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O	>T��� � 
�,-��	�,�>	�*K 

1. �	�����*	+	_D	.���
�>�	���!D�I���I
.��>	K�	���'�T,������+'�� GT-pesticide 
residual test kit  

�����/���)*)��� 
�. �����/��	��)*)��� 

1. 	1.����)1 (,)�!�-�
��*	) 1 #�) 
2. 	1.����) 2 (5 ������3L	�� ��*6	�!) 1 #�) 
3. ��*� 1 (��	,3
���3���!�!���	�����������) 1 #�) 
4. ��*� 2 (����0�����* ��3���!�!���	) 1 #�) 
5. ��*� 2.1 (���*.!�!�) 1 #�) 
6. ��*� 3 (,�)���3��,
)� ��������1������)��������) 1 #�) 
7. ��*� 3.1 (���*.!�!�) 1 #�) 
8. ��*� 4 (��),�)���!����)1 #�) 
9. ��*� 5 (�F�������!�,�)�)1 #�) 

#. �����/���0	*�0�.��"	 
1. f)	1.��$	 1 ��) 
2. �*���-

������ 1 ��	 
3. �����/�����������$� 1 ��) 
4. �!�)��)'!���� 12 ��	 
5. �!�)��) ��� 5 ��	 
6. �!�)*)!�� 20 ��	 
7. #�)'!���� #	) 60 3�3�. 5 �� 
8. *�0��1��!�) 1 ��	 
9. �4$
����)*)��� 1  %$	 

�,-��	����� 
1. ��0	�����$����!�����) 
2. ��������$���� ���
/ 5 ���
 ��$�	#�) (�4� 2 #�) #��#�)'!����) 
3. ���
	1.����) 1 �.	�	 5 3�3� ����'�*$�
�����$� �z)y��� 	$	 �#�$ �� M ��*�1�,�� 10-

15  	*� 
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4. )4)	1.����)��#�� 3 �.	�	 1 3�3� ��$�	�!�)*)!�� ���
	1.����) 2 �.	�	 1 3�3� 
5. 	.,�������	f)	1.��$	 �		1.����) 1 (��1	!$�) ������
) 
6. 	.�!�)*)!����
$ 3 �!�) (��$!�
�#��	�����*�0�!�)) 
���
	1.�)��	�1 

�!�)*�0 1 ���
	1.����) 2 �.	�	 1 #�) 
        �!�)*�0 2 ���
	1.����) 2 �.	�	 1 #�) 
         �!�)*�0 3 ���
	1.����)�����$���#�� 5 �.	�	 1 #�) 

7. ���
	1.���*� 1 �.	�	 2 #�) !�*���!�) *�1�,�� 5-10 	*� 
8. #/�����!�	#�� 7 ����*��*� 2.1 !��	��*� 2 ��"		1.�%�
��*� 2  !��*��*� 3.1 !��	��*� 3 

��"		1.�%�
��*� 3 
9. ���
	1.�%�
��*� 2 (��#�� 8) �.	�	 1.5 #�) !��	�!�)*�0 1 �$�	�!�)*�0 2  !� 3 ���
 1 

#�) ��1�*�1�,�� 1 ��0�-
� 
10. ���
	1.�%�
��*� 3 (��#�� 8) �.	�	 4 #�) *���!�) 
11. ���
��*� 4 �.	�	 2 #�) !��	*���!�) �#�$����#���	 
12.  ���
��*� 5 �.	�	 2 #�) !��	*���!�) �#�$����#���	 ��������#��*�1� 3 �!�)  !���$	%!

�����*�0 26 (������ ��
��*�+������ '*��, 2549) 
 
���*�0 26 ���$	%!��*)����u$ 
!� 
Table 26. Result of pesticide tested.  
 

���	���	+'�*��� ��ScK
)��,� 
1. �!�) 3 ���$�	��$�����*$����!�)*�02 
2. �!�) 3 ���$�	��$�!�) 1  �$�#�
��$

�!�)*�0 2 
3. �!�) 3 �*$��������#�
��$�!�) 1 

1. ,
$'��u$ 
!� 
2. '��u$ 
!���4$�	��/j��!�)&�� 
3. '��u$ 
!��	���
/
����	�$

��
�!�)&�� 
 
2. =)(�
���	�
�+��J��K'��	RD	+O	� TEM 
1. ����(��3!!�#�1	��	 (primary fixative) )��� 2.5 ������3L	�� �!4���!)�,�)� (glutaraldehyde) 

��"	��! 2 ��0�-
� 
2. !���3!!��	 0.1 -
! phosphate buffer 3 ���1� ���1�!� 5 	*� 
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3. ����(��3!!�#�1	*�0��� (post fixative) )��� 1 ������3L	�� ����
��
������,3)� (OsO4) *�0
��/�&4
�������"	��! 1-2 ��0�-
� 

4. !���3!!�)���	1.�!�0	 3 ���1� ���1�!� 5 	*� 
5. ���
��#�1	��	�	 2 ������3L	�� �4�	�!��3���� (uranyl acetate) ��"	��! 20 	*� 
6. ��)(�	1.��� (dehydration) *.��"	#�1	��	)��	�1 

30 ������3L	�� ��6	�! 2 ���1� M !� 5  	*� 
      50 ������3L	�� ��6	�! 2 ���1� M !� 5 	*� 
      70 ������3L	�� ��6	�! 2 ���1� M !� 5 	*� 

80 ������3L	�� ��6	�! 2 ���1� M !� 5 	*� 
               100 ������3L	�� ��6	�! 2 ���1� M !� 5 	*� 
7. �� *��3(
 (infiltration) ��"	��	.������!��#��4$�3!!� -)���� 
        -'�'�!�	���,3)� 2 ���1� M !� 15 	*� 
        -'�'�!�	���,3)� : ��6	�! (1:1) ��"	��! 1-2 ��0�-
� 
         ��'��3���3�	�����*6�7 ��"	��! 2-3 ��0�-
� 
8. ����$�����$� (embedding) !��	����!�
 !����)��'��3���3�	�����*6�7 !��	 ��34! 

���
/�	(0��	��0  !��,!$F����+��� 
9. *.��������$� #L���������	 (polymerization) -)�	.�����$���$�	�4���*�0��/�&4
� 70-80       

��+�3!�3��� *�1�,�������	 
10. ����)�����$�-)������!��,
-��-*
 (ultramicrotome ; ��0��� Drukker International ����*+

�	�6��� !	)�) ��) �$������$��	���)*�� )������"	�4�'���
�)#	)���
/ 0.5-1.0 
,
���	 �!����	�1	���
)�����-*!4)�	�!4 

11. �����
��-)� �$�3!!��	 5 ������3L	�� �4�	�!��3����*�0�.�'������)	���!���� !�!�)3����)
*�0�.�'��������������#���3!!� 

12. ��)4�����$�����!�����!*��+	����!L����	 ��*�	�
����	 (TEM ��$	 JEM 2010, JEOL   
����*+U�0��¦	) *�0 160 ��-!-�! (Ngapo et al., 1996) 

3. �,-��	�
�+��	*	���(+����(� 
Mueller Hinton Agar 
��$�	��������� 

Beef infusion     300 ���
�$�!��� 
Casein acid hydrolysate    17.50 ���
�$�!��� 
Starch      1.50 ���
�$�!��� 
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Agar      17.00 ���
�$�!��� 
��6��������
  

��0���� 38.0 ���
�$�	1.�!�0	 1 !��� �	����$�	%�
�#���	)��� magnetic stirrer  !��*.
�����+�����1�)�������0��	(0�u$���1���
)�	,�	1.*�0��
)�	,�	1. 15 ��	)��$����	�1� ��/�&4
� 121 
��+�3!�3��� ��"	��! 15 	*� 

Mueller Hinton Broth 
��$�	��������� 
Beef infusion     300 ���
�$�!��� 
Casein acid hydrolysate    17.50 ���
�$�!��� 
Starch      1.50 ���
�$�!��� 
��6��������
  

��0���� 21.0 ���
�$�	1.�!�0	 1 !��� �	����$�	%�
�#���	)��� magnetic stirrer  !��*.
�����+�����1�)�������0��	(0�u$���1���
)�	,�	1.*�0��
)�	,�	1. 15 ��	)��$����	�1� ��/�&4
� 121 
��+�3!�3��� ��"	��! 15 	*� 

Potato Dextrose Agar 
��$�	��������� 
Potato infusion     200 ���
�$�!��� 
Dextrose     20 ���
�$�!��� 
Agar      15 ���
�$�!��� 
��6��������
  

��0���� 39.0 ���
�$�	1.�!�0	 1 !��� �	����$�	%�
�#���	)��� magnetic stirrer  !��*.
�����+�����1�)�������0��	(0�u$���1���
)�	,�	1.*�0��
)�	,�	1. 15 ��	)��$����	�1� ��/�&4
� 121 
��+�3!�3��� ��"	��! 15 	*� 

Potato Dextrose Broth 
��$�	��������� 
Potato infusion     200 ���
�$�!��� 
Dextrose     20 ���
�$�!��� 
��6��������
  

��0���� 24.0 ���
�$�	1.�!�0	 1 !��� �	����$�	%�
�#���	)��� magnetic stirrer  !��*.
�����+�����1�)�������0��	(0�u$���1���
)�	,�	1.*�0��
)�	,�	1. 15 ��	)��$����	�1� ��/�&4
� 121 
��+�3!�3��� ��"	��! 15 	*� 
 Yeast Malt Extracts Agar 
��$�	��������� 
Yeast extraxt powder    3 ���
�$�!��� 
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Malt extracts powder    3 ���
�$�!��� 
Peptone      5 ���
�$�!��� 
Glucose      10 ���
�$�!��� 
Agar      15 ���
�$�!��� 
��6��������
  

��0�����	 �$!��$�	�������$�	1.�!�0	 1 !��� �	����$�	%�
�#���	)��� magnetic 
stirrer  !��*.�����+�����1�)�������0��	(0�u$���1���
)�	,�	1.*�0��
)�	,�	1. 15 ��	)��$����	�1� 
��/�&4
� 121 ��+�3!�3��� ��"	��! 15 	*� 

Yeast Malt Extracts Broth 
��$�	��������� 
Yeast extraxt powder    3 ���
�$�!��� 
Malt extracts powder    3 ���
�$�!��� 
Peptone      5 ���
�$�!��� 
Glucose      10 ���
�$�!��� 
��6��������
  

��0�����	 �$!��$�	�������$�	1.�!�0	 1 !��� �	����$�	%�
�#���	)��� magnetic 
stirrer  !��*.�����+�����1�)�������0��	(0�u$���1���
)�	,�	1.*�0��
)�	,�	1. 15 ��	)��$����	�1�  
��/�&4
� 121 ��+�3!�3��� ��"	��! 15 	*� 

Nutrient Broth (NB) 
  �$�	%�
 
Beef extracts  3 ���
 
Peptone   5 ���
 
��6��������
 

��0���� 8 ���
�$�	1.�!�0	 1 !��� �	����$�	%�
�#���	)��� magnetic stirrer  !��*.���
��+�����1�)�������0��	(0�u$���1���
)�	,�	1.*�0��
)�	,�	1. 15 ��	)��$����	�1� ��/�&4
� 121 
��+�3!�3��� ��"	��! 15 	*� 
4. �	>�	��S*	��	����J��K�!�,���+K�,��
�� 

 Aspergillus fumigatus TISTR 3180 	�������)��� hemacytometer  

,)�������2!�0��$��$��  
25
676  =  27.04 �3!!��$��$�� 

���
��#���$����U$#�� hemacytometer = 0.20.20.2 ××  (
�!!��
��)3 

                  =  3-104× !4��+��
�!!��
�� 
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��)��"	  3-104×  !4��+��
�!!��
�� × 310

1 !4��+���3	���
��  =  6-104× !4��+���3	���
�� 

                                                                                               = 6-104×   
�!!�!���  

���
�� 6-104× 
�!!�!��� 
������ 27.04 �3!!� 

���
�� 1 
�!!�!��� 
������   6-104

27.04

×
  = 6106.76× �3!!��$�
�!!�!��� 

�$*�0,)� ×  dilution factor = 106106.76 ××  

���
/��������0
��	  =  7106.76×  �3!!��$�
�!!�!��� 
S. aureus 	��-�-!	�)�����6� spread plate 

�.	�	-�-!	��2!�0�*�0��
�#�
#�	 6-10  = 143 -�-!	� 

�.	�	�3!!����0
��	 
0.1

610143×     =  9101.43× CFU �$�
�!!�!��� 

                L. monocytogenes 	��-�-!	�)�����6� spread plate 

�.	�	-�-!	��2!�0�*�0��
�#�
#�	 4-10  = 214 -�-!	� 

�.	�	�3!!����0
��	 
0.1

410214× = 7102.14×  CFU �$�
�!!�!��� 

                B. cereus 	��-�-!	�)�����6� spread plate 

�.	�	-�-!	��2!�0�*�0��
�#�
#�	 6-10 = 62 -�-!	� 

�.	�	�3!!����0
��	  
0.1

61062×  =  8106.2× CFU �$�
�!!�!��� 

B. cereus spore ()�� �)��	&'*�0 10) 	��-�-!	�)�����6� spread plate 

�.	�	-�-!	��2!�0�*�0��
�#�
#�	 4-10  = 74 -�-!	� 

�.	�	�3!!����0
��	 
0.1

41074×  = 6107.4× CFU �$�
�!!�!���       

 
&'*�0 10 �����#�� B. cereus  
Figure 10. B. cereus spore. 
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  Sallmonella sp. 	��-�-!	�)�����6� spread plate 

�.	�	-�-!	��2!�0�*�0��
�#�
#�	 6-10  = 50 -�-!	� 

�.	�	�3!!����0
��	 
0.1

61050×  = 8105× CFU �$�
�!!�!��� 

                E. coli O157 : H7 DMST 12743 	��-�-!	�)�����6� spread plate 

�.	�	-�-!	��2!�0�*�0��
�#�
#�	 5-10  = 144 -�-!	� 

�.	�	�3!!����0
��	  
0.1

610144×  = 8101.44×  CFU �$�
�!!�!��� 

                C. albicans 	��-�-!	�)�����6� spread plate 

�.	�	-�-!	��2!�0�*�0��
�#�
#�	 4-10  = 124 -�-!	� 

�.	�	�3!!����0
��	  
0.1

410124×  = 7101.24× CFU �$�
�!!�!��� 

                 S. cerevisiae var. sake 	��-�-!	�)�����6� spread plate 

�.	�	-�-!	��2!�0�*�0��
�#�
#�	 5-10 = 162 -�-!	� 

�.	�	�3!!����0
��	  
0.1

510162× = 8101.62× CFU �$�
�!!�!��� 

 
���*�0 27 �$ OD ���0
��	#����!�	*����*�0
����
/���1� 106 CFU �$�
�!!�!��� ��
���!�0	 600           

	-	�
�� 
Table 27. Initial OD of microorganisms (106 CFU/ml) at 600 nm. 

Microorganisms OD (106CFU/ml) 
S. aureus 0.07 ± 0.13 
B. cereus 0.07 ± 0.09  
L. monocytogenes 0.06 ± 0.04  
E. coli O157 : H7 DMST 12743 0.07 ± 0.06  
Salmonella sp. 0.07 ± 0.08  
C. albicans 0.06 ± 0.18 
S. cerevisiae var. sake 0.05 ± 0.13  
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���*�0 28 �$ OD #����!�	*����*�0
����
/���1� 105 CFU �$�
�!!�!��� ��
���!�0	 600 	-	-
�
�� 

Table 28. OD values of microorganisms (105 CFU/ml) at 600 nm. 
Microorganisms OD (105CFU/ml) 

S. aureus 0.62 ± 0.09 
B. cereus 1.2 ± 0.16 
L. monocytogenes 0.27 ± 0.03 
E. coli O157 : H7 DMST 12743 0.82 ± 0.15 
Salmonella sp. 0.99 ± 0.11 
C. albicans 1.48 ± 0.10 
S. cerevisiae var. sake 1.05 ± 0.09 
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O	>T��� = 
T��	����� 

1. T��	�����*	+	_D	.���
�>�	���!D�I���I
.��>	K�	���'�T,������+'�� GT-test kit  

 
&'*�0 11. %!��*)����u$ 
!������#��%��
���4) 
Figure 11. The result of kaffir lime peel pesticide tested.  
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&'*�0 12 %!��*)����u$ 
!������#��%��
�	� 
Figure 12. The result of lime peel pesticide tested. 
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&'*�0 13 %!��*)����u$ 
!������#��%����
-� 
Figure 13. The result of pomelo peel pesticide tested. 
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&'*�0 14 %!��*)����u$ 
!������#��%����
��� 
Figure 14. The result of neck orange pesticide tested. 
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&'*�0 15 %!��*)����u$ 
!������#��%����
-���	 
Figure 15. The result of chugun pesticide tested. 
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&'*�0 16 %!��*)����u$ 
!������#��%����
���� 
Figure 16. The result of acidless orange peel pesticide tested. 
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&'*�0 17 %!��*)����u$ 
!������#��%����
���) 
Figure 17. The result of round kumquat peel pesticide tested. 
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���*�0 29 ������
�������1� S. aureus #�������)��6�!��3������%����
)�����6� agar well  
diffusion     

Figure 29. Antimicrobial activities of ethyl acetate extracts of fresh and dried from citrus peels 
against S. aureus using agar well diffusion.     

Clear zone (mm)  
Citrus varieties 

100 mg/ml 50 mg/ml 25 mg/ml 12.5 mg/ml 
Fresh     

  lime 8.2 7.7 7.9 7.8 

  kaffir lime 8.2 8.0 7.7 8.0 

  pomelo 8.2 7.4 - - 

dried     

  lime 7.5 7.3 7.3 7 

  kaffir lime 7.4 7.2 7.2 7.4 
  pomelo 7.4 7.4 - - 

 

 
 
&'*�0 18 �����)����#�������)��6�!��3������%��
���4)�)�$�������
�������1� S. aureus  
              �
�0� A  = 100 mg/ml, B = 50 mg/ml,  C = 25 mg/ml, D =12.5 mg/ml  !� E = control  (ethyl acetate) 
Figure 18. Inhibition zone of S. aureus to ethyl acetate extract of fresh kaffir lime.  

A = 100 mg/ml, B = 50 mg/ml, C = 25 mg/ml, D =12.5 mg/ml  !� E = control (ethyl acetate) 
 

A 

B 

C 

D 
E 
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���*�0 30 ������
�������1� E. coli #�������)��6�!��3������%����
)�����6� agar well diffusion     
Table 30. Antimicrobial activities of ethyl acetate extracts of fresh and dried from citrus peels 

against E. coli using agar well diffusion.     
Clear zone (mm)  

Citrus varieties 
100 mg/ml 50 mg/ml 25 mg/ml 12.5 mg/ml 

Fresh     

  lime 7.9 7.6 7.4 - 

  kaffir lime 7.7 7.4 - - 

  pomelo - - - - 

dried     

  lime - - - - 

  kaffir lime - - - - 

  pomelo - - - - 

 
���*�0 31 �$����)��#��'������4!��
)�������0�� Color meter : Hunter lab 
Table 31. Color of peels of citrus cultivars by Color meter : Hunter lab. 

Citrus cultivars Id -a* 
kaffir lime -8.40±0.4 

lime -9.21±0.29 
pomelo -6.32±0.88 

acidless orange -5.70±0.37 

neck orange -5.12±0.56 
chugun -11.24±0.44 

round kumquat -5.83±0.59 
 
-a* ����$#�����#����$�	  
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���*�0 32 %!,)�#�������)��6�!��3������!�	1.
�	��
�������%����
�	�)�$�M   
Table 32. Production yields of ethyl acetate extracts and essential oils from peels of various citrus 

cultivars. 
Kind of extraction 

Citrus cultivars 
 production yield of 

ethyl acetate 
extracts (%) 

production yield 
of essential oils 

(%) 
kaffir lime 2.56 0.97 

lime  1.73 0.57 
pomelo 1.57 0.24 
acidless orange 0.88 0.20 
neck orange 2.44 0.79 
chugun 2.06 0.69 
round kumquat 1.11 0.28 

 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

0.03 0.06 0.11 0.23 0.45 0.9 0

conc. of  DMSO (%)

O
D

 6
0

0
 n

m

S. aureus B. cereus L. monocytogenes E. coli O157:H DMST 12743

Salmonella sp. C.albicans S. cerevisiae var.sake A. fumigatus TISTR 3180  
 
&'*�0 19 %!#�� DMSO *�0��)����
�#�
#�	�$�M �$�������-�#����!�	*���� 
Figure 19. Effect of DMSO on grew microorganisms.

Salmonella sp.  S. cerevisiae var. sake  A. fumigatus TISTR 3180  

E. coli O157 : H7  DMST 12743  

C. albicans 
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�	�T,���������+��>�,> GC-MS 

 
&'*�0 20 -��
-� ��
�� GC #�������)��6�!��3������%��
���4) 
Figure 20. GC chromatogram of of ethyl acetate extract from kaffir lime.
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Figure 21. Mass spectrum of limonene component of ethyl acetate extract from kaffir lime. 
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���4) 
Figure 22. Mass spectrum of citronellal component of ethyl acetate extract from kaffir lime. 
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Figure 23. Mass spectrum of sabinene component of ethyl acetate extract from kaffir lime. 
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Figure 24. Mass spectrum of delta-cadinene component of ethyl acetate extract from kaffir lime.    
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Figure 25. Mass spectrum of alpha-copaene component of ethyl acetate extract from kaffir lime. 
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Figure 26. Mass spectrum of myrcene component of ethyl acetate extract from kaffir lime. 
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Figure 27. Mass spectrum of beta-pinene component of ethyl acetate extract from kaffir lime. 
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���4) 
Figure 28. Mass spectrum of citronellyl acetate component of ethyl acetate extract from kaffir lime.    
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Figure 29. Mass spectrum of germacrene-d component of ethyl acetate extract from kaffir lime. 



                                                                                                                                                                                                                                               

 

101 

         
 

 

 

 

 

 

 

 

 

 

                                                                                trans-caryophyllene in ethyl acetate extract 
                                                                                 from kaffir lime. 
 

 

 

 

 

 

 

 

                                                 trans-caryophyllene in database. 
 

 

                                                   

 

 

 

 
 
&'*�0 30  
��������
#���������� trans-caryophyllene '��	�����)��6�!��3������  
               %��
���4) 
Figure 30. Mass spectrum of trans-caryophyllene component of ethyl acetate extract from kaffir                     

lime. 
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Figure 31. Mass spectrum of trans-sabinene hydrate component of ethyl acetate extract from  
                  kaffir lime. 
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Figure 32. Mass spectrum of isopulegol component of ethyl acetate extract from kaffir lime. 
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Figure 33. Mass spectrum of citronellol component of ethyl acetate extract from kaffir lime. 
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Figure 34. GC chromatogram of of essential oil from kaffir lime. 
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Figure 35. Mass spectrum of beta-pinene component of essential oil from kaffir lime. 
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Figure 36. Mass spectrum of sabinene component of essential oil from kaffir lime. 
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Figure 37. Mass spectrum of limonene component of essential oil from kaffir lime.    
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Figure 38. Mass spectrum of citronellol component of essential oil from kaffir lime. 
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Figure 39. Mass spectrum of citronellal component of essential oil from kaffir lime. 
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Figure 40. Mass spectrum of alpha-pipene component of essential oil from kaffir lime. 
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Figure 41. Mass spectrum of terpinene-4-ol component of essential oil from kaffir lime. 
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Figure 42. Mass spectrum of m-cymene component of essential oil from kaffir lime. 
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&'*�0 43 ��F
��T	#�� citronellal �������������������
/#�������)��6�!��3������

%��
���4))��� GC-MS 
Figure 43. Standard cuve of citronella to determine quantitative of ethyl acetate extract from kaffir             
                 lime by GC-MS. 
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&'*�0 44 -��
-� ��
#���������*6�7 citronellal  
Figure 44. GC chromatogram of standard citronellal.    
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&'*�0 45  
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Figure 45. Mass spectrum of citronellal. 
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Figure 46. GC chromatogram of ethyl acetate extract from kaffir lime. 




