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of humidity and temperature play an im-
portant role in fungi's growth (Duncan
and Hagler, 2008; Averkieva, 2009). 

Aflatoxins are a group of toxins pro-
duced in foods contaminated by the molds
Aspergillus  flavus  and  A.  parasiticus

INTRODUCTlON

A common type of fungus that can
grow inside the body is a mould produces
a mycotoxin called aflatoxin. The regions
more affected by aflatoxins are those with
tropic or subtropic climate, since the levels
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ABSTRACT
Aflatoxins are a group of toxins produced in foods contaminated by the molds Aspergillus flavus and

Aspergillus parasiticus and have been implicated as a causative agent in human hepatic and extrahepatic

carcinogenesis. This study was conducted to establish the influence of sociological factors, breast feeding

and weaning on aflatoxin exposure in children as well as to determine the effect of aflatoxin exposure on

children’s growth. Aflatoxin B1 (AFB1) in blood was used as a biomarker for exposure to aflatoxin. Thin

Layer Chromatography (TLC) was used for the analysis of AFB1 in blood samples from 46 mothers and

their children after taking informed consent from mothers. The mean + SE level of AFB1 of positive chil-

dren is 66.735 + 16.3757 ppb.  While the mean + SE level of AFB1 of mothers of positive children is

(68.0131 + 11.5195 ppb). AFB1 level was not affected by child's age, sex, residence (whether rural or ur-

ban), maternal age, parity, education nor occupation. AFB1 in breastfed children was significantly lower

than in non-breastfed (artificially-fed, cow's milk fed or fully weaned) ones. Weight - z - score (WAZ)

showed no significant difference between AFB1 negative and positive cases while height - z - score (HAZ)

was significantly lower in AFB1 positive compared to AFB1 negative cases. A significant negative corre-

lation between AFB1 concentration and their height-z-score while correlation between AFB1 concentra-

tion and WAZ was non-significant. In conclusion, this study suggests that breast feeding results in lower

AFB1 exposure and that there is a strong association between aflatoxin exposure and impaired growth. 
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toxicities, such as: acute, chronic carcino-
genicity, teratogenicity, genotoxicity and
immunotoxicity.  Mycotoxins cause poten-
tial threat to animal and human health in
view of their teratogenicity, but the re-
ports and literature showed that the stud-
ies in the field of mycotoxins - teratogene-
sis are very limited. The use of biological
markers over the last 10-15 years indicated
that people are chronically exposed to
high levels of aflatoxins starting in utero
and continuing throughout life (Montesa-
no et al., 1997). 

The presence of AFB1 in cord blood
samples from pregnant women also sug-
gested fetal exposure through trans-
placental transfer of the mycotoxin (DeV-
ries et al., 1989; Denning et al., 1990; Hsieh
and Hsieh, 1993; Maxwell et al., 1994; Jon-
syn et al., 1995; Abdulrazzaq et al., 2004). 

This study was conducted to establish
the influence of sociological factors, breast
feeding and weaning on aflatoxin expo-
sure in children as well as to determine
the effect of aflatoxin exposure on chil-
dren’s growth.

SUBJECTS & METHODS

Subjects : Forty six children (their ages
ranged from 2 months to 2.5 years), and
their mothers (their ages ranged from 19 -
36 years), admitted to Mansoura Universi-
ty Children’s Hospital during 18 months

(Zarba et al., 1992). The toxins have been
implicated as causative agent in human
food borne intoxication (Abdelhamid et
al., 1999), as well as a causative agent in
human hepatic and extrahepatic carcino-
genesis (Massey et al., 1995). While a num-
ber of investigations have examined hu-
man exposures to aflatoxins from the diet,
methodological constraints have inhibited
extensive investigations to assess maternal
to child exposure from breast milk to a
major carcinogenic metabolite of AFB1, af-
latoxin  M1  which  is  the  hydroxylated
metabolite  of  AFB1  formed  in  liver  by
cytochrome p450 associated enzymes
(Kamkar, 2005). 

Prenatal exposure to aflatoxin pro-
duced delayed development, impaired lo-
comotors coordination, and impaired
learning ability in the offspring of rats ex-
posed to aflatoxin during middle pregnan-
cy, and the early gestational exposure ap-
peared to produce more effects than latter
exposure (Kihara et al., 2000). Its chronic
symptoms include liver and kidney dam-
age, reduced growth, anemia, bruising
and immune suppression (Herman and
Trigo- Stockli, 2008). 

Among commonly occurring mycotox-
ins, AFB1 has gained immense importance
due to its biological effects and wide-
spread toxicity (Trail et al., 1995). The toxi-
co-pathological spectrum of AFB1 is very
wide  encompassing  different  kinds  of
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Blood was extracted with chloroform in
a separate funnel, filtrated on anhydrous
sodium sulfate and then the filtrate was
evaporated under vacuum at 45°C till dry-
ness using electric vacuum evaporator
from Sartorius, Switzerland. The residues
were dissolved in 100 µl chloroform for
spotting on a TLC plate against external
standard. The plate was developed in to-
luene/acetic acid/formic acid (6/3/1, v/
v/v) for 45 min, air dried, sprayed with
sulfuric methanol and observed under Ul-
traviolet lamp at 366 nm for qualitative
determination. For the quantitative esti-
mation, the spots of the samples as well as
of the standard were scratched separately,
dissolved in similar volumes of chloro-
form on filter papers onto test tubes and
then the optical density (OD) was meas-
ured spectrophotometrically for all ex-
tracts using the following equation:

The concentration of AFB1 (ppb) in a
sample = OD of the standard X ppb of the
standard / OD of a sample.   

Statistical analysis: The statistical anal-
ysis of data was done by using SPSS pro-
gram (statistical package for social science
version 10). The description of data was
done using mean + SE for quantitative
data, frequency & percentage for qualita-
tive data. The analysis of data was done
using Chi - square (χ2) for qualitative data
and independent sample t- test and Z -
test for quantitative data. To test the asso-
ciation   between   variables;   correlation

period were chosen randomly to be re-
cruited in the study. All subjects were free
from any hepatic or renal diseases as well
as from any chronic illness or malnutrition
that may affect growth. A questionnaire,
given to the mothers of children recruited
in the study, obtained information on the
children age, sex, residence, feeding,
weaning status and general health status.
Additional data concerning maternal pari-
ty, education and occupation were collect-
ed. Children’s height and weight using a
spring balance (SMIC Health Scale, RGZ-
120, China) were measured as well as
height for age Z-score (HAZ), weight for
age Z-score (WAZ), and weight for height
Z-score were calculated at the time of re-
cruitment.

Sampling: Five ml blood sample were
drown from each participant after taking
the mother’s consent, all blood samples
were kept frozen until analysis. The quali-
tative and quantitative determination of
AFB1 by TLC was carried out according to
the method of Eppley (1968), modified by
Abdelhamid (1981). The laboratory stud-
ies were undertaken in the mycotoxin la-
boratory of Animal Production Depart-
ment, Faculty of Agriculture, Mansoura
University. All chemicals and solutions
used were purchased from United Co. for
Chemical and Medical Preparations, Cai-
ro, Egypt. Mycotoxin standard used was
from Makor Chemicals Co., Jerusalem.
The detection level is 0.5 ppb. 
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weight-z-score (WAZ) shows no signifi-
cant difference between AFB1 negative
and positive cases (p= 0.422) while height-
z-score (HAZ) is significantly lower in
AFB1 positive compared to AFB1 negative
cases (p= 0.001) as shown in table (2).

There is a significant positive correla-
tion between AFB1 concentration in the
children and  their mothers (p= 0.0001),
also a significant negative correlation be-
tween AFB1 concentration in the studied
cases and their  height-z-score (p= 0.001)
while correlation between AFB1 concen-
tration in the studied cases and weight-z-
score is non-significant (p= 0.185) as
shown in table (3). 

DISCUSSION

Exposure of humans to aflatoxins can
be determined by a combination of food
analysis and food intake studies or by
monitoring levels of aflatoxins in biologi-
cal fluids which is a more direct and relia-
ble indicator of actual exposure. The
breast milk as a biological fluid is easily
obtained during breast feeding and, very
importantly, it permits the assessment of
the exposure of infants to aflatoxins (El -
Nezami et al., 1995).

This study was conducted to establish
the  influence of sociological factors, breast
feeding and weaning on aflatoxin expo-
sure in children as well as to determine

coefficiency test was used. 
N. B. p is considered significant if < 0.05

at confidence interval 95 %.

RESULTS

AFB1 is detected in 17 out of 46
(36.96%) of the blood samples of children
at a mean + SE concentration of 66.735 +
16.3757 ppb and 68.0131 + 11.5195 ppb in
their mothers. All the 17 children have
positive AFB1 mothers. Socio-
demographic data of the studied groups
having negative or positive blood levels of
AFB1 are shown in (Table 1 & Charts 1
and 2). The age of children with positive
aflatoxin ranges from 3 months to 1.2
years, while the age of children with nega-
tive aflatoxin ranges from 2 months to 2.5
years. AFB1 positive and negative chil-
dren show no significant difference re-
garding their age, sex, residence, maternal
age, parity, education nor occupation.

Children are classified as either breast-
fed (partially or wholly breastfed) 17 out
of 46 and 29 out of 46 are non - breastfed;
of whom 21 out of 46 are receiving artifi-
cial milk (partially or wholly artificially
fed); 2 out of 46 are receiving cow’s milk
and 6 out of 46 are fully weaned. From the
17  breastfed children only 3 are AFB1
positive,  while 14 out of 29 are non -
breastfed (artificially fed, cow’s milk or
fully weaned) children are AFB1 positive
(p= 0.034). As regards growth parameters,
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presence of AFB1 in cord blood samples
from pregnant women suggested fetal ex-
posure through trans-placental transfer of
the mycotoxin.

When grouping the children according
to their type of feeding whether breastfed
(partially or wholly) or non breastfed (arti-
ficially fed, cow's milk fed or fully
weaned), the present study found that
AFB1 level was significantly positive in
non breastfed than in breastfed children
(Table 2). We can hypothesize that the in-
crease in aflatoxin level in non - breastfed
children might be due to the possible ef-
fect of breast milk on the intestinal absorp-
tion of aflatoxin or it affects the metabo-
lism of AFB1 to active metabolites once
ingested. However, this hypothesis is not
supported by experimental data so far to
our knowledge. Gong et al. (2003), sug-
gested that weaning status, rather than
age, is the major determinant of aflatoxin
exposure level in young children. The
lower aflatoxin levels associated with
breast feeding almost certainly reflect low-
er levels of aflatoxin in breast milk than
weaning and family foods and even lower
levels of exposure might be expected in
wholly breastfed infants. 

The result of the present study was in
accordance to the finding by Gong et al.
(2004) who found that the change from
partial breast-feeding to complete wean-
ing correlated with the largest increase in

the effect of aflatoxin exposure on chil-
dren’s growth.

The present study demonstrated that
the level of AFB1 was not affected by
child's age, sex, residence whether rural or
urban, maternal age, parity, education nor
occupation (Table 1). Socioeconomic status
might have been expected to correlate
with poor food quality and higher aflatox-
in level but no strong effect was observed.
This was in accordance with the results of
Gong et al. (2003) who found no statistical-
ly significant difference in aflatoxin level
between male and female children. Simi-
larly, they found that socioeconomic stat-
us showed no statistically significant cor-
relation with aflatoxin level. Gong et al.
(2003), demonstrated that aflatoxin levels
were lowest in children age < 1 year and
increased with age up to 2-3 years old, at
which point levels reached a plateau.
However, this trend was not significant
when adjusted for weaning and socioeco-
nomic status. Sadeghi et al. (2009), similar-
ly did not show significant correlation be-
tween aflatoxin M1 which is the
metabolite of AFB1and postnatal age, gen-
der, the number of children nor the num-
ber of family members.

 Furthermore the present study reveals
that there is a relationship between AFB1
concentration in children's blood and their
mothers. This is similar to the study of
Wangikar et al. (2005), who stated that the
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pairment associated with aflatoxin expo-
sure in animals (Williams et al., 2004). 

In the present study, HAZ but not
WAZ score was significantly lower in afla-
toxin positive than in aflatoxin negative
children. HAZ score showed a significant
negative correlation with AFB1 level (Ta-
ble 3). This was in accordance to the re-
sults of Gong et al. (2004). To date the
mechanism of growth faltering is un-
known. It may be a consequence of inhibi-
tion of protein synthesis, caused by afla-
toxin-induced disruption to RNA
synthesis. Alternatively, it has been sug-
gested experimentally that an intestinal
mal-absorption may occur following afla-
toxin exposure (Turner et al., 2007).

In conclusion, this study suggests that
breast feeding results in lower aflatoxin
exposure and that there is a strong associ-
ation between aflatoxin exposure and im-
paired growth. 

aflatoxin level, possibly reflecting the in-
creasing proportion of total food con-
sumption coming from the weaning and
family foods as the child gets older. Also,
this is in agreement to Rastogi et al. (2004)
who mentioned that the consumption of
milk and milk products by human popula-
tion is quite high, particularly among in-
fants and young children thereby increas-
ing the risk of exposure to AFB1. Since
milk and milk products are a major source
for introducing aflatoxins in the human
diet, the occurrence of AFB1 in this prod-
uct is of concern.

A striking association between aflatoxin
and impaired growth in children has been
previously reported by Gong et al. (2002).
Turner et al. (2003) have previously dem-
onstrated that high levels of aflatoxin ex-
posure in childhood were associated with
growth deterioration in infants and young
children from West Africa. These observa-
tions are in agreement with growth im-
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Table (1): Socio-demographic Data of the Studied AFB1 Positive and Negative 

Children and Their Mothers.     
  

Children 

Variables Aflatoxin +ve 
No. 17 

(36.96%) 

Aflatoxin –ve 
No. 29 

(63.04%) 

P 

Age*   (years)   
Children 
Mothers 

 
0.905 + 0.1010 

26.812 + 0.9713 

 
1.196 + 0.1875 
26.812 + 0.9713 

 
0.158 
0.985 

Children's sex 
Males           
Females 

 
12 (70.5%) 
5 (29.5 %) 

 
22 (75.8 %) 
7 (24.2%) 

 
0.560 

Children's residence 
Rural            
Urban 

 
13 (76.5 %) 
4 (23.5 %) 

 
18 (62.1 %) 
11 (37.9 %) 

 
0.421 

Maternal parity 
Primi 
2nd  
3rd  
4th  

 
5 (29.4 %) 
7 (41.2 %) 
3 (17.6 %) 
2 (11.8 %) 

 
8 (27.6 %) 

14 (48.3 %) 
4 (13.8 %) 
3 (10.3 %) 

 
 

0.930 

Maternal education 
Illiterate 
High 
school 
Institute 
College 

 
4 (23.5 %) 

10 (58.9 %) 
0 (0 %) 

3 (17.6 %) 

 
7 (24.2 %) 

18 (58.6 %) 
2 (6.9 %) 
2 (10.3 %) 

 
 

0.765 
 

Occupation 
Housewife 
Employee 

 
16 (94.1%) 
1 (5.9 %) 

 
26 (89.7 %) 
3 (10.3 %) 

 
0.667 

+ve = Positive; -ve = Negative. All data are presented as number (percentage) = No. (%); except age* presented 
as mean ± SE. p < 0.05 is significant .  
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Table (2): Feeding and Growth Measurements of the Studied AFB1 Positive and 

Negative Children. 
 

Children 
Variables Aflatoxin +ve Aflatoxin –ve P 

Feeding 
                     
Breast-fed 
Non-reastfed: 
Artificial milk 
Cow's milk 
Fully weaned 

 
3 (17.6 %) 

 
11 (64.7 %) 
2 (11.8 %) 
1 (5.9 %) 

 
14 (48.3 %) 

 
10 (34.5 %) 

0 (0 %) 
5 (17.2 %) 

 
 
 

0.034* 

WAZ - 0.535 + 1.944 0.983 + 1.546 0.422 
HAZ - 0.95 ( - 1.89 –  - 0.33) - 0.19 ( - 0.605 - - 

0.665) 
0.001** 

 Feeding is presented as number (percentage) = No. (%). WAZ is presented as mean ± SD while HAZ is 
presented as median (IQR). p < 0.05 is signific a n t . 

  
 
 
 
Table (3): Correlation between Different Parameters with AFB1 Level in Studied 

Mothers and Children. 
 

Children level  
R P 

Mother level 0.881 0.0001** 
WAZ - 0.199 0.185 
HAZ - 0.460 0.001** 

          p < 0.05 is significant 
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Chart (1): TLC Plate of extract residue of AFB1 in children blood samples against standard AFB1.
                  S1: AFB1 Standard.
                  S2- S5: Children blood samples (AFB1 Negative). 

Chart (2): TLC Plate of extract residue showing quantitative analysis of AFB1 (as shown by
scratching of the spots) in children blood samples against standard AFB1.

                    S1: AFB1 standard.
                    S2 - S5: Children blood samples (AFB1 Positive).
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مستوى الأفلاتوكسě ب١ وعلاقته بغذاء وĥو الأطفال

اĠشتركون فى البحث

    د. دعاء عبدالوهاب أحمد اĠرسى                 د. ســـــمـيره شــــعـبان
أ. د. عبدالحميد محمـد عبدالحمـيد*                د. أحمد إبراهيم محرم*

أ. م. د. بسـمه أســـامه شـومـان**
من أقســـام الطب الشرعى والسموم الإكلينيكية - كلية الطب والإنتاج الحيوانى - كلية الزراعة*

والأطفال Ėستشفى الأطفال الجامعى** - جامعة اĠنصورة - جمهورية مصر العربية

الأفلاتوكـسě هى مجـموعة من السـموم التى يتـم إنتاجهـا فى الغذاء وتؤدى إلى الإصـابة بأمراض الـكبد الـسرطانيـة وغيرها من الـسرطانات

الأخـرىĒ ويهدف هـذا البـحث إلى دراسة تـأثيـر العـوامل الاجتمـاعيـة والرضـاعة الـطبيـعيـة والصـناعـية والفـطام عـلى نسـبة الأفلاتـوكسě  فى دم

الأطفال وتأثيره على ĥوهم. وقد تمت الدراسة على ٤٦ من الأطفال اĠترددين على مستشفى الأطفال الجامعى مع أمهاتهمĒ وقد ģ سحب ٥ مللم

من الدم من كل طفل ووالدته بـعد أخذ موافقة كتـابية منهمĒ وģ تحلـيل الدم بإستخدام تحـليل الكروماتوجرافى رقـيق الطبقات كيـفياً وكمياĒً وقد

أوضحت الـدراسة أن مـتوسط تـركيـز الأفلاتوكـسě فـى الأطفال ٧٣٥ر٦٦ + ٣٧٥٧ر١٦ جزء / بـليـون بيـنمـا مـتوسط تـركيـز الأفلاتوكـسě فى

الأمـهات كانت ٠١٣١ر٦٨ + ٥١٥٩ر١١ جزء / بـليـونĒ وقد أثبـتت الدراسـة أنه لاعلاقة بě الـعوامل الإجـتماعـية من سن وجـنس وتعـليم على

معـدل الأفلاتوكسـĒě كما أوضحت الـدراســـة أن نسـبة الأفلاتوكسـě كانت أعلى فى الأطـفــال الذين تعـتمد تغـذيتهــــم عـلى الألبــــان الصـناعية

وأن النسبة أقل إنخفاضاً للأطفال الذين تتم رضاعتهم طبيعياĒً كما إتضح أنه هناك علاقة عكسية بě نسبة الأفلاتوكسě وأطوال الأطفالĒ ومن

هذه الـدراسة ėـكن أن نسـتخـلص أن الرضـاعة الـطبـيعـية تـقلل من نـسب الأفلاتوكـسě وأن الأفلاتـوكسـě يؤثـر على ĥـو الأطفـال من حيـث معدل

أطوالهم.


