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Abstract

Aflatoxin M, (AFM,) after its bioconversion from aflatoxin B, in animal liver becomes the
part of milk while heavy metals get entry into milk and milk products during handling in the
supply chain. Aflatoxin M, and heavy metals being toxic compounds are needed to be moni-
tored continuously to avoid any ailments among consumers of foods contaminated with such
toxicants. Thirteen commercially available infant formula milk (IFM) brands available in Paki-
stani markets were analyzed for the quantitative determination of AFM, and heavy metals
through ELISA and atomic absorption spectrophotometer, respectively. AFM, was found
positive in 53.84% samples while 30.76% samples were found exceeding the maximum EU
limit i.e. 0.025 nug/kg for AFM, in IFM. Heavy metals lead (Pb) and cadmium (Cd) were
found below the detection limits in any of the sample, whereas the concentrations of iron (Fe),
zinc (Zn) and nickel (Ni) ranged between 45.40-97.10, 29.72-113.50 and <0.001-50.90 pg/
kg, respectively. The concentration of Fe in all the tested brands was found in normal ranges
while the concentrations of Zn and Ni were found exceeding the standard norms. Elevated
levels of AFM,, Zn and Ni in some of the tested IFM brands indicated that a diet completely
based on these IFM brands might pose sever health implications in the most vulnerable com-
munity i.e., infants.
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Introduction

Mother milk being a rich source of all the basic nutrients is the only food for
infants during the early few months of their lives. Infants up to 6 mon of age
undergo some vulnerable changes in growth and development. Infants require
mother milk for at least 2 years as it helps establish healthy immune system, ner-
vous system, digestive system, reproductive system and strong physical structure
of body (Kazi et al., 2010). World Health Organization (WHO) recommends breast-
feeding as best and sole source of infant feeding (WHO, 2009). However, rapid
urbanization and advanced life style of recent days has led to concentrate on ready-
made foods for infants in the form of infant formula milk (IFM). IFM has become
popular all around the globe. If mother faces health issues or an infant denies mo-
ther’s milk, the usage of infant formula becomes right choice as an alternative to
breast feeding.

A number of food commodities available in the markets is specifically designed
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and manufactured for infants. Care is always taken to
protect infant foods from any of the harmful compounds
due to the fact that these food items are consumed by one
of the most vulnerable age groups of people i.e., infants.
Mycotoxin contamination in food chain is considered as
one of the brazen food safety issues worldwide (Bouaziz
et al.,, 2013; Gao et al., 2016; Li et al., 2014; Pattono et
al, 2011; Tatay et al., 2014). However, it is still reported
that these infant formulas include a number of toxic com-
pounds, such as aflatoxins (Torovi¢, 2015), heavy met-
als (Fernandes et al., 2015), melamine (Meng et al., 2015;
Yang et al., 2016), residues of hormones (Barreiro et al.,
2015), nitrates (Chamandust et al, 2016), antibiotics
(Diaz-Bao et al., 2015) and pesticide residues (Bessaire
et al., 2015; Sharma et al., 2016).

Aflatoxins are the secondary metabolites of fungus inc-
luding Aspergillus niger, A. flavus, A. paraciticus and A.
nominous. Aflatoxins are reported to cause 0.025-0.15
million cases of hepatocellular carcinoma each year (Liu
and Wu, 2010). There are different types of aflatoxins
and their toxicities ranked in decreasing order as follows;
aflatoxin B1 (AFB1) > aflatoxin B2 (AFB2) > aflatoxin
G1 (AFG1) > aflatoxin G2 (AFG2), respectively. AFB1
if ingested by the animals is converted into aflatoxin M1
(AFM1) inside the liver it appears in the milk of dairy
animals and is also reported in human milk. AFM1, alth-
ough ten times less carcinogenic as compared to AFBI,
it is still categorized as probable human carcinogen
(group 2B) by the International Agency for Research on
Cancer (IARC, 2002). The permissible limit for AFM,
in animal milk (0.05 pg/L) set by European Commission
(2006) is 40 times stricter than the total aflatoxins limit
in food and feed items (20 pg/L) while more stringent
permissible limits are adopted for AFM, in IFM i.e.,
0.025 pg/L. Infants health may also be adversely affected
due to the prolonged feeding on aflatoxin M, contami-
nated food i.e., milk, infant formulas and related products
(Ismail et al., 2016; Kunter et al., 2016). The elevated
levels of aflatoxin M, may also result in hepatocellular
carcinoma, immunosuppression as well as teratogenic
and mutagenic effects including impairment of kidney
and liver (Afum et al., 2016; Clarke et al., 2015; Giolo
et al., 2012; Zheng et al., 2013).

From last few decades, heavy metals appeared in differ-
ent food commodities as a matter of serious concern and
threat for human health. The penetration of heavy metals
in food chain is a result of escalating industrialization and
agricultural processes throughout the world. Heavy met-
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als are the elements having densities higher than 5 g/cm’
and among the most toxic ones are Arsenic (As), Pb, Mer-
cury (Hg) and Cd. Although, Zinc (Zn) and Iron (Fe) are
among the essential micronutrients having wide range of
biochemical functions in human body, these elements may
cause toxicity when consumed in higher concentrations.
Heavy metals may enter human body by inhalation and
ingestion (Tripathi ef al., 1999). The intake of metals in in-
fants mainly depends on the bioavailability of metal con-
tent in milk and milk based foods (Kazi ef al., 2009). A
number of studies have reported the prevalence of heavy
metals in milk and milk products (Ismail et al., 2015; Na-
jarnezhad et al., 2015; Pilarczyk et al., 2013; Ping et al.,
2012; Suturovi¢ et al., 2014). The induction of heavy me-
tal in food chain is due to increased industrialization or
municipal waste water; the elements may also find route
in food commodities through processing, packaging and
other unit operations in food industry (Ljung et al., 2011;
Muchuweti et al., 2006; Saracoglu et al., 2007). Several
health disorders including cells, tissues and skeletal dam-
age, failure of lungs and kidneys, cancer of lungs and
blood, and osteoporosis and anemia are associated with
heavy metals intake (Ashraf and Mian, 2008; Ikem and Egi-
ebor, 2005; Ismail et al., 2014; Rebelo and Coldas, 2016).

The envisaged project was designed to investigate the
concentrations of two major chemical toxicants i.e., AFM,
and metals (Pb, Cd, Fe, Zn and Ni) in thirteen IFM brands
available in Pakistani markets.

Materials and Method

The analysis for AFM, and heavy metals in [FM sam-
ples were performed in the Food Analysis Laboratory of
Institute of Food Science & Nutrition, Bahauddin Zakariya
University, Multan-Pakistan.

Collection of samples

IFM of thirteen different brands used for infants aged
1-6 mon were purchased from pharmaceutical stores and
local markets. Ten samples of each IFM brand were col-
lected and the analyses were performed in triplicate. The
samples were stored in refrigerator until analyzed.

Analysis of AFM; in IFM
Sample preparation

Powdered IFM (1 g) was taken and mixed with 10 mL
of distilled or deionized water. Samples were defatted thr-
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ough centrifugation (Germany) for 10 min at 2000xg. The
upper layer of fat was removed carefully by using a spat-
ula. Defatted milk samples were used for the determina-
tion of AFM, through ELISA Kkits.

ELISA assay protocol

ELISA kits were purchased from Euro Proxima, (cata-
logue No. 5121AFM,, Netherlands) and the analysis for
AFM, was performed according to the guidelines provi-
ded in the kit manual. Defatted samples, standard solu-
tions and blanks (100 pL each) were added to their res-
pective wells and were incubated in dark for a period of 1
hr. Specific antibody binding sites in each well bounded
free AFM, available in samples or standards. After incu-
bation the remaining solution in each well was discarded
and the wells were washed three times with rinsing buf-
fer. Now, conjugate solution (AFM,-horseradish peroxi-
dase) was added to each well in the quantity of 100 pL.
The plates were again incubated in dark at room tempera-
ture for a period of 30 min. The remaining solution was
discarded and the microtiter plate wells were again washed
three times with rinsing buffer. After drying, 100 pL of
substrate solution was added in each well and the plate
was incubated at room temperature. After 30 min, 100 pL.
of stop solution was added to each well. The absorbance
of each well at 450 nm was read through ELISA reader
(Bio-Tek ELx800, Indonesia). The limit of detection
(LOD) for AFM, was 0.006 ng/mL. The concentration of
AFM, in each sample was calculated through standard
calibration curve.

Quality control
For validation of results, a standard solution of AFM,

was purchased from Sigma Aldrich Chemicals (A6428).
AFM, free milk samples were spiked with standard solu-
tion of AFM, at the concentrations of 0.01, 0.05, 0.1 and
0.2 pg/L. AFM, recovery percentages were recorded in
the range of 96.3-98.4% (Table 1).

Heavy Metals Assessment in IFM Brands

Apparatus and chemicals

All the chemicals and reagents used were of analytical
grade purchased from Merck Chemicals, USA. Hot plate
(Lab Tec; EH 35A plus) was used for digestion of the
samples. Flame atomic absorption spectrophotometer
(Thermo Scientific; iCE-3000 series) was used for the
analysis of heavy metals. The standards for heavy metals
were purchased from CPA chemicals limited. Samples
and standards were diluted with double distilled water to
make final volumes.

Quantification of heavy metals

Metals included in current study were Pb, Cd, Fe, Zn
and Ni. For the estimation of heavy metals in IFM sam-
ples, wet digestion method of Weldegebriel ef al. (2012)
was adopted. Briefly, 0.5 g sample was weighed by using
Digital Weighing Balance (Precisa XB 120A) followed
by addition of 10 mL of nitric acid (HNO,) and 5 mL per-
chloric acid (HCIO,), and kept at room temperature for
one night. Next day, the sample was heated on a hot plate
until the volume of solution dropped down to 2-3 mL and
the color became transparent. The sample was diluted with
double distilled water up to convenient volumes and fil-
tered through Whatman’s filter paper No. 42. Finally, the
samples and blanks were loaded on flame atomic absorp-

Table 1. ELISA method efficiency verification by spiking various levels of AFM, in milk

Spiked AFM, (pg/L) Observed value (pg/L) Recovery (%) Coefficient of variance (%)
10 9.63 96.3 0.24
50 48.4 96.8 0.53
100 98.1 98.1 0.94
200 196.8 98.4 0.64

Table 2. Operating parameters for flame atomic absorption spectrophotometer for determination of heavy metals in infant

formula milk brands

Metal Wavelength (nm) Flow rate (I/min) Band pass (nm)

Lead 217 0.8-1.1 0.45
Cadmium 227.8 0.9-1.4 0.48

Iron 248 0.9-1.1 0.2

Zinc 214 1-1.3 0.2

Nikel 231.8 0.9-1.1 0.2

http://www.kosfaj.org/
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tion spectrophotometer for quantification of the metals. A
mixture of air and analytical grade acetylene was used for
burning of flame. The limits of detection (LOD) for vari-
ous elements were calculated according to the method of
Ismail et al. (2015). The LODs for Fe, Zn, Ni, Pb and Cd
were 0.01, 0.03, 0.001, 0.004 and 0.002 mg/kg, respec-
tively. The operating parameters of flame atomic absorp-
tion spectrophotometer are presented in Table 2.

Statistical analysis

Statistical evaluation of data obtained from each param-
eter was done through Statistix 8.1 software (Statistix Inc.,
USA). For comparison purpose, the data were subjected
to one-way analysis of variance (ANOVA) followed by
LSD (least significant difference) test. The differences
were considered statistically significant at the probability
level of p<0.05. Mean values and the measurement uncer-
tainty (standard deviations) were computed through Mic-
rosoft Excel 2013.

Results and Discussion

Aflatoxin M, in different IFM brands

The results of mean AFM, level in different brands of
IFM (n=13) are presented in Table 3. Statistical analysis
revealed significant differences in the concentration of
AFM;, in various brands of IFM (p<0.05). AFM, was
found positive in seven brands (53.84%) while the range
of AFM, in all the tested brands was <0.006-0.108 pg/kg.
European Union permissible limit for AFM, in IFM sam-
ples is 0.025 pg/kg (European Commission, 2010). The
current study revealed that 30.76% of the samples of [FM
brands were found exceeding the maximum permissible
limits set by European Commission.

The presence of AFM, beyond permissible limit in such
a high percentage of [FM samples is a serious health issue
particularly for infants who rely on this food during very
early stage of their life with developing immunity. Higher
levels of AFM, in animal milk samples from Pakistan are
also reported by Ismail ef al. (2016), according to which
93% out of a total of 520 milk samples were found posi-
tive for AFM, while 53% samples were reported exceed-
ing the EU maximum limit for AFM, in milk (0.05 pg/L).
Kanungo and Bhand (2015) reported the level of AFM,
in IFM samples from India and found that all samples had
AFM, above the maximum EU limits. The range of AFM,
in IFM samples was 0.501-0.713 ng/kg. The level of AFM,
in [FM samples from India is much higher as compared
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Table 3. Concentration of AFM, (ng/kg) in infant formula
milk samples of various brands

Sr. No. Brand Codes AFM, Concentration
1 Brand-A 0.04 +0.002 ©
2 Brand-B 0.108 £0.006 *
3 Brand-C 0.056 £0.003 °
4 Brand-D <0.006 °
5 Brand-E <0.006 °
6 Brand-F 0.032+0.002 ¢
7 Brand-G 0.0062+0.002 ©
8 Brand-H <0.006 °
9 Brand-I1 0.0093+0.001°¢
10 Brand-J 0.0092+0.001 ©
11 Brand-K <0.006 ©
12 Brand-L <0.006 ©
13 Brand-M <0.006 ©

to our findings. In a study conducted in Spain by Beltran
et al. (2011), AFM, level was measured in 14 baby food
samples, 7% of which were found positive for AFM, while
the reported mean concentration for AFM,; was 0.006 pg/
kg, however none of the samples was found exceeding
the maximum EU limit. Meucci et al. (2010) measured
the level of AFM, in 185 infant milk samples in Italy and
found only 1% samples positive for AFM, with a range
of 0.0118-0.0153 pg/kg. Alvito et al. (2010) analyzed 27
baby food samples for the quantification of AFM, in Por-
tugal, 7.4% of which were found positive for AFM, hav-
ing a range of 0.017-0.041 ug/kg. The reported values of
AFM, from Spain, Italy and Portugal showed less level of
AFM, as compared to our results indicating a better con-
trol of aflatoxins in these countries as compared to Paki-
stan. The availability of IFM brands contaminated with
AFM, beyond set standards might be associated with
favorable environment for the growth of fungus responsi-
ble for the production of aflatoxins, lack of surveillance
system and lack of control of law enforcement agencies
on manufactures and suppliers.

Determination of heavy metals in IFM brands

The results of minerals elements in IFM samples of
various brands are presented in Table 4. Statistical analy-
sis showed significant differences in the concentration of
mineral elements among various brands however the dif-
ferences were non-significant for Pb and Cd (p<0.05).
Mineral elements concentrations in various brands were
found in the order of Fe > Zn > Ni. Heavy metals like Pb
and Cd were found below detection limits in all of the
tested brands, indicating the adoption of good manufac-
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Table 4. Concentration of heavy metals and mineral elements (mg/kg) in IFM samples of different brands

Brand codes Fe /n Ni Pb Cd
Brand-A 51.39+0.21 41.05+0.3" 50.90+0.4* <0.0004 <0.0002
Brand-B 56.45+0.3° 37.22+0.2% 17.58+0.1¢ <0.0004 <0.0002
Brand-C 92.07+0.5° 35.23 +0.2' 19.35+0.2° <0.0004 <0.0002
Brand-D 50.65+0.3! 52.33 +0.4¢ 18.29+0.2¢ <0.0004 <0.0002
Brand-E 62.08+0.4° 50.31+0.49 <0.001° <0.0004 <0.0002
Brand-F 46.85+0.2¢ 48.19+0.4¢ 0.12+0.01F <0.0004 <0.0002
Brand-G 51.59+0.21 40.17+0.3 <0.001° <0.0004 <0.0002
Brand-H 97.11+0.6 62.44 +£0.5° 17.55+0.14 <0.0004 <0.0002
Brand-I 54.50+0.32 37.93+0.2 <0.001°f <0.0004 <0.0002
Brand-J 54.09+0.3" 113.50+0.7 0.18+0.1F <0.0004 <0.0002
Brand-K 55.37+0.3" 29.72+0.1™ <0.001" <0.0004NS <0.0002N8
Brand-L 57.21+0.4¢ 47.07 +0.3f 17.20+0.1¢ <0.0004 <0.0002
Brand-M 45.40+0.2' 44.14+0.38 <0.001° <0.0004 <0.0002

turing practices by the IFM manufacturers to control these
highly toxic heavy metals.

Fe is an essential element for the normal growth and
development of human body. The results of current study
showed the presence of iron in all the IFM brands ranged
from 45.40-97.10 mg/kg. The statistical analysis showed
significant differences in the level of iron among various
brands of IFM (Table 4). The level of iron found in our
study showed 5-10% (%) variations as compared to the
labeled values. Lesniewicz et al. (2010) quantified the
concentration of Fe in 12 different types of IFM brands
available in the markets of Poland The mean level of Fe
in different brands ranged 35-74 mg/kg which is almost
in agreement with our findings. Pandelova et al. (2012)
measured the level of Fe in baby milk samples available
in the markets of Germany and found mean Fe value as
47.7 mg/kg that is almost in line with our study. These
results showed that the concentration of Fe found in cur-
rent study was in normal range.

Zn is a minor inorganic element necessary for the growth
and development of infants. It is believed to be involved
in cellular metabolism. Zn is also needed for the synthesis
of DNA, division of cells and for catalytic activity of more
than 100 enzymes (Beigi and Maverakis, 2015; Tariba et
al., 2016). The results of present study revealed that the
concentration of Zn in different infant formula samples
ranged between 29.72-113.50 mg/kg (Table 4). A differ-
ence of about 2-3% was observed among the calculated
and labeled values. According to Polish standards the
Zn content in IFM samples must not exceed 55 mg/kg
(PN-A-94015). Comparing this limit with our results the
IFM of two brands were found exceeding the permissi-
ble limit. Level of Zn reported from Poland in 12 differ-
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ent brands of IFM samples ranged between 16-56 mg/kg
and these results are lower as compared to our findings.
The level of Zn reported by Melg et al. (2008) in [FM
samples available in Norway markets was in the range
of 35-39 mg/kg and these results are in line with our
findings.

Ni is one of the metals which pose severe complica-
tions especially in the new born babies and infants, if
consumed in higher concentrations. The results of present
study showed the presence of Ni in some of the IFM sam-
ples. The levels of Ni in various infant brands showed
huge variations and the mean values ranged between
<0.001-50.903 mg/kg. Some of the IFM samples showed
Ni level below the detection limit (<0.001 mg/kg). The
statistical analysis showed significant differences in the
level of Ni among tested IFM brands. Concentration of
Ni in IFM samples is reported by a few researchers. Pan-
delova et al. (2012) reported Ni level below detection
limit in all the tested IFM samples available in the mar-
kets of Germany while Odhiambo et al. (2015) reported
0.022-0.032 mg/kg Ni in the IFM samples available in
the markets of Nigeria. The results of these studies are
although in line with our study but the higher levels of Ni
in some of our tested samples indicated the chances of Ni
toxicity in infants.

Conclusion

The results of current study indicated that the concen-
trations of toxic metals Pb and Cd in IFM samples were
detected within safe limits. The level of Fe was also found
in normal ranges but the levels of Zn and Ni in some of
the IFM brands were found above the normal ranges. The
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analysis of AFM, in IFM samples revealed that 30.76%
infant formula samples exceeded the EU maximum per-
missible limit which might result in severe toxicity in inf-
ants being immunity compromised group of age. The ele-
vated levels of AFM,, Zn and Ni in some of the IFM
brands demand surveillance and implementation of regu-
lations to avoid any severe and irrecoverable health imp-
lications as a result of bioaccumulation of these toxic
compounds in infants.
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