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ABSTRACT

The aim of the study has been to analyze the evolution of copper,
iron, and zinc contents in human milk, from colostrum to the third
postpartum month, following a longitudinal design, under specific
conditions of sample collection and to apply an analytical procedure
previously optimized to reduce any variation outside physiological
lactation.

The copper, iron, and zinc concentrations in 144 milk samples from
39 healthy puerpera women, were analyzed in five stages by flame
atomic absorption spectrometry, following a standardized protocol.

Copper presented a gradual decrease from 0.38 mg/L to 0.19 mg/L
by the 90th day; the particular analysis from colostrum to transitional
milk manifested the following two tendencies. Whereas an increase
from 0.19 to 0.42 mg/L was observed in some women, a decrease from
0.53 to 0.45 mg/L was detected in others; therefore, copper presented
two significant behaviors in the evolution from colostrum to transi-
tional milk. In both cases, the evaluated changes were significant. The
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iron content varied from 0.56 to 0.40 mg/L by the 30th day, remain-
ing constant until the first trimester concluded. The average zinc con-
centration decreased sharply from 7.99 to 3.3 mg/L on d 15; the rate
of decrease slowed down gradually until 1.05 mg/L.

Index Entries: Copper; iron; zinc; human milk; trace elements;
lactation.

INTRODUCTION

Human milk composition is complex and presents continuous
changes (1). Presently, its nutrient contents comprise the reference values
used to establish the Dietary Reference Intakes for healthy infants from
birth to 6 mo of age (2).

Numerous studies have attempted to establish trace element con-
tents in human milk, especially those of copper, iron, and zinc (3–6),
because these elements play essential roles in the proper functioning of
metabolic systems as components of metalloproteins and metallo-
enzymes (3). The various studies that have been done on the contents of
these elements consistently show a variability, attributed to factors such
as interindividual differences, lactation period, analytical procedure, or
sample collection conditions (7–11). Precisely because of these variabili-
ties, it has been impossible to determine a series of specific reference val-
ues for trace elements in human milk.

In this work, a longitudinal study has been designed under moni-
tored conditions in order to evaluate copper, iron, and zinc concentra-
tions during the first 3 mo of lactation.

MATERIALS AND METHODS

Sample Collection

Group I
To determine copper, iron, and zinc contents in human milk during

lactation, 110 human foremilk samples provided by 22 women and col-
lected at 5 lactation stages were analyzed as follows: colostrum, sampled
on the d 2 and 4 postpartum (stage 1); transitional milk, sampled during
the second postpartum week (stage 2); mature milk on the 30th day
(stage 3); mature milk on the 60th day (stage 4); mature milk on the 90th
day postpartum (stage 5).

Group II
To evaluate the particular changes of copper content from colostrum

to transitional milk, 34 additional samples were taken from another 17
women and were added to the 44 from stages 1 and 2 of the previous
collection.
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Samples were voluntarily provided by well-nourished healthy
women with an adequate gestational follow-up and full-term delivery.
All of them resided in the metropolitan area of Valencia (Spain). All
women gave their written informed consent to participate in the study.

To avoid sampling errors, the following conditions were applied:
(1) Similar volumes of milk from both breasts were collected in the same
recipient before feeding; (2) sampling collection was carried out from 11 AM

to 4 PM; (3) the nipples and hands were thoroughly cleaned with abun-
dant water before each sampling.

An automatic breast milk pump (Mamilat SM 122) was used
together with polypropylene containers, in which about 10 mL of the
samples were directly collected. In order to avoid contamination as much
as possible, the glassware utilized and the breast-milk-pump accessories
(suckling funnels and polypropylene containers) were washed with con-
centrated nitric acid and later with abundant deionized water (Millipore;
Milli Q System). Then, the samples were frozen to −18°C, reducing hand-
ling before entering the analytical process.

Analytical Determinations

The three metal elements’ analytical determination was carried out
through flame atomic absorption spectrometry (atomic absorption spec-
trophotometer, Perkin Elmer 2380), preceded by the milk samples’ wet
digestion procedure (Microwave Digestor, Milestone MS 1200) as de-
scribed by Silvestre et al. (12). The analytical parameters of the method
were as follows: interday precision (% relative standard deviation [RSD]):
6.8 for iron, 8.9 for zinc, and 7.3 for copper; accuracy (recovery %):
100.4 ± 6.8 for iron, 95.9 ± 6.7 for zinc, and 98.8 ± 11.0 for copper.

Statistical Analysis

The existence of significant differences among the five stages con-
sidered was tested by the application of a one-way variance analysis
(ANOVA).

Data was also analyzed by Tukey’s test of highly significant differ-
ences, using the statistical systems for Personal Computers Package (Stat-
graphics v.5.1). When p < 0.05, differences were considered significant.

The copper content variation between the colostrum and transitional
stages was verified applying the two-factor variance analysis and the
posterior calculation of the minimum significant differences.

Prior to the ANOVA application, the population’s normality was
verified via the χ2 test or, if considered appropriate, the Kolmogorov–
Smirnov test; the variance homogeneity was verified by Cochran’s test.
When dealing with nonhomogeneous variances, the results obtained by
the variance analysis were compared to those arising from the nonpara-
metric Kruskal–Wallis test.
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RESULTS

As a whole, the three studied elements’ concentrations obtained in
each step turned out to be greatly variable among women. For each pop-
ulation, the normality of the distribution was verified, obtaining homo-
geneous variances for the iron content and nonhomogeneous for the
copper and zinc contents.

Copper

Copper concentrations obtained in the five stages varied between
0.82 mg/L and nondetectable values. Figure 1 shows the characteristic
mean values for each period. A greater dispersion in the data was
observed in the colostrum stage as opposed to the other stages. The sig-
nificant levels obtained via ANOVA (p = 0.000) and the Kruskal–Wallis
analysis (p = 3.2 × 10−9) confirmed the existence of statistically signifi-
cant differences among the studied stages. Application of the Tukey test
showed the significant differences. The copper contents was unchang-
ing from colostrum to mature milk at d 30 postpartum. Its content de-
creased from this stage to a mean content of 0.19 mg/L after d 90
postpartum.

In most of the cases, this statistical result contrasted with the indi-
vidual behavior determining the following study:
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Fig. 1. Copper. Intervals for the means of the contents obtained in the five
stages of the study (n = 22). Tukey test = 95%. Mean value and standard devia-
tion (mg/L) for each step are shown. Noncoincidence in the letters indicates sta-
tiatically significant differences. Stages: 1: colostrum (0.38 ± 0.20); 2: transitional
milk (0.43 ± 0.07); 3: mature milk by d 30 (0.34 ± 0.07); 4: mature milk by d 60
(0.27 ± 0.07); 5: mature milk by d 90 (0.19 ± 0.10).



Evolution of Copper Concentration from Colostrum
to Transitional Milk (Samples of Group II)
The majority of women manifested a considerable variation of cop-

per concentration in the evolution from colostrum to transitional milk. In
some cases, this variation meant an increase in concentration; in others,
the concentration decreased. Figure 2 shows that in the colostrum
stage, the concentrations varied within a large interval (xmean = 0.43 mg/L;
S.D. = 0.193; xminimum = 0.10 mg/L; xmaximum = 0.82 mg/L), whereas in the
transitional milk stage, the values were more homogeneously distributed
(xmean = 0.44 mg/L; S.D. = 0.072; xminimum = 0.31 mg/L; xmaximum = 0.62
mg/L). The mean values for the two stages were similar, and taking into
account these data altogether, the observed variations were masked.

Most copper concentrations in the colostrum stage were distributed
in two well-differentiated groups, distributed around an intermediate
data area of 0.35 mg/L. This value was chosen as the cutoff point
between the two groups, and the following hypothesis was established.
Copper content has two possible behaviors in the evolution from
colostrum to transitional milk: (1) higher copper contents in colostrum
that would decrease in the following stage and (2) lower copper contents
in colostrum that would increase in the transitional milk stage.

This hypothesis gained strength with the statistical analysis of the data
(ANOVA, p << 0.01). Table 1 shows that two statistically different popu-
lations in terms of copper content (less than or greater than 0.35 mg/L)
appeared at stage 1. The difference between the two populations disap-
peared at stage 2. The group with copper contents less than 0.35 mg/L
in colostrum experienced an increase in this element’s concentration at
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Fig. 2. Copper concentration (mg/L) in colostrum (stage 1) and transi-
tional milk (stage 2) (39 women).



the following stage, from a mean value of 0.19 to 0.42 mg/L; the popu-
lation with copper contents greater than 0.35 mg/L in colostrum experi-
enced a decrease in this element’s concentration in transitional milk, from
a mean value of 0.53 to 0.45 mg/L. Both variations were significant, and
the two groups reached similar values by d 15 postpartum.

Iron

The iron contents ranged from 0.98 mg/L to nondetectable values.
Figure 3 shows the wide dispersion of results in all stages. The ANOVA
analysis applied indicated significant differences (p = 0.0175); the Tukey
test showed the significant differences between the colostrum period and
d 30 and 90 postpartum. The iron concentration decreased during the
lactation period from an initial mean value of 0.56 mg/L in colostrum
to 0.39 mg/L at d 30 postpartum, remaining stable until the end of the
study.

Zinc

The zinc contents ranged from 17.22 to 0.13 mg/L; the main differ-
ence among the five stages was clearly outlined by the ANOVA and
Kruskal–Wallis tests application (p << 0.01 in both). Figure 4 shows the
mean values for each stage; the Tukey test showed the significant differ-
ences. Zinc contents manifested a sharp decrease in the evolution from
colostrum to transitional milk (from a mean value of 7.99 to 3.3 mg/L).
Then, the decrease in zinc contents was steady until d 60 postpartum
(reaching a mean value of 1.40 mg/L) and then remained constant until
day 90.
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Table 1
Copper from Colostrum to Transitional Milk, Group II (n = 78);

Minimum Significant Differences (MSD) Estimation

*Significance at 95%.
Note: d = difference between means, absolute value; x– = mean value;

stage 1: colostrum; stage 2: transitional milk.
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Fig. 3. Iron. Intervals for the means of the contents obtained in the five
stages of the study (n = 22). Tukey test = 95%. Mean value and standard devia-
tion (mg/L) for each step are shown. Noncoincidence in the letters indicates sta-
tiatically significant differences. Stages: 1: colostrum (0.56 ± 0.22); 2: transitional
milk: (0.50 ± 0.19); 3: mature milk by d 30 (0.39 ± 0.19); 4: mature milk by d 60
(0.43 ± 0.15); 5: mature milk by d 90 (0.40 ± 0.17).

Fig. 4. Zinc. Intervals for the mean of contents obtained in the five steps
the study (n = 22). Tukey test = 95%. Mean value and standard deviation (mg/L)
for each step are shown. Noncoincidence in the letters indicates statiatically
significant differences. Stages: 1: colostrum (7.99 ± 3.23); 2: transitional milk
(3.31 ± 1.06); 3: mature milk by d 30 (2.41 ± 0.90); 4: mature milk by d 60
(1.40 ± 0.65); 5: mature milk by d 90 (1.05 ± 0.71).



DISCUSSION

There are many well-documented studies regarding the content of
trace elements in human milk. However, as a consequence of the wide
range of concentrations obtained for each element and their common
variation throughout lactation, inferred conclusions are frequently un-
clear. It is difficult to draw general conclusions because the studies’
designs, analytical and statistical procedures, and maternal factors are
different. Moreover, cross-section studies, the most often published
analysis, introduce high interindividual variability capable of masking
the natural variations during the individual lactation stages.

In order to approach the actual biological situation, this study
attempted to minimize the influence of factors unrelated to the lactation
period. This was done by using a longitudinal design with samples
obtained at each stage in unrestricted conditions and by evaluating the
quality of the applied analytical method, maintaining standardized con-
ditions with respect to which breast was sampled and the time of the day
and moment of intake at which all of the samples were collected.

The obtained values for copper, iron, and zinc were within the
widespread ranges documented by other researchers (3,13–16). As a
whole, the obtained results indicated higher concentrations during the
first lactation stages with a subsequent decrease. Each element behaved
differently.

The decrease in copper concentration throughout lactation is a well-
know fact, although there is some discrepancy regarding the onset of this
decrease (5,16–22). The results exhibited a smooth continuous decrease in
concentration from d 30 postpartum until the end of the study.

The longitudinal design of the study permitted the discernment of
two different behaviors in the evolution of copper concentration during
the first 15 d postpartum. In the first one, the copper concentration was
particularly low and increased in transitional milk; in the second, the
concentration was initially high and decreased in the next stage (Table 1).
The differences between both groups were highly significant, but they
were masked when both groups were considered together.

Studies carried out by other researchers disagree with respect to the
evolution of copper during the first week of lactation. In some cases, an
initial increase is reported (23,24), whereas in others, the copper content
remains constant until the further decrease (25). Although no references
to the double evolution observed in this study have been found, some
authors have pointed out a high variability of copper content in
colostrum. These researchers report that this variability is greater than
that detected in subsequent stages and that the particular behavior of
each woman does not always coincide with the general trend observed
in the rest of the women studied (13). These conclusions agree with those
drawn from our study.
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The origin of this double evolution is unknown; alternative studies
are required in order to ascertain whether copper values oscillate de-
pending on the day of sampling or on other maternal factors.

Variations in iron content throughout lactation were less pronounced
than those of copper and zinc. No variation was detected in the transition
from colostrum to transitional milk; the concentration decrease was sig-
nificant only at d 30 postpartum, and iron concentrations remained con-
stant throughout the rest of the studied time period (Fig. 3). This decrease
has been documented by some researchers (19,26), whereas others
(4,27,28) maintain that iron concentration in milk stays constant; therefore,
a large number of samples is necessary in order to rule out variations in
concentration as a result of extraneous factors. The real concentration
curve could be masked by these factors if the number of samples taken
was too small, and no variations would be detected (5,14,19,29).

In agreement with the values reported by other authors, zinc con-
tents decreased sharply during the first weeks of lactation (3,13,18,30),
followed by a gradual decrease (Fig. 4). The significant differences be-
tween the following stages occurred in intervals greater than 30 d. This
smooth decrease of zinc concentration in mature human milk is similar
to that documented in other studies (31–33).

CONCLUSIONS

The interindividual discrepancies in the content of these elements in
human milk require the design of a longitudinal study, under very con-
trolled conditions, if the evolution of these elements throughout lactation
is to be appreciated. This study has thereby evidenced that copper pre-
sents two significant behaviors in the evolution from colostrum to tran-
sitional milk, the result of which no previous references have been found.

A global decrease is observed in the longitudinal study as the lacta-
tion period develops, being particularly significant in the case of zinc.
Thus, variability requires the specification of the considered lactation
stage if reference values for these elements are to be established.

REFERENCES

1. S. J. Fomon, Infant Nutrition, Spanish ed., Mosby/Doyma, Madrid (1995).
2. National Academy of Sciences, Dietary Reference Intakes (DRIs), Nutr. Rev. 55,

319–326 (1997).
3. H. Bennemariya, H. Robberecht, and H. Deelstra, Copper, zinc, and selenium con-

centrations in milk from middle-class women in Burundi (Africa) throughout the first
10 months of lactation, Sci. Total Environ. 164, 161–174 (1995).

4. L. Perrone, L. Di Palma, R. Di Toro, G. Gialanella, and R. Moro, Interaction of trace
elements in a longitudinal study of human milk from full-term and preterm moth-
ers, Biol. Trace Element Res. 41, 321–330 (1994).

Elements in Human Milk 9

Biological Trace Element Research Vol. 80, 2001



5. E. Vuori and P. Kuitunen, The concentrations of copper and zinc in human milk, Acta
Paediatr. Scand. 68, 33–37 (1979).

6. M. Krachler, F. Shi Li, E. Rossipal, and K. J. Irgolic, Changes in the concentrations of
trace elements in human milk during lactation, J. Trace Elements Med. Biol. 12, 159–176
(1998).

7. G. B. Fransson and B. Lönnerdal, Iron in human milk, J. Pediatr. 96, 380–384 (1980).
8. J. Versieck, F. Barbier, R. Cornelis, and J. Hoste, Sample contamination as a source of

error in trace element analysis of biological samples, Talanta 29, 973–984 (1982).
9. M. F. Picciano, Oligoelements in maternal milk and infant milk, in Oligoelements in

Infant Nutrition, Nestlé Nutrition Seminary, Nestlé-Aepa, Barcelona, Spain (1986).
10. A. Flynn, Minerals and trace elements in milk, Adv. Food Nutr. Res. 36, 209–252 (1992).
11. M. D. Silvestre, M. J. Lagarda, R. Farré, C. MartÌnez-Costa, J. Brines, A. Molina, et al.,

A study of factors that may influence the determination of copper, iron, and zinc in
human milk during sampling and in sample individuals, Biol. Trace Element Res., in
press (2000).

12. M. D. Silvestre, M. J. Lagarda, R. Farré, C. Martinez-Costa, and J. Brines, Iron, cop-
per, and zinc determinations in human milk using FAAS with microwave digestion,
Food. Chem. 68, 95–99 (2000).

13. C. E. Casey, M. C. Neville, and K. M. Hambidge, Studies in human lactation: secre-
tion of zinc, copper, and manganese in human milk, Am. J. Clin. Nutr. 49, 773–785
(1989).

14. M. F. Picciano and H. Guthrie, Copper, iron, and zinc contents in mature human
milk, Am. J. Clin. Nutr. 29, 242–254 (1976).

15. R. A. Muzzarelli, C. E. Eugeni, F. Tanfani, G. Caramia, and D. Pezzola, Atomic
absorption determination of chromium, manganese, iron, copper, and zinc in human,
cow’s and powdered milks, Milchwissenschaft 38, 453–457 (1983).

16. H. Robberecht, H. Bennemariya, and H. Deelstra, Daily dietary intake of copper, zinc,
and selenium of exclusively breast-fed infants of middle-class women in Burundi,
Africa, Biol. Trace Element Res. 49, 151–159 (1995).

17. J. R. Moran, R. Vaughan, S. Stroop, S. Coy, H. Johnson, and H. L. Greene, Concen-
trations and total daily output of micronutrients in breast milk of mothers delivering
preterm: a longitudinal study, J. Pediatr. Gastroenterol. Nutr. 2, 629–634 (1983).

18. D. Carias, G. Velasquez, A. M. Cioccia, D. Pinero, H. Inciarte, and P. Hevia, The effect
of lactation time on the macronutrient and mineral composition of milk from
Venezuelan women, Arch. Latinoam. Nutr. 47, 110–117 (1997).

19. R. M. Feeley, R. R. Eitenmiller, J. B. Benton, and H. Barnhart, Copper, iron, and zinc
contents of human milk at early stages of lactation, Am. J. Clin. Nutr. 37, 443–448
(1983).

20. C. E. Casey, K. M. Hambidge, and M. C. Neville, Studies in human lactation: zinc,
copper, manganese, and chromium in human milk in the first month of lactation, Am.
Clin. J. Nutr. 41, 1193–1200 (1985).

21. L. Perrone, L. Di Palma, R. Di Toro, G. Gialanella, and R. Moro, Trace element con-
tent of human milk during lactation, J. Trace Elements Electrolytes Health Dis. 7,
245–247 (1993).

22. J. Arnaud and A. Favier, Copper, iron, manganese, and zinc contents in human
colostrum and transitory milk of French women, Sci. Total Environ. 159, 9–15 (1995).

23. H. Stolley, V. Galgan, and W. Droese, Nutrient content in human milk: protein, min-
erals, trace elements, and thiamin, Monatsschr. Kinderheilkd. 129, 293–297 (1981).

24. A. Rydzewska and I. Krol, Contents of zinc, copper, and cadmium in milk of women
living in Poznan, Ginecol. Pol. 67, 125–128 (1996).

25. A. Higashi, T. Ikeda, I. Uehara, and I. Matsuda, Zinc and copper contents in breast
milk of Japanese women, Tohoku. J. Exp. Med. 137, 137–141 (1982).

26. R. R. Anderson, Longitudinal changes of trace elements in human milk during the
first 5 months of lactation, Nutr. Res. 13, 499–510 (1993).

27. M. Ruz, E. Atalah, and P. Bustos, Chemical composition of human milk. Influence of
the nutritional status of the nursing mother, Arch. Latinoam. Nutr. 32, 697–712 (1982).

10 Silvestre et al.

Biological Trace Element Research Vol. 80, 2001



28. J. Arnaud, A. Preziosi, A. Prua, F. Cherourvrier, A. Favier, P. Galan, et al., Effect of
iron supplementation during pregnancy on trace element (Cu, Se, Zn) concentrations
in serum and breast milk from Nigerian women, Ann. Nutr. Metab. 37, 262–271 (1993).

29. L. A. Vaughan, C. W. Weber, and S. R. Kemberling, Longitudinal changes in the min-
eral content of human milk, Am. J. Clin. Nutr. 32, 2301–2306 (1979).

30. K. Rajalamski and S. G. Srikantia, Copper, zinc, and magnesium content of breast
milk of Indian women, Am. J. Clin. Nutr. 33, 664–669 (1980).

31. C. J. Bates and H. Tsuchiya, Zinc in breast milk during prolonged lactation: compar-
ison between the UK and the Gambia, Eur. J. Clin. Nutr. 44, 61–69 (1990).

32. E. Sievers, K. Oldings, H. Döner, and J. Schaub, Longitudinal zinc balances in breast-
fed and formula-fed infants, Acta. Paediatr. 81, 1–6 (1992).

33. M. Ohtake and T. Tamura, Changes in zinc and copper concentrations in breast milk
and blood of Japanese women during lactation, J. Nutr. Sci. Vitaminol. Tokyo 39,
189–200 (1993).

Elements in Human Milk 11

Biological Trace Element Research Vol. 80, 2001


