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1. ������� (Clerodendrum glandulosum) 

 
 

	�
��
����� 1 	�
��
�����
�	�������
���
�	����		�
�	��	���������!���	

"
������� (�#$���� 1) 

�#$���
�� 

1. ��������	
��
���
������������������ ������ 150 ����  

2. ���!�"�����
��#$��%� ��&'�"���"���
��(�����%)'
����������������$���
�&*+�'
!����

��
�*,�"���Soxhlet ��-��
�� 2 *�'
/�
 ���"�������+�'!��!��������� !���(�����"�

���&�
��&� 24.97 ���� (Crude 1) 

3. ������+�'"���!����������
��"���:;���
���<���� 95%  ��� 3 *�'
/�
 

4. �����"�������"�����
���<���� 95%  >�!����
��&�"��(��:������ 12.57 ���� 

(Crude 2 ) 

5. ������+�'���&�>�����"�����
���<���� 95% ��"���:;���
��(�� 500 ��. ��� 3 

*�'
/�
 

6. �@;
"�������+�'"�����
��(����-�"�
";
� ";
���� 200 ��. ���!�������(�����>���� 

!�� Crude 3 �����A����-���
��$
 "��(��:������19.45 ���� ";
�+�'"�
 300 ��. ���!�

�;�����:�:������
�!BBD� 

7. ���:�:������
�!BBD� 

7.1  ���"��"�����
��(�� 300 ��.�";��@������E���� 600 ��. �:������$�/+�!�+E�"���

F&�/%�����F��!��E 0.5 ���� 

7.2   >,;���;����G������� ���� 8.5 x 14 %�. ��-�����$�/+�� ���
�;������"!BBD� 

(����":�
) ������ 0.3-0.4 ��$����E F
��:;�
J���E 22 - 23 /
�:E ��
� DC 

power supply ���F���
� magnetic stirrer :����
�� ��-��
�� 1 *�'
/�
  

7.3 ��&'����:�:������
�!BBD��"�$> ���";
��"�+�(
��������
 ��&'����

"���������� >��:�������
:������
��(�����'� +�(
";
�:����������
+�'

�,��LG�����
 1 F&�  

7.4 ���";
�"�������!������>����
 >�!����
��$
"��(��:���;�� 5.38 ���� 

(Crude 4) 
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7.5 ���";
�:����+�'���
���
!��������
�������&� 10% >��������� ���
"���

��
� 1-@�
+����   ���"�������*�(� 1-@�
+���� !������������
 !����
��$


"��(��:������ 4.66 ���� (Crude 5)   (�G���L��+�' 3 ���:���
+�' 14) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            �"�%�&��� 3   	�
�	����
�	������ (Crude 1-5) 

 

 

 Crude 1 
(Oils) 

Crude 2 

Crude 3 

Crude 5 

Crude 4 

Bu-OH 

Filtrate 

����	
��
 

Hexane 

H2O 

95 % Et-OH 

Recovery 

(10% HCl) 

Residue  

Sol n 

Residue 

Electrocoagulation 
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��
����� 14  ��������"���"��"������@ (Crude Extraction) 

 

�����'�� 
�	*+� �,/����	 (	
��) % yield 

����	
��
 :�
��;�
���
 150 - 

Crude 1(oil) �(�������&�"����&�
 24.97 16.65 

Crude 2 ��
��&� "��(��:������ 12.57 8.38 

Crude 3 ��
��$
 "��(��:������ 19.45 12.97 

Crude 4 ��
��$
 "��(��:���;�� 5.38 3.59 

Crude 5 ��
��$
 "��(��:������ 4.66 3.11 

 

 

 

	�
��
����� 2  	�
67	*� Crude 1 (Oil) 

 

1.  	�
�#�8
���9����  IR Spectrum 

 >�����B�����"��F:�����
�(����� (Crude 1) (�G�+�' 37) �"�

;������@��
����!����

��"�� (free fatty acids) ��"��";
�+�'"G
��� 

 

 
 


:����  37  ���B�����"��F:�����
�(����� (Crude 1) 
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- ����(���������	
��
 3.0 ���� ���������<���� 60 ��.���
�:�� Amberlite IR-

120(H+) 9 ����   ���
����������� 150 ��.  

- ���F
���������+����� reflux /���� magnetic stirrer F�:����
�� ��� 6 *�'
/�
 

- ���
��� Amberlite IR-120(H+) ���>��";
���
���
 

- ���"�������*�(���<�������*�(��(�������
���
���� 

- ���"�������*�(���<����!������:�
+����������!�� crude methyl ester 1.03 

���� 

- ��� crude methyl ester !��������
� ether ����G�F
��*&(���
� anhydrous 

NaSO4 

- 
��F����E crude methyl ester ��
� GC-MS   %)'
�������������F�&'�
�&����"L�
���


:���
+�' 15 

              - �����
��F����E �@�
FE�����@���� 9 *��� ��
�G�+�' 38 ���:���
+�' 16 

 

��
����� 15  �����������F�&'�
�&����"L�
����
��F����E crude methyl esters /�� GC-MS 

 

�8
<����<� 
��
������/�%���>�	�
�#�8
���9 

�,;�/@��A�+ GC 6890 / Agilent Technology 

Inlet �,��LG��  240 \C 

SPME 100 �m, PDMS, 50  \C 2 min. 

Oven 40 \C (2 min.)� 10 \C/ min. �240 \C (12 min.)  

Carrier gas Helium 1.0 ml/min. 

GC  

Column 
AT-1MS  

( 30 m x 0.25 mm ID, 0.25 �m film thickness ) 

�,;�/@��A�+ MSD 5973 / Hewlett Packard 

EI 70 eV 

MS Quadrupole 150 \C 
MS 

MS Source 230 \C 
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:���� 38   /F���/+������
 crude methyl ester  
 
 

��
����� 16   �
FE�����@��
 crude methyl ester >���(���������	
��
 

 

�����@ RT 
% Peak 

Area 
methyl ester ��
 *&'��&'�j ��
���!���� 

1 11.65 38.80 Nonanoic acid Pelargonic acid 

2 10.14 14.33 Octanoic acid Caprylic acid 

3 13.06 8.04 Decanoic acid Capric acid 

4 21.67 5.60 9-Octadecenoic acid Red oil / Metaupon 

5 20.03 4.66 Hexadecanoic acid Cetylic acid 

6 15.69 3.16 Nonanedioic acid Azelaic acid 

7 13.63 3.16 2-Decenoic acid - 

8 14.43 3.02 Octanedioic acid Cork acid / Suberic acid 

9 13.43 1.36 Nonanoic acid, 4-oxo- - 
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	�
��
����� 3  	�
67	*�A�$#B������	D#��E�������
�	������ (Crude 2 – 5) 

 

1.  	�
�
�����A�$#B������	D#��E�������#$� TLC Screening  

�#$���
�� 

 �*� DPPH (2,2-diphenyl-1-picrylhydrazyl) ��-������>�:E+�"�@  /���;�"�������

��
"����
��;�
������� 0.2 mM ����<����  �
@� TLC /F���/:������
"��"������@ 

(Crude 2-5)   "�
��:{+<�|���:����$��%���*��>�����B��>�
"���
"������� DPPH 

 

"
	�
��
�� 

 �����:�
>"�@{+<�|:����$��%���*�� (antioxidant activity) ��
 Crude 2-5 /��
�<� 

TLC screening  �"�
��
�G�+�' 39 ���:���
+�' 17 

 

      F
����
F�&'� 254 nm     F
����
F�&'� 368 nm          DPPH 

 

 

 

 

 

 

 

 

 

   


:���� 39 �����+�"�@{+<�|:����$��%���*����
� TLC 
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          D 
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��
����� 17  �����+�"�@���:�
>"�@{+<�|:����$��%���*����
� TLC 

 

Crude ��
���&� 8'� Rf 254 nm 368 nm DPPH 

A 0.35 /  / 

B 0.57 / / / 2 

C 0.75 / / / 

D 0.35   / 

E 0.57 / / / 3 

F 0.73  /  

G 0.21  /  

H 0.5  /  

I 0.61  /  
4 

J 0.09   / 

K 0.75  /  
5 

L 0.1   / 

 

 

 

2.  	�
67	*�A�$#B������	D#��E���E#��
#��+�#�8
���9�����#$� spectrophotometric assay 

 

�#$���
��14 

1. �:����"�������"��"���:�
��;�
����<����+�'��F
���������:;�
��� 6 *,�  �����:�      

1 mL ���F
�����������G;��*;

 1000-10 ppm  

2. �:����"������� control  (DPPH 0.2 mM 2.0 mL + methanol 1.0 mL) ���!���F;�

����G���&��"
"G
",� (�max) ��*;

F
�����F�&'� 400 – 600 nm ��&'���F
����


F�&'�+�'>��*�
��F;�����G���&��"
(Absorbance)  

3. �:��"������� DPPH 0.2 mM  2 mL �
��"�������"��"���:�
��;�
�:;��F
��

�������+�'�:����!
������ 1 ���;��������������:�(
+�(
!
���+�'�&� 30 ��+� 

4. ���!�
��F;�����G���&��"
+�'F
����
F�&'�+�'!��>�����3 (�max = 517 nm) 
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5. +�����+���
/���*�"��"�������%(�� 3 F��(
 ���
��F;�����'���
F;�����G���&��"
+�'!���:;

��*,�F
��������� 

6. F���
�F;� % radical scavenging >��"���� 

 

% radical scavenging = [1-(Asample/Acontrol)] x 100 

 

��&'�   Asample =  F;�����G���&��"
��
"�������:�
��;�
��@"������� DPPH  

        Acontrol  =  F;�����G���&��"
��
"������� control 

 

7. ���F;�F
�����������
"�������:�
��;�
��� % radical scavenging !�"���
���B

��&'���F;� IC50 /���*�/������ EXCEL ��&'���"���� logarithmic ��
�"�����B

���
;�
F
�����������
"�������:�
��;�
��� % radical scavenging   ���
F���
�

F;� IC50 >��"������
��;�
 

 

"
	�
��
�� 

 !������
:���
+�' 19  ���"�,�����
:���
+�' 18 

 

��
����� 18  "�,������J)�A�{+<�|:����$��%���*����
 Crude 2-5 

 

 

 

 

 

 

 

 

 

 

 

Crude IC50(ppm) 

2 33.07 

3 2.65 

4 2,352.32 

5 1.69 

BHA 3.46 
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��
����� 19  ��������J)�A�{+<�|:����$��%���*��+�
������
��F����E��
�
�<� 

spectrophotometric assay 

UV absorbance 
sample 

Conc. 

(ppm) 1 2 3 average 

% radical 

scavenging 

IC50 

(ppm) 

Control 2 0.675 0.678 0.670 0.674 - 

31.25 0.457 0.436 0.462 0.452 33.02 

62.5 0.257 0.271 0.290 0.273 59.56 

125 0.052 0.065 0.060 0.059 91.25 

250 0.048 0.049 0.049 0.049 92.78 

500 0.052 0.056 0.055 0.054 91.94 

Crude 

2 

1000 0.069 0.07 0.072 0.070 89.57 

33.07 

Control 3 0.66 0.664 0.655 0.660 - 

31.25 0.410 0.309 0.340 0.353 46.49 

62.5 0.105 0.075 0.09 0.09 86.36 

125 0.054 0.056 0.06 0.057 91.41 

250 0.069 0.066 0.068 0.068 89.74 

500 0.081 0.089 0.082 0.084 87.27 

Crude 

3 

1000 0.12 0.125 0.122 0.122 81.45 

2.65 

Control 4 0.622 0.623 0.624 0.623 - 

31.25 0.392 0.411 0.407 0.403 1.66 

62.5 0.375 0.39 0.394 0.386 6.206 

125 0.442 0.456 0.461 0.453 15.41 

250 0.508 0.573 0.50 0.527 27.29 

500 0.595 0.58 0.578 0.584 37.99 

Crude 

4 

1000 0.624 0.592 0.622 0.612 35.26 

2,352.32 

Control 5 0.663 0.66 0.662 0.662 - 

31.25 0.378 0.377 0.415 0.39 41.06 

62.5 0.171 0.172 0.203 0.182 72.49 

125 0.075 0.076 0.072 0.074 88.77 

250 0.101 0.10 0.098 0.099 84.94 

500 0.154 0.155 0.153 0.154 76.72 

Crude 

5 

1000 0.260 0.255 0.259 0.258 61.01 

1.69 
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��
����� 19 (�'�)  ��������J)�A�{+<�|:����$��%���*��+�
������
��F����E��
�
�<� 

spectrophotometric assay 

UV absorbance 
sample 

Conc. 

(ppm) 1 2 3 average 

% radical 

scavenging 

IC50 

(ppm) 

Control 1.696 1.632 1.663 1.664 - 

31.25 0.639 0.623 0.641 0.634 61.87 

62.5 0.341 0.335 0.339 0.338 79.66 

125 0.121 0.118 0.125 0.121 92.70 

250 0.064 0.059 0.066 0.063 96.21 

500 0.054 0.051 0.055 0.053 96.79 

BHA 

1000 0.045 0.046 0.049 0.047 97.19 

3.47 

 

 

 

	�
��
����� 4 	�
67	*�A�$#B���E��%�& 

 

!��J)�A�{+<�|+�
*�
L����
"��"������@ (Crude 2-5) ��
����	
��
��@�@F+������;�

/�F 5 *���F&� Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, 

Salmonella typhi ��� Shigella flexneri  ��
�
�<� dish diffusion   /��������(�
�*&(��@F+�����

��
��;�
��>�������*&(� �*������"�����@�������(�
�*&(��@F+�����*��� Nutrient agar(NA) 

>����(������;� Sterile paper disc *,@"���������
"��"������@+�':��
���+�"�@ F
��

������� 5, 2.5 ���1.25 mg/ml 
�
@���
������
������������(�
�*&(� ���
���!�@;�+�'�,��LG�� 

37  � C ��� 24 *�'
/�
 ���
>����(�>)
"�
��:��>������

�"��
�����@��(
+�'�����)(���@��;� 

Sterile paper disc   �@
;�"��"���>������	
��
+�(
���!�;�"�
����@��(
����:�@/:��


�@F+������;�/�F+�(
 5 *���  
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	�
��
����� 5 	�
��
�����
�	�������
���
�	����		�
�	��	���������!���	

"
������� (�#$���� 2) 

�#$���
�� 

�������	
��
���
@�������������� 150 ���� ��"�����
�:�
+��������#��%������:� 

300 ��. /���*��F�&'�
"����@@ Soxhlet +�����"�����-��
�� 2 *�'
/�
 >����(����"�������"���

+�'!��!������:�
+������������
��F�&'�
��,������F
�����:'�����
+�����"��"������
���J >��

F
��*&(���
��F�&'�
�G�����J��-��
�� 1 *�'
/�
 >�!���(�����"����&�
��&� 25.15 ���� ������+�'

���&�>�����"����(�����!��)'
������
+�'�,��LG�����
 1 F&� 

����������	
��
+�'�;�����"����(�����������
�)'
!
� 1 F&���"�����
���+���������� 

300 ��. /���*��F�&'�
"����@@ Soxhlet ��� 3 *�'
/�
 ���
���"�������"���+�'!��!��������
�

�F�&'�
��,������F
�����:'�����+��������
"��+��
��F�&'�
�G�����J��� 1 *�'
/�
 >�!��"��"���

���@��-���
��$
"�����
����+�'����
��&�"��(��:������G; 13.20 ���� (CM) ������+�'���&�!��)'
���

���
+�'�,��LG�����
 1 F&� 

 ������+�'���&�>�����"�����
���+���� ��"�����
�"���������+�����>&�>�
 10 % 

500 ��. /���*��F�&'�
"����@@%$��%E��$+��� 3 *�'
/�
 ���"�������"���+�'!���@;
��-�"�
";
� 

(";
�+�' 1 �����:� 200 ��.���";
�+�'2 �����:� 300 ��.) ���"�������"���";
�+�' 1 !������

���
��
��F�&'�
��,������F
�����:'�����+��������J>��F
��*&(���
��F�&'�
�G�����J��� 1 

*�'
/�
 !��"��"������@�����A����-���
��$
 "��(��:������4.61 ���� (CMW) "�����@"�������

"���";
�+�' 2 �����:� 300 ��. ���!��;�����>�@������
�!BBD� 

 

	�
���	����������!� 

   ���"�������"�����
�"���������+�����>&�>�
 10 % ";
�+�' 2 �����:� 300 ��.�";

��@������E���� 600 ��. �:������$�/+�!�+E�"���F&�/%�����F��!��E(NaCl) 0.6 ����(0.2 % w/v) 

���
�����@*,��,����E���>�@������
�!BBD� /���*���;����G����������� 7.0 x 15 %�. 2 ��;� 

��-�����$�/+�� �;�
��� 3.5 %�. �;������"!BBD�����":�
���� 1.65- 1.75 ������E F
��:;�


J���E 20 /
�:E ���F�:����
����
��F�&'�
�
���;���$���-��
����� 1 *�'
/�
 >����(����

";
��"�+�(
��������
���"����������>��:���� ���
:������
��(�����'����
���!��)'
���

���
+�'�,��LG�����
 1 F&� ���";
�"�������!������>����
��
��F�&'�
��,������F
�����:'��

����G�F
��*&(�������
"��+��
��F�&'�
�G�����J >�!��"��"������@��
��$
"��(��:���;�� 0.74 

���� (CMWA)   
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���";
�:����>�����>�@������
�!BBD�!��������
�"����������!#/��F������>&�

>�
 10% >��������� (300 ��.) ���
���"����������+�'!��!�"�����
�@�
+���� ��
���
�

���F��(
�� 100 ��. 2 F��(
 ���"�������*�(�@�
+����!������:�
+������������
��F�&'�


��,������F
�����:'�����
+��������J>��:�
+���������
��F�&'�
�G�����J !��"��"������@

��-���
��$
"��(��:������ 0.98 ���� (CMWR)   ��
���"���+�(
����"�
�����L��+�' 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

�"�%�&��� 4   ��
���"���"��"������@
�<�+�' 2 

��
�	������ 

 CMWR 0.98 	
�� ��������
 
"�����
� 

@�
+���� 

"������� 
��������
 

��������
 

��������
 

���
 

"��"��� 

500 ��.

200 ��. 

�,/���� 25.15 	
�� 

��
�	������ CM 13.20 	
�� 

��
�	������  
CMW 4.61 	
�� 

"�����
��#��%� 300 ��. 

"�����
�"������� 

��+���� 10 %500 ��. 

"�����
� 

��+����  300 ��. 

��� 

����	
��
���
@�������� 150 ���� 

��
�	������ 

 CMWA 0.74 	
�� 

���>�@������
�!BBD� 

(Electrocoagulation) 

����"!BBD� 1.00- 1.16 ������� 
F
��:;�
J���E 20/
�:E, 1 *�'
/�
 

300 

:���� 

���������� 

!#/��F����� 10 % 

�	
� NaCl 0.2 % w/v 

��������
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	�
��
����� 6   	�
��	�
��
�����K8
��
�������8�������
���,/���#� (blue 

pigment) ��	��
�	������������
 (CM) 

�#$���
�� 

���"��"������@+�'"�����
���+���� (CM) 5.00 ���� (>�����+���
+�' 5) !������
�

/F���/+���B�F�����E/���*� Sephadex LH-20 *���
���+���� ��$@ fraction�� 50 ��.

>���
� 30  fraction ���
�
� fraction 1-4, 5-10, 11-17, 18-27���28-30 ���!������:�
+��

��������>����
  >�!�� crude CM1(��
���
��&�"��(��:��,0.63����) crude CM2 (��
���


��&�"����&�
����,1.35����) crude CM3 (��
���
��&�"��(��:��,2.48����) crude CM4 

(��
��$
"�����
-�(���
��,0.12����) ���crude CM5 (��
���
��&�"����&�
,0.22����) :�������@ 

�����
��"��+�'!�;�;��F�����E���!�;���������+����F��
��G;@�F�����E ��-���
���
F����

�(�����"�����
�" (0.18����)  

+�����+���
%(��:�(
�:;:��/���*�
�<�������� ���"��"������@ CM F��(
�� 5.00 ����/��

��&����$@�����fraction +�'��"�����
�(���
�� +�����+���
+�(
��� 10 ��@ (�*�"��"������@ CM 

50.00 ����) !�� crude CM4 ��
��$
"�����
�(���
���
� 1.326 ���� 

��� crude CM4 !������
�F�����E Sephadex LH-20 *���
���+�����>&�>�
 80 % 

��$@ fraction�� 50 ��.>���
� 20  fraction ���
�
�"������� fraction+�' 1-7, 8-13, 14-45 

��� 16-20 ���!������>����
 >�!��crude CM4/1(��
��$
"�����
)  crude CM4/2 (��
��$
"��(��

�
��) crude CM4/3 (��
���
��&�"����&�
)  ��� crude CM4/4 (��
��$
"��(���
��) :�������@   

��� crude CM4/2 ��� CM4/4 %)'
��"��(���
��!�����;��F�����E Sephadex LH-20 *�

��
���+������&'������������"��+�'��F
��@��",+<�|����)(�>�!��"��TC1 (0.0147����) ���

TC2 (0.0054����) :�������@ (���L��+�' 5 ) 

���"��"��(���
��+�'���!�� (TC1 ��� TC2) !�
�� NMR "��F:�� ��� MS ��
�G�+�' 41-52 
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�"�%�&��� 5   ��
���������
��F����E/F�
"���
+�
�F����
"��"��(���
��>��"��"������@ 

       ��+���� (CM) 

 F�����E Sephadex LH-20 

*���
���+����  

F1-4 

CM1 

0.63 ���� 

F16-20 

CM4/4 

"�BD�-�(���
�� 

F14-15 

CM4/3 

  

F8-13 

CM4/2 

"�BD�-�(���
�� 

F11-17 

CM3 

2.48 ���� 

F18-27 

CM4 

0.12 ���� 

F28-30 

CM5 

0.22 ���� 

����;��F�����E Sephadex LH-20 

*���
���+����/��$@ fraction�� 50 ��. 

"��"������@��+���� 

crude CM 5.00 ���� 

"�����
/��&� 

0.18 ���� 

!�;�;��F�����E 

F5-10 

CM2 

1.35 ���� 

+�����+���
%(�� 10 ��@(crude CM 50.00 ����) 

��&����$@�����fraction "�����
-�(���
�� 

crude CM4, 1.326 ���� 

����;��F�����ESephadex LH-20 

*���
���+����/��$@fraction�� 50 ��. 

F1-7 

CM4/1 

  

 F�����E Sephadex LH-20 

*���
���+����  

TC1 "��(���
�� 

0.0147 ���� 

TC2 "��(���
�� 

0.0054 ���� 

UV/VIS, NMR, MS UV/VIS, NMR, MS 
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:���� 40  "���:��� 1H-NMR ��
"��"��(���
�� TC1 (�� Acetone-D6) 

 

 

 
 


:���� 41  "���:��� 1H-NMR ��
"��"��(���
�� TC1 (�� Acetone-D6) 
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:���� 42 "���:��� 1H-NMR ��*;

 0.00-1.80 ppm ��
"��"��(���
�� TC1 (�� Acetone-D6) 

 

 

 
 


:���� 43 "���:��� 1H-NMR ��*;

 3.05-4.10 ppm ��
"��"��(���
�� TC1 (�� Acetone-D6) 
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:���� 44  "���:��� 1H-NMR ��*;

 5.20-7.80 ppm ��
"��"��(���
�� TC1 (�� Acetone-D6) 

 

 
 


:���� 45  "���:��� COSY ��
"��"��(���
�� TC1 (�� Acetone-D6) 
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:���� 46  "���:��� COSY ��
"��"��(���
�� TC1 (�� Acetone-D6) (�G�����) 

                    

 
 


:���� 47  "���:��� 1H-NMR ��
"��"��(���
�� TC2 (�� Acetone-D6) 
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:���� 48  "���:��� 1H-NMR ��*;

 3.45-3.90 ppm ��
"��"��(���
�� TC2 (�� Acetone-D6) 

 

 
 

 
:���� 49  "���:��� 1H-NMR ��*;

 5.20-7.80 ppm ��
"��"��(���
�� TC2 (�� Acetone-D6) 
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:���� 50 "���:��� COSY ��
"��"��(���
�� TC2 (�� Acetone-D6) 

 

 
 

  
:���� 51 "���:��� COSY ��
"��"��(���
�� TC2 (�� Acetone-D6) (�G�����) 
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:���� 52 �����
��F����E�
�/����,�"�� TC2 ��
���""���:��� 
 

 

	�
��
����� 7   	�
��	�
��
�����K8
��
�������8�������
�
#�N�$#B��	��
�	��

������		�
���	����������!� (CMWR)   

             
�#$���
�� 

 ���"��"������@F&�"L����
:����>�����>�@������
�!BBD� (CMWR) 0.95 

���� (>�����+���
+�' 5) !������
�/F���/+����B�F�����E Sephadex LH-20 *���
�          

��+���� ��$@ fraction �� 50 ��.>���
� 15 fractions ���
�
� fractions 1-2, 3-8 ��� 9-15 

���!������:�
+����������>����
 ���crude >�� fractions 3-8 (��
���
��&�"����&�
��

�(��:��) 0.53 ����!�����;��F�����E%������>� *���
�:�
+��������"� ��+����%��::�����+�

���(��:��";
� 10: 1, 330 ��.) �����+����%��:: ��+��������(��(��:��";
� 10: 1:0.5, 345 

��. ��:��";
� 10: 2:0.5, 250 ��. ��:��";
� 10: 3:0.5, 270 ��. �����:��";
� 10: 5:0.5, 310 

��. :�������@) ��$@ fraction �� 15 ��. >���
� 100 fractions >����(��
� fractions 5-6 %)'
���

��+�"�@��-�@
���@"�����������>����EB (���>,�"�"��) !������:�
+����������>����
!��

"�� CMWR1 (0.1861 ����) (���L��+�' 6) 
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�"�%�&��� 6   ��
���������:�
>"�@/F�
"���
+�
�F����
"��@��",+<�|>��"��"������@ 

  >�����>�@������
�!BBD� (CMWR) 

                         

 

 

IR, GC-MS, NMR, MS 

�������	
��
����������� 

�������������������
 

EtOAc : MeOH (10:1) 330 ���
 

EtOAc : MeOH : H2O (10:1:0.5) 345 ���
 

EtOAc : MeOH : H2O (10:2:0.5) 250 ���
 

EtOAc : MeOH : H2O (10:3:0.5) 270���
 

EtOAc : MeOH : H2O (10:5:0.5) 310 ���
 

����fraction �� 15 
�. ������ 100 fraction 

F 3-8 

"����&�
���(��:����&� 

0.53 ���� 

"��"������@ CMWR 0.95 ���� 

����;��F�����E Sephadex LH-20 

*���
���+���� ��$@ fraction�� 50 ��. 

F 1-2 

"��(��:����&� 

0.18 ���� 

F 9-15 

"��(��:����&� 

0.23 ���� 

F75-78 

0.0238 ���� 

F27-33 

0.0670 ���� 

F7-8 

0.0537 ���� 

F13-15 

0.0165 ���� 

F16-26 

0.0465 ���� 

F9-12 

0.0585 ���� 

F79-100 

0.0768 ���� 

F38-53 

0.0306 ���� 

F34-37 

0.0124 ���� 

F5-6 

CMWR1 

0.1861 ���� 

(
�������/����) 

F1-4 

0.0112 ���� 

F54-74 

0.0310 ���� 
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 ���"�� CMWR1 +�'���!��!�
��F����E��
� IR (�G�+�' 53) ��� GC-MS /����

�����������F�&'�
�&����"L�
����
��F����E��
�"�
��:���
 20  ���/F���/+�������

"��F:�����
�"�
���G�+�' 54-55    %)'
�@
;����&����@"��-F:�����
 butyl citrate 
 

 
 


:���� 53  ���B�����"���:��� ��
"�� CMWR1    
 

��
�� 20   �����������F�&'�
�&����"L�
����
��F����E CMWR1 ��
� GC-MS 
 

�8
<����<� 
��
������/�%���>�	�
�#�8
���9 

�,;�/@��A�+ GC 6890 / Agilent Technology 

";
����"�� (Inlet) �,��LG��  250 \C 

�,��LG��:G��@ (Oven) 
���'�:��120 \C (F
+�' 30 
���+�) ���'��,��LG��  

15 \C/��+�>��)
 240 \C (F
+�'4 ��+�)  

���"�� (Carrier gas) #������(He)  ��:�����!�� 1.0 ��./��+� 

GC  

F�����E (Column) 

F�����E HP-5 (5% phenyl methyl sioxane)  

F
����
 30 ��:�  

�"���;�JG��E���
 0.25 �������:�  

F
�������
��F
���B" 0.25 !�/F���:� 

�,;�/@��A�+ MSD 5973 / Hewlett Packard 

���

������$F:���(EI) 70 eV 

�,��LG�� MS Quadrupole 150 \C 

MS 

�,��LG�� MS Source 230 \C 
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3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

40000

800000

1200000

1600000

2000000

2400000

2800000

Time (min)

Abundance

5.62

9.51

3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

40000

800000

1200000

1600000

2000000

2400000

2800000

Time (min)

Abundance

5.62

9.51

 

:���� 54  GC ��
"�� CMWR1 

 

 

40 80 120 160 200 240 280 320 360 4000
2000
4000
6000
8000

10000

Abundance 185

129

259
5741 111 14787 203 231 287169 305 327345361 396

40 80 120 160 200 240 280 320 360 4000
2000
4000
6000
8000

10000

m/z

Butyl citrate

185
129

41 57 25911187 157 213231 361287

CMWR1 (RT 9.508 min)

40 80 120 160 200 240 280 320 360 4000
2000
4000
6000
8000

10000

Abundance 185

129

259
5741 111 14787 203 231 287169 305 327345361 396

40 80 120 160 200 240 280 320 360 4000
2000
4000
6000
8000

10000

m/z

Butyl citrate

185
129

41 57 25911187 157 213231 361287

CMWR1 (RT 9.508 min)

 

:���� 55 ��""���:�����
"�� CMWR1 �+��@��@ Butyl citrate >���������G� WILEY275 
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ABSTRACT 
 
As a model study of electrolytic decolourisation of aqueous alcoholic extracts of natural 
products, electrocoagulation of a green dye (chlorophyllin) and a yellow dye (crocin) was 
performed in aqueous alcoholic solutions, using aluminium and iron plates as electrodes 
and sodium chloride as supporting electrolyte. The aqueous alcoholic solutions studied 
contained 25, 50, 75, and 85% (v/v) ethanol. Effective decolourisation was observed in 
every experiment performed. 
To illustrate the potential application of the above electrochemical technique to the 
isolation of natural products, extraction of a known plant (Centella asiatica) and an 
unstudied one (Lithocarpus elegans) was carried out with the inclusion of an 
electrocoagulation step in the isolation process for each plant. 
 
 

INTRODUCTION 
 
The first step in studying a majority of natural products from plants generally consists of 

extraction of substances of interest, which are normally secondary metabolites, from the crude 
                                                        

* E-mail: duang@mail.chiangmai.ac.th 
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extract. A major problem in this step is to eliminate the unwanted so-called organic “matrix” 
materials, notably various plants pigments, tannins, and biopolymers (eg. carbohydrates, 
proteins). In a laboratory scale or even larger, this step is almost always carried out by a 
combination of solvent extraction and fractionation, and various chromatographic techniques. 
This usually involves using toxic organic solvents, and expensive specific adsorbents and a 
large volume of organic eluents, again consisting of mixtures of organic solvents. Also, both 
the adsorbents and the solvents after being used normally cannot be recycled or recovered, 
and consequently become foul and hazardous chemical wastes. Thus, if an alternative 
technique can be used to wholly, or even partly, replace the solvent fractionation and 
chromatographic separation, this may contribute toward lowering the expenditure of 
extraction of natural compounds from natural sources. Certainly, it will help reduce the 
amount of adsorbents and solvents used and subsequently cast away as contaminating wastes. 

Electrocoagulation is originally an electrochemical technique by which a variety of 
unwanted dissolved particles and suspended matter, both organic and inorganic, can be 
effectively removed from an aqueous solution by electrolysis [1-18]. Our preliminary work 
[19-24] on electrocoagulation, which is an extension of the work on extraction of stevioside 
by Miwa et al.[25], shows that this technique, normally applied to the treatment of various 
aqueous organic and inorganic wastes, or as a method in clarifying potable water in some 
areas [26, 27], may be incorporated as a step in isolating certain kinds of organic compounds, 
including a few natural products, resulting in the reduction of the usage of organic solvents 
and chromatographic adsorbents. 

Electrocoagulation seems to be a suitable method for clarifying the aqueous solution of a 
plant extract, rendering it free from the above interfering organic “matrix” materials, and thus 
leaving the compounds of interest more readily processable. By this method we have isolated 
caffeine from tea [28]; stevioside, a sweet glycoside from stevia (Stevia rebaudiana) [20]; 
glycyrrhizin, a sweet glycoside from Glycyrrhiza radix (licorice) [19]; D-pinitol, a cyclic 
polyol, from Cassia siamea [21]; and mukurrozioside, a saponin, from Sapindus rarak [24].  

However, all of the work above dealed with aqueous extracts, and, to our knowledge, 
there has been no other investigations on electrocoagulation that is performed in organic 
solvents or aqueous organic solvents, the systems that are undoubtedly more useful in 
isolating natural products in general. Thus, in the present work we report the results of our 
preliminary study on electrolytic removal of colouring matters in aqueous alcoholic solutions 
using model compounds, i.e. chlorophyllin (a representative green dye derived from 
chlorophyll) and crocin (a representative yellow dye which is a glycoside of the carotenoid 
crocetin). After that, to illustrate the potential application of the above electrochemical 
technique to the isolation of natural products, extraction of a known plant (Centella asiatica) 
and an unstudied one (Lithocarpus elegans), which were carried out employing 
electrocoagulation as a step in the isolation process for each plant, is presented. 
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ELECTROCOAGULATION EXPERIMENTS 
 

Materials and Methods 
 

Chemicals 
Absolute ethanol and sodium chloride (98.0%) were purchased from E. Merck 

(Darmstadt, Germany). Chlorophyllin (sodium-copper salt) was purchased from Sigma 
Chemical Co. (St. Louis, MO, USA). Crocin was purchased from Fluka Chemie AG (Buchs, 
Switzerland). Acetone used was of a commercial grade. 

 
 

Equipment 
Direct current was sustained by a GW Instek DC power supply; visible absorbance was 

measured on a Perkin-Elmer Lambda 25 and a Genesys10 spectrophotometer. 
 
 

Electrolytic Decolourisation and Colour Measurement 
Aluminium and iron plates (15.0�3.0 cm) were washed prior to use with acetone to 

remove surface grease. A pair of aluminium or iron plates was immersed 1.5 cm apart and 7.0 
cm deep into 200 ml of various aqueous alcoholic solutions (0, 25, 50, 75, 85 %) of 0.025 % 
w/v chlorophyllin or crocin in a beaker (diameter: 5.7 cm, height: 10.8 cm). These solutions 
were agitated throughout the experiment with a magnetic stirrer (250 r.p.m.). Sodium chloride 
(0.2 g) was added as supporting electrolyte. Direct current (0.3A, 10-30V) was then passed 
through the solution via the two electrodes. At every 15-minute interval during a 2-hour 
period of electrolysis, a 4-cm3 aliquot sample of the solution was drawn and centrifuged for 
10 minutes, and the absorbance of the supernatant solution was measured at an appropriate 
wavelength of the absorption maximum for each dye as follows: chlorophyllin: 626 nm 
(green range) and 406 nm (yellow range); crocin: 440 nm (yellow range). The measured 
absorbance was then converted to the residual weight percentage of chlorophyllin or crocin 
by a calibration curve obtained by a plot between the absorbance versus the concentration for 
each compound. 

 
 

Results and Discussion 
 
The mechanism of coagulation by electrolysis has been elaborated by Mollah et al. [29] 

in their review of electrocoagulation and its application for waste water treatment. When 
aluminium is used as a sacrificial electrode, the coagulating agent is usually aluminium 
hydroxide, its polymer Aln(OH)3n, or various forms of gelatinous charged hydroxo cationic  
Al complexes, which can effectively remove pollutants by adsorption to produce charge 
neutralization and by enmeshment in a precipitate. Al3+ produced in situ may also react 
directly with acidic species such as carboxylic acids and phenolic compounds present  in   the 
solution. When iron is used as the sacrificial electrode,  Fe2+, Fe3+, Fe(OH)2,  Fe(OH)3,      and  
Fe(OH)n are formed. The Fe(OH)n, present as a gelatious suspension, can remove pollutants 
either by complexation or by electrostatic attraction, followed by coagulation. Other species 
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which may be formed, depending on the pH of the solution, include Fe(OH)2+, Fe(OH)2
+,    

Fe(OH)6
-, and Fe(OH)4

-. It is, therefore, quite apparent that electrocoagulation of both 
cationic and anionic species is possible by using iron as the sacrificial electrode. 

In the first part of this experiment, the efficiency of chlorophyllin precipitation by each 
type of electrode was investigated. The plots of the residual weight percentage of 
chlorophyllin versus electrolysis time for various aqueous alcoholic solutions are shown in 
Figures 1A and 1B. In Figure 1A, with aluminium as electrodes, the results show that 
cholorophyllin was effectively removed at every concentration of ethanol used although the 
result of 50 % ethanol giving the lowest removal efficiency is rather surprising. In the case of 
iron being used as electrodes, the efficiency of chlorophyllin removal in all aqueous alcoholic 
solutions (0, 25, 50, 75, 85 %) was high (Figure 1B).  

After electrolysis for 2 hours, some of the chlorophyllin solutions were colourless, while 
some were of a pale yellow. The 0 and 25 % ethanolic solutions and 0-50 % ethanolic 
solutions were colourless when Al and Fe were used as electrodes, respectively. On the other 
hand, the solutions of 50-85 % ethanol concentrations (Al as electrodes) and 75 and 85 % 
ethanol concentrations (Fe as electrodes) were a clear pale yellow. Accordingly, the 
absorbance of these solutions were measured again at the wavelength of the absorption 
maximum for the yellow range (406 nm). The results are shown in Figures 2A and 2B. It is 
clear from the figures that the decolourisation of chlorophyllin in the yellow range was of the 
same efficiency as that in the green range. 

Figures 3A and 3B show the plots of the residual weight percentage of crocin versus 
electrolysis time for various alcoholic solutions when Al and Fe were used as electrodes, 
respectively. As shown in Figure 3A, the coagulation of crocin seems to fluctuate somewhat 
when alumimiun was used as electrodes. The results reveal that crocin was effectively 
removed in 75 and 85 % ethanol. In the case of 0, 25, and 50 % ethanol, the removal 
efficiency decreased when the concentration of ethanol in the mixture was increased. Using 
iron as electrodes, on the other hand, the efficiency of coagulation was high in all alcoholic 
solutions.  

 

A          B 

Figure 1. Plots of residual weight percentage and electrolysis time for each ethanol concentration of 
chlorophyllin solution at 626 nm; A: with aluminium as electrodes, B: with iron as electrodes; �, 0% ethanol 
(water); �, 25 % ethanol; �, 50 % ethanol; �, 75 % ethanol; �, 85 % ethanol.  
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A          B 

Figure 2. Plots of residual weight percentage and electrolysis time for each ethanol concentration of 
chlorophyllin solution at 406 nm; A: with aluminium as electrodes, B: with iron as electrodes; �, 
50%ethanol; �, 75%ethanol; � , 85%ethanol.  

 

A        B 

Figure 3. Plots of residual weight percentage and electrolysis time for each ethanol concentration of crocin 
solution at 440 nm; A: with aluminium as electrodes, B: with iron as electrodes ; �, 0 % ethanol (water); �, 
25 % ethanol; �, 50 % ethanol; �, 75 % ethanol; �, 85 % ethanol.  

 
Thus, in concluding, electrocoagulation in aqueous alcoholic solutions has been 

demonstrated to be practical, at least with model compounds used in this experiment, in 
which a green dye and a yellow dye were efficiently coagulated from the aqueous alcoholic 
solutions of various concentrations. Since these two dyes are representative to some extent of 
those colouring matters normally found in the majority of plant extracts, it is evident that 
electrocoagulation may be of use in removing these usually undesirable contaminants from 
the aqueous alcoholic plant extracts in practice.  

 
 
 
 

0.000

0.010

0.020

0.030

0 20 40 60 80 100 120
Electrolysis time (min)

R
es

id
ua

l w
ei

gh
t 

pe
rc

en
ta

ge

50% ethanol

75% ethanol

85% ethanol

0

0.01

0.02

0.03

0 20 40 60 80 100 120

Electrolysis time (min)

R
es

id
ua

l w
ei

gh
t 

pe
rc

en
ta

ge

75% ethanol

85% ethanol

0.000

0.010

0.020

0.030

0 20 40 60 80 100 120

Electrolysis time (min)

R
es

id
ua

l w
ei

gh
t 

pe
rc

en
ta

ge

Water

25% ethanol

50% ethanol

75% ethanol

85% ethanol

0.000

0.010

0.020

0.030

0 20 40 60 80 100 120

Electrolysis time (min)

R
es

id
ua

l w
ei

gh
t 

pe
rc

en
ta

ge

Water

25% ethanol

50% ethanol

75% ethanol

85% ethanol



K. Jumpathong, W. Phutdhawong, S. Chowwanapoonpohn,et al. 6 

APPLICATIONS TO NATURAL PRODUCTS ISOLATION 
 

Centella Asiatica 
 

Discussion 
Centella asiatica, or Asiatic Pennywort, is a herb found in the marshy areas throughout 

India and Ceylon. It is also found in subtropical Africa, South America, southern parts of 
America and also widespread in Southeast Asia. In Thailand, it is called “Bua Bok”, literally 
“land lotus”, because of its miniature lotus-like leaf. The plant is greatly valued for its time-
honoured use as an efficient wound healing promotant, among many other activities. This has 
been demonstrated to be due mainly to the presence of asiaticoside in the leaves [30-34]. 
Asiaticoside, or O-6-deoxy-�-L-mannopyranosyl-(1�4)-O-�-D-glucopyranosyl-(1�6)-�-D-
glucopyranosyl-(2�,3�,4�)-2,3,23-trihydroxyurs-12-en-28-oate, is a triterpenoid trisaccharide 
glycoside [30]. 

Isolation of asiaticoside from the leaves of C. asiatica was normally carried out using a 
series of solvent extraction and fractionation. For example, Pasich et al. [35] defatted the 
plant material first with benzene, then extracted the defatted material with ethanol. The 
concentrated ethanolic extract was further extracted with acetone, and the acetone-soluble 
fraction was repeatedly extracted with ether. The ether-soluble fraction was treated with a 
cation exchange resin. The resulting supernatant solution was decanted, treated with absolute 
ethanol in excess, and the raw asiaticoside fraction setting out was recrystallised. Luo and 
Chin [36] used 95% ethanol as extracting solvent, decolourised the solution with active 
carbon, treated the concentrated alcoholic solution with petroleum ether, diethyl ether, and 
ethyl acetate, and then extracted with water-saturated butanol to give a fraction containing 
asiaticoside, which was crystallised. Kim et al. [37] extracted the plant material with an 
aqueous alcoholic solution, which was then treated with a halogenated solvent. The aqueous 
layer was extracted with a higher alcohol, whose layer was washed several times with an 
aqueous alkaline solution, then with water, concentrated in vacuo, and the resulting residue 
crystallised. 

In this study, electrocoagulation with iron as electrodes and sodium chloride as 
supporting electrolyte, was performed on an aqueous ethanolic extract of C. asiatica to 
eliminate plant pigments, fatty material, and other suspended particles. The resulting 
decolourised solution was passed through a column of a mixed-bed ion exchange resin to trap 
the added electrolyte, as well as further purify the extract. The resulting demineralised 
solution, after concentration, was eluted through a silica gel column with aqueous alcohol to 
afford a major component. This was easily recrystallised as a pure white solid, which was 
obtained in 0.036 % (from fresh leaves). Characterisation of this solid as asiaticoside was 
carried out by a spectroscopic study. The main advantage of this isolation technique of 
asiaticoside was a minimum use of different types of organic solvents, viz. only alcohol 
(ethanol and methanol) was used throughout the process. 

 
 

Experimental 
Fresh leaves of C. asiatica (670 g) were extracted with 25 % (v/v) ethanol (1,000 ml) by 

heating at reflux for 3 hours. After one coarse filtration, 800 ml of a dark green ethanolic 
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aqueous extract was obtained. Two iron plates (dimension 30 x 10 x 0.05 cm) were used as 
electrodes for electrocoagulation of the extract. These were vertically dipped 3 cm apart and 9 
cm deep into a magnetically-stirred aqueous ethanolic solution in a round glass jar. Sodium 
chloride (2 g) was added, and direct current (0.5 A, 22 V) from a DC power supplier was then 
passed through the solution via the two electrodes for 2 hours. The resulting mixture was 
filtered and the filtered solution obtained was subjected to a second electrolysis for 30 
minutes under the same condition. After filtration, a clear pale yellow solution (700 ml) was 
obtained. This doubly-electrolysed solution was passed through a column of a mix-bed ion-
exchange resin (Amberlite MB-1, 200 ml), and the resulting clear, colourless aqueous 
solution (conductivity < 50 �S cm–1) was collected. Evaporation gave a liquid residue (3.89 
g), which showed an intense spot and some light spots on a RP18 TLC plate (70 % MeOH as 
eluent, and visualised by spraying with 30 % H2SO4 and heating). The residue was 
chromatographed over a RP18 silica gel column (70 % MeOH as eluent) to collect the major 
component, which easily crystallised in methanol-water as a white amorphous solid (0.24 g, 
0.036 % from fresh leaves), m.p. 229-231o (literature value for asiaticoside = 230-232o) [38]. 
Characterisation of asiaticoside was carried out by NMR, and mass spectrometry. (See below) 

 
 

Spectroscopic Study 
All 1H NMR spectra (1D and 2D) were measured on a Varian Mercury 500 MHz 

spectrometer with CD3OD as solvent; 13C NMR spectra and DEPT were run on a Varian 
Mercury 300 MHz spectrometer with CD3OD as solvent; mass spectrum was recorded on a 
VG Quattro LC-MS. 

ES-MS (Positive ion) m/z (% relative intensity) 959 [M]+ (29), 797 [M-Rha]+ (9), 635 
(15), 499 (20), 381 (30), 359 (100), 214 (87), 157 (40), 71 (45); 1H NMR (500 MHz, CD3OD) 
�	0.90 (3H, d, J=6.6 Hz, Me-29), 0.97 (3H, d, J=6.4 Hz, Me-30), 0.71, 0.84, 1.05, 1.13 (each 
3H, s, Me-24, Me-26, Me-25, Me-27), 1.27 (3H, d, J=6.1 Hz, Me of Rha), 1.38 (2H, m, H-
19), 2.24 (1H, d, J=10.8 Hz, H-18), 3.34 (1H, d, J=11.7 Hz, H-3), 3.46 (2H, d, J=10.8 Hz, H-
23), 3.67 (1H, ddd, J=10, 9.5, 4 Hz, H-2), 4.37 (1H, d, J=7.3 Hz, H-1 of Glc), 4.84 (1H, br s, 
H-1 of Rha), 5.24 (1H, br t, J=3.4, H-12), 5.29 (1H, d, J=8.1 Hz, H-1 of Glc); 13C NMR (75 
MHz, CD3OD) � 47.3 (C-1), 69.4 (C-2), 76.9 (C-3), 42.9 (C-4), 47.4 (C-5), 17.8 (C-6), 32.4 
(C-7), 39.7 (C-8), 48.3 (C-9), 37.8 (C-10), 23.3 (C-11), 125.7 (C-12), 138.1 (C-13), 42.2 (C-
14), 28.0 (C-15), 24.0 (C-16), 48.5 (C-17), 52.9 (C-18), 39.0 (C-19), 39.2 (C-20), 30.5 (C-
21), 36.4 (C-22), 65.0 (C-23), 12.8 (C-24), 16.6 (C-25), 16.7 (C-26), 22.8 (C-27), 176.7 (C-
28), 16.4 (C-29), 20.4 (C-30). 

The crystallised solid was analysed for C48H78O19 by its 13C NMR data as well as from 
the ES (positive ion mode)-MS data at m/z 959 [M]+ and 797 [M-Rha]+. The 1H and 13C-
NMR spectra display resonances due to the six methyl signals (four singlets, a broad singlet, 
and a doublet) indicating the presence of a 
12-ursene skeleton. The sugar part of the 1H 
NMR spectrum (Figure 4) showed, beside other signals, the three doublets for the three 
anomeric protons (� 5.29 d, J=7.9 Hz; 4.84, d, J=1.5 Hz; 4.37, d, J=7.9 Hz ) indicating that it 
contains three monosaccharides with many overlapping multiplets, which present an 
unambiguous assignment even by performing an ordinary COSY experiment However, the 
2D TOCSY experiment allows an easy identification of the three sugar spin systems. The 
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sequence of three sugar chains was deduced unequivocally from the HMBC and TOCSY 
information, as illustrated in Figures 5, 6, and 7.  

 

 

Figure 4. 500 MHz 1H-NMR spectrum (methanol-d4) of the crystallised solid. 

 



Electrocoagulation in Aqueous Alcoholic Solutions 9 

Me
Me

Me

MeMe

Me

OH

OH
HOH2C

H
H

CO2

Sugar
  

HMBC 

O

OMe

O
O

C
H2

O

OH

H

H

H

OH
OH

H
H

HHOH2C

H
H

OH
OH

H

H

H

OH
OH

H

H

H

OH H

Aglycone

 
TOCSY 

Figure 5. The sequence and linkage position of monosaccharide and triterpenoid established by HMBC and 
TOCSY experiments. 



K. Jumpathong, W. Phutdhawong, S. Chowwanapoonpohn,et al. 10 

 

Figure 6. 500 MHz HMBC NMR spectrum for the sequence and linkage position of monosaccharide and 
triterpenoid (methanol-d4) of the crystallised solid. 
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Figure 7. 500 MHz TOCSY NMR spectrum for the sequence and linkage position of monosaccharide and 
triterpenoid (methanol-d4) of the crystallised solid. 

 
The glycoside was acetylated with acetic anhydride-pyridine and then flash-

chromatographed to give the acetate form, which showed the 1H spectrum of acetate grouping 
indicating 12 hydroxyl groups in the structure. The 13C NMR spectrum showed 48 signals, of 
which 30 were assigned to the triterpenoid moiety, and 18 to the saccharide portion units. 
From the HMBC spectrum, the long-range correlation of H-1 (� 5.29) of Glc' and H-18 (� 
2.23) of the aglycone with C-28 (� 176.7) established that the sugar part was attached to C-17 
of the aglycone.  

 
 

Lithocarpus Elegans 
 

Discussion 
Lithocarpus elegans is a forest evergreen tree known in Thailand as “Gor Mone” with no 

information on its chemical constituents so far available in the literature. The phytochemical 
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investigation of other members of the genus Lithocarpus (family: Fagaceae) reveals the 
presence of triterpenoids, steroids, and flavonoids [39-45]. L. elegans was selected for our 
study in the present work for the pure reason of its accidental availability to us when we came 
across it being left knocked down in the forest by someone. Its trunk when cut showed a 
bright red colour of the bark, which was then collected for this study. 

Since the chemical constituents of the plant were unknown, we separately extracted the 
collected bark both by a standard method and that which incorporated an electrocoagulation 
step, in order to test the effect the electrocoagulation might have on the extraction process. In 
the former method, the bark was extracted with aqueous ethanol to give a crude extract, 
which was solvent fractionated into 2 fractions, viz. the water-methanol and the 
dichloromethane-water fractions. The first fraction was then further solvent fractionated and 
chromatographed to give 3 known flavonoid compounds: catechin, epicatechin, and 
proanthocyanidin B. The latter fraction was chromatographed to give 3 known triterpenoid 
compounds: lupeol, betulin, and betulinic acid. (See Figure 8.) 

                                          Bark 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Extraction scheme for the bark of L. elegans 

 
In the procedure in which an electrocoagulation step was included (Figure 8), the original 

crude extract was electrocoagulated in 25 % ethanol and a coagulated fraction was obtained, 
which was then treated similarly by solvent fractionation to give the water-methanol and the 
dichloromethane-water fractions. The former fraction, after identical treatment as above, also 
gave more or less the same set of flavonoid compounds. The latter fraction after the same 
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treatment as above, however, gave somewhat different results, i.e. only 2 triterpenoid 
compounds were present: lupeol and betulinic acid, while betulin was absent. Many other 
minor compounds present in the dichloromethane-water fraction of the original crude extract 
were also missing, thus giving a much cleaner appearance of the TLC chromatogram (Figure 
9). These missing components were presumably left uncoagulated in the electrolysed 
solution, which, unfortunatedly, we had no time to examine further.  

Thus, from the above results, it seems that, firstly, the electrocoagulation step, normally 
performed with aqueous extracts of natural products, can also be carried out in an aqueous 
alcoholic solution, a more useful system. Secondly, the electrocoagulation condition used in 
this experiment does not affect the integrity of the isolated components present in the extract 
of natural products. And thirdly, the electrocoagulation step can be of use in fractionating 
those components into 2 main fractions, viz. the coagulated and the uncoagulated parts. Other 
things being equal, large molecules tend to be preferentially coagulated, as well as 
compounds with certain functional groups, e.g. carboxyl group and 1,2-disubstituted phenolic 
groups [46-47]. In the above experiment, however, why lupeol, a hydroxytriterpene, was 
coagulated, but betulin, a similar triterpene with 2 hydroxyl groups, was not coagulated is still 
not readily explainable. 

 
 

Experimental 
 

Plant Material 
The stem bark of Lithocarpus elegans was collected from Doi Suthep-Pui National Park, 

east side of Doi Suthep at Pah Lad Temple, Chiang Mai , Thailand, on 6 September 2000.The 
plant material was identified by J. Maxwell from the Department of Biology at Chiang Mai 
University. A voucher specimen was deposited at the Department of Biology Herbarium, 
Chiang Mai University with the Accession Nos. S-01 and S-12. 

 
 

Instrumentation 
Melting points were recorded either on a Fisher-Johns melting point apparatus or a 

Gallenkamp melting point apparatus. Electrospray (ES) mass spectra were obtained on a 
Finigan Mat 900 XL double focussing magnetic sector spectrometer. 1H NMR (500 MHz) 
and 13C NMR (125 MHz) experiments, including COSY, HMQC, and HMBC techniques 
were carried on a Bruker DRX –500 (500 MHz). Chemical shifts (�) were recorded in part 
per million (ppm). Reverse phase high performance liquid chromatography (RP HPLC) was 
connected to a Waters 501 pump or an ICI Instruments 1500 pump connected with the Diode 
array detection. TLC was carried out on aluminium plates coated with Merck silica gel 60 
F254. NPCC (normal phase flash column chromatography) was carried out using silica gel S 
(0.032 – 0.063 mm) under a pressure of compressed air.  

 
 

Extraction and Analysis of the Crude Bark Extract 
The dried stem bark of L. elegans (1.4 kg) was extracted with 70% ethanol (4 litres) at 

room temperature for 2 days. The red extract was filtered and the remaining bark reextracted. 
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This procedure was repeated until a pale red solution was afforded. The combined solution 
was evaporated and dried under vacuum to afford the crude ethanolic extract (170 g) as a 
deep red solid substance. A portion (5.58g) of this ethanolic extract was dissolved in 
methanol:H2O (1:1, 80 ml) and partitioned with CH2Cl2 (30 ml) to give, after evaporation, the 
CH2Cl2/H2O fraction (1.58 g) and H2O/MeOH fraction (4.6 g). The CH2Cl2/H2O fraction 
(LC29-DCM) was then chromatographed over a silica gel column eluted with the gradient 
hexane, CH2Cl2, EtOAc, and MeOH, respectively. The resulting eluate was monitored by 
TLC (developed with acetone:hexane = 1:5) to yield 8 fractions, i.e. fractions 25-1 to 25-8. 
Fraction 25-5 was recrystallised from MeOH to yield lupeol (15 mg). Fraction 25-8 was then 
separated by reverse phase HPLC, which was carried out with C-18 Phenomenex R 10x250 
mm column, with the diode array detector at 202 nm. The elution conditions were as follows: 
flow rate 2.0 mlmin-1, temperature 28o, gradient solvent system A (100 % H2O) and B (100% 
MeOH). The samples were eluted according to the following binary gradient: 70 % B 
reaching 80 % B at 20min, 85 % at 30 min and 90 % B at 50 min. Betulin (4 mg) and 
betulinic acid (3 mg) were obtained at retention times 41.6 and 39.9 min., respectively. 
Characterisation of the isolated lupeol, betulin, and betulinic acid was done by comparison of 
their respective spectra (IR, 1H-NMR, 13C-NMR, and MS) with those reported in the 
literature [41, 48, 49-52]. 

The H2O/MeOH fraction was partitioned with 1-butanol (2x30 ml) to gain, after 
evaporation, the butanol-soluble extract (3.59 g), which was subjected to gel filtration 
chromatography using a column prepacked with methacrylate copolymer matrix: Fractogel 
TSK HW-40 (particle diameter 25-40 �m, MerckR) of length 38 cm, with i.d. 2 cm. The 
column was connected with a peristaltic pump and eluted with gradient polarity eluents (70 % 
aqueous MeOH, 80 % aqueous MeOH, MeOH:H2O:acetone = 7:2:1, 6:2:2, 5:2:3, 3:2:5). The 
filtrate passing through the column was monitored with TLC (developed with 1-
butanol:CH3COOH:H2O = 6:1:2, and visualised under short UV wavelength at 254 nm, 
together with spraying with 2 % FeCl3 alcoholic colouring reagent) to yield 8 fractions, viz. 
LC29t1-LC29t8. The LC29t1 (50 mg) was further separated by reversed phase HPLC, which 
was carried out with C-18 Phenomenex, spherex column, 10x250 mm, with a UV detector at 
280 nm. The elution condition was as follows: flow-rate 1.0 ml min-1, temperature 28o, 
gradient solvent system A (0.1 % CH3COOH in water) and B (100 % MeOH). The system of 
binary gradient eluent was started with 5 % B in order to reach 50 % B at 20 min, 80 % B at 
25 min and 100 % B at 30 min, to afford catechin (12 mg) and epicatechin (18 mg) at 
retention times 10.20 and 11.80 min., respectively. The LC29t2 fraction (30 mg) was 
investigated by NMR and MS spectrometry, which showed that it was a mixture containing 
proanthocyanidin B as a major constituent The other remaining fractions, according to their 
NMR spectral data, contained oligomeric condensed tannins as the main components, which 
were not purified further. Characterisation of the isolated catechin, epicatechin, and 
proanthocyanidin B was done by comparison of their respective spectra (IR, 1H-NMR, 13C-
NMR, and MS) with those reported in the literature [53-55].  

 
 

Electrolysis and Recovery of Electrocoagulated Compounds  
A portion of the original crude L. elagans ethanolic extract (1.67 g) was dissolved in 25 

% ethanol in water (1 litre). The resulting solution was placed in a glass jar (diameter 11 cm, 
height 23 cm). Two aluminium plates (dimension 30x10x0.05 cm) were used as electrodes. 
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These were dipped vertically 3 cm apart and 9 cm deep into the magnetically-stirred solution. 
Sodium chloride (2 g) was added as supporting electrolyte. Direct current (2.0A, 16V) from a 
DC power supplier was then passed through the solution via the two electrodes for 2 hours. 
The resulting mixture was filtered and the coagulum was collected. The coagulated 
substances were recovered [46] by dissolving the coagulum in 10% HCl (100 ml). The 
obtained acidic solution was extracted with a small quantity of 1-butanol. Evaporation of the 
alcohol then afforded the recovery sample (0.98 g). 

 
 

Fractionation and Analysis of Electrocoagulated Sample 
The recovery sample from above (0.30 g) was dissolved in 50 % aqueous methanol and 

partitioned with CH2Cl2 to give, after evaporation, CH2Cl2/H2O fraction (LC33-DCM, 0.09 
gm) and H2O/MeOH fraction (0.25 g). Comparison of the CH2Cl2/H2O fraction with the 
previous corresponding fraction obtained without electrocoagulation treatment (fraction 
LC29-DCM) by TLC (developed with acetone:hexane = 1:5, sprayed with phosphomolybdic 
acid reagent and heated) gave the result as shown in Figure 9. Then the CH2Cl2/H2O fraction 
was chromatographed over a silica gel column eluted with hexane, CH2Cl2, EtOAc, and 
MeOH, respectively to yield 5 fractions, i.e. fractions LC33-1 to LC33-5. Lupeol (10 mg) was 
recovered from fraction LC33-2. Fraction LC33-5 (30 mg) was then subjected to reverse-
phase HPLC using the same system as in the isolation of the components from fraction 25-8 
to yield betulinic acid (3 mg). 

 

 
Figure 9. TLC of uncoagulated CH2Cl2/H2O fraction (LC29-DCM) compared  with coagulated CH2Cl2/H2O 
fraction (LC33-DCM) 

 
The H2O/MeOH fraction (0.25 g) was repartitioned with 1-butanol to gain the butanol-

soluble extract (0.15 g). It was then fractionated by a gel filtration chromatography column 
prepacked with methacrylate copolymer matrix, Fractogel TSK HW-40, and eluted with the 

1 = ref. lupeol 

2 = ref. betulin 

3 = ref. betulinic acid 

4 = fraction LC29-DCM 
5 = fraction LC33-DCM 

 1             2           3             4             5  
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same gradient polarity system used to isolate the untreated sample to yield 6 main fractions, 
i.e. LC34t1 to LC34t6. Each fraction was investigated by 1H NMR and MS (EIMS, negative 
ion mode). The 1H NMR spectrum of LC34t2 (10 mg) was almost identical to that of LC29t1 
containing a mixture of monomeric condensed tannins, viz. catechin and epicatechin. 
Moreover the mass spectrum of this recovery fraction has a prominent peak of ��
��
at m/z 
290 suggesting the molecular peak of monomeric condensed tannins, catechin and 
epicatechin. However, since the obtained sample size of this fraction (LC34t2, 10 mg) was 
rather small, it was not further separated by HPLC like fraction LC29t1, but analysed instead 
by HPLC/MS under the following conditions. The MS apparatus coupled to the 
chromatographic system was a Hewlett Packard simple quadrupole mass spectrometer with a 
mass range of 400 mass units, equipped with an electrospray ion source. The mass 
spectrometer was operated in the negative ion mode. Ion spray voltage was set at -4000 V and 
orifice voltage at –50 V with nitrogen flow rate 13 L/min. HPLC was carried out on narrow-
bore reverse phase column (Water �-bondapak, C-18, porasil semi-preparative column, 
3.6x300 mm). The sample was injected with a rotary valve fitted with a 20 �L sample loop. 
Elution was achieved with solvent A (0.01 M aqueous phosphoric acid) and B (methanol). 
The sample was eluted according to the following binary gradient: 5 % B reaching 50 % at 10 
min, 70 % at 15 min, 80 % at 20 min and 100 % at 25 min. The flow rate was 0.5 ml min-1. 
DAD instrument was operated at UV wavelength 280 nm. The temperature was constant at 
29o.  

The result of the above operation showed that fraction LC34t2 gave 2 sharp signals at 
retention times 11.8 and 12.6 min., each showing the molecular ion peak in the mass 
spectrum at m/z 289 (ESI, negative ion mode), and a very broad signal immediately after. 
Fraction LC29t1 under the same condition gave 2 sharp signals at retention times 11.8 and 
12.7 min. Those of authentic catechin and epicatechin were 11.8 and 12.7 min. respectively 
(Figure 10). 

The remaining fractions from the gel filtration column (LC34t3-LC34t6) were examined 
by 1H and 13C NMR, which indicated the presence of oligomeric condensed tannins as the 
major component. 

 
 
 
 
 
 
 
 

 
 

 (a)      (b)     (c) 
1 = catechin 11.8 min   3 = catechin 11.8 min   5 = catechin 11.8 min  
2 = epicatechin 12.7 min   4 = epicatechin 12.7 min   6 = epicatechin 12.6 min 
a = standard mixture of catechin and epicatechin 
b = fraction LC29t1 c = fraction LC34t2 

1 

2 

3 

4 
5 

6 
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Spectroscopic Data  
Lupeol. M.p. 212�C (lit. 215-216�C) [48]; EIMS m/z (% relative intensity) 426 (41), 411 

(13), 315 (12), 272 (6), 257 (13), 218 (39), 207 (74), 189 (75), 147 (33), 135 (84), 121 (64), 
109 (89), 95 (100), 81 (100), 69 (90), 55 (84), 41 (72); HR-EIMS: 426. 6067 [M+]; 1H NMR 
(500 MHz, CDCl3) � 0.67 (1H, d, J = 9.0 Hz, H-5), 0.75 (3H, s, H-24), 0.78 (3H, s, H-28), 
0.84 (3H, s, H-25), 0.93 (3H, s, H-27), 0.95 (3H, s, H-23), 1.02 (3H, s, H-26), 1.65 (3H, s, H-
30), 1.22 (1H, m, H-22a), 1.42 (1H, m, H-22b), 1.33 (1H, m, H-21a), 1.90 (1H, m, H-21b), 
2.38 (1H, m, H-19), 3.18 (1H, dd, J = 11.2, 4 Hz, H-3), 4.55 (1H, dd, J = 2.5, 1.5 Hz, H-29a), 
4.67 (1H, d, J = 2.5 Hz, H-29b);.��C NMR (125 MHz, CDCl3) �	38.7 (C-1), 27.4 (C-2), 78.9 
(C-3), 38.8 (C-4), 55.3 (C-5), 18.3 (C-6), 34.2 (C-7), 40.8 (C-8), 50.4 (C-9), 37.1 (C-10), 20.9 
(C-11), 25.1 (C-12), 38.0 (C-13), 42.8 (C-14), 27.4 (C-15), 35.5 (C-16), 43.0 (C-17), 48.2 (C-
18), 47.9 (C-19), 150.9 (C-20), 29.8 (C-21), 40.0 (C-22), 28.0 (C-23), 15.4 (C-24), 16.1 (C-
25), 15.9 (C-26), 14.5 (C-27), 18.0 (C-28), 109.3 (C-29), 19.3 (C-30).  

Betulin. M.p. 237�C (lit. 236-238�C) [50]; ESI +ve m/z (% relative intensity) 443 (100), 
412 (26), 384 (38), 361 (15), 344 (12), 325 (22), 318 (29), 288(5), 257 (8), 248 (30), 207 (55), 
189 (100), 175 (32), 135 (62), 121 (50), 107 (52), 95 (67), 81 (70), 69 (63), 55 (62), 41 (58); 
LR-EIMS: 443 [M+]; 1H NMR (500 MHz, CDCl3) �	0.67 (1H, d, J = 8.0 Hz, H-5), 0.76 (3H, 
s, H-24), 0.82 (3H, s, H-25), 0.89 (1H, d, J = 2 Hz, H-1b), 0.97 (3H, s, H-23), 0.99 (3H, s, H-
27), 1.02 (3H, s, H-26), 1.18 (1H, d, J = 4.0 Hz, H-11b), 1.21 (1H, d, J = 3.5 Hz, H-16b), 1.68 
(3H, s, H-30), 2.38 (1H, m, H-19), 3.18 (1H, dd, J = 11.4, 5 Hz, H-3), 3.34 (1H, d, J = 
10.6Hz, H-28b), 3.80 (1H, d, J = 10.6 Hz, H-28a), 4.58 (1H, d, J = 1.4, H-29a), 4.69 (1H, d, J 
= 1.4 Hz, H-29b); 13C NMR (125 MHz, CDCl3) � 38.7 (C-1), 27.4 (C-2), 78.9 (C-3), 38.7 (C-
4), 55.3 (C-5), 18.3 (C-6), 34.2 (C-7), 40.9 (C-8), 50.4 (C-9), 37.2 (C-10), 20.8 (C-11), 25.2 
(C-12), 37.3 (C-13), 42.7 (C-14), 27.0 (C-15), 29.2 (C-16), 47.7 (C-17), 48.7(C-18), 47.8 (C-
19), 150.6 (C-20), 29.7 (C-21), 34.0 (C-22), 27.9 (C-23), 15.3 (C-24), 16.0 (C-25), 16.1 (C-
26), 14.7 (C-27), 60.5 (C-28), 109.7 (C-29), 20.8 (C-30) 

Betulinic acid. M.p. 280 �C (lit. 279-283 �C) [52]; ESI +ve m/z (% relative intensity) 457 
(20), 412 (23), 316 (3), 302 (4), 248(30), 218 (39), 208 (74), 190(75), 147 (33), 135 (84), 121 
(64), 109 (89), 95 (70), 81 (100), 69 (90); HR-EIMS: 455[�
�� 1H NMR (500 MHz, CDCl3) � 
0.68 (1H, d, J = 9.0 Hz, H-5), 0.75 (3H, s, H-24), 0.82 (3H, s, H-25), 0.97 (3H, s, H-23), 0.94 
(3H, s, H-26), 0.98 (3H, s, H-27), 1.69 (3H, s, H-30), 1.96 (1H, m, H-21b), 1.39 (1H, m, H-
21a), 2.28 (1H, m, H-21b), 2.99 (1H, ddd, J = 11, 11, 6 Hz, H-19), 3.18 (1H, dd, J = 11.3, 5 
Hz, H-3), 4.60 (1H, d, J = 1.5 Hz, H-29a), 4.74 (1H, d, J = 1.5 Hz, H-29b); 13C NMR (125 
MHz, CDCl3) � 38.7 (C-1), 27.4 (C-2), 78.9 (C-3), 38.8 (C-4), 55.3 (C-5), 18.3 (C-6), 34.3 
(C-7), 40.7 (C-8), 50.5 (C-9), 37.2 (C-10), 20.8 (C-11), 25.5 (C-12), 38.4 (C-13), 42.4 (C-14), 
30.5 (C-15), 32.1 (C-16), 56.3 (C-17), 46.8 (C-18), 49.2 (C-19), 150.3 (C-20), 29.7 (C-21), 
37.0 (C-22), 27.9 (C-23), 15.3 (C-24), 16.0 (C-25), 16.1 (C-26), 14.7 (C-27), 180.5 (C-28), 
109.6 (C-29), 19.4 (C-30).  

Catechin. IR (KBr) � max 3350, 1440, 1600, 1160, 780 cm-1; HR-EIMS: 289 [M-]; 1H 
NMR (500 MHz, acetone-d6: D2O = 1: 1) � (signal for H-2 is obscured by solvent peak), 4.02 
(1H, m, H-3), 2.40 (1H, dd, J = 16.2, 7.9 Hz, H-4ax), 2.71 (1H, dd, 16.2, 5.4 Hz, H-4eq), 5.91 
(1H, d, J = 2.3 Hz, H-6), 5.81 (1H, d, J = 2.3 Hz, H-8), 6.77 (1H, d, J = 2.0 Hz, H-2’), 6.74 
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(1H, d, 8.1 Hz, H-5’), 6.67(1H, dd, J = 8.2, 2.0 Hz, H-6’); 13C NMR (125 MHz, acetone-d6: 
D2O = 1: 1 v/v) �	81.4 (C-2), 67.1 (C-3), 27.3 (C-4), 156.0 (C-5), 96.2 (C-6), 156.1 (C-7), 
95.3 (C-8), 155.7 (C-9), 100.6 (C-10), 130.9 (C-1’), 115.1 (C-2’), 144.8 (C-3’), 144.9 (C-4’), 
116.3 (C-5’), 120.0 (C-6’).  

Epicatechin. IR (KBr) � max 3400, 1460, 1617, 1140, 750 cm-1; HR-EIMS: 289 [M-]; 1H 
NMR (500 MHz, acetone-d6: D2O = 1: 1) � 4.79 (1H, s, H-2), 4.18 (1H, br. H-3), 2.76 (1H, 
dd, J = 16.8, 4.44 Hz, H-4ax), 2.59 (1H, dd, 16.6, 2.8 Hz, H-4eq), 5.91 (1H, d, J = 2.3 Hz, H-
6), 5.89 (1H, d, J = 2.3 Hz, H-8), 6.89 (1H, d, s, H-2’), 6.76 (1H, s, H-5’), 6.66 (1H, s, H-6’); 
13C NMR (125 MHz, acetone-d6: D2O = 1: 1) � 78.5 (C-2), 66.1 (C-3), 27.9 (C-4), 156.4 (C-
5), 95.9 (C-6), 156.1 (C-7), 95.3 (C-8), 155.9 (C-9), 99.6 (C-10), 131.2 (C-1’), 115.7 (C-2’), 
144.3 (C-3’), 144.4 (C-4’), 114.8 (C-5’), 119.0 (C-6’).  

Proanthocyanidin B. HR-EIMS: 577 [M-]; 1H NMR (500 MHz, acetone-d6: D2O = 1: 1) � 
8.25 (s, ArOH), 5.9-6.1 (m, ArH of ring A, D), 6.6-7.2 (m, ArH of ring B, E), 4.04 (m, OH), 
4.8 (s, H-2 of ring C), 4.35 (s, H-3 of ring C), 4.1 (s, H-4 of ring C), 5.05 (m, H-2 of ring F), 
5.2 (m, H-3 of ring F), 2.8 (m, H-4 of ring F); 13C NMR (125 MHz, acetone-d6: D2O = 1: 1) � 
upper: 83.2 (C-2), 73.5 (C-3), 37.9 (C-4), 96.4 (C-6), 96.6 (C-8), 131.4 (C-1’), 115.4 (C-2’), 
144.8 (C-3’), 144.9 (C-4’), 116.5 (C-5’), 119.8 (C-6’), lower: 81.4 (C-2), 68.2 (C-3), 97.2 (C-
6), 108.6 (C-8), 132.1 (C-1’), 116.2 (C-2’), 145.0 (C-3’), 145.4 (C-4’), 116.6 (C-5’), 120.8 
(C-6’).  
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Abstract: Electrocoagulation was used for dechlorophyllation of alcoholic extracts from 
five plants. The results showed that for every plant extract studied, electrocoagulation was 
more efficient than the classical solvent extraction method in removing plant pigments, 
while not affecting the important secondary metabolites in those extracts.  

Keywords: Dechlorophyllation, electrolytic decolourisation, electrocoagulation 

Introduction 

In the process of isolation of natural products from plants, the so-called “organic matrix” 
consisting of such substances as pigments, tannins, carbohydrates, etc. normally must be removed 
from the crude extract so the desired secondary metabolites may be obtained in a purified form.  This 
problem is more pronounced when the extracted plant part is the leaf, which always contains plant 
pigments, notably the chlorophylls and the carotenoids, apart from other normally undesirable 
components, especially the tannins. Conventional methods for removing these substances are solvent 
extraction and chromatography.  However, typically one or more toxic organic solvents must be used 
in large amounts in both methods, after which these solvents eventually end up as a problematic 
volatile chemical waste. Also, in chromatography, expensive and usually unrecoverable adsorbents 
must be used, and even then, the efficiency of pigment removal is usually far from satisfactory. In this 
report, we present an alternative method of plant pigment removal, in which usage of a large amount 
of extracting solvents can be dispensed with. The pioneer in this field is Miwa [1], who in 1978 used 
the process of electrocoagulation to effect dechlorophyllation of an aqueous extract of stevia in order 
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to obtain the sweet glycosidic components from stevia leaves. However, no further work in which 
electrocoagulation has been similarly applied has appeared in the literature since then. Instead, 
electrocoagulation (EC), an electrochemical technique by which a variety of unwanted dissolved 
particles and suspended matter, both organic and inorganic, can be effectively removed from an 
aqueous solution by electrolysis, has been mainly used to treat various aqueous organic and inorganic 
wastes [2-19], or sometimes as a method in clarifying potable water [20-21].  As an extension of the 
work by Miwa who used only aqueous plant extracts, we report here the dechlorophyllation of 
alcoholic plant extracts by electrocoagulation. To our knowledge, apart from the work of our group 
[22-25], there have been no other investigations on electrocoagulation that are performed in solutions 
containing an organic solvent, the system that is undoubtedly more useful in isolating natural products 
in general. 

Results and Discussion   

As shown in Table 1, absorbances at 665-666 nm (corresponding to the green pigments) and at 
408-410 nm (corresponding to the yellow pigments) for Solutions 1 (from the EC method) are all 
lower than the corresponding values for Solutions 2 (from the solvent extraction method). This is also 
evident visually from Figure 1, thus indicating that dechlorophyllation by EC is more efficient than the 
conventional solvent fractionation method for all of the plants studied.

Table 1.  Absorbances of plant extracts obtained after dechlorophyllation by EC 
(Solution 1) and by solvent extraction (Solution 2). 

Absorbance 
Solution 1 Solution 2 Plant 

665 – 666 nm 408 – 410 nm 665 – 666 nm 408 – 410 nm 
Solanum laciniatum 
Andrographis paniculata 
Stevia rebaudiana 
Centella asiatica 
Cassia siamea

0.35
0.30
0.27
0.65
0.30

5.40
1.85

-�

3.50
-�

1.18 
0.70 
1.50 
1.60 
1.75 

9.03 
5.70 

-�

6.50 
-�

� unmeasurable due to interfering peaks. 

To ensure that the natural products of interest are not affected by the process of electrocoagulation, 
we also carried out their isolation from some of the plants. Thus, for stevia leaves, after 
dechlorophyllation of the alcoholic solution by EC, the sweet glycosidic substances were isolated from 
the alcoholic extract in the usual manner [26], resulting in a yield of 8-10% for the required glycosides, 
a normal yield for these compounds obtained by other classical methods in which chemical adsorbents 
were used for decolourisation. 
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Figure 1. Plant extracts after dechlorophyllation by (1) electrocoagulation and (2)                 
solvent extraction: A) Solanum laciniatum; B) Andrographis paniculata; C) 
Stevia rebaudiana; D) Centella asiatica; E) Cassia siamea.

              
                        

                                                  
For S. laciniatum, solasodine, a steroidal alkaloid used as a starting material for steroid synthesis, 

was obtained in 1% yield by the EC method. The compound was also isolated from the same leaf 
samples in only about 0.5% yield by a similar method [27,28] in which chloroform was used 
conventionally as a dechlorophyllating solvent. For A. paniculata, the bioactive lactone content in the 
crude extract, obtained by simple alcoholic extraction, was about 8% [29,30]. However, when the 75% 
ethanolic solution, obtained from extracting the leaves from the same source under the same 
conditions, was subjected to the usual process of electrocoagulation followed by desalting with an ion 
exchange resin, the resulting crude extract was much more enriched with the lactones (about 38%, as 
determined by the same method [30]).  For C. asiatica, our method consisted of extracting the dry 
leaves with absolute ethanol, diluting the ethanolic solution with water before dechlorophyllating by 
electrolysis for 2 hours using aluminium electrodes, filtering the resulting electrolysed mixture, 
evaporating the filtered solution to dryness, and extracting the residue with a little ethanol to afford a 
crude extract containing 4% (by HPLC) of asiaticoside after evaporation of the ethanol. A classical 
solvent extraction method [31], in our hands, afforded only 3% (by HPLC) of the same medicinally 
important glycoside in the crude extract (the asiaticoside content in the dry leaves is about 0.1% [32]).  
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As for C. siamea, we isolated pure D-pinitol, a cyclic polyol, from the dry leaves for the first time by a 
similar EC method a few years ago [22], although without proper monitoring of the extent of 
dechlorophyllation as in this report. 

Conclusions

Electrocoagulation seems be a method of choice for dechlorophyllation of some plant extracts, 
rendering them relatively freer from the interfering plant pigments, and thus leaving the compounds of 
interest more readily processable. This is in addition to the fact that it is a technique which is more 
environmentally friendly than the conventional usage of various toxic organic solvents. 

Scheme 1. 

Experimental  

The ground dry leaves of five well known plant species, viz. Stevia rebaudiana (stevia), Cassia 
siamea, Solanum laciniatum, Andrographis paniculata, and Centella asiatica (10 g each), which were 
collected locally, were separately extracted with 75% ethanol (200 mL) in a Soxhlet extractor until 
colourless. The resulting dark green solution was then subject to electrocoagulation for 2.5 hours.  

The conditions for electrocoagulation were as follows: two clean (acetone-washed) aluminium 
plates (iron plates in case of S. laciniatum), each of 3x15 cm dimensions were used as electrodes. 
These were spaced 1.5 cm apart and dipped 7 cm into the magnetically-stirred solution containing 
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0.1% (w/v) NaCl as supporting electrolyte. Direct current (0.9 A, 16.9-31.6 V) from a power supply 
was then passed via the two electrodes through the solution, which was placed in a jacketed 250-mL 
beaker for occasional cooling during electrolysis. After 2.5 hours of electrolysis, the mixture in the 
beaker was filtered to afford a decolourised solution (Solution 1, 150 mL), which was taken for 
absorbance measurement to determine the extent of decolourisation at 665-666 nm (corresponding to 
the presence of the green pigments) and at 408-410 nm (corresponding to the presence of the yellow 
pigments). 

As a comparison, dechlorophyllation by solvent extraction was performed by extracting the same 
amount of plant material (10 g) with an organic solvent (chloroform or benzene) using a Soxhlet 
extractor until colourless. After drying 75% ethanol (150 mL) was then added to the marc and the 
mixture was refluxed for 2 hours, then filtered and the solution obtained (Solution 2, 150 mL) was 
taken for absorbance measurement as above (See Scheme 1). 
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Abstract: Electrocoagulation of a plant extract and certain substances representative of 
selected classes of plant pigments, viz. chlorophyll, a carotenoid, a phenolic substance 
and a tannin, was performed in ethanol containing varying amounts of water (15-75%). 
The results showed that the extent and efficiency of coagulation of these substances tends 
to vary in a manner directly related to the water content of the solvent, although the 
tannin and the phenolic substance were less sensitive to the solvent composition and are 
equally well coagulated in all solvent systems studied. The findings can be applied to the 
removal of these substances from aqueous alcoholic plant extracts using the 
electrocoagulation technique. 

Keywords: Electrocoagulation, electrolytic decolourisation, plant pigments, phenolic 
compounds, tannins

Introduction

Electrocoagulation has been a useful alternative technique for clarifying and decolourising certain 
solutions containing unwanted dissolved substances or suspended matter. However, those solutions 
were almost always aqueous in nature, for example, potable water [1-2], food wastewater [3], tar-sand 
and oil-shale wastewater [4], phosphate-containing sewage [5-6], industrial wastes containing cyanide 
and heavy metals [7-9], and dye-containing textile wastewater [10-11]. Electrocoagulation has also 
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been used as a purification step in the isolation of a few natural products from crude plant extracts [12-
17]. Again, the solvent used in those isolations was also purely aqueous. Trials of natural product 
isolation using electrocoagulation in alcoholic solutions as a part of the process have been reported in 
the literature, for example, for the isolation of asiaticoside [18] and the extraction of phenolic 
compounds from the bark of Lithocarpus elegans [19], but a systematic study of electrocoagulation in 
alcoholic solutions has, to our knowledge, not been undertaken. In view of the fact that a system 
containing an organic solvent is undoubtedly more useful in isolating natural products in general, we 
would like to report our study on the effects of solvent in the electrocoagulation of some selected 
organic substances and plant extracts. For a start, we chose as our model study the system in which 
ethanol with varying amounts of water is used as solvent. 

Results and Discussion

Our previous work carried out with water and alcohol soluble natural dyes (chlorophyllin and 
crocin) [20] showed that although decreases in the water content of the solvent (ethanol) has some 
effect on the coagulation efficiency for the dyes, coagulation was more or less complete after 2 hours, 
especially when iron is used for the electrodes (Figures 1-2).

Figure 1. Plots of residual weight percentage and electrolysis time for each ethanol 
concentration of chlorophyllin solution at 626 nm; A: with aluminium as 
electrodes, B: with iron as electrodes. 

                                             A             B 

Figure 2.  Plots of residual weight percentage and electrolysis time for each ethanol 
concentration of crocin solution at 440 nm; A: with aluminium as electrodes, 
B: with iron as electrodes.

 A                                                                               B 
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However, experiments carried out in this study with water-insoluble dyes (the chlorophylls and the 
carotenoids) seem to indicate that, contrary to the above result, these pigments seem to be more 
difficult to coagulate. For example, in Figure 3 it can be seen that the model pigment �-carotene is 
hardly affected and barely removed from the solution by the electrolytic decolourisation process 
applied, even when iron electrodes are used (due to the difficulties in solubilizing this pigment, 
electrocoagulation was only examined in a single mixed solvent system.) 

Figure 3. Plots of absorbance at 460 nm and electrolysis time for �-carotene (0.01%) in 
27% ethanol; �: with aluminium as electrodes, �: with iron as electrodes. 

Similarly, for solutions of extracted chlorophyll, the trend is that coagulation seems to be less 
efficient as the water content in the solvent decreases (Figures 4-5). This may not only be due to the 
fact that, as the water content in the solvent decreases the process of electrocoagulation itself is 
naturally retarded, but also to the fact that more pigment is dissolved in the solution as the water 
content in the solvent decreases and the alcohol content accordingly increases.  This trend was 
repeated in nearly every case of green plant extracts we studied. Thus, for example, when the alcoholic 
extract of the leaves of Solanum laciniatum, which contain solasonine (an important starting 
compound for steroid synthesis), was subject to decolourisation by electrocoagulation, typical results 
as shown in Figure 6 (for the yellow pigments) and Figure 7 (for the green pigments) were obtained.   

Figure 4. Plots of absorbance at 440 nm and electrolysis time for each ethanol 
concentration of extracted chlorophyll solution; A: with aluminium as 
electrodes, B: with iron as electrodes; �, 75% ethanol; �, 85% ethanol 
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Figure 5. Plots of absorbance at 665 nm and electrolysis time for each ethanol 
concentration of extracted chlorophyll solution; A: with aluminium as 
electrodes, B: with iron as electrodes; �, 75% ethanol; �, 80% ethanol

A       B 
.

Importantly, however, it has been shown by our group that even with this general decreased 
efficacy of the pigment removal, electrocoagulation is still more efficient than the conventional 
method of extraction with organic solvents and does not affect the desired natural products, which 
were subsequently isolated [21]. 

Figure 6. Plots of absorbance and electrolysis time for each ethanol concentration of 
Solanum laciniatum extract at 408 nm; A: with aluminium as electrodes, B: 
with iron as electrodes; � , 25% ethanol; �,  50% ethanol; �, 75% ethanol; ×, 
85% ethanol.

                       A                          B 

Figure 7. Plots of absorbance and electrolysis time for each ethanol concentration of 
Solanum laciniatum extract at 666 nm; A: with aluminium as electrodes, B: 
with iron as electrodes; �, 25% ethanol; �, 50% ethanol; �, 75% ethanol; ×, 
85% ethanol 

                                                 A      B 
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Another important class of plant pigments is the phenolic substances, which include the tannins, 
the flavonoids, and the various quinone compounds. Most of these materials (except perhaps the 
tannins) are poorly soluble in water but more soluble in alcohol or other organic solvents.  Many of 
them are valuable natural products, while others (especially the tannins) are regarded as little more 
than intractable mixtures with unfavourable biological activities and it is generally preferable to 
remove them along with the pigments. 

 In a 100% aqueous medium, it has been shown that tannins can be very efficiently coagulated and 
removed by electrolysis [22-23]. In this study, we tried to repeat the process in aqueous alcoholic 
solutions. The hypothesis is that tannins, owing to their polyphenolic nature, should still be easily 
coagulated by the phenolate salt forming mechanism in addition to the adsorption mechanism [23]. 
Our experiments showed this to be the case. Thus, for example, at a concentration of 0.1% tannin in up 
to 85% ethanol, a 250-mL solution was almost completely de-tannized within 15 minutes, using 
aluminium as electrodes and a current of 0.3 A (Figure 8). At a concentration of 1.0% tannin, the 
complete detannization time was increased to 80 minutes (Figure 9).  

Figure 8.  Plot of the residual weight percentage and electrolysis time for 0.1% w/v 
tannin at 275 nm ; �, 25% ethanol , �, 50% ethanol, �, 75% ethanol and �,
85% ethanolic solution. 

Figure 9.  Plot of the residual weight percentage and electrolysis time for 1.0% w/v 
tannin at 275 nm; �, 25% ethanol, �, 50% ethanol, �, 75% ethanol, and �,
85% ethanolic solution.
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Next, to demonstrate the general trend of the effect of water content in the solvent on the 
coagulation of phenolic compounds other than tannins, the result of electrocoagulation of a known 
flavonoid, morin, is presented here as a typical example (Figure 10). It can thus be seen that the effect 
of the decrease of water content in the solvent on the coagulation of this type of substances is similar 
to
that of the chlorophylls and the carotenoids, i.e., as the water content in the solvent decreases (or the 
alcohol content increases), coagulating efficacy also seems to decrease proportionally. 

Figure 10. Plot of the residual weight percentage and electrolysis time for 0.1% w/v 
morin at 415, 420 nm ; �,50% ethanol, �,75% ethanol and �85% ethanolic 
solution (a 0.1% solution of morin in 25% ethanol cannot be prepared.) 

For most natural phenolic compounds, however, probably owing to the active polyhydroxy 
functions of the substances, coagulation which can occur both by reaction and by adsorption tends to 
be more complete than that of the chlorophylls and the carotenoids, so that after some time  (60 
minutes in this case), coagulation is virtually complete, even in solvents with a high percentage of 
alcohol.

Conclusions

It has been demonstrated in a systematic manner that in the electrocoagulation in aqueous alcoholic 
solutions of some important plant pigments, including tannins,  the decrease in the percentage of water 
in the solvent has some negative effects on the degree and efficiency of their coagulation compared 
with that observed in 100% aqueous solution. However, the effect is small in the case of tannins and 
some other phenolic substances. For chlorophylls and carotenoids, this retarding effect is somewhat 
higher, probably due to only a single mode of coagulation being in operation (viz. adsorption mode). 
However, even with this unfavourable effect being present, electrocoagulation is still more efficient in 
removing these organic matrix substances than the conventional method of solvent extraction. 

Experimental Section

General

All of the tested compounds used were of standard reagent grade, and were used as received. 
Tannin and �-carotene were purchased from Fluka Chemica AG (Buchs, Switzerland); morin 
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(3,5,7,2’,4’-pentahydroxyflavone) was purchased from May & Baker Ltd (Dagenham, England). 
Crude chlorophyll was obtained from Spinach oleracea. Air-dried leaves of Solanum laciniatum were 
obtained from Dr. Jiradej Manosroi, Faculty of Pharmacy, Chiangmai University. Sodium chloride 
(99.9%, AR grade) was purchased from Ajax Chemical Co. (Sydney, Australia). Absolute ethanol was 
purchased from E. Merck (Darmstadt, Germany). Acetone and ethanol (95%) were of a commercial 
grade. Aluminium and iron plates were purchased locally. Direct current was sustained by a GW 
Instek DC power supply. Absorbance was measured on a Genesys 10 spectrophotometer. 

Preparation of solutions for electrocoagulation 

A solution of tannin (tannic acid) or morin (0.01, 0.1, or 1.0% w/v) was prepared in aqueous 
ethanol (25%, 50%, 75% or 85% v/v). Beta-carotene was dissolved in 27% ethanol to give a 0.01% 
w/v solution. Crude chlorophyll was extracted from Spinach oleracea with 75 or 85% ethanol at room 
temperature by grinding 40 g of the dry plant material with solvent (200 mL). The filtered solution was 
used directly in the electrocoagulation experiments. For Solanum laciniatum, the powdered air-dried 
leaves (20 g) were refluxed for 3 hours with each aqueous alcoholic solution (25%, 50%, 75%, 85%, 
200 mL). After filtration, the deep green solutions obtained were used directly in the 
electrocoagulation experiments. 

Electrocoagulation procedures 

1) Morin and tannic acid 

Two aluminum plates (dimensions 15 x 4 cm) were used as electrodes. These were spaced 3 cm 
apart and dipped 5.5 cm deep into a magnetically-stirred aqueous solution (250 mL) of the tested 
compound (0.01, 0.1 or 1.0% w/v solution) in a 400 mL beaker. Sodium chloride (0.5 g) was added as 
an electrolyte. Direct current (0.3 A) from the DC power supplier was then passed through the 
solution. Every 15 minutes during a 2 hour period of electrolysis, a 4 mL sample of the solution was 
withdrawn, centrifuged and taken for an absorbance measurement at an appropriate wavelength (275 
nm for tannin  and 415-420 nm for morin). The measured absorbance was then converted into the 
residual weight percentage of the compound by a calibration curve obtained from a plot of the 
absorbance versus the concentration for each compound. 

2) Chlorophyll, �-carotene, and Solanum laciniatum 

Aluminium or iron plates (15.0 × 3.0 cm.) were washed prior to use with acetone to remove surface 
grease. A pair of aluminium or iron plates 1.5 cm apart was immersed 7.0 cm deep into 200 mL of 
each solution in a jacketed 250-mL beaker for occasional cooling during electrolysis. The solution was 
agitated throughout the experiment with a magnetic stirrer (250 r.p.m.). Sodium chloride (0.2 g) was 
added as supporting electrolyte. Direct current (0.9 A, 16.9-31.6 V) was then passed through the 
solution via the two electrodes. At every 15-minute interval during a 2-hour period of electrolysis, a 4-
mL aliquot of the solution was withdrawn and centrifuged for 10 minutes, and the absorbance of the 
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supernatant solution was measured at an appropriate wavelength of the absorption maximum for each 
plant solution (440 and 665 nm for chlorophyll, 460 nm for �-carotene and 408 and 666 nm for 
Solanum laciniatum).
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Abstract: Some representative quinones, viz. one naphthoquinone (plumbagin) and five 
anthraquinones (alizarin, purpurin, chrysazin, emodin, and anthrarufin), were subjected 
to electrocoagulation. It was found that the rate and extent of coagulation of these 
compounds appears to correlate with the number and relative position of their phenolic 
substituent groups, and that all of the coagulated quinones could be recovered. Attempts 
were then made to electrochemically isolate three quinones, namely plumbagin, 
morindone and erythrolaccin, from natural sources. 

Keywords: Electrocoagulation, quinones, naphthoquinones, anthraquinones, phenolic 
compounds, alizarin, purpurin, chrysazin, emodin, anthrarufin, plumbagin, morindone, 
erythrolaccin, seedlac, Plumbago rosea, Morinda angustifolia

Introduction

Quinones, notably naphthoquinones and anthraquinones, are among the most widely distributed 
natural products. The majority of them exist as coloured phenolic compounds, useful as dyes and 
pigments. Isolation of these substances from their natural sources normally requires the use of organic 
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solvents before the required compound can be obtained in a reasonably pure state, either to first extract 
them from the raw material and then to partition them between various solvent phases or as eluents for 
chromatographic separations. These organic solvents are usually not only costly but also a potential 
toxic burden to the environment, even if treated in the proper way. 

With the advent of electrocoagulation, it has been known for some time that this process is capable 
of fractionating a number of organic substances in a rather efficient manner by electrochemically 
coagulating some of them, while leaving other components in solution. For example, the technique can 
be used to remove coloured matter from drinking water [1], textile wastewater [2,3] and from crude 
aqueous plant extracts [4-6]. It can coagulate starch and protein, while leaving sugars and polyols 
intact [7]. Electrocoagulation is one of the most effective methods for removing tannins from a liquid 
medium [8-10], while for other phenolic substances, their structure, including the number and the 
location of the hydroxyl groups, seems to dictate whether they will be coagulated or not [7,9]. 
Conversely, many glycosides [4,5,9a] and alkaloids [11] are unaffected by electrocoagulation and 
consequently these substances conveniently remain in the electrolysed solutions, relatively free from 
other impurities which are coagulated out.  

Our group has recently demonstrated that compounds of interest may be recovered from the 
coagulated materials by following a novel specific procedure [7,9,12]. With this technique now 
available, and with the intention to contributing to “Green Chemistry”, we hypothesized that like 
glycosides and alkaloids, the application of electrocoagulation to this important class of natural 
products, viz. quinones, might lead to a simple and environmentally friendly alternative method for 
their isolation, which is, to the best of our knowledge, an operation that has not been reported 
elsewhere. The results of the consequent investigation are reported in this paper, in which authentic 
samples of some typical quinones were electrocoagulated and recovered experimentally, and then 
attempts were made to isolate some of them electrochemically from their respective natural sources. 

Results and Discussion

In the first part of this investigation, a number of pure samples of representative quinones, viz. 
alizarin, purpurin, chrysazin, emodin, anthrarufin and plumbagin (Figure 1) were separately 
electrocoagulated using direct current and aluminium plates as electrodes in an aqueous alcoholic 
solution containing sodium chloride as the supporting electrolyte. The absorbance of each electrolysed 
sample solution was measured at an appropriate wavelength at regular intervals during electrolysis and 
electrocoagulation curves were obtained for each quinone as a plot of percent residual weight of the 
sample or absorbance versus electrocoagulation time, as shown in Figures 2-3.  

From the results above it can be seen that the quinones under study may be roughly divided into 
three categories. The two most rapidly and completely coagulated quinones were alizarin and purpurin, 
being completely coagulated within 15 minutes under the experimental conditions used. It can also be 
noted that these two compounds have adjacent phenolic hydroxyl groups (Figure 1). This catechol-like 
structure thus seems to be particularly prone to coagulation by a metal ion, probably by complexation, 
a fact consistent with similar cases encountered and reported earlier [9].  
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The second category of quinones comprised chrysazin and emodin, which were coagulated 
somewhat less completely and more slowly than the first two ones. In this case, it can also be seen 
from their structures that they have no adjacent hydroxyl groups, although they both possess two 
phenolic groups flanking a quinone carbonyl group (Figure 1). This may then be the next best 
functional group arrangement of a quinone for complexing with metal ions released by the electrolytic 
process, although exactly why this should be so remains to be explained. In any case, however, this is 
better than the arrangement seen in the third category, in which only one phenolic hydroxyl group 
flanks a carbonyl group, as seen in anthrarufin and plumbagin (Figure 1), which were barely 
coagulated and give nearly horizontal coagulation curves (Figures 2-3). 

Next, all the coagulated quinones, i.e. alizarin, purpurin, chrysazin, and emodin, were recovered 
using the previously reported procedure [7,9,12], which essentially consists of dissociating the 
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aluminium complexes of each phenolic quinone with dilute mineral acid (HCl) and separating the thus 
freed quinones by extraction with a polar solvent (in this case 1-butanol). The integrity of each 
recovered quinone was confirmed by established chemical and physical methods. Having done this 
successfully, we then embarked on the isolation of some natural quinones, namely plumbagin, 
morindone, and erythrolaccin, from the roots of Plumbago rosea, Morinda angustifolia and from 
seedlac, respectively. Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone) is a well-known natural 
naphthoquinone [13], while morindone (1,2,5-trihydroxy-6-methylanthraquinone) is a less well-known 
isomer of emodin, useful as a red dye for cotton [14]. Erythrolaccin (1,3,5,6-tetrahydroxy-8-methyl-
anthraquinone) is a yellow dyestuff present in seedlac obtained from crude lac, a resinous substance 
secreted by the scale insect Laccifer lacca [15a]. 

Figure 3.  Plots of absorbance vs. electrolysis time for quinones in 85% ethanol solution; 
� alizarin, � purpurin, � chrysazine, � emodin, x anthrarufin, and �

plumbagin. 
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Plumbagin was extracted with 50% aqueous ethanol and the resulting extract was then electrolysed 
using conditions similar to those used in the experimental electrocoagulation of pure plumbagin. After 
filtering off the precipitate formed, the remaining electrolysed solution contained nearly pure 
plumbagin, plus a little of the salt added as supporting electrolyte. This can be eliminated by ion 
exchange, but we used distillation, whereby we obtained an aqueous alcoholic solution of purified 
plumbagin, which sublimed out from the distillation flask into the collection flask. Partitioning of this 
solution with a little dichloromethane afforded pure plumbagin in 0.49 g (0.54 % yield). By applying a 
reported isolation method involving organic solvent extraction and chromatographic purification [16], 
a slightly lower yield (0.47g, 0.51%) was obtained from the same root sample.

In the isolation of morindone, the situation was somewhat different, due its being coagulated by the 
electrochemical process. Thus, after filtering the electrolysed solution, the coagulum or precipitate 
formed was saved for recovery of the desired phenolic anthraquinone. When this was done, a 
moderately pure morindone was obtained (matching IR, but broad melting point). 

In our attempt to isolate erythrolaccin from seedlac, an aqueous alcoholic solution of this substance 
was treated under similar electrocoagulation conditions and using the same subsequent recovery 
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operations as described above for the isolation of morindone. The recovered colouring matter obtained, 
however, was not identical to that which was isolated from seedlac by an established procedure for 
erythrolaccin isolation [15a], thus suggesting that the recovered pigment, though potentially useful in 
itself, might be an artefact. This might occur due to the fact that the coagulation time required in this 
case was rather long (1-2 hours), which according to our experience, can be somewhat detrimental in 
general to the coagulated compounds. Also, it has been mentioned that in a prolonged electrolysing 
operation of this type, certain compounds present in the solutions may undergo reactions (e.g. 
oxidation or reduction) before coagulating [10,17].  As to the reason why erythrolaccin was only 
slowly electrocoagulated when it possesses adjacent phenolic groups like alizarin or purpurin, this is 
not clear, although it was mentioned some time ago that erythrolaccin does not all occur in a free state 
in lac or seedlac but is partially bound with the resinous substance [15b]. On the other hand, however, 
it was noted that the electrolysed seedlac was very pale in colour. Normally, this material is 
decolourised using various forms of carbon but the results are usually far from satisfactory. We have 
found that electrocoagulation is far more efficient than carbon treatment in decolourising seedlac by 
coagulating out the yellow erythrolaccin. However, in our hand the yield of decolourised seedlac was 
still low, due to the fact that a good part of the resinous substances themselves tended to co-coagulate 
with the colouring matter.  

Conclusions

It has been determined that a variety of structurally different quinones were susceptible to 
electrocoagulation in different degrees depending on the number and position of their phenolic 
hydroxyl groups. Those quinones that were well coagulated could be recovered by a simple procedure. 
This finding was applied to the isolation of some quinones from natural source by a process in which 
the use of toxic organic solvents is kept to a minimum. 

Experimental Section

General

The tested compounds were used as received. Alizarin (1,2-dihydroxyanthraquinone), anthrarufin 
(1,5-dihydroxyanthraquinone) and purpurin (1,2,4-trihydroxyanthraquinone) were of standard grade 
and were purchased from Fluka Chemica AG (Buchs, Switzerland). Chrysazin (1,8-dihydroxy-
anthraquinone, 90-95%) and emodin (1,3,8-trihydroxy-6-methylanthraquinone, 95%) were purchased 
from ACROS Organics (New Jersey, USA). Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone) 
was of standard reagent grade and was purchased from Sigma (USA). Authentic morindone was a 
donated product, courtesy of Dr. Suree Phutrakul, Chemistry Department, Chiang Mai University. 
Sodium chloride (99.9%, AR grade) was purchased from Ajax Chemical Co. (Sydney, Australia). 1-
Butanol (AR grade) was purchased from Fisher Scientific UK Limited (UK). Hydrochloric acid (37%) 
was purchased from Carlo Erba Reagent Co. (Ronando, MI, Italy), and 95% ethanol was of a 
commercial grade and purchased from a local brewery. Aluminium plate was purchased from a local 
store. Direct current was sustained by a GW Instek DC power supply. Absorbance was measured on a 
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Genesys 10 spectrophotometer. 1H- and 13C-NMR spectra were recorded on a Bruker AVANCE 300 
spectrometer. GC-MS and FT-IR were performed on Agilent 6890(GC)/HP 5975(MS) and Perkin 
Elmer 1725X instruments, respectively. The roots of Plumbago rosea were obtained from the 
botanical garden of the Faculty of Agricultural Production, Maejo University, Chiang Mai, Thailand. 
The roots of Morinda angustifolia were from Mae Hong Son Province, courtesy of Dr. Suree 
Phutrakul of the Chemistry Department, Chiang Mai University, Thailand. The seedlac was a local 
product obtained courtesy of Dr. Pichai Pirakitikulr of the Faculty of Pharmacy, Payap University, 
Chiang Mai, Thailand.

Preparation of sample solutions for electrocoagulation 

0.01% (w/v) sample solutions of each of the four quinone compounds, viz. alizarin, chrysazin, 
purpurin, and plumbagin were prepared in aqueous (85% v/v) ethanol. In the case of anthrarufin, its 
concentration in this solvent system was somewhat less than 0.01%, due to incomplete dissolution, and 
for emodin its concentration in the same solvent was reduced to 0.005% due to poor solubility. 

Electrocoagulation experiments 

A pair of 15 X 4 cm aluminium plates spaced 3 cm apart was immersed 5.5 cm into each sample 
solution (250 mL) contained in a 400-mL beaker. The solution was agitated throughout the experiment 
with a magnetic stirrer. Sodium chloride (0.5 g or 0.2% w/v) was added as supporting electrolyte. 
Direct current (0.3 A, 24-31 V) was passed through the solution via the two electrodes. At 15-minute 
intervals over a 2-hour period of electrolysis, a 4-mL aliquot of the solution was withdrawn, 
centrifuged, and the absorbance of the supernatant solution was measured at an appropriate 
wavelength corresponding to the absorption maximum for each quinone solution as follows: alizarin 
435 nm, anthrarufin 420 nm, chrysazin 430 nm, emodin 440 nm, purpurin 485 nm and plumbagin, 420 
nm. The data thus obtained for each compound were used to construct the electrocoagulation curves as 
presented in Figures 2-3. 

Compound recovery experiments 

A sample solution (200 mL) of each of the four well-coagulated quinone compounds, viz. alizarin, 
chrysazin, purpurin and emodin, was placed in a 250-mL beaker. Two aluminium plates (15 X 4 cm) 
were used as electrodes. These were placed 3 cm apart and dipped 6.5 cm into the magnetically-stirred 
solution. Sodium chloride (0.4 g) was added as supporting electrolyte. Direct current (0.3 A, 22-24 V) 
was then passed through the solution via the two electrodes for an appropriate time as follows: 40 min 
for alizarin, 75 min for chrysazin and emodin, and 15 min for purpurin. The resulting mixture was 
filtered through a Buchner funnel. The precipitate was collected and stirred in a sufficient volume of 
10% hydrochloric acid solution to completely dissolve it. The acidic solution obtained was extracted 
with 1-butanol (50 mL), the alcoholic solution was evaporated to dryness and the residual solid treated 
again with a small amount of 10% HCl, then filtered, washed with water and dried to afford the 
recovered compound. TLC, IR, m.p., and mixed m.p. were used to confirm the integrity of each 
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recovered quinone (except in the case of emodin, whose m.p. could not be determined due to 
insufficient sample). The percentages of recovery obtained were 55, 28, 56 and 64 % for alizarin, 
purpurin, chrysaszin, and emodin, respectively. 

Isolation of plumbagin 

Air-dried roots of Plumbago rosea (91.7 g) were immersed in 50% ethanol for 24 hours and then 
the mixture was refluxed for 2 hours. Filtration gave a dark solution, which was concentrated to a 
volume of 1 L, transferred to a beaker, sodium chloride (0.2%) was added as supporting electrolyte 
and the solution was electrocoagulated with a pair of 10 x 30 cm aluminium electrodes spaced 3 cm 
apart and dipped into the magnetically-stirred mixture. After 2 hours of electrolysis with direct current 
(2.0 A, 12 V), the mixture was filtered and the filtrate re-electrolysed under the same conditions for an 
additional 30 minutes, refiltered, and distilled on a rotary evaporator. The yellow distillate was 
extracted with a small volume of dichloromethane and the dichloromethane layer was concentrated to 
afford orange needles (0.49 g, 0.54%), m.p. 74-75 oC (lit. [13] 78-79 oC), with spectroscopic data (IR, 
NMR, MS) identical with those of authentic plumbagin.  

Isolation of morindone 

Dry roots of Morinda angustifolia (29 g) were extracted with methanol (500 mL) in a Soxhlet 
extractor for 8 hrs. The resulting solution, after diluting with a little water to an 85% alcohol 
concentration, was transferred to a beaker and electrocoagulated with a pair of 9 x 20 cm aluminium 
electrodes, spaced 1.5 cm apart and dipped 5.5 cm into the magnetically-stirred solution which 
contained 0.1% sodium chloride as supporting electrolyte. After 30 minutes of electrolysis with direct 
current (1.7 A, 30V) the mixture was filtered and the precipitate collected was dissolved in 10% HCl 
and the acidic solution extracted with 1-butanol. After evaporating off the alcohol, the extract yielded 
a coloured solid (2.72 g), a portion of which was recrystallised from acidified methanol to give a solid 
product (m.p. 274-280 oC) with an IR spectrum identical to that of authentic morindone (m.p. [14] 
280-284 oC).

Example of attempted isolation of erythrolaccin 

A 1% solution of seedlac in 85% ethanol (250 mL) contained in a 400-mL beaker was 
electrocoagulated with a pair of 15 x 4 cm aluminium electrodes, spaced 3 cm apart and dipped 5.5 cm 
into the magnetically-stirred solution containing 0.2% sodium chloride as supporting electrolyte. After 
1 hour of electrolysis with direct current (0.3 A, 22-27 V), the mixture was filtered and the filtrate was 
evaporated. The resinous brown residue was dissolved in absolute ethanol and the remaining 
undissolved inorganic matter was then filtered off from the solution which, after evaporating the 
solvent, gave a pale-coloured resinous lac (0.62 g). The precipitate obtained from the 
electrocoagulation above was dissolved in 10% hydrochloric acid solution and the resulting acidic 
solution was extracted with 1-butanol. The alcoholic solution was evaporated and the solid residue was 
collected, treated with a little 10% HCl, filtered, and washed free of acid with water. The IR spectrum 
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of the resulting dried solid (0.37 g) was compared with that of a yellow pigment obtained from seedlac 
by the known method of erythrolaccin isolation [15a] and found to be non-identical. 
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1.  INTRODUCTION
Alkaloids comprise the largest single class

of secondary plant substances with a wide
spectrum of physiological activities, hence their
wide use in medicine. Being chemically basic
in nature, their isolation normally requires the
use of acid-base partitioning, as well as a
number of organic solvents, first to extract it
out of the raw material, and then to fractionate
it  by chromatographic methods, before the
required alkaloid in a reasonably pure state
can be obtained. Those organic solvents are
usually not only costly and toxic, but also
eventually a burden to the environment even
if  treated in a proper way.

With the advent of electrocoagulation
(EC), it has been known for some time that
this process is capable of fractionating in a
rather efficient manner a number of both
organic and inorganic substances by
electrochemically coagulating some of them,

while leaving the other components free in
the solution. The process comprises an
electrolysis setup (Figure 1), normally with
aluminium or iron plates being used as both
electrodes to generate in situ such species as
Al3+, Fe2+, Fe3+, OH-, Al(OH)3, Fe(OH)3, etc.,
which are capable of selectively coagulating
some particles soluble or suspended in the
electrolysed solution [1]. The advantage of
fractionating by EC is that it is a process in
which the use of organic solvents, especially
those that are toxic, is dispensed with or kept
to a minimum. In our experience in applying
this technique to the isolation of natural
organic substances, we were successful to
some extent in isolating a number of such
products as a few glycosides [2-5], a cyclic
polyol [6], some triterpenoids [7,8], tannins
[9,10], and some phenolic compounds
including quinones [10-12]. However, to our

ABSTRACT
Electrocoagulation technique was applied to the isolation of  seven known alkaloids.

The result showed that they could be extracted successfully with a yield comparable to that
obtained by conventional methods. However, with respect to the number and amount of
organic solvents used in the isolation process, all isolations incorporating electrocoagulation as
a fractionating step utilized a minimum number and amount of organic solvents, especially
those that were notorious for harming the environment.

Keywords : Electrocoagulation, alkaloids, caffeine, capsaicin, dihydrocapsaicin, reserpine,
ajmaline, arecoline, solasodine.
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knowledge, no study has been carried
out which applies EC to the isolation of
alkaloids, another important class of natural
products. We thus report here our work on
this novel method of isolation of some
alkaloids by EC.

2.  MATERIALS AND METHODS
2.1  General

The authentic compounds were used as
such. Nicotine and reserpine were of
laboratory grade and were purchased from
BDH (England). Piperine (purum grade) and
capsaicin (HPLC grade, > 97.0%) were
purchased from Fluka Chemica AG (Buchs,
Switzerland). Ajmaline and arecoline were of
laboratory grade and were purchased from
Merck (Germany) and Sigma (USA),
respectively.

All other chemicals and solvents were of
commercial grade, laboratory grade, or
analytical grade, and were used without further
purification. Aluminium plate used for
electrodes was purchased from a local store.

Direct current for electrolysis was
sustained by a GPR-1810HD or GPS-3030D
Model DC power supply from Good Will
Instrument Co. Ltd. Absorbance was
measured on a Genesys 10 spectrometer.

Melting points were measured on a Mel-
Temp II melting point apparatus and were
uncorrected. The infrared spectra were
recorded as KBr discs or thin films on a Bruker
FTIR Tenser27 instrument or a Nicolet FTIR
510 instrument. The UV-VIS spectra were
measured on a Genesys 10 spectrometer.
The 1H NMR spectra were obtained in
deuterochloroform on a Bruker DRX400
(400 MHz) spectrometer with tetramethyl-
silane (TMS) as an internal standard. Thin layer
chromatography (TLC) analyses were performed
on silica gel plates (Merck 60 F254, 0.2 mm
thickness), and the components were detected
by UV light (254, 365 nm). High performance
liquid chromatography (HPLC) analyses were
carried out with an Agilent Technologies
HP1100 Quaternary instrument with a UV

detector, an Eclipse XDB-C8 column
(4.6x150 mm), and 0.1% trifluoroacetic acid
in acetonitrile as eluent (gradient elution). Gas
chromatographs were run on an Agilent
Technologies 6890 instrument. Mass spectra
were obtained on a Hewlett Packard 5973
spectrometer with an ionization potential of
70 eV.

Dry tea leaves, dry tobacco leaves, dry
black pepper fruits, areca nuts, and the fruits
of Capsicum frutescens were purchased from a
local market. The roots of  Rauvolfia serpentina
were purchased from a local herbal drug
store.

2.2 Electrocoagulation Experiments
Solutions of each of the five alkaloids

(0.005-0.025% w/v), viz. caffeine, capsaicin,
reserpine, ajmaline, and arecoline, were
prepared in water or aqueous ethanol. A pair
of 15 x 4 cm aluminium plates spaced 3 cm
apart was immersed 6.5 cm into each alkaloid
solution (200 ml) contained in a 250-ml
beaker. The solution was agitated throughout
the experiment with a magnetic stirrer. Sodium
chloride (0.4 g or 0.2% w/v) was added as
supporting electrolyte. Direct current (0.2-2.6
A, 19-31 V) was passed through the solution
via the two electrodes. At 15-minute intervals
over a 2-hour period of electrolysis, a 5-ml
aliquot of the solution was withdrawn,
centrifuged, and the absorbance of the
supernatant solution was measured at an
appropriate wavelength corresponding to the
absorption maximum for each alkaloid
solution as follows: caffeine 275 nm, capsaicin
230 nm, reserpine 270 nm, ajmaline 245-250
nm, and arecoline 205 nm.

2.3 Purification by Electrocoagulation
(EC)

Previous procedures [3-6,11] for EC
were generally followed. An aqueous, aqueous
ethanolic, or aqueous methanolic extract of
each studied plant part, usually obtained by a
Soxhlet extraction or maceration, was rid of
undesirable impurities, e.g. tannins, pigments,
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by electrolysis. For this process, a pair of
aluminium or iron plates of suitable
dimension placed 1.5-3 cm apart was used as
electrodes and sodium chloride (0.2%) was
used as supporting electrolyte. Direct current
at low voltage (up to 8 A and 31 V) from a
power supplier was passed through the
magnetically-stirred extract for 0.5-2.5 hours
(Figure 1). The resulting mixture was filtered

and the filtrate normally was rid of  solvent
by a rotary evaporator. The resulting residue
which contained the added salt was extracted
with a small amount of ethanol or acetone
and the ethanolic or acetone solution obtained
was evaporated to dryness to give a crude
alkaloid, which was subsequently purified by
crystallisation, or directly analysed by a suitable
method.

Figure 1.  A typical electrocoagulation setup.

3. RESULTS AND DISCUSSION
When a pure alkaloid sample chosen for

this study was subjected to EC under a normal
condition, the result shows that the alkaloid is
little affected by the process and remains in
the electrolysed solution (Figure 2). This result
is more or less the same as that obtained when
EC is applied to glycosides [2-4,11]. Thus, it
appears that, like glycoside, the amine function
in the alkaloid seems to be unreactive to
coagulation under the electrochemical
condition used in our operation. EC in this
case will then serve to clear up the undesirable
impurities, e.g. tannins and pigments, by
coagulating them out. What remains in the
solution is therefore a purer alkaloid fraction,

which can be easily separated. In most cases,
this is done simply by evaporating out the
solvent from the filtrate obtained after filtering
out the coagulated impurities. The residual
crude alkaloid, still containing the salt added
as supporting electrolyte, is dissolved in a little
nonaqueous solvent, usually ethanol or
acetone, to rid it of  salt in the final step.

By using this general method, we could
extract crude caffeine from tea in a purer
form (white powder, higher m.p.), although
in a somewhat lower yield (0.4 vs. 0.7%), than
that obtained by a classical laboratory
procedure [13]. However, the latter method
requires a large amount of chlorinated solvent
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(usually dichloromethane) to partition the
caffeine out of the aqueous tea solution before
a crude slightly green-coloured caffeine is
gotten. Similarly, capsaicin and dihydrocap-
saicin, the major pungent alkaloids from red
chilli, were isolated electrolytically using only
75% ethanol as solvent. With a typical

conventional method [14], four organic
solvents, viz. acetone, toluene, benzene, and
50% ethanol, were utilized before the same
alkaloids were obtained in comparable
quantity (0.3%) and purity (as characterised by
NMR and determined by GC, Figure 3).

Figure 2.  Plot of absorbance against electrocoagulation time for each alkaloid solution
(Due to an increase in pH of the electrolysed solution, this might initially affect the absorbance
of  a strong base like arecoline slightly. Similar phenomenon may occur also to capsaicin,
the only alkaloid which has a phenolic function).
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Figure 3.  GC of red chilli crude extract obtained by EC method, showing capsaicin
(retention time 22.81 min.) and dihydrocapsaicin (retention time 23.27 min.).
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In order to isolate the medicinally
important alkaloids (reserpine and ajmaline)
from the root of  Rauvolfia serpentina, it usually
has to be soaked with dilute ammonia before
being extracted with an organic solvent (e.g.
ether) [15]. The extracted alkaloids were then
partitioned with an acid solution, converted
back into the free bases, and taken into another
water-insoluble organic solvent (e.g. benzene)
to give, after evaporation, the crude alkaloid
extract. With our EC method, we directly
extracted the root with ethanol, diluted the
ethanolic extract with a small amount of

water before subjecting it to EC for 2 hours.
The resulting electrolysed mixture was filtered
and the filtrate evaporated to dryness.
Dissolving the resulting residue with a small
amount of ethanol directly afforded, after
evaporating off the ethanol, the crude extract
containing the two alkaloids in about the same
amounts (although in a more dilute form) as
those in the above extract obtained
conventionally (0.1% and 0.8% of the root
for reserpine and almaline respectively, as
determined by HPLC, Figure 4).

Figure 4.  HPLC of  crude extracts of  Rauvolfia serpentina roots obtained by conventional
method (A) and EC method (B) [Extra peaks in B might stem from alcohol, a solvent with a
wider extracting range, being used as extracting solvent].
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Similarly, arecoline was electrochemically
extracted from arecanut in approximately the
same percentage yield (0.1%) as by a normal
method in the literature [16], but with less use
of organic solvent (ether). Moreover, a red
dye, which readily coagulated out, was
obtained as a by-product. Finally, when
solasodine, a steroidal alkaloid from the leaf
of Solanum laciniatum, was extracted using EC
as the dechlorophyllation step [5] in place of
the conventional dechlorophyllation by organic
solvent (e.g. chloroform) [17,18], we obtained
the pure alkaloid (matching m.p., IR, NMR
with authentic sample) in a much better yield
(1% vs. 0.5%). This steroidal alkaloid is an
important starting material for the synthesis
of  many steroids.

4. CONCLUSION
It has been demonstrated that EC can

be successfully applied to the isolation of some
alkaloids, with an important advantage over
conventional isolation methods. This is the
reduction in both the number and amount
of toxic organic solvents involved in the
isolation process. This method of  isolation
of alkaloids therefore seems to be a novel
alternative method, which is also a more
environmentally friendly one.

ACKNOWLEDGEMENTS
This research study is supported

financially by TRF (Thailand Research Fund)
in the form of  Medicinal Chemistry Grant
(DBG4780011) and Royal Golden Jubilee
PhD Grant for K. J., and by the Commission
on Higher Education PhD Grant for N. C.
We also thank the Graduate School, Chiang
Mai University, for partly supporting N. P.,
K. J., and N. C. financially.

We are grateful to Dr. Jiradej Manosroi
of  the Faculty of  Pharmacy, Chiang Mai
University, for supplying the leaves of  Solanum
laciniatum.

REFERENCES
1. Mollah M.Y.A., Schennach R., Parga J.R.,

and Cocke D.L., Electrocoagulation (EC)
– Science and Applications, J. Hazard.
Mater., 2001; B84 : 29-41.

2. Adduci J., Buddhasukh D., and Ternai B.,
Improved Isolation and Purification of
Stevioside, J. Sci. Soc. Thailand, 1987; 13 :
179-183.

3. Phutdhawong W., and Buddhasukh D.,
Simple Isolation and Purification of
Glycyrrhizic Acid,  J. Sci. Fac. CMU, 1998;
25 : 87-91.

4. Phutdhawong W., Isolation of  Glycosides by
Electrolytic Decolourization and Synthesis of
Pentenomycin,  Ph.D. Thesis, Chiang Mai
University, Thailand, 2002.

5. Jumpatong K., Phutdhawong W., and
Buddhasukh D., Dechlorophyllation by
Electrocoagulation, Molecules, 2006; 11 :
156-162.

6. Phutdhawong W., and Buddhasukh D.,
Simple Isolation and Purification of D-
Pinitol from Cassia Siamea Lamk by
Electrolytic Decolourization, ACGC
Chem. Res. Commun., 2000; 10 : 61-62.

7. Chowwanapoonpohn S., Selectivity of
Electrocoagulation Process and Recovery of
Coagulated Compounds with Application to
Isolation of Colouring Mattedrs from Tree
Barks, Ph.D. Thesis, Chiang Mai
University, Thailand, 2003.

8. Jumpatong K., Phutdhawong W.,
Chowwanapoonpohn S., Garson M. J.,
Pyne S.G., and Buddhasukh D.,
Electrocoagulation in Aqueous Alcoholic
Solutions, eds., Trends in Electrochemistry
Research, Nova Publishers, New York,
2006 (in press).

9. Phutdhawong W., Chowwanapoonpohn
S., and Buddhasukh D., Electrocoagu-
lation and Subsequent Recovery of
Phenolic Compounds, Anal. Sci., 2000;
16 : 1083-1084.

10. Chowwanapoonpohn S., Chewchan-
wuttiwong S, Garson M.J., and
Buddhasukh D., Electrocoagulation and



Chiang Mai J. Sci. 2007; 34(1) 133

Recovery of  Tannins from Tree Barks, J.
Appl. Electrochem., 2003; 33 : 647-650.

11. Buddhasukh, D. Application of  Electrocoagu-
lation to the Isolation of Chemical Constituents
Used as Drugs or Starting Compounds for
Synthesiz ing Drugs fr om Some Plants,
Progress Report to Thailand Research
Fund (TRF), 2004-2006.

12. Chairungsi N., Jumpatong K., Suebsak-
wong P., Sengpracha W., Phutdhawong
W., and Buddhasukh D., Electrocoagu-
lation of Quinone Pigments, Molecules,
2006; 11 : 514-522.

13. Eaton D.C., Laboratory Investigations in
Organic Chemistry, McGraw-Hill, New
York, 1989.

14. Altay L., Zoltai A., and Szili A., Hungarian
Pat. No. 19870330 (1987).

15. Moza B.K., and Basu U.P., Isolation of
Reserpine from Rauwolfia serpentina Root,
Indian,  J. Pharm., 1961; 23 : 104-106.

16. Xiao X., Determination of  Arecoline by
Thin-Layer Chromatography, Huaxue
Fence, 1988; 24 : 371.

17. Saleh A.A., Steroid Alkaloid and
Sapogenin Constituents of Xolanum
laciniatum Aiton Grown in Egypt,
Pharmazie, 1974; 29 H.5 : 346-347.

18. Fayez M.B.E., and Saleh A.A., The
Steroidal Alkaloids of Solanum wrightii
Benth, Phytochem., 1967; 6 : 433-436.


