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ABSTRACT 9 

Mother milk is the primary food source for neonates that if contaminated with certain toxic 10 

compounds may result in lifelong complications in the breastfeed infants. Present study was 11 

designed to evaluate the concentration of Aflatoxin M1 (AFM1) and the four most toxic heavy 12 

metals i.e. lead (Pb), cadmium (Cd), mercury (Hg) and arsenic (As) in mother milk samples. 13 

AFM1 was found in the range of <0.001 – 0.044 µg/L and 6.4% mother milk samples were found 14 

above the EU permissible limit (0.025 µg/L). Pb and Cd concentrations were found above the 15 

normal ranges proposed by WHO while Hg was found slightly above the WHO proposed level. 16 

Keywords: Mother, Milk, Aflatoxin, Heavy metal, ELISA.  17 

1. Introduction 18 

Mother milk is considered the most important if not only source of nutrients for the neonates 19 

(Jimoh & Kolapo, 2008; Pronczuk, Moy, & Vallenas, 2004). It encompasses all the essential 20 

minerals, vitamins and high value proteins along with polyvalent characteristics that play a vital 21 

role in upkeep of a child (Mansour, Hassan, El-Aal, & Ebrahem, 2015). Moreover, mother milk 22 

also contain antibodies and numerous protective factors that help to combat diseases. Infants 23 

remain protected from many diseases if they are breastfed in early stages of their life. Mother 24 

milk consumed by a normal infant in first month of life is more than 400–500 mL and at the age 25 

of 2-6 month this amount rises to more than 760 mL per day (El-Tras, El-Kady, & Tayel, 2011). 26 
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Despite of the huge benefits of mother milk, small amount of contaminants are also reported in 27 

mother milk that are related to the diet and environmental exposure of the mother (Jensen, 1983). 28 

The most frequently reported toxic xenobiotics in mother milk samples are aflatoxin M1 (AFM1) 29 

(Cantú-Cornelio et al., 2016; Diaz & Sánchez, 2015; Iha, Barbosa, Heck, & Trucksess, 2014) 30 

and heavy metals (Abdollahi, Tadayon, & Amirkavei, 2013; Mansour et al., 2015; Ullah, 31 

Rehman, Iqbal, Rehman, & Ahmad, 2015). However, it is pertinent to mention that breast-32 

feeding is encouraged despite the presence of impurities in mother milk, the efforts are being 33 

made to ensure the supply of safe food to the mothers so that the neonates receive healthy mother 34 

milk. 35 

Aflatoxins (AFs) belong to mycotoxins and are reported in food and feed items in 18 different 36 

forms. The most toxic AF is Aflatoxin B1 (AFB1) that is declared as group 1 category carcinogen 37 

by the International Agency for Research on Cancer (IARC). AFB1 converts into AFM1 inside 38 

the liver of animals through cytochrome P450 enzymes. AFM1 is although a detoxified product 39 

of AFB1 that is ten times less carcinogenic as compared to its parent compound but still 40 

categorized as group 2B category carcinogen (probable human carcinogen) by the IARC. Other 41 

than carcinogenicity, AFM1 is also reported as immune suppressant, growth retardant and 42 

teratogenic.  AFM1 is not only reported in milk and milk products of animal origin but also 43 

reported in the milk of humans. European Union has set the maximum permissible level for 44 

AFM1 in animal milk as 0.05 µg/L but for human milk it is fifty times more strict i.e. 0.025 µg/L 45 

(Ismail et al., 2016a; Ismail et al., 2017).  46 

Heavy metals are the elements that have specific gravity higher than 5 g/cm3 and bears the 47 

potential to trigger severe toxicity in humans even if ingested in very low doses. The most toxic 48 

heavy metals reported until now are Hg, Pb, As and Cd. Health complications mostly associated 49 

with metal toxicity are under developed nervous system, cancer of diverse types, abnormal or 50 

retarded growth, kidney failure, diarrhea and vomiting. Contamination of toxic metals in food 51 

items of human consumption are frequently reported mostly from the underdeveloped countries. 52 

Consumption of metal contaminated food items by the lactating mothers result in the residues of 53 

metals in mother milk that ultimately impacts the health of breastfeeding infants. A number of 54 

countries have reported the presence of toxic heavy metals beyond their permissible ranges in 55 

mother milk samples including Iran (Abdollahi et al., 2013), Ghana (Bentum et al., 2010), Saudia 56 

Arabia (Al-Saleh et al., 2015), Turkey (Turan, Saygi, Kiliç, & Acar, 2001) and Nigeria 57 
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(Adesiyan, Akiibinu, Olisekodiaka, Onuegbu, & Adeyeye, 2011). 58 

To the best of our knowledge the concentration of AFM1 in mother milk samples from Pakistan 59 

is unexplored until now. Therefore, this study was designed to assess the levels of two major 60 

toxic compound groups in mother milk samples from Pakistan i.e. AFM1 and selected heavy 61 

metals. Current study will certainly support the health agencies of Pakistan to better understand 62 

the food safety situation and to make certain regulations against the major toxic compounds 63 

prevailing in food items that currently is missing. 64 

2.0. Materials and methods 65 

2.1. Study Population 66 

Mother milk samples were collected from lactating mothers aging between 24 - 35 years. 67 

Healthy mothers were included in the study, mothers suffering from any illnesses or infections 68 

were excluded from the study. The sampling was done by the self-extraction method. A 69 

questionnaire was designed to collect the information on the subjects of the educational status, 70 

somatic measures, demographic characteristics and socioeconomic status of lactating mothers 71 

that were included in the study. To explore the effect of economic background on the 72 

concentration of toxic compounds in mother milk samples the mothers were divided into three 73 

groups based on their economic status i.e. rich (above $ 1000 per month), middle class ($ 250 -74 

$ 1000 per month) and poor (below $ 250 per month).  75 

2.2. Sample Collection 76 

A total of 125 lactating mother (aged between 25 – 30 years) were selected from five districts of 77 

Punjab province of Pakistan. Their milk samples were collected in sterile plastic bottles. The 78 

samples were brought in ice boxes and stored at -80 °C until analyzed. Thawing of the samples 79 

was done at ambient temperature just prior to analysis. 80 

2.3.0. Laboratory Testing 81 

ELIZA kits and atomic absorption spectrophotometer were used for analyzing the concentrations 82 

of AFM1 and heavy metals respectively, in mother milk samples. 83 

2.3.1.1. Analysis of AFM1 in Mother Milk Samples through ELISA Kits 84 

Prior to analysis of AFM1 in mother milk samples, the samples were thawed and centrifuged for 85 

10 min at 3000 rpm (Heidolph, Germany) and the upper layer of cream was removed. The 86 

quantification of AFM1 was performed using an ELISA kits according to the guidelines of 87 

manufacturer (Helica California, USA). Briefly, standard solutions, blanks and samples were 88 
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added in their respective wells (2 µL of each) and incubated for 60 min at ambient temperature in 89 

dark. The unattached solution was discarded and the plates were washed thrice with rinsing 90 

buffer solution. Now, enzyme conjugate (100 ȝL) was added and again incubated for 60 minutes 91 

at 37 °C. After that washing of the wells was done to remove unbounded enzymes. The enzyme 92 

substrate and chromogen at a concentration level of 50ȝL each, were added in the wells and 93 

incubation was done in dark for the duration of 30 minutes at a temperature of 37 °C. The 94 

colorless chromogen converted into a blue colored product due to the action of bounded enzyme. 95 

In the next step, stop solution (100 ȝL per well) was added that changed the color of wells from 96 

blue to yellow. The change in color was measured on ELISA reader (Bio-Tek ELx800, 97 

Indonesia) at 450 nm.  98 

2.3.1.2. Verification of ELISA Method Validity 99 

AFM1 standard solution was procured from Sigma chemicals (A6428) for verification objective. 100 

In AFM1 free milk samples the standard solution at the level of 0.01, 0.02, 0.05 and 0.1 mg/L 101 

were added. The AFM1 reclamation percentage was found in the range of 96.1- 98.7 % and the 102 

variation coefficient ranged between 2.1-4.3 %. The limit of detection (LOD) for AFM1 provided 103 

by the kit manufacturing company was 0.001 µg/L. The limit of quantification (LOQ) was 104 

calculated according to the method proposed by Ismail et al. (2014). The LOQ of ELISA method 105 

was 0.003 µg/L.   106 

2.3.2. Heavy Metals Determination 107 

2.3.2.1. Preparation of Mother Milk Samples for Atomic Absorption Spectrophotometer 108 

Heavy metals concentrations in mother milk samples were quantified through flame atomic 109 

absorption spectrophotometer. Digestion of samples was performed by employing wet digestion 110 

procedure as mentioned by Richards (1968). Milk sample (2 mL) was dissolved in nitric acid (10 111 

mL) and then heated for 30 min at 100 °C. After that 5 mL per chloric acid was added and again 112 

heated and evaporated upto half of the added volume with the aid of hot plate. The digested 113 

sample was put into volumetric flask, and diluted up to 25 mL with distilled water. All samples 114 

were digested in triplicates. 115 

2.3.2.2. Quantification of Heavy metals in mother milk samples  116 

Mother milk samples were analyzed for Pb, Cd, Hg and As through flame atomic absorption 117 

spectrophotometer (Thermoscientific, 3000 series) by using high energy flame obtained through 118 

acetylene/nitrous and air. The analysis of blanks was done and the limits of detection for various 119 
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elements were obtained as 3 time the standard deviation (SD values) of 22 technical blanks (3.3 120 

SD/b). LOD values for Pb, Hg, Cd, and As were 0.53, 0.20, 0.62, 0.08 ȝg/Kg, respectively. 121 

Recovery percentages of the selected heavy metals were computed through spiking the milk 122 

samples with known concentrations of standard solutions. The recovery percentages of metals 123 

under study were found in the range of 93.8 – 97.9 %. The analysis were conducted in triplicate 124 

and the experiments were performed again if the repeatability percentage exceeded 1 %. 125 

2.4. Ethical Consideration  126 

The study was approved from the Bioethical society of Bahauddin Zakariya University, Multan – 127 

Pakistan. All the mothers were briefed about the study and the milk samples were taken after 128 

their consent.  129 

2.5. Data Analysis  130 

Statistical differences (P< 0.05) in AFM1 and heavy metals concentrations of mother milk 131 

samples collected from various economic classes were computed through Statistics 8.1 software 132 

(Statistix Inc., Florida, USA). For the calculation of mean values and standard deviation (SD), 133 

Microsoft Excel (2016) version was used.  134 

3.0. Results & Discussion 135 

3.1. AFM1 Occurrence in Mother Milk  136 

Prevalence of AFM1 in mother milk samples collected from different districts of Southern 137 

Punjab is summarized in table 1. Statistical analysis revealed significant differences in the 138 

concentration of AFM1 among mother milk samples collected from different districts and 139 

different economic classes. The percentage of positive samples was 75 % (n=94) while overall 140 

range of AFM1 in mother milk samples was < 0.001 – 0.044 µg/L. Comparing our results with 141 

EU permissible limit (0.025 µg/L) 6.4 % samples (n=8) were found to exceed the maximum 142 

limit. Mean maximum AFM1 prevalence was recorded from Layyah district (0.030±0.008 µg/L) 143 

while mean minimum level was recorded from Multan district (0.017±0.002 µg/L). On economic 144 

grounds the prevalence of AFM1 in mother milk samples was recorded in the order of Poor 145 

(0.028±0.005 µg/L) > Middle Class (0.021±0.004 µg/L) > Rich (0.018±0.004 µg/L). The 146 

educational status of mothers was found to vary from graduate (7 %) to illiterate level (48 %), 147 

while most of the mothers were house wife (59 %) and their body weights ranged between 40 – 148 

78 Kg. A non-significant relationship (P < 0.05) was recorded between the level of AFM1 in the 149 

milk of mothers and their educational, somatic as well as working status.       150 
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Prevalence of AFM1 in mother milk samples is the indicator of aflatoxins contamination in the 151 

diet of mothers. A number of countries have reported the prevalence of aflatoxins in different 152 

food commodities and ultimately in the milk of mothers as well. Maleki, Abdi, Davodian, 153 

Haghani, & Bakhtiyari (2015) analyzed 85 mother milk samples from Iran and found 100 % 154 

samples positive for AFM1 ranging between 0.002 – 0.010 µg/L while the mean AFM1 level in 155 

mother milk samples was 0.005 µg/L. In Malaysia, none of the samples were reported positive 156 

for AFM1 from a total of 45 mother milk samples Shuib, Makahleh, Salhimi, & Saad (2017).  In 157 

Nigeria, 50 mother milk samples were analyzed for AFM1 out of which 82 % samples were 158 

found positive for AFM1 ranging between 0.003 – 0.035 µg/L, while 16 % samples were found 159 

to exceed the EU maximum limit (Adejumo et al., 2013). In Turkey, form a total of 73 mother 160 

milk samples analyzed for AFM1, 18 samples were found positive for AFM1 but none of the 161 

samples was found to exceed the EU maximum limit (Atasever, Yildirim, Atasever, & Tastekin, 162 

2014). Polychronaki et al. (2007) reported 56 % samples positive for AFM1 from a total of 443 163 

samples ranging between 0.004 – 0.889 µg/L. Comparing these reports with our findings, it can 164 

be stated that the level of AFM1 in mother milk samples from Pakistan is higher as compared to 165 

Malaysia and Turkey and almost in line with the findings from Nigeria, Iran and Egypt. The 166 

possible reasons behind the high incidences of AFM1 contamination in mother milk samples 167 

from Pakistan include low literacy rate of mothers, suitable weather for the production of 168 

aflatoxins, more consumption of foods vulnerable to aflatoxins contamination by the Pakistani 169 

mothers and less implementation of rules and regulations to limit the production of aflatoxins 170 

(Ismail et al., 2016b). A number of studies from Pakistan have reported the high prevalence of 171 

aflatoxins in food commodities beyond the permissible limits such as in milk (Iqbal & Asi, 172 

2013), in cereals (Majeed, Iqbal, Asi, & Iqbal, 2013), in spices (Iqbal, Asi, Zuber, Akhtar, & 173 

Saif, 2013) and in dry fruits (Masood, Iqbal, Asi, & Malik, 2015). The prevalence of aflatoxins 174 

in Pakistani food items beyond the permissible limits ultimately indicates the chances of AFM1 175 

contamination in mother milk samples and that is proved for the first time in this study.   176 

Prevalence of AFM1 in poor mother’s milk samples indicates the consumption of moldy or poor 177 

quality foods that ultimately may lead to adverse health impacts not only on mother’s health like 178 

hepatic failure, reproductive disorders and weak immunity system but also on neonates health 179 

such as impaired growth and weak immune system. The consumption of aflatoxins 180 

contaminated food more by the poorer communities is reported by a number of researchers from 181 
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around the globe. In Kenya more than 200 poor people died due to the consumption of 182 

aflatoxins contaminated food (Yard et al., 2013). Highest aflatoxins contamination rate was 183 

recorded in Layyah district that might be linked with the fact that maximum number of mothers 184 

from Layyah district had rural background and depend of subsistence farming. A relation 185 

between aflatoxins intake and subsistence farming is reported by Wild & Gong (2010).         186 

3.2. Heavy Metals in Mother Milk  187 

Concentration of heavy metals in mother milk samples of different economic classes, collected 188 

from different districts of Punjab province are summarized in Table 3. The concentrations of 189 

different heavy metals in mother milk samples were found in the order of Pb > Cd > Hg > As. 190 

Concentrations of heavy metals on economic grounds were in the order of Rich > Middle class > 191 

Poor. Concentration of heavy metals on district basis were in the order of Muzaffargarh > Multan 192 

> DG Khan > Layyah. Pb was found as the most prevalent heavy metal in mother milk samples 193 

ranging between 0.009 – 0.440 mg/L while the mean Pb level was 0.095 mg/L. Significant 194 

differences were recorded for cadmium concentration in mother milk samples from different 195 

districts of Punjab collected from mothers belonging to different economical classes (P < 0.05). 196 

Cadmium concentration in milk mother milk samples were found in the range of 0.0002 – 0.301 197 

mg /L, while the mean contamination level was 0.052 mg/L. Hg concentration in mother milk 198 

samples was recorded in the range of 0.203 – 3.981 µg/L, while the mean level was 0.614 µg/L. 199 

Concentration of As in mother milk samples was found in the range of 0.092 – 1.240 µg/L, while 200 

the mean As level was 0.504 µg/L. Furthermore, a non-significant relationship (P < 0.05) was 201 

recorded between the tested heavy metals and AFM1 indicating the different natures of these two 202 

classes of contaminants.  203 

The reported levels of Pb in mother milk samples from Nigeria (Adesiyan et al., 2011), Egypt 204 

(Saleh, Ragab, Kamel, Jones, & El-Sebae, 1996), Mexico (Namihira, Saldivar, Pustilnik, 205 

Carreón, & Salinas, 1993) and Turkey (Gürbay et al., 2012) were 0.009, 0.101, 0.460, 0.361 206 

mg/L, respectively. The findings of our study are in line with the reported level of Pb in mother 207 

milk samples from different countries. The acceptable range of Pb in different food commodities 208 

proposed by WHO is 2 - 5 µg/L (World Health Organization, 1989), comparing this limit with 209 

our results 100 % samples were found to exceed the acceptable limit. Prevalence of Pb above the 210 

permissible limits in animal milk and vegetable samples from Pakistan are also reported by us in 211 

earlier studies (Ismail et al., 2014, 2015). 212 
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The maximum permissible level for Cd proposed by WHO is 1 µg/L (World Health 213 

Organization, 1989), comparing this level with our results 87 % samples were found to exceed 214 

the limit. The mean level of Cd in mother milk samples from Spain (García-Esquinas et al., 215 

2011) and Cyprus (Kunter et al., 2017) are 0.45 and 1.31 µg/L, respectively and these values are 216 

much lower than our findings. Mansour, Hassan, El-Aal, & Ebrahem (2015) reported mean Cd 217 

level in mother milk samples from Egypt as 0.025 mg/L (0.001 - 0.061 mg/L) that is almost in 218 

line to our findings. (Goudarzi, Parsaei, Nayebpour, & Rahimi (2013) reported Cd level in 219 

mother milk samples from Iran (Isfahan) in the range of 0.45–5.87 mg/L, indicating a higher 220 

level of Cd in mother milk samples from Iran as compared to Pakistan. Prevalence of Cd above 221 

permissible limit in mother milk samples from Pakistan is a serious concern for the health of 222 

neonates and mothers, as it may damage the kidney and bones of the newborn and also disturbs 223 

Ca and Zn absorption in the body.  224 

The permissible range for Hg in mother milk samples proposed by WHO is 1.4 -1.7 µg/L (World 225 

Health Organization, 1989), comparing this limit with our findings 7% samples were found to 226 

exceed the maximum permissible level. Mean reported level of Hg from Spain by García-227 

Esquinas et al. (2011) was 0.53 µg/L that is almost in line with our findings. Mean reported level 228 

of Hg in mother milk samples from Saudi Arabia was 0.884 µg/L and 43.2% samples were 229 

reported to have Hg above 1 µg/L (Al-Saleh et al., 2015), the reported level of Hg in Saudi 230 

mothers is slightly higher than our findings. 231 

Maximum allowable daily intake of As proposed by WHO is 15 µg/kg/week. The concentration 232 

of As in mother milk samples from this study seems in safe limits. Concentration of As from 233 

Cyprus (Kunter et al., 2017) and Taiwan (Chao et al., 2014) were 0.72 and 0.16 – 1.6 µg/L and 234 

these values are almost in line with our study. Mean As concentration in mother milk samples 235 

from Ghana reported by Bentum et al. (2010) is 1.54 µg/L that is slightly higher than our studies. 236 

A review of As concentration in mother milk samples from different countries indicates that the 237 

As level found in this study seems in the safe ranges. Although a higher prevalence rate of As is 238 

reported in food and water of Pakistan by a number of researchers (Rasheed, Kay, Slack, Gong, 239 

& Carter, 2017; Rasheed, Slack, Kay, & Gong, 2017) but its low level in mother milk samples 240 

might be due to the toxin filtering role of mother’s body.  241 

4.0. Conclusion 242 

This study is the first report on the prevalence of AFM1 and heavy metals in mother milk 243 
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samples from Pakistan. AFM1 was fund positive in 75 % samples while 6.4 % samples were 244 

found to have contamination level above the EU maximum permissible level of AFM1 in mother 245 

milk i.e. 0.025 µg/L. Poor mothers and ultimately the poor breastfeed infants appeared to be on 246 

the highest risk side. Among the four tested heavy metals i.e. Pb, Cd, Hg and As, the 247 

concentrations of Pb and Cd were found above the safe levels and thus require strict monitoring 248 

and preventive measures to protect the health of mothers and infants. Prevalence of toxic metals 249 

and aflatoxins in the mother milk samples is the indicator that food supplied to the mothers is not 250 

safe for human consumption. Strict actions are needed to ensure the supply of safe food to the 251 

consumers especially the lactating mothers. Government agencies working in food and 252 

agriculture sector must create awareness and should adopt strict regulatory measures to control 253 

the exposure of these contaminants. It is pertinent to mention that despite the prevalence of some 254 

toxic substances still mother milk is the best source of nutrition for the infants due to its 255 

matchless nutritional significance.   256 
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