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Thesis Title Selection and Use of Herbs/Spices as Antioxidants in Frying Oil 
Author Miss Sirinuch Thongrit 
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ABSTRACT 

 
 The total phenolic content and DPPH scavenging activity of ethanolic extract 
from nine herbs/spices, basil, sweet basil, kaffir lime leaf, garlic, shallot, turmeric, galangal, 
fragrant screw pine leaf, and lemon grass before and after heating at 175 oC for 20 min were 
investigated. The results showed that turmeric, pandanus, basil and shallot extracts improved the 
antioxidant activity after heating. Therefore, these extracts were selected and added to 
commercial palm oil at the concentration of 150, 500, 1000 ppm. Chemical and physical changes 
of the oil were determined after heating at 175oC for 10, 20 and 30 min. It was found that palm oil 
added with turmeric and pandanus extracts at any concentration could prevent free fatty acid, 
peroxide, TBARS better than other treatments (p<0.05). However, palm oil added with shallot 
extract had lowest viscosity value. In addition, color of the extract affected to L*, a*, b* of palm 
oil both before and after heat treatments. Antioxidant activity of single extract and mixture of 
turmeric and pandanus extracts (1:1) to prevent oil quality deterioration was also investigated. 
Results revealed that using single extract could prevent peroxide value better than the mixture 
extract, while using of mixture extract could retard TBARS better than single one. However, there 
is no significant different in free fatty acid value in both mixture and individual extracts (p>0.05). 
Therefore, turmeric extract, pandanus extract in form of single and mixture (1:1) at the 
concentration of 150 ppm were added to frying oil and heated at 175 oC for 30 min before 
subjected to fry the marinated chicken wings. The result showed that individual extract could 
retard the peroxide value but could not TBARS and free fatty acid value (p>0.05) when compared 
with the mixture. Moreover, frying oil added with only turmeric and mixture extracts after 
repeated frying had higher rating score for color and appearance attributes compared with other 
treatments. However, there was no significant difference in odor (frying oil), flavor (fried 
chicken) and rancidity (both frying oil and fried chicken) scores in any treatment. 
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/��'.�,0�	����&����	�&+�����1����2�(���� &�����!�"	������#������&	�����	�/)"���-.� �����
�% �	���3��4��+���������5�����&�		�
������	�����/����������#�4 3$������!�"(��'"��5�����&�
		�
�����(��������� 	�����# butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA) 
��� propyl gallate (PG) !/��'.�,0��� 	!�����	&#���4"���4�� 	&#�����1'���4����	�.�&!���
!�"(��(��������������#�4&����������1�����"��������#�4Q$� ��# BHA %�4#���R�S�T���(���#	����1�
!(�'4����	� ��#���&4������!�" BHT !�����,()� �#	!�"�������'��� 	� (internal and external 
hemorrhaging) ��/�!�"�)���	����(�&%�S+�'�& � �	�3�� BHT ����3�����	�4�'����������'#	���
��1�'�4�	���1��� 	� (Ito et al., 1986) ����	�����4��'�����Q$��4��(����*�	�	����'#	�����
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3��S�����'�����$� -�&�Z%��(��(���3��% ��� 	������&�-�&���4��4#� %R2���� ��"��# [��-4	&�� 
(flavoniods), [^	��� (phenolic), -�-�[^�	� (tocopherol), ��-���	&�� (carotenoids) ��� ���
�	(�	���  (ascorbic acid) (Caraguy, 1992; Pratt, 1992; Meyers et al., 2003) 

���!�"(�+�%�/��� �	���f ��# ���� %�����& ������&� �� 	���/���� ���(#4/(�
�	���� �	���+����!�"����� �	 ��� ��) �� 		 �g �#	����	� �% �	�#	!�"�����(��'������ ���(#�/�!�"
	������1���"��$� ���4�S��5���'��	����&�����&��4��� ���3�����(���43�"	�)����
4��&�f�('��!��&����/#����(��!�"��14#�  (��(�������'��&���"3��% �(�+�%�/��� �	���f���&
������!�"!�����+�	������R�S�T'"��5�����&�		�
����� (Barik et al., 1987; Wang et al., 1997; 
Cheah and Abu Hasim, 2000; Javanamardi et al., 2003) 3$��� �	4#����!�"(�+�%�/��� �	���f!���
����	�����	���#�%�&��'#���!�"	�����	����+,���2,�������(��(��/�(����� ��#��� �'#
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���!�"���%����$� ��#���&4���!�����f'�4�'���������!�"(�+�%�/��� �	���f ��# -�(����� 
(rosemary), 		����- (oregano) �� 	���� (thyme) 
$��'#���1��(��'"��5�����&�		�
�����!���
�'��&�	����������4�S��5���'�'����'���#�� ���/����f$�2��(��!�"��1	&#������34#����!�"
(�+�%�/��� �	���f���#���(����Q���	��������5�����&�		�
�����!	������"	&#�������(��S�.�% 
(Nakatami, 1984; Cuvelier et al., 1994; Hirasa and Takemasa, 1998; Lu and Foo, 2001) 

����%����4����'�4!�"��#�����'#	��������&����'#��g!���4#������	�	���� 
-�&�Z%��3����������5�����&�		�
����� �"4&�����(��(���3��(�+�%�/��� �	���f�'������!
������% �	����"�������(��'"�		�
�������(��'"�		�
����������"3�����(������������	��
�4����$�� ����4��5���'�-�&�Z%�����!�"���-&��(��'"�		�
����������	&)#'��S�����'�!
(�+�%�/��� �	���f���'#��g -�&����4��4#�����'��(��(������#��� 3����!�"	�������	��	�% �
(�+�%�/��� �	���f�����(���'�'"��5�����&�		�
���������&��"�()#����� ���!�"������'#	���
�����5�����&�		�
�����!���4#�����!�"�	�	�����%����$� 
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�	
������	  

1.  �	������������������������ �!�	��� 

    �5�����&�		�
������	���������5�����&������/�'#	�+,�#����-.����� �4��
��	�.�& (� �����( ���� �	(��/�(�	�	���� (Shahidi et al., 1992) ��������5�����&�		�
������	�
����	�3�����$��	����&�4#� �5�����&�		-'		�
����� (Autoxidation) 
$�����3+������'"�	����
�����5�����&�		�
�����'#	��-�&������������5�����&�		-'		�
������� 3 ���'	 (Jadhav et al., 
1995) � 	  
 1.1 ��!�
���	�"���#���	 (initiation) �����&������'"�	��5�����&�-�&���������� (RH) �'�'�4

���	+�)�	�(�� (R•) 
$�����(� 	+,�.)�� �� 	-������'�4��#��5�����&� ���(������� 1 

RH + initiator   R• + H        ttttt.. (1) 
 1.2 ��!�
���	�,�����	��� (propagation) �����&���������5�����&��)�-
#'#	� �	��	�	+�)�
	�(�������"3�����'	�������&4������5�����&����		�
��3�������	+�)��%	��		�
� (peroxy radical, 

ROO•) 
$��(����Q�$��w-���33�����������������w-���%	��		��
�� (hydroperoxide) ���
�w-���%	��		��
����������$�(����Q���3��'�'�4���	+�)�	�(����"	��Q"���'�4��#��5�����&� ��# �4��
�"	 ����(� 	+�)�	�(����������$�(����Q����5�����&�'#	���������� �������	+�)�	�(����"	�� 
$��
3���������)�-
#�5�����&�'#	� �	��� �	&�� ���(������� 2-6 

R• + 3O2  ROO•      ttttt.. (2) 

ROO• + RH  ROOH + R•  ttttt.. (3) 

ROOH  RO• + OH  ttttt.. (4) 

RO• + RH  ROH + R•      ttttt... (5) 

OH + RH   H2O + R
•        ttttt... (6) 

 1.3 ��!�
����!��1� (termination) �����&��������/��'.�,0������#���	+�)�	�(�� -�&	+�)�	�(��
���������������$� �4�����	+�)��%	��		�
�3��4�'�4����"4�������(������	������'�4��#����&4��
�5�����&�'#	�� ���(���� 7-9 

R• + R•   R-R   ttttt.. (7) 

R• + ROO•   ROOR            ttttt.. (8) 

ROO•+ROO•   ROOR + O2     ttttt.. (9) 
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�����������		-'		�
������	���%�� �(��! Figure 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Generalized scheme for autoxidation of lipid 
����	 : Nawar (1996)  
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2. 78���#�����9�
:��	����7;����#	������������������ 

 2.1 ������ 7��	<������������:����
��  Q"�������4����#	���'�4����$� 	�'����������5�����&�3�
�%����$� ������� �	�3����������w-���%	��		��
��3��������������%�S��)#'����'# 2 �)# '"	����
%��������'+"'���(#�/�!�"��������5�����&�		�
�������14�$� -�&���4��%�S��)#����	3)��' (���
����%�S�����&4(������%�S��)#) (����Q�����5�����&���"���4#�%�S��)#���	 � (Nawar, 1996) 
 2.2 �������� ���	�������	����(����*'#	�5�����&�		�
����� (����Q����5�����&����%�S��)#
�	����������#	���'�4 ���!(.�4������		�
��3������(� ���1������!w�� (heme iron) ���
��	-�[}��� (chlorophylls) (����Q�����5�����&�		-'		�
�������"�4���14&����$� (Nakatami and 
Ikeda, 1984) 
 2.3 =�	���� �������(����*!�������&4��!�"�����5�����&�		-'		�
����� ����������1�
	����!	+,�.)��'���(����Q��	�'����������5�����&���" (Jadhav et al., 1995) 
 2.4 �����:	� �5�����&�		�
�����3�������"��14�� �	����(��/�(����(� (Nawar, 1996) 
 2.5 @�"  -������
��������4���
� 2-3 ��# -��	��� (Co), ���1� (Fe2+ or Fe3+), �	���� (Cu+ 
or Cu2+), ������( (Mn), ��� ������ (Ni) ���'" ���+,(���'����-��		�
���
� ������������
�	�-��������&��� ��# ����5�����&�-�&'�����(��'���'" �� 	���'+"-����+��	�		�
��3����
��� singlet oxygen ���	+�)��%	��		�
� (Nawar, 1996) 
 2.6 78���#���� B �����: 
  2.6.1 �4��� � �� 	�#�4	�'	���	�'�4�'�� (Aw) !/��'.�,0���/�'#		�'����������5�����&�
		�
����� !	������"�������#�4	�'	���	�'�4�'��'������g (Aw < 0.1) �5�����&�		�
�����3�����	&#��
�4���14 �'#�#�4	�'	���	�'�4�'���%����$���� 0.3 3�&��&����������		�
����� ���	�'���������
		�
�����3�'������ ����������3�������,�4��� �!�������3�����3�����	�-���-�&3�����	+�)�
	�(�� �� 	��	������(��/�(�	�		�
��3������� 	&#�����1'�� �� �	�#�4	�'	���	�'�4�'��()��$� (Aw 
= 0.55-0.85) 	�'���������		�
�����3��%����$� � �	�3������������ �	����	���'���(���		�
��3 
(Nawar, 1996) 
  2.6.2 '�4��#���4.�% 3�����(����#��5�����&������	&)#'��S�����'�!	���� ��"��# �	�
��    ��
%	�
�3��( (lypoxygenase) � �	�3��.�&!-����+��	��	�
�����������	��"4&���1� 1 	�'	����
	&)#!�)� Fe2+ 
$��3�Q)�		�
���(�!�"	&)#!�)� Fe3+ ��"-�& fatty acid hydroperoxides �� 	 hydrogen 
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peroxides ������� ROX-Fe3+ (��'���'"���������������#	���'�43���"���3��-�&�w-���33����)# 
methylene 3�Q)��$�		������ Fe3+ �	��	�
��3�Q)�����4
�������	&)#��� Fe2+ ������� enzyme-alkyl 

radical (ROX-Fe2+-R•) ���(����QQ)�		�
���(���"-�& O2 !�"	&)#!�)��	� ROX-Fe
2+-ROO �������4��

3���'#	�� (Gordon, 2001) 

3. �	
�	����������� (Antioxidant) 

    ��������5�����&�		�
������	����� ���!�"������������&�����	��+,(���'����
	�������	��	�	���� ��# ��������&����(� � �	(��/�( ���� �����( ()*�(�&4�'��� ������!�"����
���()*�(�&(.�%�	�-��'� (Nakatami and Ikeda, 1984) ��������!�"(��'"�		�
�����3$�(����Q
���	��������5�����&�		�
������	�����(#�/�'#	��������()*�(�&'#�� g ���	����( �	��(�& ���
���������  �� 	��������&����(� 	����/�3���5�����&�		�
����� (Shahidi and Wanasundara, 
1996) Yanishieva-Maslarova (2001) ��"��#�����	�(��'"�		�
�����		������+#�'#��g ����� 
 3.1 Radical scavenger/Hydrogen donor ���(�����(����Q&��&����������		�
�����-�&���!�"
�w-���3	�'	���� peroxy radical ������� hydroperoxide 
$������)�����(Q�&���#�����������&4��!�"
�����5�����&�	�� !�,����'�4�	�(��&��&���3��������	+�)�	�(�������(����Q3����� proxy radical 
'�4	 �!�"	&)#!�)�����(Q�&���"	�� ���(���� 10-12 

RO•    + AH                               A•   +   ROH      t...ttt.. (10) 

ROO•  +  AH                             A•   +   ROOH      ttttt..(11) 

ROO• +  A •                              ROOA                  ttttt..(12) 
    '�4	&#��(��'"�		�
�����!��+#�����"��#  BHA, BHT, tocopherol ��� PG 
$����
-���(�"������(��! Figure 2 
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Figure 2. Radical scavenger/hydrogen donor antioxidants 
����	 : Yanishieva-Maslarova (2001) 

3.2 Electron-acceptor compounds ���(��'"��������		�
�����-�&�����#����		�
��3!
���3�����	+�)�	�(���	� alkyl �5�����&������#���3������$���"���� �	�4�������&���f		�
��3'��� 
���(������� 13 

R•     +   O 2                       ROO
• ttttt..(13) 

      Q 
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CH2-CH=C-(CH2)3-CH-(CH2)3-CH(CH2)3-CH-CH3

CH3 CH3 CH3 CH3

vitamin K

CH3H3CO

(CH2-CH=C-CH2)8HH3CO

O

O

ubiquinone

CH3

H3C

CH3

OH

CH3

R

O

O

R=CH3(CH2CH2CHCH2)3H

alpha-tocopheryl quinone

    '�4	&#��(��'"�		�
�����!��+#�����"��#  quinones (Vitamin K, ubiquinone, α-
tocopheryl quinone) 
$����-���(�"������(��! Figure 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 
Figure 3. Electron-acceptor antioxidants 
����	 : Yanishieva-Maslarova (2001) 

 3.3 Metal chelating agents 3����(��&��&���%4� pro-oxidant ������	+�)�	�(���	�-��� ���
(������� 14 

Mnn  +   AH                      Mnn.H ttttt..(14) 
 '�4	&#��(��&��&���		�
�����!��+#�����"��# ascorbic acid, citric acid, tartaric acid, 
EDTA, ��� flavonoid 
$����-���(�"������(��! Figure 4 
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Figure 4. Metal chelating antioxidants 
����	 : Yanishieva-Maslarova (2001) 

 3.4 Singlet oxygen quencher 3�����"����!��������&		�
��3���	&)#!�)��	� singlet oxygen 
!�"���&��� triplet oxygen 
$��	&)#!(Q��% ���#(����Q����5�����&����������"��� Car (Singlet 
oxygen quencher: Carotenoids) 3������&��� 3Car* 
$����%�����3��4���3$�(��&'#	��� Car ���
��%������4���"	�����$� ���(������� 15 

N

N

O

OH

O

O OH

HO

O

OH

EDTA

O

O

flavonoid 
EDTA 

ascorbic acid ascorbyl palmitate 

citric acid tartaric acid 
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O H

1O2   + Car    
                                3O2 + 

3Car* Car + thermal energy   tttt..t(15) 
 
 '�4	&#��(��'"�		�
�����!��+#��� ��"��# carotenoids (β-carotene, canthaxanthin, 
lycopene, zeaxanthin ��� lutein) 
$����-���(�"������(��! Figure 5 
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o

o 
 
 
 

 

canthaxanthin 

Figure 5. Singlet oxygen quencher antioxidant 
����	 : Yanishieva-Maslarova (2001) 
 3.5 Enzymatic peroxide destroyer   ���(��'"��������		�
��������S�����'��������!�"��
!�"�	���� �	�
��������(����Q&��&����������		�
�����-�&��������&		�
��3!�)�	+�)�
	�(���� 	�w-���%	��		��
��!�"	&)#!�)������#4#	��4'#	�5�����&� ���(������� 16-18 

ROOH +   2GSH      ROH +  H2O  +  GSS tt.tt.(16) 

O2
•    +    HO2

•                   SOD               3O2  +   H2O2      tttt..(17)                  

2H2O2       
                               catalase       3O2   +  2H2O               tttt..(18) 

 '�4	&#��(��&��&���		�
�����!��+#��� ��"��# Glutathione peroxidese (GSH), 
superoxide   dimutase (SOD) ��� catalase 

4. ��������	
�	����������� 

 4.1 �	����=	 "U (Synthetic antioxidant) 
    (��'"�		�
�����(�������������&�!�"!	����-�&���4��!���&g �����f ��"��# 
butylated hydroxylanisole (BHA), butylated hydroxyltoluene (BHT), propyl gallate (PG), octyl 
gallate (OG) ��� dodecyl gallate (DG) 	&#�����1'�� (��'"�		�
��������#������4�����%�2
�'�'#���� (Ito et al., 1986) �$�	&)#��������,�����"��� ���!��33+��/)"���-.�����!�"�4��(!3!
�� �	��	�(+�.�%����$� ���!�"!�'#�������f		������&�% �	�4��+����!�"(��'"�		�
�����

C H3 H3C 

H3C 
C H3 C H3 

C H3 O 

C H3 C H3 
H3C 

O 
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���#��� (Table 1) 
$�������,������������������3�������,���/)"���-.�(����Q�����"!�'#��4�!
����������	�.�& 
    (�'� ��%&���� (2535) ��#�44#� (��&��&���		�
���������&�!�"�����  ��"��#  BHA, 
BHT, TBHQ ��� PG ���&�����f	+*�'!�"!�"(�����#������������������!�����,�4��
��"��"'#��g�� ��#	������	�������&�!(����	������ (FDA) 	+*�'!�"!�"(����� ���#����%�&�
������&4�� 	!�"�#4�����"!�����,�4����"��"��#����"	&�� 0.02 �� 	 200 (#4!�"�(#4 
� �	�3��(��&��&���		�
�����(����������� �	!�"!�����,���3����!�"����������&%�S+��������� �	
�	�!�)���	� 

Table 1. Snapshot of some antioxidants regulated in CODEX Alimentarius, America, Australia and 
New Zealand  

Source Antioxidant Level 
CODEX 
 
 
 
 
USA 
 
 
 
 
Australia, 
New Zealand 

BHA, BHT and PG in fat emulsions mainly of 
type oil-in-water, including mixed and/or 
flavoured products based on fat emulsions; 
emulsions containimg less than 80% fat; and 
margarine and similar products 
BHA, BHT and PG in rendered animal fat or a 
combination of such fat and vegetable fat 
 
BHA,BHT, PG, OG and DG in margarine or 
oleomargarine 
BHT, PG, OG and DG 
BHA in edible oils and oil emulsions 

200 µg/g 
 
 
 
 
100 µg/g individually or 200µg/g in 
combination with other antioxidants approved 
for use 
200 µg/g individually or in combination with 
other antioxidants approved for use 
100µg/g 
200µg/g 

����	 : Sin ����,� (2006) 

  4.1.1 Butylated  hydroxyanisol (BHA) �� 2 ��� � 	 2- tert-butyl-4-hydroxyanisol (2-BHA) 
��� 3-tert-butyl-4-hydroxyanisol (3-BHA)  !�"��"�����/��'.�,0�	�����	����	�  �� �	!�"�#4����  
BHT, TBHQ  �� 	  PG 3��#4&�(���!�"���+,.�%��	������� ()��4#�������&4 -�&�Z%�� BHA 
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/(���� BHT  �'#����&��4#��� �	!�" BHA ��������,��� FDA ����� (175 (#4!�"�(#4) /(���� 
BHT 	�3��	�'��&���!�"����(���#	����1����� �	�	� (Du and Li, 2008) 
  4.1.2 Butylated  hydroxytoluene (BHT)  ��� �	���&��������4#� 2,6-di-tertiary-butyl-p-cresol 
�� 	 2,6-di-tertiary-butyl-4-metyl  phenol !�"��"��%	(��4����	�����	����	� (����Q!�"�#4���� 
BHA, �� 	 PG 
  4.1.3 Propyl  gallate (PG)  ��� �	���&��������4#� 3,4,5-trihydroxybenzoic  acid !�"�������
(�'4���"��  �'#3��������(������	�����
"	���-������!�"�������(������ 	(��#4���"�  
$��3���	���
��"-�&����'��(��%4�  chelating  agent  �����% �	���4����	�		�	�-���  (��%4�����"��#  ���

�'���  ����	(�	���  ���       ��
�'�  �� �	!�" PG  �#4����  BHA  ���  BHT  !�"/�!�����	���
���� ��"�� 
 4.2 �	�����	�X��	
�  (Natural antioxidant) 
    /�����/���"�����-&��'#	(+�.�%�	�/)"���-.� ����&��������#��	�(������	� 
phenolics, flavonoids, anthocyanins ��� carotenoids -�&��� Iqbal ��� Bhanger (2007) f$�2�����&4���
���(��S�.�%�4����'�4�	�������	���'�4� (Refined, bleached, deodorized (RBD) sunflower 
oil)   �� �	�'��(��(�������	��	�������&� -�&4���������#� Antioxidant activity index (AAI), Free 
fatty acid (FFA) content, Peroxide value (PV), Conjugated dienes (CD), Conjugated trienes (CT) ���  
Thiobarbituric acid reactive substances (TBARS) %�4#� (��(���3��������&�����4����"��" 1,000, 
500 ��� 250 (#4!�"�(#4 �����(��S�.�%!������(��'"�		�
�������#������	���'�4�
���4#� BHA ��� BHT ����4����"��" 200 (#4!�"�(#4 '�������� 
    ���� �+�(Q�%� ���	����%&� (�(+� (2545) f$�2�	�������	���������	�(��(���
����	��	�'����"�"4&����� NMR %�4#���(����+#� flavonoid � 	 luteotin ���	�������	�
$���� �	
������(	�R�S�T'"�	+�)�	�(�� DPPH %�4#������(��S�.�%���4#� BHT �����, 4 ��#� (#4  Su 
����,� (2007) ������4���������������,�	�(������	�[^	���� �4��(����Q!���3��-��� 
����+,(���'�!���'"�	+�)�	�(���	� %�����&��� (black peppercorn) , �)�3������f (nutmeg) , 
-�(w�� (rosehip) , 	���& (cinnamon) ���!�		����- (oregano leaf) %�4#�(��(���3��% ����#�����
�+,���-&��'#	(+�.�%�	�/)"���-.� � �	�3�����(��&��&�����������5�����&�		�
�����-�&(��
(���	�
�-'�	�	���& (cinnamon) ��"��"�"	&�� 50 ���+,(���'�!���'"�	+�)�	�(��!���� 
2,2'-azino-bis(3-ethylbenzothiazolamine-6-sulfonic acid) (ABTS+), Oxygen Radical Absorbance 
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Capacity (ORAC), �4��(����Q!���3��-��� ��������,�	�(������	�[^	���� ()�(+��� �	
���&����(��(���3��% ����	 ��"��'" (������ Maisuthisakul ����,� (2007) 
$��������4��������
(������	�[^	���� ����4��(����Q!���'"�	+�)�	�(�� �	�% �% ��� 	��	������f��& 26 
������&�������1�	�+#%�4#� �����,�	�(������	�[^	���� ���(������	� [��-4	&��!
(��(���3�����1�	�+#������ 	3���������4� �������,()��4#�(��(��������"3��/�����(�+�%� �����
�4��(����Q!���'"�	+�)�	�(��!���� 1,1- diphenyl-2-picrylhydrazyl radicals (DPPH) 
Boskou (2006) ��"(�+����#��	�(��'"��5�����&�		�
�����3��% ��(����� Table 2 

Table 2. Source of polyphenol antioxidant derived from plants 

      Source                     Antioxidants                                                         

Fruits 
Berries Flavanols hydroxycinammic acids, 

hydroxybenzoic acids, anthocyanins 
Cherries  Hydroxycinnamicacids, anthocyanins 
Blackgrapes Anthocyanins, flavonols 
Citrus fruits  Flavanones, flavonols, phenolic acids 
Plums, prunes, apples, pears, kiwi   Hydroxycinnamic acids, catechins 

Vegetables 
Aubergin  Anthocyanins, hydroxycinnamic acids 
Chicory, artichoke Hydroxycinnamic acids 
Parsley  Flavones 
Rhubarb  Anthocyanins 
Sweet potato leaves  Flavonols, flavones 
Yellow onion, curly kale, leek Flavonols 
Parsley  Flavones 
Beans  Flavanols 
Spinach  Flavonoids, p-coumaric acid 
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Table 2. (Continued) 

      Source                    Antioxidants 
Flours 

Oats, wheat, rice  Caffeic and ferulic acids 
Teas 

Black, green  Flava-3-ols, flavonols 
Alcoholic drinks 

Red wine  Flavan-3-ols, flavonols, anthocyanins 
Cider  Hydroxycinnamic acids 

 
Other drinks 

Orange juice  Flavanols 
Coffee  Hydroxycinnamic acids 
Chocolate  Flavanols 

Herbs and spices 
Rosemary  Carnosic acid, carnosol, 

Rosmarinic acid rosmanol 
Sage  Rosmarinic acid, Carnosol, Carnosic 

acid, lateolin, rosmanul, rosmarinic acid 
Oregano  Rosmarinic acid, phenolic acids, 

flavonoids 
Thyme  Thymol, carvacrol, Flavonoids, lubeolin 
Summer savory  Rosmarinic, carnosol, carvacrol, 

flavonoids 
Ginger  Gingerd  

����	 : Boskou (2006) 
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   3����&��%�4#�!����%�� !�-���%� !�����)� ������&� �	���� ���� �#� '����" 
���!��'&��(��		�R�S�T�������"����!���'"�		�
������'�'#������ �(����� Table 3 -�&(��
		�R�S�T�'#�������-���(�"������'�'#���� �(����� Figure 6 

Table 3. Antioxidative compound of nine herbs/spices used in this experiment 

Herbs/spices Antioxidative compounds References 

Holy basil  
Sweet basil 
Kaffir lime leave 
Garlic 
Red onion 
 
Turmeric 
 
Galangal 
Lemon grass 
 
 
Pandanus 

Usolic acid, Apigenin, Luteolin, Eugenol 
Rosemarinic acid, Caffeic acid, Linalool, Eugenol 
Citronella, β-carotene 
Organosulfer compounds, Gallic acid 
Organosulfer compounds (cysteine derivatives, 
e.g. S-allyl cysteine sulfoxide.), Quercetin 
Curcumin, Demethoxycurcumin, 
Bisdemethoxycurcumin 
Galangin, Kaempferide 
Luteolin, Eugenol, Linalool, Menthol, Citronellal, 
Camphor, Geraniol, Nerolidol, Methylheptenol,  
Furfural, Methylheptonone  
Caffeic acid, p-Coumaric acid, Quercetin 

Bhargava and Sing (1981)  
Li et al. (2007) 
Murakami et al. (1995) 
Kamel and Saleh (2000) 
Shahidul et al. (2008); 
Lombard et al. (2005) 
Tiwari (2006) 
 
Samart (2007) 
Mutsuda et al. (2003) 
 
 
Nor et al. (2008) 

 

 

 

 

 

 

 

 

Usolic acid Apigenin 
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Luteolin Eugenol 

Rosemarinic acid 
Caffeic acid 

Linalool 

Citronella 

β-Carotene 

Diallyl disulfide  

n-Acetyl cysteine  

 

Quercetin p-Coumaric acid 
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Figure 6. Structure of antioxidative compound of nine herbs/spices used in this experiment 

5. �	����	"	 

    ����	����4�S��������)�	��������.��$�� �����/����!�"	�����������(���
/)"���-.��&��������� 	�����	���#4#�3���� ��#�	� �+"��+������	� �	��� ��������	� ���
��"4&��� -�&/��'.�,0����#������/#�����	�-�&!�"����������,��� (deep frying) ����� �		����
���#���/#�����	���/����!�"�����,����!/��'.�,0��%�������$� ��# ��������	�3��������,
���������,�"	&�� 17 �����#�	�3������������,�"	&�� 13.2-18.7 (USDA-ARS, 2005) ������
�$�	&)#�������	�	�������(.�4��	�����	� !�,����&4��!���4#������	�	����3��������
�����&�����+,.�%�	���������!�"�	� � �	���3���4���"	���!�"���������	� ���(��/�(���4#��
��������	���f ���()*�(�&������	�������	�!	����()#������	� 
$����&��4������	����
3��4�	��	�����	��%����$� ����( �	��+,.�%�	�������	��1�%����$��"4& ���!�"/)"/��'	�����	�

Galangin  
 

Kaempferide  
 

Curcumin Demethoxycurcumin 

Bisdemethoxycurcumin 

O

OH

OOH

HO
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'"	������&Q#�&������	�'�����!�"�� -�& Naz ����,� (2005) f$�2���������&�����+,.�%�	�
��������	� ������"�4-%���������Q��4��� 	� -�&4���������#��%	��		��
�� (peroxide value) 
�#�	��
��� (p-anisidine value) �#��	-	�� (iodine value) �	���������/#�����	� �������������
(��/�(���	���f �����������(��/�(�(����	���f ����4�� 30 4� 	�3����&��f$�2����
�����&�����+,.�%�	���������/#�����	���������/#���	+,�.)�� 180 	�f��
��
�&( �����&��4��
�'�'#����� 	 30, 60 ��� 90 ��� %�4#� �#��%	��		��
�� ����#�	��
��� �%����$�'��������� 	 
��������/#�����	� >��������(��/�(���	���f����(� > ��������(��/�(���	���f -�&�#������#�4��
��������&����'������	������� 	 �����Q��4��� 	� > ������"�4-%� > ��������	� �������
�	��#��	-	�� �����!�)�������&4�� � 	 ��������/#�����	�>��������(��/�(���	���f����(� 
> ��������(��/�(���	���f -�&����������	��#��	-	��'������	������� 	 �����Q��4��� 	� > 
������"�4-%� > ��������	� (�����������,����	�(��3��%����$�'����&��4������	� 

 5.1 �	�7���#��7���������� "�:	���� 

    ��������&������������$��	�������� 	�������4#���	��(����� Figure 7 
$����1
��"��� � 	 ��������(���� �4��� ��%����$� 3+������4����� ����[	��%����$� ������� �	�3���� �	����
��"����4���"	3�����������&�����5�����&�����! 3 �)���� � 	 
  5.1.1 Hydrolysis ����5�����&���������$��� �	�������"����4���"	 -�&��������33�&(����*!
�����#��5�����&� 
$���������5�����&�����'�����
	�����������"/��'.�,0�����������	�(�� (Free fatty 
acid), -�-����
	������, ������
	������ �������
	�	�  
  5.1.2 Oxidation ������		�
���
����� ���!�"����(������	����&����������&��" ��# 
hydroperoxide, conjugated dieonoic acid, epoxide, hydroxyl ��� ketone   (������	����#���	�3����
����'�'�4'#	��	�� �� 	3�&�������-����+��'�����
	���������()��$�  
  5.1.3 Polymerization ����������%�S�!��#���4#�������	��������	-�&��#��	�'	�
�	�		�
��3!-����+����� Q"�%�S����#��������$�!������� 1 -����+� 3����!�"�����������
���'#	�����4� (cyclic fatty acid) Q"��������4#��������� 2 -����+� 	�3����.�&!-����+�
���&4���� 	���4#��-����+��	��'�����
	������ ���!�"�����������	��� ���Q"�����%�S��"��
���4#��-����+����#���'#	�����!�"����-%����	�������������-����+�()��$�	�� 
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 5.2 7 �[�����	7 �����������	��	�7���#��7����������  

    (������	���������$�3����������&����!������	������#�4��"4�"��'" (����Q
'�434����������" 
$����#�		���� 2 ����.� � 	 
  5.2.1 (������	�3������( �	�(��&�������&��" (Volatile decomposed product) 
(������	��������&��"��/�'#	�����(�	�	�������/#�����	� 	&#�����1'��S�����'��	�
(������	����#���3�����&		���3����������4#������	� !�)��4����(������	�'#��g 	���
��# Hydrocarbons, Aldehydes, Ketones, Furans ��� Carboxylic acids ���'" ����������&!3�	�
(�����#�����"���	�3(#�/������'#	(+�.�%!��&�&�4 
  5.2.2 (������	�3������( �	�(��&�����#����& (non volatile decomposed product) 
(������	�3������( �	�(��&�����#����& 	�����# Polar and non polar, Cyclic monomer, Noncyclic 
monomer, Dimers, Trimers ��� Higher molecular weight compounds ���'" (�������#����&���#���
&����	&)#!������	� ���3��( �	�(��&'#	���+���������!�"��������	�	���� ���	�����)�
$�(��
���#����4" �� �	��4#�Q"�!�"������	����&g ��������!�"����(�������������-����+�()��$� (�(�	&)#!
����� ���!�"���2,������&.�%�	�����������&�� � 	 �4��� ��%����$� ����(����[	� ���
�����&�����	�(������	����'#��g �������3���5�����&��w-����
�(, 		�
����� ���%	����	��
�
���	���������4#������4����	��(����� Figure 8 
 

 

 

 

 

 

 

 

 

 

Figure 7. Changes occurring during deep fat frying 
�����: Stevenson ����,� (1984) 
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Figure 8. Physical and chemical changes of oil during deep-fat frying 
����	: Choe ��� Min (2007) 

 5.3 �	]���	�����	�X��	
� (Natural antioxidant) �7^��	
�	�����������]��!�	������ 
    !���/��'���������3����������(����&�������!�"��������(+�S�T 3������!�"(��
��	�����������&�����+,.�%�	������ (antioxidant) -�&���4�����3�!�" butylated hydroxytoluene 
(BHT), butylated hydroxyanisol (BHA) ��� propyl gallate (PG) 
$�����(��(��������� ��
���(��S�.�%�� ������#�%� ��#��(� ��������( 	&#�����1�� (����� ���#������3��������"�����
	+,�.)��'��� �'#�� �	�����!�"��������	+,�.)��()� ��# 	+,�.)������	� (150-200 	�f��
��
�&() (��
���#�������( �	����(��S�.�% -�&���	+,�.)��()� BHA ��� BHT 3�����&������	��� !�,���� PG 3�
�( �	�(.�%�� �	�����		���3��	����!�,��	� �����3$����!�"������	������5�����&�		�
�����
-�&'�4�	� ��������( �	�(.�% ���4��� ����(���"��$� (Zhang et al., 2004) �����3$������!�"(��
��	�����������&�����+,.�%�	������3��S�����'�����$� 
$����/)"���������f$�2��4"����� 

    Shyamala ����,� (2005) f$�2������,(������	�[^	����R�S�T!���'"�
		�
����� -�&���!�"(��(���3��% �!� ��"��# ����������, /���� ��� /��-�� !�����	����������
		�
������	��������/#����!�"�4���"	���4#�������1����2� -�&����'��(��(���3���	��	�
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�	�% ������#�4!�������'�4� ��������Q��4��� 	� !�"�4���"	3������� Q$�	+,�.)������	�
���f$�2���������&�����	���������4#�������1����2�����4�� 4 (������%�4#� �����,�	�
(������	�-%��[^	�!���������� ���#���#���� 5 ��������� (#4!/��-�����#���#���� 69.5 ��������� 
�+,(���'�!���!�"	����'�	 (reducing power) �% �	����5�����&����	+�)�	�(�����#��'�'#�������&�
'��������� 	 /��-��  < ���������� < /���� '�������� -�&(��(���3��% �!���������(���+,(���'����
��!���3��	+�)�	�(�� ����!���� Hydroxyl radical ��� DPPH ������(��(���3��% ������#�4�(��
R�S�T!�����	�����������%	��		��
��!��������/#����!�"�4���"	���4#�������1����2� 
$��
(����Q!�"��(����	����������		�
�����(�����������"� �	�3��(����Q��'�4��"�����	+,�.)��()� 

    Zandi ��� Gordon (1999) f$�2����(��S�.�%�	�(��(�������	�3��!�����# 
(methanolic extracts of old tea leaves) '#	�4����'�4�	������ rapeseed oil ���4#�����!�"�4���"	
���	+,�.)�� 60 	�f��
��
�&( ������4#������	�����������	+,�.)�� 180 	�f��
��
�&( %�4#�(��(���
����	�3��!�����#(����Q'"�����( �	�(.�%�	���������4#�����!�"�4���"	���	+,�.)��        
60 	�f��
��
�&( -�&4��������3���#��%	��		��
��, �#� p-Anisidine, ����#� conjugate diene -�&
���(��S�.�%'"�����( �	�(.�%�	�������%����$��� �	!�"����4����"��"�	�(��(����%����$� (�"	&��
0.02-0.25) 	�3����&��%�4#�(��(�������	�3��!�����#�"	&�� 0.01 �����(��S�.�%'"����
�( �	�(.�%�	�������	�
�����#'#��������!�"(��(���3��-�(������"	&�� 0.1  

    Nor ����,� (2008) f$�2��+,(���'�!������(��'"�		�
������	�(��(���3��
!��'& (Pandanus amyryllifolius) !������	�����������#�!�"�����5�����&�		�
����� 3��/����f$�2�
(�+���"4#�(��(���3��!��'&
$���������,-%��[^	�������� 102 ���������'#	���� ����4����"��"���
�����(� (�"	&�� 0.02) �����(��S�.�%!���'"���������5�����&�		�
�����!�������������/#�
���!�"�4���"	���	+,�.)�� 180 	�f��
��
�&( ����4�� 0-40 ���4-�� ��"���4#��+�������	�����'�� 
BHT (�"	&�� 0.02) 	&#�����&(����* (p<0.05) 
$���#������(	���"��# peroxide value, anisidine value, 
iodine value. free fatty acid, oxidative stability index (OSI), polar ��� non polymer compound 
contents �����3$�	�3!�"(��(���3��!��'&��(��'"�		�
�����(���������!	+'(������	����
��" 	�3���� Che Man ��� Jaswir (2000) f$�2����(��S�.�%�	�(��(���3�� rosemary ��� sage 
����'������!�������������4#������	����������#4� (deep fat frying) %�4#�(��(�������(	�
���(����Q&��&�������( �	��(�&�	�������	���"�����&��4�� 6 4� (p<0.05) 	������(��(�������(	�
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���&��(����Q������+��+,���2,�������(��(��/�((&��4"�+,���2,�����"��4����	�) �	�
��������	� (Fried potato crisps) ��"	���"4& 

6. ��X��	
������	���������������������� 

    Frankel (1984) ��#�44#��������		�
���������5�����&�����������
��
"	�����/����
!�"������������&�������������&.�%�����������	����� ���'�43(	��% �	4���#��������
		�
���������&��� 4 4�S� � 	 

 6.1 �	"	=:	 Peroxide value (POV) 
    �#��%	��		��
��  ���&Q$�  ���������(��)� (milliequivalent) �	��%	��		��
�������
!����� 1 ��. �#��%	��		��
��3��	�!�"����Q$������,������������#	���'�4���Q)�		�
���
���
���(������	��%	��		��
�� Q"���(������	��%	��		��
����� 20 meq of peroxide/kg of oil !
�����3����!�"���������  
$�����4���#��%	��		��
�� �����&4�S� ��"��# 
  6.1.1 ������#��%	��		��
��-�&4�S�4���#��	-	�� � 	 �� �	�	-	�� (iodide) Q)�		�
���
�
����	-	�� (iodine) -�&(������	��%	��		��
���� 			�
��3!���� ��"4���'���	-	�����
�����$����(������&��'��� sodium thiosulphate ����3�����������4,���#� peroxide value 
  6.1.2 ������#��%	��		��
��!'�4	&#������� -�&!�"����5�����&���� ammonium thiocyanate 
��� ferrous chloride ��"(������	������(���"4����4���#�����)��� �(���� 510 �-��'� ��"4
���4,���#��%	��		��
��3�����[��'��� 
 6.2 �	"	=:	 free fatty acid (FFA) 
    �#�����	����������������&Q$� 3��4����������	�-
���&��w��	��
�����!�"
!������!�"�������	�(��!'�4	&#���������������$��������(.�%������� -�&���4��	�33�
�(��/�!�)��	���	���
1'��������	�(�� �#��������#�����#��	�Q$�����( �	��(�&�+,.�%�	�
������ �	�3���5�����&���-%��
�(-�&���	�
�����/�� 	�4���"	���/�� 	�(����'�4��#��5�����&� 

$��/��	��5�����&���3����!�"��"�����,�������	�(���%����$� ���(	���"	�!��f���(#��(���!�"
��������� !��������������" 	�3���������,�������	�(������%����$�3����4��(��%�S����
��������&����(���'������&.�%�	��������������"4& ���4�����������#������������,���
����	�(��!�"���������'�'���"4&(������&�#����������4����"��"����#	 -�&��[^	[����



24 

N

N OH

OH

S

CH-CH=CH

N

N

OH

HO SH

+ H2O

N

N OHHS

OH

+ C-CH2-C

O O

H H
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���	������'	����"3+�&+'�(���%)����� �#���������(��	��������	�(��!������	����#������,  
�"	&�� 0.5-0.8 (Thompson and Aust, 1983)   
 6.3 Thiobarbituric acid test (TBA) 

    4���4����"��"�	�(��������3�� malonaldehyde   [CH2(CHO)2]  
$�����	�����w�����
�����$�3��������� 	�������Q)�		�
���(�  ����5�����&���� 2-thiobarbituric  acid  �������
(������	�  TBA chromagen  !�"(����       ���(����Q'�434����"����4��&�4�� ��(� 532 �-
��'� ��� Figure 9 

 
 
 
  

 
  
 
 

 
 

 
Figure 9. TBA reaction 
����	:  Frankel (1984) 

    	&#�����1'��	�����w��	 �g ���	�33�����3��-��'����Q)�		�
���(� �1(����Q���
�5�����&����(�� 2-thiobarbituric acid ��"��#�� ��������4��(Q���	������-�&4�S���3$����4�S����
3�����!�"'�43(	��Z%���'�����
	���������#��(��	����	 ��	&)#��#��� 

   

TBA malonaldehyde 

H2O Heat 
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��
d17 ��=U (Objective)   

 1. ����� 	�����	�(�+�%�/��� �	���f�����f��&.�%���(��'"�		�
��������	+,�.)��!
�������	� (175 	�f��
��
�&() 

 2. f$�2��4��(����Q!������(��'"�		�
������	�(��(���3��(�+�%�/��� �	���f
!������	� 

 3. f$�2��4��(����Q!������(��'"�		�
������	�(��(���3��(�+�%�/��� �	���f
/(�!������	� 

 4. ������&+�'�!�"(��(���3��(�+�%�/��� �	���f!���'"�		�
�����!�����(������
/��'.�,0���#�	� 
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����� 2 

��	�
������ 

�����������
���  
1. �������� 
 1.1 ���	
��/���������� 9 �	��
����� 
  1.1.1 ���� �!" 
����� 
   - !"����$� (�&'��&���("��)�'* 12 ����	 !��!"�+������+�����	,�'�)��&�)!	��"" 
Munsell 3��!"�'$�!	��*� 7.5GY8/8-10GY5/8 
   - !"�:' (�&'��&���("��)�'* 6 ����	) 
   - !",<���& (�&'��&���("��)�'* 3 ����	) 
   - �����& (�&'��&���("��)�'* 3 ����	) 
  1.1.2  ���� �<>*/�<��& 
�����  
   - <����� (�&'��&���("��)�'* 3 ����	) 
   - �����)'� (�&'��&���("��)�'* 3 ����	) 
   - 3��?	 (�&'��&���("��)�'* 8-9 ����	) 
   - 3�& (�&'��&���("��)�'* 12-18 ����	) 
  1.1.3  ���� �@A&:�	 
����� :�
��� (�&'��&���("��)�'* 8-10 ����	) 
 1.2 	?A&�>	�&@B� (commercial refined palm oil) 
 1.3 �L�
��"	����3(� M&�"��N>� �<O&�B� MA&�>� (1 ��. �)MA&	*	 30-32 ��?	) 
 1.4 	?A&<�>�������
��M&���&	��&�)�MA&<	�&'
����� 
2. ����� � 
 2.1 �&����)�A&<�>"�&���>����	
��/���������� 
  -   Ethanol 95%  
 2.2 �&����)�A&<�>"*����&�<B<&����&U�&������"OL	�@�>?�<�� �@��+�N&��U��">:�!	�&�
��V	�&�:�&	���W����>	 
  -  Butylated hydroxytoluene (BHT)  
  -   Gallic acid 
  -   Folin-Ciocalteu reagent 
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  -   Sodium carbonate 
  -   2, 2-diphenyl-1-picrylhydrazyl radical (DPPH)  
  -  Absolute methanol  
  -   Distilled water 
 2.3 �&����)�A&<�>"�&�*����&�<B��U &�	?A&�>	 
  -  Butylated hydroxytoluene (BHT)  
  -  Acetic acid 
  -  Chloroform  
  -  Potassiumiodide solution     
  - Sodiumthiosulphate solution 0.01 N  
  -  Starch solution 1% 
  - Sodiumhydroxide solution 0.01 N 
  -   Ethanol 95% 
  -   Phenolphthalein indicator 
  -  Thiobarbituric acid solution (TBA)  
  -  Trichloroacetic acid (TCA) 
  -    0.24 N Hydrochloric acid  
  -   Distilled water 
3. �����������
��� 

  - Spectrophotometer (UV-16001, SHIMADZU, Kyoto, Japan) 
  - Homogenizer (PT-MR 2100, Polytron Kinematica AG, Littau-Lucerne,  
   Switzerland) 
  - Oil bath (Daihan LabTech CO., LTD, Korea)  
   -  Water bath (W350, Memmert, Schwabach, Germany)  
  - Blender (Imarflex IF-300, India) 
  - Hot air oven (Memmert, Schwabach, Germany)   
  - Air dryer (MR CORDON, Bangkok, Thailand) 
  - Magnetic stirrer (D-79219, IKA-WERKE, Germany) 
  -  Centrifuge (RC-5B plus, Sorvall, Norwalk CT, USA) 
  -  Evaporator (Aspirator A-3S, EYELA, Tokyo, Japan)  
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  -  Hotplate (HW-116A2, House worth, Chaina) 

��	�
���"��#�#
�� 

1. �����$�
%#��&�'� �#()�/���$��'��+��� �+�
�,�)��-#����.�#��
/���%�#������0,1 �2#
��


����� (175 �'+��/��/���) 

 1.1 �	��3�����	
��/�������������� �!", <>*/�<��& �@�@A&:�	MA&	*	 9 �	���>�����!	 
Table 4 

Table 4. Nine herbs/spices used in this experiment                      

Family Scientific name Local name Common name Parts used 
Labiatae  
Labiatae 
Rutacea 
Alliaceae 
Alliaceae 
Zingberaceae 
Zingberaceae 
Graminae 
Pandanaceae 

Ocimum sanctum Linn. 
Ocimum basilicum Linn. 
Citrus hystrix DC. 
Allium sativum L.      
Allium ascalonicum L.      
Curcuma longa L. 
Alpinia galanga Linn.          
Cymbopogon citrates D.C. 
Pandanusa amarylifolius Roxb. 

Ka-prao 
Ho-ra-pa 
Ma-krut 
Kra-teiam 
Hom-daeng 
Ka-min 
Kha 
Ta-khrai 
Toey 

Holy basil 
Sweet basil 
Kaffir lime  
Garlic 
Shallot 
Turmeric 
Galangal 
Lemon grass 
Pandanus 

Leaf 
Leaf 
Leaf 
Bulb 
Bulb 
Rhizome 
Rhizome 
Stem 
Leaf 

 
 1.2 �&��:�)'����	
��/���������� ,�'	A&���	
��/�����������&�>��'�:A&<	� �����@��� :>�
�:��@�&��A&�*&����&��@�����(�	?A& ,�'�)����	
��/�������������� �!"!���u�&���*	!" v�&
��V	���� �<>*/�<��& <������� �@A&:�	M�	A&�&<>�	:&�3*&�,�'�)�*&�<	&����&U 2 ��@@���:� 
�@�*	A&���	
��/�����������&�"�<���)���U< $�� 50-55 ���&�W@�W)'� 	&	 24-28 �>�*,�� �����!<�
���	
��/�����������)�*&���?	 ���'@� 8-10 (�*&���?	3�����	
��/����������<@>�M&��&��"
�����>� Appendix Table 1) �@�*	A&
��wx	!<�@���)'� (3	&�����&U 1 ��@@���:�) M&�	>?		A&
���	
��/�����������:�@��	���)��wx	�@�* 5 ��>� (">	�+�	?A&<	>��)��	�	�	) �&��>�,�'!�����&	�@
���'@� 95 ����&:� 100 ��@@�@�:� �*	:@���*@&��*'������� Magnetic Stirrer ��V	�*@& 12 �>�*,���)�
��U< $��<��� 	A&�&�����@�")"�u�&���*	�)���V	3���<@* �@�*	A&�&��)��<@��
���>�W?A&�)� 2 ��>?�
��*'���&	�@���'@� 95 	A&��*	!�<���3���<@*�)�
��
�*����&�<B<&����&U�&������"OL	�@
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�>?�<�� �@��+�N&��U��">:�!	�&���V	�&�:�&	���W����>	!	��"" DPPH3���&���>�M&�
���	
��/�����������:�@��	�� 
 1.3 �&�*����&�<B<&����&U�&������"OL	�@�>?�<�� �@��+�N&��U��">:�!	�&���V	�&�
:�&	���W����>	3���&���>�M&����	
��/�����������:�@��	��!	��"" DPPH 
  1.3.1 �&�*����&�<B<&����&U�&������"OL	�@!	�&���>� :&�*�y)3�� Ragazzi �@� 
Veronese (1973) ��&�,�' Toda (2005) 
    	A&�&���>�M&����	
��/���������� MA&	*	 1 ��@@�@�:� (�)���&"�*&��3��3�	,�'
�A&	*UM&���@@���>�3��:>*�'�&�:����@@�@�:�3���&���>�) �@�*z���>" Folin Ciocalteu ����&:� 
0.5 ��@@�@�:� <@>�M&���?�
*���U< $��<���	&	 3 	&�) �:�� Na2CO3 �*&��3��3�	���'@� 10 (	?A&<	>�/
����&:�) ����&:� 1 ��@@�@�:� �@��:��	?A&�@>�	@�
�M	��" 10 ��@@�@�:� z��!<��3�&�>	 ��?�
*�	&	 
45 	&�) �)���U< $��<��� M&�	>?		A&�&*>���&�&��$��@�	����)��*&�'&*�@��	 760 	&,	��:� W+��!����
�&	�@���'@� 95 ��	�&���>���V	����*"��� <&����&U polyphenols !	�&���>�,�'
���)'"��)'"��&�)�*>�
���>"��&O�&:�{&	W+���:�)'�M&��&�@�@&' gallic acid �)��)�*&��3��3�	:�&�| 
�>	 (0.02, 0.04, 0.08, 0.1 �@� 0.3 ��@@���>�/��@@�@�:�) 
  1.3.2 �&�*����&�<B��U��">:��&�:�&	�	��$@����� 2, 2-diphenyl-1-picrylhydrazyl radical 
(DPPH) �>���@�M&�*�y)3�� Yen �@� Hsieh (1997) 
    	A&�&���>�M&����	
��/���������� MA&	*	 1 ��@@�@�:� (�)���&"�*&��3��3�	,�'
�A&	*UM&���@@���>�3��:>*�'�&�:����@@�@�:�3���&���>�) �@�*�:���&�@�@&' DPPH �*&��3��3�	 
0.2 ��@@�,�@&�B ����&:� 1 ��@@�@�:� @�
�z��!<��3�&�>	 ��?�
*�!	�)�����)���U< $��<���	&	 30 	&�) 
<@>�M&�	>?		A&
�*>���&�&��$��@�	����)��*&�'&*�@��	 518 	&,	��:� ,�'!�����&	�@���'@� 95 
��	�&���>���V	����*"��� 	A&��&�)�*>�
��
��A&	*U<&����B�W(	:B�&��>�M>"�	��$@����� DPPH 
M&��$:� 

% scavenging    =   [(Acontrol-  Asample)/Acontrol] x 100 
,�'�)� Asample   =             ��&�$��@�	���3��:>*�'�&��)�����" 

       Acontrol   =              ��&�&��$��@�	���3������*"��� 
    M&�	>?	�A&	*U<&��& IC50 (�*&��3��3�	3���&���>��)��&�&�v�>�M>"�	��$@����� 
DPPH 
��    ���'@� 50) M&���&O��<*�&� % scavenging �>"�*&��3��3�	3���&���>� 
 1.4 �+�N&����&U�&������"OL	�@���@���">:��&�:�&	�	��$@����� DPPH 3���&���>�
M&����	
��/�����������:�@��	���)���U< $�� 175 ���&�W@�W)'� ,�'	A&�&���>�M&����	
��/
�����������:�@��	���&!<��*&����	!	��&�	?A&�>	�*"�����U< $���)� 175±2 ���&�W@�W)'� 	&	 20 
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	&�) �@�*	A&�&���>��)�z�&	�&�!<��*&����	�&�+�N&��">:�!	�&�:�&	���W����>	�>��)���"�!	3�� 
1.3 (*�y)�&�!<��*&����	����&���>������>� Appendix figure 2) 
 1.5 �A&�&���@���'�&�	��' 3 W?A& *����&�<B�*&������*	 (Analysis of variance, ANOVA) 
,�'!��,������ SPSS (version 11) !	�&�*&��z	�"" CRD �@����)'"��)'"�*&��:�:�&�3��
��&�u@)�',�'!�� DMRT ������>��@����	�����	
��/����������M&�������y� &��&�:�&	���W����>	
�����!<��*&����	 ,�'�	�����	
��/�����������'�&�	��' 4 �	�� �����!��!	�&���@��:��
� 
2. +=
>���� �� ���2#
����-#����.�#��
/���%�#&�'����
���
� �#()�/���$��'��+2#

#?"� �#��� 

 2.1 	A&�&���>�M&����	
��/�����������)��>��@���
��M&�3�� 1 �)�z�&	�&����<'���&	�@��*'
����������<' (Rotary evaporator) �)���U< $�� 50 ���&�W@�W)'� (:&�*�y)�&��>�����!	 Appendix 

figure 3) �&�:��!		?A&�>	�&@B�')�<�� A ,�'!���&���>��*&��3��3�	 150, 500 �@� 1000 ��*	!	
@�&	��*	 (,�'�A&	*UM&�����&U���'@�3��3���3(��>?�<��!	�&���>�W+�������>� Appendix 
Table 2) �@��	��*'������� Magnetic stirrer ��V	�*@& 10 	&�) �����!<��&���>�@�@&'�@����M&'
:>*!		?A&�>	
���'�&���"$�UB M&�	>?	!<��*&����		?A&�>	!	��&�	?A&�>	�*"�����U< $���)���U< $�� 
175±2  ���&�W@�W)'� ��V	�*@& 10, 20 �@� 30 	&�) ���)'"��)'"�>"�&�!�� BHT �*&��3��3�	 150 
��*	!	@�&	��*	 ,�'!��	?A&�>	�&@B��)�
���:���&���>���V	����*"��� ��(":>*�'�&�	?A&�>	<@>�M&�
z�&	�&�!<��*&����	
*�!	3*��)�&�)���U< $��<���	&	 24 �>�*,��������A&�&�*����&�<B:��
� 
 2.2 ����:>*�'�&�	?A&�>	�����*����&�<B��U &�3��	?A&�>	 ,�'*����&�<B��&��� (Free fatty acid), ��&
����B���
W�B (peroxide value), TBARS, ��&�) �@��*&�<	�� 
  2.2.1 �&�<&��&��� (Free fatty acid) (AOAC, 1999) 
    �>��:>*�'�&�!<�
��	?A&<	>��)��	�	�	 1-10 ��>� !	3*��$����$�3	&� 125 ��@@�@�:� 
�:���&�@�@&'���&	�@�)���V	�@&� 50 ��@@�@�:� @�!	:>*�'�&� 
:�:���&�@�@&':>*�'�&���*'
,W��)'�
�����
W�B�*&��3��3�	����&U 0.1 	��B��@ M	����>��
���&�@�@&'�)���$���)��'$�
����&U 1 	&�) �A&	*U���'@�3�����
3�>	�����!	�$�3�� oleic acid M&��$:� 
 %FFA (oleic acid)   =   V x N x 28.2          
                          W 
V = ����&:� (��@@�@�:�) 3���&�@�@&',W��)'�
�����
W�B�)�!��
:�:��:>*�'�&� 
N = �*&��3��3�	3���&�@�@&',W��)'�
�����
W�B (	��B��@) 
W = 	?A&<	>�:>*�'�&� (��>�) 
  2.2.2 �&�*����&�<B��&����B���
W�B (peroxide value) (Paquot, 1979) 
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    �>��:>*�'�&�!<�
��	?A&<	>��)��	�	�	 1-10 ��>� !	3*��$����$�3	&� 250 ��@@�@�:� 
�:���&�@�@&'��W�:��-�@�,�O��B� (3:2) 25 ��@@�@�:� �3'�&!<�:>*�'�&�@�@&' �:���&�@�@&'����:>*
,�����W)'�
�,�
��B 1 ��@@�@�:� ���M���3'�&	&	 1 	&�) �@�*:>?���?�
*�!	�)���� 5 	&�) �:��	?A&�@>�	 
75 ��@@�@�:� 
:�:���>"�&�@�@&',W��)'�
�,�W>@�O:�)��*&��3��3�	����&U 0.1 	��B��@ 
������3'�&�'�&����M	
���&�@�@&'�)�<@������	 �:��	?A&���� 0.5 ��@@�@�:� 
:�:��:��
�M	�)	?A&
���	<��
� (�:�)'��@�
:�:�� blank ���	��)'*�>":>*�'�&�) �A&	*U��&����B���
W�BM&��$:� 

��&����B���
W�B (��@@���>�) = (a-b) x N x 1000 
      W 

a = ����&:� (��@@�@�:�) 3���&�@�@&',W��)'�
�,�W>@�O:�)�!��
:�:��:>*�'�&� 
b = ����&:� (��@@�@�:�) 3���&�@�@&',W��)'�
�,�W>@�O:�)�!��
:�:���>" blank 
N = �*&��3��3�	3���&�@�@&',W��)'�
�,�W>@�O: (	��B��@) 
W = 	?A&<	>�:>*�'�&� (��>�) 
  2.2.3 ��& TBARS :&�*�y)3�� Buege �@� Aust (1978) ��&�,�' Tee �@��U� (2002) 
    !��:>*�'�&�	?A&�>	����&U 0.5 ��>� !	�&�@�@&' TBA ����&U 4 ��@@�@�:� :��
�&�@�@&'z��!		?A&�������V	�*@& 10 	&�) �A&!<��'(	�@�*�<*)�'��'��&�@�@&'�)��*&���(*��" 
3,600 ��"/	&�) ��V	�*@& 20 	&�) *>���&�&��$��@�	����)� 532 	&,	��:� �A&	*U����&U TBARS 
(Thiobarbituric acid reactive substances) !	�$�3�� malonaldehyde ,�'���)'"��)'"�>"��&O
�&:�{&	 (0, 0.1, 0.5, 1.0, 2, 4 �@� 6 µg/ml) ,�'�&'�&	��& TBARS ��V	 mg malonaldehyde/kg 
oil 
  2.2.4 ��&�) ,�'!���������*>��) Hunter Lab �@��A&	*U�*&��:�:�&�3���),�'�*� (∆E) 
M&��$:� 

∆E = (∆L2 + ∆a2 + ∆b2)1/2 
,�'�)�   ∆L = L1 � L2 
   ∆a = a1 � a2 
   ∆b = b1 � b2 
   L1, a1, b1 ��� ��& L*, a*, b* 3�� sample1 
   L2, a2, b2 ��� ��& L*, a*, b* 3�� sample 2 
   ∆E ��� ��&�*&�:�&�3���),�'�*���<*�&� 2 :>*�'�&� 

  2.2.5 �*&�<	�� ,�'!���������*>��*&�<	�� Brookfield viscometer (Spindle NO.1) 
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 2.3 �A&�&���@���'�&�	��' 3 W?A& *����&�<B�*&������*	,�'!��,������ SPSS (version 
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 3 

 

1. /

 (175 ) 

     

 DPPH (Table 5) /

 175   20   

/   

 1.  (Basil)  

 (p<0.05)  

 2.  (Sweet basil)  (p<0.05) 

 (p>0.05) 

  

 3.  (Kaffir lime leave)  

 (p<0.05)   

 4.  (Garlic)  (p>0.05) 

 (p<0.05)   

 5.  (Shallot)  

 (p<0.05)   

 6.  (Turmeric)  (p<0.05) 

 (p>0.05)  

 7.  (Galangal)  

 (p<0.05) 

 8.  (Lemon grass)  

 (p<0.05)   

 9.  (Pandanus)  

 (p<0.05)   
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    , , 

     

/   Caffeic acid 

Kaempferol  p-coumaric acid      

(Li et al., 2007; Nor et al., 2008; Samart, 2007)  Liazid  (2007) 

 Caffeic acid, Kaempferol  p-coumaric acid  50-175 

  (p<0.05)  Chen 

 (2004)  (Burdock) 

 98   10  

 (DPPH)  caffeic acid  chlorogenic acid  HPLC 

  caffeic 

acid  (p>0.05)  chlorogenic acid 

 (p<0.05)  (esterifies bond) 

 caffeic acid  quinic acid  chlorogenic acid  chlorogenic acid 

  

    

  Soong  Barlow 

(2004)  160   20 

  50.3  160 mg/g GAE 

 180  200   20  

 149  103 mg/g GAE   Choi   (2006) 

 (Free phenolic compound) 

 (Shiitake mushroom) 

 (p<0.05) 

  (Bound phenolic compound) 

 

 Guihau  (2007)  (Huyou 

peel extract)   benzoic acid  cinnamic 

acid  chlorogenic acid  ester  caffeic  quinic acid  

 (esterified bond) 
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 (  -, - 

)   

    /

 9  (Table 5) /

  

/   

,   pH 

 /  (Gazzani  et al., 1998) 

, , ,  

 

 Arabshahi  (2007) 

 Drumstick leaves (Moringa oleifera)  100   15  

 

 Drumstick leaves 

  Siddhuraju  Becker (2003)  

drumstick leaves  quercetin  kaempferol 

 (radicals scavenging  metal chelating) 

 Cu2+  
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Choi  (2006)  (DPPH)     

 (Shiitake mushroom)  free  

bound form  100   15  30   121 

  15  

 

 

  Arabshahi  (2007) 

 100   15  Mint leaves (Mentha 

spicata)  Carrot tuber (Daucus carota)  

 (Nicoli et al., 1999)  Talcott  Howard (1999) 

 phenolic acid  Ahajji  (2009) 

 beech wood  spruce wood  210, 225  250  

  DPPH 

  2  (beech wood   

 22.2  spruce wood  28.2)   

p-Coumaric  ferulic acids  (Jung and Fahey, 1983) 

 DPPH  2 

  

    

 

   

 (Dewanto et al., 2002; Kim et al., 2000) 

 (Gazzani et al., 1998) 
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 (Juntachote et al., 2007)  

    /  9  

 

 (curcuminoid) 

 

 (Pulla Reddy and Lokesh, 1992)  (Maria Lúcia 

et al., 2002) 

 

     

/  9  

 organosulfer (Shahidul et 

al., 2008)  

    

/  (175 ) 

 

 DPPH   

 1.   > > >

= = = = >  

 2.  DPPH  >

= = = > > > >  

    , , ,   

 (p>0.05) 

,  

 (p<0.05)  (p>0.05) 

/  4   , ,  

/
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2. /

 

    /  9  

/

   .     

/  

(  BHT 150 ) 

 ( ) 

 /  3  150, 500 

 1000   175+2   10, 20 

 30   , 

, TBARS,   (L*, a*, b*) 

 Table 6 

Table 6. Characteristics of initial palm oil before heating 

Parameter mean+sd. 

POV (meq of peroxide/kg of oil) 

FFA (% as oleic acid) 

TBARS (mg malonaldehyde/kg of oil) 

Viscosity (cp) 

L* (lightness value) 

a* (redness value) 

b* (yellowness value) 

0.83±0.05 

0.09±0.01 

1.37±0.24 

80.60±0.00 

99.67±0.04 

-7.21±0.01 

43.94±0.04 

 

  

 0.09±0.01 (Table 6)  10, 20  30 

  BHT 150 

  (10-30 )  Table 7 
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 1000 

 

 Lee  (2002)  Spinach (Spinacia oleracea) 

powder  (  0, 5, 15  25) 

 160   

 triacylglycerols  

thermostable phospholipase  galactolipase  spinach powder 

 BHT 

 10-20  

 (30 ) 

 

   

(10-30 )  (Table 7) 

 

  10  

 20  30  

  Table 7   30 

,  BHT 

 150   

500  1000 

  

(150, 500  1000 ) 

 BHT 150  

 BHT  Iqbal  Bhanger (2007) 

 1000  

 180   80  

 24  (BHA  BHT) 
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  150  1000 

 

 BHT (Table 7)  500  

 

 10  30   BHT 

 (p>0.05) 
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Table 7. Effect of heat treatment on free fatty acid value of palm oil added with BHT and 

herb/spice extracts 

Treatment 
Free fatty acid value (%) 

Heating time

Herbs/spices Concentration of 

extract (ppm) 10 min 20 min 30 min 

Control - 0.13±0.00A,a 0.13±0.01A,a 0.13±0.01AB,a

BHT 150 0.14±0.01AB,a 0.14±0.01A,a 0.14±0.01BC,a

Pandanus 

150 0.21±0.02C,b 0.18±0.01B,b 0.11±0.00A,a

500 0.21±0.02C,b 0.20±0.01BC,b 0.15±0.02C,a

1000 0.16±0.01B,a 0.20±0.01C,b 0.21±0.01D,b

Control - 0.13±0.00A,a 0.13±0.01BC,a 0.13±0.01A,a

BHT 150 0.14±0.01A,a 0.14±0.01C,a 0.14±0.01AB,a

150 0.19±0.01B,c 0.11±0.01A,a 0.14±0.01AB,b

Basil 500 0.19±0.01BC,b 0.12±0.01AB,a 0.13±0.01A,a

1000 0.21±0.01C,b 0.15±0.01D,a 0.15±0.01B,a

Control - 0.13±0.00C,a 0.13±0.01C,a 0.13±0.01B,a

BHT 150 0.14±0.01C,a 0.14±0.01C,a 0.14±0.01B,a

150 0.08±0.02A,a 0.08±0.01B,a 0.07±0.01A,a

Turmeric 500 0.10±0.02B,b 0.07±0.01AB,a 0.07±0.01A,a

1000 0.10±0.00B,b 0.07±0.01A,a 0.06±0.01A,a

Control - 0.13±0.00A,a 0.13±0.01A,a 0.13±0.01A,a

BHT 150 0.14±0.01AB,a 0.14±0.01A,a 0.14±0.01AB,a

150 0.13±0.02A,a 0.13±0.01A,a 0.13±0.02AB,a

Shallot 500 0.13±0.01A,a 0.15±0.01B,b 0.15±0.00B,b

1000 0.16±0.01B,a 0.15±0.01B,a 0.15±0.01AB,a

A-C, Means within a column of each extract with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 

 

  

   Table 

8  20  30  



43 

 

 

 Endo  (1985) 

 singlet-excited chlorophyll 

  

Hydroperoxide  Wanasundara  Shahidi (1998) 

 marine oils  Gupta  Srivastava (2002)  (zinc),  

(Manganese)  (sodium) 

 

 150   

 500  1000  

 

  Nor  (2009) 

 0.1 

 180   0.2, 0.3  

0.4  (0-32 ) 

  Table 8  

30   (p<0.05) 

 10  20   

 500  20  

 30  (p>0.05) 

 Du  Li (2008)  rapeseed  

1   3    

Hydroperoxide  

 

  (10-

30 )   

 BHT (Table 8)  

 (150-1000 ) 
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Table 8. Effect of heat treatment on peroxide value of palm oil added with BHT and herb/spice 

extracts 

Treatment 
Peroxide value (meq of peroxide/kg of oil) 

Heating time

Herbs/spices Concentration of 

extract (ppm) 10 min 20 min 30 min 

Control - 5.18±0.06A,b 4.88±0.26A,b 3.65±0.33B,a

BHT 150 4.44±0.38A,b 4.81±0.16A,b 3.09±0.19B,a

Pandanus 

150 6.50±0.29B,c 5.08±0.08A,b 1.65±0.35A,a

500 6.96±0.05B,c 6.04±0.07B,b 1.57±0.52A,a

1000 5.13±0.82A,b 5.76±0.39B,c 1.98±0.38A,a

Control - 5.18±0.06B,b 4.88±0.26A,b 3.65±0.33B,a

BHT 150 4.44±0.38A,b 4.81±0.16A,b 3.09±0.19A,a

Basil 150 5.68±0.49BC,b 6.07±0.29B,b 4.36±0.08C,a

500 5.83±0.18CD,b 6.13±0.0B,b 4.13±0.19C,a

1000 6.32±0.36D,b 5.88±0.39B,b 4.15±0.37C,a

Control - 5.18±0.06C,b 4.88±0.26B,b 3.65±0.33C,a

BHT 150 4.44±0.38B,b 4.81±0.16B,b 3.09±0.19C,a

150 2.71±0.23A,b 2.71±0.37A,b 1.01±0.27A,a

Turmeric 500 5.63±0.2C,b 2.50±0.34A,a 2.02±0.19B,a

1000 6.35±0.42D,c 2.63±0.01A,b 1.70±0.53B,a

Control - 5.18±0.06C,b 4.88±0.26B,b 3.65±0.33C,a

BHT 150 4.44±0.38AB,b 4.81±0.16B,b 3.09±0.19B,a

Shallot 

150 4.72±0.25B,c 3.86±0.36A,b 3.09±0.22B,a

500 4.16±0.14A,c 3.48±0.09A,b 3.13±0.13B,a

1000 4.52±0.16AB,bc 3.62±0.04A,b 2.61±0.05A,a

A-C, Means within a column of each extract with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 
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 TBARS 

  TBARS 

 TBARS  (Table 9) 

 TBARS  10, 20  30  

 BHT 150   TBARS  20  

 30   

 

 TBARS (Table 9) 

 

 TBARS   Zuta 

 (2007)  α-tocopherol  50  100  

 TBARS  (mackerel oil) 

 250  500  (p<0.05)  0-66  

 Zuta (2007)  α-tocopherol  (250  500 

)  Tocopheroxy radical  

  Carlson  (1976) 

 α-tocopherol hydroperoxides  α-tocopherol  
1O2 

 (PUFA)  

  150  500  

 TBARS  (Table 9) 

/

  TBARS  

 TBARS  

 α-tocopherol (Carlson et al., 1976), β-carotene (Palozza et al., 1995)  

chlorophyll (Wanasundara and Shahidi, 1998)  

TBARS  

  TBARS 

  

(Table 9)  
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TBARS  

TBARS   

 

  150  

 TBARS  (Table 9) 

 500  1000  

 TBARS 
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Table 9. Effect of heat treatment on TBARS value of palm oil added with BHT and herb/spice 

extracts 

Treatment 
TBARS (mg of malonaldehyde/kg of oil)

Heating time

Herbs/spices Concentration of 

extract (ppm) 10 min 20 min 30 min 

Control - 5.18±0.63A,a 6.04±0.42A,a 6.29±0.61C,a

BHT 150 6.62±0.3A,a 7.85±0.69BC,b 6.23±0.62C,a

Pandanus 

150 14.14±0.13B,c 9.37±1.26C,b 1.42±0.23A,a

500 12.18±1.89B,c 6.72±0.71AB,b 2.55±0.39B,a

1000 21.51±0.42C,c 17.69±1.25D,b 2.73±0.73B,a

Control - 5.18±0.63A,a 6.04±0.42A,a 6.29±0.61A,a

BHT 150 6.62±0.3AB,a 7.85±0.69B,b 6.23±0.62A,a

Basil 150 7.59±0.34B,b 6.84±0.56AB,a 10.71±0.25B,c

500 12.66±0.98C,b 10.54±0.45C,a 13.50±0.58C,b

1000 16.01±1.63D,b 13.63±0.77D,a 12.20±0.95D,a

Control - 5.18±0.63A,a 6.04±0.42A,a 6.29±0.61B,a

BHT 150 6.62±0.3AB,a 7.85±0.69BC,b 6.23±0.62B,a

Turmeric 

150 8.13±1.70BC,b 6.46±0.47A,b 2.34±0.20A,a

500 9.09±0.07C,c 7.42±0.18C,b 2.80±0.12A,a

1000 9.58±0.90C,c 8.46±0.3B,b 2.81±0.59A,a

Control - 5.18±0.63AB,a 6.04±0.42A,a 6.29±0.61A,a

BHT 150 6.62±0.3BC,a 7.85±0.69A,b 6.23±0.62A,a

Shallot 

150 4.42±1.20A,a 7.16±2.09A,ab 8.64±0.9B,b

500 5.32±0.67C,a 5.41±1.60A,a 5.41±1.00A,a

1000 7.79±0.777AB,a 6.19±0.29A,a 7.37±2.14AB,a

A-D, Means within a column of each extract with different letters are significantly different (P < 0.05). 

a-c, Means within a row with different letters are significantly different (P < 0.05). 

 

   (cp) 

  

 (Table 10)  Tan  (1985)                      
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 BHT 

 (Table 10) 

,   TBARS  Table 7, 8  9 

  BHT 

  30  

,   

TBARS  BHT 

 

  Table 10 

 BHT  

Bensmira  (2007)  Lavender  Thyme  3 ( /

)  

 (25-200 ) 

/  (p<0.05) 

 (p>0.05)  Lavender  Thyme  Lavender 

 Thyme  /  

 

 

 BHT (Table 9) 

   Table 7  8  

 BHT  

Berger (1984) 

  polymeric material 

 (Jaswir 
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et al., 2005)  Lawson (1995) 

   

  

 (10, 20  30 )  

BHT (Table 10) 

 Gennaro  (2002)  quercetin  

kaempferol 
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Table 10. Effect of heat treatment on viscosity value of palm oil added with BHT and herb/spice 

extracts 

Treatment 
Viscosity value (cp) 

Heating time

Herbs/spices Concentration of 

extract (ppm) 10 min 20 min 30 min 

Control - 87.67±0.06C,a 88.30±0.00B,b 89.17±0.06A,c

BHT 150 86.87±0.06B,b 86.50±0.00A,a 89.27±0.06B,c

Pandanus 

150 87.83±0.15D,a 88.70±0.10D,b 90.50±0.00D,c

500 88.70±0.00E,b 88.43±0.06C,a 90.03±0.06C,c

1000 85.90±0.00A,a 91.30±0.10E,b 91.93±0.06E,c

Control - 87.67±0.06D,a 88.30±0.00D,b 89.17±0.06GD,c

BHT 150 86.87±0.06C,b 86.50±0.00A,a 89.27±0.06D,c

Basil 

150 85.77±0.12A,a 86.57±0.06A,b 87.97±0.06B,c

500 86.67±0.12B,a 87.20±0.00C,b 89.03±0.12C,c

1000 86.80±0.00BC,a 86.93±0.15B,a 87.23±0.12A,b

Control - 87.67±0.06E,a 88.30±0.00D,b 89.17±0.06B,c

BHT 150 86.87±0.06D,b 86.50±0.00B,a 89.27±0.06C,c

Turmeric 

150 86.60±0.00C,b 86.33±0.06A,a 89.80±0.00E,c

500 84.93±0.06B,a 87.47±0.06C,b 89.50±0.00D,c

1000 83.73±0.12A,a 86.57±0.06B,b 89.00±0.00A,c

Control - 87.67±0.06E,a 88.30±0.00D,b 89.17±0.06D,c

BHT 150 86.87±0.06D,b 86.50±0.00C,a 89.27±0.06D,c

150 84.17±0.06B,a 85.63±0.06B,c 85.23±0.06A,b

Shallot 500 83.90±0.10A,a 85.57±0.06B,b 85.73±0.06C,c

1000 84.50±0.10C,a 84.53±0.06A,b 85.43±0.06B,c

A-E, Means within a column of each extract with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 

 /  

 (Figure 10)  

  -
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  (curcumin)  

 

 (quercetin)             

  

 

 

 

Figure 10. Color of selected herb/spice extracts (a = Pandanus, b = Basil, c = Turmeric, d = 

Shallot) 

  CIE  

L*, a*, b* (Table 11)  (p<0.05)  

L*   

,     L* 

   a* 

 b*   

 

 L*, a*  b* 

  

Table 11. Color of herb/spice extracts 

Herbs/spices extract L* a* b* 

Turmeric 38.83±0.18C 37.81±0.10C 66.25±0.26D 

Shallot 65.21±0.09D -7.53±0.03A 36.42±0.11C 

Pandanus 1.20±0.22B 2.80±0.14B 1.16±0.22A 

Basil 0.92±0.10A 2.81±0.31B 1.52±0.26B 

A-D, Means within a column with different letters are significantly different (P < 0.05) 

 

a b c d
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 L* 

  L*    100 (

)  0 ( )  L*  99.67±0.04 (Table 6) 

 L* 

 (Table 12)  150 

  1000   L*  (p<0.05) 

 

 

 (Tan et al.,1985) 

 

 (Chen and Chen, 1993) 

 

  150  500  

 L*  BHT 

(Table 12)  

 

 1000   L*  

 

    

 

 L*  (Table 12) 

  

 L*   

BHT  Appendix figure 1. 

 (Figure 10) 
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Table 12. Effect of heat treatment on lightness value (L*) of palm oil added with BHT and   

herb/spice extracts 

A-E, Means within a column of each extract with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 

 a* 

  a*  (a>0)  (a<0) 

  a*  -7.21±0.01 (Table 6) 

Treatment 
Lightness value (L*) 

Heating time

Herbs/spices Concentration of 

extract (ppm) 10 min 20 min 30 min 

Control - 98.32±0.01D,c 98.20±0.01D,b 98.12±0.01D,a

BHT 150 98.39±0.00E,c 98.37±0.01E,b 98.22±0.01E,a

Pandanus 

150 88.72±0.02C,c 86.56±0.03C,b 78.61±0.01C,a 

500 73.22±0.01B,c 66.39±0.01B,b 63.04±0.02B,a 

1000 59.44±0.03A,c 41.47±0.01A,b 40.82±0.00A,a 

Control - 98.32±0.01D,c 98.20±0.01D,b 98.12±0.01D,a

BHT 150 98.39±0.00E,c 98.37±0.01E,b 98.22±0.01E,a

150 82.63±0.01C,c 81.00±0.02C,b 77.05±0.0C,a

Basil 500 65.13±0.01B,c 65.05±0.00B,b 64.35±0.01B,a

1000 49.06±0.00A,c 46.38±0.01A,b 26.06±0.04A,a

Control - 98.32±0.01C,c 98.20±0.01D,b 98.12±0.01D,a

BHT 150 98.39±0.00C,c 98.37±0.01E,b 98.22±0.01E,a

150 95.67±0.01B,a 95.74±0.01C,b 95.74±0.02C,b

Turmeric 500 93.54±0.3A,a 94.55±0.01B,c 93.95±0.00B,b

1000 93.57±00.03A,c 93.52±0.00A,b 93.36±0.01A,a

Control - 98.32±0.01D,c 98.20±0.01D,b 98.12±0.01D,a

BHT 150 98.39±0.00E,c 98.37±0.01E,b 98.22±0.01E,a

150 97.38±0.00C,c 97.24±0.00C,b 96.54±0.00C,a

Shallot 500 97.30±0.00B,c 95.91±0.01B,b 94.73±0.01B,a

1000 96.80±0.01A,c 95.03±0.01A,b 93.20±0.01A,a



54 

 

 BHT  a* 

 

 a*  (Table 13) 

 

 (Lee et al., 2004) 

   

(Table 13)  a*  a* 

 

 500  1000   30  

  150 500  1000  

 a*  

 a* 

 

 a*   a* 

   

a*  

   

curcumin  

 a*  

 (Lee et al., 2004)   

 

 a* ,   

/  4   a* 

  a* 

 3  
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Table 13. Effect of heat treatment on redness value (a*) of palm oil added with BHT and 

herb/spice extracts 

Treatment 
Redness value (a*) 

Heating time

Herbs/spices Concentration of 

extract (ppm) 10 min 20 min 30 min 

Control - -7.84±0.01D,c -8.05±0.01B,b -8.10±0.01A,a

BHT 150 -8.02±0.01C,c -8.10±0.00A,b -8.11±0.01A,a

Pandanus 

150 -10.60±0.02A,a -7.48±0.00C,b -5.55±0.02B,c

500 -9.10±0.01B,a -4.29±0.01D,b 0.95±0.00C,c

1000 -6.91±0.02E,a -0.25±0.01E,b 4.49±0.02D,c

Control - -7.84±0.01D,c -8.05±0.01B,b -8.10±0.01A,a

BHT 150 -8.02±0.01E,c -8.10±0.00A,b -8.11±0.01A,a

Basil 150 -14.29±0.02A,a -4.20±0.01C,b -2.45±0.01B,c

500 -9.74±0.01B,a 0.31±0.00D,b 2.41±0.0C,c

1000 -8.98±0.0C,a 0.37±0.02E,b 6.54±0.03D,c

Control - -7.84±0.01D,c -8.05±0.01C,b -8.10±0.01CD,a

BHT 150 -8.02±0.01C,c -8.10±0.00D,b -8.11±0.01C,a

Turmeric 150 -13.33±0.01A,a -13.05±0.01A,b -12.92±0.01A,c

500 -11.00±0.13B,a -10.57±0.01B,b -9.93±0.01B,c

1000 -8.02±0.01C,b -7.67±0.01E,c -8.09±0.01D,a

Control - -7.84±0.01B,c -8.05±0.01B,b -8.10±0.01A,a

BHT 150 -8.02±0.01A,c -8.10±0.00A,b -8.11±0.01A,a

Shallot 150 -7.57±0.01D,a -7.54±0.04C,a -7.16±0.01B,b

500 -7.15±0.01E,a -6.67±0.01D,b -6.00±0.00C,c

1000 -7.63±0.01C,a -5.91±0.01E,b -5.11±0.00D,c

A-E, Means within a column of each extract with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 
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 b* 

  b*  (b>0)  (b<0) 

  b*  43.94±0.04 (Table 6) 

 b*  

 BHT  (Table 14)  

 

 

 

 BHT (Table 14) 

 b* 

 66.25±0.26  b* ,  

  36.42±0.11, 1.16±0.22  1.52±0.26  

 10  20   b*  

 30   20 

  (30 

)  

 ,  BHT 

 b*   BHT 

(Table 14)  BHT  (Figure 10) 
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Table 14. Effect of heat treatment on yellowness value (b*) of palm oil added with BHT and 

herb/spice extracts 

Treatment 
Yellowness value (b*)

Heating time

Herbs/spices Concentration of 

extract (ppm) 10 min 20 min 30 min 

Control - 44.15±0.01B,b 44.33±0.00A,c 43.68±0.02A,a

BHT 150 43.60±0.01A,a 44.61±0.01B,c 43.73±0.01A,b

Pandanus 

150 86.45±0.06C,b 88.20±0.05D,c 80.75±0.04C,a

500 94.44±0.02E,c 92.91±0.15E,b 90.33±0.02D,a

1000 91.74±0.06D,c 69.12±0.02C,b 68.37±0.09B,a

Control - 44.15±0.01B,b 44.33±0.00A,c 43.68±0.02A,a

BHT 150 43.60±0.01A,a 44.61±0.01B,c 43.73±0.01A,b

150 93.88±0.02D,c 87.41±0.02D,b 84.10±0.05C,a

Basil 500 97.63±0.02E,c 96.51±0.03E,b 94.50±0.06D,a

1000 75.07±0.04C,b 80.74±0.09C,c 44.47±0.11B,a

Control - 44.15±0.01B,b 44.33±0.00A,c 43.68±0.02A,a

BHT 150 43.60±0.01A,a 44.61±0.01B,c 43.73±0.01B,b

150 90.29±0.02C,a 91.73±0.00C,c 90.43±0.04C,b

Turmeric 500 100±0.27D,a 102.69±0.02D,c 101.33±0.04D,b

1000 111.83±0.07E,c 111.37±0.02E,b 108.57±0.03E,a

Control - 44.15±0.01B,b 44.33±0.00A,c 43.68±0.02A,a

BHT 150 43.60±0.01A,a 44.61±0.01B,c 43.73±0.01B,b

150 45.27±0.02D,a 45.31±0.01C,b 45.62±0.01,c

Shallot 500 45.95±0.02E,a 46.36±0.01D,b 47.08±0.01D,c

1000 45.23±0.01C,a 48.13±0.02E,b 49.09±0.01E,c

A-E, Means within a column of each extract with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 

 ∆∆∆∆E 

  (10-30 ) 

 (  L* a* b*  99.67, -

7.21  43.94 )  ∆E /
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Table 15. Effect of heat treatment on ∆E value of palm oil added with BHT or herb/spice extracts 

Treatment 
Total color different (∆E) 

Heating time

Herbs/spices Concentration of 

extract (ppm) 10 min 20 min 30 min 

Control - 1.69±0.01A,b 1.73±0.00A,c 1.64±0.01B,a

BHT 150 1.70±0.00A,b 1.72±0.01A,c 1.58±0.00A,a

Pandanus 

150 44.03±0.06D,b 46.18±0.04E,c 42.44±0.03F,a

500 57.04±0.02H,a 59.28±0.12I,b 59.67±0.02J,c

1000 62.47±0.03J,a 63.79±0.00K,b 64.78±0.03L,c

Basil 

150 53.24±0.02F,c 47.55±0.02F,b 46.19±0.04G,a

500 59.45±0.02I,a 63.40±0.02J,c 62.42±0.05K,b

1000 63.89±0.02K,a 65.20±0.05L,b 74.89±0.04N,c

Turmeric 

150 46.92±0.02E,a 48.31±0.00G,c 47.00±0.03H,b

500 56.52±0.24G,a 59.06±0.02H,c 57.74±0.04I,b

1000 68.16±0.06L,c 67.71±0.02M,b 64.95±0.03M,a

Shallot 

150 2.67±0.01B,a 2.84±0.00B,b 3.55±0.01C,c

500 3.11±0.01C,a 4.50±0.01C,b 5.98±0.01D,c

1000 3.18±0.01C,a 6.38±0.01D,b 8.54±0.01E,c

A-N, Means within a column with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 
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3. /

 

 

 

 (p<0.05)  BHT 150 

  (Table 16)  

Farag  (2007)  (800, 1600, 2400 

)  BHT (200 

) 

  180+5   

 Hydrolytic 

rancidity  

 (p>0.05) 

 0.07-0.09 

 (Table 7) 
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Table 16. Effect of heat treatment on free fatty acid value of palm oil added with BHT or mixture 

of turmeric and pandanus extract (1:1) 

Treatment 
Free fatty acid value (%) 

Heating time 

Herbs/spices Concentration of 

extract (ppm) 
10 min 20 min 30 min 

Control - 0.13±0.00C,a 0.13±0.01B,a 0.13±0.11B,a 

BHT 150 0.14±0.01D,a 0.14±0.01B,a 0.14±0.01B,a 

*Mixture 

150 0.07±0.00A,a 0.08±0.0A,b 0.08±0.01A,b 

500 0.07±0.01AB,a 0.08±0.01A,ab 0.09±0.01A,b 

1000 0.08±0.01B,a 0.08±0.01A,a 0.08±0.00A,a 

* Mixture of pandanus and turmeric extracts (1:1) 

A-D, Means within a column with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 

 

     

 BHT 150  

 175+2   10, 20  30  

 10 

 30  (Table 17)  Jamilah  (1998) 

 2000   BHT 200 

  180   4 

  5  

 Hydroperoxide 

 alcohols, carboxylic acids, aldehydes  ketones  

 

  BHT 150 
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     150  1000 

  10  

 (p<0.05) (Table 17) 

 (20  30 ) 

  Nor 

 (2009)  0.4 

 180   16 

 0.1, 0.2  0.3 

 16-32  0.1, 0.2  0.3 

  0.4 

     (  2, Table 8) 

 

 30  

 

  Satyanarayana 

 (2000)  Ascorbyl 

palmitate  (BHA, BHT  PG) 

 180+1   4  

ascorbyl palmitate 

 

 

 

 

 

 

 

 

 

 



63 

 

Table 17. Effect of heat treatment on peroxide value of palm oil added with BHT or mixture of 

turmeric and pandanus extract (1:1) 

Treatment 
Peroxide value (meq of peroxide/kg of oil) 

Heating time 

Herbs/spices Concentration 

of extract (ppm) 
10 min 20 min 30 min 

Control - 5.18±0.06D,b 4.88±0.26Cb 3.65±0.33C,a 

BHT 150 4.44±0.38C,b 4.81±0.16C,b 3.09±0.19B,a 

*Mixture  

150 4.72±0.04C,b 3.06±0.29A,a  2.64±0.22AB,a 

500 3.26±0.13B,a 3.89±0.22B,b 2.86±0.40AB,a 

1000 2.90±0.15A,a  3.35±0.39A,b 2.48±0.14A,a 

* Mixture of pandanus and turmeric extracts (1:1) 

A-D, Means within a column with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 

 TBARS 

  TBARS  

(Table 18)  

 TBARS 

 Bozkurt (2007)  (Sesame oil), 

 (Thymbra spicata oil)  BHT  Turkish dry-fermented sausage 

 18-25   15   TBARS 

 4-6   6  TBARS  

 TBARS   Bozkurt (2007) 

 

TBARS  BHT (p<0.05)  

  (Table 9)  

(Table 18)  TBARS 
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  TBARS 

   curcumin 

 radicals scavenging  

superoxide anions  hydroxyl radicals (Pulla Reddy and Lokesh, 1992)  

curcumin  singlet oxygen quencher  (Das and Das, 2002) 

 Radhakrishnnaiah  (1984)  

radicals scavenging  caffeic acid, p-coumaric  quercetin  

metal chelating agent 

 ( primary antioxidant) 

 (secondary antioxidant) 

 TBARS 

  singlet oxygen 

quencher  (Triplet oxygen) 

 peroxy radical  

 (secondary product)  TBARS  

 Hras  (2000) 

 0.02  Ascorbly palmitate  0.01 

 0.02  0.01  secondary product 

 60   11  

 

 

  primary antioxidant  

 secondary antioxidant 

 secondary product 

 TBARS  
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Table 18. Effect of heat treatment on TBARS value of palm oil added with BHT or mixture of 

turmeric and pandanus extract (1:1) 

Treatment 
TBARS (mg of malonaldehyde/kg of oil) 

Heating time 

Herbs/spices Concentration of 

extract (ppm) 
10 min 20 min 30 min 

Control - 5.18±0.63AB,a 6.04±0.42C,a 6.29±0.6C,a 

BHT 150 6.62±0.39B,a 7.85±0.69D,b 6.23±0.62C,a 

*Mixture 

150 5.03±0.43A,b 1.69±0.47A,a 1.34±0.25A,a 

500 5.59±0.82AB,c 2.51±0.35A,b 1.43±0.23A,a 

1000 6.67±0.50B,b 4.46±0.6B,a 3.91±0.11B,a 

* Mixture of pandanus and turmeric extracts (1:1) 

A-D, Means within a column with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 

 

  

(Table 19) (p<0.05)  BHT 150  

  BHT 150  

 3 (  2) 

/  (Table 10) 

 

83.90±0.00  86.87±0.06 cp 

 83.73±0.12  89.80±0.00 cp  85.90±0.00  91.93±0.06 cp  

 

 Satyanarayana  (2000)  ascorbyl palmitate 
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 (BHT, BHA  PG) 

 (p>0.05)  

Table 19. Effect of heat treatment on viscosity value of palm oil added with BHT or mixture of 

turmeric and pandanus extract (1:1). 

Treatment 
Viscosity value (cp) 

Heating time 

Herbs/spices Concentration of 

extract (ppm) 
10 min 20 min 30 min 

Control - 87.67±0.06E,a  88.30±0.00E,b 89.17±0.06D,c 

BHT 150 86.87±0.06D,b 86.50±0.00D,a 89.27±0.06E,c 

*Mixture 

150 84.70±0.00C,a  84.80±0.00A,b 84.93±0.00A,c 

500 83.90±0.00A,a 85.83±0.06C,b 86.87±0.06C,c 

1000 84.40±0.00B,a 85.50±0.00B,b 85.87±0.06B,c 

* Mixture of pandanus and turmeric extracts (1:1) 

A-D, Means within a column with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 

  L*, a*, b*  Table 20 

 L*, a*, b*     

/

  

curcumin  L*, a*, b*   

 L* 

  L* 

 (Table 21)  Nor 

 (2008)  180 
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  (0-40 ) 

  

 

  

 (Table 12)  (Table 21) 

  

curcumin 

 

Table 20. Color of selected herb/spice extracts 

Herbs/spices extract L* a* b* 

Turmeric 38.83±0.18C 37.81±0.10C 66.25±0.26C

Pandanus 1.20±0.22B 2.80±0.14B 1.16±0.22B

*Mixture 0.27±0.04A 0.96±0.09A 0.23±0.09A

* Mixture of pandanus and turmeric extracts (1:1) 

A-C, Means within a column with different letters are significantly different (P < 0.05). 

Table 21. Effect of heat treatment on lightness value (L*) of palm oil added with BHT or mixture 

of turmeric and pandanus extract (1:1) 

Treatment 
Lightness value (L*)

Heating time

Herbs/spices Concentration of 

extract (ppm) 10 min 20 min 30 min 

Control - 98.32±0.01D,c 98.20±0.01D,b 98.12±0.01D,a 

BHT 150 98.39±0.00E,c 98.37±0.01E,b 98.22±0.01E,a 

*Mixture 

150 93.02±0.01C,c 92.70±0.00C,b 87.32±0.14C,a 

500 84.48±0.00B,c 84.31±0.02B,b 70.98±0.07A,a

1000 73.96±0.01A,b 74.04±0.00A,c 73.27±0.05B,a

* Mixture of pandanus and turmeric extracts (1:1) 

A-D, Means within a column with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 
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 a* 

  (a*)  (Table 22) 

  BHT 150   a* 

  

a*   

 a*   1000   a*  0 

  curcumin 

  

  (Table13) 

 a*  -13.33±0.01  -7.67±0.01              

-10.60±0.02  4.49±0.02   a*  -11.75±0.00 

 3.28±0.01  a*  

    

a*  a*  

   37.81±0.10, 2.80±0.14  0.96±0.09 

 (Table 20)  a* 

 a* 

  curcumin   

carotenoids   3  2 
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Table 22. Effect of heat treatment on redness value (a*) of palm oil added with BHT or mixture 

of turmeric and pandanus extract (1:1) 

Treatment 
Redness value (a*)  

Heating time 

Herbs/spices Concentration of 

extract (ppm) 
10 min 20 min 30 min 

Control - -7.84±0.01C,c -8.05±0.01C,b -8.10±0.01A,a 

BHT 150 -8.02±0.01B,c  -8.10±0.00B,b -8.11±0.01A,a 

*Mixture 

150 -11.71±0.01A,a -11.75±0.00A,a -7.72±0.07B,b 

500 -4.31±0.01D,b -4.55±0.01D,a -4.56±0.00C,a 

1000 3.28±0.01E,c 2.95±0.01E,a 3.23±0.01D,b 

* Mixture of pandanus and turmeric extracts (1:1) 

A-D, Means within a column with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 

 b* 

 

  BHT 150   b* 

  150   b* 

  

500  1000    b* 

 (Table 23) 

 

 (  b* ) 

 (150, 500  1000 ) 

 b*   
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  b*  107.64±0.09  

90.72±0.06 (Table 23)  (Table 14) 

 111.83±0.07  90.29±0.02  

94.44±0.02  68.37±0.09   b* 

   

curcumin  

  b* 

 

Table 23. Effect of heat treatment on yellowness value (b*) of palm oil added with BHT or 

mixture of turmeric and pandanus extract (1:1) 

Treatment 
Yellowness value (b*) 

Heating time 

Herbs/spices Concentration of 

extract (ppm) 
10 min 20 min 30 min 

Control - 44.15±0.01B,b 44.33±0.00A,c 43.68±0.02A,a 

BHT 150 43.60±0.01A,a 44.61±0.01B,c 43.73±0.01A,b 

*Mixture 

150 90.72±0.06C,a 91.18±0.03C,b 94.23±0.08B,c 

500 104.20±0.02D,c 101.26±0.02D,b 100.52±0.04C,a 

1000 107.64±0.09E,c 103.19±0.08E,b 101.65±0.03D,a 

* Mixture of pandanus and turmeric extracts (1:1) 

A-D, Means within a column with different letters are significantly different (P < 0.05) 

a c, Means within a row with different letters are significantly different (P < 0.05) 

 ∆∆∆∆E 

  ∆E (Table 

24)  BHT 

 

  10 20  30  
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Table 24. Effect of heat treatment on ∆E value of palm oil added with BHT or mixture of 

turmeric and pandanus extract (1:1) 

Treatment 
Total color different (∆E) 

Heating time 

Herbs/spices Concentration of 

extract (ppm) 
10 min 20 min 30 min 

Control - 1.69±0.01A,b 1.73±0.00A,c 1.64±0.01A,a 

BHT 150 1.70±0.00A,b 1.72±0.01A,c 1.58±0.00A,a 

*Mixture 

150 47.46±0.05B,a 47.97±0.03B,b 51.49±0.05B,c 

500 62.21±0.02C,b 59.40±0.02C,a 64.65±0.06D,c 

1000 69.49±0.08D,c 65.35±0.07D,b 64.32±0.01C,a 

* Mixture of pandanus and turmeric extracts (1:1) 

A-D, Means within a column with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 
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Figure 11. Effect of heating cycle on free fatty acid value of repeated frying oil 
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 (  2-3)  Jamilah  (1998) 

  (BHT 200 

   2000 ) 

 4  

 2  4 

   Chatzilazarou 

 (2006) 

 6   Perkin (1967) 

  

 180  

 secondary oxidation products 

  Figure 12 

 2   

  1  1  2  

3  4 , 

 BHT  

  2  1  2  3 

 4   

  Figure 12 

 

4  0.44±0.03  0.64±0.02 meq of peroxide /kg of oil (p>0.05) 

  BHT 

 (p>0.05)  1.99±0.23  2.19±0.08 meq of peroxide /kg of oil  

 2.44±0.12 meq of peroxide /kg of oil 

  BHT  

 

(Hydrogen donor)  Hras  (2000) 

 0.02  α-tocopherol  0.01 
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 60   11  

0.02   Hras  (2000)  α-tocopherol 

  

Hopia  (1996)  α-tocopherol 

 2   carnosol  carnosic acid   

Banias  (1992)  α-tocopherol  

 

 
Figure 12. Effect of heating cycle on peroxide value of repeated frying oil 
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  30  

(  0)  TBARS  

  BHT  

TBARS   2.23±0.03, 2.84±0.21, 3.24±0.06, 6.90±0.24  

7.62±0.09 mg malonaldehyde/kg of oil (p<0.05)  TBARS 

  4 

,   TBARS  (p>0.05) 

  7.87±0.27, 8.01±0.03, 7.53±0.41 

mg malonaldehyde/kg of oil  

 TBARS  BHT 

 

 2  

 

Figure 13. Effect of heating cycle on TBARS value of repeated frying oil 

 

  (cp)  Figure 14 

  BHT 

 (p>0.05)  

 (p>0.05) 
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Figure 14. Effect of heating cycle on viscosity of repeated frying oil 

  L*, a*, b* 

 L*, a*, b*   Table 25   

(p<0.05)  

Table 25. Color of single and mixture of herb/spice extracts 

Herbs/spices extract L* a* b*

Pandanus

Turmeric 

Mixture  

0.92±0.10B

38.83±0.18C 

0.27±0.05A 

2.80±0.14B

37.81±0.10C 

1.00±0.08A 

1.16±0.22B

66.25±0.26C 

0.22±0.09A 

A-C, Means within a column with different letters are significantly different (P < 0.05) 

 L* 

 

  L*  

 (Table 26)  L* 
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  BHT 
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 a* 

  a* (Figure 15) 

 a*  

 a*   a*  

 (Arkanit et al., 2007) 

,   a* 

 BHT   4 

 a*  BHT 

/  

 

Figure 15. Effect of heating cycle on a* value of repeated frying oil 

 b* 

  Figure 16  b* 

 (p<0.05)   

 b*   

b*     b*  

66.25±0.26, 1.16±0.22  0.22±0.09  (Table 20) 

 b*  

 curcumin  
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Figure 16. Effect of heating cycle on b* value of repeated frying oil 
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  9 point hedonic scale 

 1-4  30    

(color)  (odor)  (overall liking) 

 (p>0.05) 

 (p<0.05) 

 

 

(p>0.05)   Table 28 

 

 (p>0.05) 
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Table 28. Sensory scores of repeated frying oil  

Attribute 
Number of frying

1 2 3 4

Color

Control 

BHT 

Pandanus  

Turmeric 

Mixture 

6.73±1.94A,b 

7.07±1.44A,a 

7.17±1.34A,a 

7.13±1.22A,a 

7.30±1.42A,a 

6.83±1.42A,b 

7.37±1.30AB,a 

6.83±1.44A,a 

7.13±1.31AB,a 

7.57±0.86B,a 

6.63±1.87A,b 

7.10±1.75A,a 

6.53±1.78A,a 

6.93±1.28A,a 

7.10±1.27A,a 

5.53±1.57A,a 

6.77±1.41BC,a 

6.40±1.71B,a 

6.97±1.30BC,a 

7.37±1.00C,a 

Odor

Control 

BHT 

Pandanus 

Turmeric 

Mixture 

5.67±1.97A,a 

6.03±1.97A,a 

6.57±1.70A,a 

5.77±2.14A,a 

6.30±1.24A,a 

6.07±1.96A,a 

6.17±1.58A,a 

6.53±1.68A,a 

6.17±1.78A,a 

6.23±1.52A,a 

5.83±1.86A,a 

5.80±1.52A,a 

5.93±1.86A,a 

6.03±1.90A,a 

6.37±1.96A,a 

5.30±2.05A,a 

5.97±1.75A,a 

5.73±1.74A,a 

5.87±1.48A,a 

5.97±1.69A,a 

Overall liking

Control 

BHT 

Pandanus 

Turmeric 

Mixture

6.27±1.39A,a 

6.87±1.36A,a 

6.43±1.52A,a 

6.17±1.95A,a 

6.43±1.48A,a 

6.17±2.07A,a 

6.13±1.48A,a 

6.30±1.68A,a 

6.60±1.52A,a 

6.67±1.49A,a 

5.93±1.96A,a 

6.47±1.76A,a 

6.47±1.68A,a 

6.40±1.79A,a 

6.53±1.63A,a 

5.60±1.63A,a 

6.00±1.95AB,a 

6.43±1.72AB,a 

6.63±1.33B,a 

6.53±1.4B,a 

A-D, Means within a column with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 

  (Figure 17) 

 3   2  

 1   0  

 BHT 
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Figure 17. Effect of heating cycles on rancidity scores of repeated frying oil  

* Score of rancidity level (3 = high, 2 = medium, 1 = low, 0 = non detect) 

 

 1-4  9-point hedonic scale  30  

 (color)  (flavor)  (overall liking) 

 

 

 Table 

29  

 

 4 (p<0.05) 

 4  (p<0.05) 

 BHT 

 TBARS (Figure 13)  

TBARS  BHT  (p<0.05) 

  BHT 
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BHT  4 

,  

 (p<0.05) 

Table 29. Sensory scores of fried chicken  

Attribute 
Number of frying

1 2 3 4

Color

Control 

BHT 

Pandanus  

Turmeric 

Mixture 

7.37±0.81A,bc 

7.43±1.14A,c 

7.80±0.96A,c 

7.57±0.68A,b 

7.80±0.76A,b 

7.47±0.33B,c 

6.37±1.56A,b 

7.57±1.07B,bc 

7.63±1.13B,b 

7.13±1.14B,a 

6.73±1.05A,b 

6.97±1.13A,bc 

7.10±1.12A,b 

7.63±0.72B,b 

7.73±0.91B,b 

5.23±1.92A,a 

4.93±1.87A,a 

5.63±1.79A,a 

6.93±1.23B,a 

6.93±1.14B,a 

Flavor

Control 

BHT 

Pandanus 

Turmeric 

Mixture 

7.40±0.77A,b 

7.07±1.51A,bc 

7.50±1.01A,b 

7.17±1.02A,ab 

7.63±0.76A,b 

7.60±1.19A,b 

7.40±0.81A,c 

7.30±0.92A,b 

7.53±1.01A,b 

7.27±1.14A,ab 

7.10±1.09A,b 

6.57±1.72A,ab 

7.30±0.70A,b 

6.73±1.96A,a 

7.00±1.44A,ab 

5.97±1.47A,a 

5.93±1.78A,a 

6.33±1.37AB,a 

6.53±1.48AB,a 

6.83±1.58B,a 

Overall liking

Control 

BHT 

Pandanus 

Turmeric 

Mixture 

7.13±0.90A,b 

7.07±1.46A,b 

7.03±1.03A,a 

7.37±0.93A,a 

7.27±0.79A,a 

7.07±1.11A,b 

7.03±1.00A,b 

7.00±1.17A,a 

7.20±0.93A,a 

7.07±0.91A,a 

6.30±0.92A,a 

6.83±1.26AB,ab 

7.13±1.12B,a 

6.93±1.76AB,a 

7.00±1.26AB,a 

6.10±1.65A,a 

6.40±0.81AB,a 

6.93±0.91B,a 

6.90±1.21B,a 

6.97±1.03B,a 

A-D, Means within a column with different letters are significantly different (P < 0.05) 

a-c, Means within a row with different letters are significantly different (P < 0.05) 

  (Figure 18) 
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  1   0  
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 (p>0.05)  

 
Figure 18. Effect of heating cycles on rancidity scores of fried chicken 

* Score of rancidity level (3 = high, 2 = medium, 1 = low, 0 = non detect) 
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Appendix Table 1. Moi�ture content� of nine herb�/�pice� after incubated at 50 oC for 24-28 hr. 

 

Herb�/�pice� %Moi�ture content 

Ba�il 

Sweet ba�il 

Kaffir lime lea�e 

Garlic 

Red onion 

Turmeric 

Galangal 

Lemon gra�� 

Pandanu� 

9.78±0.10 

10.23±0.22 

8.48±0.25 

8.06±0.28 

9.15±0.01 

8.75±0.25 

10.91±0.28 

8.39±0.10 

8.80±0.02 

 
Appendix Table 2. Solid content� of �elected herb/�pice extract�  

 

Herb�/�pice� extract Solid content (ppm) 

Ba�il 

Red onion 

Turmeric 

Pandanu� 

Mixture of pandanu� and turmeric 

38333 

46724 

73833.3 

45166.7 

68600 
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Appendix Table 9. Rancidity �core� of repeated frying oil  

Treatment 
Number of frying 

1 2 3 4 

Control 

BHT 

Pandanu� 

Turmeric 

Mixture

1.10±1.21BC,a 

1.33±0.99C,a 

0.53±0.68A,a 

0.77±1.04AB,a 

0.63±0.85AB,a 

1.30±1.06B,a 

1.13±1.07AB,a 

0.90±1.06AB,ab 

1.03±0.81AB,a 

0.67±0.84A,ab 

1.10±0.96A,a 

1.13±0.94A,a 

0.97±0.85A,ab 

1.10±1.18A,a 

1.17±0.95A,b 

1.63±1.03A,a 

1.40±1.10A,a 

1.27±1.08A,b 

1.30±0.88A,a 

1.17±1.09A,b 

Mean �core of rancidity le�el (3 = high, 2 = medium, 1 = low, 0 = non detect) 

A-C, Mean� within a column with different letter� are �ignificantly different (P < 0.05) 

a-b, Mean� within a row with different letter� are �ignificantly different (P < 0.05) 

Appendix Table 10. Rancidity �core� of fried chicken  

Treatment 
Number of frying 

1 2 3 4 

Control 

BHT 

Pandanu� 

Turmeric 

Mixture

0.03±0.18A,a 

0.43±0.73B,a 

0.27±0.45AB,a 

0.20±0.55AB,a 

0.20±0.61AB,a 

0.23±0.63A,ab 

0.50±0.97A,a 

0.37±0.56A,a 

0.20±0.41A,a 

0.30±0.53A,a 

0.47±0.82A,b 

0.47±0.78A,a 

0.33±0.61A,a 

0.37±0.72A,a 

0.40±0.77A,a 

0.53±0.82A,b 

0.53±0.73A,a 

0.60±0.86A,a 

0.37±0.76A,a 

0.40±0.72A,a 

Mean �core of rancidity le�el (3 = high, 2 = medium, 1 = low, 0 = non detect) 

A-B, Mean� within a column with different letter� are �ignificantly different (P < 0.05) 

a-b, Mean� within a row with different letter� are �ignificantly different (P < 0.05) 
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(a) (b)

(c) (d)

(e) (f)

(g)

Appendix figure 1. Treated palm oil with (a) control, (b) BHT 150 ppm, (c) pandanu� extract 150 ppm, (d)  

                   ba�il extract 150 ppm (e) turmeric extract 150 ppm, (f) �hallot extract 150 ppm (g)  

                  mixture 150 ppm 
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/  25   

 (  3 ) 

 

 Water bath  95   45  

 

 Oil bath  175   20  

 

 95  25  

 

 

/  DPPH 

Appendix figure 2. The preparation of herb/�pice extract� before analy�i� of total phenolic 

content and DPPH radical �ca�enging acti�ity. 

 

/  100  (  1.2) 

 

 Rotary e�aporator  50  10  

 

 (Solid content; ppm)  Solid content 

 Appendix figure 4 

 

  2.1  

Appendix figure 3. The preparation of herb/�pice extract� before added with palm oil  
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/  1   Moi�ture can  (

 2.1) 
 

 Water bath  95   30  

 

 Hot air o�en  105   (   

0.003 ) 

 

 /   

Appendix figure 4. Calculation of �olid content in herb/�pice extract�  
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