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ABSTRACT
Objectives
Free glutamic acid has an appetite regulating effect and studies with infant formula have
suggested that free amino acids (FAA), especially glutamic acid, can downregulate intake. The
content of glutamic acid and glutamine is high in breast milk but varies considerably between
mothers. The aim was to investigate if maternal anthropometry was associated with the content of
the FAA glutamic acid or glutamine in breast milk and if there was a negative association
between these FAA and current size or early infant growth in fully breastfed infants.

Methods
From a subgroup of 78 mothers, of which 50 were fully breast feeding, from the Odense Child
Cohort breast milk samples were collected 4 months after birth and analyzed for FAA.
Information regarding breastfeeding status and infant weight and length was also recorded.

Results
There was a large variation in the concentration of the FAAs between mothers. Glutamic acid was
positively correlated with mother’s pre-pregnancy weight and height (p≤0.028), but not BMI.
There was no negative correlation between the two FAA and infant weight or BMI. However,
infant length at 4 months was positively associated with glutamine, p=0.013) but the correlation
was attenuated when controlling for birth length (p=0.089).

Conclusions
The hypothesis that a high content of glutamic acid and glutamine in breast milk could
downregulate milk intake to a degree affecting early growth could not be confirmed. Maternal
factors associated with the level of these FAA in milk and the potential effect on the infant should
be investigated further.
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What is Known
Free glutamic acid added to infant formula and hydrolyzed formula which contains high levels
of free amino acids reduces the intake of formula.
Breastmilk contains high levels of free glutamic acid and glutamine with a large variation
between mothers
Maternal determinants of these FAA and if they influence growth in infants is not known.

What is New
Mothers who were tall or had a high weight had higher content of glutamic acid in their milk.
There was no negative association between content of glutamic acid or glutamine in breast
milk and infant weight or BMI at 4 month.
Glutamine content in breast milk was positively associated with infant length.
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Introduction
Formula fed infants have a higher growth velocity than breastfed infants, and it has been
suggested that the main reason is the higher content of protein in formula which increases the
secretion of growth promoting factors 1 - 4. Reducing protein content in infant formula results in
a growth pattern closer to breastfed infants 5, but also the content of specific free amino acids
(FAA), especially glutamic acid, has been suggested to have a down-regulating effect on appetite
and growth. Studies utilizing hydrolyzed formula, which has a high content of FAA including
glutamic acid, and also higher nitrogen content, have shown a lower intake of the hydrolyzed
formula and a growth pattern, closer to the pattern of breastfed infants6,7. Furthermore, an
intervention study with infant formula has shown that the addition of free glutamic acid results in
a significant decrease in formula intake compared to ordinary formula 8. There are receptors for
free glutamic acid in the oral cavity and gastrointestinal tract and it has been suggested that
glutamic acid serves as a satiety signal during feeding 8. Glutamic acid and glutamine are
important energy sources for the gastro intestinal mucosa, and especially glutamine is important
for gut function and immune development9. Glutamine is synthesized from glutamate, but is
conditional essential when the demand for glutamine is high10.
Glutamic acid and glutamine are the most abundant FAA in human milk, and increase
considerably during the first months of lactation, which has been shown in several studies and in
the systematic review by Zhang et al. 11 - 15. The content of glutamic acid is the highest and
increases about 1.5 times from early lactation until after 2 months, where the levels are about
1500 µmol/L 15. The level of glutamine is very low in colostrum and increases to a level about
225 µmol/L after 2 months 12,14,15. For both these FAAs there is a large variation between
mothers 10,12. In the study by Agostoni et al. the range at 3 months of age was 412-1941 µmol/L
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for glutamic acid and 138-1366 µmol/L for glutamine 12. It is not known if there are maternal
factors responsible for the large variations in these FAA.
The possible appetite regulating effect of FAA in the breastfed infant could play a role in the
lower energy intake and slower growth in breastfed infants, compared to formula fed infants.
Furthermore, the increase in glutamic acid and glutamine during the first months after birth could
also play a role in the decrease of human milk intake per kg body weight, which happens during
this period16.In addition, there is a considerable variation in the intake of breastmilk within
exclusively breastfed infants and in the weight gain between healthy exclusively breastfed
infants. Using the WHO Growth Standard curves the range in weight gain from 1-4 months of
age for the 5th and 95th percentile are about 1.6 kg and 3.3 kg (average of boys and girls)17.

A dose-response association is an essential prerequisite to support the biologic plausibility of a
direct causality of a given compound on a hypothetical effect. To examine the potential appetite
regulating effect of FAA in human milk and thereby the effect on growth we measured the two
most abundant FAA in human milk; glutamic acid and glutamine at the age of about 4 months in
a cohort of healthy breastfed infants. The aim was to investigate if there was an association
between the content of these two FAA in human milk and maternal anthropometry, as well as
with current infant size or increase in weight, length and BMI since birth.

METHODS
Subjects
Subjects were a subgroup of mothers and their infants participating in the prospective birth
cohort Odense Child Cohort which has been described in detail elsewhere18. Briefly,
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approximately 2500 pregnant mothers living in the municipality of Odense were included from
2010-2012 and followed through pregnancy and early childhood. Included infants were born at
term. The children were examined at 4 months of age, including measurement of weight to the
nearest gram and recumbent length in centimeter with one decimal on a digital baby scale with a
built in measuring rod (Seca 717, Hamburg, Germany). The mothers were given the opportunity
to deliver a breast milk sample when attending the examination at about 4 months of age. There
was no requirement for how the breast milk sample was taken except from a desired amount of
30 mL. It was not recorded if it was fore- or hind-milk. Full breastfeeding included infants who
never had any formula or only formula up to 1 week after birth until the breastfeeding was fully
established; otherwise they were considered partially breastfed. For this study a random selection
of 78 samples was used. Birth data and maternal height and pre-pregnancy weight were obtained
from birth records and questionnaires, respectively.

The Regional Scientific Ethical Committee for Southern Denmark approved the study, (S20090130).

Analysis of FAA and macronutrients
Initially, expressed breast milk (approx. 30 mL) was mixed, centrifuged at 2000 g for 5 minutes
and separated into an upper layer (fat phase) and an intermediate layer and the pellet. The
intermediate phase was frozen at -20°C and shipped frozen for further processing. The FAA
were analyzed at the BioCentrum at the Danish Technical University. For the FAA analysis the
samples were thawed, mixed with the internal standard Norleucin (0.5 nmol/µl) and centrifuged
at 3000g for 5 min. The fatty phase was discarded and proteins were precipitated with 6%
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sulfosalicylic acid. After 10 min storage in the freezer and centrifugation for 10 min at 20.000g
the supernatant was removed and frozen until analysis. The FAA were analyzed by reversedphase high performance liquid chromatography (HPLC) with ultraviolet and fluorescence
detector using a AccQ-Tag column (3.9 x 150 mm) (Waters Division, Milford, MA, US) and
pre-column derivatization with AccQ-Flour Reagent Kit (Waters Division, Milford, MA, US) 19.
Amino acids derivatives were separated in a ternary gradient consisting of solvent A: 140 mM
sodium acetate, 7.0 mM triethylamine, 1.0 mg/L ethylenediaminetetraacetic acid, pH=5.7;
solvent B: 60% acetonitrile and eluent C: water with a run time of 66 min. The samples were
analyzed in duplicate.
Fat, protein and lactose were measured by mid-infrared transmission spectroscopy using a
Human Milk Analyzer from Miris AB, Uppsala, Sweden. For these analyses frozen samples of
whole human milk were defrosted in a refrigerator, heated in warm water until reaching a
temperature of 40 °C and homogenized before analysis as described previously 20.

Statistical analysis
Z-scores for weight, length, weight-for-length and BMI were calculated using the software
program WHO Anthro 2007 (Department of Nutrition, WHO, Geneva, Switzerland). Data were
analyzed using IBM SPSS statistics (version 21, IBM, NY, US). Significance was defined as pvalues <0.05 and trends as p-values <0.10. Descriptive statistics are given by mean±SD and
range and for the FAA also 10, 25, 50, 75 and 90 percentiles. Differences in anthropometry,
maternal characteristics or FAA between fully breastfed and partially breastfed infants were
analyzed by independent t test, Mann-Whitney or chi-squared test as appropriate. The bivariate
correlations between the FAA and infants size at birth or maternal characteristics were conducted

Copyright © ESPGHAN and NASPGHAN. All rights reserved.

by Pearson correlation or Spearman’s rho as appropriate using all subjects. The same procedure
was applied for the correlations between the FAA and the macronutrients. Correlations adjusted
for infant age were conducted using partial correlation. The associations between the FAA and
infant anthropometry at the examination were investigated by multiple linear regression using
general linear models. Residual plots and Cooks distance were used for model verification. We
evaluated the associations in different models. The crude model only included adjustment for
age and gender. The adjusted models included baseline values (values on weight, length and
BMI at birth) i.e. the beta-values correspond to the change from birth to the examination at 4
month. Furthermore, adjusted models also included breastfeeding status (fully or partially) and
maternal values (mothers pre-pregnancy BMI for infant weight and BMI as dependent variable,
and mothers’ height for infant length as dependent variable). The same models were performed
only on infants fully breastfed. As inclusion of only fully breastfed infant did not change the
significance and the results were similar for the adjusted models only the results for the model
adjusted for baseline value, gender and age including only fully breastfed infants are presented.

RESULTS
The characteristics of the subjects are shown in Table 1. The sample consisted of 78 children (49
% girls). Of these, 50 and 21 infants were fully or partially breastfed, respectively, and
breastfeeding status was unknown for seven infants. Fifty infants were classified as fully
breastfed. Ten of these received formula for only the first week while the remaining infants were
exclusively breastfed. Among the 21 partially breastfed infants seven were getting formula at the
4 month visit and of these four also received complementary foods. Among the remaining 14
partially breastfed infants six had started on complementary foods at the 4 month visit and the
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remaining had received formula for mainly short periods after the age of one week but not when
they were 4 months. There was no difference in the concentration of FAA in breast milk between
mothers, who were fully or partially breastfeeding (data not shown). As regards the
anthropometric measures of the infants only the weight at the examination differed (mean weight
± SD fully breast fed: 7276±767 g, partially breastfed: 7714±771g; p=0.032) which is due to the
higher age of the partially breastfed infants (mean age ± SD fully breastfed: 18.4±1.9 wk,
partially breastfed: 20.0 ±2.7 wk; p=0.019). In accordance with this there was no difference in
weight for age z-score (WAZ) between partially and fully breastfed infants (p=0.127).

The concentrations of the FAA glutamic acid and glutamine are shown in Table 2. Glutamic acid
was the most abundant FAA, and both amino acids showed a broad concentration range. The
level of the two FAA did not correlate with each other (p=0.592). There was no significant
associations between the infant’s age and the concentration of FAA (glutamic acid r=-0.139,
p=0.225; glutamine r=-0.092, p=0.425). The total content of the 21 FAA we analyzed was 38.68
± 5.07 µg/100µL (mean±SD). Glutamic acid and glutamate constituted 38 ± 5% (w/w) and 10±
3% (w/w) of this, respectively. Data on macronutrients were only available for 27 subjects and
there were no significant correlations between the content of FAA and the content of any of the
macronutrients (p≥0.349; data not shown).

Glutamic acid was positively associated with mothers pre-pregnancy weight and height (r=0.264,
p=0.020 and r=0.249, p=0.028, respectively). Controlling for the infants´ age strengthened these
associations (Table 3). There were no significant associations with the mothers pre-pregnancy
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BMI. However, glutamine tended to be negatively associated with pre-pregnancy BMI (r=-0.212,
p=0.063) but the association was weakened by adjustment for infants´ age.

Glutamine was positively correlated with birth length (r=255, p=0.024) but there was no
association with birth weight. Glutamic acid was not associated with birth weight or length .

The associations between FAA in the milk samples and current infant size examined by multiple
regression analyses are presented in Table 4 for fully breastfed infants.. Current length was
positively associated with glutamine, but adjustment for birth length attenuated the association.
For BMI there was no significant association with the FAA. Adjustment for maternal values had
no significant effect on the associations (data not shown).
Analyses on all subjects (n=78) showed a trend for a positive association between the
concentration of glutamic acid and current weight adjusted for gender and age (p=0.076, Crude
Model; data not shown). When birth weight was included in the model (Adjusted Model) the
trend disappeared. Otherwise there was no difference compared to the analyses performed on
only fully breastfed infants and inclusion of breastfeeding status in the adjusted model did not
change the results.

DISCUSSION
The hypothesis that the content of free glutamic acid in human milk has an appetite regulating
effect influencing term born infant weight gain, so infants receiving human milk with a high
content of free glutamic acid would have a lower weight gain, could not be confirmed in this
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study. However, based on this study we cannot exclude that glutamic acid in breastmilk has an
appetite regulating effect as we measured infant growth as a crude indicator of milk intake.
We found a positive association between free glutamine content and infant length but this was
only a trend when adjusted for birth length (corresponding to growth in length from birth to 4
month). Birth length was positively associated with the glutamine content in the milk at 4
months. We have no explanation why mothers with a high content of glutamine in their milk
deliver infants born with a high length, except speculating on possible endocrine-mediated
mechanisms where low levels of glutamine and/or glutamic acid are possible limiting factors 21
even if the biologic plausibility mostly stands for a role of glutamic acid in synaptic mechanisms
22

. A finding in the same direction was seen in a study comparing glutamine in milk at one

month between small for gestational age (SGA) and appropriate for gestational age (AGA)
infants, showing higher levels in AGA infants23. There was no information on birth length.
However, the studies are difficult to compare due to difference in stage of lactation and lack of
SGA infants in our study. In our study we found no associations between birth weight and the
FAA at 4 month. These findings could highlight more complex mechanisms in the maternalinfant dyads, not only limited to lactation.

To confirm the possible role of a biologic regulation linking the mother-infant dyad through
glutamic acid, we found that mothers with a high weight and stature had a significant higher
content of free glutamic acid in their milk. For BMI it was only a trend (p<0.099). The
association with weight was quite strong (p=0.005) suggesting that it was not a spurious finding.
An increase of 1 kg of the mother’s weight corresponded to an increase of 5.6 µmol/L in
glutamic acid concentration. To our knowledge this has not been reported before. If free
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glutamate has a down regulating effect on appetite and thereby milk intake, it is interesting that
large mothers have high levels of free glutamic acid in their milk. Associations between free
glutamate in human milk and maternal anthropometry have been examined in a study by Jochum
et al. They reported maternal BMI and weight in the first trimester to be negatively associated
with free glutamine in early breast milk (days 4-7 of lactation)10 and in accordance with this we
found a trend (p=0.09) for an inverse correlation between pre-pregnancy BMI and free glutamine
in mature milk. We have no suggestions for mechanisms for how maternal anthropometry is
associated with the content of FAA in their breast milk, but since these FAA have important
physiologic effects it would be interesting to study this further. Again, unknown endocrine and
receptor mediated mechanisms may offer a biologically plausible explanation, but this should be
explored in more detail.

Whether the infant was fully or partially breastfed had no influence on the relation between the
FAA and size of the infant. A possible reason for this might be that only seven of the partially
breastfed infants were receiving formula at the 4 months visit. Therefore there might not be a
large difference between partially and fully breastfed infants regarding intake of FAA in this
study.
There was a large variation in the content of amino acids between mothers as described in the
literature 12,15,23,24. The glutamic acid and glutamine concentrations in this study were
comparable to those reported at 3 months 12 and ≥2 months 15 . According to Zhang15 the content
of glutamine and glutamic acid increases after birth and peaks between 3 and 6 months. We did
not find an increase in glutamine and glutamic acid with progression of the lactation stage as
most samples were obtained at 4 months or within a narrow time range around 4 months, when
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the concentration of glutamine and glutamic acid are not expected to change considerably15,24.
Also the methods applied for determination of FAA may affect the measurements and newer
methods may have improved the quantification. Often HPLC methods or automatic amino acid
analyzers are used for quantification 10,14,15,23 - 25. The reverse-phase HPLC method we have
applied, resulted in levels of FAA in accordance with levels reported in other studies. We have
also referred to a paper by WU et al.13 using nuclear magnetic resonance (NMR) spectroscopy
for FAA quantification. The levels of glutamic acid and glutamate in mature milk are higher
compared to values reported in this paper and the review 15 but as the NMR values are only
based on samples from one female it is difficult to conclude anything regarding the NMR
method.
The study has several limitations. The sample size was relatively small so the possibility of
chance finding cannot be excluded. Furthermore, we used growth from birth to 4 months as a
surrogate for average milk intake during this period. The strength of the study was the large
variation in FAA and in weight, length and BMI making it possible to investigate the
associations over a wide range.

Other factors which might influence growth are the appetite related hormones in human milk,
such as leptin, adiponectin and ghrelin26 - 29 which were not measured. These hormones may play
a role in regulating the appetite despite the immaturity of the appetite control system in infancy
26,30

. High levels of appetite regulating hormones in breast milk have been associated with high

weight gain in early infancy31. Thus, the appetite regulation may be different in formula fed
infants regarding the effect of ingested appetite regulatory hormones as the presence of these
hormones in formula is uncertain 29,32,33. Another shortcoming of the study is the observational
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design so only associations can be shown and no causative conclusions can be made. Studies to
support the findings and elucidate possible mechanisms are therefore warranted.

To summarize in this cohort of breastfed infants the content of the FAA glutamic acid and
glutamine does not seem to be related to weight gain or adiposity measured by BMI but
glutamine may be positively related to growth in length. Furthermore, glutamic acid was
positively associated with maternal weight and height. The cause and potential effects of these
associations need to be explored further, as well as the possible mechanisms, since both these
amino acids have important functions in the infant.
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Table 1. Characteristics of infants and mothers
Mean

SD

Range

Number (%)

Infants at Birth
Gender: Girls/Boys

38(49)/40(51)

Weight (g)

3615

494

2495 - 4870

Length (cm)

52.6

2.0

49 - 59

Age (months)

4.31

0.54

3.20 - 6.07

Weight (g)

7280

895

5120 - 9260

Length (cm)

65.0

2.3

59.5 - 71.0

BMI (kg/m2)

17.2

1.8

13.4 - 22.3

Weight z-score

0.44

0.97

-2.78 – 2.53

Length z-score

0.64

0.97

-2.22 – 3.01

Weight-for-length z-score

0.11

1.18

-2.51 - 3,01

BMI-z-score

0.11

1.16

-2.32 - 2.98

Infants at Examination

Breastfeeding status
Exclusively/partially/n.a.

50(64)/21(27)/7(9)

Maternal characteristics
Pre-pregnancy weight (kg)

69.7

13.5

48.0- 116.0

Height (cm)

170.0

6.9

156 - 189

Pre-pregnancy BMI (kg/m2)

24.1

4.7

18.1 – 42.6

BMI body mass index, z-score Standard deviation score
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Table 2. Content of free amino acidsa
Percentiles

a

Amino acid

Mean

SD

10

25

50

75

90

Range

Glutamic acid (µmol/L )

1005

242

682

839

1020

1131

1295

502-1673

Glutamine (µmol/L )

262

91

148

211

259

316

375

38-617

n=78
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Table 3. Associations between free amino acids in breastmilk and size of the mothers adjusted for
the infants agea.
Pre-pregnancy weight (kg)

Height (cm)

Pre-pregnancy BMI (kg/m2)

Glutamic acid (µmol/L)

0.314 (0.005)

0.282 (0.013)

0.189 (0.099)

Glutamine (µmol/L )

-0.178 (0.122)

0.053 (0.649)

-0.194 (0.092)

Amino Acid

a

Values are r(p), n=78. BMI body mass index.
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Table 4. Associations between the free amino acids and infants size at the examination for infants
fully breastfed.
Crude Modela

Parameters

β[CI]

Adjusted Modelb
β[CI]

p value

p value

Weight (g)
Glutamic acid (µmol/L)

0. 575 [-0.223, 1.373]

0.154

0. 494 [-0.289, 1.277]

0.211

Glutamine (µmol/L)

0.423 [-1.795, 2.641]

0.703

0.210 [-1.955, 2.376]

0.846

Glutamic acid (µmol/L)

0.002 [-0.001, 0.004]

0.143

0.001 [0.000, 0.003]

0.106

Glutamine (µmol/L)

0.007 [0.002, 0.013 ]

0.013

0.004 [-0.001, 0.009]

0.089

Glutamic acid (µmol/L)

0.000 [-0.001, 0.002]

0.596

0.000 [-0.001, 0.002]

0.665

Glutamine (µmol/L)

-0.003 [-0.008, 0.002]

0.231

-0.003 [-0.008, 0.002]

0.248

Length (cm)

BMI (kg/m2)

a

Crude model included control for age and gender, n=50

b

Adjusted Model included control for age, gender and value at birth, n=50

BMI body mass index
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