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ABSTRACT

Background: L-Glutamine (Gln), the most abundant free alpha amino acid in the body, plays a major role in the transport
of nitrogen and carbon between tissues, and is an important source of respiratory energy for intestinal and immune sys-
tem cells. Mares lose lean body mass during lactation, when plasma and milk Gln levels change significantly. However,
supplementation with Gln combined with other amino acids may not alter equine plasma Gln levels. The work reported
here was designed to test the hypothesis that supplementation with a mixture of glutamine and glutamate (AminoGut)
alters blood and milk free glutamine and glutamate levels in pasture-fed lactating mares.

Materials, Methods & Results: This study involved 31 multiparous Quarter Horse mares, which were divided into three
groups immediately postpartum, as follows: G-CON (n = 19); G-50 g supplemented with 50 g of Gln + Glu plus 200 g of
concentrate (n = 6); and G-100 g, supplemented with 100 g of Gln + Glu plus 200 g of concentrate (n = 6). Blood and milk
samples were collected on the day of parturition prior to supplementation, and monthly until weaning. The milk samples
were used to analyze the Gln, Glu composition and levels, while the blood samples were used for further analysis of
blood biomarkers. The results were analyzed by ANOVA and by Tukey’s test and the P value was set at 5%. The G-CON
group showed a significant reduction of 11-35% in the mean blood glutamine levels from the first month postpartum and
throughout lactation. In contrast, blood glutamine levels in groups G-50 g and G-100 g did not change significantly from
parturition through 5 months of lactation. The supplemented groups showed no significant differences in blood variables
such as protein, albumin, urea, creatinine, cholesterol, triglycerides and minerals. Free glutamine levels in milk did not
change from parturition through the end of lactation in the G-CON group, but groups G-50 g and the G-100 g showed a
marked rise in milk glutamine levels throughout the first three months of lactation (~3x), which remained high (~2x) until
the foals were weaned (P > 0.05).

Discussion: The results of this study indicate that Gln + Glu supplementation successfully increased Gln levels in mare
milk in the first three months of lactation, and Glu levels in G-100 g in the first four months, without affecting the levels
of these amino acids in the animals’ blood, which remained similar to data obtained at parturition. In fact, the Gln levels
in both supplemented groups exceeded 1,000 mmol/mL throughout lactation, unlike those of the control group and of
the samples obtained at parturition. Moreover, supplementation did not produce significant changes in blood biomarkers,
including those pertaining to protein metabolism (urea, creatinine, uric acid, albumin and total proteins), indicating that the
product used for supplementation did not interfere in these biomarkers, which remained within the normal physiological
variations for the species. It was concluded that daily dietary supplementation with 50 g of a mixture of glutamine and
glutamate produced an effect similar to supplementation with 100 g/day. Both supplementation protocols succeeded in
raising glutamine levels in mare milk in the first three months of lactation, without interfering in blood biomarkers or milk
composition. In view of the cost of the product, we recommend that the daily diet of mares during lactation be supplemented
with 50 g of a mixture of Gln + Glu in order to produce the desired nutritional effects.
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INTRODUCTION

L-Glutamine (GIn), the most abundant free alpha
amino acid in the body, plays a major role in the trans-
port of nitrogen and carbon between tissues, and is an
important source of respiratory energy for intestinal and
immune system cells. The large pool of glutamine in the
body is produced by skeletal muscle, liver, adipose tissue
and mammary glands [14,16]. During catabolic states, the
glutamine turnover increases in these tissues, often lead-
ing to lower glutamine levels. This has been observed in
horses subjected to different exercise intensities or after
illness [5,19,28,31], indicating the importance of gluta-
mine supplementation to correct the balance in glutamine
metabolism in some groups of horses.

Mares lose lean body mass during lactation,
when plasma and milk Gln levels undergo significant
modifications. However supplementation with Gln com-
bined with other amino acids may not alter the plasma
Gln levels of horses [6,11]. This is not surprising, since
dietary glutamine is almost completely metabolized by
the small intestine of horses and does not enter the blood
circulatory system [2]. To date there are no studies of
the effects of glutamine supplementation in the lactating
mares. Evidence from pig studies shows that maternal
supplemental glutamine and glutamate can attenuate
muscle glutamine concentrations and increase the free
glutamine content of milk [1,11]. The work reported
here was designed to test the hypothesis that supple-
mentation with a mixture of glutamine and glutamate
(AminoGut) alters blood and milk free glutamine and
glutamate levels in pasture-fed lactating mares.

MATERIALS AND METHODS

Animals

This study involved 31 four to twelve-year-old
multiparous Quarter Horse mares. The mares were kept
on good quality pastures of Massai grass (Panicum
maximum cv. Massai), with no concentrate supplemen-
tation but free access to water and mineral salt licks
throughout their gestation and lactation period. All the
mares lived on the same farm (07°5°1”°S, 35°19°11”°W,
Lagoa do Carro, PE, Brazil) and the foaling season
occurred between September and November.

Supplementation protocol
The mares were divided into three groups im-

mediately postpartum: group G-CON, or control group,
which did not receive Gln + Glu supplementation but

received 200 g of concentrate (n = 19); group G-50 g,
supplemented with 50 g of Gln + Glu plus 200 g of
concentrate (n = 6); and group G-100 g, supplemented
with 100 g of GIn + Glu plus 200 g of concentrate (n =
6). The mixture of Gln + Glu contained a minimum of
10% L-Glutamine and 10% L-Glutamate, AminoGut',
and the concentrate provided 13% CP, 3% EE, and 3,030
kcal/kg DE, Proequi 13 Laminados, Guabi”. The mares
received dietary supplementation starting on the first day
postpartum and ending in the fifth month, when the foals
were weaned. The foals did not receive supplementation.

Collection and analysis of milk and blood samples

Blood and milk samples were collected on the
day of parturition, 6 h after birth, before supplementation
started, and once a month in the first to the fifth month
postpartum. To collect the milk samples, the foals were
separated from their mothers for 30 min; the mares were
then milked manually without oxytocin. Milk samples
were collected from the two teats of each animal, mixed,
and divided into two aliquots. One aliquot (30 mL) was
placed in bottles containing Bronopol (antimicrobial)
and refrigerated for later use in the automated determi-
nation of milk composition and somatic cell counting,
Bentley 2000°. The second aliquot was transferred to
tubes containing an equal volume of 10% perchloric
acid (PCA) for deproteinization, and the supernatant was
neutralized with KOH before the enzymatic analysis of
Gln and Glu concentrations [13].

Immediately after milking, blood samples were
drawn into heparin-coated tubes by jugular venipuncture
from the animals fasted overnight. To obtain plasma for
further analysis of blood biomarkers (urea, creatinine, uric
acid, total protein, albumin, total cholesterol, triglycerides,
calcium, phosphorus, magnesium and iron), one of the
blood samples was centrifuged using a semi-automatic
biochemical analyzer, Doles D-250* and a commercial
biochemical kit Doles*. A second blood sample was
deproteinized with PCA and analyzed for GIn and Glu
concentrations, as was done with the milk samples.

Statistical analysis

The results were analyzed by one-way ANOVA
and by Tukey’s test to compare all the groups. In both
cases, the P value was set at 5%. Samples obtained from
all three groups upon parturition, prior to supplementa-
tion, were pooled for statistical analysis, using the Sig-
maStat 13.0 program, and the results of these analyses
are expressed as mean and average standard error.
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RESULTS

The G-CON group showed a significant reduc-
tion of 11-35% in the mean blood glutamine levels from
the first month after birth and throughout lactation (Ta-
ble 1). In contrast, changes in blood glutamine levels
in the G-50 g and the G-100 g groups from parturition
through 5 months of lactation were negligible. Blood
glutamate levels, and the total blood glutamine plus
glutamate concentrations, did not change significantly
in any group over time. No significant differences were
found in blood variables such as protein, albumin, urea,
creatinine, cholesterol, triglycerides and minerals in the
two supplemented groups over time (Table 2).

The free glutamine content in milk did not
change from parturition through the end of lactation in
G-CON, but showed a marked increase in groups G-50
g and G-100 g throughout the first three months of lac-
tation (~3x) remaining high (~2x) until the foals were
weaned (P > 0.05). Milk glutamate did not change in
group G-CON throughout lactation, but increased slight-
ly in group G-50 g in the first month of lactation, while
group G-100 g showed a similar increase from the first
to the fourth month postpartum. Similarly, the glutamine
plus glutamate concentration was unchanged throughout
lactation in G-CON, but rose significantly in G-50 g and
G-100 g during the first 3-4 months of lactation (~2,5x).
Milk fat content tended to show a significant drop as
lactation proceeded, but supplementation did not lead
to major differences. Similarly, milk protein content and
milk total solids content were significantly lower during
lactation when compared to the sample collected upon
parturition, but were unaffected by supplementation.
Milk somatic cell count (SCC) showed no significant
differences in any group or at any time.

DISCUSSION

The results of this work showed that Gln + Glu
supplementation increased the Gln levels in mares’ milk
in the first three months of lactation, and the Glu levels
in G-100 g in the first four months, without changing the
levels of these amino acids in the animals’ blood, which
remained similar to the levels recorded at parturition.
Indeed, the levels of Gln in both supplemented groups
exceeded 1,000 mmol/mL throughout lactation, unlike
those in the control group and in the samples collected
at parturition. Moreover, supplementation did not pro-
duce significant changes in blood biomarkers, including
those linked to protein metabolism (urea, creatinine, uric

acid, albumin and total proteins), demonstrating that
the product used for supplementation did not interfere
in these biomarkers, which remained within the physi-
ological variations for the species [3]. Therefore, it can
be stated that a mixture of GIn and Glu, when used as a
dietary supplement for lactating mares, provides greater
availability of these amino acids for newborn foals dur-
ing the critical phase of adaptation to postnatal life, thus
favoring their development.

Glutamine can be considered a functional ami-
no acid because it controls several metabolic pathways,
improving health, survival, growth, development,
lactation and reproduction [32], and increased Gln
levels in blood, muscle or milk may be important for
maintaining the health of different groups of animals.
For example, in piglets, Gln supplementation increased
the expression of genes responsible for cell growth and
the removal of oxidants by about 120% [29]. Moreover,
Gln is actively synthesized by the mammary glands,
which express Glutamine Synthetase [8,13]. Also, up
to 50% of Gln and probably all of Glu contained in milk
are synthesized in the mammary glands [26], but the
cells responsible for this synthesis have not yet been
definitively identified. Probably, mammary epithelial
cells and mammary adiposities are jointly responsible
for the significant increase in Gln in milk [30].

In horses, it has been demonstrated that foals
are born with high Gln levels in skeletal muscle, and
that this level declines by ~55% at around the third
month after birth, becoming similar to that of young
adults in this tissue, whereas blood Gln levels increase
by ~35% [15]. This substantial increase in blood Gln
is due to both endogenous and exogenous supply pro-
duced by the mare’s mammary glands, which produce
milk rich in Gln early in lactation [14]. Also, the mare’s
mammary glands express three-fold higher glutamine
synthetase than the level detected in horse gluteal
muscle and similar to that in the kidney, confirming
the importance of this tissue to Gln synthesis in this
species [13]. This large amount of Gln in mare’s milk
contributes not only to early intestinal development,
supporting a large increase in food/milk intake, but
also to deliver carbon and nitrogen for other metabolic
functions. It is also important to keep in mind that
Gln may contribute to produce Glu and could affect
the level of food intake by suckling foals and other
mammals. This amino acid is associated with a taste
stimulus (umami taste) and may play a role in promot-
ing satiety in animals [20].
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The high GlIn levels in milk observed among
equines also occurs in other domestic species, for which
lactation is an important phase of breeding [1,7,9,11].
In dairy cows not receiving dietary Gln supplementa-
tion, plasma and muscle Gln levels decrease while milk
Gln levels remain unchanged [16]. It should also be
kept in mind that muscle Gln levels decline in lactat-
ing mares that do not receive supplemental Gln [14],
similar to what occurs in dairy cows and pigs. In the
latter species, supplementation contributes to increase
milk Gln without decreasing muscle Gln [11].

Therefore, Gln + Glu supplementation may be
an important nutritional resource for lactating mares, as
has been proposed for dairy cows and pigs [1,11,16],
possibly limiting muscle catabolism and helping them
to maintain fat-free body mass. This is important to
regulate the female reproductive cycle [27], especially
that of pasture-fed females, since the quality and quan-
tity of nutrients in grass may vary throughout the year
and animals may use their protein and fat stores to
support gestation and lactation.

In this study, the two Gln supplemented groups
showed no change in plasma Gln levels, but the Gln
levels found in these groups during five months of
lactation were at about the physiological concentration
(0.500-0.800 mmol/mL) [12,14,19,22]. In contrast, the
plasma Gln levels in G-CON decreased significantly
after four months of lactation (~35%), a finding simi-
lar to that observed in lactating Standardbred mares
fed with 10% higher supplemental dietary Gln than
that recommended by the National Research Council
(NRC) [18] for this category [14].

Plasma GIn and Glu levels vary during dif-
ferent phases of a horse’s life. In newborn foals,
plasma Gln levels increase dramatically (~50%) a
week after birth [15], while in athletic horses these
levels decrease after exercise [19,28]. However,
supplemental dietary Gln has presented conflicting
results in horses. Dietary supplementation programs
vary significantly and Gln is consumed by enterocytes
in equines, making it difficult to interpret the results,
thereby contributing to increase the difficulties in
understanding the physiological and metabolic effects
of GIn and Glu supplementation.

Many researchers have reported the effects of
enteral administration and of different dosages or dura-
tion of GIn supplementation in healthy horses. It has been
shown that the diet can affect glutamine levels in healthy
horses, but 10 days of oral supplementation with Gln

did not cause changes in plasma Gln levels [6,19]. The
authors of the latter study showed that plasma Gln levels
changed in the postprandial period (~1.5 hour) after oral
supplementation (30-60 mg/Kg), but returned to pretest
levels after three hours. Another study demonstrated that
dietary supplementation of athletic horses with a mixture
of Gln + Glu (50 g/day) did not modify plasma Gln levels
but significantly reduced plasma Glu levels [12].

Blood biomarkers in supplemented mares were
also analyzed to ensure that there were no changes indi-
cating homeostatic imbalances or impairments caused
by supplementation. The results indicated that these
supplemented mares were not affected by lactation or by
the level of supplementation (50 g x 100 g), since none
of the analyzed biomarkers showed any difference (P <
0.05), and all of them were within published reference
values for equines [3,17,25]. However, in athletic horses,
28 days of dietary supplementation with the Gln + Glu
mixture (50 g/day) resulted in a slight increase in protein
biomarkers (TP, albumin, creatinine, urea, uric acid)
and total cholesterol, although these concentrations are
also subject to physiological variations [12]. In contrast,
horses fed at maintenance level supplemented with Gln
and yeasts did not show an increase in these protein and
fat biomarkers [10], and oral supplementation with Gln
in different doses (30 or 60 mg/kg) did not affect some
protein biomarkers in horses [6]. Those studies confirm
how GlIn and Glu supplementation may lead to different
results, but further studies about the correlation between
these amino acids and changes in blood and/or milk in
horses are needed to better utilize their nutritional and
metabolic potential.

Mares receiving Gln + Glu supplementation
showed an unexpected effect, i.e., it was found that
milk fat levels in G-50 g decreased (P < 0.05), which
was not the case in the control group during early and
late lactation, and in G-100 g during late lactation.
In female swine, it has been shown that Gln + Glu
supplementation is also associated with the lipogenic
effect, increasing milk fat content without modifying
milk protein and lactose content [1]. Apparently there
is a difference between the species, but mares depend
on fodder for milk production, whereas sows depend
on the concentrate; another major difference is the
duration of lactation. In mares, the milk fat content
often decreases as lactation progresses [4,21,23,24],
as was observed in the G-50 g group of this study.
An analysis of other mare milk constituents indicated
that the concentration of protein, lactose and solids
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concentrations did not differ among the groups and
that they followed the typical pattern for the spe-
cies, and did not appear to be related to Gln + Glu
supplementation.

CONCLUSIONS

It was concluded that daily dietary supplemen-
tation with 50 g of a mixture of glutamine and gluta-
mate produced an effect similar to that of supplementa-
tion with 100 g/day. Both supplementation protocols
effectively increased glutamine levels in mares’ milk in
the first three months of lactation, without interfering
in blood biomarkers or milk composition. In view of
the cost of the product, it is recommended that mares
are fed a daily supplement mixture of 50 g of Gln +
Glu during lactation to enhance their performance.
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