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Zinc and Copper Concentrations in Human Milk and Infant Formulas
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Abstract

Objective: Available accurate data on the concentrations of copper (Cu) and zinc (Zn) in human
milk throughout lactation and infant formulas is important both for formulating nutritional
requirements for substances and to provide a base line for the understanding the physiology of
their secretion. The objective of this study was to analyze the concentrations of zinc and copper
in infant formulas and human milk during prolonged lactation. Levels of these metals were
examined in relation to selected parameters such as age, weight, height, education and
occupation of mothers.

Methods: Thirty mothers referred to the selected clinics in Tehran entered the study. Human
milk samples were collected at 2 months postpartum. Zinc and copper concentrations were
determined by atomic absorption spectrophotometer.

Findings: The mean values of Zn and Cu in human milk were 2.95+0.77mg/L and 0.36+0.11
mg/L. The mean values of Zn and Cu in infant formulas were 3.98+0.25 mg/L and
0.53+0.17mg/L.

Conclusion: No significant relationship was found between levels of trace elements in human
milk and evaluated parameters such as age, weight, height, education and occupation of
mothers. The concentrations of zinc and copper in breast milk were lower than those reported
in the literature.
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Introduction
accurate and complete knowledge of the

HHuman milk represents the most suitable composition of human milk is essential to
pattern of nutrients to meet the physiological understand more adequately the nutrient
requirements of the young infantlll. Hence, an requirements of the infant as well as for
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developing more adequately defined formulas to
be used as a substitute for human milk[2l.

Trace elements have an essential role in
growth and development. Although they are
required only in small amounts, the intake may
not always be adequate. Where food intake may
be restricted by cultural, economical, and
climatologically factors, populations need to be
studied to determine how a limited dietary
intake affects health [3]. Mammary glands get zinc
(Zn) from the blood, control its excretion from
the breast milk by several mediators!4l, motivate
the same process for copper (Cu), and regulate
its transport from membrane and its excretion
from the milk(>6l. Deficiency of trace elements
such as zinc and copper can occur in infants for
different reasons. It has been reported that zinc
intake by infants from breast milk is inadequate
during the weaning period, especially if weaning
foods are introduced at an early stage. Similarly,
copper deficiency can occur because of infants'
inability to use absorbed copper rather than a
dietary insufficiency of the element.

The bioavailability of essential elements to
infants depends solely on the trace-element
content of the breast milk, length of breast
feeding and physiological factors such as
nutrient absorption and nutrient
supplementation of the mother [3l. Decrease of
zinc causes growth stoppage [l and its reduction
damages immune system [ °l. The incidence of
cytomegalovirus infection is related to Zn
deficiency [19, Cu deficiency increases the free
radicals and leads to reduction of defense
against oxidative stress [11l. Reduction of Zn and
Cu in infant are associated with iron deficiency
and leads to several complications [12 13],

The main objective of this study was to
measure the total concentrations of Cu and Zn in
human milk and infant formulas. Levels of these
metals were examined in relation to selected
parameters such as the course of lactation,
mother's age and mother's weight.

Subjects and Methods

Thirty mothers, who intended to breast-feed for
at least 2 months postpartum, were monitored
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during pregnancy. The characteristics and goals
of the study were explained in detail and
informed consent was obtained from all subjects
before inclusion in the study. They were non
smokers with normal pre pregnancy weight and
weight gain during pregnancy.

Demographic characteristics of the mothers
were recorded including maternal age, maternal
height as well as maternal weight at the
beginning and at the end of pregnancy. Smoking
habits, place of residence, education, occupation,
number of children, and supplement intake
during pregnancy, were also recorded.

The study protocol was in accordance with the
guidelines of the Ethical Committee, Faculty of
Medicine, and Tehran University of Medical
Sciences.

Sample Collection: Breast milk sampling was
done according to Leotsinidis [*4. 20 ml of milk
was expressed manually into plastic container
and frozen immediately at -20°C until analysis
was carried out.

Infant formula samples from two major
brands were taken randomly from the local
market in Tehran followed by sample
preparation as described by Hua [151.

Metal Analysis: A known volume of milk (10ml)
was lyophilized in polyethylene tubes and
digested under pressure with nitric acid (MERK
suprapure). The digested sample was
quantitatively transferred to clean polyethylene
tubes. The volume was restored in the original
valume (10ml) with high purity water. The
content of copper and zinc was determined by
flame atomic absorption spectrophotometer
(Perkin Elmer 3110).

Statistical analysis: Results are presented as
mean (SD) values. One-way analysis of variance
followed by Student’s t test was used to compare
the Mean values of different groups. A value of
P<0.05 was accepted as statistically significant.

Findings

Zinc and copper concentrations in breast milk
(n=30) and infant formulas (n=2) are presented
in Table 1 and demographic characteristics of
the mothers are shown in Table 2.
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Table 1: Zinc and copper concentrations in breast milk and infant formulas

Constituent Human milk Infant formulas

P- value
Trace elements (n=30) (n=2)
Zinc (Mean + SD) (mg/L) 2.95+£0.77 3.98+ 0.25 0.19
Copper (Mean * SD) (mg/L) 0.36 £0.11 0.53 £0.17 0.16

SD: Standard Deviation

Comparing the concentrations of Zn and Cu in
human milk to those in infant formulas, no
significant difference was found (P>0.05). No
statistically significant difference was found
between mean Zn and Cu concentrations in
breast milk and maternal weight (P>0.05).

No statistically significant difference was found
between mean Zn and Cu concentrations and
maternal height (P>0.05), neither was a
correlation observed between mean Zn and Cu
concentrations and maternal age (P>0.05). No
statistically significant difference was found
between mean Zn and Cu concentrations and
mother's level of education (P>0.05).

No statistically significant difference was
found between mean Zn and Cu concentrations
and mother's occupation (P>0.05).

Discussion

The data for trace-element content of human
milk differ widely from region to region. These
variations may be due in part to differences in
sampling and analytical techniques rather than
to geographic variation. However, these

Table 2: Demographic characteristics of the
mothers (No=30)

Demographic

characteristics Mothers No (%)
Elementary 4 (13.3)
Education Secondary 5(16.6)
University 21 (70)
Occupation Housewife 26 (89.7)
Other 3(10.3)
. Yes 0
Smoking No 30 (100)

technical factors did not contribute to the
variation in the present data because we have
achieved satisfactory accuracy and precision in
our analytical methods.

In human milk most of the Zn and Cu is bound
to casein and serum albumin, respectively. It is
noteworthy that no report exists describing zinc
deficiency in full term infants fed with human
milk, although calculated zinc intake of infants
from human milk is less than 50% of the RDAI¢l.
Copper deficiency has not been observed in
preterm and term infants fed with human milk.
Copper is a recent addition to many infant
formulas and little is known about its
bioavailability [¢l. No significant effect of
supplementation on human milk metals was
observed in the literature [17. 18],

In the present study, no statistically
significant difference was found between mean
Zn and Cu concentrations and maternal age as
well as previous history of lactation. This was in
contrast to findings of Picciano 19 that found
higher concentrations of zinc and copper in
human milk. In addition, they reported that milk
from older mothers (>30 yr) was higher in zinc
and copper content than that from younger
mothers (20 to 30 yr) [19],

The influence of maternal age on these
elements in breast milk was controversial that
Zn concentration in breast milk of mothers aged
>30 years was higher than of younger mothers
aged 20-29 years Bl In contrast, we could not
find any difference in the Zn and Cu
concentrations between age groups in this study.

Comparing the concentrations of Zn and Cu
in human milk to those in infant formulas, no
statistically significant difference was found
between them (P>0.05).

Given the lower bioavailability of zinc from
formulas compared with human milk, the
recommended dietary allowance may be



marginal. A greater quantity of Zn is required in
a formula to produce the same metabolic
response as with human milk feeding because of
differences in bioavailability. Citric acid and
picolinic acid have been proposed as possible
ligands in human milk although several reports
have suggested that proteins in the formula
inhibited Zn absorption. The high iron content
of some formulas may also reduce Zn
absorption; formula-fed infants have a lower
zinc status than breast-fed infants (161,

No significant correlation was found between
maternal zinc intake and the concentration of
zinc in breast milk in the literature [1¢]. This is
not surprising since no difference in human milk
zinc concentration was reported for a group of
women who had zinc intake in excess of the RDA
compared with women whose diet provided half
this amount 9. Literature concerning various
factors affecting metal concentrations in breast
milk is in general controversial [19].

Also there was no significant correlation
between plasma zinc or erythrocyte zinc
concentration of breast milk in the literature [191.
This lack of correlation would suggest that some
specific mechanism exists to regulate the
concentration of zinc in breast milk. This
mechanism may be hormonal?0l. Henkin et al [20.
21] have suggested prolactin may have a role.
Further investigation is needed to clarify this
relationship.

Conclusion

In this study, comparing the concentrations of Zn
and Cu in human milk to those in infant
formulas, no significant difference was found.
Also no statistically significant difference was
found between mean Zn and Cu concentrations
and demographic characteristics of the mothers.
The element levels in two powder formulas
analyzed were higher than the average values
obtained for the breast milk and their
concentrations in human milk samples were
significantly lower than reported data from
other countries.

Cu and Zn Concentrations in Human Milk; Sh Khaghani, et al

Acknowledgment

The authors wish to thank Vice Chancellor of
Tehran University of Medical Sciences for the
research grant. The authors also wish to thank
Seifoldin Javadian for constructive criticism on
the manuscript, all volunteers who participated
in the study and Dr Parvin Pasalar for technical
assistance.

Conflict of Interest: None

References

1. Ruth MF, Ronald R, Eitenmiller H. Copper, iron
and zinc contents of human milk at early stages
of lactation. Am ] Clin Nutr. 1983; 37(3):443-8.

2. Casey CE, Neville MC, Hambidge KM. Studies in
human lactation: Secretion of zinc, copper and
manganese in human milk. Am J Clin Nutr. 1989;
49(5):773-85.

3. Al-Awadi FM, Srikumar TS. Trace element status
in milk and plasma of Kuwaiti and non-Kuwaiti
lactating mothers. Nutrition 2000;16(11-12):
1069-73.

4. Kelleher SL and Lonnerdal B. Molecular
regulation of milk traces mineral homeostasis.
Mol Aspects Med. 2005;26(4-5):328-9.

5. Feeley RM, Eitenmiller RR, Jones ]B, Jr., et al.
Copper, iron, and zinc contents of human milk at
early stages of lactation. Am ] Clin Nutr 1983;
37(3):443-448.

6. Kelleher SL, Lonnerdal B. Zinc transporters in
the rat mammary gland respond to marginal
zinc and vitamin A intakes during lactation. ]
Nutr. 2002;132(11):3280-5.

7. Rivera JA, Ruel MT, Santizo MC, et al. Zinc
supplementation improves the growth of
stunted rural Guatemalan infants. ] Nutr. 1998;
128(3):556-62.

7. Ruel MT, Rivera ]A, Santizo MC, et al. Impact of
zinc supplementation on morbidity from
diarrhea and respiratory infections among rural
Guatemalan children. Pediatrics. 1997;99(6):
808-13.

8. Magnus D, Lonnerdal B, Kathryn G D, et al. Iron,
zinc and copper concentrations in breast milk
are independent of maternal mineral status. Am
] Clin Nutr. 2004;79(1):111-5.

9. Zhang JP, Li F, Yu XW, et al. Trace elements and
cytokine profile in cytomegalovirus-infected
pregnancies: a controlled study. Gynecol Obstet
Invest. 2008;65(2):128-32.



Iran J Pediatr; Vol 20 (No 1); Mar 2010

10.

11.

12.

13.

14.

Schumann K, Classen HG, Dieter HH, et al
Hohenheim consensus workshop: copper. Eur ]
Clin Nutr. 2002;56(6):469-83.

Schneider JM, Fujii ML, Lamp CL, et al. The
prevalence of low serum zinc and copper levels
and dietary habits associated with serum zinc
and copper in 12- to 36-month-old children
from low-income families at risk for iron
deficiency. ] Am Diet Assoc. 2007;107(11):
1924-9.

Ebringer L, Ferencik M, krajcovic J. Beneficial
Health Effects of Milk and Fermented Dairy
Products Folia Microbiol. 2008; 53(5):378-94.

Leotsinidis M, Alexopoulos A, Kostopoulou-Farri
E. Toxic and essential trace elements in human
milk from Greek lactating women: association
with dietary habits and other factors.
Chemosphere. 2005; 61(2): 238-47.

Hua KM, Kay M, Indyk HE. Nutritional element
analysis in infant formulas by direct
dispersion and inductively coupled plasma-
optical emission spectrometry. Food Chemistry.
2000;68(4);463-470.

15.

16.

17.

18.

20.

19.

Renner E. Schaafsma, G. Scott, K], et al
Micronutrients in milk and infant formula. In:
Renner E (ed) Micronutrients in Milk and Milk-
Based Food Products. London; Elsevier Applied
Science. 1989; Pp:23-32, and 246-256.

Feely RM, Eitenmiller RR, Jones JB JR. Calcium,
phosphorous, and magnesium contents of
human milk during early lactation. ] Pediatr
Gastroenterol Nutr. 1983;2(2);262-7.

Silmara S. B. S. Mastroenia, Isaura A. Okada,
Patricia H. C. Rondd, et al. Concentrations of Fe,
K, Na, Ca, P, Zn and Mg in maternal colostrum
and mature milk. | Trop Pediatr. 2006;52(4),
272-5.

Picciano, MF. Human milk: Nutritional aspects of
a dynamic food. Biol Neonate. 1998;74(2):84-93.

Henkin RI, Patten BM, Re PK, et al. A syndrome
of acute zinc loss. Cerebellar dysfunction, mental
changes, anorexia, and taste and smell
dysfunction. Arch Neurol. 1975; 32(11):745-51.

Henkin RI, Schecter PJ], Friedewald WT, et al. A
double blind study of the effects of zinc sulfate
on taste and smell dysfunction. Am ] Med Sci.
1976;272(3):285-99.



