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  المحتويات

  مجلة الجمعية السعودية للغذاء والتغذية

  م٢٠٠٧) ٢(العدد ) ٢(المجلد 
  

    القسم العربي

األحماض األمينية والخصائص الريولوجية لعجائن دقيق القمح ومعزول بروتين اللوبيا 
(cowpea)ًالمعدل كيميائياً وإنزيميا   

س شعبان أبوسلطان، محمد آصف لعزيز المانع، إدريسيف الدين بشير أحمد، حمزة محمد أبوطربوش، حسن عبدا   

  ...................................................................................دلشاد أحمد عبداللطيف و أحمد

  

  

  

١  
  

    القسم اإلنجليزي

  الجرذانالمحتمل للتانينات في الزعتر على الوفرة الحيوية لمحتواه من الحديد فيتأثير ال
  ......................................................................... هبة فتحي السيد وحامد رباح تكروري    

  

  

١  

  تلوث ذبائح الضأن في محافظة اإلسماعيلية بمجموعة البكتريا المعوية
  .................................. أماني مأمون أحمدو  علي معوض أحمد، سهير شكري الياسمكرم أحمد يس،    

  

  

١٨  

  تأثير أشكال التقطيع والمعاملة الحرارية على جودة الجزر وعصير الجزر
  .......................................................................... منال فتحي سالمة وهيام محمد إبراهيم    

  

  

٢٩  

زيمات التربسين والكيموتربسين من بروتين تنقية ودراسة بعض خواص مثبط إن
  البروالمين المستخلص من بذور اللوبيا

  .........مجدي عبدالوهاب عثمان، محمد الحسن إسماعيل، إبراهيم الزين عبدالرحمن، فيليس ريد وشارلس وبر     

  
  

٤٧  
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� ���������� �������� ������� ������
 �������(cowpea)�����	� � ��������! ��
��� 

� ����� "�#���$ ��% ,'���( ��$ ���� )	�� ,*����� 	�	
�� ��+ �#� , ,������
%��(�# ��$ ,����
���$ "�- ,"�(��� ��+ ���$ ��%�� 

� �� !�� "��# "$��� %
�� ,�#����� �� !�� "��# ���' ,���$ (���� ����� 
�.).*+,- ,������..+/. 

������:1�2 3 2 4�$����� � ��5�
 6�7 �8������ �� � 	�
��� ��� �8����
9:�8������' )(8����� 4��8���<��
(��$'$���(:�����7� )	�$��/	�$��
� 	�
��'��/	�$��
���'(�57�1
9�$�� ����� ���� �8?�
�� �@�7 ))/�.-

�./A(��� 	� 	$�
 B
�� ���@��� ��$��� ����
�
��� %
�� ������������ ������� 6�# 4���� C?� B1 �DE
 F
����� ���� 	� G���� 4��
����� ���� H���
� �����5�� ��<���.

���� B1 	�
����� ��$� 4%�� 	2��� I��� ������� �� �*.,J.A,4��' 	�� B1 ������� 	�
��� ���� B1 
,J,K*A)L��� 	��� C�$M 6�# .�8�! �8������ 	�
��� ����� ����� ���� L��� B1 	�
����� ��$� 4����

 8� H8� ��$��
� N����� 4��'� ����� ���� 6�7 ������ �1�57 H� :�����7� :�������' �������� ������� �1�857 )$
 ������)/�.-�./A.(���� G�
� �8�1�' �8��'�� ��$�$�� ������� ������ "O�� 6�# ������� 	�
��� �

4�85�M �8�� PB������ 	�
������ 9
����� ��# (� � 	����D��� ��# ���1 B$����� 	$�� ��� ��?L�� 4����
�F
 ������� 	�
��� 	M Q��
���)������ B���' (	����D��� B$�$�� B����� ������ 9����.

�� �DE
 "� :���DR8
 �8������ 	�
��8� ���� B1 ������� ������ )�'�
 6�# �����S�� �������'�� 4@����
:��5�� .��$� N��� 6�7 ����� ���� 6�7 :�����7� :�������' �������� ������� ��! ������� 	�
��� ���� �1�57 4�M

��� H� N����� 4�$��
� L����� B1 	�$�@�� B����� �������?�
���� 4@������ B1 ������ �1�57 ��$� N.
6�7 ����� ���� 6�7 ������� ��! ������� 	�
��� ���� �1�57 4�M T��������8?�� ������ 	�$�
 	��8���

 �'�� ����� ���� �8�������� �������� 3 2 6�# N���' ������ :���$ �������'�� �������� 4�DM 	�� B1 P�1�5S� )$�
 �� ��������L��5 .�8������� ��8# �L��5�� ������� ������ T��������?�� ������ 6�# �����S� �������� 4�DM ��'

	�$���� "��U�/��$�� 	�
���'����/A�L��5�� ������ H� �������� 3 2 �<�1 4��$
 B
��� .
:����7� :�������' �������� ������� ��! ������� 	�
��� ���� �1�57 4�M)�
�� 	�$� +	�$��
���'�� (68�7

 �L��5�� ������� ������ T���$�
$'F� ������ B1 ��?��� 6�7 ����� ���� .�1�57 4�M ��1 (�  	� C'��� 6�#�
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$���� "��U� ������� 	�
����� ����	�/��$�� ����� 6�7 	�
���'����/�.-A�8������ 	�8� 	�
� ���� 6�7 
2 	$�
 6�7 G�M ��� ��L�L������������ 3 .

68�7 �8���� ���� 6�7 ������� ��! ������� 	�
��� ���� �1�57 4�M ��1 "��������� ������� ��$���� ��M
 G����� ������ ���� �?� .	�$���� "��U� �������� :�������' ������� 	�
����� ���� �1�57 ��M/��1 	�
���'����

 � G����� ������ ���� I�?
�� 6�7 4�M �L��5�� ������� ������ G����� ������ N���� ���� ,4�M 	�8� B1
 	�$��
�� "��U� ������� ������� 	�
��� ���� �1�57 +�8����� �8��� �8��� B81 ��?��� 6�7 	�$��
���'��

�L��5�� ������� ������ G����� ������ N���� ���� I�?
��� G�����.

�����.��� /���!��:	�
��� ���� ������� ,:�����7 	�
����� ����
 ,:�������' 	�
����� ����
 ,���������� ������� ,
������� ������ ,	�$�@��.

������ 

������� ��
�
(cowpea)][Vigna unquiculata L. walp �L�8���� B1 �1������ ������ 	� 
��$X ��W B1 	������ 	� ��#� �����1M )�! �D� ��������(Kay, 1979)��
�
 ��' P������� :�����

 ����W�� �� !�� 	� ��# B1 :��$�$M :���'�� 4����2���'��� 	�
����� :����(FAO, 2003) . "���
$�
 ���� %�� 4����L
�� B1 ������ )�$� ����� �!�$8
$��� ��! �<'��� ����(Nnanna et al., 1990) 

�:�5�M 6�# �<���
�� 5�<�� 4����S� 4�L�D� 	���
��� (�
��?�� ���� 4���
����� �� [ �� ����
 [�E� ��
��� ������ B��
 6�7�<
� ��"5< ��' P[�
�
 ������ 6�# �5�M��� �N������ 4���'$� B
�� 

4��%�� )�$� 	L��� B1 "FX )�$
 (Osundahunsi and Aworth, 2003) .
	8� �8����� G�8�
 �?�
���� ������
�� 4�������(processing) � ��%� ������ 6�# �8�! ���8��� ��DR8
 	� ���
�

 ���!���� :�����L N����
��� �<� P���
 ��' ������ �5�M 4�$����� 	� �$���� "
<
 B
�� ��DR
 (8�

 �8������ �� 8� 4��
��� ��� %
��� ��?�O��� ������� 6�# �?�
���� 4@������(McWatter and 

Chhinnan, 1985; Phillips and Backer, 1987; Phillips et al., .1988; Obizoba, 1989; Giami, 
1993; Abu et al., 2005) .��' B1 	�
����� ����� ������� �� � ���� N����� ���\� B1 "��
$�

 4��
���� 3 2 B1 	�
����� )$� H1�� ������ 4��
��(Mustafa et al., 1986) �D� ������ 	M ��' P
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������ ������ ��1 	M 	'�� �� B1 "��
$
 	�$�@�� ��$� H1�� (� � ������ N� �� �D� )����� "#�

 B$����� 	�'��� �<�1 )����� �'W
 B
�� �� !�� B1(Akubor, 2004).

B��
����� ���
�� ��
�� B8���S�(Enzymatic hydrolysis) 4�8���
�� 	8� 4�8��
����� 
���
� ��� %
�� ������� 	�$�
� ����
$��� �8�! 4�8<'��� 	8� ���
��� ��?�O��� 4�?��� �

���� %�� 4���
����� B1 ���$��� �L�D��� ������ 6�# ]�5���� ���!����(Lahl and Braun, 1994) .
 �8�� %
��� ��?�O��� ������� 	�$�
 B1 B���S� ���
�� ��DR
 	# 4�$����� 	� ������ 4���M

 ����8�� ��1 �D� ������ 4���
����(Dela Barca et al., 2000) ��$8���� (Periago et al., 1988) 
������(Clemente et al., 1999) . ��' B�����'�� ����
�� "��
$� �@� 	� 4���8�<�R� ��������

 	�$�
� (��$'$��� (����� ��� ��?�O��� �������	� ������ 	�
����� Y����(Mung bean) 
(El-Adawy, 2000) . 

���� 	� ������� �$�� B1 �1������ �� � ��L�� B1 Q
�
 ��' �����$�� ���"$�� T��
� 	�
����� P�'  ���Hussain and Basahy (1998) 48%�� ���8�� �� 8� B1 	�
����� ��$� 	M *^A

������ )$�� ��$�$�� ������� ������ "O�� 6�# 	�
����� [�
��� ."� ����� �M ������� 	M ��'
 ������ B���' _��
 	M  7 P)�8���� 4�8��
���� "#�8�' ��$8��� �M ����� �M ������ ��1 �D� 

�2� 	�$�@�� B$�$�� B����� ����� 	� ����# 4���
$� 6�# [�
�
 ������ 4���
���������
������ B��������� )����� B1 (Lorimer et al., 1991).��
�� ����� "O��� :��$��� ]̀� ! 	�'8$

��� ��W�� ���L$� � P��8���� �D� �?�'� ��! ���� ! ������ 9��#�
 	U1(Gayle et al., 1986) 
��� P	�$�@�� 	� ������� ����� ����� %
� �����
�� G��� "�#�
�� � <�.

6�7 ����
 	�� ������� 	�
��� �1�57 ���� ����� [�E� ���������� 9����� ��?��� 6�7
 6�# �DE� ��� N��� ���� H������G���� 4��
���� (Doxastakis et al., 2002)P��� 4��WM� 

4�8$����� (Dhingra and Jood, 2001; Asad et al., 1996; Doxatakis et al., 2002) ��DR8
 	M
 68�# ��
�� ����� 	����� ���������� ������� 6�# C��
��� Y����� ������ ��1 ���� �1�57

����L� T�5��� ������ 	�
��� ��$�� T��O��� 	�
����� � 2 	�
����� � 2 ��5�
 �<�1 "
 B
�.
� � 	� T�<�� 	�' _���� � 2 ��5�
 �8������ �� � 	�
��� ������8���� ���8�
9

:�����7� :�������'�1�57
9� ����� 	8� 	$�
 B
�� ���@��� ��$��� ����
� �?�
�� �@�7 )$�� ����
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���
9��� %
�� ��� F�C?� B1 �DE ��<��� ���������� ������� 6�# 4���� �8���L��� H���8
�
����� ���� 	� G���� 4��
����� ����.

��
�� ��(� ������ 
������ 

������� ��1� (cowpea)][Vigna unquiculata L. walp 
������� �� � ]��W "
 ����� �M )[���$ T�� �����.+*, � 82 �8�L�� B81 I��

	��� (��� ��$�� 	������� ������ B�� .�� ��� 4��L���X ���L��(Reisch Gm6H, Germany) 
����� N<��(0.5 mm) ��# ������ O?� "D �<?�O�
 ���+°"���
$F� 	��� ".

���� ���� 
�@�
$� ��$� �  ��� ���� "��
$�K/A�# ������ "
� �8����� �$8$E��� 	8� 98�

������ 	��L�� �@%�� H����� /��� I��W����.
��(�� 

������� )�1� ������ ��	
� ��2�� 
����L� :���L 	2��� I��� ������� �� � ���� ��5�
 "
El-Tinay et al. (1988) �58�� 

����L� :���L 	�
����� ����Al-Kahtani and Abou-Arab (1993)._��"
��# �@�
$F� pH 
.- ��� a����LL���� ]���� ������� �� � ����� ����$� .:.-)"��/	�(N��� ,-�8���� "8D 

['���� ��L��)*-�#�$� ����� +/--�?� /�8����(��8L�� �8<�� IEC model k centrifuge 
(International Equipment Copmany, MA, USA).
 "
$��	�
����� )�8�# pH +"���
8$��

HCl .[���# ��1 "D 	�
����� ��$ ��' ['���� ��L�� "���
$�� 	�
��8��� �8�?�
 [��M "D 
�?���(Freeze Mobile L, USA)O?�� 9��# +°".

3��	�4� ������ ��	
��������� ������ ��#���� 5����#��/������!���� 
��M[����L� :���L B���S� ���
�� Kim and Barbeau (1991)،	8� L�8�� <� _��

 L����HCl -,.�$�� ������� 	�
��� ����� [���# �.:.--)�"8�/	� ("�8�7 T�85M�
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	�$����(Sigma Chem. Co., St. Louis, USA) ��$8�� .--:*)	�/	�
��8��� 	� (��
8$��
 ��# 	�
#�$ N��� B���S� ���
��^K°��# "D "pH 68�7 L�8���� K,-- �L8$���NaOH -,.

[���# "D T�85M "�8�7 	�
�8��'����(Sigma Chem. Co., St. Louis, USA)���$8�.--:+
)	�/	�
����� 	� (4�#�$ ����M N��� B���S� �#�?
�� ��
$�� N���� ���� ��#^K°""D"


��# �#�$ T�� N��� L����� 	��$
� �#�?
�� T���7c/°� �8�?�
 [�8�M "D "�8����� 	�
��8��
�?���� "���
$��.
3��	�4� ������ ��	
��������� ������ ��#����� 5����#�� +!����#������ 

"
���7 "���
$�B�?���� 	�$��
�� d	�$8��
���' (Sigma Chem. Co., St.Louis, USA) 
:�����7 ������ ������� 	�
��� 6�# ��������L� �����LLee et al. (1990)P	� L��� <� _�� 

�
����� ����� �L���� ]���� ��$�� 	.:.--)"��/	� (7 T�5M� ��$�� 	�$��
�� "�� .--:*
)	�/	�
��� 	� (��$�� 	�$��
���'�� "��7�.--:+)	�/	�
��� 	� (�8#�?
�� ��
8$��

 4�#�$ 4$ N��� B���S� 	�5�
��� N���� ���� 6�#^Kº""D P"
	��$8
� �8#�?
�� T�8��7 
��# L�����c/°������ 	�
����� ���� ��?�
 "
� �#�$ T�� N��� ".

�	�4� ������ ���� ����3�
	�$���� 4����7 "���
$�� ������� 	�
��� ����� B���S� ���
�� ���� 4���/	�
���'����

 	�$��
��� +�8���L� :���L 	�$��
���'��Nielson et al. (2001) ��8�
�� "���
8$�� (OPA) O-

phthaldialdehyde 	���$��� (L-serine) B���M ����' ���
�� ���� 4�$�� B$���Degree of 

Hydrolysis (DH) ����
�� �������� )$�:
A ×118.5 

 DH =  
A° × W × P

_��A��# ������ �����
�� ^+- �
����� PW=P������ 	�P=�8����� B1 	�
����� ��$� ,
A°=B$����� �����
�� ��#^+- �
������ 

3�����!�� ���
��� �������� ������ ��	
� 8����� ����9�:��8��#!#�� 
����L� :���L �������� 4�
El-Adawy (2000)M _�� �����<�M T�5 (�����M��8����<�M

 (��$'$�� N�� 6�# �' ��$�� ������� 	�
��� 6�7-,*	�
��� "��� 6�7 �����<�M "��� N��� 	�
#�$
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B��W! ��1 [��M "D �1�%�� N���� ���� ��# Dialysis )*+�L���� ]�8��� "���
$�� �#�$ H8�

�L���� ]���� ���%	�
�� (������� ������� 	�
��� ����� "D3��?�
 .

�8������'� �����7 �������� ������� ��! ������� 	�
��� ���� 4���# 	�L "
 �L8$��� 
���D ��$ ���� �L$��� 4��� "D ���L� 9425 µm.�8�! ������� 	�
��� ���� 4���# L�� "
 

�'� �����7 �������� �������������H��?� �@�7 )$�� ����� ����AP/AP.-A�./A.
3������ 3�����!�� ;�!���� 

�8������ �8�! ������� 	�
��� ���� 4����� 	�2���� ������� 	�
������ ���L��� 4���
:�����7� :�������' �������� �<L����������� ���� H� ��L )$� AOAC (1995).
������� ������ ;�!�� 

������� ������ ����
� 4������ 3 2 ��5�
 ��� 4������ �' B1 ������� ������ 4���
 ����L )$�AOAC (1995) ،B��8��� ]���� �  ����$�� ��1����
����'�� �<� "��
$�� (HPLC) 

����� ������ 4���
$� ����
�4������ B1 ��(Shimadzu LC-10 AD, Shimadzu Corporation, 

K yota, Japan) ��8$�� "���
8$�� Q��8
��� 4�$�� (Integrator) �8���� C-R7A (Shimadzu 

Chromatopac data processor).I�8� 	� ��1 ���# "��
$� Shimpack amino-Na )10 cm  ×

6.0 mm(�'�W 	�Shimadzu . �8���L� :���L 	�1�
��
�� ���Devaries et al. (1980) "���
8$�� 
��� T�L�� �<� ����L� :���L :���#�� 4������ ����
AOAC (1995).

������� ������ ��	
�� ���� ���� ����
� ���������� ������� ���� 
H8� L�8����� �8���� ���� 	���#� ����� ���� 	����� ���������� �������� �$��� 4�


 $�� :�������'� :�����7 �������� ������� ��! ������� 	�
��� ���� �@�7 ��/�.-�./)$� A
)AACC (1993 T��������?�� "���
$�� (AACC, 54-21)T����$8�
$'F�� P(AACC, 54-10) ،

����'������(AACC, 22-10)��8��F� Tو� ��8����'� ��8W 	8� N<��� 3 2 H���(C.W. 

Brabender Instrument, Inc South Kecken, N.J., USA.).
3����4� ������� 

�7 "
 ���
��� Q��
��� 	� 4���'� _@D� B����S� ����
�� ]�� �<��# L8$�
��� )�$�� 
[������� T����F�� B��$��� ����
�	���
�� 4������ 	�� C�$ Q����� "���
$��(SAS, 1990).
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�%������� <������ 
���
���� ���
��� ��= ������� ������ ��	
�� ����� 3������ 3�����!�� ;�!���� 

�"�� ������ �5�).(�8�! ������� 	2��� I��� ������ B����
�� B�����'�� )�'�
��
 :�����7� :�������' ������� ������� 	�
��� ����� ������� .4�<OM 	�
��8��� ��$� I�?
�� Q��
��� 

)*.,J.A(4����2���'���),K,K-A(	2��� I��� ������ B1 .B��8���'�� )8�'�
�� T�
�� F
�� "���� ������� ���� 	# :���D' 	2��� I��� ������� ���)"�� ����.(B1 	�2��� ��$� 	M ���
#��

B���� f��
� �5?��� ������� �� � .,^-A(Nwokolo and Ilechukwu, 1996) .�� 8� 9��W8

�
 C�8��� �D� G���� ������ H� 	�
����� ��$� I�?
��� 	2��� ��$� ��?��� B1 �������(Adsule, 

1996) Y����� (Akpopunam, 1996).	�
��8��� ��$8� I�8?
��� �8������ 	�
��� ���� ��
 
),J,K*A(4����2���'�� ��$� ��?����).K,^+A(	�
����� ���� B1 	�
����� ��$� ��
�
� P


�� ]��DM 	�
����� 	� ��$� ��1 6�7 (�  B1 )�$�� ���� ��� �5?��� �$����� 3 2 B1��5�.
��' 4�<OM B����
�� )�'�
�� 6�# �����S�� �������'�� 4@������ �5���� ��DR
�� Q��
���

 � �8�������1 P4����2���'��� ������� 	�
����� ���� ������� 	�
��� �����R(8����� �8����<�
 	�
��8��� ��$8� B1 �5�� [���� ��?��� 6�7 4�M 	�$��
���'��� 	�$��
�� "��7� (��$'$���

���� �$��� H� (�  �?
�� ������� ��! ������� ��Klepacka et al. (1997) 	M ���8�� 	� 8�� 
	8� ��# B1 	�
����� ��$� B1 ��?��� 9�# Q
�� (��$'$��� (����� �����<�R� �������'�� ��������

������ ��$���� C��
��� ������?�� �<�� .M �$����� 	��
 ��' �8<� 	�' �����S� �������� 	��DR8
 
���)�'�
�� 6�# ��M [� B�����'�� ����� ������ ������� 	�
��� ����� B����
�� ������� ��! �� 

	�
����� )$� 	� (�  �5
� ��'P� �������� 	U1 �������'�� �������� ��$�����R	�8' (����� �����<�
	�
����� ��$� 6�# �5�� ��DR
 �<�.
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����>.3�����!�� ;�!���� ������� ������ ��	
�� ���� /���
� 3������.*
������ 	�
����� 

)A(
	�2��� 

)A(
������ 

)A(
4����2���'��*** 

)A(
6�# 	�
����� ������� ��$���

T���� 	��� C�$M 
"���� ������� ���� ***.,/^ 

±-,^*.+
.,^- 

±-,.---
^,*- 

±-,.---
,,,c- 

±-,*.-K 
������ �� � ���� I����� �

	2��� 

d*.,J. 
±-,+^c- 

a-,K- 
±-,-*.*

e^,*^ 
±-,**// 

a,K,K- 
±-,**Kc 

������� 	�
��� ���� a,J,K* 
±-,,*** 

ab-,,+ 
±-,-/,,

d^,c, 
±-,*^-K 

d.K,^+ 
±-,*+^^ 

aK/,,^*±-,,*** 

�����<�R� ������� ������
(����� 

c/-,JK 
±.,J^-+ 

d-,/. 
±-,-.--

a.-,-c 
±-,.++^ 

b^-,^/ 
±-,,+^* 

c//,.*±.,J^-+ 

�����<�R� ������� ������
(��
$$�� 

b/K,/+ 
±^,-/+K 

cd-,/+ 
±-,-^/+

cK,./ 
±-,+-J* 

c*-,-, 
±-,J,,K 

b,,,--±^,-/+K 

"��U� ������� ������
 	�$���� /	�
���'���� 

b,.,*J 
±^,*/Jc 

bc-,,. 
±-,--K-

a.-,/* 
±-,^+JJ 

d.c,.- 
±-,J..* 

b,K,-.±^,*/JK 

��� "��U� ������� ���
 	�$��
��+	�$��
���'�� 

aK.,^, 
±-,-^,+ 

ab-,,/ 
±-,-.Kc

bJ,*- 
±-,-.Kc 

e./,.^ 
±-,.c,K 

aK^,JK±-,^+,+ 

*� 	��� C�$M 6�#T���.
** L$�
���±[������� T����F� )	=^(.�� 4�  4�L$�
��� �?�
�� ��! ������ ������ B1 �<��W
��� ������S� T�� :������

(P≤0.05).
***��?��� ���$�� 

��A������! ��A
��� ������� ������ ��	
� *� (������� ���� ���� /���+ 3B �������� C����
�����	� � 

"�� ���� �5��)*([������ ��DR
����8������� ���� 	�
����� G�
�� 6�# 4@�����
�������'�� .	� :�5�M �5
� ��' C?� ?�� Q��
��� �8���� �8��� B1 	�
����� ��$� 	�� �������� ���

 ���� L����� B1 )$��� 3 2 	��� ����� :�8������' �������� ������� ��! ������� 	�
��� ���� H� 
_�� P�1�5S� )$� �'�� :�����7� 4��'��2�	�
��8� ���� 4���# �1�57 ��# ������ N��� (
N����� 3 2� ����� ���� 6�7 ������� ������ �@�S� ��$� N��� H� :����L ��$��
� .	8# Q
8��

 ��$�� ������ �1�57./A������ �' B1 N��� ��'M .
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����D.���������� C����3��A
��� ������� ������ ��	
� *� (������ ���� ���� /���+ 3B 
�����	� � ��������!.

������ 6�# 	�
����� ������� ��$���
 	��� C�$MT���� 

����� ���� *h.*,KJ±-,.K,K 
����� ����)J/A+ (M ������)/A(f./,^^±-,+.K. 
����� ����)J-A+ (M ������).-A(c.c,c+±-,*+-+ 
����� ����)c/A+ (M ������)./A(a*.,*-±-,^,K, 
����� ����)J/A+ () ������)/A(h.*,J-±-,+K^K 
����� ����)J-A+ () ������).-A(e.,,,/±-,*J,J 
����� ����)c/A+ () ������)./A(cd.c,++±-,*+K+ 
����� ����)J/A+ (8� ������)/A(g.+,*J±-,-K-K 
����� ����)J-A+ (8� ������).-A(e.,,/,±-,.,*, 
����� ����)c/A+ (8� ������)./A(e.K,-J±-,^c.c 
����� ����)J/A+ (� ������)/A(f.+,J,±-,c+c/ 
����� ����)J-A+ (� ������).-A(d.K,J.±-,J+K/ 
����� ����)c/A+ (� ������)./A(b.J,K^±-,-+J+ 
����� ����)J/A+ (82 ������)/A(f./,^^±-,*,cK 
����� ����)J-A+ (82 ������).-A(cd.c,*^±-,.+.+ 
����� ����)c/A+ (82 ������)./A(a*.,-*±-,.K,c 

*L$�
���±[������� T����F� )	=^(
M 4������ 4�L$�
���–82�� 4�  T�� �� ������S� :�8����� �?�
�� ��! ������ ������ B1 �<��W
�(P≤0.05).

4������ B���� 4�L$�
����� 4�  T���� ������S��<��W
� :������ �?�
�� ��! ������ ������ B1 (P≤ 0.05).
)M(�� ������� 	�
��� �� ,))(������� ������ �����<�R� (8�����,)a(�8����<�R� �8������ ��8����

$��'(��$,)�(	�$���� "��U� ������� ������ /	�
���'����,)82("��U8� �8������ ��8����
 	�$��
�� +	�$��
���'�� 
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  ����� ���� 6�7 ������� 	�
��� ���� �1�57 	� ��%�� 	�' B81 	�
��8��� ��$� N���
 �'  ��1 P����� 4��
��Mustafa et al. (1986) ��$8� N��8�� "��
8$� ������� 	�
��� ���� 	M 

	�
�����)./d*-A(N@8���� 4������� �#��� B1 "��
$��� ����� ���� B1(Cookies)P�8�� 
��$� 6
� ������� 	�
��� ���� �1�57 	M 	�D����� ���.-٪
�� 4L#M ��$8� 4�?8� 9� :��

������ .�$����� 3 2 Q��
� �?

)����*(3�'  �� H�Okaka and Potter (1999) 4�� ���' 9�M 
����� ���� 6�7 ������� 	�
��� ���� �1�57 ��$�)���� ��# B1 (���� B1 	�
����� ��$� ��


 ��$� 6
� ������� 	�
��� ���� �1�57 	M 	�D����� ���� Q
����*-4�?8� 98� :��� 4L#M A
������ ��$� .�' �Akubor (2004) �?�?��� ��������� �� !�� ��� 	M(Snack Foods) �58�
 

"�� ��� ������� ���� H� L������ ����� ���� 	�_����� 	�
��8��� G�8
�� �$���� ��X _�� B1 
�� ���� �<��7 T�5M B
��� �� !�� 3 <� ��$���� �����L�� �������� ��$8�� �����.-�*-�^-

�/-	M �8�' T�5��� ������� ���� ��$� N���� 4���� �� !�� 3 2 B1 	�
����� ��$� 	M ���� A
������� ���� �1�5U� :������ �DR

 "� �� !�� 3 <� ��$���� �����L�� �������)(Akubor, 2004.

������� ������ 
"�� ������ �5��)^(�� ������ G�
�� �8�! �8������ 	�
��� ���� 4����� �����

 	�$���� 4����U� �������� (��$'$��� (����� �����<�R� �������� �������/	�$��
��� 	�
���'���� +
	�$��
���'�������� ���� B8������ 	�
�����8� ������(FAO/WHO/UNU, 1985).G�8
�� 

��� "O�� 6�# ������� ��! ������� 	�
��� ���� �8����� N�81�� ���'� ��$�$�� ������� ���
	����D���� ��# �� B������ 	�
������P�$��� H� Q��
��� 3 2 4�?
�� Hussain and Basaby (1998) 

������� �� � 	�
��� B1 ������� ������ )�'�
 	#)����� (	� �D'M 6�# 9���
�� _�� 	�.K
��� ������ "O�� 4��W :�����M :�5��� 	���8?�� �8D� �8������ ��8���� ��� 4��'� ����

 �8������ ������ 4��' 	�� B1 ��?
�� 4���
$�� N����� 	�$�@��� 	��FM �����?��� 	�$������
 4���'�� 6�# ���
����)	�
$$��� 	����D���� (B8������ 	�
��8��� 	8� ��M 4���
$�� N�����

(Hussain and Basahy, 1998).4�$��� 4���M 4��
�� B1 ������� ������ )�'�
 	# G��M 
�$��� 4��W ������� �� �Elisa et al. (1966) �
$8� �8������ ������ )�'�
 �<�1 C�� _�� 

�M8$���� P������� 	� T��8�Aremu (1990)������ ������� 	�
��� '�� G�
�� 	# 8I��� �
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����E.����� ��	
� /���+ 3B ������� ������ �����	� � �������! ��
���� ���
��� ��= ������� ����� �����
)3���$ ���� 5��� />GG������ 5��� .(

������� ������ 
������
 ��!
������� 

������
 �������
 �����<�R�

(����� 

������
 �������

 (����<�R�
(��$$�� 

������
 �������
	�$�����/

	�
���'���� 

������
������� 
	�$��
���+

	�$��
���'�� 
����� ���� 	�
����� 

B������*

��$�$�� 
	�$�@�� d,,/-** 

±-,-.JK 
c,,J, 
±-,-.-/ 

bK,+c 
±-,--J+ 

e+,KJ 
±-,--K/ 

ac,-J 
±-,---c 

f.,J, 
±-,--- 

/,c

	�����D�� e^,/J 
±-,-.-c 

d^,,+ 
±-,--// 

c^,,c 
±-,--+K 

a+,-c 
±-,--,+ 

b^,c. 
±-,---+ 

f^,-- 
±-,-.- 

^,+

	���?�� e+,Kc 
±-,-.+/ 

c/,*+ 
±-,--KJ 

b/,+c 
±-,--,J 

a/,/, 
±-,--cK 

b/,+J 
±-,---/ 

d+,c/ 
±-,-*- 

^,/

	����D��� b-,/, 
±-,-.^J 

b-,/K 
±-,-*.* 

c-,/+ 
±-,-.^/ 

d-,/* 
±-,---c 

b-,/c 
±-,-.+K 

a-,JK 
±-,--- 

	����D���+	�
$$�� *,/
	�$������� e+,^^ 

±-,-.^. 
c+,+/ 
±-,--K^ 

d+,^K 
±-,--// 

a+,c+ 
±-,--K, 

b+,/, 
±-,---+ 

f^,-. 
±-,-.- 

*,c

	�$����� bc,,* 
±-,-*,. 

cc,/+ 
±-,-.*J 

cc,/^ 
±-,-.-c 

ac,J- 
±-,-.^J 

ac,c+ 
±-,-c,/ 

dK,/- 
±-,-.. 

,,,- 

	��F� �����?�� d,,*, 
±-,-.cJ 

c,,^, 
±-,--J, 

d,,*, 
±-,--+^ 

b,,/^ 
±-,-.-* 

a,,,, 
±-,---^ 

e/,c^ 
±-,-*- 

	�$����
�� d^,*, 
±-,--cJ 

c^,^, 
±-,--/* 

e^,*+ 
±-,--+- 

^,,Ja

±-,--/c 
b^,+/ 
±-,---^ 

f*,JK 
±-,-.- 

	��F� �����?��+	�$����
��bJ,/* bJ,K* bJ,/- a.-,** a.-,.. cc,,* 
±-,-./ 

,,^

	��
$<�� d^,** 
±-,--JK 

e^,-/ 
±-,--+, 

b^,// 
±-,--++ 

c^,*/ 
±-,--/. 

a^,,, 
±-,---+ 

f*,K. 
±-,-.- 

.,J

��$�$�� ��! 
	�����j�� aJ,J^ 

±-,-^-- 
cK,*^ 
±-,-.-J 

bK,c, 
±-,--c* 

d,,+K 
±-,-.-. 

e,,.^ 
±-,-.,, 

f+,*- 
±-,--- 

(�
���$�� ��� c..,+. 
±-,-^/+ 

b..,cc 
±-,-.KJ 

d..,./ 
±-,-.+. 

a.*,/c 
±-,-.JK 

e.-,c^ 
±-,--.- 

f/,+. 
±-,-.- 

(���
����� ��� c.J,.. 
±-,-/Kc 

b.J,Jc 
±-,-^-* 

d.c,cK 
±-,-*^c 

b.J,c, 
±-,-^.* 

e.c,** 
±-,--.K 

a+-,.* 
±-,.*/ 

	�$�@���� f^,/. 
±-,-.-, 

e^,,- 
±-,--/+ 

a^,c* 
±-,--+c 

b+,-c 
±-,--,+ 

c+,-^ 
±-,---+ 

a+,*. 
±-,-.- 

	��FF� e^,JK 
±-,-.*- 

d+,-/ 
±-,--,. 

b+,+. 
±-,--// 

c+,^/ 
±-,-K/c 

a+,,- 
±-,---+ 

f^,KK 
±-,-.- 

	���$�� f/,-* 
±-,-./. 

e/,*^ 
±-,--KJ 

c/,/- 
±-,--,J 

b/,,- 
±-,--cK 

a/,K- 
±-,---, 

d/,^, 
±-,-.- 

*������ :FAO/WHO/UNU (1985)$ ��?L�� 4���L
�� 	�$����� ��� �� .
** L$�
���±[������� T����F� )	=^(

B
�� 4�L$�
���
��� T��M �<��W
� ������7 ������ �L$�� B1������ ���1 �<��� ���� F(P≤0.05).
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 �8$���� ������� ������ 	� ������� �� �� 	82���Chan and Phillips (1994) )8�'�
 	8#
 ]��M B1 ������� ������(Fractions) 68�7 4�$����� 3 2 Q��
� 4��WM� P������� �� � 	�
��� 

]��
�� � ��?
�� 4���
$�� 	�$�@�� �D� ��$�$�� ������� ������ "O�� 6�# ������� 	�
��� 8H
��� ����)������ B��� B1 ��' (	�
$$��� 	���D���� B1 .���8� B81 Q��8
��� ��W
)^(68�7

 ��8���� B8����� ������ ��� [ ��� ����� B1 	�$�@�� ��$� ��?���(Limiting amino acid) .
 �5
� :�����7� :�������' ������� ������� ������� ��! ������ 	�� �������� ���?�� 	� 	M 3 2

������ �' )$�� B����� ������ I�� )$� T�
�
 ���?�� .�8'  ��� El-Adawy (2000) 	M 
�8���'�
 4��8�%
 6�7 4�M 4���
����� (��$'$��� (����� 4����<�R� ��������(Conformational) 

� � 3 82 	8# Q
8�� 	�$8�@�� ���� ������� ������ 6�# 4@������ (�
 ��DR
 	� Q
�� (
_����� �' � "�� P	��� �� ������ ����� �D� 4���
����� ��?�O��� ������� B1 4���%
 4@������
 ������ B1 	$�
 (��2 	M �'  	'�� �������'�� �������� ���
� ������� ������ )$� B1 ��%
 [M 

(��$'$��� (����� 4����<�R� ������� 	�
����� "$��� a��� "5<�� .C�� �8��Klepacka et al. 

(1997)�8����� 	M �5
�� 4�������� 4���
��� B1 ������� ��� 6�# �������'�� �������� ��DR
 
E
 (��$'$��� (����� 4����<�R� ������?��� ��$���� C��
�� �D� 4�������� ��� 4���
��� 6�# �D

 B����� 	����
���� �M 	���� �#���� 	����
�� ��$�(Amino nitrogen) ��
�
 �
��?
� 4����� 
	�
����� I�� 6�# .	�$8���� 4�8���U� �8������� ��DR
� ��$����� /	�$8��
��� 	�
�8��'���� +

������� 	�
��� ����� ������� ������ )�'�
 6�# 	�$��
���'��)����^( �8�1 �8'Abu-

Tarboush and Ahmed (2005) 4F�8��� ��S� 	��' B1 ������� ����k� "���� )�'�
�� 	M 
�8�� �8������� �8�! 4���
����� (�
 �� ��� �D��
 :�����7 �������� 	����� ���'�'�� �� � 	�
���

 �5�MClemente (2000) B���S� ���
�� 	M (Enzymatic hydrolysis)�D' �DE� F)$8� 6�# :��
 � N���� T��O B1 "
� 9�� �������� 4���
����� B1 ������� ������pH "���
$� 	��� ���
�� 

���
 T��O��������?��� �������'�� 4@������ B1 "

 B
��' ��$�� �.
"�� ������ �5��)+(����� ���� B1 	�$�@�� G�
�����8�� H� ����� ���� L�����

 ����� 	�
��� �@�7 ��$�� ������� ��! ��/�.-�./A.3 82 B81 	�$�@�� ��$� ������ ��#�
 ����� ����� ��$���� 4������).,J, "��� /.-- 	�
��� "��� (��� ��5�� ������ ���1 (���2 	M
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 ���1 ���
 (� '� �8�! ��8���� H8� ����� ���� L��� 4���# 	�� 	�$�@�� )$� B1 ������
 ��$� )$� ������� )$�� ������� ��! ������ �1�57 4�M� �1�5S�/d./A�8���� ���� 6�7 

�1�5S� ��$� N��� H� L����� B1 	�$�@�� ��$� N��� 6�7 ,�' �Asad et al. (1996) �$����� B1 
Y�8��� �� 8� ����� ����� ���� L����� B1 	�
����� N��� 6�# 4���M B
��(Mung bean) 	M 

B1 	�$�@�� ��8$� 4%�� ����� ���� *,Jc "��� /.-- Y���� �� � ���� B1� 	�
��� "���J,+- 
"���/.-- )$�� Y���� �� � ���� �1�57 ��# 9�M 	�D����� ��� ��' 	�
��� "���/�.-�./�
*-٪B���8
�� 6�# L����� B1 4��' 	�
����� N��� 	U1 ����� ���� 6�7 ,*�K.�KJ�cKA�

B1 	�
����� N��� 4�$� B81 	�$�@�� ��$� 6�7 L����� B1 	�8$�@�� ��$� C�$M 6�# �$����� 
B������ 	�
����� .�$����� 3 2 Q��
� �?

�)����+(9��7 ���
 �� H�Asad et al. (1996) B1 

� 82 B1� L����� B1 ��
 	�$�@�� ��$� 	U1 ����� ���� 6�7 �1�5��� ������ ��$� 4�� ���' 9�M
 �'  ���$��Gayle et al. (1986) l�
��� 	�$�@�� ��$� 	M (Available Lysine) 8���� 4���# B1 

������ 	� I�� �<��7 T�5���(Pigeon pea)� �?8� )$�� /�.-�./�*/A68�# 48��' 
B���
��-,^�-,K*�.,K. �.,^. �.,K.	�$�F "���/.,	����
�� "��� .

��# B1 	�$�@�� )$� Q��
��� �5�
 (� '� ������� 	�
��� ���� H� ����� ���� L��� 4�
 (����� �����<�R� �������(Acetic anhydride) (��$'$�� �����<�M�(Succinic anhydride) _8��

4���� (8����� 4���8�<�R� ������� ������ �<��7 T�5��� ����� ���� 4���# B1 	�$�@�� ��$�
 ��� ���� 4����� ��$���� ���� (��$'$��� (��$8'$�� �����<�R� ������� ������ �<��7 T�5��� ��

 ��$��.-�./A)����+.(4��' ��'��2�:����1 (���� B1 	�$�@�� ��$� 	�� ��5�� ������ 
:�������' �������� ������� ����� ���� L��� B1 )$��� 3 2 	��� �����.

���� H� �L������ ����� ���� 4���# B1 	�$�@�� )$� "��U8� ������� ������� 	�
��� 
	�$����/	�$��
�� "��7� 	�
���'���� +"�� ������ B1 ��5�� 	�$��
���'��)+.(4?�
�� ��$8�

�	� ����� ���� ���#� 4����S�� ������� ������� ����� ���� L����� B1 ������ ����� 	�$�@�
 ��$8� N��8�� 	�$8�@�� ��$� 4���� _�� �1�57 ��! "��U8� �8������ ��8���� �1�857 

	�$����/	�$��
�� "��U� �������� 	�
���'���� +	�$��
���'�� .������� ������ Q��
� 4�<OM ��� 
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 ����I.�����	� � �������! ��
��� ������� ������ ��	
� *� (������ ���� ���� /���+ C���� 
��#�J�� ��.

������ 	�$�@�� 
)"���/.--��	�
��� "�(

����� ���� m.,J,±-,---*
����� ����)J/A+ (M ������)/A(l*,^^±-,--- 
����� ����)J-A+ (M ������).-A(k*,,*±-,-.- 
����� ����)c/A+ (M ������)./A(b/,+*±-,-^+ 
����� ����)J/A+ () ������)/A(h^,,+±-,-*- 
����� ����)J-A+ () ������).-A(f+,,-±-,-*- 
����� ����)c/A+ () ������)./A(e+,K*±-,-.- 
����� ����)J/A+ (8� ������)/A(i^,^,±-,-.- 
����� ����)J-A+ (������a).-A(c/,*K±-,-.- 
����� ����)c/A+ (������a)./A(a/,,+±-,-^- 
����� ����)J/A+ (� ������)/A(j^,*K±-,--- 

��� ���� ��)J-A+ (� ������).-A(g+,^,±-,-.K 
����� ����)c/A+ (� ������)./A(d/,**±-,-./ 
����� ����)J/A+ (82 ������)/A(h^,,*±-,--- 
����� ����)J-A+ (82 ������).-A(g+,^+±-,--- 
����� ����)c/A+ (82 ������)./A(e+,K^±-,-.- 

M.��! ������� 	�
��� ���� ������� ).(����� �����<�R� ������� ������ 
a.(��$'$�� �����<�R� ������� ������ �.	�$���� "��U� ������� ������ /	�
���'���� 

82.	�$��
�� "��U� ������� ������ +	�$��
���'�� 
*L$�
��� ±[������� T����F�)	=^(.4�L$�
��� ���
 B
��T��M 7������ B1 �<��W
� 

:������ �?�
�� ��! ������ ������(P≤0.05).
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 Y�8��� N� � 	�
��� ����� �8���� ���� L���� 	� ������� ���� 4����� ��$�$��(Mung 

bean) 	�$���� "��U� �������� ������� ��! /�8���� �8��� L��� B1 ��� 	�$�@�� 	M 	�
���'����
 7 ��$� N���� ������� 8���� 4���# B1 B$�$�� B����� ������ � 2 ��$� 	M� ������ �1�5

 ��$�� :�����7 �������� ������ �<��7 T�5���/�.-A4��' ^,c+ �+,** ���8� "��8� 
B���M/.-- B���
�� 6�# 	�
��� "��� )P�������.+*/.(

���������� ������� 
>K"��������.�� ����
� 

�@8�7 ��$8�� �8L������ ����� ���� 	����� ���������� �������� �$��� 4�
)/�.-
�./A((8����� �8����<�R� �8������ ������� 	�
��� ����� P������� 	�
��� �����(Acetic 

anhydride) �� 	�
��� ����� P(��$'$�� �����<�R� ������� ������� 	�
��� ����� ����� ������� 
��U� 	�$�� "/P	�
���'��(Pepsin/pancreatin) 	�$8��
 "��U� ������� ������� 	�
��� ����� +

	�$��
���'(Trypsin + Chymotrypsin).

������ �5��)/(�@8�S� )$�� L������� H� ����� ���� 	����� T��������?�� ������
 P�2�'  ���$�� _�� ������ 	� 6�#M ]���� ���
�� ���� 	�' �8���� �8��� 	��8��� �L��5�� 

�@�7 )$�� L������/�.-�./A������� 	�
��� ���� 	� ������� ��! 3 82 Q��8
� �?

� 
�$��� H� �$�����Mustafa et al. (1986) N��8�� H��
 ]���� ���
�� B1 N����� 	M �'  [ �� 

�'  ��' P	�
����� ��$�Deshpande et al. (1983)���� �1�57 	M ���� ����� ���� 6�7 4�������� 
�8'  ��' P]���� ���
�� N��� 6�7 [�E� 9�� 	���# Yue et al. (1991) 7	�
��8��� �1�857 	

P]���� ���
�F ������� ��$��� N��� 6�7 [�E
 '���� �M ������ 4�M� '���� 	�
����� �1�57
 ]���� ���
�� B1 ��'M N��� 6�7 �
����� ����� ������ 	.�8���� �8��� 	��8��� ��$���� ��M 

�@�7 ��$�� �L������/�.-�./A���<�M 	� �'� ������� ������� 	�
��� ���� 	�4��(����
 	��8���� L�8��� 	8� �8'� �L��5�� ������ 	� ��M ]���� ���
�� ���� 	�' ��1 (��$'$��� 

T�5��� 9��7/�.-A	�������� ������� 	�
��� ���� 	�
�<� 	�
����� ,N��8��� 4��' 	�� B1
]���� ���
�� ���� B1�?��5 �L��5�� ������� ������ �'�
�� ./A������ C?�� �	�
 �?
� � 2� P
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 3�'  �� H�Canella (1978) ��8WM [ �� �8����� 	M 8'�� �8����<�M (��$8'$��� 	�
��8���
(Succinylated) �'�
� ]���� ���
�� ��$� ��?��� 6�7 4�M/A�'�
 ��M .-A68�7 G�M ��1 

N���	�
����� ]����� O�?
�F� ��$ ��?��� 6�7 :����# 	�'� �� � 2� P]���� ���
��.

����L:"��������.�� ����
�*�A��
��� �A������ ������ ��	
� *� (������ ���� ����� ���� ���� ����
� 
���
��� ��=��.���� �J�  ;#�� .

4������ 
**�$��� �

���
��
 ]���� ������

)A(

	�
 ������

)�����(

	�
 	����

)�����(

	� 4��D
 ������

)�����(

	�
 ������

)�����(

���
 �����
B'���'���� 	���� 

)������� N���(

�L��5 ���# :����� ���� ,.,,.,/.-,/*/,-*,,/*-,-
������ ���# S� ��$��@� 

����� ����� 
/A,*,-.,/c,-*.,-**,/*-,-
.-A,*,c.,/c,-*J,/^.,-*-,-

�� ���� 	�
�
 ��! �������

������� ./A,+,,.,/K,/^+,/^,,-*-,-
/A,-,-.,-*,-/,-K,-,-,-
.-A,.,-.,-*,-^,/+,/c-,-

������� ������
(����� �����<�R� 

./A,*,-.,-*,-+,//,/c-,-
/A,-,-.,-.,/*,-^,-c-,-
.-A,.,-.,-.,/.,-*,-.,-,-

���� ������� ��
 �����<�R�
(��$'$�� ./A,*,--,K/ .,*/ .,/*,*/ .c-,-

/A/c,-.,-.-,-.K,-.c,-^-,-
.-A//,-.,-.,/.,-.,-+-,-

������� ������
	�$���� "��U� /
	�
���'���� ./A/-,,.,-.,-.,/*,/K-,-

/A/J,+.,-.-,/./,/.,,/^-,-
.-A/,,-.,-.,/.,/*,/^-,-

������� ������
	�$��
�� "��U� +
	�$��
���'�� ./A/^,+.,-.,/*,-^,-+-,-

*T@
8�F� ����� ���
� F _��� �<��� L�5 ���L 	# T��������?�� ������� B����
�� ���'
�� ����
 "
 
�� 4���'� _@D�/A�L��5�� ������ ���� ����
$�� (� � .

** C�$M 6�# ���$�� ]���� ������ ���
�� ��$� .+A���L� .
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 �
�� ���� 	�'8�@�7 ��$�� �L������ ����� ���� 	����� ]���� ��/�.-�./A	�
�
�� ���� 	� ��D'� ��M :�����7 ������� ������� 	�
��� ����8����� �8�� �L��5�� ������ ]�

 �8������ 98
�'  �8� H� (�  �?
�� 4����S� 3 2 �L$��� �W���� 	�
����� ('?
 6�7 (�  H���
).+*/ (��� 	�
��� ����� ��$�����:�����7 ������� Y.

4�<OM ��Q��
� 4�M ����$�� �@�S� )$�� ����� ���� 6�7 ������� 	�
��� ���� �1�57 	M
 ��?��� 6�7 	���� 	� �L��5�� ������� ������ ���� 	���� 	� 	�
����� N��� 6�#–��
�  7 

���L 	�# 	�� [���� ������ )P[������ H�����.JJJ(.����� �@�S� )$� N���� ��?��F�
 3�'  �� H� �?
� � 2� ����$��Mustafa et al. (1986)�8������ ���� �<� T�5��� ������ 4���# 	M 

�� )$.-P�./P�*-A]�8��� ���
�� N���� P��
��D�� ����� P	���� 	� ��?��� 6�7 4�M 
3�'  �� H� �?
� ��' PL����� )$� N��� H�Deshpande et al. (1983) ��� _�� 	�D����� ]FE2

 N��8�� P]���� ���
�� N��� 6�7 [�E� 9�� 	���# ���� ����� ���� 6�7 ������ ���� �1�57 	M
�� "����� B'���'���� )�5�� ������� ���
)	�
����� T��57 [M(P	8���� 	�8� ��$���� ��M

 ������� 4��D 	�� ��1 (�  G�M 5�?��� 6�7 P�< ��8�� �8<� T�58��� 4������ ��� �� � 2� 
������� 	�
����� 	���� 	� 	� �' B1 ���' ��?��� 6�7 (�  G�M _�� :�������' ������� 	8�

 �� 4��D P����� "�� N���� ����� B'���'���� 	���� ���
 .� ��$���� ��M 	�
��8��� ��8�� 4����
��@�7 ��$�� :�����7 ��������/A	�
����� @'� 	���� 	� 	�' ��1 	�# 	�� m��$� �M :��� :�����

 �L��5�� ������ G���� �@�S� )$�� ��$���� ��M P).-�./A(?��� 6�7 (�  G�M ��1 ���' ��
 	���� ���
 ����� "�� N���� ������� 4��D 	� ��?��� 6�7 :�5�M (�  G�M� P	���� 	� B1

:�����7 �������� 	�
����� @' B1 �@�S� )$� �' B1 B'���'����.
DK"����#��#!M� ����
� 

������ �5��),(8� ����� ���� 	���#� ����� ���� 	����� T����$�
$'F� ������ H
�8����<�R� ������� ������� 	�
��� ����� P������� 	�
��� ���� 	� �'� �?�
���� �@�S� )$�
 "��U� ������� ������� 	�
��� ����� P(��$'$�� �����<�R� ������� ������� 	�
��� ����� (�����

	�$����/	�$��
 "��U� ������� ������� 	�
��� ����� 	�
���'�� +�
���'	�$�.
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 ����N:#!M� ����
�#��"����*��	
� *� (������ ���� ����� ���� ���� ����
� �A��
��� ������� ������
���
��� ��=��.���� �J�  ;#�� **.

4������ 
F� �����$�

���'�� 
)"��(

���$�F�����# 
�� ���� 6��

�������� )��"(

�� ���� 6��
�� ������

)������ N���(

����� ��� ��#
/- 	� "�� 

�W�� 
)������ N���(

B�$��� "����=
�������� ��#/-�W�� 	� "��

�����$�F����'�� 

�L��5 ���# :����� ���� .--%.^*,^^ 
±J,*J 

J/,-- 
±/,-- 

c/,,,K 
±+K,*/ 

K^-,-- 
±*,,+/ 

/,/^ 
±-,J* 

������ ���# S� ��$��@� 
����� ����� 

/AJ,,^^ 
±^,/. 

,.,-- 
±.,K^ 

J,-,-- 
±*-,-- 

J+^,^^ 
±..,/+ 

J,c- 
±-,^K 

.-A,-,^^ 
±+,/. 

^/,,K 
±.,./ 

K,^,^^ 
±^*,.+ 

,+^,.^ 
±*/,., 

.-,K- 
±-,K^ 

	�
��� ����
�� ��! �����

������� 

./A/,,,K 
±+,,. 

*K,,K 
±*,/- 

/+c,^^ 
±.*,/c 

^+-,-- 
±^+,,J 

/,JJ 
±-,.. 

/Ac*,^^ 
±*,-^ 

/-,-- 
±-,-- <.---,-<.---,-dd 

.-A,.,^^ 
±.,/* 

^/,-- 
±-,-- <.---,-J^^,^^ 

±*^,-J 
./,** 

±-,.* 
�������� �����

(����� �����<�R� 

./A/.,-- 
±.,K^ 

*K,-- 
±.,K^ <.---,-.^-,-- 

±.+,.+ 
*,,- 

±-,*c 
/AJ,,,K 

±^,-/ 
,*,,K 

±+,,. 
c/-,-- 

±.K,^* 
c^^,^^ 

±/,KK 
c,,^ 

±-,^* 
.-A,c,.^ 

±^,/. 
+*,,K 

±*,/. 
c.,,,K 

±/,KK 
Kc-,-- 

±*-,-- 
..,+K 

±-,** 
������� ������

 �����<�R�
(��$'$�� ./A+J,-- 

±.,-- 
^*,-- 

±.,K^ 
K/-,-- 

±-,-- dd dd

/A.^,,,K 
±+,J^ 

c,,,K 
±*,cc 

Kc-,-- 
±+-,-- 

K.^,^^ 
±+-,+. 

/,^c 
±-,+. 

.-A./K,,K 
±K,/- 

c-,-- 
±-,-- 

/*-,-- 
±*-,-- 

+J,,,K 
±*-,c. 

^,./ 
±-,.. 

������� ������
	�$���� "��U� /
	�
���'���� 

./A.+/,,K 
±,,,/ 

+/,-- 
±-,-- 

+*/,-- 
±c,,, 

+*/,-- 
±c,,, 

*,J* 
±-,.J 

/A..K,-- 
±+,-- 

,,,,K 
±*,cc 

,,-,-- 
±+c,*. 

,/-,-- 
±^,,-/ 

/,// 
±-,.* 

.-A.-K,,K 
±..,*^

*^,^^ 
±*,cc 

^^,,,K 
±^*,.+ 

*c^,^^ 
±*c,c, 

*,+, 
±-,+* 

������� ������
	�$��
�� "��U� +
	�$��
���'�� 

./Add dddddddd
*��� 4�$����� 4 �M +/����
 ����� )���� (�������.

** L$�
��� ±4���'� _@D� [������� T����F�.
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 O�@� ������� 	�
��� ���� L����� ����� ���� ����# B1)./A(�8��� 	� �' N���
 �������)��

 	M 6�7 ������� �W� ��@�� N���� �M �W�� �������� ("����� �W�� ���$��� ���������
 B�$���)�����$�F� ���� 6�# �W�� ���$��� �������� ��$� ���� �2�"��L�L��� (" (8�  G�M ��'

7N��8� ��#� PL�1 ����� ���� 6�# ���
���� �L��5�� ������� ������ �����$�F� ���� ��?��� 6�
 )$�� ����� ���� 6�7 T�5��� ������� 	�
��� ����� �@�S� )$�.-A�./AG�M ��1 (8� 

 L��58�� �8������ ������ B�$��� "���� ��# ����$�� T����$�
$'F� ������ �' B1 ��?��� 6�7 P�
3�'  �� H� �?
� � 2� Asad et al. (1996) ���� 	���# B1 45?��� T����$�
$'F� ������ 	M

 �������� 3 2 B1 ��?��F� ��$� 	M� Y���� N� � ���� 9��7 T�5��� ���������4��$8� N��8�� 
����� ����� Y���� ���� �1�57.

�1�57 4�M �� ����<�R� ������� ������� 	�
��� ���� ��$�� (���/�.-�./A	��8���
 ����� ���� ������� N��� 6�7 )�W�� �������� (�����$�F� ���� B1 ��?����)��L�L��� (H����

 (����� ����<�R� ������� 	�
��� ���� ������ 	M 6�7 (�  �� ]�8��� B1 	��� �� ��?��� 6�7 4�M 
3�'  �� H� �?
� � 2� 	�
����� � <� El-Adawy (2000) 	�
��8� ����� �������'�� �������� 	R� 

	�
����� � <� ]���� B1 	��� �� ��?��� 6�7 4�M Y����.�1�57 4�M� �8������ 	�
��8� ��8�� 
����� ���� 	����� (��$'$�� �����<�R� ������� ��?��� 6�7 ��M������� ���� B1 ������� ������ 

�L��5��,:��� ���' ��?��F� 	�' ����� �����$�F� ���� B1 )��L�L��� (L8���� )$8� N��� H�
 P�8������ 	�
��� ����� ]���� B1 	��� �� ������ N��� 6�7 (�  H��� ��� �L��5�� ������� ������

 ��� ����# 6�# ������ 6�7 � 2 G�M�sticky �@�S� ��$� ��# �<�� ����
�� )���./A.
45?��� ������� ����)���������W�� (�4���� ��L�L��� ���� )�����$�F� (���� 	�����

 	�$���� "��U� ������� ������� 	�
��� ���� �<� T�5��� �����/��	�
���' �L��5�� ������� ������ 
)����� ���� ()$� ��# ��L�L���� ������� 	�� 	�
� _��� 6�7 G�M � 2� PL���� )$� N��� H�

 �@�7/�.-A [�E�� 	�
��8� ���� "��
$� � 7 ���� T�!� N���� ���� 	$�
 6�7 (�
	�$���� "��U� ������� �������/:����$ N��' ��� L���� )$� ��# 	�
���'��.

45?��� � ��L�L��� ����� ������� ���� ���� G���� �������� �8���� �8��� 	��8���
 �� 	�
��� ���� �<� T�5�������� ��
 "��U� ������� 	�$ +�L��5�� ������� ������ 	�$��
���'
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)����� ���� (����'M ����� ��?��F� � 2 ��� ����# �@�S� )$� 4�� G�M _8�� �@8�S� 
��$��./A6�7 ���� N��� �������(more sticky) ��� "�8�� ��8�� � � P�<�� ����
�� )���

 $��
�� "��U� ������� ������� 	�
��� ���� �1�57 	� +B81 "��
$8��� ������ 6�7 	�$��
���'��
���� �#���.

"��������� ����
� 
"���
8$�� T��������� �<� ������ ����
 "
+-C�88$M 68�# ������ 	� "�.+A�

^,- �L���� ]���� 	� "�)�'�
 [M.-A.(8�'�
�� C?�8� ����$�� L������� H��� ��5�
 "
�
).-A.(

������ �5��)K(M�@8�S� )$� 4�DM _�� �<��# ������ "
 B
�� N����� ������ "2
/P.-P�./AG��8��� �8����� ���� 6�# :����' :���DR
 ������� ��! ������� 	�
��� ����� 

_�� �L��5�� ������� ������ G����� ������ ���� �?� 6�7 )$��� 3 2 4�M)����� ����(��M P
�@�S� )$�/P.-P�./AI�8?
�� 6�7 4�M (����� �����<�R� ������� ������� 	�
��� �����

 G����� ������ ���� ����)���
'� [M � B�@<�� 	�'
���W�� ((�  G�M� P�L��5�� ������� ������
 �L��5�� ������� ������ G����� ������ N���� ���� I�?
�� 6�7.)$� ��M �@8�S�/P.-�

./A	�
��� ����� (��$'$�� �����<�R� ������� ������� 4�M ��1 )$� ��# "�<
�� ����� ��R
 6�7
/� A.-)$8� �8�# G����� ������ ���� ���� I�?
�� 6�7 4�M� �L��5�� ������� ������ A

L����/� A.-�8����� N���8� �8��� I�8?
�� 6�7 (�  G�M ��' �L��5�� ������� ������ A
G�����.

@�S� )$� ��M �/P.-P./	�$���� "��U� ������� ������� 	�
��� ����� A/	�
���'���� 
��1 �8����� 	8� 6�#M "�<
�� ����� N���� ���� 4��' [M "�<
�� ����� N���� ���� ��R
 6�7 4�M 

�8����� N���� ����� G����� ������ ���� ���� I�?
�� 6�7 �������� 3 2 4�M ��' P�L��5��
��� G������L��5�� ������� ���.��M �@�S� )$�/P.-P�./������� ������� 	�
��� ����� A

	�$��
�� "��U� +	�$��
���'�� 4�M �8��� I�?
��� G����� ������ ���� ���� ��?��� 6�7
 �5�M ��� �L��5�� ������� ������ G����� ������ N����Mahmoud (1994) L������ ('?
 	M 
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���� ����� �5?��� ���� ���� 4�  4����� a�
�7 6�7 [�E� :�����7 ������� 4���
����� B1 
:�����7 ������� ��! 4���
������ ������ N���'.

����O:��=� ���
��� ������� ������ ��	
� *� (������ ���� ����� ���� ���� ����
� "��������� ����
�
���
���.���� �J�  ;#�� �*.

T��������� ����� 
4������ N���� �����W��� "�<
 

)"°(
�6���� ��� �����

)������� N���(
������N���� ���� ��#

 6���� �����)"°(
�L��5 ���# :����� ���� .--A/c,-*^-,-c^,/
������ ���# S� ��$��@������ 

����� 
/A/c,-.J-,-c/,-
.-A/c,-.c/,-c^,/

	�
��� ����
 ��! �������

������� ./A/c,-.,-,-c^,/
/A/c,-^+-,-c,,/
.-A/c,-^./,-cc,-

������� ������
(����� �����<�R� 

./A/c,-*K-,-cK,^
/A/c,-^--,-cK,^
.-A,.,-*/-,-cJ,/

������� ������
 �����<�R�
(��$'$�� ./A,.,-.J-,-cc,-

/A/c,-*K-,-c,,/
.-A,.,-*K-,-cc,-

������� ������
	�$���� "��U� /
	�
���'���� ./A,.,-*+-,-cc,-

/A/J,/.c-,-c/,-
.-A/c,-.K-,-c/,-

������� ������
	�$��
�� "��U� +
	�$��
���'�� ./A/J,/.,-,-cc,-

*����� B����
�� ���'
�� ����
 "
 ���
� F _��� �<��� L�5 ���L 	# T��������� ��
 �� 4���'� _@D� T@
�F� �����/A�L��5�� ������ ���� ����
$�� (� � .
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��J��� 
6��� �$����� 3 2 Q��
� 6�# ]̀���"���
$�� �8������ �� � (Cowpea) � ���8�' "�#�8
 

(� � )����� N���� 	�
����� ��$� B����� ����� ���� )�8���� 4��
�� B1 	�$�@�� (8� �
 "���
$�� 6
� �1�57 )$��� 	�
����� 	� ����# ��$� 9� Q
��' 	�
����� ����./A.6��� ��'

�	�$���� 4����7 "���
$�/�5?��� ���
 ���� 6�# ������ H� ������� 	�
��� ����
� 	�
���'����
)B���S� �#�?
�� 	� ����
 (	'�� _�� ��� "���
$� ��M ��$�� 4����S� 3 <� ������ ������� 	�


 	�./A.�8������ 	�
��8� B1 ������� ������ 6�# �������'�� �������� ��DR
 "�# 	� "!����� 
� 6��� 9�M F7 L��������M "���
$�� ������� 	�
��� ����
 T��O ���%
�(��$'$��� (����� 4����<
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Amino Acid Composition and Rheological Properties of Doughs of Wheat 
Flour and Cowpea Protein Isolate Modified Chemically and 

Enzymatically 
 

Ahmed, S. B., Abu-Tarboush, H. M., Al-Mana, H. A., Abu-Sultan, I. S., Ahmed, M. A., Abdullatif, D. A. 
Food Science and Nutrition, College of Food and Agric. Sci., King Saud University, P.O. Box 2460, Riyadh 

11451 Saudi Arabia 
 

ABSTRACT: The aim of this study was to modify the properties of cowpea protein isolate enzymatically 
(trypsin/chemotrypsin and pepsin/pancreatin) and chemically (acetic and succinic anhydrates). The effect of 
the addition of this isolate to wheat flour at different substitution levels (5, 10 and 15%) was also evaluated to 
find the suitable level needed to improve the nutritional value of wheat protein without affecting the 
rheological properties of the dough which are necessary for making bread and other baking products.  

The protein contents of deffated cowpea lour and cowpea protein isolate were 21.91 and 69.72% on 
fresh weight basis, respectively. The protein content of the wheat flour mixed with untreated and treated 
(chemically and enzymatically) isolates increased with increasing the level of isolates addition. Cowpea 
protein isolate contained most essential amino acids in amount adequate to daily intakes of preschool 
children except for methionine. Methionine is the limiting amino acid in cowpea protein isolate. 

The amino acid composition of cowpea protein isolate was not affected markedly by enzymatic and 
chemical treatments. The addition of untreated and treated cowpea protein isolates to wheat flour increased 
lysine content in all mixtures and the increase rate was proportional to the amount of isolate added.  

Addition of untreated cowpea protein isolate to wheat flour improved farinograph parameters of 
wheat flour dough at all levels of addition, whereas chemically treated isolate adversely affected these 
parameters compared to the control. Enzymatic treatment of the isolate also negatively affected farinogram 
parameters except pepsin/ pancreatin treatment at 5% level which paralleled farinogram parameters of the 
control. 

Extensigraph parameters were reduced for all mixture samples compared to the control. However, 
cowpea protein isolate treated with pepsin/ pancreatin and added to wheat flour at 5 and 10% level balanced 
extensibility values and improved these parameters.  

Addition of untreated cowpea protein isolate to wheat flour reduced maximum viscosity 
temperatures (amylogram parameters), whereas chemically and pepsin/ pancreatin treated isolates increased 
maximum viscosity and maximum viscosity temperature of wheat flour mixture samples compared to the 
control. On the other hand, addition of cowpea protein isolate treated with trypsin/ chemotrypsin reduced 
maximum viscosity value and increased maximum viscosity temperature compared to the control.  
88888888888888888888888888888888888888888888888888888888888888888 
Key words: cowpea protein isolate, enzymatic protein modification, chemical protein modification, 
rheological properties, amino acid composition, lysine content. 
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A Possible Effect of Thyme (Origanum syriacum L.) Tannins on Its Iron 
Bioavailability in Rats 

 
Al-Sayyed, H. F. and Takruri, H. R. 

Department of Nutrition and Food Technology, University of Jordan 
Amman, Jordan 

E-mail: htakruri@arg.ju.edu.jo 
 

ABSTRACT: The bioavailability of iron from different levels of sun-dried thyme (0.0%, 1.25%, 2.5%, and 
10.0% of the diet weight) was studied in Sprague-Dawley rats. Iron absorption, liver and serum iron 
concentrations were taken as parameters for bioavailability. Hemoglobin concentration and red blood cell 
count were also measured. 
 The highest food intake was for the control group (426.8±17.5 g) with lower (P ≤ 0.05) food intakes 
of all rats fed thyme-based diets. Food intakes of these groups were 223.8±17.5, 208.50±19.2, and 
170.1±21.4 g for the 1.25%, 2.5%, and 10% thyme diet groups, respectively.  

Rats fed thyme-free diet (control group) gained weight (71.9±7.5 g), whereas all rats on thyme - 
based diets had significant weight loss. Weight loss ranged from 26.7±7.5 g in the 1.25% thyme diet group to 
53.0±9.2 g in the 10% thyme diet group. Consequently, feed efficiency ratio ranged from – 35.1±5.6 in the 
10% thyme diet group to 16.9±4.6 in the control group. 

Apparent iron absorption (%) was the highest (42.9±7.3 %) in the 10% thyme diet group and the 
lowest in the control group (14.1±5.6%). This was reflected by liver iron concentrations of 137.6±29.7 and 
987.1±36.4 µg/g dry liver in the control and 10 % thyme diet groups, respectively. Rats exhibited normal 
values for the measured hematological parameters. In conclusion, it seems that there is a possible relationship 
between thyme content which is rich in tannins and the adverse effects indicated by high mortality and 
weight loss in rats. 
 
Key words: Thyme, Origanum syriacum L., tannins, iron bioavailabilty, Sprague -Dawley  rats 

INTRODUCTION 
 Thyme (Origanum syriacum L.) is an edible plant with high content of essential 
oils (Halim et al., 1989). It grows abundantly in the Middle East and is usually collected 
for human consumption (Daouk et al., 1995). In the Middle Eastern countries including 
Jordan it is used as folks medicine. The leaves are used for eye ailments, burns, and 
stomach troubles, and seeds are used as sedative (Oran and Al-Eisawi, 1998) while leaves 
(whether fresh or dried) are used in food (Takruri et al., 2007);a flavoring agent (Kamel et 
al., 2001), appetizer or condiment (Daouk et al., 1995), salad ingredient, garnish or 
seasoning, for dough filling, and for the preparation of hot and cold herbal tea (Tukan et 
al., 1998). Thyme is also a main ingredient in the preparation of thyme (Za’atar) mix 
(Tukan et al., 1998), which is eaten with meals especially breakfast (Dagher, 1992). 
 It was reported that high thyme content in rat diets (up to 74%) led to high 
mortality; this was ascribed to the presence of natural toxic substances such as tannins and 
thymol (Abu-Jadayil et al., 1999). Tannins are phenolic compounds having molecular 
weights between 500 and 3000 Dalton (D). These polyphenols contain a large number of 
hydroxyl or other functional groups (1 or 2 per 100 D), and therefore are capable of 
forming cross-linkages with proteins and other macromolecules (Bravo et al., 1992; Al–
Kurd et al., 2007). Also it has been demonstrated that there has been a marked reduction in 
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iron absorption both in humans and animals when fed tannin-rich foods (Chung et al., 
1998). 

A multitude of dietary factors affect non-heme iron absorption. Factors enhancing 
non-heme iron absorption include adequate amounts of calcium (Williams and Schlenker, 
2003), substances that form weak chelates with iron such as ascorbic acid, amino acids, 
and the presence of digestion products of meat, poultry, and beef. Factors inhibiting non-
heme iron absorption include binding agents such as phytate and polyphenolic compounds 
(Fairbanks, 1994). Knowledge of the total amount of iron in foods or diets is actually 
insufficient to evaluate the adequacy of the diet regarding iron status; thus, methods are 
needed to estimate the amount of ‘available’ iron from that food or diet. This study aimed 
to determine of the tannin content in thyme leaves, exploration of the level of thyme (and 
consequently tannins), which is lethal or hazardous for experimental rats, and studying the 
effect of tannins on the absorption of thyme iron. 
 

MATERIALS AND METHODS 
Preparation of thyme and diets 

Sun-dried thyme leaves were purchased from a local farm, cleaned from their 
stems, ground in a special thyme hammer- mill using a sieve pore size of 1 mm 
polyethylene, and stored in a mesh bag at room temperature till used for diet preparation. A 
sample was taken for proximate analysis (AOAC, 1995) 

In the preparation of the rat diets, recommendations of the National Research 
Council (National Research Council, 1978) and those of the American Institute of 
Nutrition (Reeves, 1997) were considered. Four diets were prepared; they differed from 
each other by the percentage of sun-dried thyme leaves included i.e. 0.0% (control), 1.25%, 
2.5%, and 10 % of the diet weight. 
 After their preparation, diets were stored in polyethylene bags in a refrigerator 
(Frigidaire, USA) at 4 º C until used in the animal feeding experiment. The composition of 
diets that were fed to the rats is shown in Table 1. 
Animal experimentation  

In this experiment, adult Sprague-Dawley rats were used. Animals were kept at 
21±2ºC with 12-hour light-dark cycle in the animal room. Animals were distributed 
randomly according to their weights (163.9±2.0) g into 4 groups (6 rats per group). They 
were individually housed in plastic cages with wire stainless steel mesh bottom.  

Each group of rats was fed one of the experimental diets with varying thyme 
percentage. Food intake of each rat was recorded every 3 days and animals were weighed 
weekly using a top-loading balance (Sartorious, Germany). Total weight gain and feed 
efficiency ratio (FER) were calculated. After two weeks a balance study was carried out. 
Feces were collected from each rat, rinsed with deionized water, oven-dried at 105 ± 2 º C 
stored in a freezer until analyzed. After four weeks, the experiment was ended; rats were 
killed in a chamber using chloroform anthesesia.  Blood samples (7 ml) were taken from 
the heart right ventricle of each rat. Five ml of the sample was stored in plain glass tubes, 
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and about 2 ml in EDTA plastic tubes to avoid blood coagulation. Red blood cell count 
(cell / mm3) was obtained according to WHO (World Health Organization, 1980). 
 
Table 1. Composition of rat diets (g / Kg diet) 
 

Vitamin Mix Component 1

Diet Number  
(% of sun-dried  
thyme leaves) 

 

Corn 
starch2

Albumin3 Corn 
oil4

Water-
soluble 
vitamin5

Fat- 
soluble 
vitamin6

Mineral 
Mix7

Sun-
dried 
thyme 
leaves8

1 (0.00) 720 120 90 20 10 40 0 
2 (1.25) 707.5 120 90 20 10 40 12.5 
3 (2.50) 695.0 120 90 20 10 40 25 
5 (10.00) 620 120 90 20 10 40 100 

1. Components weights (g component / kg diet) were measured using top-loading balance (Sartorious) to 
the nearest 0.1 g. 

2. Cornstarch was used as the carbohydrates source, it was also used to bring the diet mixture weight to 1 
kg. 

3. Egg albumin (Inovatech, CANADA) is the protein source. 
4. Corn oil was used as the source of lipids and essential fatty acids, also as a carrier for fat-soluble 

vitamins. 
5. Water soluble vitamins mix is composed of the following: 

0.5g thiamin hydrochloride, 0.4g riboflavin, 45g ascorbic acid, 4g calcium pantothenate, 4g  nicotinic 
acid, 2.5g choline, 25mg inositol, 10g Para-aminobenzoic acid, 0.02g biotin, 0.2g folic acid, 0.4g 
pyrodoxine hydrochloric, and 2.5mg cyanocobalamine, and continue the mixture weight to 1 kg by 
succrose. 

6. Fat soluble vitamins composed of the following: 0.4 g retinyl palmitate, 1ml of solution made by 
dissolving 0.0135 g vitamin D2 in 10 ml oil, 2 g vitamin. E (DL-α-tocopherol acetate), and 6 mg vitamin 
K (menadione) ml in 500 ml corn oil or (10 ml fat soluble vitamin mix provide 4000 IU vitamin A, 1000 
IU vitamin D2, 40 IU vitamin E, and 0.12 mg vitamin K per Kg diet)(Reeves, 1997). 

7. Mineral mix of all diets except for the control diet composed of the following: 0.21 g AlK(SO4)2.12H2O, 
350 g CaCO3 , 250 g  KH2PO4, 0.26 g CoCl2.6H2O, 0.5 g CuSO4 .5H2O, 102.26 g MgSO4.7H2O, 1.22 g 
MnSO4.4H2O, 250 mg  KI, 135.48 g  K2HPO4, 127.58 g NaCl, 63.5 mg NaF, 0.26 g Na2 B4O7. 10H2O, 
1.65 g ZnSO4.7H2O, 81.5 mg H3BO3, 0.0174 g LiCl, 0.0089 g VCl3, 1.45 g Na2SiO3, 0.28 g CrK 
(SO4)2.12 H2O, 5.0659 mg  SeO2, 5.04 mg MoO3, and sucrose to continue the mixture weight to 1 Kg. In 
the control diet only iron was added to the mineral mix as 4.712 g Fe2(SO4)3.7H2O to provide iron 
requirements of the rat and the mixture weight was completed to 1 Kg by sucrose(Reeves, 1997). 

8. Sun-dried thyme leaves were used as the test food and the source of iron in all diets except for the 
control and those values were added to give the needed percentages of thyme i.e. 0, 1.25, 2.5, and 10.0%. 

 
Livers were removed, rinsed with 0.9 % sodium chloride (saline) solution, weighed 

to the nearest 0.1 g, oven-dried at 105±2ºC. Each liver was ground using a mortar and 
pestle and stored in the freezer (Frigidaire) until analyzed for iron content. 
Chemical analyses 

Moisture, protein, fat, fiber, and ash content of thyme were analyzed according to 
the AOAC (AOAC, 1995) methods. Tannin content of thyme was determined according to 
Pizzaro et al. (1994) using the spectrophotometer (ELICO SL 150) at 760 nm. Livers and 
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feces were analyzed for their iron content according to Huh et al. (1999) and Wedekind et 
al. (1992) using atomic absorption spectrophotometer (Perkin Elmer, 2380, Canada). 
Hemoglobin concentration was determined by cyanomethemoglobin method according to 
Dacie and Lewis (1975) and serum iron concentration was determined according to Dacie 
and Lewis (1975) using the spectrophotometer at 620 nm. 
Statistical analyses 

General linear model with least square means was performed to determine any 
significant differences among the obtained results. Regression analysis was done to 
determine if there was any significant correlation between any two measured parameters. 
Significance was accepted at p ≤ 0.05 (Steel and Torrie, 1980). 
 

RESULTS 
Proximate composition and iron content of thyme 

The proximate composition and iron content of the sun-dried thyme leaves which 
were incorporated in rat meals are shown in Table 2. Sun-dried thyme leaves contained 
10.13 g moisture / 100 g of the original sample, 17.48 g protein, 7.56 g fiber, 10.97 g ash, 
50.47 g carbohydrates, 3.39 g fat, 302.31 Kcal, and 95.15 mg iron/100 g dry matter. 
 
Table 2. Proximate composition (g/100 g) and iron content (mg/100 g dry matter) of 
thyme 1.

Component Amount 
Moisture 10.13 
Protein 17.48 
Fat 3.39 
Fiber 7.56 
Ash 10.97 
Carbohydrate (nitrogen-free extract)2 50.47 
Energy3 302.31 
Iron4 95.15 

1.  Values are means of triplicates with C.V. < 5 %. 
2.  Calculated as [100 - (moisture + protein + fat + fiber + ash)] %. 
3. Calculated (in Kcal/100g) from analysis value using 4,9, and 4 Kcal/g from protein, 

fat, and nitrogen free extract,  respectively. 
4. Value is average of duplicate (mg/100 g). 

 
Iron and tannins contents 

Table 3 shows the iron and calculated tannin contents of the diets which were fed to 
the rats. The soluble tannins content in sun-dried thyme leaves was determined to be 1.79 g 
tannins / 100 g dry thyme. The iron contents of the diets ranged from 3.24 mg Fe / 100 g 
fresh diet (for the 1.25 % thyme diet) to 15.5 mg Fe / 100 g fresh diet (for 0 % thyme diet). 
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The calculated tannin content of the diets ranged from 0 g / 100 g fresh diet in the control 
diet to 0.18 g / 100 g fresh diet in the 10 % thyme diet. 
 
Table 3. Iron1 and calculated tannin contents2 of the rat diets. 

Diet group 
Amount of iron (mg/100 g 
fresh matter) 

Calculated tannin content 
(mg/100 g fresh matter) 

0 % thyme (control) 7.13 0 

1.25 % thyme 3.24 22.04 

2.5 % thyme 5.71 44.75 

10 % thyme 15.50 179.00 

1- Values are means of triplicates with C.V.< 5 %. 
2- Calculated as [amount of tannins in thyme (mg / 100 g dry thyme) × amount of  

 thyme in the diet (g)]. 
 
Animal Experimentation 
Rat mortality 
 Throughout the experiment rat mortality occurred with different rates among the 
experimental groups 2.5, and 10 % thyme diets but not the control (thyme-free) diet group 
nor the 1.25 % thyme diet group. Rat mortality % (calculated as number of rats which died 
/ 6 × 100%) is shown in Table 4. In the 2.5% thyme diet containing 44.75 mg tannins, 1 rat 
died among the six rats used in the group, whereas in the 10 % thyme diet group 2 rats died 
out of six rats. 
 
Table 4. Rat mortality (expressed as percentage). 

Diet group Number of rats died % Mortality 

0 % thyme (control) 0 0 

1.25 % thyme 0 0 

2.5 % thyme 1 17 

10 % thyme 2 33 

Weight change, food intake, and feed efficiency ratio 
Weight change, food intake, and feed efficiency ratio are shown in Table 5. Weight 

change of rats throughout the experiment (calculated as final body weight – initial body 
weight) showed that only the control group gained weight (71.88±7.52 g), and that all other 
rats fed thyme (regardless of its concentration in the diet) lost weight. 
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Weight loss ranged from 26.68±7.52 g in the 1.25% thyme group to 53.00±9.21 g 
in the 10% thyme group while food intake ranged from 170.10±21.41 g (in the 10% thyme 
diet group) to 426.77±17.48 g (in the control group). 

Feed efficiency ratio (FER) ranged from –35.05±5.57 (in the 10% group) to 
16.85±4.55 in the control group. Addition of thyme (regardless of its content) significantly 
reduced FER. 
 
Table 5. Weight change, food intake, and feed efficiency ratio1 of the rats throughout 
the experiment 2, 3.

Diet group 
Number of 

rats 
Weight change 

(g) 
Food intake  

(g) 
Feed efficiency 

ratio (%) 
0 % thyme (control) 6 71.88 ± 7.52a 426.77 ± 17.48 a 16.85 ± 4.55 a 
1.25 % thyme 6 -26.68 ± 7.52  b 223.80 ± 17.48 b -12.06 ± 4.55 b
2.5 % thyme 5 -38.84 ± 8.24 bc 208.50 ± 19.15 b -20.34 ± 4.99bc 
10 % thyme 4 -53.00 ± 9.21  c 170.10 ± 21.41 b -35.05 ± 5.57c

1- Feed efficiency ratio is calculated as (g weight gain/g food consumption) × 100 % 
2- Values are expressed as least square means ± standard error of the mean. 
3- Least square means with different letters in their superscript within a column are 

significantly different (P≤0.05). 
 
Iron intake and its utilization 

The data concerning iron intake throughout the experiment, retained iron, and 
apparent iron absorption percentage are presented in Table 6. Iron intake (mg) throughout 
the experiment ranged from 7.25±1.47 mg (for the 1.25 % thyme diet group) to 30.42±1.47 
mg (for the control group). Retained iron ranged from 2.79±1.39 in the 1.25% thyme diet 
group to 11.31±1.71 in the 10% thyme diet group and did not show any significant 
differences (P≤0.05) among the rat groups. 

Apparent iron absorption percentage ranged from 14.10±5.95% for the control 
group to 42.89±7.29% in the 10% thyme group and there was significant difference 
between iron absorption in the control group and different thyme groups. 
Hematological data 

Table 7 shows hemoglobin concentration (g/dl), red blood cell count (cell/mm3), 
and serum iron concentration (µg/dl) of the rat blood after the experiment. 

Hemoglobin concentration (g/dl) showed significant differences among rat groups 
ranging from 12.06±0.75 g/dl in the 10% thyme diet group to 14.86±0.62 g/dl in the 
control group. Hemoglobin concentrations of the 0% and the 1.25% thyme diet groups 
were not statistically different. Similarly, the hemoglobin concentration of the 1.25%, 
2.5%, and 10% thyme diet groups showed insignificant (P≤0.05) differences. 

Red blood cell count ranged from 6.54×10 6 ±0.39 cell / mm3 in the 2.5% thyme 
diet to 8.34 × 10 6 ±0.36 cell / mm3 in the control diet group. Red blood cell counts of the 
0%, 1.25%, and 10% thyme were statistically insignificant (P≤0.05). Similarly, the red 
blood cell counts of the 1.25%, 2.5%, and 10% were statistically insignificant. 



A Possible Effect of Thyme (Origanum syriacum L.) Tannins  

J. Saudi Soc. for Food and Nutrition., Vol. 2, No. 2; 2007 

7

Table 6. Iron intake1, retained iron2 and apparent iron absorption percentage3,4.

Diet group Number of 
rats 

Iron intake 
(mg) 

Retained iron 
(mg) 

Apparent iron 
absorption % 

0% thyme (control) 6 30.42 ± 1.47 a * 4.29 ± 1.39 14.10 ± 5.95 b 
1.25 % thyme 6 7.25 ± 1.47 c 2.79 ± 1.39 38.48 ± 5.95a

2.5 % thyme 5 11.91 ± 1.61b 4.74 ± 1.53 39.77 ± 6.52a

10 % thyme 4 26.37 ± 1.80 a 11.31 ± 1.71 42.89 ± 7.29a

* Mean ± standard error of the mean 
1- Calculated as food intake (g/day) × iron content of the diet (mg/g fresh diet).  
2- Calculated as iron intake – fecal iron 
3- Calculated as (iron intake – fecal iron) / (iron intake) × 100 % 
4- Least square means with different letters in their superscript within a column are 
significantly different (P≤0.05). 
 

Serum iron concentration did not show any significant differences (P≤0.05) ranging 
from 109.80±25.10 µg/dl in the 1.25% thyme diet to 213.62±25.10 µg/dl in the control 
group. 
 
Table 7. Hemoglobin concentration, red blood cell count, white blood cell count, and 
serum iron concentration of the rats at the end of the experiment 1.

Diet group Number 
of rats 

Hemoglobin 
concentration 

(g/dl) 

Red blood cell count 
(×10 6 cell/mm3)

Serum iron 
concentration 

(µg/dl) 
0 %thyme (control) 6 14.86 ± 0.62a * 8.34 ± 0.36a 213.62 ± 25.10
1.25 % thyme 6 13.25± 0.62ab 7.64 ± 0.36ab 109.80 ± 25.10
2.5 % thyme 5 12.43 ± 0.67b 6.54 ± 0.39 b 171.00 ± 28.48
10 % thyme 4 12.06 ± 0.75b 7.15 ± 0.44ab 142.65 ± 31.84
* Mean ± standard error of the mean 
4- Least square means with different letters in their superscript within a column are 

significantly different (P≤0.05). 
 
Liver weight and liver iron concentration 

Table 8 shows liver weight (g) and liver iron concentration (µg/g dry liver) of the 
rats after the experiment. Liver weights (g) in all thyme-based diets was significantly lower 
than that of the control group. There were no significant differences (P≤0.05) among the 
thyme-based diets in terms of liver weight. 

Liver iron concentration (µg/g dry liver) ranged from 137.55±29.74 µg/g dry liver 
in the control group to 987.07±36.43 µg/g dry liver in the 10% thyme diet group. As the 
dietary thyme concentration increased there was a significant (P≤0.05) increase in liver 
iron concentration. 
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Table 8. Liver weight of the rats and liver iron concentration1 at the end of the 
experiment2.

Diet group Number of  
rats 

Liver weight  
(g) 

Liver iron concentration  
(µg / g dry liver) 

0 % thyme (control) 6 9.63 ± 0.61a * 137.55 ± 29.74d

1.25 % thyme 6 4.78 ± 0.61b 426.26 ± 29.74c

2.5 % thyme 5 4.46 ± 0.67 b 732.09 ± 32.58b

10 % thyme 4 4.50 ± 0.75b 987.07 ± 36.43a

* Mean ± standard error of the mean 
1- Calculated as [liver iron concentration (mg/100 g dry liver) × dry liver weight] ÷ 

1000. 
2- Least square means with different letters in their superscript within a column are 

significantly different (P≤0.05). 
 
Regression analysis 
 Among the expected regression, there were only two significant correlations: 

1. Significant correlation (P≤0.05) between percentages of thyme incorporated in the 
diets and retained iron (mg) (r = 0.9674) (Figure 1). 

2. Significant negative correlation (P≥0.05) between hemoglobin concentration (g/dl) 
and liver iron concentration (µg / g dry liver) (r = - 0.9641) (Figure 2). 
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Figure 1. Relationship between thyme in the diet (%) and retained iron (mg). 
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Figure. 2. Relationship between liver iron concentration (µg/g dry liver) and 
hemoglobin concentration (g/dl) 

DISCUSSION 
The ratio of 1.25% sun-dried thyme (Origanum syriacum L.) and its multiples were 

intentionally used in rat diets. It was estimated that this amount in the diet (1.25%) 
resembles what the adult human might take daily from sun-dried thyme leaves in breakfast 
or when he/she eats one sandwich or pie of thyme mixture commonly called “Manakeesh”
in the area. 
Proximate composition and iron content of thyme 

The proximate composition and iron content of the sun-dried thyme leaves which 
were incorporated in rat meals were similar to those reported in the literature with some 
differences. Proximate composition results of this study showed that they were slightly 
higher in terms of the ash and nitrogen-free extract and slightly lower for fiber and energy 
contents as compared with those of Takruri (1998). The fat and protein contents were 
different from those reported by Takruri (1998), but in agreement with those of Abu-
Jadayil et al. (1999). However, crude fiber content obtained in this study was lower than 
that obtained by Abu-Jadayil et al. (1999), and close to that of Takruri (1998). Such 
differences may be due to differences in the area where the plant is obtained, degree of its 
maturity, the parts of the plant used, and the time of harvesting. 
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Tannin content of thyme 
The tannin content of the sun-dried thyme leaves in this study was 1.79 g / 100 g 

dry thyme (on dry matter basis). Hlava and Lánská (1980) reported that Origanum 
marjorana L. contains around 1 % tannins, and Origanum vulgare L. contains 8 % tannins. 
These differences are expected due to differences in the species of the analyzed thyme 
and/or to the method of analysis. 
Iron and calculated tannin contents of the diets 

The mineral mix was free of iron except for the control diet which contained iron as 
ferrous sulfate [Fe2(SO4)3.7H2O]. All the diets contained at least the amount of iron 
recommended for rats i.e. about 3.0 mg iron / 100 g diet. 

Calculated soluble tannin content of the thyme-containing diets is also shown in 
Table 3. The source of tannins in all diets was thyme. 
Rat mortality 

Rat mortality varied among the experimental groups; Tannins may have contributed 
to mortality. Dietary tannins have been reported to be responsible for a wide range of 
nutritional problems including mortality (Butler, 1989; Chung et al., 1998). Mortality may 
be due to reduced food intake, weight loss, and the effect of tannins on the protein 
digestibility, and micronutrient bioavailability (Chung et al., 1998). 

Regression analysis showed insignificant correlation (P = 0.3289, r = 0.3107) 
between food intake and % mortality was found. It has been reported by Chung et al. 
(1998) that mortality occurred in chicks when dietary tannins increased to ≥ 3 %. Mortality 
started in this study at 2.5% thyme (44.75 mg tannins /100 g diet) which corresponds to 
0.04%, so it seems that rats are more sensitive to tannins than chicks. Thymol, a major 
component of thyme oil, also has been found to have a toxic effect. LD50 in rats of thymol 
is 980 mg / kg body weight (Singleton and Kratzer, 1973). 
Body weight change, food intake, and feed efficiency ratio  

Body weight change (g), food intake (g) of the rats, and feed efficiency ratio 
(expressed as percentage) are shown in Table 5. It is obvious that all animals fed thyme-
based diets (regardless of thyme content) lost weight, while only the control group gained 
weight (71.88 ± 7.52 g). Weight gain of the control group was in agreement with the value 
reported by the National Research Council (National Research Council. 1989) for body 
weight gain in 12- week old Sprague-Dawley rats (87 g). 

Weight loss can be attributed to the presence of tannins in thyme, which were 
reported by many researchers to reduce rat weight gain and growth rate (Chung et al., 
1998; Santos-Buelga and Scalbert, 2000). Body weight loss can be attributed to reduction 
in food intake and inhibition of digestive enzymes by tannins (Levrat et al., 1993). 

Food intake reflects the acceptability of animals to the diet (Abu-Jadayil et al., 
1999). As shown in Table 5, the highest acceptability was for the control group. All rats 
fed thyme-based diets had lower acceptability to their corresponding diets. This may be 
due to the astringency of the sun-dried thyme leaves. The astringency of foods and 
beverages depend on the content of polyphenolic compounds (Bravo et al., 1992). Tannins 
have been reported to be responsible for the decrease in food intake (Yu et al., 1996; 
Chung et al., 1998). 
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Feed efficiency ratio is a reflection of the efficiency of conversion of the eaten food 
into body mass. Except for the control group, all diet groups had negative fed efficiency 
ratio, which is due to the weight loss of the rats. Dietary tannins were reported to reduce 
and/or impair feed conversion efficiency (Beard et al., 1996; Chung et al., 1998; Al-
Mamary et al., 2001). 
Iron intake, retained iron, and apparent iron absorption percentage 

Iron intake throughout the experiment, retained iron, and apparent iron absorption 
percentage during the 4-day balance study are shown in Table 6. As expected, iron intake 
was the highest for the 10% thyme diet and the lowest was for the 1.25% thyme diet group. 
This is consistent with the fact that thyme is a rich source of iron (Abu-Jadayil et al., 
1999). The 4-day balance study was chosen after two weeks from the beginning of the 
experiment so that rats could adapt to the new diet. 

The dose level and the iron status of the organism influence dietary non-heme iron 
absorption. In general, a lower proportion of iron is absorbed as the dose increases 
(Thompson, 1988). Furthermore, as iron status worsens, the percentage of a physiological 
dose tends to increase (National Research Council, 1989; Beard et al., 1996; Wood and 
Han, 1998; Mikami et al., 2000). Polyphenols, particularly tannins, were reported to reduce 
non-heme iron absorption (Bravo et al., 1992; Lynch, 1997; South et al., 1997; Santos-
Buelga and Scalbert, 2000; Williams and Schlenker, 2003).  

In the results of the present study there was -unexpectedly- a trend to increase 
retained iron and apparent iron absorption percentage as the dose of thyme (and 
consequently iron and tannins) increased. This is not likely to occur unless there is a 
deficiency. It seems that tannins in thyme reduced iron absorption by forming cross-
linkages with iron, this led to mild iron – deficiency and hence increased iron absorption as 
a defense mechanism. 

The results show that there is a trend to increase iron absorption as the percentage 
of thyme (and consequently non-heme dietary iron) increased. Thus it is suggested that rats 
developed initial stages of iron deficiency. This result was in agreement with the 
significant correlation (r = 0.9674, P≤0.05) between percentage thyme (%) and apparent 
iron absorption (mg) as shown in Figure 1. It is also possible that either Ca or dietary fiber 
bind tannins and increase iron absorption. 
Liver weight and liver iron concentration. 

Data concerning liver weight (g) and liver iron concentration (µg/g dry liver) are 
shown in Table 8. Liver weight reflects the animal weight (Abu-Jadayil et al., 1999). The 
average liver weight of all rat groups fed thyme (regardless of its content in the diet) were 
significantly less than the average liver weight of the control group. This is consistent with 
the reduction in body weight of the animals (which were fed thyme). 

Iron is stored in the liver in high amounts (National Research Council, 1978; 
National Institute of Nutrition, 2002). Liver iron generally reflects iron absorption (Abu-
Jadayil et al., 1999). Results of this study show that the highest liver iron concentration 
(µg/g dry liver) was for the group which was fed 10% thyme followed by the 2.5% thyme 
group, then the 1.25% thyme group, and finally the control group. Absorption data in Table 
6 are in agreement with data regarding liver iron concentration in Table 8 i.e. as the 
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percentage of apparent absorption increases, the liver iron concentration increases because 
liver is the main storage site for iron (Reeves, 1997). 
Hematological indicators 

The normal range of blood hemoglobin in adult rat is reported to be 12-17 g/dl 
(Latunde-Dada et al., 1998). Generally, hemoglobin concentration values of all rat groups 
were within the normal range. This may be due to the body defense mechanisms which 
caused the observed increase in iron absorption as a response of iron-tannins binding, and 
consequently the low iron status. This is also reflected by the significant increase in liver 
iron concentration (µg/g dry liver) as the percentage of thyme (and consequently tannins) 
increases (Table 8). 

Results of the study (Table 7) regarding the measured hematological parameters 
show that addition of 1.25% thyme to the rat meals caused a non- significant (p>0.05) 
reduction (as compared with the control group) in hemoglobin concentration (g/dl). 
However, addition of more than 1.25% thyme to the meals caused significant reduction in 
hemoglobin concentration compared to the control group. 

The significant negative correlation (r=0.9641, p≤0.05) between liver iron 
concentration (µg/g dry liver) and hemoglobin concentration (g/dl), as shown in Figure 2, 
may indicate that some of hemoglobin iron was stored in the liver. This may be a 
compensatory mechanism to prevent progression of anemia, together with increased iron 
absorption. 

Iron absorption in the rat is dependent on serum iron levels (Latunde-Dada et al., 
1998). Serum iron is useful for differentiating between nutritional deficiencies of iron and 
iron deficits arising from chronic infections, inflammation or chronic disease. Serum iron 
reflects the iron in transit from the reticuloenothelial system to the bone marrow. It is a 
measure of the number of iron atoms bound to the iron transport protein “transferrin” 
(Gibson, 1990). 

Serum iron concentrations of the rat blood after the experiment are shown in Table 
7. As in the results of Abu-Jadayil et al. (1999), there were no significant changes in the 
serum iron values before and after the experiment. This may be due to the suggested stage 
of iron deficiency, which is the initial stage. 

Red blood cell count is of diagnostic value to monitor blood diseases (Dacie and 
Lewis, 1975). Red blood cell count values of the rat blood after the experiment are shown 
in Table 7. The highest count was for the control group followed by 1.25% and 10% diet 
group, then the 2.5% diet group. All rat groups (except for the 2.5% thyme diet group) had 
normal red blood cell count of 7.5 million/mm3 (Latunde-Dada et al., 1998; Gibson, 1990). 
In this study, the red blood cell count for the 2.5% thyme group was not statistically 
different from those of the 1.25% or the 10% thyme diet groups. 

It is concluded that the use of thyme in rat diets at levels of 1.25% or more caused 
weight loss, reduction in food intake and feed efficiency ratio of the rats. It is also 
concluded that rat is efficient in resisting the action of tannins because rats which were fed 
thyme (regardless of its content) exhibited normal values of the measured hematological 
parameters (red blood cell count, and hemoglobin concentration). The practical 
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significance of thyme in human diets, where lower amounts of thyme are usually 
consumed, needs a further investigation. 
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ABSTRACT: A total of 600 random samples were originated from 100 lamb carcasses, judged as fit for 
human consumption, directly after slaughter from Ismailia Central Abattoir. Sterile technique was followed 
during sampling of lamb carcasses. Each carcass was represented by six samples: liver, hepatic lymph node, 
gall bladder, lower part of small intestine, mesenteric lymph node and muscular portion of the diaphragm. 
The mean values of aerobic plate counts for liver, hepatic lymph node, gall bladder, intestine, mesenteric 
lymph node and muscle were 5.0x104, 1.1x105, 3.5x105, 2.6x106, 4.9x105 and 3.3x104 cfu/g, respectively. 
544 out of 600 (90.6%) lamb samples were positive for the presence of Enterobacteriaceae group. The most 
recoded positive samples were the samples of intestine (18.4%) and mesenteric lymph node (18.4%), while 
the lowest recorded sample was muscle sample (14%). The mean values of Enterobacteriaceae counts for 
liver, hepatic lymph node, gall bladder, intestine, mesenteric lymph node and muscle were 3.0x102, 2.0x103,
1.6x102, 4.0x104, 5.0x103 and 7.0x10 cfu/g respectively. 655 Enterobacteriaceae strains could be isolated 
from the examined samples at different rate. Three strain of Salmonella and 424 strains of E. coli could iso-
lated and serotype from the examined lamb carcasses samples. The significance of the obtained results and 
public health important of the isolated Enterobacteriaceae strains were discussed. 
 

INTRODUCTION 
 

Lamb is one of the desirable components of the Egyptian diet especially in certain 
religious celebration, supplying variable percentage of calories, protein and fat. It is also 
nutritious substrate supporting the growth of wide range of microorganisms. Lamb car-
casses are easily contaminated with microorganisms during slaughtering processes, and 
support their growth if not properly processed and preserved. Mishandling and improper 
preservation allow microbial proliferation; increase the potential for presence of patho-
genic bacteria and formation of toxins which may lead to meat spoilage and public health 
problems (Sofos, 1994 and Sofos et al., 1999). The extent and types of contamination of 
lamb carcasses mainly depend on sanitation and hygienic procedures during slaughter and 
fabrication processes. Aerobic plate count is commonly recommended as microbiological 
method estimating the food quality and shelf-life. Their counts assessed on the fresh lamb 
carcasses by values ranged between 5 log10 -7 log10 cfu/cm2 (Sajida et al., 1982; Al-
Aboudi and Hamed, 1988) and on frozen lamb carcasses by value of 3.92 log10 cfu/cm2

(Vanderlinde et al., 1999). 
Family Enterobacteriaceae are wide spread in a variety of hosts including verte-

brate, invertebrates and higher plants but the most important group from the hygienic 
points of view grow chiefly in the lower gastrointestinal tract of human and animals (Davis 
et al., 1990). They can be regard as indicator and index organisms as there are close corre-
lation existing between the Enterobacteriaceae counts and extend of fecal pollution (Hayes, 
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1992). The contamination of lamb carcasses by the members of family Enterobacteriaceae 
is inevitable but can be limited. Mousa and Yassien (1987) accomplished a study to deter-
mine the prevalence of Enterobacteriaceae among lamb slaughtered at Damanhour abat-
toir-Egypt. The study revealed that the enteric groups were commonly isolated from both 
of the hepatic and mesenteric lymph node at rate of (20.5%) followed by liver (18%), mus-
cles (15.6%) and intestine (15.4%). Ibrahim (1993) determined the surface count of En-
terobacteriaceae for lamb carcasses freshly slaughtered at Sharkia abattoir- Egypt. Entero-
bacteriaceae count, which observed immediately after pelting was increased after eviscera-
tion where it ranged between 1.1 to 2.1×105 cfu/cm2; such minimum contamination re-
corded in the abattoir was increased by delivery to butcher's shops. The author added that 
the strains could be isolated from the examined surfaces at different stages of preparation 
with varying percentages (4-40%). 

Salmonella spp. and E. coli are the most important members of the Family Entero-
bacteriaceae where they have a public health concern, they isolated from the lamb car-
casses judged as wholesomeness and pass for human consumption (Bernardo and 
Machado, 1990). Their presence in food generally indicates direct and/or indirect contami-
nation of food from faecal origin (ICMSF, 1987). The presence of such pathogens may be 
the causes of food-borne disease that may lead to loss of human life (Sofos, 1994). There-
fore, the present study was planned in order to develop a microbiological profile of lamb 
carcasses produced for domestic consumption within the Ismailia governorate by determi-
nation of aerobic plate counts, Enterobacteriaceae counts and identification of the most iso-
lated strains. Moreover, the microbiological data were used to validate the hygienic status 
of the abattoir. 
 

MATERIALS AND METHODS 
Samples Collection 

A total of 600 samples were randomly collected from 100 lamb carcasses (9 
months old and 25±5 Kg weigh) directly after slaughter from Ismailia Central Abattoir.  
All carcasses were judged as fit for human consumption from veterinary point of view. 
Sterile technique was followed during collection and preparation of lamb samples. Each 
carcass was represented by six samples: liver (caudate lobe), and the whole of each of the 
hepatic lymph node, gall bladder in addition to the lower part of small intestine with mes-
enteric lymph node and muscular portion of the diaphragm. Each sample was placed in la-
beled sterile plastic bag and stored in icebox until delivered to laboratory for bacteriologi-
cal evaluation. 
Samples Preparation 

10 gram from each sample was placed in sterile stomacher bag contained 90 ml of 
0.1% sterile peptone water and homogenized for 2 minutes using Stomacher (Seward labo-
ratory services, Auckland). From the obtained dilution (10-1), further serial decimal dilu-
tions were prepared up to 106 dilutions of the original samples. 
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Microbiological Analysis 
The microbiological analysis undertaken using the techniques recommended by 

APHA (1992) to determine the total aerobic counts, Enterobacteriaceae count (Murthy, 
1984), biochemical and serotyping investigation of the isolates (Quinn et al., 1994). 

 
RESULTS AND DISCUSSION 

Aerobic Plate Counts 
The published information on the microbiological quality of Lamb is very little 

when compared to other meat kinds (Vanderlinde et al., 1999). In this study, the mean val-
ues of aerobic plate counts for liver, hepatic lymph node, gall bladder, intestine, mesenteric 
lymph node and muscle were 5.0×104, 1.1×105, 3.5×105, 2.6×106, 4.9×105 and 3.3×104

cfu/g, respectively (Table 1). The obtained results were confirmed by Bhagirthi et al.
(1983), while higher level of APC was recorded by Biss and Hathaway (1995) and lower 
level of APC was recorded by Al-Aboudi and Hamed (1988). Sheep fleeces are one of the 
most important sources for carcass surfaces contamination during hide removal (Bell et al.,
1993). Carcasses derived from slaughtered sheep with faecal soiled fleeces have been 
shown to carry up to 1000 times more microorganisms than carcasses derived from visu-
ally clean sheep (Hadley et al., 1997).  Other sources, including air, water, soil, intestine, 
lymph nodes, processing equipment, utensils and human being contribute to the microbial 
contamination of the sterile muscles of healthy animals during slaughter and further proc-
essing and handling techniques (Bell, 1997; Gill, 1998). Thus, microbial contamination of 
meat during various stages of preparation by aerobic bacteria may lead to economic losses 
as results of meat deterioration. 
 
Table 1. Mean, minimum and maximum values of total aerobic plate counts (CFU/g)* for lamb sam-

ples. 
Samples Mean Minimum Maximum Standard error 
Liver 5.0×104 7.0×102 4.9×106 2.7×104

Hepatic lymph node 1.1×105 1.3×103 6.3×106 8.0×103

Gall bladder 3.5×105 3.0×102 2.4×107 3.1×103

Intestine 2.6×106 1.2×104 7.5×108 2.3×105

Mesenteric lymph node 4.9×105 3.0×104 3.0×107 3.3×103

Muscle 3.3×104 2.0×102 8.7×105 2.0×104

* (CFU/g) = Cell Forming Unit/gram of examined sample. 
 
Enterobacteriaceae Counts 

It was reported that there is a close relation between the total numbers of family 
Enterobacteriaceae and extent of faecal pollution particularly in relation to contamination 
by salmonella (Hayes, 1992). Positive samples for Enterobacteriaceae are shown in Table 
2, revealing that out of 600 examined lamb samples; 544 (90.6%) were contaminated by 
members of the Enterobacteriaceae family. The diaphragmatic muscle's samples represent 
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the lowest percentage (14%) among the contaminated samples; meanwhile the intestines 
with its mesenteric lymph node constitute the highest percentage of contaminated samples 
(18.4%). The individual percentage fot hepatic systems were 15.4%; 16.2%and 17.6% for 
each of gall bladder, liver and the hepatic lymph node, respectively. The mean values of 
the count of Enterobacteriaceae for liver, hepatic lymph node, gall bladder, intestine, mes-
enteric lymph node and muscle were 3.0×102, 2.0×103, 1.6×102, 4.0×104, 5.0×103 and 
7.0×10 cfu/g, respectively (Table 3). The bacterial profiles of the group of Enterobacteri-
aceae isolated from the examined samples are shown in Table 4. Strains of Citrobacter 
freundii, Citrobacter diversus, Enterobacter aerogenes, Enterobacter agglomerans, Es-
cherichia coli, Klebsiella pneumoniae, Morganella morganii, Proteus mirabilis, Proteus 
vulgaris, Providencia rettegerii and Serratia marcescens could be recovered from the ex-
amined samples with different levels. Other investigators recorded Enterobacteriaceae 
counts on the sheep carcasses and edible offal by different levels (El-Daly, 1983; Mousa 
and Yassien, 1987; El-Mossalami et al., 1988; Hafez et al., 1994). In general, the muscles 
of live healthy animals are sterile, while lymph nodes, some organs and, especially, sur-
faces exposed to the environment, such as external hide, fleece, mouth and gastrointestinal 
tract carried extensive contamination (Gill, 1998). Such meat contaminations may have a 
potential capacity to cause human food poisoning. Citrobacter freundii has been incrimi-
nated in human urinary tract and other pyogenic infection (Krige and Holt, 1984). Kleb-
siella spp. was implicated in different health problems for human (Pyatkin and Krivoshein, 
1980). 
 
Table 2. Number and percentage of positives samples for Enterobacteriaceae on lamb samples. 
 

Positives samples for Enterobacteriaceae Samples No. % 
Liver 88 16.2 
Hepatic lymph node 96 17.6 
Gall bladder 84 15.4 
Intestine 100 18.4 
Mesenteric lymph node 100 18.4 
Muscle 76 14 
Total 544 90.6 

Table 3. Mean, minimum and maximum values of counts of Enterobacteriaceae (CFU/g)* for lamb 
samples. 

Samples Mean Minimum Maximum Standard error 
Liver 3.0×102 < 102 9.0×104 1.2×102

Hepatic lymph node 2.0×103 < 102 3.4×105 1.1×102

Gall bladder 1.6×102 < 102 5.0×103 1.1×102

Intestine 4.0×104 8.0×103 2.8×107 3.2×104

Mesenteric lymph node 5.0×103 2.0×102 2.7×106 9.0×102

Muscle 7.0×10 <102 2.3×103 5.0×10 
* (CFU/g) = Cell Forming Unit/gram of examined sample. 
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Table 4. Frequency distribution of isolated strains of Enterobacteriaceae among lamb samples. 
 Liver 

F %
H. L.N.*

F %
Gall Blas. 
F %

Intestine 
F %

M. L.N.**

F %
Muscle 
F %

Citrobacter diversus 2 2.2 2          2.1 4 4.6 11       6.5 4        2.9 2        2.6 

Citrobacter freundii 4 4.5 2          2.1 12       13.8 7         4.1 3        2.2 0          0 

Enterobacter aerogenes 0 0 0 0 4 4.6 8         4.7 6       4.4 1        1.3 

Enterobacter agglomerans 11      12.2 14      14.6 3 3.4 15        8.8 13      9.6 0          0 

Escherichia coli 58      64.4 66      68.7 51       58.6 96      56.5 84    61.8 69    90.9 

Klebsiella pneumoniae 4 4.5 3          3.1 0 0 0 0 1 0.7 1        1.3 

Morganella morganii 2 2.2 4         4.2  0           0 0           0 3       2.2 0          0 

Proteus mirabilis 5 5.6 3          3.1 6 6.9 15        8.8 8       5.9 2        2.6 

Proteus vulgaris 3 3.3 2         2.1  4         4.6 10        5.9 11      8.1 0          0 

Providencia rettegerii 1 1.1 0            0  2         2.3 5          2.9 3       2.2 0          0 

Serratia marcescens 0 0 0 0 1 1.2 3          1.8 0         0 1        1.3 

Total 90      100 96       100 87       100 170    100 136   100 76     100 

* H.L.N.  = Hepatic Lymph Node. 
**  M.L.N. = Mesenteric Lymph Node. 
 
Salmonella and Escherichia Serotypes 

Live animal are often highly contaminated or are asymptomatic carriers of patho-
genic bacteria (Latellier et al., 1999). In the present study, pathogenic strains of salmonella 
and E. coli isolated from the lamb carcasses samples. Results of Table 5 revealed that the 
percentage of lamb carcasses carrying salmonella directly after slaughter was 3%. The 
positive samples for salmonella were the intestine and its mesenteric lymph node samples. 
Moo et al. (1980) stated that mesenteric lymph nodes are considered as the reservoirs of 
salmonella in sheep. Two Salmonella strains could be identified as Salmonella enteritidis 
(2%) and Salmonella typhimurium (1%). Similar results were nearly obtained by Sinell et 
al, (1984); Ismail and El-Seedy (1989) and Sierra et al (1995), attempts to isolate Salmo-
nella before were failed neither from lambs locally slaughtered inside (Mousa and Yassien, 
1987) nor outside Egypt (Khurana and kumar, 1993). 
 
Table 5.  Antigenic analysis and formula for isolated strains of  salmonella from iamb carcasses. 

Antigenic Structure Samples Isolates 
No. 

Serotype Incidence 
% Group Somatic Phase I Phase 2 

Mesenteric 
lymph node 

100 S. enteritidis 2 D1 1, 9, 12 G, m - 

Intestine 100 S. typhimurium 1 B 1, 4, (5), 12 I 1, 2 
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The presence or absence of salmonella in meat are basically dependant on sources 
of contamination of slaughter hall from previous infected animal beside that, salmonella 
can survive on slaughter house tools, in plant environment and subsequently contaminate 
other carcasses (Riemann and Bryan, 1979). Moreover, post-processing contamination of 
meat by salmonella from other materials combined with inadequate temperature storage is 
the interpretation to the salmonellosis is most reportedly outbreaks of food-borne illness 
(Bryan, 1978, 1980). 

E. coli is a common organism found in the intestinal tract of humans and animals. 
Most E. coli do not cause disease in humans; but certain strains may cause diarrhea disease 
or more serious forms of illness. The antigenic analysis of E. coli recovered from the sam-
ples obtained from the slaughtered lamb is shown in Table 6. The recovered strains mainly 
recorded from the intestine and mesenteric lymph node samples. The identified serotypes 
for Enteropathogenic E. coli (EPEC) were 7 (1.7%) of O114; 8 (1.9%) of O026; 9 (2.1%) of 
O128; 6 (1.4%) of O126 and 14 (3.3%) of O119. Serotypes of Enterotoxogenic E. coli 
(ETEC), Enteroinvasve E. coli (EIEC) and Enterohaemorrghic E. coli (EHEC) were not 
detected. 
 
Table 6.  Antigenic analysis and formula for isolated E. coli from lamb carcasses. 
 

Serotypes 
 

Liver H. N.* Gall Bl. Intestine 
 

M. N.** Muscle 
Strains 

 No.          % 

I Typable EPEC        

O026 

O114 

O119 

O126 

O128 

-- 

-- 

1

-- 

-- 

 

-- 

-- 

-- 

-- 

-- 

 

-- 

-- 

-- 

-- 

-- 

 

6

3

8

3

6

2

3

5

3

3

-- 

1

-- 

-- 

-- 

 

8

7

14 

6

9

1.9 

1.7 

3.3 

1.4 

2.1 

ETEC -- -- -- -- -- -- ND*** 0

EHEC -- -- -- -- -- -- ND*** 0

II Untypable Autoagglutinable 
(Rough Colonies) 

 380 89.6 

* Hepatic node. 
** Mesenteric node. 
*** ND = not detectable. 
 

The strain bearing O157 antigen was not detected among the sorbitol- negative 
E.coli isolates. Doyle (1991) recorded that the incidence of this strain on lamb carcasses is 
very low. It is worthy to record that 380 (89.6%) isolates of E .coli were autoagglutinable 



Yassien, M. A.; Ahmed, A.M.; Elias, S. S. and Ahmed, A. M. 

J. Saudi Soc. for Food and Nutrition., Vol. 2, No. 2; 2007 

24

rough colonies so considered untypable. Many strains of E. coli are recognized as patho-
genic strain for humans to varying degree. Enteropathogenic E. coli (EPEC) cause severe 
diarrhea in infants, the second group (ETEC) also cause diarrhea in both adults and infants 
and usually succumbing to the world wide illness known as traveler's diarrhea. Moreover, 
their enterotoxins had been implicated in several of infection with water as well as a wide 
range of various meats. The strains of the third group (EIEC) and the final group (EHEC) 
have been implicated in server illness like colitis, bloody dysentery and hemorrhagic ure-
mic syndrome (Ryan, 1986; Olsvik et al., 1991). Sheep pins and lairages are the most fre-
quently contaminated sites for E. coli especially at unloading ramp floors, holding pen 
floors and water troughs (Small et al., 2002). 
 

CONCLUSION 
 

The present work revealed that the bacterial contaminations of the lamb carcasses 
during various stage of processing are inevitable. Abattoir structure and poor sanitation 
may have great influence on the carcasses contamination by different kinds of microorgan-
isms specially Enterobacteriaceae group. Presences of human pathogens as Salmonella spp. 
and E. coli in lamb carcasses are a message to the authority in concern to assist plants to 
improve performance of slaughter and dressing techniques as such pathogens were isolated 
from meat judged as fit for human consumption. Application of Hazard analysis and criti-
cal control point (HACCP) systems in meat production establishments aid in identifying 
and evaluate the meat safety hazards. HACCP provides a quality control tool designed to 
replace or supplement traditional meat inspection. 
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ABSTRACT: The effects of some different cutting shapes (whole, serrated and sliced) and moist-heat 
treatments (blanching in boiling water with or without applying pressure for different time intervals) on 
physical, chemical, sensory properties and microscopic structure of carrot (Daucus carota L) were 
investigated. Physico-chemical and sensory properties of carrot juice produced from selected blanched carrot 
in-between the investigated samples were evaluated. 

The serrated carrot samples blanched in boiling water for 10 min or for 1 min under pressure 
seemed to improved color, nutritional properties, and had higher over-all acceptability scores. Scanning 
electron microscopy showed that blanching of whole and serrated carrot samples in boiling water for 10 min. 
caused some visible changes in the cell (dense and swollen walls). Blanching of whole and serrated carrot 
samples for 1 min. under pressure resulted in more tissue disruption and caused cell separation in the middle 
lamella of the sliced carrot samples. Heat treatment made extraction more difficult and consequently less 
juice was extracted. 

Juice produced from selected serrated carrots blanched in boiling water with or without applied 
pressure had higher visual color scores. Blanching of carrot samples before juicing process could protect 
carotene against loss since their retention % were higher than those retained in fresh carrot juice samples. 
There was slight increase in total sugar contents of the tested carrot juice samples (samples C and D). 
However, blanched carrot juice samples were lower in protein and lipid than those of fresh carrots.

Key Words: Carrot, Cutting shapes, Blanching, Cell Components, Carrot Juice, Physico-chemical and 
Sensory properties. 

INTRODUCTION 
Carrot (Daucus carota L) is one of the root principle vegetable crops which is 

consumed in large quantities all-over the world; and considered to be one of the richest 
sources of   pro-vitamin A (Safia, 1997; Prakash et al., 2004). 

Minimal processing of fresh vegetables and fruits such as washing sorting, peeling, 
slicing…etc, which may be used prior to blanching, causes injury and damage to tissues 
affecting physiological activities and subsequently quality (Watoda et al., 1990). Some 
problems related to cell disruption are leakage of nutrients, enzymatic reactions, mold 
growth, lactic acid formation, loss of texture, development of off-flavor, off-odor and 
appreance defects (Carlin et al., 1990). All these factors limit the storage and market-life of 
fruits and vegetable products. Barry-Ryan and O’Beirne (1998) reported that ready-to-use 
root vegetables are typically peeled, sliced, dried or shredded prior to packing. 

Thermal treatment in forms of time and temperature is an essential step in 
preserving carrots by commercial sterilization, freezing or drying. Time-temperature may 
vary considerably depending on the purpose of the thermal treatment. Galindo et al. (2005) 
reported that blanching before freezing inactivates enzymes that may cause off-flavors and 
changes in color during frozen storage. However, blanching causes tissue cell membrane 
disruption, protein denaturation (Hansen et al., 1994), turgor loss (Greve et al., 1994), and 
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poor firmness and crispness (De Belie et al., 2000). The possibility of milder blanching 
conditions has been explored to preserve tissue integrity and improve quality (Pizzorcaro  
et al., 1995). 

Thybo et al. (1998) indicated that plant tissues subjected to thermal processing 
undergo physical and chemical changes that can be observed by microscopic studies and 
texture measurements. Prestamo et al. (1998) investigated the effects of blanching (3 mins 
in boiling water) on the microscopic structure of carrots. The authors concluded that 
blanching was better for maintaining firmness in carrots, although this treatment induces 
more cellular disruption. 
 BAO and Chang (1994a) reported that reasonable quantities of carrots are 
discarded yearly because they do not meet physical standard for fresh markets. Such 
carrots are of good nutritional quality and could be used to make carrot products e.g. carrot 
juice, which could be supplied, year-round. 

Carrot juice is one of the most popular vegetable juices and represents a rich source 
of natural β- and α-carotene (Marx et al., 2000). Therefore, developing carrot juice and 
other products to meet market standards and to preserve nutrients and overall good quality 
is important.  

The present study objectives were 1) To investigate the effect of some different 
cutting shapes and moist-heat treatments (blanching) on physical, chemical, sensory 
properties and microscopic structure of carrot; 2) To evaluate physico-chemical and 
sensory properties of carrot juice produced from selected, most preferred and overall-
accepted carrots in-between the investigated samples. 
 

MATERIALS AND METHODS 
Materials 
 Fresh carrot (Daucus caroto L.) roots of medium size (~3-4 cm diameter ) were  
purchased  from the local market, and washed with tap water several times. 
Cutting and blanching of carrots 
 Carrots (10kg) were hand peeled using a sharp knife, washed with tap water and 
left to drip-dry for 15 min. Carrots were divided into three portions for the following 
different cutting shape styles prior to moist-heat (blanching) treatments: 
i) Whole carrot., ii) Carrots were shredded and serrated longitudinally with a stainless steel 
sharp cutter into four parts, and iii) Carrots were sliced manually using stainless steel sharp 
knife (~ 5mm for each slice). 
 Each of the above-mentioned portions was divided into two lots. Samples of the 
first lot were blanched for 5, 10, 15 and 20 min in boiling water (~100 °C). The other 
samples of the second lot were blanched in boiling water in a pressure cooker (Prestige 
Smart-plus 6lt Stainless Steel Pressure Cooker , model 70021) for 1, 2 and 3 min. 
Added water was adjusted to cover the treated carrots. The investigated carrot samples 
were removed at the end of the required time interval and left to cool. Untreated (fresh) 
carrot sample was used as control. All carrot samples were packaged in polyethylene bags 
and analyzed in triplicate.   



Carrot and Carrot Juice Quality as Affected by Cutting Shapes and Heat Treatment 

J. Saudi Soc. for Food and Nutrition., Vol. 2, No. 2; 2007 

31

Carrot juice preparation 
Clean serrated carrots were subjected to moist-heat treatment (blanching) for 10 

min in boiling water or for 1 min in boiling water under pressure using a pressure cooker. 
Samples were then thoroughly drained and the juice was extracted through a juicier (Braun 
AG., Frankfurt/M-Type: MP32, 50Hz/300W, 110/220V-Nr: 4152916-Germany); equipped 
with a stainless screen with alternating round opening (0.5 mm diameter). Juice from fresh 
carrots was used as control. All Juice samples were kept in tight glass bottles and analyzed 
in triplicates. 
Analytical Methods 

pH of carrot and carrot juice samples were measured using a digital pH- meter 
(HANNA, HI 902 meter, Germany). Total solids content was calculated gravimetrically as: 
100 – Moisture % (Massri, 1996).  Total soluble solids (T.S.S) content, expressed as °Brix 
(0-32), was determined with a hand refractometer (ATAGO, Japan). 

Moisture, protein, fat, ash, fiber, and total sugars of carrot samples and carrot juice 
samples were determined according to A.O.A.C. method (1990). 
 Color measurements were made on carrot and carrot juice samples by using a 
Hunter ,Lab. Scan XE, Colormeter, calibrated with a white standard: (X=77.27, Y=81.94 
and Z= 88.14). 

The method described by Wettestein (1957) was used for the determination of 
carotenoid content (mg/L juice) of the samples under investigation.  
 Retention of carotenes in carrot juice samples was calculated as % carotenes in the 
original fresh carrots according to BAO and Chang (1994a). 
Histological examination 
 Carrot tissue for electron microscopic examinations was prepared by free hand 
sectioning. Using sharp knife, thin sections of carrot samples were sliced, fixed on a metal 
stubs. In the Central Services Lab., National Research Center, Egypt, the samples were 
coated with gold palladium for scanning electron examination using JSM-T20 ,JEDL 
electron microscope (Japan). 
Sensory Evaluation 

Samples were evaluated for sensory attributes (appearance, odor, visual color, 
consistency, taste and overall acceptability) according to Larmond (1970) .The investigated 
samples were presented in random order to 10 panelists from the staff members of Food 
Technology Dept., National Research Center, Egypt who evaluated the sensory 
characteristics  of  the tested samples on a scale of  1-10  points. 
Statistical Analysis 
 Using SPSS program (1998) all data were analyzed for standard error (SE) and 
standard deviation (SD). Also, sensory parameters and color measurement data were 
processed by one-way ANOVA using the least significant difference (LSD) as a multi-
comparison test. 
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RESULTS AND DISCUSSION 
 

Different attributes for sensory and physical properties of carrot samples (whole, 
serrated and sliced) blanched in boiling water (with or without pressure) for different time 
intervals were examined by well experienced panelists and scanning electron microscope.  

The whole carrots blanched in boiling water for 10 min without applying pressure 
(samples A) had the higher score in the overall-acceptability. Similar findings were found 
for the whole carrots (samples B) blanched for1min in boiling water under the effect of the 
applied pressure (Table 1). 

Upon comparing the blanched serrated carrot samples, the results showed that 
appearance, odor and consistency were of better characters after 10 min blanching for 
sample C.  The appearance and color of sample D after 1min blanching in boiling water 
under pressure reached the same rating scores of sample C. Highest overall-acceptability 
scores were rated for both of the aforementioned serrated carrot samples (Table 1). 

Regarding the overall-acceptability of the sliced carrot samples, the results 
indicated that appearance, odor and consistency of the 5 min blanching in water without 
applying pressure (sample E) were better than the corresponding sensory attributes after10, 
15, 20 min.; while, the sliced carrot sample, which was blanched in water under pressure 
(sample F), gained better appearance, odor, color and consistency after 1 min. 

Generally, the most preferred overall-acceptability scores could be arranged 
descendingly as: the serrated carrot sample C blanched in boiling water for 10 min (8.88) - 
whole carrot samples A blanched in boiling water for 10 min (8.75) - serrated carrot 
sample D blanched in boiling water under pressure for 1 min (8.50) – the whole carrot 
sample B blanched in water under pressure for 1 min (8.25) - sliced sample F blanched in 
boiling water for 1min. under pressure (7.50)  followed by sliced sample E blanched in 
boiling water for 5 min. (7.13) as seen in Table1. 

Statistical comparison for sensory properties of blanched carrot samples A,C and E 
(whole, serrated and sliced) blanched in boiling water (without pressure) for different time 
intervals using least significant difference (LSD) was carried out. It was noticed that there 
was no significant differences in appearance, visual color and consistency (p≤0.05). 
Regarding the overall acceptability and odor, there were significant differences (p≤0.05;
p≤0.01, respectively) for sample E compared to samples A and C. 

Also, there were no significant differences in appearance, odor, visual color and 
overall acceptability (p≤0.05) parameters for blanched carrot samples B, D and F blanched 
in boiling water under pressure for different time intervals. Meanwhile, the obtained results 
showed that there was significant (p≤0.05) difference in consistency of sample F. 

Therefore, it seemed that shredded and serrated longitudinally cutting shape may 
have slight effect on the sensory quality as compared to whole carrot samples; while 
slicing cutting shape had ≤for long time intervals can get undesirable effects towards 
sensory quality for the investigated carrot samples. 
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Table 1. Sensory parameters of carrot samples. 
 
Carrot                                                               Sensory parameters 
 Appearance            Odor            Visual Color         Consistency     Overall-acceptability 
Samples 
Whole:   

A: Boiling in water/min: 
5 8.50 (0.012) 8.00 (0.058) 8.50 (0.029) 7.00 (0.173) 8.00 (0.289) 

 10 9.00 (0.058) 9.00 (0.173) 9.00 (0.231) 8.00 (0.231) 8.75 (0.160) 
 15 8.50 (0.130) 8.00 (0.289) 8.00 (0.289) 7.00 (0.231) 7.90 (0.058) 
 20 8.00 (0.145) 7.00 (0.291) 7.00 (0.058) 7.00 (0.173) 7.25 (0.144) 
 B: Boiling in water under pressure/min: 

1 9.00 (0.144) 8.00 (0.170) 8.00 (0.088) 8.00 (0.203) 8.25 (0.144) 
 2 7.00 (0.173) 7.00 (0.144) 7.50 (0.144) 8.00 (0.173) 7.38 (0.231) 
 3 8.00 (0.144) 6.00 (0.173) 7.00 (0.260) 8.00 (0.231) 7.25 (0.160) 
Serrated: 
 C: Boiling in water/min: 

5 8.00 (0.090) 8.50 (0.271) 8.50 (0.237) 7.00 (0.202) 8.00 (0.188) 
 10  9.00 (0.168) 9.00 (0.124) 9.00 (0.180) 8.50 (0.121) 8.88 (0.052) 
 15  7.00 (0.073) 8.00 (0.084) 8.00 (0.124) 7.00 (0.081) 7.50 (0.140) 
 20  6.00 (0.751) 6.50 (0.100) 6.00 (0.118) 6.00 (0.117) 6.13 (0.810) 
 D: Boiling in water under pressure/min: 

1 9.00 (0.080) 8.00 (0.087) 9.00 (0.140) 8.00 (0.180) 8.50 (0.063) 
 2 8.00 (0.121) 7.00 (0.840) 8.00 (0.110) 7.50 (0.130) 7.63 (0.072) 
 3 7.50 (0.140)  6.50 (0.061) 7.00 (0.140) 7.00 (0.100) 7.00 (0.080) 
Sliced: 
 E: Boiling in water/min: 

5 8.00 (0.064) 6.00 (0.140) 7.00 (0.100) 7.50 (0.140) 7.13 (0.070) 
 10  7.50 (0.107) 5.00 (0.060) 7.00 (0.118) 7.00 (0.810) 6.75 (0.214) 
 15  7.00 (0.153) 5.00 (0.080) 7.00 (0.121) 6.00 (0.090) 6.25 (0.090) 
 20  6.00 (0.140) 5.00 (0.080) 6.00 (0.064) 5.00 (0.124) 5.50 (0.101) 
 F: Boiling in water under pressure/min: 

1 8.00 (0.116) 7.50 (0.121) 8.00 (0.123) 7.50 (0.084) 7.50 (0.140) 
 2 6.00 (0.084) 7.00 (0.170)   7.00 (0.144) 7.00 (0.173) 6.75 (0.160) 
 3 7.00 (0.080) 6.00 (0.100)  7.00 (0.064) 6.00 (0.085) 6.50 (0.121) 
Values between parentheses = Standard error (± S.E.) of Mean values. 
 
Color Evaluation 

Color of carrots and their products is an important quality criterion. Instrumental 
color parameters measurements of the investigated carrot samples are presented in Table 2. 
The highest lightness (L*) value was for the serrated carrot sample D blanched in water 
under pressure for 1 min; followed by the serrated sample C blanched for 10 min without 
applying pressure. In general, L*(lightness) color parameter of all tested carrot samples 
were of lower values as compared to the fresh carrot sample value (60.64). Yellowness 
(b*) color parameter of the investigated carrot samples reached its highest value (51.87) in 
case of serrated carrot sample C; followed by the serrated sample D. It was observed 
generally that b* (yellowness) color parameters of all tested carrot samples were of high 
values than those of fresh carrot sample.  Serrated carrot samples blanched in water with or  
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Table 2. Instrumental Color Parameters of Carrot Samples. 
 Carrot                                                    CIE* Color Parameters 
 ___________________________________________________________________ 
 samples                       L*(lightness) a* (redness) b*(yellowness) 
Whole: 

A: boiling in water/min: 
 5 53.68 (0.202) 32.56 (0.260) 47.88 (0.190) 
 10 54.29 (0.173) 33.02 (0.160) 46.01 (0.110)  
 15

20 
51.80 (0.180)       
48.30 

32.35 (0.174) 
29.81 (0.211) 

45.04 (0.210) 
43.85 (0.190) 

 B: boiling in water under pressure/min:  
 1 52.94 (0.130)  32.78 (0.160) 49.99 (0.460) 
 2 50.20 (0.124)   33.17 (0.131) 47.98 (0.150) 
 3 46.10 (0.060) 28.65 (0.110) 43.10 (0.100) 
Serrated: 

C: boiling in water/min 
5 53.44 (0.110) 33.17 (0.087) 48.35 (0.087) 

 10 54.80 (0.130) 35.98 (0.066) 51.87 (0.070) 
 15 53.02 (0.113) 34.14 (0.087) 47.42 (0.110) 
 20 48.02 (0.121) 29.51 (0.064) 46.98 (0.044) 
 D: boiling in water under pressure/min: 
 1 54.96 (0.110) 33.70 (0.081) 50.57 (0.107) 
 2 52.90 (0.121) 33.17 (0.100) 48.51 (0.113)  
 3 48.88 (0.141) 30.85 (0.090) 45.11 (0.080) 
Sliced:  
 E: boiling in water/min 

5 53.09 (0.132) 32.01 (0.153) 46.50 (0.060) 
 10 52.90 (0.070) 33.00 (0.083) 44.82 (0.116) 
 15 52.30 (0.116) 32.75 (0.144)  44.32 (0.170) 
 20 49.62 (0.124) 31.89 (0.063) 44.02 (0.070) 
 F: boiling in water under pressure/min             
 1 53.30 (0.080) 30.58 (0.090)                49.93 (0.060) 
 2 51.90 (0.113) 29.77 (0.112) 47.11 (0.111) 
 3 47.88 (0.072) 28.80 (0.116) 45.00 (0.081) 
Color parameters of fresh carrot sample:  L* = 60.64,   a* = 36.56  and   b* = 41.73 
Values between Parentheses = Standard Error (± S.E.) of Mean Value. 
CIE*: Commission International d'Eclairage. 
 
without applied pressure seemed to be of improved redness (a*) color parameters than 
other studied carrot samples. BAO and Chang (1994a) reported that all products produced 
from blanched carrots had greater redness (a*) and yellowness (b*) than those un-blanched 
carrots. Sims et al. (1993) reported that blanching before juicing gave carrot pulb products 
good color and improved the color quality of carrot juice products.  Worthy to mention that 
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color to carrot is largely due to carotenes, which are partly converted into vitamin A. 
Enzymatic discoloration and non-enzymatic browning reactions during processing also 
affected color of carrots and its products. Prakash et al. (2004) reported that blanching 
prior to preservation techniques inactivates the enzyme peroxidase, which may otherwise 
lead to formation of unacceptable color and flavor.    

It was observed from the statistical comparison for color parameters (L*, a*, b*) of
carrot samples A, C and E, that (b*) yellowness parameter had significant difference 
(p≤0.05). There were no significant differences (p≤0.05) for color parameters of carrot 
samples B, D and F. 
Compositional analyses 

Compositional analyses of the investigated carrot samples are presented in Table 3.  
pH values of whole, serrated and sliced carrot samples were slightly higher than the 
corresponding  value of  fresh carrot sample. However, the serrated sample (D) blanched in 
boiling water under pressure for 1 min was of the highest pH value (6.85). pH value of 
fresh carrots has been reported by Matuk et al. (1996) to be 6.2 . 

Slight increase in protein and fat contents was mostly noticed in the investigated 
blanched samples as compared to the corresponding contents of fresh carrots. BAO and 
Chang (1994b) reported that protein and lipid contents of the pulp of blanched carrot were 
of some-what high values than those of un-blanched carrots. 

Ash and fiber contents in fresh carrot sample were of higher % than those of carrot 
samples blanched in boiling water with or without applied pressure. The fiber content of 
fresh carrot sample was 0.83; this result accorded well the previous finding of Matuk et al. 
(1996). 

Total sugar of fresh carrots was of higher value (6.69%) relative to the 
corresponding % of other tested carrot samples. It was observed that total sugar content of 
carrot samples was affected   by heat treatment (blanching). 

Moisture content of the investigated carrot samples (whole, serrated and sliced) 
ranged from 88.3-89.21% compared to 87.22% for the fresh carrot.  Carrots have moisture 
content of 80-90% (w b) at the time of harvest, (Prakash et al., 2004). It was noticed also 
that total solid content was 12.78% for the tested fresh carrots and the lowest total solids 
content was for the sliced carrot sample blanched under pressure 10.79% for sample F. 

In the present investigation total soluble solids and total carotenoid contents of 
fresh carrot samples were 9.0% and 185 mg/L, respectively. Fresh carrot sample was of 
higher total soluble solids % than moist heat-treated (blanched) carrot samples. However, a 
reverse pattern was noticed when comparing total carotene of fresh carrot sample with 
carotene of whole, serrated and sliced carrot samples blanched in boiling water with or 
without applied pressure.  It has been reported by Paulus and Saguy (1980) and Baloch et 
al. (1977) that the thermal destruction of the carotene was obviously masked by the 
opposite effect of soluble solids leaching which may have caused such apparent increase in 
carotene content. 
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Table 3.  Compositional analyses of carrot samples (wet weight basis) 
 Carrot Samples 

 _____________________________________________________                                                                                                                      
Whole               Serrated                    Sliced              Fresh 

 ______________________________________________________
A B C D E F

Moisture (%). 88.30 
(0.145) 

88.52 
(0.116) 

88.43 
(0.237) 

88.68 
(0.015) 

89.01 
(0.058) 

89.21 
(0.115) 

87.22 
(0.116) 

T. Protein (%). 2.22 
(0.121) 

2.27 
(0.017) 

2.12 
(0.064) 

2.18 
(0.173) 

2.10 
(0.012) 

2.15 
(0.030) 

1.94 
(0.038) 

T. Fat (%). 0.71 
(0.015) 

0.72 
(0.012) 

0.70 
(0.015) 

0.73 
(0.012) 

0.60 
(0.017) 

0.65 
(0.012) 

0.63 
(0.145) 

Ash (%). 0.76 
(0.173) 

0.77 
(0.115) 

0.74 
(0.173) 

0.75 
(0.116) 

0.65 
(0.116) 

0.65 
(0.115) 

0.80 
(0.116) 

Fibers (%). 0.65 
(0.006) 

0.72 
(0.012) 

0.63 
(0.017) 

0.64 
(0.006) 

0.60 
(0.006) 

0.59 
(0.006) 

0.83 
(0.012) 

Total sugars. 6.36 
(0.087) 

6.02 
(0.012) 

6.33 
(0.020) 

6.05 
(0.173) 

6.20 
(0.058) 

6.01 
(0.009) 

6.69 
(0.012) 

Total Solids (%) 11.70 
(0.104) 

11.48 
(0.072) 

11.57 
(0.061) 

11.32 
(0.116) 

10.99 
(0.121) 

10.79 
(0.110) 

12.78 
(0.121) 

Total soluble 
Solids (%)        

8.50 
(0.064) 

8.00 
(0.116) 

8.30 
(0.116) 

8.20 
(0.058) 

7.50 
(0.015) 

7.00 
(0.064) 

9.00 
(0.058) 

Total carotene 
(mg/L). 

285 
(0.577) 

289 
(0.577) 

288 
(0.577) 

299 
0.577) 

214 
(1.15) 

220 
(1.15) 

185 
(1.15) 

pH 6.58
(0.009) 

6.69 
(0.015) 

6.69 
(0.006) 

6.85 
(0.017) 

6.57 
(0.017) 

6.57 
(0.023) 

6.43 
(0.017) 

A (whole), C (serrated) and E (sliced) carrot samples blanched in water for 10 min. 
B (whole), D (serrated) and F (sliced) carrot samples blanched in water for 1 min under 
pressure. 
Fresh = Untreated sliced carrot sample. 
Values between parentheses = Standard Error (± S.E.) of Mean. 

 
Generally, it was noticed that sliced carrot samples blanched in boiling water with 

or without applied pressure had lower nutrients content than the whole, and longitudinally 
serrated carrots. This might be due to the effects of cutting shape style and to the applied 
heat treatment.  
Electron Microscope 

Electron microscope is one of the advanced techniques as well as being a real 
important tool to analyze the effects of the different treatments on the processed vegetable 
products.

Scanning Electron Microscopy (SEM) was used to detect the histological changes 
of the investigated carrot samples. The photomicrographs reflected considerable variations 
in shape and surface structure among the occurred cell damage of carrot samples (Figs.1 
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and 2). Cell walls of fresh carrots were found to be in white color (Fig. 1[a–1] and [a-2]), 
as well as plasma membranes and cemented cell walls. The middle lamella (pectin rich) 
appeared dark at the center of the primary walls. The magnification micrograph (x 350) of 
fresh carrot sample showed that the longitudinal cell walls were quite homogeneous along 
the wall. 

Physical changes in the tissue of whole and serrated carrot samples, subjected to 
moist heat-treatment under pressure (both carrot samples blanched in boiling water for 1 
min under pressure) were shown in Figs. 1 and 2. The cell wall was of more heterogeneous 
phase, dense, black and more irregular in shape for serrated carrot sample (Fig. 2 [d –1] 
and [d – 2]) than the whole carrot sample (Fig. 1[b – 1] and [b – 2]). It is truly remarkable 
how the cells are disrupted (hallow arrow) in certain regions of the cell producing cavities, 
some of them wider than others. 

Blanching of whole and serrated carrot samples in boiling water for 10 min caused 
some visible changes in the cell components of several cells e.g. dense and swollen walls 
(Fig. 1 [c-1] & [c-2] and Fig. 2 [e-1] & [e-2]). These dark vesicles occupied the whole or 
part of the cell wall. 

The effect of blanching of whole and serrated carrot samples in boiling water for 1 
min under pressure was markedly apparent when compared with the samples blanched in 
boiling water for 10 min. On the other hand, heat-treatment under pressure resulted in more 
tissue disruption. It is well known that blanching and freezing are critical factors, which 
affect and disrupt the cell structure. Prestamo et al. (1998) reported that the correlation 
between pectic substances, firmness (shear pressure), texture (sensory test) and histological 
observations (microscopy) gives an idea of what the product is like in terms of quality.  

The effect of heat-treatment on the sliced carrot samples was shown in Fig. 2. Cell 
separation in the middle lamella was observed in sliced carrot samples blanched in boiling 
water for 1 min under pressure (Fig.2 [f-1] and [f-2] such pattern of change may be due to 
solubilizing pectic substances. The magnification (x350) micrographs showed fibrous 
components in primary cell walls and the whole cells were irregular in shape and 
compacting. The disrupted cell walls and vesicles were more clear in these samples than 
that in sliced carrot samples blanched in boiling water for 10 min (Fig. 2 [g-1] and [g-2]). 
Fuchigami et al. (1995) observed the presence of cell separation of the middle lamella 
when carrots were boiled for 6 min, frozen at -35°C and thawed.  
 The ultra structure at the cell wall of sliced carrot samples blanched in boiling 
water for 10min showed a cavity between the cells and formation of black vesicles. This 
could be explained as a gelation process of the network of cellulose microfibriles, 
hemicelluloses and polysaccharides based on pectin as explained by Prestamo et al. (1998). 
They also mentioned that the pectin particularly abundant in the middle lamella are 
negatively charged, highly hydrated and accompanied by a cloud of cations such as 
calcium. 

So, it was noticed in the present investigation that the serrated carrot samples 
blanched in boiling water for 10 min and for 1 min under pressure seemed to be of 
improved color and nutritional properties (e.g. carotene content). Therefore, it was 
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suggested to evaluate physico-chemical and sensory parameters of carrot juice produced 
from the blanched serrated carrot samples.     
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Carrot Juice 
Yield percentages of juice and pulp obtained from serrated carrot samples are 

presented in Table 4. Juice yield from serrated fresh carrots sample (53.18%) was higher 
than those obtained from carrots blanched for 10 min without pressure (sample C) or 
blanched under pressure for 1 min (sample D). These results agree with previous findings 
of Sang and Kyung (1996). Yield and pulp % obtained from blanched carrots (sample D) 
were lower than those of (sample C), meanwhile loss % of the sample D was higher than 
that of sample C. Sims et al. (1993) and BOA & Chang (1994a) reported that texture of 
carrots became soft after heat treatment, making juice extraction more difficult through the 
screen. 
 
Table 4. Yield (%) of juice, and pulp of serrated blanched carrot juice samples (wet 

weight basis). 
 

Serrated  Carrot  Samples 
 ______________________________________________

C D Fresh 
Juice 47.06 

(0.040) 
43.20 

(0.058) 
53.18 

(0.015) 
Pulp 48.04 

(0.023) 
43.69 

(0.012) 
45.46 

(0.006) 
Loss* 4.90 

(0.012) 
13.11 

(0.015) 
1.36 

(0.012) 
C = Serrated carrots blanched in water for 10 min without pressure.. 
D = Serrated carrots blanched in water for 1 min under pressure. 
Loss (%) = 100 – [juice yield %+ pulp yield %]. 
Values between parentheses = Standard error (± S.E.) of mean. 
 

Sensory properties like appearance, color, odor, consistency, taste and overall 
acceptability are all phenomenal or experiential qualities that can be correlated with some 
physical or chemical property of the stimulus. Sensory evaluation for juice produced from 
fresh carrots as well as from blanched carrot samples C and D are presented in Table 5. 
Juice produced from serrated carrots blanched in boiling water with or without applied 
pressure had higher visual color scores. Matuk et al., (1996) reported that color values of 
carrot juice were increased by blanching. Carrot juice samples C and D were preferred by 
the panelists with the same rating scores for taste, odor and overall-acceptability. O'Brien 
and Morrissey (1989) reported that Millard reaction products affected color, flavor, and 
nutritional quality of processed stored products. Sang and Kyung (1996) indicated that 
sensory evaluation of juice from carrot blanched in water for 1 min. was superior to juice 
from commercially available juice for overall-acceptance.  
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Table 5 : Sensory evaluation of carrot juice samples 
 
Sensory                                              Juice from carrot samples 

C D Fresh 
___________________________________________________ 

Parameters              Mean    S.E.    S.D.    Mean   S.E.     S.D.      Mean   S.E.    S.D.
Appearance 8.0     0.101  0.175 8.0   0.058    0.010 7.5    0.073   0.125 
Odor 8.5     0.173  0.300  8.5   0.115    0.200 9.0    0.088   0.152 
Visual Color 9.0     0.260  0.451 9.5   0.288    0.500 6.0    0.2309 0.400  
Taste 8.5     0.288  0.500 8.5   0.115    0.200 8.0    0.346   0.600  
Consistency 7.5     0.288  0.500 7.0   0.375    0.651 9.0    0.288   0.500 
Overall-acceptability 8.5     0.288  0.500 8.5  0.288    0.500 8.0    0.288   0.500 
C = Serrated carrots blanched in water for 10 min without pressure. 
D = Serrated carrots blanched in water under pressure for 1 min. 
S.E. = ± Standard error of mean value          S.D. = ± Standard Deviation.  
 
Color measurement 
 Data presented in Table 6 showed that all juices extracted from carrots blanched in 
boiling water with or without applying pressure had higher a*(redness), b*(yellowness) 
and L*(lightness) color values than juice extracted from fresh carrot sample. Sims et al. 
(1993) reported that a*(redness) and  
 
Table6. Instrumental color values, Total caroteins and Carotein retention %s of 

carrot juice samples.  
 

Juice from carrot samples 
________________________________________________________ 

C S.E.            D            S.E.         Fresh       S.E. 
L*(lightness)  48.80       0.112  47.92       0.060  43.93      0.066 
a* (redness)  39.83       0.571  39.50       0.112  33.40      0.116 
b*(yellowness)  60.93       0.050  62.66       0.121  53.46      0.120 
Total carotene (mg/L) 272.00      0.580 317.00      0.580 202.00     0.580 
Carotene Retention (%)*   64.59      0.113    64.93      0.043  44.53      0.052 

C = Serrated carrots blanched in water for 10 min. 
D = Serrated carrots blanched in water under pressure for 1 min. 
* Carotene retention % was calculated based on the amount in fresh carrot using the 
equation: 
 

[% yield (carrot juice) X % T. solid (carrot juice) X carotene content (carrot juice)] 
% Retention =   ___________________________________________________________________       
 [ %T. solid (fresh carrot) X Carotene content (fresh carrot)] 
 
S.E.= ± Standard Error  of  mean value. 
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b*(yellowness) color values of carrot juice were increased by blanching. They added also 
that pectin with low esterification would co-precipitate with carotenes to effect color 
quality of carrot juice 

The effects of heat treatment on the carotene content and carotene retention of the 
produced juice from carrot samples C and D were presented in Table 6. In the present 
investigation, results cleared that moist heat treatment (blanching) for carrots before 
juicing process could protect carotene against loss since their retention % were higher than 
those retained in fresh carrot juice. BAO (1994a) reported that, water blanching of carrots 
seemed to provide protection against loss of carotenes, since only 15.7% of carotenes were 
lost in the combination process of blanching and jucing. 
Compositional analyses of carrot juice 

The chemical analyses of the produced carrot juices were given in Table (7) 
showed the main following points: 
1- No differences in pH values (6.62) were noticed for both carrot juice extracted from the 
serrated samples C and D blanched in water with or without applying pressure; whereas pH 
values of juice obtained from fresh carrots were of higher values when compared to pH 
values of carrot juice produced from samples C and D.  Munsch et al. (1986) reported that 
blanching of carrot in water at 98 °C for 5 min lowered the pH value of the extracted juice 
from 6.3 to 6.0. 
2- Juice produced from carrots blanched in boiling water for 10 min (sample C) or 
blanched in boiling water for 1 min under pressure (sample D) had slight increase in T.S.S 
content compared to juice sample produced from fresh carrot. This finding agreed with 
Massri (1996) who reported that heating processing in the presence of lower pH of juice 
samples could involve in hydrolysis of juice components and increased the soluble solids. 
3- Total solids % in fresh carrot juice was lower than those of juice obtained from samples 
C and D. Masseri, (1996) reported that the decrease of moisture content accompanied with 
the increment of total solids in carrot juice. It is worthy to notice decreasing of moisture 
content of the investigated samples C and D when compared to the juice obtained from 
fresh carrot sample.   
4- Protein content of juice obtained from fresh carrot (1.27) was higher than that of juice 
obtained from carrots blanched in boiling water with or without applying pressure. Munsch 
et al. (1986) and Stephens et al. (1971) reported that sensitive protein was denatured as a 
result of heat treatment and remained in the pulb so less protein was extracted into carrot 
juice. The same authors noticed that nitrogen content was higher in juice from un-blanched 
carrots than in juice from blanched carrots. 
5- Heat treatment has no noticeable effects on ash content of the tested carrot juice samples 
(C and D) when compared to the fresh carrot juice sample. Massri (1996) reported that 
blanching did not affect ash content of carrot products. 
6- Regarding fiber content it was found that juice from fresh carrots contains high fiber % 
than those produced from the other two tested serrated carrot samples. 
7- A slight increase was noticed in total sugar content of juice samples obtained from both 
serrated carrot samples C and D compared to fresh carrot juice sample. This could be 
explained as a result of inversion of complex insoluble substances to soluble during heat 
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treatment. Carlton and Peterson (1963) estimated total sugars of carrot juice in the range 
from 1.9 – 6.4%.   
 
Table 7. Compositional analyses of carrot juice samples (wet. weight basis). 
 
Constituents Juice from carrot samples (%) 

___________________________________________________ 
C S.E.             D               S.E.       Fresh            S.E. 

Total solids  11.93         0.043 11.21           0.112   9.80           0.112 
Total soluble solids   8.8           0.052   8.7             0.029   8.6             0.090 
Moisture 88.07         0.116 88.79           0.060 90.20           0.116 
Total protein   0.97         0.150   0.79           0.043   1.27           0.055 
Total fat   0.40         0.029   0.43           0.026   0.56           0.023 
Ash   0.70        0.015   0.70           0.290   0.72           0.023 
Fiber   0.42        0.012   0.49           0.023   0.68           0.015 
Total sugars     5.72        0.012   5.76           0.023   5.68           0.012 
pH 6.62 0.072 6.62 0.043     6.68           0.433 
C = Serrated carrot sample blanched in water for 10 min. 
D = Serrated Carrot sample blanched in water under pressure for 1 min. 
Fresh = Serrated Raw carrot sample.   SE = ± Standard Error of mean value. 
 

CONCLOSON 
 Among all the tested carrot samples (whole, sliced and serrated), serrated carrot 
sample blanched in boiling water for 10 min. and for 1 min under pressure had the highest 
sensory and nutritional quality. Carrot juice obtained from these samples was of good and 
acceptable physico-chemical as well as sensory properties. So, these serrated carrot 
samples could be suggested to produce good quality carrot juice. 

Therefore, it seemed that shredded and serrated longitudinally cutting shape had 
slight effect on the carrot quality; while slicing cutting shape and heat treatment i.e. 
blanching in boiling water with or without using pressure, for long time intervals can get 
undesirable effects towards the investigated carrot and carrot juice samples.  
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ABSTRACT: A protein inhibitor of trypsin and chymotrypsin was purified to homogeneity from tepary bean 
prolamine fraction by ethanol extraction, acetone precipitation, followed by ion exchange chromatography 
with DEAE, hydrophobic chromatography with Phenyl Sepharase and gel filtration chromatography with 
Sephadex G-75. The inhibitor has a molecular weight of 17800 Daltons as estimated by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis and by molecular-sieve chromatography on Sephadex G-75. The 
amino acid composition of prolamine fraction inhibitor closely resemble those of low molecular weight 
inhibitors of other legume seeds (Bowmen-Birk type), they contain large amounts of aspartic acid, half-
cysteine, serine and glutamic acid. The prolamine fraction inhibitor exhibited high stability under conditions 
of extreme pH. Inhibition data showed that 1.0 mole of the inhibitor inhibited 2.0 mole of trypsin and 1.0 
mole of chymotrypsin, indicating that the inhibitor is double-headed. 
 
Keywords: Tepary bean prolamine fraction, protease inhibitor, isolation, properties, trypsin, chymotrypsin 

INTRODUCTION 
Naturally occurring proteinase inhibitors are widespread throughout the animal and 

plant kingdom. They are found in particular, in the seeds of Graminaceae, Leguminaseae
and in the tubers of Solanaceae (Liener and Kakade, 1980). Although many of these 
inhibitors have been isolated and characterized, very little is known about their role in 
plants. As early as 1940, the existence of two types of trypsin inhibitor in soybean, now 
known as Kunitz and the Bowman-Birk were reported. Kunitz (1946) reported the isolation 
and crystallization of the trypsin inhibitor which was extracted with water and precipitated 
with alcohol. At the same time Bowman (1944) observed the presence of proteinase 
inhibitor which was extracted with 60% ethanol and precipitated with acetone. This factor 
was latter purified and characterized by Birk et al. (1963). Bowman-Birk inhibitor (BBI) 
can simultaneously interact with two proteinase molecules at one time for example, with 
two trypsin molecules (trypsin and chymotrypsin, trypsin and elastase) depending on the 
specificity of the inhibitor (Wilson, 1981; Birk, 1985).  

Several different forms of proteinase inhibitors have been isolated from soybeans 
that inhibit a large number or proteolytic enzymes. Orf and Hymowitz (1977) using 
electrophoretic techniques, demonstrated the presence of three genetically different 
varieties of Kunitz-type soybean trypsin inhibitor, Tla, Tlb and TIc which are inherited as 
codominant alleles in multiple allelic single, at a single locus. Odani and Ikenaka (1977a) 
purified and determined the amino acid sequence of four BBI from Japanese cultivator 
soybean and found high homology among the inhibitors.  

Chick pea contains six isoinhibitors of trypsin and chymotrypsin (Belew, 1977), 
while the lima bean has four different inhibitors (Haynes and Feeney, 1967). Wilson and 
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Laskowski (1975) reported the isolation of three isoinhibitors from garden pea which has a 
molecular weight of 8,000 Daltons. 

Drought-resistant species of tepary bean (Phaseolus acutifolius) are widespread in 
the southwestern dry region of North America, where it has been used in Native American 
diet for centuries. Preliminary studies on the nutritional value and digestibility of tepary 
flour prepared from the soaked and cooked seeds suggested that this product might be 
acceptable emergency source of foodstuff for humans during famine periods caused by 
drought (Gonzales de Mejia et al., 1988; Idouraine et al., 1992a). Studies on tepary bean 
proteinase inhibitor have noted the presence of trypsin and chymotrypsin with molecular 
weight of 7100 daltons (Campos et al., 1997). ldouraine et al. (1992b) reported the 
presence of trypsin inhibitor in ethanol fraction (prolamine fraction) of tepary bean flour. 
However, there was no work on the biochemical and molecular characterization of the 
proteinase inhibitors in ethanol fraction of tepary bean. The study of ethanol fraction 
proteinase inhibitor may help in understanding their role as antinutritional factors. 
Therefore, this paper describes the isolation and some properties of trypsin and 
chymotrypsin proteinase inhibitors, from ethanol fraction (prolamine) of tepary bean. 
 

MATERIALS AND METHODS 
Materials 

Tepary bean (Phaseolus acutifolius) seeds were donated by a commercial producer 
(W. D. Hood, Coolidge, AZ) and stored at 4°C until used. Beans were ground in a hammer 
mill to pass through 30 mesh screen. Bovine pancreatic trypsin (EC 3.4.21.4), bovine 
pancreatic chymotrypsin (EC 3. 4. 21.1), pepsin, synthetic substrate, N -glutaryl-L-
phenylalanine-p-nitroanilide (GPNA), α -N -benzoyl-D-arginine-p-nitroanilide BAPNA), 
gel permeation molecular weight and SDS molecular weights markers were purchased 
from Sigma Chemical Co. (St. Louis, M. O). DEAE- Sephadex (A 25), Phenyl Sepharose, 
and G- 75 superfme Sephadex were purchased from Pharmacia Fine Chemical (Uppsala, 
Sweden). 
Methods 
Preparation of Ethanol Fraction 

The entire purification procedure was conducted at room temperature. Finely 
ground tepary bean flour was first extracted overnight with 0.05 M Tris-HCl buffer (pH 
7.5) containing 0.5 M NaCl, 0.001 M NaN3 and 0.001 M EDTA using a 10:1 ratio of 
buffer to flour. After albumin and globulin extraction, the precipitate was extracted with 
80% ethanol (10:1 ratio) at 60°C for 2 h. The suspension was cooled to room temperature 
and clarified by filtration under suction. The pH of the filtrate was adjusted to pH 5.0 with 
0.1 M HCl and 2 volumes of acetone was added with stirring. The precipitate formed was 
collected by filtration, air dried and then dissolved in 0.05 M Tris-HCl buffer, pH 7.5. The 
solution was dialyzed against distilled water at 4oC. The insoluble materials were removed 
by centrifugation at 10,000 xg for 15 min and crude inhibitor preparation was stored at 
4oC. 
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Ion Exchange Chromatography 
The crude inhibitor was made into 0.05 M Tris-HCl (pH 7.5) and subjected to 

chromatography on DEAE-Sephadex A-25 (2.6 x 20 cm), previously equilibrated with 
0.05 M Tris-HCl pH 7.5 containing 0.001 M NaN3 and 0.001 M EDTA. Elution was 
carried out with a linear gradient 0.0 - 3.0 M NaCl, in the above buffer. Fractions of 10 ml 
were collected at flow rate 66 ml/h. The fractions were monitored for trypsin inhibitor 
activity. The data in Figure 1 shows that most of the trypsin inhibitor is concentrated in 
fraction #60-84. The active fractions were pooled and subjected to further purification by 
Phenyl Sepharose column. 
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Figure 1. Elution profile of crude prolamine inhibitor on DEAE-Sephadex ion 
exchange column.  

 

Hydrophobic Chromatography 
To the active fractions (206.8 mg protein) solid ammonium sulfate (NH4)2SO4) was 

added up to 16% saturation (1.2 M) and loaded on phenyl Sepharose column (2.6 x 18 cm) 
previously equilibrated with 0.05 M Tris-HCl (PH 7.5) containing 1.2 M (NH4)2SO4. The 
column was eluted with a linear gradient of (NH4)2SO4 from 1.2 M to 0.0, in the same 
buffer, and then washed with deionized distilled water (D.D. water) (Fig. 2). Aliquots of 10 
ml were collected at flow rate of 55 ml/h. A major peak containing inhibitory activity 
appeared, pooled and dialyzed against D.D. water at 4°C. 
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Figure 2. Fractionation of trypsin inhibitor on Phenyl Sepharose column. Fractions having 
proteolytic activity (Fig. 1) were pooled and applied to the column and eluted 
with 1.2 - 0 molar ammonium sulfate gradient.  

 

Gel Filtration Chromatography 
The dialyzed active fraction was concentrated (25 ml) and subjected to gel filtration 

on Sephadex G-75 column (1.6 x 95 cm) equilibrated with 0.05 M Tris-HCl (pH 7.5) 
containing 0.1 M NaCl. Elution was carried out using the same buffer at flow rate 10 ml/h 
and aliquots of 3 ml of the effluent were collected. As shown in Figure 3, symmetrical 
protein peak was obtained and clearly associated with the trypsin inhibitory activity. 
Active fractions were pooled, dialyzed against D.D. water and freeze dried. 
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Figure 3. Elution profile of trypsin inhibitor on Sephadex G-75 gel filtration column. 
 Factions containing proteolytic activity (Fig. 2) were pooled, concentrated and  
 passed through the gel filtration column. 
 
Determination of Protein Concentration 

Protein concentrations were determined using the bicinchoninic acid (BCA) 
method (Smith et al., 1985) using bovine serum albumin as standard. 
Determination of Inhibitory Activity 

The activity of trypsin and chymotrypsin inhibitors was determined by the method 
of Erlanger et al. (1966), using α-N-benzoyl-DL-arginine-p-nitroanilide (BAPNA) and N-
glutaryl-L-phenylalanine-p-nitroanilide (GPNA) as substrate for trypsin and chymotrypsin 
respectively. To a known amount of proteinase, a portion of inhibitor in 0.05 M Tris-HCI 
pH 8.0 containing 0.02 M CaCl2 was added and the mixture incubated for 5 min at 37°C. 
The remaining enzyme activity was measured spectrophotometrically with synthetic 
substrate using a Beckrnan spectrophotometer. The inhibitor activity was expressed as 
percent of inhibitor (I %) for the control assay using the equation [I % = (T-T*- X 100)/T)], 
where T* and T are the activities of proteinase with and without the inhibitor, respectively. 
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One unit of inhibitor was defined as the amount of inhibitor inhibiting the enzyme activity 
of 1.0 mg, active in enzyme in the above assay. 
Electrophoretic Method 

Polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate 
(SDS-PAGE) was performed according to Laemmli (1970) with a slight modification 
using 15% acrylamide gel at pH 8.6. Gels were stained with 0.25% Coomassie brilliant 
blue G 250 and destained by 20% methanol and 10% acetic acid. 
Molecular Weight Determination 

The molecular weights of the inhibitors were estimated using SDS-PAGE method. 
The reference proteins were phosphorylase b (MW 94000 daltons), bovine serum albumin 
(MW 66000 daltons), egg albumin (MW 45000 daltons), pepsin (MW 34000 daltons), 
trypsinogen (MW 24000 daltons), lactoglobulin (MW 18000 daltons) and lysozyme (MW 
12400 daltons).  

The molecular weight of the inhibitor was also estimated by using Sephadex G-75 
column (1.6 x 95 cm) equilibrated with 0.05 M Tris-HCl buffer, pH 7.5 containing 0.1 M 
NaCl. Standard proteins used were bovine serum albumin (MW 66000 daltons), carbonic 
anhydrase (MW 29000 daltons), cytochrome (MW 12000 daltons) and aprotinin (MW 500 
daltons). 
Amino Acid Analysis 

Amino acid analysis was carried out using Beckman Model 121 M amino acid 
analyzer. Inhibitor samples were hydrolyzed at 110°C with 6 N HCl for 20 h in sealed 
evacuated tubes. Cystine and cysteine were determined as cysteic acid by formic acid 
oxidation. 
pH Stability 

The stability of the inhibitor was examined in the pH range of 2-12 at room 
temperature. The inhibitor was dissolved in 0.5 ml of 0.05 M buffer (HC1/KC1, pH 2.0; 
acetate, pH 4.0; citrate, pH 6.0; Tris-HC1, pH 8.0; glycine/NaOH, pH 10 and 12). After 24 
h pre-incubation at each pH at 4°C, aliquots of 50 µl were used for the inhibitory assay. 
Residual trypsin inhibitory activities were measured at pH 8.0 as described above. The 
experiments were carried out in triplicate. 

RESULTS AND DISCUSSION 
 

The purification of tepary prolamine fraction is summarized in Table 1. About 20.3 
mg of the inhibitor was obtained from 260.0 mg prolamine protein. The yield was 23.2% 
of the crude extract of the first step. Physical evidence of homogeneity of the purified 
inhibitor was determined by Polyacrylamide gel electrophoresis in the presence of sodium 
dodecyl sulfate (Fig. 4). The final product produced only a single band on 15% SDS-
PAGE  
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Table 1. Summary of the purification of tepary prolamine trypsin and chymotrypsin 
inhibitor. 
Fraction Total protein 

(mg) 
Total inhibitor 

activity (units ×103)
Specific inhibitor 
activity (units/mg) 

Yield 
(%) 

Prolamine crude extract 260 82 315.4 100 
DEAE A 25 Sephadex 96.8 76 785.1 92 
Phenyl Sepharose 67.5 93 933.3 76.8 
Sephadex G-75 20 19 936.0 23.2 

Figure 4.  SDS-PAGE of purified tepary prolamine inhibitor. 
Lane 1: MW Standards; Molecular weight standards (from top to bottom) Phosphrylase b, 
BSA, egg albumin, trypsinogen, lactoglobulin and lysozyme. Lanes 2, 3, 4, and 5: tepary 
bean prolamine inhibitor. 
 
Molecular weight determination 

The relative molecular mass of prolamine fraction inhibitor was calculated to be 
17,700 daltons by comparing the mobility of the inhibitor with those of the standard 
protein (Fig. 4), well in agreement with the gel filtration data (17800 daltons). Red kidney 
trypsin inhibitor (Wu and Whitaker, 1990), pinto bean trypsin inhibitor (Wang, 1975) and 
Brazilian pink bean (Wu and Whitaker, 1991) also gave similar molecular weight as 
determined by SDS-PAGE and gel filtration. Many authors suggested that, the higher 
molecular weight may be due to the formation of dimmers and trimers. However our 
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results, is not exactly the same as those reported earlier by Campos et al., (1997) showing a 
molecular weight of 7100 daltons for tepary bean inhibitor. The molecular weight 
determined by amino acid composition found to be 9000 daltons, which is within the range 
of (6000-9000 daltons) for most of the Bowman-Birk inhibitor family (Kumar et al., 2004). 
Amino Acid Composition 

The amino acid profile of purified prolamine fractions of tepary bean inhibitor were 
listed in Table 2. The inhibitor contains high amount of glutamic acid, aspartic acid, serine 
and half cystine, which together account about 50% of the amino acid composition. The 
amino acid profile located 14.5 cystine residues indicating the presence of 7 S-S bridges 
which is characteristic to Bowman-Birk type of inhibitor. The amino acid composition of 
the purified inhibitor resembles those of proteinase inhibitor from lima bean (Haynes and 
Feeney, 1967); mung bean (Wilson and Chen, 1983); soybean (Birk et al., 1967); and 
garden pea (Wilson and Laskowski, 1973). 
 
Table 2. Amino acid composition of purified tepary bean prolamine fraction in 
comparison to soybean (BBI), lima bean (LBI-IV) and mung bean. 

Tepary prolamine BBI LBI-IV Mung Bean Amino acid 
Residues/molecule 

Aspartic acid 16 11 13 12 
Threonine 06 02 03 03 
Serine 15 09 14 13 
Glutamic acid 09 06 07 05 
Praline 06 07 06 05 
Glycine 05 00 01 02 
Alanine 05 04 02 02 
Half-cystine 14 14 14 14 
Valine 01 01 01 00 
Methionine 00 00 01 03 
Isoleucine 04 02 04 02 
Leucine 03 02 03 02 
Tyrosine 01 02 01 01 
Phenylalanine 03 02 02 01 
Lysine 05 05 04 05 
Histidine 07 01 06 05 
Arginine 04 02 02 04 

pH Stability 
The prolamine fraction inhibitor has been found to be quite stable under conditions 

of extreme pH (Fig. 5). The unusual stability of proteinase inhibitors is very similar to 
those of Bowman-Birk inhibitors. Similar findings were reported by Campos et al., (1997); 
DiPietro and Liener, (1989); and Tsukamoto et al., (1983). Stability of tepary bean 
inhibitor could be attributed to its high cystine content (Osman et al., 2002). 
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Figure 5.  Effect of pH on tepary bean prolamine inhibitor stability, analyzed by its  
 inhibitory activity. 
 
Inhibitory Activities 
 Figures 6 and 7 shows the effect of various concentrations of the inhibitor on the 
proteolytic activity of trypsin and chymotrypsin. The inhibition of either enzymes only 
beers a linear relation to the concentration of the inhibitor up to a certain limit. The 
theoretical quantity of the inhibitor required for 100% inhibition may be estimated by 
extrapolation of linear portion to zero activity. The extrapolated value was approximately 
0.42 and 0.79 for trypsin and chymotrypsin respectively, that is 1.0 mg of the prolamine 
fraction inactivate 2.4 mg trypsin and 1.3 mg chymotrypsin. This indicates that 1.0 mole of 
prolamine fraction inhibitor inactivate 2.0 moles of trypsin and 1.0 mole chymotrypsin. 
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Figure 6. Trypsin inhibition by tepary prolamine inhibitor. 
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Figure 7. Chymotrypsin inhibition by tepary prolamine inhibitor. 
 

Inhibition specificity of ethanol fraction inhibitor has shown that bovine trypsin and 
chymotrypsin are strongly inhibited by the inhibitor. The inhibitor has no effect on pepsin 
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indicating that the prolamine fraction inhibitor resembles double-headed serine proteinase 
inhibitors. A similar trend was observed in tepary bean (Campos et al., 1997), red kidney 
bean (Wu and Whitaker, 1990), Brazilian pink bean (Wu and Whitaker, 1991), chickpea 
(Belew, 1977), soybean (Yoshida and Yoshikawa, 1975), and pinto bean (Wang, 1975). 

In conclusion, trypsin and chymotrypsin inhibitors from ethanol fraction have 
purified to homogeneity by ion exchange, hydrophobic and gel filtration chromatography. 
Physical and chemical properties of the purified inhibitor indicate that the inhibitor could 
be classified as a serine proteinase inhibitor similar to the Bowman-Birk family.  
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