased following
administration of a high-protein diet and Bovera et al.
(2002) reported that protein concentration of milk was

Table 3. The mean ratios of the amme acid concentrations to the sum of the total amino acid concentration measured in the present
experiment {TAA) through during the high-energy and high-protein (HEP) intake phase_ and low-energy and low-protein intake phase

Diet P value
HEP LEP Fooled SEM Diet Davs _ Dietdays
Glutamic acid+glutamine/TAA' % 20.39 2027 0.060 *¥ NS *
Proline/TAA % 12.33 3.33 0.269 ** * *
Methionine/TAA % 1.86 1.84 0.012 ** NS o
Isoleucine/TAA % 4.83 4.76 0.022 * NS NS
Lvsine/TAA % 741 7.31 0.025 o NS *
Glyeine/TAA % 1.72 1.69 0.014 * NS NS
Serine/TAA % 4.16 4.07 0.031 ** * NS
Threonine/TAA % 356 3.50 0.019 NS NS NS
Alanine/TAA % 3.39 3.39 0.015 NS NS NS
Aspartic acid+asparagine/TAA % 8.93 8.77 0.039 *x NS *
Phenvlalanine/TAA % 4.25 4.19 0.012 ¥ NS ¥
Arginine/TAA % 5.54 348 0.015 ¥ ¥ *
Leucine/TAA % 9.37 9.27 0.027 *x NS o
Histidme/TAA % 2.50 248 0.009 * NS *
Tvrosine/TAA % 338 346 0.018 HAE ¥ NS
Valine/TAA % 5.97 6.19 0.040 * NS NS

F45 p=0.0010 #F p=0.01 % p=0.05 from difference between HEP and LEP.

' The sum of amino acids concentrations that were measured in the present experiment.
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increased in buffalo fed an excessive energy and protein
diet. During the HEP feeding period. it was not clear that
the absence of any significant change in the milk amino
acid concentrations was because of the absence of effects of
both high energy and high protein levels. or was because of
these levels counteracting each other’s influence. On the
other hand, administration of a low-energy and low-protein
diet was associated with reduced concentrations of various
amino acids. In this comnection, Sufton et al. (1977)
reported that the colostrum of pregnant dairy cows
ingesting 85% of the NRC requirement of energy contained
smaller amounts of protein than that of animals ingesting
100% of the energy requirement. I[n this studyv. differences
in the milk amino acid concentrations between the LEP and
HEP phases began to be noted on day 3 or 6 of the
respective  study phases. and the difference became
statistically  significant on day 7 (p<0.05). This result
suggests that low-energy and low-protein intake levels by
the horses begin to be reflected in the amino acid
composition of the milk about 6 days later. Dietary protein
restriction in rats was associated with reduced milk protein
concentration on days 2. 4 and 12 of lactation as compared
to the corresponding concentrations in rats ingesting a high-
protein diet (Pine et al., 1994). Thus it was found that the
restricted intake of energy and protein was associated with
reduced concentrations of amino acids in mare’s milk, and
the increased amino acid concentrations were not associated
with high energy and protein intake by the mares. at least
over the short term.

The mean levels of each of amino acids relative to TAA
over the 7-day study period differed significantly between
the two dietary phases. It was suggested that this disparity
was because of changing in the percent level of amino acids
concentrations relative to the TAA during the first half of
the HEP feeding period. Proline was the amino acid
contained in the second largest amount among the milk
amino acids. therefore. the percent levels relative to the
TAA of the other amino acids which are present in smaller
amounts were relatively increased during the HEP feeding
period than during the LEP feeding period during the first
half of treatment. This smaller percent level of proline
relative to the TAA in the feed of the HEP than those of the
LEP might be the cause of the decreased proline
concentrations in the maternal milk. The quality (in terms of
the amino acid content) of the milk protein in the diet was
found to influence the amino acid content in cow’s milk
(Baker et al.. 1993).

Based on these results. we may say that a decrease in
the dietarv intake level of energy and protein by lactating
mares was associated with a decrease in the amino acid
concentrations of the maternal milk. and that these effects
appear 6 or more days after the commencement of such a
diet.
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We hypothesized that an increase in the dietary energy
and protein intake by the lactating mares may be associated
with an increase in the amino acid concentrations in the
maternal milk. We also wanted to verify whether
improvement of the mutritive value of maternal milk was
possible when it was low because of advanced age.
However. we could not confirm that ingestion of a high-
protein and high-energy diet leads to high amino acid
concentrations in the matermal milk. On the other hand, a
decrease in the dietary protein intake by a lactating mare to
below the daily requirement was associated with a reduction
in the concentrations of amino acids in milk. which are of
great nutritive importance in developing foals. Therefore,
the importance of administration of appropriate amounts of
protein to lactating horses cainot be overemphasized.

The nutritional composition of mare's milk might be
influenced by lactating stage. parity. age and individual
difference and so on. as well as diet (Doreau et al., 1989).
Qur objective was to determine whether ingested energy
and protein had an influence on amino acid concentrations
of milk. but other influences should have to be elinunated
as far as possible. So. ingested energy and protein levels
were switched for brief times on the same individual during
the same lactation stage and the milk sampled at short
intervals in order to be observed in detail. It was thought
that there was no influence of lactation stage in this trial
from the report that most of the changes of milk nutrient
components were not seen from postpartum seven weeks to
the ninth weeks (Oftedal et al., 1983). Degradation of
concentrations of amino acids in milk was observed in LEP,
however the period of study of dietary energy and protein
level in this trial might be too short to decided the degree of
influence of ingested nutritional level on amino acids
concentrations in milk. Therefore. this study was a
prelinunary trial to propose appropriate energy and protein
level to be ingested to lactating mare in order to produce
milk containing appropriate amino acids.
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