
INTRODUCTION

Many studies have highlighted advantages of human milk
nutrition, and doctors all around the world recommend ex-
clusive breast feeding during the first six months. It has
been noted that the content of breast milk differs among
mothers and populations, as well as during the time of lacta-
tion (colostrum vs. transitional and mature milk) (Kulski et

al., 2004). The latest studies even suggest that breast milk
contains more than 500 different ingredients (Bauer and
Gerss, 2011).

Although fat is the most important source of energy for in-
fants (supplying more than 50% of the necessary energy), it
changes in the composition of macronutrients — fat con-
centration is lower in the first milk (foremilk) and higher at
the end of breast-feeding (Saarela et al., 2005). Further,
studies have demonstrated that fat concentration in breast
milk is lower when a mother wakes, compared to the nurs-
ing time in the evening (Martin et al., 2012). Similarly, lac-
tose concentration differs depending on the lactation day. It
has been shown that lactose improves microflora of the gas-
trointestinal system, promotes absorption of calcium, and

sustains normal metabolism (Bode, 2012). Lactose concen-
tration also affects infant health and development of the
gastrointestinal tract (Newburg et al., 2005). Breast milk
composition can also be affected by factors like gestational
age, weight of the neonate, formation and excretion of
breast milk, and weight changes of the mother during preg-
nancy. Therefore, it is important to determine breast milk
composition in different populations and among different
individuals, as well as during different time of lactation.

The aim of the present study was to determine the breast
milk composition and influencing factors among lactating
women in Latvia in different lactation periods, as well as to
compare the results with data from other countries.

MATERIALS AND METHODS

Study design. The study was carried out at the neonatal
care unit in the Children’s Clinical University Hospital in
Rîga (Latvia) from September 2014 to March 2015. Breast
milk samples (50 ml) were collected from mothers of neo-
nates on the 5th–7th and 11th–28th day of lactation.
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Analysis of milk samples. Collected milk samples were
analysed in the laboratories of the Faculty of Food Technol-
ogy of the Latvia University of Agriculture. Protein, fat,
lactose content, pH, and density were measured according
to standard methods (LVS EN ISO 8968-1:2014, ISO
11870:2009, ISO 22662:2007, LVS ISO 5546:2010, and
LVS 186:1999) for milk and dairy product evaluation. Pa-
rameters were determined in triplicate for the samples. Milk
samples were collected and immediately frozen at –20 oC
until analysis.

Statistical analysis. Data were recorded and compiled in
Microsoft Excel. Data statistical analysis was performed us-
ing the MedCalc programme. The ANOVA test, Mann–
Whitney U test, Pearson correlation coefficient, and multi-
ple linear regression tests were used as appropriate.

Results were compared to data from the American Acad-
emy of Paediatrics (Anonymous, 2009) and Illustrated Text-
book of Pediatrics (Lissauer and Clayden, 2012).

Ethical considerations. The study protocol was approved
by the Research Ethical Committee at the Institute of Exper-
imental and Clinical Medicine of the University of Latvia.
Mothers signed written patient consent forms.

RESULTS

Patient characteristics. In total, 50 milk samples were col-
lected: 39 samples on the 5th–7th day of lactation and 11
samples on the 11th-28th day of lactation. The patient group
included 17 mothers of premature neonates and 22 mothers
of term neonates.

The mean gestational age of neonates was 35.98 weeks (SD
± 3.60), mean weight was 2.6 kg (SD ± 1.20), minimum
weight was 950 grams and maximum weight was 4500
grams.

The neonates were admitted to the hospital for the following
reasons: prematurity — 24 cases; small for gestational
age — 11 cases; congenital heart disease — 6 cases;
intrauterine infection — 6 cases, infectious disease
(bronchiolitis, meningitis) — 3 neonates, and perinatal as-
phyxia — 3 neonates.

Composition of milk samples. Average density and pH of
milk samples on the 5th–7th and 11th–28th day of lactation,
as well as concentration of fat, protein and lactose are
shown in Table 1.

Fat concentration showed a large variability among patients
(95% confidence interval 1.605–5.470 and 2.427–4.560 on
the 5th

–7th and 11th
–28th lactation day, respectively).

Concentration of lactose on the 5th
–7th day of lactation was

higher among breast milk samples from mothers of prema-
ture neonates compared to mothers of term neonates: 7.6%
(SD ± 0,9) vs. 6.7% (SD ± 1.3) (p = 0.003), as well as from
mothers with low birth weight (< 2.5 kg) neonates com-
pared to neonates with a birth weight 2.5 kg: 7.8% (SD ±
0.7) vs. 6.7% (SD ± 1.2) (p = 0.002). Lactose concentration
correlated with gestational age, birth weight, pH, density,
and protein concentration. Multiple regression analysis indi-
cated that lactose concentration was significantly related to
birth weight and pH but not with gestational age of the neo-
nate.

The milk content in respect to density, pH, protein, fat con-
centration did not differ in relation to type of delivery, ges-
tational age, mother’s weight, and weight increase during
pregnancy.

Comparison of milk composition among Latvian women

with data from other populations. The protein concentra-
tion in the samples collected on the 5th–7th and 11th–28th

day of lactation was statistically significantly higher and the
concentration of fat was statistically significantly lower
compared to data from the American Academy of Paediat-
rics (Fig. 1). Concentration of lactose did not differ between
Latvian and American (USA) women (Anonymous, 2009).

Composition of milk samples from Latvian women was
more comparable to British data (Fig. 1). However, concen-
tration of fat on the 11th

–28th day of lactation among Lat-
vian women was significantly higher than among British
women: 4.42% versus 3.0%, respectively. Protein concen-
tration was statistically significantly higher in samples gath-
ered on the 5th

–7th day of lactation compared to British
data: 2.04% versus 1.3%, respectively. Lactose concentra-
tions did not significantly differ between Latvian and Brit-
ish women. (Lissauer and Clayden, 2012).

T a b l e 1

COMPOSITION OF BREAST MILK ON THE 5TH–7TH AND 11TH–28TH DAY OF LACTATION AMONG LACTATING WOMEN IN LATVIA

Macroelements
Concentration %

(5th–7th day)
n = 39

CI (95%)
Concentration %
(11th

–28th day)
n = 11

CI (95%)

pH 6.82 6.3098–7.1669 6.48 6.1023–6.9871

Density kg/m3 1026.15 1010–1055 1018.56 1008–1043

Protein 2.04 * 1.258–2.672 1.46* 1.078–2.432

Fat 3.11 * 1.605–5.470 4.42 * 2.427–4.560

Lactose 6.95 5.025–9.071 6.5 5.389–7.672

* p < 0.01
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DISCUSSION

Composition of breast milk in the population of Latvia has
not been studied for more than 20 years. Although data
from the present study show that the composition of breast
milk among lactating women in Latvia is comparable to
data from literature, several differences were observed.
Higher concentration of protein and lower concentration of
fat in milk samples from the 5th to 7th day than in compara-
ble samples from the USA and UK might be explained by
transitory milk that could still be present in the studied sam-
ples. Further, lower fat concentration in our samples com-
pared to USA data might reflect dietary differences between
the populations. In addition, concentration of fat showed
large variability between samples, thus suggesting that fat
concentration could depend on other factors like nutrition of
the mother. Nevertheless, since fat is the main source of en-
ergy in infants (supplying more than 50% of the necessary
energy), low fat intake can possibly affect the nutritional
status of neonates and infants. Therefore, it could be advis-
able to perform individual milk analysis among patients
with poor weight gain, which would allow to evaluate the
need for milk supplements. In addition, mothers of infants
with poor weight gain should be educated to express the
milk at the end of every feeding, since it contains more fat.

Concentration of lactose in the studied population was
higher in samples from mothers who had a neonate with
low birth weight (< 2.5 kg), compared to that in neonates
with a birth weight > 2.5 kg. Since premature infants have a
lower lactase concentration, it was expected that lactose
concentration is correlated with gestational age. Higher lac-
tose concentration in samples from mothers with low-
weight neonates might be explained by beneficial effects of
lactose to the gastrointestinal tract, suggested by positive ef-
fect on the development of hereditary immune response and
intestinal bacteria (Cederlund et al., 2013).

Nevertheless, lack of normal amounts of lactase in neonates
might be associated with a transitory lactose intolerance,
causing watery diarrhoea and possible affecting weight
gain.

Since the studied milk samples represent milk composition
from mothers with unhealthy neonates, the results cannot be
used as a reference for the general population. Nevertheless,
the data should be considered in the neonatal care unit when
calculating the necessary amount of calories for newborns
based on the data from American Academy of Paediatrics.
However, a large variability of concentration of macro-
nutrients among breast milk samples demonstrates that
breast milk is a unique nutritional source for each neonate
and infant.

CONCLUSIONS

Composition of breast milk from Latvian mothers on the
5th–7th day of lactation represents transitory breast milk
with a higher concentration of protein and a lower concen-
tration of fat. Fat content shows large interpatient variabil-
ity, therefore, individual analysis of fat concentration should
be recommended for neonates with poor weight gain to
evaluate the necessity for milk fortification. Concentration
of lactose is independently correlated with neonatal birth
weight.

In order to generalize data about composition of breast milk
to the population of Latvia, samples from mothers with
healthy neonates should be analysed.
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Fig. 1. Fat, lactose and protein concentration
(%) in breast milk samples (5th–7th and
11th–28th days of lactation) in Latvian
women compared to data of British (Lissauer
and Clayden, 2012) and American (USA)
(Anonymous, 2009) women.
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KRÛTS PIENA SASTÂVA SALÎDZINÂJUMS MÂTÇM LATVIJÂ DAÞÂDOS LAKTÂCIJAS PERIODOS

Pçdçjo 20 gadu laikâ krûts piena sastâvs Latvijâ nav pçtîts. Mûsu pçtîjuma mçríis bija noteikt krûts piena sastâvu mâtçm
Latvijâ daþâdos laktâcijas periodos, kâ arî salîdzinât iegûtos rezultâtus ar citu valstu datiem. Piena paraugi tika iegûti no 44
mâtçm (39 paraugi 5.–7. laktâcijas dienâ, 11 paraugi 11.–28. laktâcijas dienâ), kuru jaundzimuðie ârstçjâs Bçrnu klîniskajâ
universitâtes slimnîcâ jaundzimuðo nodaïâs. Piena analîze veikta Latvijas Lauksaimniecîbas universitâtç (pH, blîvums,
olbaltumvielu, tauku, glikozes un laktozes koncentrâcija). Piena paraugu sastâvs no jaundzimuðo mâtçm 5.–7. laktâcijas dienâ
vairâk atbilda pârejas piena sastâvam. Laktozes koncentrâcija bija augstâka piena paraugos no mâtçm ar zema svara (< 2,5 kg)
jaundzimuðajiem, salîdzinot mâtçm, kuru jaundzimuðie bija ar svaru > 2,5 kg. Tauku koncentrâcija izteikti atðíîrâs pçtîtajos
piena paraugos no daþâdâm mâtçm, kâ arî bija zemâka, salîdzinot ar citu valstu datiem. Tâ kâ tauki ir galvenais enerìijas
avots zîdaiòiem (sniedz vairâk nekâ 50% no nepiecieðamâs enerìijas), zemâks tauku saturs pienâ, iespçjams, var radît
samazinâtu kaloriju uzòemðanu jaundzimuðajiem un zîdaiòiem, kas var bût saistîts ar nepietiekamu svara pieaugumu. Tâdçï
varçtu bût ieteicams veikt individuâlu piena analîzi pacientiem ar sliktu svara pieaugumu — tas ïautu izvçrtçt nepiecieðamîbu
pçc piena bagâtinâtâjiem. Lai datus par mâtes piena sastâvu varçtu vispârinât, bûtu jâvâc piena paraugi mâtçm ar
jaundzimuðajiem bez veselîbas problçmâm.
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