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Abstract

The levels of trace elements in different types of baby foods consumed in Turkey were determined by flame and graphite furnace
atomic absorption spectrometry. Dry, wet and microwave digestion procedures were compared and the microwave digestion method
was found to be the best. The accuracy of the method was ensured by using a standard reference material (NIST-SRM 8418 Wheat
Gluten). The levels of elements in analyzed samples were found to be under legal limits. The range of the investigated elements were
0.52-4.38 ug/g, 0.22-7.20 pg/g, 1.02-67.5 pg/g, 0.92-37.2 pug/g, 0.12-0.32 ng/g, 2.02-68.8 ug/kg, 10.7-66.8 pg/kg, 0.05-10.3 pg/g,
2.67-25.4 ug/kg for Cu, Mn, Fe, Zn, Se, Cr, Al, Ni and Co, respectively.
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1. Introduction

Trace elements play an important role in human biol-
ogy, because they are either inadequately synthesized or
not synthesized in the body. Trace amounts of some met-
als, manganese, copper, zinc, for example, are essential
micro nutrients and have a variety of biochemical func-
tions in all living organisms. While these elements are
essential, they can be toxic when taken in excess. In addi-
tion, some metals like lead, do not occur naturally in the
body, and their presence, usually as a result of occupa-
tional or pollution-related exposure, is detrimental to
health and children are more sensitive to these metals than
adults (Ashraf, Seddigi, Abulkibash, & Khalid, 2006; Div-
rikli, Horzum, Soylak, & Elci, 2006; Soylak, Colak, &
Turkoglu, 2006a; Soylak, Colak, Turkoglu, & Dogan,
2006b). Metals such as aluminium, cadmium and lead are
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found throughout the environment and are present in vir-
tually all food at extremely low levels. All of these contam-
inants are more likely to affect bottle-fed infants.
Generally, infants fed formula made with tap water are
at the highest risk from metals contaminating the water
supply (NRDC, 2005; Soylak et al., 2006a; Soylak et al.,
2006b). The European Union banned the use of cadmium
in materials and components of vehicles put on the market
after 1 July, 2003, and in new electrical and electronic
equipment after 1 July, 2006. Some countries have also
had success reducing pollution from incinerators, power
plants and factories, thereby reducing emissions of mercury
and other heavy metals at trace levels (Official Journal of
the European Union, 2003).

Indeed some infant foods, such as commercial infant
formulae, are deliberately fortified with essential elements
such as zinc and copper to ensure that they provide infants’
nutritional requirements for trace elements. Another
important factor that must be borne in mind when
assessing the exposure of infants to trace elements and
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heavy metals in their diets is that because infants grow and
develop very rapidly in their first year of life, their energy
requirements and hence their food consumption is on aver-
age much higher relative to their body weight than that of
adults and older children (FSA, 1999).

Multi-element surveys of baby foods have been pub-
lished because of growing interest in trace element concen-
trations in infant foods. Rodriguez, Alaejos, and Romero
(2000) determined concentrations of iron, copper and zinc
in 56 samples of nature human milk from Canarian women
and five samples of powdered infant formula. Cu, Mn, Zn,
and Fe were determined in the digestion solutions (Yaman
& Cokol, 2004). A statistical study of correlation, factorial,
and discriminant analysis on the metal composition of dif-
ferent types of baby foods was carried out to establish the
relationships between the metal concentrations and, there-
fore, differentiate the samples according to the type of milk
by Rodriguez, Alaejos, and Romero (1999). Tripathi,
Raghunath, Sastry, and Krishnamoorthy (1999) investi-
gated concentrations of the essential elements Zn, Cu and
potentially toxic elements Pb and Cd in different milk sam-
ples and baby food materials. Yebra, Moreno-Cid, Cespon,
and Cancela (2004) have utilized direct measurement by
flame atomic absorption spectrometry for the determina-
tion of traces of iron in milk powder and infant formulas.
Seven different infant formulas and 18 different types of
infant foods representative of infant diets in Italy were ana-
lyzed, with particular reference to Al and Zn intake by
Plessi, Bertelli, and Monzani (1997).

Flame/graphite furnace atomic absorption spectrometry
is the main instrument used for the determination of trace
heavy metal contents in food analysis laboratories. Many
analytical methods including AAS for trace element deter-
mination in food materials require decomposition of the
sample. The wet and dry ashing and microwave digestion
are used for sample decomposition prior to the determina-
tion of trace elements.

The purpose of the present study was to determine the
concentration levels of some elements at trace levels in dif-
ferent types of baby foods consumed in Turkey. The per-
formance of digestion procedures including dry ashing,
wet ashing and microwave digestion was compared in the
presented work.

2. Materials and method
2.1. Apparatus

A Perkin—Elmer Analyst 700 model atomic absorption
spectrometer equipped with a deuterium background cor-
rector was used for determination of trace elements. Mea-
surements of Fe, Cu, Mn and Zn were carried out in an air/
acetylene flame. The concentrations of Se, Cr, Al, Ni and
Co were determined with a graphite furnace atomic
absorption spectrometer. Argon as inert gas was used in
the study with the graphite furnace. Standard reference
materials were digested in a Mileston Ethos D model closed

system microwave oven (maximum temperature 300 °C,
maximum pressure 1450 psi). Teflon reaction vessels were
used for all the digestion procedures. The reaction vessels
were cleaned using 5 ml of concentrated nitric acid before
each digestion.

2.2. Reagents

Analytical reagent-grade chemicals were employed for
the preparation of all solutions. Doubly distilled deionised
water (Milli-Q Millipore 18.2 MQ/cm) was used in all
experiments. HNO3; and H,O, were of suprapure quality
(E. Merck). All the plastic and glassware were cleaned by
soaking in dilute nitric acid (1 +9) and were rinsed with
distilled water prior to use. The standard solutions of ana-
lytes for calibration procedure were produced by diluting a
stock solution of 1000 mg/1 of the all the investigated ele-
ments supplied by Sigma.

2.3. Sample collection

Nineteen different infant formulas from six different
manufacturers in Kayseri, Turkey were purchased from
the local markets and taken from Erciyes University Fac-
ulty of Medicine. Baby food samples were dried at a tem-
perature of 105°C for 24 h. The dried samples were
homogenized using an agate homogenizer and stored in
polyethylene bottles until analysed.

2.4. Digestion procedures

2.4.1. Dry ashing

The reliability of the method for estimation of trace ele-
ments in samples has been checked by analysing standard
reference material (SRM). For digestion with dry ash,
0.2 g from standard reference material and 1 g from real
samples was used. Samples were dry-ashed in furnace at
a temperature of 450-500 °C and time of 16 h. The ashed
sample was then treated with 1 ml of concentrated nitric
acid for ash whitening and this mixture was ashed again
for 6 h. Then, the residue was dissolved in 1-2 ml of con-
centrated HNO; and filtered through blue band filter
paper. The sample was diluted to 10 ml with distilled
water.

2.4.2. Wet ashing

Two-hundred milligrams from standard reference mate-
rial and 1 g from real samples was used. Wet digestion of
infant formula samples was performed using a mixture of
HNO;:H,0, (6:2) (16.0 ml for a 1.0 g sample). This mix-
ture was heated up to 130 °C for 4 h on the hot plate. Acid
mixture was added again. After cooling, 5 ml of distilled
water was added to the sample and mixed. The residue
was filtered through blue band filter paper. Then the
sample was diluted to 10 ml with distilled water. Blank
digestions were also carried out in the same way.
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2.4.3. Microwave digestion

For microwave digestion, the standard reference materi-
als and baby food samples were accurately weighed around
0.20 g and 1.00 g, respectively. The samples were trans-
ferred to 100 ml teflon vessels. Samples were digested with
6 ml of HNO; (Suprapure, Merck), 2 ml of H,O, (Supra-
pure, Merck) in a microwave digestion system and diluted
to 10 ml with double deionized water (Milli-Q Millipore
18.2 MQ/cm conductivity). Blank digestion was carried
out in the same way. Digestion conditions for the micro-
wave system were applied as 2 min for 250 W, 2 min for
0 W, 6 min for 250 W, 5 min for 400 W, 8 min for 550 W,
vent: 8§ min.

3. Results and discussion

Performance of digestion procedures using dry ashing,
wet ashing and microwave digestion prior to the determi-
nation with AAS of some trace elements in baby food sam-
ples was compared. For that purpose, a BS baby formula
sample was used and the results are given in Table 1. The
slightly high trace metal levels were obtained when the
microwave oven was used. The approximate time required
for dry, wet and microwave digestions were 22 h, 4 h and
31 min, respectively. In light of these results, the microwave
digestion procedure was chosen for the digestion of all the
baby food samples, because of shorter required time and
higher recovery (especially for Se).

The accuracy of results was verified by analyzing the
concentration of copper, manganese, iron, zinc, selenium,
chromium, aluminium, nickel and cobalt in NIST-SRM
8418 Wheat Gluten standard reference material. The certi-
fied and observed values for the SRM are given in Table 2.
The results found by dry, wet and microwave digestion
procedures except for Se with dry and wet digestion proce-
dure are in good agreement with the certified values for the
investigated analyte ions. The relative standard deviations
were less than 10% for all the investigated elements. If
the concentration levels of the most common matrix con-
stituents of the reference standard materials analyzed and
the accuracy of the presented methods are considered
together, it can be concluded that the proposed method is
free from interferences of the various constituents.

The detection limit based on three times the standard
deviations of the reagent blank and characteristic mass
based on 0.0044 absorbance were calculated for investi-
gated analyte ions. The detection limit values of the

Table 1

investigated elements for flame AAS were found to be
0.013 mg/1 for Cu, 0.019 mg/1 for Zn, 0.011 mg/l for Fe,
0.010 mg/l for Mn. The characteristic mass values were
Al: 17 pg, Se: 22 pg, Co: 8 pg, Ni: 15 pg and Cr: 5pg in
graphite furnace AAS.

Trace metal levels in the 19 different infant formula sam-
ples analyzed by AAS after digestion by closed microwave
system are given in Table 3. In the precision test, the aver-
age RSD% for all analytes were in the range of 1-10%
(n = 18) for method. The results, which were repeated in
triplicate, are given in Table 3.

The lowest and highest contents of copper were found as
0.52 pug/g for A5 and 4.38 nug/g for B5, respectively. The
lowest and highest levels of zinc were found as 0.92 pg/g
for B1 and 37.2 pg/g for E2, respectively. The mean con-
centrations of Cu and Zn in investigated samples were
2.34 ug/g and 21.08 ug/g, respectively. Cu and Zn concen-
trations in B2 baby formula sample used for low birth
weight babies were higher than average Cu and Zn levels.
It is known that Cu and Zn are nutrients and are essential
for health. Copper and zinc contents of New Zealand
infant formula have been reported in the range of
1.99-4.80 ug/g and 13.7-42.3 ng/g, respectively. The con-
centrations of copper and zinc in the present study were
therefore similar to those found in New Zealand (McKins-
try, Indyk, & Kim, 1999). Copper and zinc values in baby
food of India have been reported in the range of 1.11-
3.16 pg/g and 9.37-34.59 pg/g, respectively (Tripathi
et al., 1999). The mean concentrations of copper and zinc
were 1.4 mg/kg (range less than 0.003 mg/kg to 5.3 mg/
kg) and 16.4 mg/kg (range of less than 0.06 mg/kg to
68.1 mg/kg), respectively in a MAFF study (FSA, 1999).
Our results are consistent with mean of copper and zinc
concentration of baby food in this MAFF survey and cop-
per and zinc values in Indian baby food. The content of
zinc in powder Italian infant formulas has been reported
in the range of 13-110 pg/g (Plessi et al., 1997). Our mean
values for zinc were lower than mean value of zinc in Italy.
The maximum tolerable daily intake of Zn is 0.3-1 mg/kg.
Our values for Zn for all the samples were below WHO’s
values (WHO, 1982).

The lowest Mn level was found as 0.22 ug/g for Bl and
C1 baby food samples, whereas the highest manganese
level was 7.20 pg/g in F2. The contents of manganese in
some baby formulas were found in the range of 0.29—
10.5mg/kg in one study in Turkey (Yaman & Cokol,
2004). The range of manganese concentrations in our

Trace metal contents with dry ashing, wet ashing and microwave methods in B5 baby formula sample (n = 3)

Method Concentrations (pg/g)

Cu Mn Fe Zn Se Cr* Al Ni Co*
Microwave 4.38 £0.31 3.01 £0.20 342 +28 324431 0.13 +£0.01 292422 11.4+0.7 498 +0.41 120+ 1.1
Wet ashing 4.10 +£0.30 2.96 +0.25 32.1+29 31.6 +29 0.10 £0.01 27.7+2.5 10.7+0.8 4.63 +£0.42 11.8+1.1
Dry ashing 3.97 £0.36 2.90 +0.28 332432 31.2+£25 0.04 +0.01 26.5+24 10.9+0.9 4.21 +0.40 11.5+1.2

* Cr, Al, Co (ug/kg).
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Table 2
Results of the analysis with dry, wet and microwave procedure of NIST-SRM 8418 Wheat Gluten standard reference material (pg/g), n =23
Element Certified value Dry ashing % Recovery Wet ashing % Recovery Microwave % Recovery
Cu 5.94 5.35+0.47* 90 5.58 +0.30 94 5.87+£0.25 99
Mn 14.3 13.6+ 1.1 95 13.8+1.2 97 14.1+0.8 99
Fe 54.3 52.1+4.5 96 527432 97 53.8+£2.6 99
Zn 53.8 49.5+4.1 92 50.3+3.3 93 525+24 98
Se 2.58 0.85 4+ 0.07 33 2.194+0.20 85 245+0.21 95
Cr 0.053 0.048 £ 0.005 91 0.049 £ 0.005 92 0.051 4 0.004 96
Al 10.8 9.60 £ 0.85 89 9.75 + 0.65 90 10.3+0.8 95
Ni 0.13 0.12 +0.01 92 0.12 +0.01 92 0.13 +0.01 100
Co 0.01 0.009 + 0.001 90 0.009 + 0.001 90 0.010 + 0.001 100

% Mean =+ Standard deviation.

Table 3

Trace metal contents (pg/g) in infant formula samples determined by AAS after digestion using the microwave digestion method (Mean =+ Standard

deviation), n =3

Code Sample information Cu Mn Fe Zn Se Cr* Al Ni Co*
Al For 4 month and 1.97+0.12 031+£0.02 11.0+£09 27.7+18 0.12+0.01 53.5+43 17.7+1.5 0.05+£0.01 2.69+0.17
onword baby, with
added iron and
prebiotic
Bl For 04 month, bottle 0.94+0.10 0.224+0.02 1.62+0.12 092+0.10 0.23+0.02 9.70+0.74 12.3+0.9 0.07+0.01 8.77+043
formula
B2 For premature, low 422+0.28 030+£0.03 105+0.8 28.0+25 0254+0.02 202+1.6 388424 0.05+0.01 4.82+0.31
birth weight baby
Cl For newborn infant 2.634+020 0.22+0.02 33.7+21 219+16 0.15+£0.01 233+21 308+21 0.124+0.01 10.1 £0.9
A2 - 3744032 3.15+0.20 425+34 251+21 0264002 164+1.5 31.2+27 005+0.01 214+1.7
Dl With added iron, milk 4.17 £0.19 1.65+0.12 31.5+27 280+19 024+0.02 2.024+0.14 134+13 0.07+0.01 2.67+0.13
based, follow-on
formula for 6 month
onwards baby
D2 Diarrhoea preventive  2.27 +0.16 0.30+0.02 163+1.5 19.1+15 0324003 23.8+17 21.6+18 421+0.32 5264037
B3 Vomit preventive 236+0.22 1.61+0.15 1.87+0.16 203+13 0274+0.02 233+21 127+1.1 438+0.37 9.56+0.70
B4 Special diet formula 1.594+0.13 2.01+£0.14 114+1.1 126+12 025+0.03 452+35 245+22 0.12+0.01 5.87+045
D3 Iron fortified first 1.48+0.10 2.09+0.12 502438 29.8+27 0.19+002 155+14 362+29 0.114+0.01 10.9+0.8
formula
A3 - 336+025 0.69+0.07 442437 293+21 0.15+001 224+1.5 359+34 007+0.01 140+1.2
A4 With milk protein, 1.69+0.13 236+021 17.2+14 258+23 0.12+0.01 68.8+52 668+55 103+09 8.70+042
90%
A5 - 0.524+0.05 2.10+0.17 1.024+0.10 1.26+0.10 0.18+0.02 174+14 10.7+£0.7 0.134+0.01 10.8+0.9
El Iron fortified formula, 1.58 +0.14 3.29+0.26 634+5.1 13.0+1.2 0.13+0.01 134+1.1 245+14 3754024 254+23
with milk, cereal and
fruited, spoon formula
F1 With milk and mixed 1.71+0.15 1.36+0.12 332+27 11.5+1.1 0.16+0.01 174+14 164+13 375+0.19 22.5+2.1
vegetable
F2 Fruited 0.94+0.10 7.20+0.52 60.5+55 7.28+0.60 0.16+0.02 132+12 197+1.6 0.10+0.01 184+1.6
E2 With milk and banana 1.32+0.12 444 +0.35 67.5+46 372+2.6 0.16+0.01 283+26 274+25 297+0.18 8.87+0.50
B5 For baby with allergic 4.38 +£0.31 3.01+020 342+28 324431 0.13+0.01 292+22 114+0.7 498+041 12.0+1.1
constitution
B6 - 3564028 1.58+0.13 533+39 294+17 0.12+£001 620+57 242+14 0.08+0.01 10.3+0.9

* Cr, Al, Co (ug/kg).

samples is consistent with these results. In addition, man-
ganese concentrations in infant formula in our study are
similar to the range of 0.74 pg/g to 4.04 pg/g reported for
formula tested in a study in New Zealand (McKinstry
et al., 1999). While there is no recommended dietary allow-
ance, the National Research Council’s “estimated safe and
adequate daily dietary intake” is 2-5 mg. The Institute of
Medicine recommends that intake of manganese from
food, water and dietary supplements should not exceed
the tolerable daily upper limit of 11 mg per day (National

Research Council, 1989). The intake of Mn with our inves-
tigated samples is well below this limit.

The concentration of iron in baby food samples was
found in the range of 1.02-67.5 nug/g. The contents of iron
of some infant formula samples analyzed such as D3, El,
D1 were higher than others, because of added iron. The lev-
els of manganese and iron were higher in specially fortified
baby formula, for example E1, F2, E2. Iron value in infant
formula of Spain has been reported in the range of 41.4—
97.4 png/g (Yebra et al., 2004). The content of iron in some
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Table 4
Correlation coefficient between metal concentrations in baby food
Cu Mn Fe Zn Se Cr Al Ni Co
Cu 1
Mn —0.265 1
Fe 0.068 0.608 1
Zn 0.631 —0.066 0.363 1
Se 0.119 —0.242 —0.443 —0.182 1
Cr —0.180 —0.083 -0.323 0.202 —0.240 1
Al 0.062 —0.016 0.147 0.383 —0.199 0.136 1
Ni —0.084 0.111 —0.066 0.137 —0.167 0.537 0.393 1
Co —0.156 0.471 0.541 —0.286 —0.283 -0.310 —-0.016 0.102 1
r: 0.05.

powdered milk and cow milk samples was found in the
range of 7.9-13.5mg/l and 1.58-3.27 mg/l in a study in
Portugal (Lima, Delerue-Matos, & Vaz, 1998).

The lowest and highest levels of selenium were found as
0.12 pg/g for Al, A4, B6 samples and 0.32 pg/g for D2,
respectively. The concentrations of selenium in baby food
of Spain have been reported in the range of 21.5-72.8 ng/
g (Vinas, Martnez, & Cordoba, 2000). Our values for Se
were higher than value of selenium in Spain. Se is an essen-
tial element for nutrition. Selenium is an interesting trace
element because it has an important antioxidant function,
but if intake is excessive harmful effects appear, the differ-
ence between the necessary intake and that producing tox-
icity being small. It has been found that the selenium
concentration in the range 2-8 mg/g in foods are harmful
(Vinas et al., 2000).

The chromium level in the baby food samples varied
from 2.02 pg/kg in D1 to 68.8 pg/kg in A4. The chromium
concentrations in investigated samples have been reported
in the range of 0.01 mg/kg to 0.7 mg/kg in a MAFF survey.
The mean Cr level was 0.12 mg/kg (FSA, 1999). The con-
tents of chromium in our samples analyzed were lower than
this survey. The mean levels of chromium of some milk
based powder formula in Nigeria, UK and USA have been
reported as 0.006, 0.005, 0.007 ug/ml in a study in USA,
respectively (Ikema, Nwankwoalab, Odueyungboa, Nya-
vora, & Egiebora, 2002).

The lowest and highest contents of aluminium were
found as 10.7 pg/kg for A5 and 66.8 ug/kg for A4, respec-
tively. The mean of Al concentrations in baby food sample
analyzed was 25.1 pg/kg. Aluminium was detected in most
samples with a mean concentration in all samples of
3.0 mg/kg (range less than 0.04 mg/kg to 28 mg/kg) in
the archive published by MAFF (FSA, 1999). Aluminium
value in powder infant formula of Italy has been reported
in the range of 317 ug/g (Plessi et al., 1997). A tolerable
daily intake (TDI) for aluminum of 1 milligram per kilo-
gram of body weight per day has been established by an
international committee of experts under the auspices of
the World Health Organization (WHO) and the Food
and Agricultural Organization of the United Nations
(Health Canada, 2004). Even at the highest level report,
intake of aluminum is well below the tolerable daily
intake.

The lowest and highest contents of nickel were found as
0.05 pg/g for A1, B2, A2 and 10.3 pg/g for A4, respectively.
The nickel concentrations were found in the range of
0.02 mg/kg and 0.21 mg/kg in 15 samples of formulae
and baby foods (but not rusks) analyzed on a ready-to-feed
basis in a MAFF survey of various foods (Ministry of
Agriculture, Fisheries & Food, 1998). Cobalt levels in the
samples varied from 2.67 pg/kg in D1 to 25.4 pg/kg in
E1. The concentrations of copper, zinc, iron and selenium
in our samples analyzed were below the nutrition reference
value in Turkish Food Codex Regulations (Official Gazette
of Turkey, 2000).

The correlation test was performed to investigate corre-
lations between the metal contents in examined infant for-
mula samples. The entire data were subjected to a
statistical analysis and correlation matrices were produced
to examine the inter-relationship between the investigated
metal concentrations. The values of correlation coefficient
between metal concentrations are shown in Table 4. The
correlations between Fe-Mn, Zn-Cu, Co-Fe, Ni-Cr,
Co-Mn are significant at the 0.05 level. The correlation
coefficients (r values) for Fe-Mn, Zn—Cu, Co-Fe, Ni-Cr,
Co-Mn were 0.608, 0.631, 0.541, 0.537, 0.471, respectively.
The correlations between Zn-Al, Zn-Fe, Al-Ni, Cr—Fe,
Cr—Co, Fe-Se are middle level. Se is correlated weakly
and negatively between chromium, aluminium, nickel,
manganese, zinc and cobalt.

4. Conclusions

The experimental results for the reference standard
material (NIST-SRM 8418 Wheat Gluten) for dry, wet
and microwave digestions except for Se with dry and wet
digestion procedure were in agreement with the certified
values. The proposed digestion methods were precise and
accurate. The advantages of the present method are its sim-
plicity, low cost, high speed of sample attack and rapid cal-
ibration. The microwave digestion procedure was the best
because of more accuracy with respect to both time and
recovery than dry and wet digestion. The analytical param-
eters obtained make this method suitable for the
determination of Cu, Mn, Fe, Zn, Se, Cr, Al, Ni and Co
in various baby foods. The levels of elements in analyzed
samples were found to be under legal limits.
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