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ABSTRACT

The aim of this study was determination of the concentration of calcium and
magnesium in human milk (n=150) taken from nursing women who lived permanently in
Malopolska district (South Poland). Milk samples were classified into groups taking into
account women’ age and parity. According to the various age of the women milk samples
were segregated into three groups: 20-25 years old, 26-31 years old and 32-37 years old.
Included parity milk samples were spitted into two groups: the first group consisted of women
who were primiparous (1 baby), the second group included women who were multiparous
(≥2 babies). Milk samples were taken between the 7th and 14th day of the postpartum in each
age group. The samples were taken by manual expression every morning. The analyses of
metals were done by flame atomic absorption spectrophotometry (FAAS), after all samples
had been collected. The mean concentration of cooper in milk taken from women of first age
group (20-25 years old) was 209.44±15.10 mg/L, in second group (26-31 years old) was
238.65±13.34 mg/L and in the oldest group (32-37 years old) was 261.44±17.16 mg/L. The
mean concentration of magnesium in the same group of age was 42.12±3.793 mg/L,
47.51±2.728 mg/L and 45.43±3.840 mg/L, respectively. The mean concentration of calcium
in milk taken from primiparous was 223.17±10.50mg/L, in multiparous was 266.37±16.20
mg/L. Whereas, the mean concentration of magnesium in transitional milk taken from the
same group was 44.12±2.58 mg/L and 47.412±3.16 mg/L, respectively. Statistical analyses
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showed that there were statistically significant differences between calcium level in milk
taken from the youngest group and the concentration of this metal in milk from the oldest
group (p=0.032). Also, when comparing women’s parity, significant differences were found
in the concentration of calcium (p=0.022). However, the differences in magnesium levels
between tested groups were no statistically significant. Additionally, r Pearson correlation
coefficient showed positive correlation between analyzed metals (Mg/Ca: r2=0.589; p=0.000).
These observations suggest that mothers’ age and parity have influence on calcium
concentration in milk but did not impact on magnesium level in breast milk.
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INTRODUCTION

The nutritional benefits of exclusive breast feeding for growth and protection of
infants ale well recognized. Human breast milk provides all of the vitamins and essential
minerals and trace elements that are required by the infant, until wearing. Calcium and
magnesium are the most abundant cations in the human body after sodium and potassium and
most of them are deposited in bone. The adult skeleton stores about 99% of the total body
calcium and almost 65% of the total body magnesium (Civitelli et al., 1994). During
lactation, bone is mobilized and exerts influence on the availability of those macroelements to
the mineral poll that supply the mammary gland. Due to an increase in bone turnover, the
concentration of these metals elevated in serum, additionally less urinary Ca and Mg is
excreted (Klein et al., 1995). Possible shifts in internal pools of calcium, magnesium, and/or
contributions from bone resorption during lactation are of particular interest because diets of
lactating women are likely to fall short of the recommended dietary allowance (RDA) for
these minerals (7).
Daily dietary calcium and magnesium intakes have been recommended in order to
maintain an adequate Ca and Mg status, and the American Recommended Dietary Allowances
(RDA) for infants, 0-0.5 years old is 360 mg for calcium and 50mg for magnesium
(WHO/IAEA, 1989).
Human breast milk composition is dependent on many maternal and gestational
factors such as stage of lactation, maternal age, nutritional status, diet, parity and gestational
age (Lawrence, 1985; Dorea, 1999; Dorea, 2000, Kinsara et al., 2006). Longitudinal
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changes in the nutrient composition of human milk during the course of lactation have been
well documented (Honda et al., 2003; Hunt et al., 2005; Yamawaki et al., 2005), but less is
known about changes that may occur in milk samples descendent from women at different
age and number of pregnancy.
The primary purpose of this study was to determine calcium and magnesium
concentration in transitional milk samples taken from women live in south Poland. The
secondary goal was to assess the potential effect of women’s age and parity on Ca and Mg
level in milk.

MATERIAL AND METHODS

Milk samples were taken from 150 healthy women from malopolska district in Poland
who had given birth in two hospitals in Cracow. All mothers had been informed about the aim
of the study and gave their permission for collecting milk. Milk samples were taken between
the 7th and 14th day of lactation (transitional milk). The samples of transitional milk were
divided into groups taking into account women’ age and parity. According to the various age
of the women milk samples were segregated into three groups: 20-25 years, 26-31 years and
32-37 years. Included parity milk samples were spitted into two groups: the first group
consisted of women who were primiparous (1 baby), the second group included women who
were multiparous (≥2 babies).
Milk samples were collected into 5 ml sterile polypropylene containers by manual
expression, always in the morning hours between 9.00 am and 10.00 am. Samples were frozen
at -20°C, and analyses were done after all samples had been collected. Concentrations of
calcium and magnesium in milk samples was assayed by flame atomic absorption
spectrophotometry (FAAS). The aliquots of milk (1 mL) were placed in a separate
mineralization tubes, mixed with 2 mL of HNO3-HClO4 (4:1) and heating at 120°C for
240 minutes in a thermostat-controlled digestion block. After cooling the samples were filled
to the volume of 5 mL with demineralized water. The concentrations of metals were
expressed in miligrams per one liter of the milk.
Statistical analysis was performed using t-test. Correlation coefficients, between
calcium and magnesium were calculated by r Pearson correlation test.
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RESULTS AND DISCUSSION

In our study 150 milk samples were analyzed for the Ca and Mg concentration. The
average concentration and standard error of nutritional elements in transitional milk taken
from women from different age groups are presented in the Figures 1-2. The lowest levels of
calcium and magnesium were observed in milk samples taken from the youngest group of
women (20-25 years old). Whereas, the highest level of calcium was detected in transitional
milk taken from the oldest group 932-35 years old) instead magnesium concentration in milk
from women between 25-31 years old.

Figure 1 Mean concentration of Ca in transitonal milk from different age groups.

Figure 2 Mean concentration of Mg in transitonal milk from different age groups.
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Statistical analyses showed that women’s age was significant factor affecting Ca
concentration in human milk. The mean concentration of Ca in milk form the youngest group
of age was considerable lower than the mean level of this metal in milk from the oldest group
of age (t=-2.170, p=0.032). The concentration of Mg in transitional milk slightly changed in
relation with age, but the differences were statically insignificant.
The mean and standard error of calcium and magnesium concentration in transitional
milk in relation with parity are presented in Figure 3. Transitional milk taken from
primiparous characterized lower concentration of analyzed metals than milk from
multiparous.

Figure 3 Mean concentration of Ca and Mg in transitonal milk in relation with parity

When comparing women’s parity, significant differences were found in the concentration
of calcium (t=-2.304, p=0.022). However, the differences in magnesium levels between
primiparous and multiparous were no statistically significant. Additionally, r Pearson
correlation coefficient showed significant correlation between Ca vs Mg in transitional milk
(Mg/Ca: r2=0.589; p=0.000).
The purpose of the present analysis was to quantify calcium and magnesium
concentration in transitional milk from healthy Polish women. Obtain results were generally
in agreement with the results of another investigations reported in the past (Feeley et al.,
1983; Tanzer et al., 1999).
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Our data indicate that the concentration of milk calcium varied according to the
women’s age; level of this metal in breast milk from older women (32-37 years old) was
higher than in breast milk from the youngest (20-25 years old). Some authors like PiotrowskaDepta et al. (2007) who analyzed breast milk from women lived in northern Poland
(Podlasie) did not confirmed our results. They suggested that calcium level in milk is
independent of women’ and its level depended only on supplies and diet. However, Vitolo et
al. (2004) suggested that calcium concentration was much lower in milk from young women
from poor families that in breast milk from older women without regard for their material
status, thereby without regard for their diet. Similarly Stawarz et al. (2007) in their study on
breast milk from Polish women observed increasing concentration of calcium in milk from
older women in relation with younger. Our results are confirmation of previous data presented
by Lipsman et al. (1985) who also noted that young women (under 20 years old) had lower
level of this element in comparison with older women (between 20-36 years old). Results of
this author concerned also concentration of magnesium in breast milk. Compared to the
magnesium content of milk samples from adult women, milk of teenage mothers was
significantly lower in this metal. In our study as well as in study presented by Vitolo et al.
(2004) concentration of magnesium in milk did not show significant differences between
samples from young and old women. The mechanisms that control nutrient level in the
mammary gland are not known. Most of authors suggest that organisms of young women
show higher need on calcium due to growth of bones and mineral changes in skeleton.
Together with ageing of organism follows gradual loss of calcium from bones, above 30 years
old mechanisms bone loss dominate above bone creation. Together with ageing accrues level
of parathormone, which increases release of calcium from bones. It is proved that during
lactation calcium is dredged from bones what is apparent in lower bone density of lactating
women (Sower, 1993). It is possible that observed higher level of calcium in breast milk from
older women is caused by changes in skeleton.
There are very few data focus on influence of parity on Ca and Mg level in breast milk
because the main factors point by some authors are period of lactation (Allen et al., 1991;
Yamawaki et al., 2005). However, the influences of number of pregnancies on these elements
concentration in breast milk are controversial. In these study breast milk samples from
primiparous women characterized lower calcium concentration in comparison to
concentration of this metal in breast milk samples from multiparous women. Our results are in
opposite to those found in another studies (Feleey et al., 1983; Laskey et al., 1990). They
observed no significant relationship between parity and the calcium concentration in
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transitional and mature milk. This observations are indirectly accordance with data presented
by Karlsson et al. (2001) analysed the influence of lactation on bone mineral density (BMD)
and they observed that lactation was not correlated with the BMD, women with four
pregnancies or more had a BMD no lower than women with two pregnancies or fewer.
Additionally, we observed that the concentration of magnesium did not change in relation
with parity. Similarly, Rajalakshmi et al. (1980) and Honda et al. (2003) reported that there
was no significant relationship between number of pregnancies and the concentrations of
magnesium in milk.
In our study we noted positive correlation between concentration of calcium and
concentration of magnesium in transitional breast milk. Similar relationship between this
metals was presented by Kippler et al. (2009). It is known that these elements are main
metals in skeleton, during lactation appears increased mobilization of these elements from
bones in order to assure adequate dose of these metals with milk to the newborn (Chan et al.,
1982). Besides, a number of studies in animals and humans, using a variety of in vivo and in
vitro techniques, have indicated that there is direct competition between Ca and Mg
absorption and intestinal transport. Increasing Ca in the diet could significantly depresses Mg
absorption (Hardwick et al., 1991). The possible that this positive relationship between
metals is caused by changes in mineral status of mother’s bones and mechanisms responsible
for proper absorption by newborn’s digestive system.

CONCLUSION

The present study has confirmed other reports that magnesium concentrations in
human milk appear constant when different groups are compared. For calcium, the results
indicate that the women’s age and parity causes higher calcium concentrations in milk.
Further studies involving bone metabolism are necessary to clarify the results of the present
study.

REFERENCES

ALLEN, J. C. – RONALD, P. K. – ARCHER, P. – NEVILLE, M. C. 1991. Studies in human
lactation: milk composition and daily secretion rates of macronutrients in the first year of
lactation. In The American Journal of Nutrition, vol. 54, 1991, p. 69-80.

335

JMBFS / Goc et al. 2012 : 2 (1) 329-337

CHAN, G. M. – SLATER, P. – RONALD, N. – ROBERTS, C. C. – THOMAS, M. R. –
FOLLAND, D. – JACKSON, R. 1982. Bone mineral status of lactating mothers of different
ages. In American Journal of Obstetrics and Gynecology, vol. 144, 1982, no. 4, p. 438-441.
CIVITELLI R, – AVIOLI, L. V. 1994. Calcium, phosphate, and magnesium absorption. In
Johnson LR (ed): “Physiology of the Gastrointestinal Tract,” 3rd ed. New York: Raven Press,
pp 2173–2181, 1994.
Committee on Nutritional Status During Pregnancy and Lactation, Food and Nutrition Board,
National Research Council. Nutrition during lactation. Washington, DC: National Academy
Press, 1991.
DOREA , J. G. 2000. Magnesium in human milk. In Journal of the American College of
nutrition, vol. 19, 2000, no. 2, 210–219.
DOREA, J. G. 1999. Calcium and phosphorus in human milk. In Nutrition Research, vol. 19,
1999, no.5, p. 709-739.
FEELEY, R. M. – EITTENMILLER, R. R. – JONES, J. B. – BARNHART, H. 1983.
Calcium, phosphorus, and magnesium contents of human milk during early lactation. In
Journal of Pediatric Gastroenterology & Nutrition, vol. 2, 1983, no. 2, p. 262–267.
HARDWICK, L. L. – JONES, M. R. – BRAUTBAR, N. – LEE, D. B. 1991. Magnesium
Absorption: Mechanisms and the Influence of Vitamin D, Calcium and Phosphate. In The
Journal of Nutrition, vol. 121, 1991, no.1, p.13-23.
HONDA, R. – TAWARA, K. – NISHIJO, M. – NAKAGAWA, H. – TANEBE, K. – SAITO,
S. 2003. Cadmium exposure and trace elements in human breast milk. In Toxicology, vol.
186, 2003, no.3, p. 255-259.
HUNT, C. D. – BUTTE, N. F. – JOHNSON, L. K. 2005. Boron concentrations in milk from
mothers of exclusively breast-fed healthy full-term infants are stable during the first four
months of lactation. In Journal of Nutrition, vol. 135, 2005, no.10, p. 2383–2386.
KINSARA, A. – FARID, S. M. – WAJID, S. A. – SADI, S. 2006. Longitudinal Variation of
Trace Elements Concentration in Human Milk in Jeddah, Saudi Arabia. In Engineering
Sciences, vol. 17, 2006, no.1, p. 73-93.
KIPPLER, M. – LÖNNERDAL, B. – GOESSLER, W. – EKSTRÖM, C. E. – EL ARIFEEN,
S. – VAHTER, M. 2009. Cadmium interacts with the transport of essential micronutrients in
the mammary gland-A study in rural Bangladeshi women. In Toxicology, vol. 257, 2009, p.
64–69.
KLEIN, C. J. – MOSER-VEILLON, P. B. L. – DOUGLASS, A. W. – RUBEN, K. A. –
TROCKI, O. 1995. A longitudinal study of urinary calcium, magnesium, and zinc excretion in

336

JMBFS / Goc et al. 2012 : 2 (1) 329-337

lactating and nonlactating postpartum women. In The American Journal of Nutrition, vol. 61,
1995, no. 4, p. 779-786.
LAWRENCE, R. A. 1985. Breastfeeding. A guide for the medical profession. St. Louis,
Mosby, 1985. p. 601.
LIPSMAN, S. – DEWEY, K. G. – LÖNNERDAL, B. 1985. Breast-feeding among teenage
mothers: milk composition, infant growth, and maternal dietary intake. In Journal of Pediatric
Gastroenterology & Nutrition, vol. 4, 1985, no.3, p. 426-434.
RAJALAKSHMI, K. – SRIKANTIA, S. G. 1980. Copper, zinc, and magnesium content of
breast milk of Indian women. In The American Journal of Clinical Nutrition, vol. 33, 1980,
p.664-669.
SOWER, M. – CORTON, G. – SHAPIRO, B. – JANNAUSSH, M. L. – CRUTCHFIELD, M.
C. – SMITH, M. L. – RANDOLPH, J. F. – HOLLIS, B. 1993. Changes in bone density with
lactation. In Journal of the American Medical Association, vol. 269, 1993, p. 3130-3135.
STAWARZ, R. – FORMICKI, G. –

MASSÁNYI, P. 2007. Daily fluctuations and

distribution of xenobiotics, nutritional and biogenic elements in human milk in Southern
Poland. In Journal of Environmental Science and Health Part A Toxic and Hazardous
Substances and Environmental Engineering, vol. 42, 2007, no. 8, p.1169-75.
TANZER, F. – SUNEL, S. 1991. Calcium, magnesium and phosphorus concentrations in
human milk and in sera of nursing mothers and their infants during 26 weeks of lactation. In
Indian Pediatrics, vol. 28, 1991, p. 391–400.
VITOLO, M. R. – VALENTE SOARES, L. M. – CARVALHO, E. B. – CARDOSO, C. B.
2004. Calcium and magnesium concentrations in mature human milk: influence of calcium
intake, age and socioeconomic level. In Archivos Latinoamericanos De Nutrición, vol. 54,
2004, p. 118-122.
WHO. 1989. Minor and trace elements in human milk; Report of a Joint WHO/IEAE
Collaborative study, WHO, Geneva. 1989. 64
YAMAWAKI, N. – YAMADA, M. – KAN-NO, T. – KOJIMA, T. – KANEKO, T. –
YONEKUBO, A. 2005. Macronutrient, mineral and trace element composition of breast milk
from Japanese women. In Journal of Trace Elements in Medicine and Biology, vol. 19, 2005,
no. 2-3, p. 171-181.

337

