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Effects of bamboo smoke distillates (BSD) in oxidative stability of oil during storage were investigated. BSD at
0.1, 0.5, and 1.0% was added to palm oil and lard, and peroxide, acid, and TBA values were measured during
storage at 60oC for 25 days. Induction periods and relative antioxidant effectiveness (RAE) for the oils were also
investigated. Antioxidative effect increased with increasing concentration of BSD. Oil with 0.1% BSD had higher
antioxidative effect than that with 0.02% BHT and much higher than that with 0.02% α-tocopherol. Induction
periods of lipid oxidation were 34.27 and 25.61 days for palm oil and lard, respectively. In oxidation reaction,
palm oil was more stable during storage than lard. When 1.0% BSD was added RAEs of palm oil and lard were
233.92 and 2371.62%, respectively. Palm oil with 1.0% BSD showed higher antioxidative effect than that with
0.02% BHT, and lard showed much higher antioxidative effect than palm oil.
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� �

��� ��� �� � ���� ���� � � ��� �
� ��� ��� ����, �����, ��� ��� � �
������ ���� ����. ��� ���� ��� �
���� �� ���� ��� �� ��� ���� ���

�, �	��, ����, ���� �� ��� ��� ���

� 
�. ��� ��� ��� ��� ��� ���� ��

��� ��, �� � �	���� ��� ���� ����

�� ��� ���
� ��� �
�� �� �� ��� �
����� ���� �� ��� ���� ���� ���

���� �� ��� ��� ���� ��(1,2) ��� ��

���� ���� ��(3).
���� � ������ ��� ���� ��� ���


� ����� ���� ��, ������ free radical �
��, ������ ����� ����� �� � synergist�
���� radical ��� ���� �� �� 
�. � � ��

� �	 �� ���� 
� �� radical �����, ���

����� ��������� ����� �� ������

� �� � 
�, ��������� BHA, BHT, TBHQ, PG
�� ��� ������ ��� ��� ��� ��� ��



� � ��� ��� ��� �� ���(4) ���� �
��� � ��� ����� ���� 	� ���� ��,
BHT� �� microsomal enzyme activity� ������ ��

�� 
�(5-7) ����� 	���� �� ��� 

� �
�� ��� ��� �	 
��� 
�. ���� �� ��

� ������ ���� ��� ��� 
�� ��� 
�

������ ��� �� ��� �� ���� ��(8-10).
������� �� ���� ���� ��� ��� �

� 	��� 
� ���� ��� ��� �� ��� ��

���� 
�. ������� �� caraway, sage, cumin,
rosemary, thyme, clove, ginger �� �� ��� ��� ��

� ���� �� ��� �� ��� �� �� 

�(11-
16) ���� ��� ��� clove� gallic acid� eugenol��,
rosemary�� ��� carnosol, rosmanol, rosmanidiphenol, ros-
mariquinone, �
���� gingerol � ��� ��� �� �
��

�, ��� ���, ��, 	� � ��� �� ���

��� linoleic acid-carotene-water system�� BHT� BHA�
��� ������ ���
�� ��� 
�(17-19). ���

��� ��� �� 	��� 
� ��� ��� ���
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sesamol, sesamolinol, sesaminol � ��� ����� ����


� ���� ��� ��� ����� ��� �� ���

�� �� 
�(11-19).
��� ��������� ���� ��� �����. �

�� ��� ������� ��� �� ������ alky-
lperoxy radical�� alkyl radical�� ��� ��	
�� �
radical� �	�� ��� ����(20). �, ��� �����

� free radical ��� ��� � 
� �� �����(AH)�
�� radical(R�)� peroxy radical(ROO�)� �� ���� �
���� �
�� �� ROOA� RH� ���� ��� �	

� ���� ��� ��� ��
�� free radical� ����

�� ��� �� ��(21).
��, ���� ���� ���� �� ���� ����

���� ��� ���� ��	 
�� ���� �� ��

mono � polyphenol� ���� 	��� 

�(22), ����

�	� ���� ��� 
�(23). �� ��� ����� �
��� �� ��
� ��� ���� ����� ����

� ��� ���� ��� ������ ��� 
�(24), �
���� ���� ����� ��� ���� ���� 

�� ��� 
�(25).
���� 	�� ��, ����� �� ��� �����

� ��� ���� ��� 
� �
� ���� �� ��

��� �� ���� ��� 	�� ���� 60oC�� �


�	��� POV, AV, TBA�� ���� ��� ��� ��

���� ���� ���� ��� ���� ��� ���

�� ���.

�� � ��

����

� ����� Lee� Eun� ��(22,23)� �� 
� 
	�,

�� 10-15 cm� 3� � �� ��(Phyllostachys bambuoides
sieb. et zucc.)� ���� ���� ��� �� ������

����� �� 
� ���� �	��� 12�� ����

��� ���� ��� ��� ���	�� ����� 	
� �� ��(Whatman No. 6)� ���� ����� �



�, ��� �
	�((�)��(SUNTAC), ��)� ���� 104oC
�� �
�
� ���� ������ �
�. ������

���� 
� ���� �	�� �	��� ���� ��

0.22 µm membrane filter� ���� ��� ��� ��� �
����.
��� �	�� �� ���� ��� �	�� ��� �

�� 	�� (�)����� ����� ���� �� ���

� ��
� ����� ��� �	� � ��	 �����

α-tocopherol(Sigma Chem. Co., St. Louis., MO., USA), BHT
(Sigma Chem. Co., St. Louis. MO., USA)� �����.

��� ����

����� ������ �� ���� ��� ���� �
�� Woo �(26)� ��� ���� �����. �, ���

	�� �� 150 g� 250 mL� ��� ��� ���� 0.1,
0.5, 1.0%�� ��� �� Bio-homogenizer(M133/1281-0, Bio-
spec products Inc., Switzerland)� ���� �� �� 
��

���� 	 �	� �� ��� 60�1oC� oven�� 25��

�	��� 5� ��
� ��� ���� ����� ���

��. ���� α-tocopherol� BHT� �� 0.02%� ����

��� �� ��
� �����.

������ ��

��� �	 � ������ ��� ��� AOCS�(27)�
����. ��� TBA(Thiobarbituric acid)�� Metter� ��

(28)� ��� �����. �, ��� EDTA, propyl gallate
(Sigma Chem. Co., USA)� 	
 ���� �
�� �� 	
4 N HCl� 5 mL��� ��
� � � �
�� � �
��

50 mL ����. �
� 5 mL� TBA��(2-Thiobarbituric acid,
Sigma Chem. Co., USA)� 5 mL��� ����� 45�� 	�

�� ���� 	 �� �����. � ��� spectrophotometer
(UV-1201, Shimadzu Co. Ltd., Japan)� ���� 538 nm��

���� ���� TEP(1,1,3,3-tetraethoxypropane, Sigma Chem.
Co., USA) ��� ����� ��� TBA�� 
����.

���� � ��� ��� ��� ��

��� ����� �	���� ������ 20 meq/kg oil
� ��� ���� ��� � ��� ����
� ��(29)
��
�, �� ����
��� � ���� �� ��� �
�� ��(Relative Antioxidant Effectiveness, RAE)(30)� ��

� �� �����.

RAE(%) = IG/IC�100
IC: Induction period of control
IG: Induction period of sample incubated with antioxidant

�� � ��

�� �� � ���� ��� �� ������ ��

������ ��� ������� ���� ���� �
��� ������ �� ���� �� ���� 1� ��

���� ����� 	�
� ����. �� �� ��� �
��� ���� ���	 � � ��� 	�� ����� �
�� Fig. 1� Fig. 2� ���
�.
��� �	�� �� �� ������ 6.76 meq/kg oil�



� ��� 0.1%, 0.5% � 1.0% ��� �	���� ��

���� ��� ��� ��� �� ��� ���� �	 25
� 	�� �� 33.50, 28.13 � 23.20 meq/kg oil�

� ��

����� 44.57 meq/kg oil� �� 24.84, 36.89, 47.94% ��

�
�. �� α-tocopherol� 0.02%� BHT� 0.02% ��� �
��� ������ �� 45.07� 28.57 meq/kg oil�
�. �
�� 1.0% ���� �� �� ��� α-tocopherol� 0.02%
��
� ��� ��� ���� �� ����� ���


� �	��� ����� ��� ��� � ���� ���

�. ��� ���� 0.1%� 0.5% ��� �� BHT� 0.02%
��� �� ��� ��� ���
�. 	�� �
 ����

� ������ ��� ���� ��� 6.72 meq/kg oil��

�	 25��� 615.24 meq/kg oil� ����
� ������

� ���� �	 10��� �� ��� ��� �

� �
	�� ��� ����� �	 25�� ��� 0.1%, 0.5% �
1.0% ���� �� 209.77, 190.18, 23.82 meq/kg oil�� ��

�� ��� �	��� ��� �� ���� ��� ���

���� � � 

�. ��� ��� 0.1%� 0.5% ����

α-tocopherol 0.02% ���� �	 10��� 	� ��� ��
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�� ��
� � 	�� ��� ����
� 1.0% ���

���� ������ BHT 0.02% ��� ���� 	
 �
	�� �� ��� �� ����� ���� �� �� �
�� ���� ��� ����� ���� �� �����

��	� � � 

�. Urasima(25)� ������ ��� �
�� �� 0.01% ���� � 	���� 180oC�� ����

��� ���� 	 ���� 55oC�� �	��� � ���

��� ��� �	 13��� ����� 31.2 meq/kg oil��

�� 22.0 meq/kg oil� ���� ��� ���� �� ���

�� 

�� ��
� ��� �� ��� ����� ��

���� �� ���� ���. �� ��� ��� ����

��� ����� ���� �� ��� ���� � ���

� ��(31,32)�� ����� ���� �� �� ����

(22,31,32)��	 ��� �� ��� ��� ��� ����

�� ����� 
� �
� ���
�, � ��� �� �
�� ���� �
� �	 ��� ����� ����.

�� �� � ���� ��� �� ��� ��

��� ������ ����� ��� ��� �����

	�� 	���, ������ ����� �	�� ����

� �
�� ��� ��. �� �� ��� ���� ���

	�� ���� ���	 ��� ��� ��� ���� Fig.
3� Fig. 4� �� ���
�.
��� 
�� ��� ��� ��� � ����� ���

Fig. 1. Change of peroxide value of the palm oil containing
bamboo smoke distillate (BSD), BHT and -tocopherol incubated
at 60�1oC for 25 days.
-�-, Control; -�-, α-Tocopherol 0.02%; -� -, BHT 0.02%; -�-,
BSD 0.1%; -� -,  BSD 0.5%; -�-, BSD 1.0%.

Fig. 2. Change of peroxide value of the lard containing bamboo
smoke distillate (BSD), BHT and -tocopherol incubated at 60�
1oC for 25 days.
-�-, Control; -�-, α-Tocopherol 0.02%; -� -, BHT 0.02%; -�-,
BSD 0.1%; -� -,  BSD 0.5%; -�-, BSD 1.0%.

Fig. 3. Change of acid value of the palm oil containing bamboo
smoke distillate (BSD), BHT and -tocopherol incubated at 60�
1oC for 25 days.
-�-, Control; -�-, α-Tocopherol 0.02%; -� -, BHT 0.02%; -�-,
BSD 0.1%; -� -,  BSD 0.5%; -�-, BSD 1.0%.

Fig. 4. Change of acid value of the lard containing bamboo
smoke distillate (BSD), BHT and -tocopherol incubated at 60�
1oC for 25 days.
-�-, Control; -�-, α-Tocopherol 0.02%; -� -, BHT 0.02%; -�-,
BSD 0.1%; -� -,  BSD 0.5%; -�-, BSD 1.0%.
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� �	 10��� ���� ���� ��� ���� ���

���
�. ��� � 	�� ����� ��� ��� �	

25�� ��� �� �� 0.06 mg/g�� 1.91 mg/g� ����

�. ��� ��� 0.1%� 0.5% ���� α-tocopherol 0.02%
��� �� �� 10��� ���� ��� ���
� ��

��� �� 0.30, 0.31, 0.37 mg/g�

� �	 25��� 1.13,
1.26 � 1.36 mg/g� �����. ��� 1.0% ��� ��

BHT 0.02% ���� ��� ��
� �� ���� ���

���
� �	 10�� ��� �� 0.14� 0.18 mg/g�



� �	 25�� 0.39� 0.42 mg/g� ����� ���� 79.58
� 78.01% ���
�. 	�� �
 �� ���� ����

�� ��� �	 15��� ��� ���

� �� ��

0.06 mg/g�� �	 15�� ����, α-tocopherol, BHT � �
�� 0.1, 0.5, 1.0% ���� ��� �� 0.29, 0.24, 0.13,
0.21, 0.19 � 0.12 mg/g�
�. � 	�� ����� ���

��� ��� 25�� ��� 1.45 mg/g�

� ��� ��

�� ���� �� 
� ���� ��� ���

� ��

� ��� ��� ����� ��� �� �����.
����� ��� ���� ��� �� ����� �, �

�, ��, �� � ����� �� ��� ��� free radical
� ���� ��� hydroperoxide� ����, hydroperoxide�
���� aldehyde� ketone�� �����, 	�� ����

����� ���� ���� ��� ��� ��� �� �

	� ���� ���� ��� ��. ��� free radical�
������ ���� ��� ��� ���� ��� ��

���� ��� ���� ������� ��� �����

� �� ���� 
�. Cho �(33)� �����
��� �
�� ���, ��� ���, ��� ���� ���� ��

�� �� 0.05%(w/w)� ���� 20�� 60oC�� �	��

� � ��� �� 0.32, 0.35, 0.43 mg/g 
� ���� 1.13
mg/g� ��� ��� ���� ��� ����� ���



� BHA 0.02% ���� 0.51 mg/g� ���� ���� �
�� �� �
� ����� �����. �� ��� ��

��� ���� methanol-water ������ 
� ��� �
�� 
�� �� ��� ��� isovitexin�� α-tocopherol�
�� 
�� ��� ��� 
�� �����(34,35). ���

� ��� �� sesamol, ���� gossypol, ���� ���

��� �� lecithin(36)� �� ��� �� ��� ��(37)
�� ��� �� ����� � ��� ��� 
�� ��

�. ��� ����� ��� phenol� ����� 120.19 µg/
g 	��� 

��(22) ��� ��� 	�� �	 � �
��� ��� ��� �� ���� ����� �� �
�

���� �� ��� �
� ������ ���� ���

� 	��� ��� ��� �� �	� �
 � �� ���

��� ����� ��� ��� ��� �� ��� � �
���� ����.

�� �� � ���� ��� �� TBA�� ��

TBA�� ���� ������� ��� ���� peroxide
� carbonyl ���� ���� ��, �� ��� malonalde-
hyde� 2-thiobarbituric acid(TBA)� ���� ��� ����

���� ����� �
��� TBA�� ��
� ����

���� ��� � 
�. ��� 0.1, 0.5 � 1.0%� �� �
�� 	�� ���� BHT, α-tocopherol� �� 0.02% ���

� 60oC�� 25�� ���	 ��� � ���� TBA� �
�� Fig. 5� Fig. 6� ���
�.
�	�� � ��� ������ 	�� ��� ����

��� ����� 	� ���
� ��� 0.5%� 1.0% ��

� �� BHT 0.02% ��� �� �� ��
� �� ���

�� ���
� ��� 0.1% ���� �	 15� ����

α-tocopherol 0.02% ���� ����
� 0.5%� 1.0% ��

�� BHT 0.02% ���� ���� 	�� ����. 	��

�
 �	 15��� ��� 0.1, 0.5, 1.0% ���� BHT
0.02% ���� ���� ��� ����
� TBA� �	�

�� 0.05 mg/kg oil�� 15�	�� �� 0.19, 0.18, 0.16 �
0.14 mg/kg oil� �����. ��� ����� �	�� �

Fig. 5. Change of thiobarbituric acid(TBA) value of the palm oil
containing bamboo smoke distillate (BSD), BHT and -tocopherol
incubated at 60�1oC for 25 days.
-�-, Control; -�-, α-Tocopherol 0.02%; -� -, BHT 0.02%; -�-,
BSD 0.1%; -� -,  BSD 0.5%; -�-, BSD 1.0%.

Fig. 6. Change of thiobarbituric acid(TBA) value of the lard
containing bamboo smoke distillates (BSD), BHT and -tocoph-
erol incubated at 60�1oC for 25 days.
-�-, Control; -�-, α-Tocopherol 0.02%; -� -, BHT 0.02%; -�-,
BSD 0.1%; -� -,  BSD 0.5%; -�-, BSD 1.0%.
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� TBA�� 
� ���� ��� �� 	�� ������

� ��� ���� � � 

�. ��� 	�� �	� ��

���� �	� � �� �� ����� ��� �����

free radical� ���� ��� ��� �	��� �� ���

�� �� 
� �� ��� �� free radical� ���� �
	� ��� ��
��� ����. Lee �(23)� ���� �
�� ��
� ��� ���� 1.0% ����� �� DPPH
radical scavenging ��� BHT 1.0�10−4 M ���� ���

���� ������ � ������� ��� �����

TBA�� ��� ����
� ���� ��� ��� TBA
�� ��� ��� �� ��� �� ��� ���
�� �
� ���� free radical ��
� �� �
� ����� 	
��� ��� ����.

���� �� ��� �� ���� � ��� ��� ��

��� 	�� ��� �� ���� ���� � ��� �
����� �����(Table 1, 2). ���� ����� ��

�� ��� �� ����� 10.95��

� α-tocopherol�
BHT� �� 0.02% ����� � ����� 10.46�� 12.83
��

� ��� 0.1%, 0.5%, 1.0% ���� �� 10.742,
13.65, 21.24��
�. ��� 0.1% ���� ����� BHT
0.02% ����� ��
� ��� 0.5%� 1.0% ���� �
� �� ������� ���
�. ��� α-tocopherol 0.02%
���� ����� ����� ��� ����, Hu�(38)�
��� ��� α-tocopherol� ��� �
� �� �� ��

��� �� ���, 	���� 0.05%, ���� 0.05%, ��

��� ��� 0.04% �
�� ����� �� �� ���

�� �� �� α-tocopherol� 	��� 
� ����� �
����. Cort(39)� tocopherol� ��� ���� �����

� ��� ���� ��� ��� ��� Beak(40)� α-
tocopherol� ���� ����� �
 ������ � � �

�� ���� ��� ��� ����� α-tocopherol���

�� 	��� �� ��� �
 ��� ����� ����

���� ���� ��� ���� �� �� ����� �
���� ����. 	�� �
 ��� ����� ����

� 0.74��
� α-tocopherol� BHT� �� 0.02% ����

� � ����� 7.51�� 20.47��

� �� �����

����� ��� �� 10.15�� 27.66�� ���
�. 	�

� ���� 0.1, 0.5 � 1.0% ����� �� ����� �
� 6.39, 6.86 � 12.37��

� �� ����� ��� �
� 8.64, 9.27 � 16.72� �� ����� 
�� ����. �
�� ��� ����� ��� 	�� ����� �� 13.97
� 1.08��� ����� 	�� �� ��� �� ��
�

���, ��� 	�� ��� �	�� �� ��� � ��

���. ���� 0.1, 0.5 � 1.0% ��� ��� �����

����� �	��� � ��� ��� ��� ��� 
�

� 97.89, 124.66 � 193.97%�
� 	�� 
��� 863.51,
922.97 � 1671.62%�

� BHT� 0.02%����� � ��

� 	�� ��� 117.17� 2766.22%�
�.
�� ���� ��� 
�� ��� ��� ���� ��

� ��� 1.0% ��� > 0.5% ��� > BHT 0.02% > ���

0.1% > α-tocopherol 0.02%� ��

� 	�� 
�� ���

� ��� ��� BHT 0.02% > 1.0% ��� > α-tocopherol
0.02% > 0.5% ��� > ��� 0.1%� ��
�. �� ����

� ���� ��� ��� ��� �� ����� ����

�� ��� 
� ����� ��� ���� ������

���� 	�� �� ��� � 
� � � 


� ���

� 	� ��� �� 1.0% ����� �� ���� ���

BHT 0.2% ����� �� ��� ��� ���� �� � �


�. ���, ���� 	�� ��� ��� �� ���

� ����� ��� ���� �� 
� ���� ��� �
� �
� ���� �� �� ��� ��� 	�� ���

��� 
� �
� ����(33). ��� ���� 1.0% ��

����� ��� ������� 

� ��� ���� 

�� ���
� 
� ��� �� ���
�� �����

� �����.

� �

�	�� �� �� ��� ��� ��� ��� 	�� �
����, ��, TBA�� ��� ��� �� �� ��� �
�� ����� ������ ������� ��� ���

� ��� �� ��� �����. �� ��� ��� ��

��� ���� ����� ����� ������� � �
���
� 1.0%� ��� ��� ��� 	�� �	���

������ α-tocopherol� ������� BHT ��� �
�� ���� ��� � �	� ���� ����. ���

���� ��� ������ ��� ��	� �����.

Table 1. Induction periods and relative antioxidant effectiveness
(RAE) of palm oil containing deferent concentration of bamboo
smoke distillate

Sample Induction periods 
(days) RAE

Palm oil 10.95�1.13 100.00�1.13
α-Tocopherol 0.02% 10.46�1.01 095.53�1.01

BHT 0.02% 12.83�0.51 117.17�0.51
BSD-I 10.72�0.24 097.89�0.24
BSD-II 13.65�0.10 124.66�0.10
BSD-III 21.24�0.09 193.97�0.09

BSD-I: 0.1% bamboo smoke distillate.
BSD-II: 0.5% bamboo smoke distillate.
BSD-III: 1.0% bamboo smoke distillate.

Table 2. Induction periods and relative antioxidant effectiveness
(RAE) of lard adding deferent concentration of bamboo smoke
distillate

Sample Induction periods 
(days)

RAE

Lard 0.74�0.06 100.00�0.06
α-Tocopherol 0.02% 7.51�0.01 1014.86�0.01

BHT 0.02% 20.47�0.02 2766.22�0.02
BSD-I 6.39�0.011 863.51�0.01
BSD-II 6.86�0.03 22.97.41�0.03
BSD-III 12.37�0.01 1671.62�0.01

BSD-I: 0.1% bamboo smoke distillate.
BSD-II: 0.5% bamboo smoke distillate.
BSD-III: 1.0% bamboo smoke distillate.
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� �

�	�� �� ���� ��� ��� 	�� ��� ��

�� ��� ��
� �����, ��, TBA� � ����

�� ��� ��	� �� ���
� ����� � ���

��� 1.0%� ����� �� ��� �	 
�
� � �
�� BHT 0.02% ����� �� ����	� � 
�� α-
tocopherol 0.02% ��� ���� ��� �� ���� ��

� ���. � ����� ���� ���� ����� �
����� ��� ������ ��� ����� 	� �
��
� ��� 1.0% ��� ��� 	�� ��� ����

� �� 21.24�� 12.37��
� ��� ������ ��

193.97%� 1671.62%� ��� ���� 	�� �� ����

�� ��� ��� ��.
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