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Abstract

BACKGROUND: Mothers who feed their children with infant food have increased have over the years leaving a
large percentage of children who consume other types of liquid food for supplementation or as alternatives.

AIM: Determining the levels of essential trace metals in these formulae with the aim of ascertain their
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Introduction

Breast milk is proven to be the best source of
infant nutrition especially for the first six-months of life
and has been so recommended. According to World
Health Organization less than 40% of 6-month-old
infants are exclusively breast fed

countries [1].

Ideally breast milk substitutes or alternatives
provide adequate supplies of energy and nutrients to
support the rapid growth rate during the infant’s first 6

appropriateness is considered important.

METHODS: Iron, zinc, manganese, chromium and cobalt in 26 infant formulae purchased from Port Harcourt city,
Nigeria were determined by Atomic Absorption Spectrophotometry. The estimated daily intake EDI and
percentage of EDI to the recommended daily allowance of these essential trace metals were used in the exposure
assessment.

RESULTS: The highest mean concentration of Mn, Cr and Co was found in the milk based (0.15 + 0.09 mg/kg),
(0.61 + 0.70 mg/kg), (0.12 + 0.32 mg/kg) compared to the cereal based and cereal mix based but the differences
was also not significant. The EDI of chromium in the infant formulae exceeded the RDA.

CONCLUSION: Infant formulae may add to the chromium body burden of infants in Nigeria.

there have been considerable efforts in the
understanding of infant formulae composition on
protein and energy content and a few nutrients and
vitamins [3], most essential trace metals present in
infant formulae have received very little attention. In
other to meet specific nutritional infant requirements,
the formulae are fortified with essential metals which
have crucial roles in several body functions [4], [5], [6].
However, some of the essential metals are required in
smaller gquantities because excess of any of the
essential trace metals at an early stage of life may
induce developmental adverse health effects such as
diabetes, hypertension and obesity in adult life [6].

in developing

months of life as failure to do so can directly affect

infant growth and can have long-term consequences
on organ development and function, which may result
in adverse health effects later in life [2]. Whereas

According to the American Academy of
Pediatrics (AAP) iron and zinc are critical nutrients,
therefore ensuring adequate intake of iron and zinc
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can help reduce the risk of developing severe
deficiencies such as iron deficiency anemia [7], [8] or
impaired growth, such as rickets [9]. Usually
chromium is present in foods mainly in its trivalent
state chromium Cr (lll) with very low toxicity by the
oral route [10]. Trivalent chromium an essential trace
element in that it has been postulated to be necessary
for the efficacy of insulin in regulation of the
metabolism of carbohydrates, lipids and proteins.

Intake of these essential trace metals in
amounts exceeding cut off points such as the
tolerable upper intake level (UL) could lead to adverse
effects. Childhood nutrition intake can inform
Pediatricians about key nutrient intakes during a
critical growth period, as well as provide a basis for
population level estimates. The present study has
therefore estimated the levels of essential trace
metals in commonly consumed infant formulae in
Nigeria  with a view understanding their
appropriateness in adherence to the Recommended
Dietary Allowance RDA.

Materials and Method

Sampling

Twenty six samples of different brands of
infant formulae, representing most kinds of powdered
milk and cereal for infants with age range from birth
up to first year of life and above, were purchased from
stores in Port-Harcourt, Rivers state, Nigeria and
divided into three groups with codes as (milk based
infant formula coded as: M1 to M9, Cereal based
coded as: C1 to C7 and Cereal mix based coded as:
CM1 to CM10

Products under analysis were infant formula
and follow-on formula samples; soy-based infant
formula; milk and rice-based products for infants; rice
gruel, wheat gruel and mixed cereal for infant (all
products sold as powder) vegetable meals and fruit-
based desserts.

Infant formulae preparation

The infant formulae samples (1-2 g) were
weighed with plastic materials to prevent
contamination with metals and digested using the hot-
block digestion as in our previous procedure [11].
Briefly, approximately 9 mL of 65% concentrated nitric
acid (HNO3) and 3 mL of perchloric acid was added in
a ratio of 3: 1 prior to heating and the solution was
transferred to a hot plate and heated to a temperature
of 120°C for about 5 h. The sample was introduced
into an oven under a temperature that was gradually
increased by 10°C every 60 min until the final
temperature of 450°C was attained with white ashes
obtained after 18 h. Afterwards the samples were left

to cool, and the white ash was dissolved in 5 mL of
1.5% nitric acid (HNO3) and a final volume of 25 mL
was made by addition of deionized water. The
resulting solution was filtered using a Whatman filter
paper no. 42 fitted into a Buchner funnel to avoid
residues from getting into the beaker before
transferring it into a tightly sealed plastic container.
Metal concentrations were assayed with atomic
absorption spectroscopy (Model 205, Buck Scientific,
East Norwalk, CT, USA). Samples were analyzed in
triplicates [11].

Quality control

The instrument was recalibrated after every
ten runs. The analytical procedure was checked using
the spike recovery method (SRM). A known standard
of the metals was introduced into already-analyzed
samples and re-analyzed. The results of the recovery
studies for Cr, Zn, Mn, Fe and Co were more than
97% [11]. The relative standard deviation between
replicate analyses was less than 4%. The limit of
detection (LOD) for Cr, Al, Zn, Mn, Fe and Co were
0.005 ppm, with blank values reading as 0.00 ppm for
all the metals in deionized water with an electrical
conductivity value of less than 5 uS/cm. The limit of
guantification (LOQ) for Cr, Mn, Fe and Co was 0.04
and 0.06 ppm for Zn and Fe.

Risk Assessment

The health risks of each essential trace metal
via consumption of infant formulae were assessed
based on the comparism of estimated daily intake EDI
with the RDA. The estimated daily intake EDI was
calculated as the following

equations (1) EDI = C x IR 1
BW

...where EDI is the estimated daily intake of
heavy metals (mg/kg/d) C is the mean concentration
of heavy metals

in infant formula samples (mg/kg) and IR is
the intake of infant formula per kg body weight per day
BW is the body weight. The estimated daily intakes
EDI (mg/kg bw/day) of iron (Fe), zinc (Zn),
manganese (Mn), chromium (Cr) and cobalt (Co) in
different groups of infant formula in different age
groups (0-12 months) of body weights 3.5 — 10kg and
daily intake rates (DIR) of 0.075-0.135kg [12].

Statistical Analysis

Statistical analysis was carried out using the
Graphpad prism version 6.5. All results were
expressed as mean value * standard deviation (SD).
The data were analyzed using one-way analysis of
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variance (ANOVA) and turkey post hoc test at 95%
confidence level. P < 0.05 was considered as
statistically significant. Principal component analysis
(PCA) was applied to reduce the number of variables
extracting as much information as possible.

Results

The concentrations of iron (Fe), zinc (Zn),
manganese (Mn), chromium (Cr) and cobalt (Co) in
the 26 analyzed infant formulae as shown on Table 1
varied from 2.01-8.02 mg/kg, 2.39-10.41 mg/kg, 0.02-
0.34 mg/kg 0.002-2.08 mg/kg and 0.001-0.96 mg/kg
respectively. The highest concentrations of Fe, Zn, Mn
Cr and Co were detected in the milk-based infant
formulae M8 Cowbell Tina (8.02 mg/kg), Cowbell Tina
M8 (10.41 mg/kg), Nutristart M5 (0.34 mg/kg), Peak
baby M3 (2.08 mg/kg) and Nutristart M5 (0.96 mg/kg)
respectively. Milk-based formulae sample M2 (2.01
mg/kg) had lowest iron and lowest zinc level was
detected in cereal mix based formula sample Cm8
(2.09 mg/kg).The lowest manganese level was
observed in cereal mix based formulae samples Cm3
and Cm5 (0.02 mg/kg), whereas lowest chromium
level was found in cereal based formulae sample C4
(0.002 mg/kg) and lowest cobalt level was detected in
cereal mix based formulae samples Cm3 and Cm7
(0.001mg/kg).

Table 1: Concentration of essential trace metals (mg/kg) in
different brands of Infant Formulae

Table 2: Mean concentration(mg/kg) of essential metals in
three different groups of infant formulae
Groups Fe Zn Mn Cr Co
Milk based (n = 9)
Mean+SD 4.08+1.95 6.71+2.10 0.15+0.09 061+070 0.12+0.32
Range 2.01-802 4581041 0.04-0.34  0.06-208  0.002-0.96
Cereal based (n=7)
Mean+SD 3.71+1.09 6.11+1.45 0.09+0.06 0.36+062 0.010.02
Range 2.40-514 425839  0.03-020  0.002-1.51  0.002-0.05
Cereal mix based (n = 10)
Mean+SD 4.49+156 7.14+256 0.10+0.08 040+0.36 0.01+0.01
Range 2.34-6.97  2.39-10.25  0.018-0.29  0.02-1.17 _ 0.001-0.02

The mean iron concentration in the cereal
mix-based formulae (4.49 + 1.56 mg/kg) was higher
than milk-based. The mean level of zinc 7.14 + 2.56
mg/kg in cereal mix based infant formulae was higher
than the level found in milk-based and cereal based
but the differences were not significant. The highest
mean concentrations of manganese, chromium and
cobalt were found in the milk-based 0.15 + 0.09
mg/kg, 0.61 £ 0.70 mg/kg, 0.12 = 0.32 mg/kg
respectively compared to the cereal based and cereal
mix based but the differences were also not
significant.

Table 3 shows the EDI of iron, zinc,
manganese, chromium and cobalt in milk-based infant
formula ranged from 0.055-0.97, 0.091-0.16, 0.002-
0.004, 0.008-0.015 and 1.6E-3-2.9E-3 mg/kg bw/day
respectively. The EDI of iron, zinhc, manganese,
chromium and cobalt in cereal based infant formula
ranged from 0.05-0.088, 0.082-0.145, 0.001-0.002,
0.005- 0.009 and 1.4E-4-2.4E-4 mg/kg bw/day
respectively. The EDI of iron, zinc, manganese,
chromium and cobalt cereal mixed based infant
formula ranged from 0.061-0.107, 0.096-0.17, 0.001-
0.002, 0.005-0.01 and 1.4E-4-2.4E-4 mg/kg bw/day
respectively.

Table 3: Estimated daily intake EDI (mg/kg bw/day) of essential
trace metals in different groups of infant formulae

Sampl

e E;e::ﬂttll:ame of Infant Class Manufacturer Fe Zn Mn Cr Co

Code

M: Pre NAN Milk based Nestle 330 531 0.06 0.13 0.004
Milk based (starter Wyeth

M. Sma powdered milk) nutritionals 201 458 005 056 0002
Milk based (starter Friesland

Mz Peak Baby powdered milk) campina 242 882 0.17 208 0.02
Milkbased (starter

M, Lactogen 1 powdered milk) Nestle 211 483 015 041 0.01

Ms  Nutristart m::t)based (follow-on 404 557 034 061 096

Ms  SmaPro m::t)based follow-on  Negte 524 759 017 006 001

Wyeth

My Sma Pro Milk based (starter milk) nutritionals 412 507 0.04 143 0.03

Ms  Cowbell Tina m::t)based (follow-up el 802 9% 017 020 004

Mg My Boy Eldorin Milk based 546 822 0.19 0.04 0.003

Cy Nestle Cerelac Cereal based Nestle 259 839 0.5 0.05 0.002

C. Nestum Baby Cereal Cereal based Nestle 413 6.40 0.03 151 0.03

c,  GodenCountryBaby coreql hased SunmarkLtd. 514 593 010 0.95 0.004

C.  FrisoGold Cereal based Friso Gold 352 518 004 3% 0.003

Cs Cerelac Infant Cereal Cereal based 2.40 5.10 0.06 O'go 0.01

c,  pedasure: GrOWAN cereql based 499 751 020 002 0.003

C; Aptamil: Organic Rice Cereal based 3.18 4.25 0.06 0.01 0.05

Cm;  Nutribom Cereal based (Mix) Nutrimental 374 516 0.17 026 0.02

. : " " Vietnam dairy
Cm. Ridielac (Vina Milk)  Cereal based (Mix) 4.09 512 004 0.10 0.01
products

Cms  Nutriben Cereal based (Mix) ~ Alterfarmacia ~ 3.48 1%1 002 040 0.001

cms  Ninolac Cereal based (Mix) g‘x‘g:_ac marec g 69 1%2 012 042 001

Cms  Gerber Cereal based (Mix) Nestle 6.97 8.66 0.02 0.83 0.002

Cms  Heinz Dinners Cereal based (Mix) Heinz 425 7.33 0.29 0.40 0.004

Cm;  Gerber Oatmeal Cereal based (Mix) Nestle 320 919 0.09 1.17 0.001

Cmg  Heinz Summer Fruits Cereal based (Mix) Heinz 6.96 2.39 0.04 002 0.02

Cmy  Nutrilac Infant Cereal Cereal based (Mix) 2.34 7.82 003 002 0.01

Cmyo _Cerelac Infant Cereal Cereal based (Mix) 423 540 0.14 0.32_ 0.01

The mean concentrations of iron, zinc,

manganese, chromium and cobalt in three different
groups of infant formulae is shown on Table 2.

Milk based
DIR Bw
Age (ko) (kg) Fe Zn Mn Cr Co
0-2 weeks 0.075 35 0.087 0.144 0.003 0.013 2.6E-3
2-4 weeks 0.1 4.2 0.097 0.16 0.004 0.015 2.9E-3
2 months 0.11 4.7 0.095 0.157 0.004 0.014 2.8E-3
4 months 0.145 65 0.091 0.15 0.003 0.014 2.7E-3
6 months 0.135 75 0.073 0.121 0.003 0.011 2.2E-3
6-12 months 0.135 10 0.055 0.091 0.002 0.008 1.6E-3
Cereal based
DIR Bw
Age ko) (ko) Fe Zn Mn Cr Co
0-2 weeks 0.075 35 0.08 0.131 0.002 0.008 2.1E-4
2-4 weeks 0.1 4.2 0.088 0.145 0.002 0.009 2.4E-4
2 months 0.11 4.7 0.087 0.143 0.002 0.008 2.3E-4
4 months 0.145 65 0.083 0.136 0.002 0.008 2.2E-4
6 months 0.135 75 0.067 0.11 0.002 0.006 1.8E-4
6-12 months 0.135 10 0.05 0.082 0.001 0.005 1.4E-4
Cereal mix
based
DIR Bw
Age kg) (kg) Fe Zn Mn Cr Co
0-2 weeks 0.075 3.5 0.096 0.153 0.002 0.009 2.1E-4
2-4 weeks 0.1 4.2 0.107 0.17 0.002 0.01 2.4E-4
2 months 0.11 4.7 0.105 0.167 0.002 0.009 2.3E-4
4 months 0.145 6.5 0.1 0.159 0.002 0.009 2.2E-4
6 months 0.135 75 0.081 0.129 0.002 0.007 1.8E-4
6-12 months 0.135 10 0.061 0.096 0.001 0.005 1.4E-4
Table 4 shows the percentage of iron, zinc,
manganese, chromium and cobalt in the infant
formulae to the RDA. The highest and lowest

percentages of iron to RDA in age groups 2-4 weeks
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and 6-12 months were 39.6% and 22.5% respectively,
whereas the highest and lowest percentages of zinc to
the RDA were in age groups 2-4 weeks (85%) and 6-
12 months (48.2%). The highest and lowest
percentages of manganese to RDA were in age
groups 2-4 weeks and 6-12 months with values of
0.6% and 0.34% respectively. The highest and lowest
percentage of chromium to the RDA were in age
groups 2-4 (264.1%) weeks and 6-12 (149.7%). The
highest and lowest percentage of cobalt to the RDA
were in age groups 2-4 weeks and 6-12 months with
values of 23.8% and 13.5% respectively.

Table 4: Percentage of Adequate Intake or RDA of essential
trace metals

factor with eigenvalue greater than one > 1 is
considered a principal component) with a variability of
99.97 % (see Table 5). Furthermore, Mn, Co and Cr
seem to play the role of trace elements in the infant
formulas (in other words, minor factors whereas Fe
and Zn represents the major factor).

Table 5: Eigenvalues

F1 F2 F3

Eigenvalue
Variability (%)
Cumulative (%)

2.9992 0.0007 0.0001
99.9743 0.0224 0.0032
99.9743 99.9968 100.0000

Fe Zn Mn Cr Co
RDA (ugrkg) 12
Adequate intake 270 200 600 55
(Hg/kg)
Age% Adequate intake/RDA
0-2 weeks 35.6 76.5 0.54 237.7 214
2-4 weeks 39.6 85 0.6 264.1 23.8
2 months 38.9 83.6 0.59 259.6 23.4
4 months 37.1 79.6 0.56 247.4 22.3
6 months 29.9 64.3 0.45 199.6 18
6-12 months 225 48.2 0.34 149.7 13.5

Principal Component Analysis (PCA) for Fe, Zn, Mn, Co and Cr.

Given the 5 metal variables, iron, zinc,
manganese, chromium and cobalt, and the three
infant formulae, the PCA outputs were as follow:
Figure 1 is the biplot of F1 against F2, in which Fe and
Zn lie on the horizontal axis (abscissa) demarcating
the 1st and 4th quadrants which coincided with the
plotting position of the cereal based formulae. This
further indicates that Fe and Zn were dominant in the
cereal based formulae as compared to the other infant
formulae. However, Fe and Zn are found in both in the
cereal based (mix) and milk based infant formulae
given their positions in the 1st and 4th quadrants.

Biplot (axes F1 and F2: 100.00 %)

Cereal based
(Mix)

F2 (0.02 %)

, Co \Jf Fe

Cereal based  Zn

Milk based

-3 -2 -1 0 1 2 3 4 5 6
F1(99.97 %)

Figure 1: Biplot for PCA on five metal variables (Principal
Component Analysis (PCA) for Fe, Zn, Mn, Co and Cr)

The corresponding eigenvalue of 2.9992
confirmed just one principal factor (F1) (given that a

Discussion

Mothers who feed their children with infant
food have increased over the years with only about
34.8% of babies placed on exclusive breast feeding
within the first six months of life [13]. Hence a larger
percentage of children consume other types of liquid
food for supplementation. Determining essential
elements from these formulae is considered important
more so as children eat more food in proportion to
their body weight compared to adults to ascertain the
appropriateness or otherwise of these essential trace
elements. To bridge this knowledge gap on infant
exposure to trace elements, the present study has
assessed the concentrations of a range of essential
elements in infant formulae intended for consumption
during the first 0-12 months of life.

In this study zinc level was significantly higher
than other essential trace metals with the overall
mean levels of iron, manganese, chromium and cobalt
in the following decreasing order of Zn > Fe > Cr > Mn
> Co. The highest mean levels of manganese,
chromium and cobalt were found in milk-based infant
formulae. Zinc and chromium in this study exceeded
their permissible limits of 3.28 and 0.3 mg/kg
respectively [14], [15]. Cobalt is a key component of
cyanocobalamin B12 vitamin with diverse functions
related to the brain and nervous system [16]. Milk-
based infant formulae had the highest level of cobalt
0.12 + 0.32 mg/kg (range 0.002-0.96 mg/kg). The
fortification of some cereal products with vitamin B12
may account for the presence of cobalt in infant
formulae too [17].

According to manufacturer’s quotations on the
labels, the levels of iron and manganese ranged from
1-70 mg and 10-130 ug respectively. About 62
percent did not indicate the levels of manganese while
12 percent did not indicate levels of iron. More than 98
percent of the infant formulae in this study were
packaged in aluminum foil. Since manganese are
often added to aluminum to improve its strength
properties [18], aluminum packaging may impact on
the manganese levels in these infant formulae. Infant
milk formulae sold in Nigeria consist not only milk, but
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other ingredients of plants origin as also reported of
Tanzanian labeled baby milk formulae [19]. Plant
ingredients impact on the manganese levels in the
cereal samples since cereals contain higher
manganese than products of animal [19]. However, in
this study higher manganese levels were seen in the
milk-based 0.15 + 0.09 mg/kg than the cereal based
infant formulae 0.09 + 0.06 mg/kg. The lowest mean
concentrations of iron and zinc in the infant formulae
were 3.71 + 1.09 (cereal based) and 6.11 + 1.45
(cereal based).

Cows’ milk is not only known to be deficient in
iron, but its high casein and calcium levels hamper
iron absorption which is very vital for growing infants
and young children [20]. This may discourage cows’
milk alone intake by infants and young children
because of risk of iron deficiency and attendant health
challenges [20]. In apparently healthy children, cows’
milk induces intestinal occult blood loss which
exacerbate iron deficiency [20]. Several variables
namely breed of cow, lactation status, season, herd
health and nutrition are known to account for the
variations in the macro- and micronutrient contents of
milk [21], [22], [23].

Whereas EFSA has set thresholds for intake
levels for potentially toxic metals lead, cadmium and
mercury [24], no explicit thresholds have yet been set
trace metals, zinc, chromium, iron, manganese and
cobalt. For these essential trace metals levels that
lead to deficiencies and chronic or acute poisonings
are known and some Nutrition Societies notably of
Germany, Austria and Switzerland have established
various threshold values [25]. In view of the
differences in the requirements, the DACH joint
recommendations for Germany, Austria and
Switzerland have established reference values for
babies between 0 and 4 months, 5 — 12 months and
children 1 — 4 years of age [25] with recommended
daily intakes of iron and zinc as 1 mg [25]. The
highest estimated daily intake of iron and zinc in this
study were 0.107 and 0.17 mg/kg bw/day respectively
at 2-4 weeks for cereal mix infant formulae. The
mainstay of the American Academy of Pediatrics AAP
recommendations [26] is to ensure adequate dietary
zinc intake for babies and young children especially
during the transition from breast milk to
complementary foods. Some studies have shown that
over half of children 12 — 23 months have zinc intakes
that exceed the upper limit UL [27], [28]. Cereal based
formulae may be fortified with zinc and have been
shown to lead to higher zinc intakes [28]. Childhood
zinc deficiency is a common nutritional problem in
sub-Sahara Africa with growth retardation, impairment
of cognitive function and high susceptibility to
infectious diseases as the cardinal features [29]. Zinc-
fortified formulae are known to improve growth and
immune function in children recovering from
malnutrition higher linear growth together with
increased salivary concentrations of immunoglobulin
have been reported [30]. It is feared that increased

dietary intake of iron through food fortification
programs may hamper absorption of zinc. Since
studies have shown that when dietary ligands are
present, there is little or no interaction between the
absorption of zinc and iron [31] (Davidson et al.,
1995), in practice therefore, when infant formulas
contain 7 mg of iron per liter, the ratio of iron to zinc
should be 1: 1 provided there is satisfactory
satisfactory hematologic indexes and the exclusion of
possible interactions between these minerals [32].

High concentrations of iron in infant formulae
may be rationalized by both concern for iron
deficiency and poor bioavailability in infants though
formulae fortification has improved the bioavailability
to near breast milk levels [33]. The risk for iron
deficiency at 0-6 months of age in healthy term infants
is low due to enough iron stores at birth [34].
However, since infants aged 0-6 months lack the
capacity to control iron absorption because of
absence of divalent metal transporter 1 (DMT1) which
regulates iron absorption, high iron levels in infant
formulae may predispose infants at this age to
excessive absorption of iron [35]. Uncontrolled iron
intake in humans is of delicate public health concern
since man does not seem to have a defined system of
iron excretion [36], [37]. Excessive iron ingestion in
infants has been associated with impaired growth and
increased  morbidity  [38], impaired cognitive
development and immune function [39], [40]. A
formulae fortification level of 2 mg/l in milk-based
formulas has been proposed sufficient for healthy
term infants [2], [33] in the absence of an established
optimal iron intake in infants [37]. The iron levels in
milk-based formulae 4.08 + 1.95 and range 2.01-8.02
mg/kg, and in cereal mixed formulae 4.49 + 1.56 and
range 2.34-6.97 mg/kg exceed the proposed
fortification level of 2 mgl/l.

Low levels of manganese have been found in
infant formulae in Nigeria [41]. Infant formulae can be
fortified with manganese. Deficiency of manganese is
virtually unknown in humans but there is a growing
evidence of its toxicity [42], [43]. Manganese exists in
its divalent form in infant formulae [44] but in breast
milk it is in the trivalent form [45]. Like iron, DMT1 is
also responsible for the absorption of manganese
[46]. Like iron too, there can be manganese overload
following consumption of infant formulae with high
levels of manganese due to under expression of
DMT1 in infancy. Breast milk contains only very few
micrograms of manganese, therefore the guidance
upper limit of manganese in infant formulae is set at
the value that did not consider the increasing
evidence of neurotoxicity in children [47] as 670 g/l
[48]. The mean concentrations of manganese in milk-
based, cereal and cereal mixed infant formulae were
0.15 + 0.09, 0.09 + 0.06 and 0.10 * 0.08 mg/kg
respectively. Neuropsychological effects like poorer
cognitive outcome and hyperactivity have been seen
in children with elevated postnatal exposure from
different sources including infant formulae [43]. It is
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estimated that one out of every 125-150 children may
be living with autism in Nigeria [49]. There remains a
knowledge gap on the impact of dietary manganese
on childhood autism in Nigeria.

Owing to the low absorption of cow’s and soy
milk, the minimum level for manganese in infant
formulae based on the 3 — 4 ug/l mean concentration
in breast milk is about 7pg/l2 (SCF, 2003).
Increasingly there have been indications of significant
associations between ingestions of relatively low
manganese and lower 1Q scores [50], suggesting that
the manganese levels of some of the infant formulae
in this study may not be safe for infants.

The estimated daily intake EDI for all age
groups of infants for iron, manganese, cobalt and zinc
were below the adequate daily intake ADI of (0.27
mg/day, 600 ug/day, 12 ug/day and 200 ug/day)
respectively. Whereas the EDI of chromium at age
group 6-12 months for cereal based and cereal mix
base were below the ADI of 5.5 ug/day, the EDI of
other age groups in all infant formulae exceeded the
permissible ADI. These essential trace metals namely
iron, zinc, manganese, chromium and cobalt are
required in smaller amounts but perform numerous
physiological functions in the organism. Iron forms
part of hemoglobin necessary for the transport of
oxygen [7], [51]. These are usually added to infant
formulae to standardize their concentrations with the
breast milk. Zinc and manganese play important roles
as cofactors in enzymes intervening in multiple
metabolic reactions [52].

Some infant formulae can provide more than
the recommended adequate intake amounts of the
essential trace metals like manganese and chromium,
but none exceeded the tolerable upper intake
concentration of manganese [53] or permitted daily
exposure of chromium [54]. Similarly, some infant
formulae with the highest cobalt concentration can
deliver slightly more than the permitted daily exposure
of cobalt [54]. The chromium concentration in cereal-
based infant formula in this study ranged from 0.002-
1.51 with a mean of 0.36 + 0.62 mg/kg. The chromium
level in cereal based infant formulae from Brazil
ranged from 3.9 to 35.2 ug/kg, 5.4 — 14.9 ug/kg, 5.2 —
36.1 pg/kg and LOD — 12.6 pg/kg in Brazil, Mexico,
Germany and Canada respectively [55].

A likely limitation of the present study is that,
the results/data may be conservative since they were
obtained after mixing infant formulae with deionized
water given that some essential trace metals can
occur in water [56]. Nonetheless, this study has that
the estimated daily intake of chromium in the infant
formulae exceeded its RDA. Since the ultimate goal of
infant feeding is to ensure that concentrations of
essential trace metals in infant formulae are
equivalent to or lower than those found in human milk,
regulatory bodies in developing countries should
periodically conduct targeted analyses of infant
formulae types from different manufacturers to ensure

that no processes or ingredients have been
inadvertently introduced to compromise quality.

In conclusion, it is desirable that infant
formulae should supply the growing infant with
adequate amounts of essential trace metals at levels
devoid of excessive exposure. The present study has
shown that infant formulae may contribute higher
chromium than breast milk. With respect to evidence
of cognitive impairments and other childhood health
effects associated with these essential trace elements
more research on the bioavailability and role of
speciation is urgently needed. Also, the wide range of
variations in the infant formulae in this study cast
some doubts on the knowledge of infant’s requirement
of these elements, and the need for their fortification
to such high concentrations.

References

1. WHO. Infant and young child feeding. Model chapter for
textbooks for medical students and allied health professionals.
Geneva, Switzerland: WHO Press, World Health Organisation,
2009.

2. Food SC. Report of the Scientific Committee on Food on the
Revision of Essential Requirements of Infant Formulae and Follow-
On Formulae (SCF/CS/NUT/IF/65 Final). Brussels: European
Commission. 2003.

3. Agostoni C, Domellof M. Infant formulae: From ESPGAN
recommendations towards ESPGHAN-coordinated global
standards. Journal of Pediatric Gastroenterology and Nutrition.
2005; 41(5):580-583.
https://doi.org/10.1097/01.mpg.0000188741.46380.24
PMid:16254514

4. Gokhale R, Kirschner BS. Transition of care between paediatric
and adult gastroenterology. Assessment of growth and nutrition.
Best Pract Res Clin Gastroenterol. 2003; 17:153-162.
https://doi.org/10.1016/S1521-6918(02)00143-9

5. Hulzebos CV, Sauer PJJ. Energy requirements. Semin Fetal
Neonatal Med. 2007; 12:2-10.
https://doi.org/10.1016/j.siny.2006.10.008 PMid:17161032

6. Bargellini A, Venturelli F, Casali E, Ferrari A, Marchesi |, Borella
P. Trace elements in starter infant formula: dietary intake and
safety assessment. Environmental Science and Pollution
Research. 2018; 25(3):2035-44. https://doi.org/10.1007/s11356-
016-8290-9 PMid:28032287

7. IOM (Institute of Medicine). Panel on Micronutrients. 13, Arsenic,
Boron, Nickel, Silicon, and Vanadium. In Dietary Reference Intakes
for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper,
lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium,
and Zinc. National Academies Press (US), Washington (DC), 2001.

8. Baker RD, Greer FR. Diagnosis and prevention of iron deficiency
and iron-deficiency anemia in infants and young children (0-3 years
of age). Pediatrics. 2010; 126(5):1040-50.
https://doi.org/10.1542/peds.2010-2576 PMid:20923825

9. Institute of Medicine. Dietary Reference Intakes for Calcium and
Vitamin D; The National Academies Press: Washington, DC, USA,
2011.

10. ATSDR. Toxicological profile for chromium, in: P. H. S. Agency
for Toxic Substances and Disease Registry, U.S. Department of
Health and Human Services, (Ed.), Atlanta, Georgia, USA, 2012.

11. Ighiri S, Udowelle NA, Ekhator OC, Asomugha RN, Igweze ZN,
Orisakwe OE. Edible Mushrooms from Niger Delta, Nigeria with

Open Access Maced J Med Sci. 2019 Dec 15; 7(23):4168-4175.

4173


https://doi.org/10.1097/01.mpg.0000188741.46380.24
https://doi.org/10.1016/S1521-6918(02)00143-9
https://doi.org/10.1016/j.siny.2006.10.008
https://doi.org/10.1007/s11356-016-8290-9
https://doi.org/10.1007/s11356-016-8290-9
https://doi.org/10.1542/peds.2010-2576

Public Health

Heavy Metal Levels of Public Health Concern: A Human Health
Risk Assessment. Recent patents on food, nutrition & agriculture.
2018; 9(1):31-41.
https://doi.org/10.2174/2212798409666171129173802
PMid:29189191

12. Sipahi H, Eken A, Aydin A, Sahin G, Baydar T. Safety
assessment of essential and toxic metals in infant formulas.
Turkish Journal of Pediatrics. 2014; 56(4):385-391.

13. WHO (World Health Organization). Infant young child feeding.
Model Chapter for textbooks for medical students and allied health
professionals, 2011.

14. GB 2762-2012 National Food Safety Standard Maximum
Levels of Contaminants in Foods, 2012.
https://food.chemlinked.com/node/3441. Accessed 14th March
2019.

15. IDF. International Dairy Federation Bulletin, Chemical Residues
in milk and milk products. |.D.F. Document, 1979:133.

16. Orecchio S, Amorello D, Raso M, Barreca S, Lino C, Di Gaudio
F. Determination of trace elements in gluten-free food for celiac
people by ICP-MS. Microchem. J. 2014; 116:163-172.
https://doi.org/10.1016/j.microc.2014.04.011

17. World Health Organization. Recommendations on wheat and
maize flour fortification meeting report: Interim consensus
statement. World Health Organization; 2009.

18. Page B, Edwards M, May N. Metal cans. In: Coles R, McDowell
D, Kirwan MJ, editors. Food packaging technology. London,
U.K.:Blackwell Publishing, CRC Press. 2003:121-51.

19. Sager M. Uber die Elementzusammensetzung von in

Osterreich erhaltlichen Fertiggerichten und Wurstwaren.
Ernahrung/Nutrition. 2010; 34(2):57-64.

20. Ziegler EE. Consumption of cow's milk as a cause of iron
deficiency in infants and toddlers. Nutrition reviews. 2011;

69(1):S37-42. https://doi.org/10.1111/j.1753-4887.2011.00431.x
PMid:22043881

21. Knowles SO, Grace ND, Knight TW, McNabb WC, Lee J.
Reasons and means for manipulating the micronutrient
composition of milk from grazing dairy cattle. Animal feed science
and technology. 2006; 131(3-4):154-67.
https://doi.org/10.1016/j.anifeedsci.2006.04.015

22. Benincasa C, Lewis J, Sindona G, Tagarelli A. The use of multi
element profiling to differentiate between cowand buffalo milk.
Food chemistry. 2008; 110(1):257-62.
https://doi.org/10.1016/j.foodchem.2008.01.049 PMid:26050191

23. Sager M, Hobegger M. Contents of elements in raw milk from
three regions in lower Austria. Ernahrung/Nutrition. 2013; 37:277-
90.

24. European Commission. Commission Regulation (EC) No
1881/2006 of 19 December 2006 setting maximum levels for
certain contaminants in foodstuffs. Off J Eur Union. 2006; 364(365-
324).

25. DACH. Reference values for nutrition supply. first ed. 5th
reprint, DGE Bonn, 2013. available at:
https://www.dge.de/wissenschaft/referenzwerte/calcium/Accessed
27.04.2016.

26. American Academy of Pediatrics Committe on Nutrition.
Chapter 6: Complementary feeding. In Pediatric Nutrition, 7th ed.;
Kleinman, R.E., Greer, F.R., Eds.; American Academy of
Pediatrics: Elk Grove Village, IL, USA, 2014.

27. Butte NF, Fox MK, Briefel RR, Siega-Riz AM, Dwyer JT,
Deming DM, Reidy KC. Nutrient intakes of US infants, toddlers,
and preschoolers meet or exceed dietary reference intakes.
Journal of the American Dietetic Association. 2010; 110(12):S27-
37. https://doi.org/10.1016/j.jada.2010.09.004 PMid:21092766

28. Hamner H, Perrine C, Scanlon K. Usual intake of key minerals
among children in the second year of life, NHANES 2003-2012.
Nutrients. 2016; 8(8):468. https://doi.org/10.3390/nu8080468
PMid:27483313 PMCid:PMC4997381

29. Rosado JL. Zinc deficiency and its functional implications.

Salud Publica Mex. 1998; 40:181. https://doi.org/10.1590/S0036-
36341998000200010 PMid:9617199

30. Schelisinger L, Arevalo M, Arredondo S, et al. Effect of a zinc-
fortified formula on immunocompetence and growth of
malnourished infants. Am J Clin Nutr. 1992; 56:491.
https://doi.org/10.1093/ajcn/56.3.491 PMid:1503059

31. Davidsson L, Almgren A, Sandstrom B, Hurrell RF. Zinc
absorption in adult humans: the effect of iron fortification. Br J Nutr.
1995; 74:417. https://doi.org/10.1079/BIJN19950145 PMid: 7547854

32. Whittaker P. Iron and zinc interactions in humans. Am J Clin
Nutr. 1998; 68:442. https://doi.org/10.1093/ajcn/68.2.442S
PMid:9701159

33. Koletzko B, Baker S, Cleghorn G, Neto UF, Gopalan S, Hernell
O, Hock QS, Jirapinyo P, Lonnerdal B, Pencharz P, Pzyrembel H.
Global standard for the composition of infant formula:
recommendations of an ESPGHAN coordinated international
expert group. Journal of pediatric gastroenterology and nutrition.
2005; 41(5):584-99.
https://doi.org/10.1097/01.mpg.0000187817.38836.42
PMid:16254515

34. Loénnerdal, B. (2008). Personalizing nutrient intakes of formula-
fed infants: breastmilk as a model. Nestle Nutr Workshop Ser
Pediatr Program, 2008: 62; 189-198; discussion 198-203.
https://doi.org/10.1159/000146272 PMid:18626201

35. Gunshin H, Allerson CR, Polycarpou-Schwarz M, Rofts A,
Rogers JT, Kishi F, Hentze MW, Rouault TA, Andrews NC, Hediger
MA. Iron-dependent regulation of the divalent metal ion transporter.
FEBS letters. 2001; 509(2):309-16. https://doi.org/10.1016/S0014-
5793(01)03189-1

36. Lonnerdal B, Kelleher S. Micronutrient transfer: infant
absorption. In G.e. a. Goldberg (Ed.), Breast-Feeding: Early
Influences on Later Health. Springer Science, Business Media
B.V., 2009.

37. Berglund S, Westrup B, Domell6f M. Iron supplements reduce
the risk of iron deficiency anemia in marginally low birth weight
infants. Pediatrics. 2010; 126(4):e874-83.
https://doi.org/10.1542/peds.2009-3624 PMid:20819898

38. Dewey KG, Domelléf M, Cohen RJ, Landa Rivera L, Hernell O,
Lénnerdal B. Iron supplementation affects growth and morbidity of
breast-fed infants: results of a randomized trial in Sweden and
Honduras. The Journal of nutrition. 2002; 132(11):3249-55.
https://doi.org/10.1093/jn/132.11.3249 PMid:12421836

39. Sullivan JL. Cognitive development: breast-milk benefit vs
infant formula hazard. Archives of general psychiatry. 2008;
65(12):1456-59. https://doi.org/10.1001/archpsyc.65.12.1456-a
PMid:19047534

40. Kon N, Tanaka K, Sekigawa M, Negishi Y, Yoshikawa N,
Hisata K, Shoji H, Shimizu T. Association between iron status and
neurodevelopmental outcomes among VLBW infants. Brain and
Development. 2010; 32(10):849-54.
https://doi.org/10.1016/j.braindev.2009.12.003 PMid:20456882

41. lkem A, Nwankwoala A, Odueyungbo S, Nyavor K, Egiebor N.
Levels of 26 elements in infant formula from USA, UK, and Nigeria
by microwave digestion and ICP-OES. Food Chemistry. 2002;
77(4):439-47. https://doi.org/10.1016/S0308-8146(01)00378-8

42. Hardy G. Manganese in parenteral nutrition: Who, when, and
why shouldwe supplement? Gastroenterology. 2009; 137(5):S29-
35. https://doi.org/10.1053/j.gastro.2009.08.011 PMid:19874947

43. Menezes-Filho JA, Bouchard M, Sarcinelli PD, Moreira JC.
Manganese exposure and the neuropsychological effect on
children and adolescents: a review. Revista panamericana de
salud publica. 2009; 26:541-8. https://doi.org/10.1590/S1020-
49892009001200010 PMid:20107709

44. Erikson KM, Thompson K, Aschner J, Aschner M. Manganese
neurotoxicity: a focus on the neonate. Pharmacology &
therapeutics. 2007; 113(2):369-77.
https://doi.org/10.1016/j.pharmthera.2006.09.002 PMid:17084903
PMCid:PMC1852452

45. Coni E, Bocca B, Galoppi B, Alimonti A, Caroli S. Identification

4174

https://www.id-press.eu/mjms/index


https://doi.org/10.2174/2212798409666171129173802
https://doi.org/10.1016/j.microc.2014.04.011
https://doi.org/10.1111/j.1753-4887.2011.00431.x
https://doi.org/10.1016/j.anifeedsci.2006.04.015
https://doi.org/10.1016/j.foodchem.2008.01.049
https://doi.org/10.1016/j.jada.2010.09.004
https://doi.org/10.3390/nu8080468
https://doi.org/10.1590/S0036-36341998000200010
https://doi.org/10.1590/S0036-36341998000200010
https://doi.org/10.1093/ajcn/56.3.491
https://doi.org/10.1079/BJN19950145
https://doi.org/10.1093/ajcn/68.2.442S
https://doi.org/10.1097/01.mpg.0000187817.38836.42
https://doi.org/10.1159/000146272
https://doi.org/10.1016/S0014-5793(01)03189-1
https://doi.org/10.1016/S0014-5793(01)03189-1
https://doi.org/10.1542/peds.2009-3624
https://doi.org/10.1093/jn/132.11.3249
https://doi.org/10.1001/archpsyc.65.12.1456-a
https://doi.org/10.1016/j.braindev.2009.12.003
https://doi.org/10.1016/S0308-8146(01)00378-8
https://doi.org/10.1053/j.gastro.2009.08.011
https://doi.org/10.1590/S1020-49892009001200010
https://doi.org/10.1590/S1020-49892009001200010
https://doi.org/10.1016/j.pharmthera.2006.09.002

Igweze et al. Appropriateness of Essentials Trace Metals in Commonly Consumed Infant Formulae in Nigeria

of chemical species of some trace and minor elements in mature
breast milk. Microchemical journal. 2000; 67(1-3):187-94.
https://doi.org/10.1016/S0026-265X(00)00116-8

46. Garrick MD, Singleton ST, Vargas F, Kuo HC, Zhao L, Knopfel
M, Davidson T, Costa M, Paradkar P, Roth JA, Garrick LM. DMT1.:
which metals does it transport? Biological research. 2006;
39(1):79-85. https://doi.org/10.4067/S0716-97602006000100009
PMid:16629167

47. Ljung K, Vahter M. Time to re-evaluate the guideline value for
manganese in drinking water?. Environmental health perspectives.
2007; 115(11):1533-8. https://doi.org/10.1289/ehp.10316
PMid:18007980 PMCid:PMC2072823

48. Codex Alimentarius Commission, (2007). Standard for infant
formula and formulas for special medical purposes intended for
infants. CODEX STAN 72, 1981. Revised 2007

49. Lesi FE, Adeyemi JD, Aina OF, Umeh CS, Olagunju AT, Oyibo
W. Autism in Nigeria: A call for action. J Clin Sci. 2014; 11:33.
https://doi.org/10.4103/1595-9587.146494

50. Bouchard MF, Sauvé S, Barbeau B, Legrand M, Brodeur ME,
Bouffard T, Limoges E, Bellinger DC, Mergler D. Intellectual
impairment in school-age children exposed to manganese from
drinking water. Environmental health perspectives. 2010;
119(1):138-43. https://doi.org/10.1289/ehp.1002321
PMid:20855239 PMCid:PMC3018493

51. Moll R, Davis B. Iron, vitamin B12 and folate. Medicine. 2017;

45(4):198-203. https://doi.org/10.1016/j.mpmed.2017.01.007

52. Luis G, Rubio C, Revert C, Espinosa A, Gonzalez-Weller D, et
al. Dietary intake of metals from yogurts analyzed by inductively
coupled plasma optical emission spectrometry (ICP-OES). J Food
Comp Anal. 2015; 39:48-54.
https://doi.org/10.1016/}.jfca.2014.11.013

53. US Department of Agriculture, National Agricultural Library.
Dietary reference intakes for vitamin A, vitamin K, arsenic, boron,
chromium, copper, iodine, iron, manganese, molybdenum, nickel,
silicon, vanadium, and zinc, 2001.

54. US Food and Drug Administration. Q3D elemental impurities
guidance for industry, 2015.

55. Pedron T, Segura FR, da Silva FF, de Souza AL, Maltez HF,
Batista BL. Essential and non-essential elements in Brazilian infant
food and other rice-based products frequently consumed by
children and celiac population. Journal of Food Composition and
Analysis. 2016; 49:78-86. https://doi.org/10.1016/j.jfca.2016.04.005

56. Sievers E. Nutrient minerals in drinking water: implications for
the nutrition of infants and young children. Nutrients in drinking
water. 2005:164-179.

Open Access Maced J Med Sci. 2019 Dec 15; 7(23):4168-4175.

4175


https://doi.org/10.1016/S0026-265X(00)00116-8
https://doi.org/10.4067/S0716-97602006000100009
https://doi.org/10.1289/ehp.10316
https://doi.org/10.4103/1595-9587.146494
https://doi.org/10.1289/ehp.1002321
https://doi.org/10.1016/j.mpmed.2017.01.007
https://doi.org/10.1016/j.jfca.2014.11.013
https://doi.org/10.1016/j.jfca.2016.04.005

