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 �������� ��[!
 n��3� .L;�62/78 .-���6 �W��i
 -a��  

 F!!�$ ���	�� �� F!5:	$+;Q %� L;���� �]A   ���� /��. :  L��d

����� �!� ��zQ �)�� �]A ��)Q��     lA��Z �� �F!�5:	$+;Q %�� ����

 �	
�; ���� �� �]A R��`1  .-Z 4��f3��  
  

HQ =
�����	
�	
���	

���
  

Exposure	dose =
��×��×�


��× !
mg/Kg/day  

 �	
�;1  

�`�R  �]AHazard quotient )HQ�� LW5� �(� L�;�    ��� �����)�

 md�
 �� �� F
[
 ��	a
� -Z��   ��:��� L�;�    �. ����� �	�� �� �Q!k 

��	6  ��`����/ �� ���7  ����  .-�?:Concentration index )Ci  L�g(� �(

��5:	$+;Q!F �
��� ��	��
 ���� ) y��(3�
ppb ���� � �� L���5*!(��!�	 ) (  

Daily value )Dv
 (!��[ ����� /    �
�� ��	�
 0��1
�� :)! ��6	�( (�)�/


� -Z��. � �� 4)+���F Exposure duration )Ed  ) ���d�	
 ���� �	� (   

)Average lifetime (At  ����� ��; ��� �	�70   ) ����Body weight 

)Bw
 (!>��!F � {8�� ���;� ��)�����  �: L��70 :! ��6	�(    ��3;�6 ��g� ��

.L�� 4-Z  
 

Excess lifetime cancer risk = Exposure dose * Slope 
Factor 

  

 �	
�;2  

  ������ �)��� �;�`� �]A �������  
��     F��� �� ���� �	�� ��

����� /��� �1A�Z ��8���
  �: �$�	a �� ) L�� �3;���� %� ����

       /���� �� ��`����  ���* q����Z ��	�Z �W���i
 %!�	!(!
 =� �� �3�:

����� �W��i
 �: �$�	a �� .��� -.�	A ��#� �3;���� %� ��	� ��  /

 �� �$V�� ��-��10000/1 �
 ��#� lA�Z F�� ��     ���]A F��� ��: -.�

%#h  ��* b!*�  "Z �� -��� ) L5!� �Z	_   /�3�#!� L!��5X �� ) �$

��!6 ���* ����� ��	
.  

  �� ��.)x�_ F�� ��tolerable daily intake )TDI   ��[�!
 ��� (

19/0-15/0      �����)� �-�� ��) ��6	�(!: ��. /��� �� ��6	���)14(  )

Provisional maximum tolerable daily intake )PMTDI  ��� (

 ��[!
1  ����)� �-� ��) ��6	(!: �. /��� �� ��6	���)15(    ��	�?� ���

 �� ) md�
 lA�ZCancer slope factor )SFC (1-2900 �(!
  ��6

� �� �����)� �-� ��) ��6	(!: �. /��� ������� R!Z ��	?  /��� ����

 .-Z 4��f3�� ��W��i
 ��7��  

) ��[7$ 4���  !(i$ ��� �� 4��f3�� �� �.  ��[�;� SPSS  ���5�  /18 

)version 18, SPSS Inc., Chicago, IL( L;�6 ��	a.   F!>���!


������
�Q ������"$ ����. ����(X�
 ����. ��� �� 4��f3����� �����  �	���
�Q  

Repeated measures one-way ANOVA    ���?!��� R���` ��95 

 -a�� ��5��'
 L�d .-
Q L�� ��  F!>���!
 /     ��W!'�$ �	�
�Q �� ���.

Fishers least significant difference )Fisher's LSD (  

-Z ��7��.  

  

���
	 	
  

 �)-d ��1       �� F!�5:	$+;Q ��� �6�	�8Q �)-�X ) L�g(� F!>���!
 �

�!(: ��	�� /   ��!�$ �� 4��f3��� ��	
 /�.[e
 ) ��� ���Q /�.   �� ���� /

 ���!(: .L���� 4-��
Q b��!'i$ F���  ���	�� /   ��
�X �����8�]
 ��	��
 /���.

4�)-i
 �� F!5:	$+;Q  F!� /54/6-5/0   ��� .-��	� �	!(!� �� L�5*
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  �6�	�8Q �)-�X ���X F��   ���	�� k!�. ��     ��(
 ���-��3��� -�X �� /�  

)15    F!�� �� F!�5:	$+;Q 9	!Z ���)��; .�	W� �$��; (�	!(!� �� L�5*

��	��   �6�	�8Q F��$V�� F6)� ��Q �: ��� ��#� ������ ��	
 ��Q /�.

  �	��
�Q ������ ���� .L��Z�� ��One-way ANOVA   ����?!��� ����  

95  ���?�
 /����
Q 0+3��A� �-��a��  ��8Q L��g(� F!��� /��� �� �6�	

��	��      ) -�Z 4-.��#
 ������ ��	�
 ��Q /��.05/0 ≤ P ��5��'
 .(  /

   ���	�� �� F!�5:	$+;Q L�g(� F!>��!
     ) F�6)� �4��3�� /��.��Q /

 �	��
�Q ���� /��A	���Fisher's LSD   F!>����!
 F!��� ���: ��� ����#�

��	��       ���?!��� t]�� ��� /���
Q ��g� �� �F6)� ��Q �� 4��3� ��Q /�.  

95 �?�
 0+3A� -a�� �) LZ�� �	d) /��05/0 ≤ P �)-d) (1.(  

  ���!(: �� %��� L��g(� F!>����!
    �������� ��	��
 ����� 9�	���� /  

92/0 ± 99/1  Lg(� �� �?��� /��� �: -Z �W��i
 �	!(!� �� L�5*

�
 ��#� �� ����� �� �	d	
 ��� 9�	�� �� F!5:	$+;Q  ���X F�� �� .-.�

  �	��
�Q n����3� ������ ����One-way ANOVA /����
Q 0+3��A� 

�?�
 ��	�� �� F!5:	$+;Q Lg(� F!>��!
 F!� /���   ���� y(3�
 /�.

) -Z 4-.�#
05/0 ≤ P.(  

���  4�	�8Q ��d	$  ��* �	� �� (/���� ) =>?�) �3?� /�.   �� ��$

���      ��3?�� ���� �� .-�-�Z �������� (�6�W�. ) L6�� ���) %!7X /�.

100 ��	�� -a��     �� j-���	� 4�	�8Q F!�5:	$+;Q �� ����� ��	
 /�.

       �������  ���* ��!� �����'
 /)��X ���	�� �� %!7X ��� �� �: �8�X

��'
 .-�-Z 4��� l!�#$ ��5       ��W!'�$ �	�
�Q ��� �6�	�8Q F!>���!
 /

Fisher's LSD 4-?.� ��#� �?�
 0+3A� �-� /   =>?�� ��� F!� ���

) /���� ��� )05/0 > P   ) ��6�W�. ���� ) L�6�� ��� �(05/0 > P ) (

�?�
 �)�f$   ) �3?�� ��� 4)�6 )� F!� �6�	8Q �)-X F!>��!
 �� /���

) �	� �3�?a05/0 < P.(  

/�.[e
 �� �]��� ��   ����)��; 9	!Z ���� F!�[$ /��� 4��f3�� ��	


��	�� �� F!5:	$+;Q F!��_ ����$[e
 ) 4�!� -7?:�-!f� -7?: /�.  �$

) ����� �(
 ���-��3�� -X��15   �	�
�Q .-Z 4-.�#
 (�	!(!� �� L�5*

One-way ANOVA  �	��
�Q )Fisher's LSD  /����
Q 0+3��A�

�?�
 ��	�� F!>��!
 F!� /���    ) -�7?: /��.  ����$ [�e
   ��� ���#� ��

)05/0 ≤ P �)-d) (1 ���	�� �� �6�	8Q F!>��!
 �: /�	� �� j(   /��.

��	�� ����� )� �)-X ���$ [e
 .-Z 4-.�#
 -!f� ) 4�!� -7?: /�.  

       b���� �� F!�5:	$+;Q L�;���� ��]A ��[�!
 F!���$ |iW
 ��

  �����)�  ��i$  ��* -X F!!�$ /��� ����� �8�h =� ���� 0�1
  /

VQ F��   ��5��'
 ��]A lA��Z ��	?� �� ��-� F�� .���� �	d) 4-?�  /�

�
 ���* 4��f3�� ��	
 �]A ������� �� %�
   /���� �: ���d �Q �� .��!6

 ������ L!a�A ��Q ��'3#
 ) F!5:	$+;Q    4-�Z  �O�* �����   �� �-���

��
��� �� /��!5�     L�;���� ���7
 -�X �� ��*�) �$��+�� ��?��� /�.

 R����8�* �� ��������)�TDI ) m����d�
 �� ��	����?� ������RFD  ������  

Reference dose.L�� 4-#� ����� (  

   /����� R�5X �� �� �W3�
 ��(� m��?
 �� �A�� �� �R!$�$ F�� ��

  <��[�6 �f(3�
 ��*�� ) ��-�� ��
� F�� �� l1�3
 ��''i
 �� �A��

    �>�-�"� ��� /�)-�X �$ ���-�� F�� �: L�� F��  "#
 .L�� 4-���6

 F�� �� j-?35. �)�f3
��8�]
 �� �)�    /	73�5d ��� �d	$ �� �`�X /

�!(: �� �: �'!��    m���?
 �� ��: �-� �� �-���6 ��7�� w	��
 ���	
 /

�Q �� F!#!_ �W3�
 ��(�     ��� �����)�  ��i$  ��* ��7
 -X ��	?� �� �.

     ���5��'
 m�W?
 ��	�?� ��� ) ^���3��� ��	� 4-Z 4��f3�� md�
 ��   ��

.L;�6 ���* 4��f3�� ��	
 �)-d ������ ��zQ F3;�6 �g� �� �)-  ����

   F!�5:	$+;Q L�;���� �]A R��` �)-d F�� ���� �� �F!5:	$+;Q

 �� �0�1
 b��� ��101-4/5 �
 �)�f3
  �)-d) -Z��2.(  

  

 ����1��	
� ��(��� �� ���	���) ����	���� �� �� �! � "������ . �$%�&! ��	! '()*! +�,  

  �����  (����) �����   ����	��± �	��� ������*   � ��!" #$��%  � ��!" �&'��%   �����P   

A 
�� � ��(  )100 (24  a09/0 ± 32/1  51/0  95/1    

,-.� ��(  )100 (3  bc86/1 ± 86/2  50/0  54/6  017/0  

0��12� ��(  )100 (2  ac27/0 ± 26/1  99/0  54/1    

B  ��� 03434  )100 (4  a2/0 ± 57/2  71/1  45/3    

��� 56"�  )100 (10  a38/0 ± 37/2 10/2  84/3  001/0  

��� 7-�4  )42/7 (7  b08/0 ± 88/0  67/0  16/1    

��� 3-38�!  )6/66 (3  b16/0 ± 15/1  99/0  32/1    

C  
�9� ��":  )100 (4  a08/0 ± 10/1  92/0  21/1    

�9�� ��":  )100 (5  a15/0 ± 50/1  85/0  10/2  013/0  

��;< �=� )100 (4  b17/0 ± 26/2  73/1  76/2    

  4-?.� ��#� �	3� �. �� F!$V =h	: 0)�X ����
�Q ��	
 ���
� ��	
 4)�6 �� �� =� �. * �?�
 0+3A� /  ��?!��� t]� �� n��3� F!>��!
 F!� ���95 �
 -a�� .-Z��  
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 ����2��.�/! . ��0�� �&1 � �&1 2.�3 +  4�5! 6.�0 7� ")��.�� ����	���� �� ".�7b ��� 8�	��  

(	�  Cia HQc HQd HQe Cancer Riskf 

56"�  47/2  17/15  85/79  101  04/0  

 03434  36/2  49/14  30/76  96  04/0  

7-�4  88/0  40/5  45/28  36  01/0  

3-38�!  15/1  06/7  18/37  47  02/0  

Cia ��� �� = ) F!5:	$+;Q �6�	8Q F!>��!
ppb  ��Parts per billion j(b  {8�� ��; =� /��� ����� 0�1
 ��[!
 ��W��i
 �� ��) =  

)kg 70 (kg/day 43/0  jL�� 4-Z �3;�6 �g� ��HQc  md�
 lA�Z ��W��i
 �� =PMTDI )ng/kgbw.d 1 jL�� 4-Z �3;�6 �g� �� (

HQd  md�
 lA�Z ��W��i
 �� =TDI )ng/kgbw.d 19/0 jL�� 4-Z �3;�6 �g� �� (HQe  md�
 lA�Z ��W��i
 �� =TDI 

)ng/kgbw.d 15/0 jL�� 4-Z �3;�6 �g� �� (Cancer slope factorf  ��W��i
 �� =mg/kgbw.d 1 -2900 .-Z �3;�6 �g� ��  

  
       b�'i
 ����
� �0��1
  �
�: ��?��� q����Z �: F�� �� �d	$ ��

�
  �-� �� �3�: �]A R��` �: ���61  �� 4-
Q L�� �� n��3� �-Z��

 �� 4��f3�� �� �3X ���8�]
 F��  �)-�X F��$V���    �F!�5:	$+;Q L!���

��� ��#� ��� 0�1
 �?��� �g� �� �� �W��?
 q���Z     ��� 4)+�� .-�.�

����� �]A ��)Q�� �� 4-
Q L�� �� ���+�� �F��   F!�5:	$+;Q ����

 �)-d �� ��� 0�1
 b��� �� �3;����2 4-?.� ��#�    ��]A �	�d) /

���_ -X �� �!�  /1 ���� ��7�� /��� (�f� �	!(!
 =� �. �� �f� �� �

L�� 4-??: 0�1
 ��
�d.  

  

)�*  

        �;��1
 -W�� �� ���� 0��1
 %��� /��-���_ ) L�!�.� �� �d	$ ��

�� �!z~$ ��� L
+� ) �?��� F!
~$ ���	��A    ) �	��� L
+�� �� ���[�

lA�Z �� F!?B�.   ���� 4�>��d .���� ��
�	#: ��13*� /�.�!e3
 ) �.

     ���'!'i$ ���7�� L�!�.� ���5�� ���
� %�&� �� �-?6 )  ����8�]
 )

�
 l�#
 �� �Q �?��� �� w	��
 ��� �� .-?:     �� ��#�� ���!A� /��.

     �6�	�8Q L!��`) ������ ��� ���
� ��	
 �?��� ) LZ�-�� ���8�]


.L�� �3;�� @�13A� �h��* �	�� 9�	�� �� ��� ) ��Q ��-?6  

 ���8�]
   ����. �� F!��5:	$+;Q /����'� ���: ��� ���#� ���`�X / / 

��	�� ��	$ ��� ) ��Q /�.    ����
�d �� 0��1
 ��	�
 ) ����� �� 4-Z m

 ���	�� �� =� k!. �6�	8Q ���X F�� �� .L�� ������  ��*    �� ��$��; ��.

   �6�	�8Q t]�� F��$V�� �: /�	� �� j-��	W� ����� �(
 ���-��3�� -X

  �*��� ���7
 -X �� ��!� �� �3�: ���8�]
 F�� �� 4-Z 4-.�#
  4-���
 / 

    ��� ��
� ��	�� ��Q �� F!5:	$+;Q      �4-�Z F!�!�$ F!���_ L�g(� �	�d)

  ) ������ �� �!� ���	� �g� �� �3;���� %� �]A ������� ��W��i


F!�. ����� �	�    .�	�W� ��(�; L!�`) �� �W��?
 q���Z /��	6 �����

 ����8�]
 �)� ����� n����3� ���`�X /   <�3��56 ) �����)��; ���g� ��

�	#: �� 4-Z ��7�� ���8�]
 �� �>�� �A�� �� ��Q �� F!5:	$+;Q  ��

��	�� �6�	8Q ��	
 %. F!5:	$+;Q �� �-?6 /�. .���� ���	A  

����8�]
 ���� �	_-���i
 ) �3��-��. / ����	��  ��3���� �� �-��?6 /���.

��	�� �� F!5:	$+;Q Lg(� F!>��!
 �: -���: <��[6 ���-���
   /��.

F!��_ �-?6       �� �6�	�8Q �)-�X ��h�6� jL��� 4�	�� ��7
 �)-X �� �$

��8�]
 / �Q  �.3-2 ����Lg(� �� �!� � ��8�]
 �� 4-Z 4-.�#
 /�. / 

 �	� �`�X)16(      F!>���!
 [�!� �����"�. ) ���!.	: w��W$�� F!�. �� .

��	�� �6�	8Q  F!���_ �� ����$��Z /�.��W�� �� �	d	
 �-?6 /�.   �� ��$

��8�]
 �� �h �6� .-���: <��[6 ��7
 �)-X / �Q  ��Q �� ��	�� )� �.

 ��� ��#� ��7
 �)-X �� �!� �6�	8Q ���8�]
 ��	
)9(  )� 0+�A �� .

��8�]
 �!_ /  ����� �� ���-���
 ��3�� �� ����"�. ) /�	�i
 ��3f6

  �� F!�5:	���:� ) F!5:	$+;Q �6�	8Q70  ���	��  A���_ �-�?6 /  .-�?3

�5��'
 ��8�]
 �� �6�	8Q �)-X / �Q /    4-�Z F!�!�$ ��7
 �)-X �� �.

  R�!$�$ �� F!5:	$��:� ) F!5:	$+;Q) ����� �(
 ���-��3�� ��15  )5 

        )� F��� ��	�
 �� �6�	�8Q �)-�X ��: ��� ���#� �(�	�!(!� �� L�5*

 �� R!$�$ �� �F!5:	$	"��
24  )9 ��	�� -a��   ���7
 -X �� �$��; �.

 L��)6( .  

��	�� �� ���8�]
 F�� ���$ 4-Z ��7�� �-?6 /�. -��  ����d �Q �� �
� �

��	�� ����
�Q ��7�� F!X �� �:         ��� 4����.  �
�: �	�� ��� �-�?6 /��.

  ���	��  "�Z �� ) 4-Z 2�!�Q �	W� /     ����* ����
�Q��	
  �
�: ��Q

�
 F!��_ ���!6       ��Q �� 4-�
Q L��� ��� n���3� �� �6�	�8Q �)-X ��	� �$

��8�]
 �� (4��3�) �3;�6 �	W� /    ���* ��(W* ���8�]
 �� LW5� �`�X

���� �6�	8Q /V�� 9	!Z .L�� �!d	$    ����� ) F!�5:	$+;Q �� �-?6 /�.

h��* �	��F!� ���8�]
 �� �A�� �� � .L�� 4-Z l�#
 [!� �((�8�  

    ���8�]
 n���3� ��� F!�5:	$+;Q Lg(� �g� �� ��8�]
 F�� n��3�  /

       ��	�
  �
�: ��Q -�-�Z �6�	�8Q ��	�
 �� �����"�. ) �?5X -�i
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Flour and Bread Aflatoxin Contamination and Risk Assessment of Aflatoxin 

Intake through Bread Consumption in Iran 
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Abstract 
Background: In recent years, limited information has been provided regarding the occurrence of aflatoxins in 
flour samples and in traditional flat breads in comparison to the leavened breads in Iran. In this study, aflatoxin 
contamination in some bakery products and assessment of risk of aflatoxin intake were investigated.  

Methods: In this experimental cross-sectional study, 66 samples including 29 different flour samples,  
14 traditional flat bread samples, 10 leavened bread samples, and 13 samples of sesame and seeds used for 
dressing breads were randomly collected from different factories and bakeries in Isfahan, Iran, and examined for 
aflatoxin residue using the enzyme-linked immunosorbent assay (ELISA) specific kit. The risk of aflatoxin 
intake for consumers was assessed using hazard quotient and mean and data analysis was conducted using one-
way ANOVA and Fisher’s least significant difference (LSD). 

Findings: Aflatoxin residue was found in all of the studied samples in the range of 0.5 to 6.54 pbb and did not 
exceed the national standard level (15 pbb). Traditional flat breads contained two times more aflatoxin than 
leavened breads. Hazard quotient ranged from 5.4 to 101 and the relative carcinogenic risk was higher than 10-4. 

Conclusion: Despite the low aflatoxin contamination levels in bread in this study, the hazard index of higher 
than the tolerable limit for humans showed that reduction of daily bread consumption in Iran is critical. 
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