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SUMMARY. Concentrations of calcium and magnesium were
measured in mature milk, collected between 30 and 90 days after
childbirth, from a group of 90 mothers between 14 and 39 years of
age, exclusively breastfeeding. The group was divided into three
sub-groups: low socioeconomic-level adolescents (LSAd), low
socioeconomic-level adults (LSA), and high socioeconomic-level
adults (HSA). Each mother’s nutritional status was determined
using the body-mass index (BMI) and her eating habits, obtained
on the basis of a 24-h dietary recall. Adolescent and adult mothers
in the low socioeconomic-level group had lower average calcium
intake (LSAd = 618.4 £ 555.2 mg and LSA = 679.4 + 411.4 mg)
than adult mothers in the higher socioeconomic-level group (853.6
+415.5 mg). The average concentration of calcium in the adolescent
mothers’ milk (LSAd) was significantly lower (5.30 + 1.42 mmol
Ca/L., P= 0.01) than that of the two adult groups (LSA = 5.82
1.55 mmol Ca/L and HSA = 6.40 mmol Ca/L). The average
magnesium concentrations for all groups did not show significant
differences (LSAd = 1.06 + 0.18, LSA = 1.16 £ 0.23 and HSA =
1.11 £ 0.23 mmol Mg/L, for P= 0.16). These results indicate that
magnesium concentrations in mature human milk do not seem to
depend on maternal nutritional status. The condition of adolescence,
however, associated with lower calcium intake by the mother,
resulted in lower calcium concentrations in the milk secreted when
compared to that of adult mothers.
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INTRODUCTION

Human breast-milk composition is dependent on factors
inherent to the lactating process itself and other maternal
and gestational factors such as maternal age, nutritional status,
diet, parity and gestational age (1). Concentrations of
vitamins and minerals in human milk have been found to
vary widely around the globe. An extensive review of the
subject concluded that there is still controversy about which
factors have a bearing on calcium concentrations in human
milk (2). It also pointed out that maternal diet, parity and
socioeconomic condition have not been correlated with
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RESUMO. Concentragdes de célcio e magnésio em leite humano
maduro. Influencia da ingestdao de calcio, idade e nivel
sOcioecondmico da nutriz. ConcentragGes de cdlcio e magnésio
foram medidas em leite maduro cothido entre 30 e 90 dias apés o
parto de 90 maes em regime exclusivo de aleitamento ao peito e
com idades entre 14 e 39 anos. O grupo de doadoras foi dividido
em trés sub-grupos: adolescentes de baixo nivel socioecondmico
(LSAd), adultas de baixo nivel socioecon8mico (I.SA), e adultas
de alto nivel socioecondmico (HSA). O estado nutricional de cada
doadora foi determinado usando o indice de massa corporal (BMI)
e seus hédbitos alimentares com base em um inquérito recordatoério
das dltimas 24 horas. Mées adolescentes e adultas dos grupos de
baixo nivel socioecondmico apresentaram uma ingestio média de
calcio (LSAd = 618.4 £ 555.2 mg e LSA = 679.4 £+ 411.4 mg) do
que as mies do grupo alto nivel (853.6 £415.5 mg). A concentragio
media de cdlcio no leite das maes adolescentes (LSAd) foi
significativamente mais baixo (5.30 £ 1.42 mmol Ca/L, P= 0.01)
que as maes adultas dos dois outros grupos (LSA = 5.82 + 1.55
mmol Ca/L e HSA = 6.40 mmol Ca/L). A éoncentragﬁo media de
magnésio para todos os grupos ndo mostrou diferenga significativa
(LSAd =1.06 £ 0.18, LSA = 1.16 £ 0.23 ¢ HSA = 1.11 £ 0.23
mmol Mg/L, for P= 0.16). Estes resultados indicam que a
concentra¢do de magnésio em leite humano maduro ndo parece
depender do estado nutricional materno. No entanto, a condigdo de
adolescéncia associada a uma ingestdo mais baixa de célcio pela
mie resultou em concentragdes mais baixas de cdlcio no leite
secretado quando comparado ao leite de maes adultas.

Palavras chave: Cilcio, magnésio, leite humano.

calcium concentrations in human milk. From the data
collected by these authors, calcium and magnesium
concentration ranges of 4,99 — 7,48 mmol/L and 1.23-1.64
mmol/L and, respectively, are to be expected for well-
nourished women and are supposedly not affected by intake
of the mineral in the diet or in supplements.

Studies conducted in Brazil did not find differences in
calcium and magnesium concentrations in colostrum from
well-nourished and undernourished mothers from diverse
socioeconomic conditions (3,4). On the other hand, colostrum
from adolescent mothers under 17 years of age showed higher
calcium and magnesium concentrations than colostrum from
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mothers aged between 17 and 20 years (5). The first-known
report in the literature on calcium concentrations in adolescent
mothers’ mature milk reported higher concentrations of
calcium for this group than other age groups (6).

The mechanisms that control nutrient synthesis in the
mammary gland are subject to maternal, gestational and
environmental factors (1). Owing to the number and
complexity of the factors involved, special care is necessary
to isolate the key factors that determine the composition of
human milk. The objective of the present study was to evaluate
how the state of adolescence, intake of calcium by the
lactating mother and socioeconomic situation affected the
concentrations of calcium and magnesium in mature milk
when the parity and nutritional-state variables were controlled.

MATERIALS AND METHODS

Milk donors

The study group consisted of ninety primiparous mothers,
between 14 and 39 years of age, and lactating for between 30
and 90 days, with infants being exclusively breastfed. The
criteria for inclusion were that the subjects be healthy, non-
smoking, using no medications or vitamin supplements during
pregnancy or after, with single-conception pregnancy,
childbirth and post-partum occurring normally; , and who
showed an acceptable body-mass index (> 19 kg/ m?). The
donors were classified in three groups: low socioeconomic-
level adolescent (LSAd, < 19 years old), low socioeconomic-
level adult (LSA), and high socioeconomic-level adult (HSA).
The LSAd and LSA groups were recruited among patients of
public institutions oriented toward caring for the
underprivileged and the HSA group among patients of private
clinics. Among the low socioeconomic-level mothers, 74.2%
of LSAd and 41.9% of LSA had not finished primary school
and none had a university degree; 35.5% of LSAd and 51.6%
of LSA were married. Among the high socioeconomic-level
(HSA) group, 50% had university degrees, 90% were married
and 80% pursued careers outside their homes. All donors
agreed to take part in the study.

Sample collection

Samples of mature milk were collected by manual
expression of both breasts for several days, and at different
times during the afternoon, to account for variations that might
occur at regular times of the day, until a pool of 150 mL was
reached for each subject. The milk was collected directly
into propylene flasks with screw tops, previously washed by
immersion in neutral detergent (Extran, Merck) for 24 hours.
The snap caps were then rinsed with deionized water and
soaked in nitric acid solution (1:1) for another 24 hours. Again
they were washed with deionized water and dried in an oven
at 40°C. The samples were stored at — 20°C until analysis .

Calcium and magnesium determinations

The samples (1 mL) were mixed with 10 mL of
concentrated nitric acid, heated by infrared radiation until
the digestion was completed, and the acid was allowed to
dry. The residues were dissolved in concentrated nitric acid
and enough lanthanum solution was added give a final
concentration of 1.0% of nitric acid and 0.5% of lanthanum
when the solutions were taken to volume in volumetric flasks.
The concentration of calcium and magnesium was measured
using a Perkin Elmer, model 5100 PC,flame atomic-
absorption spectrophotometer, fitted with a deuterium
background corrector. Duplicate determinations were made.
For analytical control, NIST 1549 non-fat milk powder
reference material was analyzed under the same conditions
(Table 1). Each group of analyses included an in-house
reference material (whole cow milk), previously analyzed
15 times on different days. The results indicated the adequacy
of the procedure used.

TABLE 1
Results of the certified sample analysis (Non-fat mitk
powder, NIST 1549) by atomic absorption spectrometry

Material Origin No. Certified value (%) Value found (%)
Analyses Ca Mg Ca Mg
Non-fat NIST

milk powder 1549 3 1301005 0.1210.03 1.34+£020 0.114+0.002

. TABLE 2
Calcium intakes and calcium concentration in milk of
adolescent and adult mothers of different social and
economic levels.

Calcium intake (mg) <400 400 - 800 >800
Number of subjects
In each group 26 31 33

Average calcium

level in milk (mmol/L) 580148 585+1.66 5.83+1.40

p=0.99 ns

Dietary recall

The dietary intake was calculated on the basis of a 24-h
recall by each subject, using the Program for Nutrition Support,
Version 2.5, from the Health Data Center, Federal University
of Sdo Paulo, Brazil. The dietary calcium and magnesium intake
for each subject was compared with the dietary reference
intakes of the American Food and Nutrition Board (7).
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Statistical analysis

The Kruskal Wallis test was applied to compare the
calcium concentrations found in milk samples from each
group (LSAd, LSA, HSA) with respect to the age,
socioeconomic level and daily calcium intake variables (<
400 mg, 400 - 800 mg, and >800 mg). Within each group
the test was conducted to check for correlations between the
calcium intake by the mothers and the calcium concentration
in the milk. The null hypothesis level was set at 0.05 (7).

RESULTS

The analysis of the diet showed that the calcium intake
was lower (p=0,02) for both groups of low socioeconomic-
level mothers, adolescents (618,41555,2) and adults
(683,3414417,8) when compared with high socioeconomic-
level mothers (853,6+415,2) (Figure 1).

FIGURE 1
Average calcium intake (mg) and adequacy (%)

of calcium intake recommended to lactating mothers
according to age and socioeconomic level
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1. Adequacy in calcium intake according to the dietary reference
intake of the Food and Nutrition Board (7) (p = 0.02 , LSAd; LSA
< HSA)

LSAd n=31

The concentration of calcium in the milk of the adolescent

group (LSAd) was 5.30 £ 1.42 mmol/L and significantly lower '

{p = 0.01) than the concentrations in the adult groups (LSA
=5.82 % 1.55 mmol/l and HSA = 6.40 £ 1.37 mmol/L) (Figure
2). For magnesium levels, however, there was no significant
difference between the donor groups (LSAd = 1.06 + 0.18
mmol/L, LSA = 1.16 £ 0.23 mmol/L, and HSA = 1.11 £
0.23 mmol/L, at p = 0.16) (Figure 3). No correlation was
found between the calcium intake by the mothers and the
calcium concentration in milk for all groups ( LSAd- p=0.86/
’=0,00; LSA- p=0.51/r*=0.015; HAS-p=0.97/r>=0.00 ).

FIGURE 2
Average concentrations of calcium in (mmol/L) mature
milk according to the mother’s age and socioeconomic
level (LSAd = Low socioeconomic level adolescents,
LSA = low socioeconomic level adults, HSA = high
sociceconomic level adults)
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FIGURE 3
Average concentrations of magnesium (mmol/L) in mature
milk according to the mother’s age and socioeconomic
level (LSAd = Low sociceconomic level adolescents,
LSA = low socioeconomic level adults, HSA = high
socioeconomic level aduits)
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DISCUSSION

The present study found smaller calcium concentrations
in milk secreted by adolescent mothers when compared to
the two groups of adults. The calcium intake by adolescent
mothers was below the reference intake and was the lowest
when compared to the two adult groups. But still no
correlation was observed between calcium intake by the
adolescent mothers and the calcium concentration in milk.
Studies conducted in Gambia showed no connection between
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low calcium intakes by mothers during the lactating period
and calcium concentrations in their milk. On the other hand,
the intake of calcium during pregnancy seemed to have a
direct bearing on calcium in milk concentrations (8,9).
Calcium levels in human milk have been found to vary from
6.32 to 10.75 mmol/L (10,11).

Lower calcium intake by Nepalese lactating mothers did
adversely affect the concentrations of calcium in the milk
secreted. A greater capability for mobilization of stored
calcium was pointed out as the probable cause, since higher
levels of hydroxiproline were found in the mothers’ urine
(12). A lower calcium intake during the three last months of
pregnancy was correlated with higher alkaline phosphatase
levels in serum during lactation in Spanish women (13). On
the other hand, no correlation was found between calcium
concentrations in milk and mobilization of bone calcium by
secretion of hormones involved in calcium metabolism (1,25
dihydroxycholecalciferol, parathyroid hormone, and carrier
proteins) (14,15). Specific parathyroid hormone protein
fractions did correlate with calcium concentrations in human
milk (16). A previous study had shown that higher levels of
calcitrophic hormones were present in lactating adolescents.
The results suggest that their incomplete growth may limit
the calcium turnover in lactation metabolism (17). A recent
proposal for reference intake of calcium during breastfeeding
has taken into consideration the nursing adolescent (1300
mg/day as advised reference intake) as a risk group for
calcium metabolism but not nursing adults (1000 mg/day as
advised reference intake) (7). It should be noticed that the
reference intake of calcium for nursing adult women is not
different from that of non-nursing adult women. The nutrient
requirement is known to be higher in all women that are
breastfeeding. However, the reference intake for calcium has
not been modified due to the higher availability that occurs
in the organism of nursing women in this period, at least in
the case of adult mothers.

The present study has confirmed other reports that
magnesium concentrations in human milk do not depend on
maternal conditions and appear constant when different
groups are compared. For calcium, the results indicate that
the state of adolescence, associated with lower calcium
intakes, causes lower calcium concentrations in milk,
although the average concentrations found are adequate to
supply the infants’ needs. In conclusion, adolescent mothers
may be considered a risk group in terms of calcium
concentrations in mature milk and should be advised to
consume foods considered good sources of calcium during
pregnancy and lactation. Further studies involving bone
metabolism are necessary to clarify the results of the present
study.
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