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      CHAIYAN  BOONYUEN : DEVELOPMENT OF AND ELECTROCHEMICAL METHOD 

FOR THE QUALITATIVE AND QUANTITATIVE DETERMINATION OF THE TOTAL 
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ADVISORS : ASST. PROF. RASAMEE CHAISUKSANT, Ph.D.  AND ASST. PROF. ORANART 

SUNTORNWAT, Ph.D.  146 pp. 

 

                    In this study, the antioxidant activities of the crude extracts from difference stages of �Pikul� 

(Mimusops elengi Linn.) fruit were determined. The crude extracts and residues were prepared from the 

fruit using 70% methanol : 70% acetone (1:1). The crude extracts and residues were then subjected to 

sequential extraction. Three fractions as free phenolic acids (F1), soluble phenolic acid esters (F2) and 

insoluble-bound phenolic acids (F3) were obtained. The three fractions from the immature green fruit 

were chromatographically analyzed. The results from both TLC and HPLC confirmed the presence of 

gallic acid as the main component in all fractions.  The antioxidant activities from the crude extracts and 

their corresponding fractions were determined by both electrochemical and spectrophotometric methods. 

Two electrochemical techniques, Cyclic Voltammetry (CV) and Differential Pulse Volmmetry (DPV) 

were used.  Free radical scavenging assays using DPPH and ABTS were used as spectrophotometric 

techniques.  The antioxidant activities obtained from both techniques showed good correlation.  The 

highest antioxidant activity was found in the crude extract from the immature green followed by those of 

the mature green and ripe. This implied the change in the chemical constituents of  the fruit at different 

developmental stages. The F2 from the immature and the mature green had higher antioxidant activitien 

than F3 and F1,  suggesting that in these two stages the phenolic compounds remained in soluble 

phenolic acid esters. For the ripe fruit, the antioxidant activities are about the same in all fractions,  

indicating that the phenolic compounds were in the free phenolic acids, soluble phenolic acid esters and 

insoluble-bound phenolic acids. From this study the electrochemical technique was found to be a 

promising alternative method for antioxidant activity determination.             
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�K*��+
���#���%H��� [2] 

 

+
���#���%H���      1"��+��
���Z��
�         

           

Simple Polyphenols 

benzoic acid                                 

       o-hydroxybenzoic acid (2-OH)  

       m-hydroxybenzoic acid (3-OH)       

       p- hydroxybenzoic acid (4-OH)  

       protocatechuic acid (3,4-OH)  

       β-resorcylic acid (2,4-OH) 

       vanillic acid (4-OH, 3-OCH3) 

       gallic acid (3,4,5-OH)            

cinnamic acid                                                         
HOOC 6

5

4
3

2

 

       o- cinnamic acid (2-OH) 

       m- cinnamic acid (3-OH)    

       p- cinnamic acid (4-OH)       

       caffeic acid (3,4-OH) 

       chlorogenic acid (caffeoylquinic acid) 

       feruic acid (4-OH, 3-OCH3) 

       isoferulic acid (3-OH,  4-OCH3)  

 

 

 

 

 

COOH

2

3
4

5

6
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      Flavonoids 

flavones                       

O

O

2

3
5

6

7
8 1'

2'
3'

4'

5'
6'A C

B

 

       flavone (none) 

       7,4�-dihydroxyflavone 

       7,3�,4�-trihydroxyflavone 

       chrysin (5,7-OH) 

       genkwanin (5,4�-OH, 7-OCH3)    

       baicalein (5,6,7-OH)   

       baicalein-7-O-glucuronide (baicalin)     

       apigenin (5,7,4�-OH) 

       apigenin-6-C-glucoside (isovitexin) 

       apigenin-7-O-glucoside (apigetrin) 

       apigenin-8-C-glucoside (vitexin) 

       vitexin-20-O-rhamnoside 

       luteolin (5,7,3�,4�-OH) 

       luteolin-6-C-glucoside (homoorientin) 

       luteolin-7-O-glucoside 

       luteolin-8-C-glucoside (orientin) 

       luteolin-3�,7-di-O-glucoside 

       luteolin-4�-O-glucoside 

       diosmetin (5,7,3�-OH, 4�-OCH3) 

       diosmetin-7-O-rhamnoside (diosmin) 

       chrysoeriol (5,7,4�-OH, 3�-OCH3) 
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+
���#���%H���       1"��+��
���Z��
�        

 

       5,7-dihydroxy-3�,4�,5�-trimethoxyflavone 

       tangeretin (5,6,7,8,4�-OCH3) 

       gardenin A (5,6,7,8,3�,4�,5�-OCH3) 

       sinensetin (5,6,7,3�,4�-OCH3) 

flavonols 

       flavonol (3-OH) 

       galangin (3,5,7-OH)    

       datiscetin (3,5,7,2�-OH)       

       kaempferol (3,5,7,4�-OH) 

       kaempferol-3-O-glucoside (astragalin) 

       kaempferol-3-O-rutinoside 

       kaempferol-3-O-neohesperidoside 

       morin (3,5,7,2�,4�-OH) 

       quercetin (3,5,7,3�,4�-OH) 

       quercetin-3-O-glucoside (isoquercitrin) 

       quercetin-3-O-rutinoside (rutin) 

       quercetin-3-O-rhamnoside (quercitrin) 

       robinetin (3,7,3�,4�,5�-OH) 

       isorhamnetin (3,5,7,4�-OH, 3�-OCH3) 

       tamarixetin (3,5,7,3�-OH, 4�-OCH3) 

       quercetagetin (3,5,6,7,3�,4�-OH) 

       myricetin (3,5,7,3�,4�,5�-OH) 

       myricetin-3-O-rhamnoside (myricitrin) 
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+
���#���%H���       1"��+��
���Z��
�        

flavanones (2-3 is saturated) 

       naringenin (5,7,4�-OH) 

       naringenin-7-O-rutinoside (naringin) 

       eriodictyol (5,7,3�,4�-OH) 

       hesperetin (5,7,3�-OH, 4�-OCH3) 

       hesperetin-7-O-rutinoside (hesperidin) 

       hesperetin-7-O-rutinoside (hesperidin)  

       (+)-taxifolin (3,5,7,3�,4�-OH) 

isoflavones (B-ring binds to 3 position) 

       daidzein (7,4�-OH) 

       daidzein-7-O-glucoside (daidzin) 

       daidzein-7-C-glucoside (puerarin) 

       genistein (5,7,4�-OH) 

       genistein-7-O-glucoside (genistin) 

       glycitein (7,4�-OH, 6-OCH3) 

       glycitein -7-O-glucoside (glycitin) 

       biochanin A (5,7-OH, 4�-OCH3) 

       formononetin (7-OH, 4�-OCH3) 

                         Anthocyanins 

                      

1'
2'

3'
4'

5'
6'2

3
45

6

O
A

B

C
7

8

 
  

       pelargonidin (3,5,7,4�-OH) 

       cyaniding (3,5,7,3�,4�-OH) 

       cyaniding-3-O-rutinoside 

       delphinidin (3,5,7,3�,4�,5�-OH) 
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         Catechins and Theaflavins 

                                                          

O

O

HO

OH

OH
OH

R1
H

R3
R2

         
catechins 

       (+)-catechin (R1 = H, R2 = H, R3 = OH)  

       (-)-gallocatechin (R1 = OH, R2 = H, R3 = OH)  

       (-)-catechin gallate (R1 = H, R2 = H, R3 = OG) 

       (-)-gallocatechin gallate (R1 = OH, R2 = H, R3 = OG) 

       (-)-epicatechin (R1 = H, R2 = OH, R3 = H) 

       (-)-epigallocatechin (R1 = OH, R2 = OH, R3 = H) 

       (-)-epicatechin gallate (R1 = H, R2 = OG, R3 = H) 

       (-)-epigallocatechin gallate (R1 = OH, R2 = OG, R3 = H) 

                                                                                     

O

OH
O

O

R
2H

R
1

H

H
H

OH

HO

HO

OH
OH

OH

 
theaflavins 

       theaflavine (R1 = OH, R2 = OH) 

       theaflavin-3-galate (R1 = OG, R2 = OH) 

       theaflavin-3�-galate (R1 = OH, R2 = OG) 

       theaflavin-3,3�-digalate (R1 = OG, R2 = OG) 

 
-OC

OH

OH

OHG  =

-OC

OH

OH

OHG  =
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Chalcones 

           O
1'

2'
3'

4'

5'
6'

1

2
3

4

5

6
α

β

 
       chalcone(none) 

       isoliquiritigenin (4,2�,4�-OH) 

       butein (3,4,2�,4�-OH) 

       phloretin (α-β bond is saturated, 4,2�,4�,6�-OH) 

  

       

 

       Anthraquinones 

              

O

O

1
2

3
45

6

7
8

 
       anthraquinone (none) 

       alizarin (1,2-OH) 

       purpurin (1,2,4-OH) 

       emodin (1,6,8-OH, 3-CH3) 

       rhein (1,8-OH, 3-COOH)  

 

 

 

 

 

 
 
 
 

 
 
 
 

 
 



 

 

9

         "��+������!�$-����"�
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��
�����,���+�#(Antioxidant) )�#+
���
��
���
	������ (Antimutagens)  G5�����-.
�����,���+�# 

(Free radical) )�#�
��'�+
���#���%H������
��&�����1�"�4
�K 1-	�=�
#1�"���.*
-

����- )�#�#���� 1-	+
���#���%H���.#�>
��
�!��>
.�-����,���+�#)�#$����*��1�#�!�

+
�
�:��4��
����-�������	
���G��-'��*��$*���)�#1����������K -��	�
����#���$�1-��.�

)�4����,���+�#�	4
���-���� ����	4
��
����-���G��-'��*�� peroxyl )�# alkoxyl radical  [3]  -��

�������	
 1.1 :5� 1.3 

  L
●

    +     AH                LH   +   A
●

         .????1.1 

         LOO
●

    +     AH                            LOOH    +    A
●

   ????.1.2 

            LO
●

    +    AH                            LOH      +    A
●

    ????.1.3 

 

�����+
���#���%H������#���$�1-��.�)�4����,���+�#$�)��� ����,���+�#*��+
���#���%H

���.#"4��*�
��!�+:!	�(
� -����Z�.5�$�4�>
�������	
�����4�$� 
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1.2 ��������	
���������  

         ����� �!'������	
�
+���"�� Mimusops elengi Linn. �	,4������ Sapotaceae '���+
��2"��  Bullet 

Wood, Spanish Cherry ��� Tanjong Tree '�������K �'4� (
"���� ��!	� )���  (
"���)�#(
"��
� 

��!	� ����� :����>
���-�	,4�!� ����-!	 ��4
 ��!����
 �������3�$��	�����*�
-��
� "4��*�
�1�'�
 �>
���

����-����Z����$-����  /���>
�����3��+�� ���)�4+!�Z>
�
�����
 �!�Z>
	
�+!*
�*�4� �����	�-)�4��5�

�*!	��*�� )/4���
���3���4���� ����3����-!�	� ���4��+!�*!	�������� ��)�4�*!	��*�� /��������
� 

�,���*��*�
� ��
	)������ 1"���)�� ����!	�+�����!	����  -����3�-���-!�	� ���-��

�
�G���� ��!���!Z	���-��� 8 ��!� +!*
�������� ��!�-����-��� 24 ��!� -��+!*
�������� 

�!������� /���3��,�$*4 ���
� 5 �G������� 	
� 5 - 3 �G������� /��4���!+!�*!	� /�+���!+!)-���

+�����Z�+!����� �+�
����
- ����-)*���!���6�#)���! *�
- 5 �G������� 1 /��!��!	� 1 ����- 

-��)�#/�*�������)+-�-���,�1.2 )�#1.3 �
��>
-��  �
�*	
	�������>
1-	�
���
#����- ������

�!���*5Z���#��
	����
-�-���
�(
"��� (
"��
�)�#(
"�#������*��$�	 

  

 

                             
       

              �,��!� 1.2  -�������            �,��!� 1.3  /������ 
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������������
���	���������� �!�  

��������� �+�
- �����
�Z>
����3�	
���Z��
� ���6
1�"��!�	���������)�#%�� 

)�4� �+*������� �>
���1��� )��$*� 

��#�!Z �+��
����� )������Z�� 

�
� �+*������� �>
���1��� )���+�#  

�� �+������
-�4
�'�Z��
�1�" )���- 

����- �+������ �>
���#��!	-�>
��3�	
���-+>
���+�����
����/,� �Z>
����!������$-�.
�����- �'�

�>
�

� /+�	
)�#.�-$% 

-��)�� �+��+�*�� ����>
��3�	
���:�� �'���3�	
+>
������6
$*� ��-�� �.����"� $�4)�#+4��

����K *���4
��
	 )�������� 

       ��
���	����� ���"�� 

/� �����)�4.�-)�#+�������#�
�$-� �!�+�
� 

 

1.3 ��#�����$��������������%&������   

         �!�
��
	�
���"���#����
��"�!*��+
�+��-.
�+4���4
�K*���������Z�)�4�H 1967 .�:5�

��..����1-	�!�
��
	�
�)�����Z�+�Z� 11 ��� $-�)�4 quercitol, triterpene alcohol, ursolic acid, 

dihydroquercetin, quercetin, mimusopin, mimusopsin, pentacyclic triterpenes, mimusopgenone, 

mimugenone )�# mimusin   

         ���H ".�. 1976 Misra )�# Mitra [4] $-��>
�
�+��-+
�.
�/�)�#����-*�������1-	�'� 

ethanol ���4
�! quercitol, ursolic acid, triterpene alcohol, dihydroquercetin )�# quercetin ��3�

��"���#���  �!+,��1"��+��
�"�� 

                

O

OOH

HO

OH

          

CH
2
OH

OH
OH

OH

O

HO

Me

Me Me H

CO
2
HH

H

CO
2
H

Me Me

CH
2
OH

 
quercitol     triterpene alcohol 
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HO
H

3
C

CH
3

H

H
3
C

H

CH
3

CH
3

H COOH

H
3
C

CH
3

 

O

OOH

HO

OH

OH

OH

  
  ursolic acid          dihydroquercetin 

                                   

O

OOH

HO

OH

OH

OH

 
                                                            quercetin 

         ���H ".�. 1995 Sahu )�#"�# [5] �
	�
��
��� mimusopin)�# mimusopsin .
�+
�+��-

����-*��������!+,��1"��+��
�"��  

                        

O
O

OHR
1
O

HO

HO

O

O O

O

HO
HO
H

3
C

OH

O
HO

OH
O

H
3
C

R
2
O OH

O

HO
OH

O
HO

OHHOH
2
C

C O

glu

ara

rham
xyl

rham
 

1 R1 = H  R2 = rham (mimusopin) 

2 R1 = glu R2 = H (mimusopsin) 

            glu = glucose 

            ara = arabinose 

            xyl = xylose 

           rhm = rhamnose 
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         ���H ".�. 1995 Sen )�#"�#  [6] $-�"����  pentacyclic  triterpenes, mimusopgenone  )�#  

mimugenone .
�+
�+��-����-�����  +,��1"��+��
�"�� 

 

                                 

R
1

HO
HO

O

R
2

 
 

1 R1 =OH  R2 = H   (mimusopgenone) 

2 R1 = H  R2 = CH3  (mimugenone) 

 

      

 

         ���H ".�. 1997 Sahu )�#"�# [7] $-�"���� mimusin .
�+
�+��-����-*������� �!+,��

1"��+��
�"�� 

                            

O
O

OHR
2
O

HO

R
1
O

O

O O

O

HO
HO
H

3
C

OH

O
HO

OH
O

H
3
C

R
2
O

OH

O

HO

OH
O

HO

OHHOH
2
C

C O
R

3

 
1 R1 = Glc R2 = H  R3 = H (new  minor  saponin  and  mimusin) 

2 R1 = H  R2 = Glc R3 = H (mimusopsin) 

3 R1 = H  R2 = H  R3 = H (Mi-saponin) 

4 R1 = H  R2 = H  R3 = OH  (16α-hydroxy  Mi-saponin  A) 
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       1.4 
�'����
������"# Antioxidant (%!������ voltammetry 

          ��"��" cyclic voltammetry $-�:,��>
�
�'����
�
 antioxidant capacity *��+
���#���%H

��� 1-	�
��	�������	
 redox �!�*�Z�*��+
�+��-.
���' )�#�"�����-����4
�K [8] [9] )�# [10] 

voltammogram G5����3��
������#�4
�"4
��#)+������	�$%%&
 ��Z�$-�.
��
�+)�����	�$%%&


*�� working electrode ������
 ��Z��������	
$�*�
���
)�#	������� �>
)�4�*�� peak .
�

������	
���G��-'��G5����3��>
)�4�*��"4
��#)+$%%&
G5��:,�.>
��--��	�
�)��4 diffusion limited 

+
� antioxidant �!�.#��3� reducing agent �!�-!��Z�.#���-���G��-'���!��>
)�4����	�$%%&
��>
 1-	

�>
-��*��"4
���	�$%%&
�!����-���G��-'�� (oxidation potential) +
�
�:�'����!	���!	�"�
�+
�
�:

*�� antioxidant �4
�'��-���$-� 

 

             1.4.1. Cyclic voltammetry (CV) 

         Cyclic voltammetry (CV) ��3���"��"�
����"�
#��
��"�!$%%&
�!��
��	�
������	�$%%&
)�4

*�Z��'��
� (working electrode, WE) ���6�#��3���.��������+
��!�+��.���-�������	
 oxidation 

)�# reduction �!� WE ���
������	�$%%&
�!� WE ��Z�.#��$���Z��
�-�
� positive scan )�# 

negative scan �������+
��!�+��.���-��Z��������	
 oxidation )�# reduction ��+
��#�
	�!����� 

���6�#*�� potential excitation signal )�# response signal )+-�-���,�1.4  

 

 

 

                 

 

 

 

 

 

  

�,��!� 1.4 (a) Potential excitation signal )�# (b) Response signal *����"��" cyclic voltammetry 

 

 

 

a. 
b. 
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         ��"��" CV *�Z�$%%&
�!��'��!-��	��� 3 *�Z�"��*�Z��'��
� (working electrode WE) *�Z���
���� 

 ( reference electrode RE) )�# *�Z�'4�	 (counter electrode CE) -���,�1.5 

 

 

 

 

 

 

 

                                      

       �,��!� 1.5 �G����"�!$%%&
*����"��" CV 

 

              2. Differential pulse voltammetry (DPV) 

         Differential pulse voltammetry (DPV) ��3���"��"�
����"�
#��
��"�!$%%&
�!��
��	����
�

�>
�
�"��
	�����"��" CV .#�4
����������!���"��" DPV �
������	�$%%&
)�4*�Z��'��
�.#����

���6�#�!���3� pulse 1-	.#��-"�
�)���4
�*����#)+��'4���4���� pulse )�#�!���
	�
	�*�� 

pulse ���6�#*�� potential excitation signal )�# response signal )+-�-���,�1.6  

 

 

 

 

 

 

 

 

 

�,��!� 1.6 (a) potential excitation signal )�# (b) response signal *����"��" DPV 

 

 

 

Ep

ip

Ep

ip

Ep

ip

Ep

ip

a b

WE (GCE)

CE (Pt)
RE (Ag/AgCl)

WE (GCE)

CE (Pt)
RE (Ag/AgCl)
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              3. ��������� oxidation �	
������������������ antioxidant �	
����� 

         ���
���.�	�!Z$-��'�+
��
���
� antioxidant .>
��� 6 '��-���
��5�6
"�� caffeic acid 

catechin  catechol epigallocatechin gallate (EGCG) ascorbic acid )�# gallic acid 1-	�
	�
�

�
��5�6
�������	
�!�*�Z�$%%&
*��+
���4
�!Z-���4�$��!Z 

1. caffeic acid 

         ���H ".�.2002 Hotta )�#"�#  [11] $-��5�6
�������	
�!�*�Z�$%%&
*�� caffeic acid 1-	�'� 

cyclic voltammetry *�Z� working electrode ��3� glassy carbon ���4
�������	
��3� reversible 

reaction ��+(
�#�!���3���- G5���������	
��3� two-electron transfer 1-	�!� caffeic :,����G�$-G�$�

��3� quinone �����+(
�#��3���+�����*5Z��������	
���G��-'��*�� caffeic acid .#��3� irreversible 

chemical reaction G5�� quinone �
.���-�������	
 dimerization -���������	
 1.4       

 

 

 

 

 

        

 

 

 

OH

OH

COO-

O.

OH

COO-

-H+, e-

+H+, e-

O

O

COO-

-H+, e-

+H+, e-
dimerizatio

+

O.

OH

COO-

O

O
-OOC COO-

OH

HO

                                                                                                                  

�
.���- dimerization

....................... 1.4 
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       2. catechin 

         ���H ".�.2004 Janeiro )�# Brett  [12] $-��5�6
�������	
�!�*�Z�$%%&
*�� flavonoid (+)-

catechin 1-	�'���"��" CV, DPV )�# SWV *�Z� working electrode ��3� glassy carbon ���4


�������	
 electron transfer ���-.
��,4 hydroxyl �!��>
)�4� ring C G5�����-��3�*5Z�+��*�Z�������

�>
)�4� catechol )�# resorcinol group )�#���4
 Ep .#*5Z���� pH *��+
��#�
	 supporting 

electrolyte �!�-��	 -���������	
 1.5    

O

OH

OH

HO

OH

OH

A B

C e-, H+
O

OH

OH

HO

O.

O-

A B

C

O

OH

OH

HO

O

O

A B

C

e-, H+

 
        3. catechol 

         ���H ".�.2005 Davarani )�#"�# [13] $-��5�6
�������	
 oxidation �!�*�Z�$%%&
*�� catechol 

�� water:acetonitrile (90:1) �!��! 0.2 mM acetate buffer pH 5.5 ��3� supporting electrolyte)�#�'�

*�Z� working electrode ��3� glassy carbon �������	
��3� quasi-reversible two electron process *�� 

catechol $���3� o-benzoquinone �
����- hydroxylation ��� dimerization reaction '�
��4
 time 

scan �� CV ���4
 Ep .#*5Z���� pH *��+
��#�
	 supporting electrolyte ��+
��#�
	�!��! pH 

+,�*5Z�)�# scan rate ��>
���������	
.#��3� irreversible   -���������	
 1.6    

 

-2e-, -2H+OH

OH

O

O  ??????1.6 

 

 

 

?????1.5
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       4. epigallocatechin  gallate (EGCG) 

          ��$��
����-�������	
�!�*�Z�*�� EGCG .#���-�>
����-!	�������*�� catechin ������.
��!

1"��+��
���Z��
��������� ����"�� �������	
 electron transfer ���-.
��,4 hydroxyl *�� catechol 

)�# resorcinol group �!��>
)�4� ring C -���������	
 1.7 

O

O

OH

HO

OH

OH

A B

C e-, H+
O

O

OH

HO

O.

O-

A B

C

O

O

OH

HO

O

O

A B

C

e-, H+

O
OH

OH

OH

O
OH

OH

OH

O
OH

OH

OH  
 

 

 

        5. gallic acid  

          ���H ".�.2003 Shaolin Mu [14] $-��5�6
�������	
 oxidation �!�*�Z� polyaniline film *�� gallic 

acid 1-	�'���"��" cyclic voltammetry �� 0.2 M phosphate buffer pH 5.0 -6.6 ���4
�������	
 

oxidation �!�/��*�Z����-.
� hydroxyl ��Z�+���!��4���� double bond *�� gallic acid G5�� Epa .#�����*5Z�

�����"�
��*��*��*�� gallic acid +,�*5Z� )�#.#�!"4
�-������� pH *��+
��#�
	�-�� -���������	
 

1.8    

HO OH

OH

COOH

O OH

O

-2e-, 2H+

COOH

 
         ??????.1.8 

  

.........................1.7 
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         6. ascorbic acid 

          ���H ".�.1986 Hu )�# Kuwana [15] $-��5�6
 mechanism *���������	
 oxidation *�� 

ascorbic acid ��*�Z� glassy carbon �!�/4
� )�#$�4/4
� pretreatment 1-	���! vacuum heat treatment 

(VHT) �� 0.1 M phosphate buffer pH 2.0 ���4
�������	
 electron transfer ��3��������	
 

irreversible -���������	
 1.9   

O

O

OHHO

CHOH2C

H

HO

O

O

OH-O

CHOH2C

H

HO
K1

K -1
+ H+

O

O

OH-O

CHOH2C

H

HO

O

O

O.-O

CHOH2C

H

HO
K2

K -2
+ H+

+ e-

O

O

OO

CHOH2C

H

HO + e-

O

O

O.-O

CHOH2C

H

HO

O

O

OH+O

CHOH2C

H

HO
+H+

-H+
+

O

O

OO

CHOH2C

H

HO

K3

O

O

OH
O

CHOH2C

H

HO
+H2O

-H2O
+

O

O

OH+O

CHOH2C

H

HO

OH

+ H+

1.

2.

3.

4.

5.

 
 

         ???????1.9 
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       1.5  ���	������������  antioxidant  activity  !����	 spectrometry  

              1.5.1. 2,2-Diphenyl-1-picrylhydrazyl radical scarvenging capacity assay :     (DPPH 

assay) [16] [17]   

          DPPH assay ��3����!�
����.+��"�
�+
�
�:���
��>
.�-����,���+�# (radical 

scavenging)G5��  �
��	  2,2  dipheyl-1-picrylhydrazyl  (DPPH)  ��3�   free  radical  �!��!+!�4��)�#�!

"�
��+:!	�������>
�#�
	���
���  +
��#�
	�!Z.#�!+!�4��)+-�-���,� 1.7  -,-����)+�$-�-!�!�  

517  nm  1-	  antioxidant  (RH)  ���  radical species  (R�)  .#�>
�������	
���  DPPH�   G5��  

DPPH�   .#:,�  reduce  -��	 antioxidant  (RH)  ��� radical species (R�)   ��
	��3�  DPPH-H  

���  DPPH-R  -���������	
 1.10      

                                                      
                  �,��!�  1.7  1"��+��
�*�� 2,2-diphenyl-1-picrylhydrazyl radical  (DPPH radical ) 

 

         
 

??.. 1.10 

Violet ( λmax = 517 nm)                                Pale orange 
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         /�.
��������	
�>
��"�
��*��*��+
��#�
	+!�4��*��  DPPH
●

  �-����
	��3�+
��#�
	

+!�����  :�
����	4
��!���
�-+��  �!"�
�+
�
�:���
���
�����,���+�#$-�+,�  .#�>
������
�  

DPPH
●

   �-��$-��
� �
��
	�
�/�.#)+-���3�"4
  EC50  G5���
	:5�����
�  antioxidant  �!��>


��"�
��*��*��*��  DPPH  �-��  50% 

         ����'��
����!	���!	�
"�
�+
�
�:���
���3�  antioxidant  ���+
��
���
��'4�  gallic  

acid  *��-!*�� DPPH assay "��  ��3����!�!�+#-����-�����4
	�4��
����"�
#�  ��"�
�:,�����  

(accuracy)  )�#  reproducibility  �!�+,�  1-	�!*���+!	"��  $�4+
�
�:�'����!�!Z���"�
#�  antioxidant  

activity  ���
�����	4
��'4� serum ���
#������-���������	
�!���3�)��������  (alcoholic  reaction)  

G5��.#�>
��1���!����#���$-� 

 

              1.5.2.  2,2"-Azino-bis (3-ethylbenzothizoline-6-sulfonic acid) cation radical -    

scavenging assay : (ABTS assay) [18] [19] 

          ABTS  assay  ��3����!�
����"�
#�"�
�+
�
�:���
���
�����,���+�#1-	�'�  reagent   "��  

2,2�-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) G5��������#�
	�Z>
.#$-�+
��#�
	�+$�4�!+!

1"��+��
�*�� ABTS )+-�-���,��!�1.8  ������>
�����-��3� stable radical ������>
�#�
	�Z>
 

+
��#�
	.#�!+!�*!	�  -,-����)+�$-�-!�!�"�
�	
�"���� 734 nm  

 

 
 

�,��!� 1.8  +,��1"��+��
�*�� 2,2�-Azino-bis (3-ethylbenzothiazoline-6-sulfonicacid)(ABTS)   
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�
��>
�����- ABTS  radical  +
�
�:�>
$-�1-	�'��������	
 

1.  Enzyme  reaction "�� �'����$G����4��������	
���G�$-+������- ABTS  radical  

�'4�  ���$G��  peroxidase, myoglobin  ��3���� 

2. Chemical  reaction "�� �'4� manganese dioxide, potassium persulfate ��3���� 

)�#���
��5�6
"��Z��!Z$-��'� potassium  persulfate ��3�����!��>
�����- ABTS  radical  -���������	
 

1.11 

  

   K2S2O8    +   ABTS                              ABTS+●      ...................... 1.11 

  

         :�
����	4
� antioxidant �!"�
�+
�
�:���
���
�����,���+�#$-�+,�  "�
��*��*��+
��#�
	

+!�*!	���.#�-�� 1-	.#�
	�
�/��
��-�����3�"4
 50% effective concentration (EC50) �
	:5�  

����
� antioxidant �!��>
��"�
��*��*��*�� ABTS+● �-�� 50% ����
	�
�/�1-	���!	���!	�


"�
�+
�
�:���
���3�  antioxidant  ���+
��
���
��'4�  gallic  acid ��3� GAE (gallic acid 

equivalent) ��� trolox ��3� TEAC (trolox equivalent antioxidant capacity) 

 

              1.6 ������������ total phenolics  !����	  Folin-Denis Assay [20]   

         Folin-Denis Assay  ��3����!�!���	��'����
�
����
�  Total  phenolic compounds  ��+
�

+��-.
���' 1-	�
��	�������*��  phosphomolybdic-phosphotungstic  acid  (Folin � Denis  

reagent) �!��! NaHCO3 �	,4-��	 ���-��3�+
��#�
	+!�Z>
����������>
�������	
���  phenolic  compounds  

$-��!�
�����
���!�!Z����
����"�
#�����	4
���#�(��4
�K )�#$-���3����!+>
������"�
#� total  

phenolics   1-	 Association of Official Analytical Chemists (AOAC)  method �������	
*�� Folin 

� Denis  reagent ���+
���#��� phenolic compound )+-�-���������	
 1.12 G5����3��������	
 

reduction *�� Mo(VI) $���3� Mo(V))����>
$���-�
�-,-����)+��!�"�
�	
�"����  700  nm  )�#

���!�!Z�!*��-!"��  ��3����!�!�+#-����-���� 

 

phenolic  compounds   +  NaHCO3  +  Folin � Denis  reagent                         +
���#���  Mo�W 

                                                                                                                  

                Mo (VI) (yellow)  +   e-        Mo(V) (blue)    ???.. 1.12 
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       1.6 ���#$��������������%�� 

1. +��-)	�+
���#��� phenolic acid ���.
�/��������3� crude extract, free phenolic acids 

(F1), soluble phenolic acid ester (F2) )�# insoluble-bound phenolic acid (F3) 

2. �5�6
+
���#���%H�����+
�+��-.
�/������1-	�'���"��" chromatography 

3. �5�6
 antioxidant activity ��+
�+��-.
�/������1-	�'���"��" voltammetry 

4. �5�6
 antioxidant activity 1-	�'���"��" DPPH assay 

5. �5�6
 antioxidant activity 1-	�'���"��" ABTS assay 

6. 
����
�  total phenolic compounds ��+
�+��-.
�/������ 1-	�'���"��" Folin-Denis  assay 

        

 

 

 

 

 

 

 

 
 
 
 

 
 
 
 

 
 



&��	
 2 

������	 '*����+
���+� 

 

2.1 ���+
���+� / �$���0��	
4784�����!*�� 

2.1.1 AUTOLAB instrument PGSTAT 20 �����1��)��� GPES for window version 4.5 

2.1.2 UV/VIS  spectrometer Lambda 35 (Perkin  Elmer)  

2.1.3 Spectrophotometer U-3300 (Hitachi) 

2.1.4 Freez  dryer 

2.1.5  RC-5  superspeed  refrigerated  centrifuge 

2.1.6 Vortex  mixer 

2.1.7      Rotary  Evaporator Rotavapor  R-114 (Buchi) 

2.1.8      Magnetic  stirrer MR  3001 (Heidolph) 

2.1.9      pH  meter Delta 320 (Mettler) 

2.1.10 ����������  Whatman  	
���  1 

2.1.11 Quartz cell ",4    

2.1.12 ����������
��� 

2.1.13 Silica gel TLC plate (Fluka) 
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2.2 ������	 

�
�
��!� 2.1 �
	'���+
��"�! ���6��/,�/��� )�#���- 

������	 &������98�*�� ���! 

ABTS Fluka puram 

Acetic acid B.D.H. Anala R 

Acetone B.D.H. Anala R 

Ascorbic acid    Aldrich 99% HPLC 

Ammonia B.D.H. Anala R 

Ammonium chloride Fluka puram 

Caffeic acid     Fluka purum 

Catechol Fluka  purum  

(+)-Catechin  hydrate     Fluka 96% HPLC 

Diethyl ether B.D.H. Anala R 

DPPH Fluka purum 

Disodium hydrogen phosphate Fluka purum 

 (-)-Epigallocatechin  gallate   sigma 80% HPLC 

Ethanol 1���
�+��
�	��	
 �����GZ>
 1 "��Z� 

Ethyl acetate B.D.H. Anala R 

Gallic  acid-1-hydrate   Fluka purum 

Hexane Lab-Scan   AR 

Hydrochloric acid    Merck Pro analysis 

Iron(lll)chloride Fluka  purum  

Methanol B.D.H. Anala R 

Orthophosphoric  acid B.D.H. Anala R 

Phosphomolybdic  acid  hydrate   Aldrich purum 

Potassium  persulfate   Fluka  purum  

Quercetin Fluka 98% HPLC 

Sodium dihydrogen phosphate Fluka  purum  

 
 
 
 

 
 
 
 

 
 



 26

�
�
��!� 2.1 �4� 

������	 &������98�*�� ���! 

Sodium hydroxide Fluka purum 

Sodium  tungstate  dihydrous   Fluka  puriss 

Trolox Aldrich  97% HPLC 

 

       2.3 ������	�����*�*�� 

                2.3.1 +
��#�
	 0 .1 M acetate buffer pH 4.5  

        1. ����� acetic acid 2.85 ml �+4*�-����
��*�
- 250 ml ��������
��-��	   

deionized  water  

        2. ���� NaOH 1.00 ���� ���� pH ����3� 4.5$-�+
��#�
	 acetate buffer pH 4.5 

�*��*�� 0 .1 M 

 2.3.2 +
��#�
	 50 mM phosphate buffer pH7.0 

                       1. '��� Na2HPO4 8.90 ���� �#�
	�� deionized water ��������
����3� 1000 ml 

deionized  water  

                      2. '��� NaH2PO4 3.90 ���� �#�
	�� deionized water ��������
����3� 500 ml 

deionized  water  

                      3. /+�+
��#�
	 Na2HPO4 650 ml ��� NaH2PO4 250 ml ���� pH ��3� 7.0 $-�

+
��#�
	 phosphate buffer pH 7.0 �*��*�� 50 mM 

                 2.3.3 +
��#�
	 0.1 M NH3/NH4Cl buffer pH 9.0 

         1. ����� NH3 3.6 ml �+4*�-����
��*�
- 250 ml ��������
��-��	   deionized  

water  

       2. '��� NH4Cl  2.67 �����#�
	�� deionized water ��������
����3� 250 ml 

deionized  water  

                      3.  /+�+
��#�
	 NH3 200 ml ��� NH4Cl  200 ml ���� pH ��3� 9.0 $-�+
��#�
	 

NH3/NH4Cl buffer pH 9.0�*��*�� 0.1 M 

 2.3.4 +
��#�
	 0.1 M NaHCO3 

        '��� NaHCO3 2.1 ���� �#�
	�� deionized water 250 ml  

 2.3.5 +
��#�
	 2% FeCl3 �� ethanol 

        '��� FeCl3 2.0 �����#�
	�� ethanol 100 ml   
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       2.4 �����<�� 

              ����	4
�/����������.
�������"�#���	
�
+��� �
���	
��	����
�� �>
�
�����/���3�

+
��#	#"�� /��4�����6�#������+!�*!	� ���Z���+!*
� )�#����-+!*
� �
	�*��/���#�
� 90 ���

����
�/+���+�.�-���4����-��
	��3�/�)��� )�#/�)�4���6�#����������*!	� ���Z���+!

����� )�#����-+!->
 �
	�*��/���#�
� 120 ��� )�#/�+�����6�#������+!�����)-� ���Z���+!

)-� ����-+!->
 

 

 
 
 
 

 
 
 
 

 
 



&��	
 3 

����!*��'*��*����!*�� 

 

3.1 ������������!�*=��$* 

       3.1.1 ������	�������<���*=��$*�=+
���>&4��9�   freeze dried sample 

       �>
����	4
�/�������
��
���+#�
-  /4
�>
����-���  �>
$�)'4)*���� liquid nitrogen  �4��

���.�(
'�#�*�
�"�����  freeze  dryer ��3����
  3  ��� ��������	4
���:����
+���  )�#�������6
�!�

���(,��  -40 C 

       3.1.2 ������!'����� antioxidant %���*=��$*��?� crude extract    

        '�������	4
�/������)���!������#��!	- 10.00 �����+4����1��4��-+
� ���� 70% Methanol : 

70% Acetone (1:1) ��$� 50 mL �-����3����Z��-!	���� :4
	�+4��-)����*�
�"�������!�	��!� 7000 

rpm ��3����
 5 �
�! )	�+4��*�� supernatant ���.
� residue �>
+4��*�� residue �
�>
�
�+��-

-��	 70% Methanol : 70% Acetone (1:1) "��Z��# 30 mL �!� 4 "��Z�)	�����+4��*�� supernatant  

������+4��*�� supernatant  �!�+��-$-�.
�"��Z��!�1 ��3� crude extract 

       3.1.3 ������!'*�'����������&@I��*%���*=��$*  

        ���!	� crude extract �
�*�� 3.1.2 $-���3� supernatant I )�# residure I )����>
$�+��-���	,4��

�,�  free  phenolic  acids (F1) soluble  phenolic  acid  esters (F2)  )�#  insoluble-bound  phenolic  

acids (F3)  -�-)���.
����!*�� Krygier, K. [21] �
�/�����,��!�  3.1 -���
	�#��!	-�4�$��!Z 

       �>
+4��  supernatant I $��#�	�!�  450C ����������
����#�
� 10 mL1-	�'��"�����  rotary  

evaporator  .
���Z����� pH ����4
���  2  1-	�'�  6  M  HCl �>
�*�
�"�������!�	��!�  7000 rpm  ��3�

���
  5  �
�!  )	�����+4��*��  supernatant II )�#  residue II �>
+4��*��  supernatant II  ('�Z��Z>
)  

$�+��-1-	�'� hexane "��Z��# 30 mL .>
���  3  "��Z� ������>
.�- fatty acid  ����'�Z��Z>
$�+��-�4�1-	

�'� diethyl ether (DE) : ethyl acetate (EA) (1:1)  "��Z��#  20 mL  .>
���  6  "��Z�����'�Z�*��  DE-

EA  ����  anhydrous  Na2SO4  ����-��	��#-
6����)����>
$��#�	)���!�   300 C   .��Z>
���

"��!�  $-���3� free phenolic acids fraction (F1) 
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       +4��'�Z��Z>
.#�>
$�������+4��*��  residue II )����>
$��>
  alkaline hydrolysis  1-	�'�   4  

M  NaOH  .>
��� 20  mL ���(
'�#-��	 aluminium foil  �>
�
����+
��#�
	-��	 magnetic 

stirrer ��3����
   4  '���1��  �!����(,�����G5��  ester  .#:,�  hydrolyzed )���	�-�������	
1-	�>
��

+
��#�
	��3���-  �!  pH  ��4
���  2  -��	  6 M HCl  )����>
�*�
�"�������!�	��!�  7000  rpm  ��3�

���
  5  �
�!  )	�����+4��*�� supernatant III  �>
+4��*�� supernatant III  ('�Z��Z>
)$�+��-�4��
�

*�Z�����'4��-!	���� supernatant II .#$-���3�  soluble phenolic acid esters fraction (F2) 

       +>
���+4��*��  residue I  �!�����.
��
�+��--��	 70% Methanol : 70% Acetone (1:1) ��

*�Z�����!�  1  ��Z���.#�>
�
�>
  alkaline hydrolysis -��	 4  M  NaOH �'4��-!	����'�Z��Z>
*�� residue 

II )�#)	�������3�+4��*�� supernatant IV �>
�
�+��-�4��'4��-!	������� supernatant III  .#$-�

����
��3� insoluble-bound phenolic acids fraction (F3) ����	4
�/�������!�)�4���3� 3 �#	# �>
)�4

�#�#	#�
�>
�
�+��-)�#)	���3� fraction �
�/���
�+��- )�4�# fraction (F1, F2 )�# F3) $-�.
�

�
�+��-����	4
� 3 "��Z� )����>
+
����-)�4�#"��Z��
������ .
���Z��>
   F1, F2 )�# F3 $��#�
	

-��	  methanol  1-	��������
��*��  F1  ����3�  10  mL   +4��  F2  )�#  F3  .#�������!

����
����3� 25  mL  ��*�-����
��+>
����>
$����"�
#�  antioxidant  �4�$� �Z>
���*��+
�

+��- % yield G5����3����	�#*���Z>
���+
��!�+��-$-��4��Z>
���)��+
�����	4
���Z�����!��'� )�# 

"�
��*��*��*��+
�+��- �!�$-�*�� crude extract )�#)�4�#  fraction )+-�-���
�
��!� 3.1 
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Water phase

Water  phase

Alkaline hydrolysis 
Acidification to pH 2 
Centrifugation 

Extraction with DE/EA

Extraction with hexane
Extraction with hexane

Extraction with DE/EA

Hexane 
extracts

RESIDUE  II

SUPERNATANT I RESIDUE I

Evaporation at 45 OC
Acidification to pH 2 
Centrifugation

SUPERNATANT II

Extraction with methanol/acetone
Centrifugation

DRIED, GROUNDED FRUIT

Alkaline hydrolysis
Acidification to pH 2 
Centrifugation 

SUPERNATANT IV

WATER PHASE

WATER PHASE

SUPERNATANT III

Extraction with DE/EA

DE/EA EXTRACTSDE/EA EXTRACTS

FREE PHENOLIC 
ACIDS (F1)

SOLUBLE PHENOLIC
ACID ESTERS (F2)

WATER PHASE

DE/EA EXTRACTS

INSOLUBLE-BOUND
PHENOLIC ACIDS (F3)

Hexane 
extracts

�,��!�  3.1  /���
�+��-+
���#���%H��� 

   

 

Extraction with hexane

WATER PHASE

Hexane extracts

(Crude extract)
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       �*����!*�� 

�
�
��!� 3.1 �Z>
���+
�+��-)�# % yield  

 

/�������#	# �Z>
���)��+
�+��-(g) % yield 

/��4�� 

/�)�4.�- 

/�+�� 

10.0008 

10.0001 

10.0023 

- 

- 

- 

/��4�� 

F1 

F2 

F3 

 

0.1091 

1.0583 

0.1764 

 

0.364 

3.527 

0.588 

/�)�4.�- 

F1 

F2 

F3 

 

0.0355 

0.8180 

0.2393 

 

0.118 

2.726 

0.797 

/�+�� 

F1 

F2 

F3 

 

0.0293 

0.4839 

2.6768 

 

0.098 

1.613 

8.290 

 

                        % yield = g / 100g dried weight sample 
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3.2 ����������������&@I��* 4�������!%���*=��$*!8�������� thin-layer chromatography 

(TLC) '*�����������0 antioxidant  4�������!�*=��$*�<��!8�������� HPLC 

       �
��5�6
 antioxidant ��+
�+��-.
�/������-��	��"��" TLC 1-	�'� stationary phase ��3� 

silica gel )�#�'� mobile phase ��3� ethyl acetate/mathanol/water ����
+4�� 10:2:1 �
����!*�� 

Cheung, L.M. [22] )�#.>
)��'��-*�� phenolic compound �
�.>
���*�� hydroxyl group 1-	 

spray -��	 2% (w/v) FeCl3 �� ethanol ������.
����
�+��-$-��>
�
�+��-�����/��4���4��/�

�#	#����K.5�������'������/��4�� fraction1 2 )�# 3 ��3�����	4
����
��5�6
 

���	����!*�� 

1. ��- silica gel-TLC plate ���!*�
-���
� 5 G.�. +,� 9 G.�. 

2. spot +
��#�
	�
���
� catechin catechol gallic acid )�# quercetin .
� stock  �*��*�� 

0.01 M )�#+
�+��-.
������/��4�� fraction1 2 )�# 3 ��Z�$����)��)��� spot GZ>
�!�+��

"��Z���Z�$��.�)����-*����Z�+��*�
�����������	 

3. �>
 TLC plate $���Z��� mobile phase tank 1-	��-�
��!� spot �	,4-�
��4
�*��*�-�#����	4


��  mobile phase :5�+
��!� spot $����4�	�� mobile phase �"������!���3��#	#�
���#�
� 

7 G.�. .5��>
 ����
 ��Z�$����)�� 

4. spray -��	 2% FeCl3 �� ethanol )����>
$����!� 105  �c ��3����
 5 �
�! 

�*����!*�� 

       Chromatogram �!�$-�)+-�-���,� 3.2 )�#"4
 Rf )+-�-���
�
��!� 3.2  

1 2 3 4 5 6 7
 

  

�,��!� 3.2 Chromatogram *��+
�+��-.
������/��4�� (1) F1 (2) F2 (3) F3 (4) catechin (5)          

   catechol (6) gallic acid )�# (7) quercetin  

 
 
 
 

 
 
 
 

 
 



 33

�
�
��!� 3.2 "4
 Rf *��+
��#�
	�
���
� catechin catechol gallic acid quercetin )�#+
�+��-

.
������/��4�� fraction1 2 )�# 3  

+
��#�
	�
���
� / +
�+��- Rf +!�!���
�� 

catechin 0.86 �*!	��4�� 

catechol 0.93 �*!	��*�� 

gallic acid 0.75 �Z>
���� 

quercetin 0.94 ->
 

F 1 0.76 �Z>
���� 

F 2 0.76, 0.83, 0.87 �Z>
���� �*!	� ->
 

F 3 0.75, 0.83, 0.87 �Z>
���� �*!	� ->
 

 

       �
�
����
� antioxidant ��+
�+��-.
�/������-��	��"��" HPLC �'� stationary phase ��3� 

Zorbax Eclipse XDB-C18 (15 cm x 3.0 mm ID, 5 µm) mobile phase ��3� 10:90 v/v (0.1% H3PO4) 

)�#UV detection �!� 270 nm 1"��
1�)���*��+
��#�
	�
���
� gallic acid)+-�-���,��!� 3.3 

)�#+
�+��-�� fraction �4
�K)+-�-���,��!� 3.4 

 

 
 

�,��!� 3.3 1"��
1�)���*���
�)	���+
��#�
	�
���
� gallic acid �*��*�� 3 ppm 
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gallic acid

 

gallic acid

 

gallic acid

 
�,��!� 3.4 1"��
1�)���*���
�)	��� (a) F1 (40 dilution), (b) F2 (1,000 dilution) )�# F3 (100 

dilution) )+-��>
)�4��!���3� gallic acid 

(a)

(b)

(c)
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       Calibration curve *��+
��#�
	�
���
� gallic acid ��'4��"�
��*��*�� 1-5 ng/uL )+-�-��

�,��!� 3.5  

 

 
 

�,��!� 3.5 Calibration curve *��+
��#�
	�
���
� gallic acid 

       ���4
 calibration curve $-�+��
��+�������3� y = 2.0799x � 6.83 (R2 0.9993) ������>
$��'�


����
� antioxidant��+
�+��-.
�/�������4��1-	�
	�
���3�����
���!	�"4
 gallic acid (µg/g 

of fraction) /��!�$-�)+-�-���
�
��!� 3.3 

 

�
�
��!� 3.3 ����
� gallic acid ��+
�+��-.
�/�������4�� (n = 3) 

 

Sample Amount (µg/g) ±SD 

F 1 0.04 ± 0.07 

F 2 6.78±0.77 

F 3 0.04±0.02 
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3.3 ������������ antioxidant  4�������!%���*=��$* !�478������ cyclic voltammetry (CV) 

       �
��5�6
 antioxidant ��+
�+��-.
�/������.#�5�6
1-	�'���"��" CV �'��"����� Autolab 

PGSTAT 20 �����1��)��� GPES for window version 4.5 �'�*�Z�$%%&
 3 *�Z�-���!Z working 

electrode ��3� Glassy carbon electrode (GCE) reference electrode ��3� Ag/AgCl (saturated KCl) 

)�# counter electrode ��3� platinum disk electrode 

3.3.1 Pretreatment ��� working electrode (GCE) 

���	����!*�� 

1. *�-*�Z� GCE ��/�
*�-��H	��!��! alumina )��� rinse -��	 deionized water �4��*�-��/�
*�-��H	�

)�# rinse -��	 deionized water �!�"��Z� 

2. �����+
��#�
	  0.1 M NaHCO3 25.00 mL �+4�����G����4�)��+ nitrogen 3 �
�! �����$�4 

oxygen .�4�*�Z�$%%&
��Z�+
�����+
��#�
	 

3. �>
 cycling potential �>
�-"4
���	�$%%&
�!�����4*�Z� GCE -���4�$��!Z 

 Start potential (V)   : -1.3  

 First vertex potential (V)   :  1.6  

 Second vertex potential (V)  : -1.3 

 Scan rate (V/s)    : 0.05 

1-	�
� scan ���	�$%%&
 3 ������.
���Z�	�*�Z���Z�+
�*5Z� rinse *�Z�$%%&
��Z�+
�-��	 deionized 

water �!�"��Z�.#$-� GCE �!��!/��*�Z�������'��
� ���6�#*�� cyclic voltamogram �!�$-�)+-�-���,� 

3.6 

�,��!� 3.6 Cyclic voltammogram .
��
��>
 electrode pretreatment *�Z��'��
�1-	�'� 0.1 M 

NaHCO3 

 

-1.500 -1.000 -0.500 0 0.500 1.000 1.500 2.000

-3-0.125x10

-3-0.100x10

-3-0.075x10

-3-0.050x10

-3-0.025x10

0

-30.025x10

-30.050x10

-30.075x10

E (V vs Ag/AgCl)

i 
/ 
A
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3.3.2 ���������*�� pH �<� cyclic voltammogram �����*�*��������� 

antioxidant  

 ����5� cyclic voltammogram *��+
��
���
� catechin, ascorbic acid, catechol, caffeic 

acid, epigallocatechin  gallate (EGCG), gallic acid )�# trolox ��+
��#�
	 acetate buffer pH 4.5, 

phosphate buffer pH 7.0 )�# NH3/NH4Cl pH 9.0 1-	�'���"��" cyclic voltammetry  

 ���	����!*�� 

1. ���!	�/��*�Z��'��
�1-	�>
 pretreatment *�Z� GCE �
���*�� 3.2.1 

2. ����5� Cyclic voltammogram *��+
��#�
	�
���
� antioxidant )�4�#'��-1-	�����

+
��#�
	�
���
������G����"�!$%%&
�.��.
����!"�
��*��*��+�-��
	��3� 0.2 )�# 0.4 mM ��

+
��#�
	 acetate buffer pH 4.5 �!���3� supporting electrolyte 1-	�'�+(
�#�4
�K*���
��-���

-���!Z 

Start potential (V)   : -0.2 

 First vertex potential (V)   :   1.0 

 Second vertex potential (V)  : -0.2 

 Scan rate (V/s)    :   0.1 

3. �>
�
��-����'4��-!	�������*�� 1 � 2 )�4���!�	�+
��#�
	 supporting electrolyte ��3�

+
��#�
	 phosphate buffer pH 7.0 )�# NH3/NH4Cl pH 9.0  

4. �'�1��)��� analysis peak search �
	�
�"4
 Ep )�# ip /��
��-���)+-����,��!� 3.7 � 3.9 

)�#�
�
��!� 3.4 � 3.6 
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�*����!*�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-0.250 0 0.250 0.500 0.750 1.000 1.250

-4
10

-0.250 0 0.250 0.500 0.750 1.000 1.250

-4
10

10 µA

ascorbic acid

caffeic acid
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  �,��!� 3.7 Cyclic voltammograms *��+
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  0.4 mM �� phosphate buffer pH 7.0 
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�
�
��!� 3.4 "4
 Epa E,c  ipa )�# ipc *��+
��#�
	�
���
��� acetates buffer pH 4.5  

 

Ep (V vs Ag/AgCl) ip (µA)  

Antioxidant 

Concentration

(mM) Epa Epc ipa ipc 

catechin 

 

0.20 mM 

 

0.40 mM 

0.444 

0.792 

0.490 

0.802 

- 

- 

- 

- 

2.537  

2.233  

3.655  

1.855  

- 

- 

- 

- 

EGCG 

 

0.20 mM 

0.40 mM 

0.394 

0.394 

- 

- 

2.924  

4.169  

- 

- 

gallic acid 

 

0.20 mM 

0.40 mM 

0.389 

0.394 

- 

- 

4.453  

9.061  

- 

-  

ascorbic acid 0.20 mM 

0.40 mM 

0.389 

0.470 

- 

- 

2.887  

4.971  

- 

- 

trolox 

 

0.20 mM 

0.40 mM 

0.303 

0.309 

0.168 

0.157 

2.481  

4.824  

0.2704  

0.7050  

caffeic acid 

 

0.20 mM 

0.40 mM 

0.394 

0.424 

0.223 

0.163 

4.648  

9.417  

1.994  

3.653  

catechol 

 

0.20 mM 

0.40mM 

0.490 

0.470 

0.147 

0.157 

4.473  

9.769  

1.782  

5.617  

Capacity sequence trolox > EGCG ≈ gallic acid > caffeic acid > ascorbic 

acid  ≈  catechol > catechin  

 

 Epa = anodic peak potential 

 Epc = cathodic peak potential 

 ipa = anodic peak current 

 ipc = cathodic peak current 
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�
�
��!� 3.5 "4
 Epa E,c  ipa )�# ipc *��+
��#�
	�
���
� antioxidant �� phosphate buffer pH 7.0 

 

Ep (V vs Ag/AgCl) ip (µA)  

Antioxidant 

Concentration

(mM) Epa Epc ipa ipc 

catechin 

 

0.20 mM 

 

0.40 mM 

0.319 

0.671 

0.324 

0.676 

- 

- 

- 

- 

2.490  

5.150  

4.527  

0.949  

- 

- 

- 

- 

EGCG 

 

0.20 mM 

0.40 mM 

0.243 

0.258 

- 

- 

4.585  

8.363  

- 

- 

gallic acid 

 

0.20 mM 

0.40 mM 

0.409 

0.414 

- 

- 

3.239  

5.853  

- 

- 

ascorbic acid 0.20 mM 

0.40 mM 

0.450 

0.434 

- 

- 

2.165  

3.424  

- 

- 

trolox 

 

0.20 mM 

0.40 mM 

0.309 

0.268 

- 

- 

2.318  

3.996  

- 

-  

caffeic acid 

 

0.20 mM 

0.40 mM 

0.384 

0.399 

0.001 

0.019 

3.026  

5.565  

1.038  

2.041  

catechol 0.20 mM 

0.40mM 

0.374 

0.359 

0.022 

0.032 

4.573  

9.171  

2.597  

5.577  

Capacity sequence EGCG > trolox > catechin > catechol  > caffeic acid > 

gallic acid > ascorbic acid 

 

 Epa = anodic peak potential 

 Epc = cathodic peak potential 

 ipa = anodic peak current 

 ipc = cathodic peak current 
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�
�
��!� 3.6 "4
 Epa E,c  ipa )�# ipc *��+
��#�
	�
���
� antioxidant �� NH3/NH4Cl    pH 9.0 

 

Ep (V vs Ag/AgCl) ip (µA)  

Antioxidant 

Concentration

(mM) Epa Epc ipa ipc 

catechin 

 

0.20 mM 

0.40 mM 

0.112 

0.112 

- 

- 

4.023  

8.853  

- 

- 

EGCG 

 

0.20 mM 

0.40 mM 

0.072 

0.097 

- 

- 

5.259  

6.631  

- 

- 

gallic acid 

 

0.20 mM 

0.40 mM 

0.147 

0.173 

- 

- 

7.264  

9.233  

- 

- 

ascorbic acid 0.20 mM 

0.40 mM 

- 

- 

- 

- 

- 

- 

- 

- 

trolox 

 

0.20 mM 

0.40 mM 

0.132 

0.142 

- 

- 

2.993  

4.951  

- 

-  

caffeic acid 

 

0.20 mM 

0.40 mM 

0.132 

0.198 

- 

- 

5.072  

7.342  

- 

-  

catechol 0.20 mM 

0.40mM 

0.177 

0.112 

- 

- 

6.864  

8.607  

- 

- 

Capacity sequence EGCG > catechin ≈ catechol  > trolox > gallic acid > 

caffeic acid 

 

 Epa = anodic peak potential 

 Epc = cathodic peak potential 

 ipa = anodic peak current 

 ipc = cathodic peak current 
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       �
����"�
#� antioxidant activity *��+
��#�
	�
���
� antioxidant 1-	��"��" cyclic 

voltammetry �
��	�
����!	���!	�"4
 Epa *��+
��#�
	�
���
�)�4�#'��-1-	�!��>
)�4�"4
 Epa 

*��+
��-�!"4
���	�
	:5�+
�
�:���-���G��-'��$-��4
	.5���3�����!-��G��!�-! G5��.
�"4
 Epa *��

+
��!��5�6
��!	��>
-��-���!Z  

       ��+
��#�
	 acetate buffer pH 4.5 ��!	��>
-���>
)�4� Epa  ��3� catechin  > ascorbic acid  ≈  

catechol >  cafeic acid >  EGCG ≈ gallic acid > trolox .5���!	��>
-�� antioxidant capacity $-���3� 

trolox > EGCG ≈ gallic acid > caffeic acid > ascorbic acid  ≈  catechol > catechin  

       ���>
����-!	������+
��#�
	 phosphate buffer pH 7.0 ��!	��>
-���>
)�4� Epa  $-���3� 

ascorbic acid > gallic acid > caffeic acid > catechol > catechin > trolox > EGCG .5����>
-�� 

antioxidant activity ��3� EGCG > trolox > catechin > catechol  > cafeic acid > gallic acid > 

ascorbic acid 

       +4����+
��#�
	 NH3/NH4Cl buffer pH 9.0 ��!	��>
-���>
)�4� Epa  $-���3� cafeic acid > 

gallic acid > trolox > catechin ≈ catechol > EGCG G5��.�-�>
-�� antioxidant activity ���4
 EGCG 

> catechin ≈ catechol  > trolox > gallic acid > caffeic acid +4�� ascorbic acid ��Z�.#$�4+
�
�:

���.��-$-��!� pH 9.0 

       pH *�� supporting electrolyte �!/��4��������	
�!�*�Z�*��+
� antioxidant .5��>
����!	��>
-�� 

antioxidant activity $-��4
���� 
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                    3.3.3 ����������	
� pH 	
� supporting electrolytes �
 cyclic voltammogram 

	
������������������ 

���
��5�6
/�*�� pH *�� supporting electrolyte �4� cyclic voltammogram *��+
�+��-.
�

/������1-	�'���"��" cyclic voltammetry 1-	�'�����	4
���3�+
�+��-.
�/������)�4.�- fraction2 

�*��*�� 1,308 ppm G5���4
.#��3��#	# )�# fraction �!��!����
� antioxidant �
��!�+�- ������'�

+
��#�
	 supporting electrolytes buffer pH �4
�K"�� acetate buffer pH 4.52 phosphate buffer pH 

7.26 )�# NH3/NH4Cl buffer pH 10.76 

����������
� 

1. ���!	�/��*�Z��'��
�1-	�>
 pretreatment *�Z� working electrode �
���*�� 3.3.1 

2. ����5� cyclic voltammogram *��+
�+��-*�
����1-	�'�+(
�#*���
��-����'4��-!	������� 

*�� 3.3.2   

3. �'� analysis peak search �
	�
�"4
 Ep )�# ip /��
��-���)+-����,� 3.10 )�#�
�
��!� 3.7 

4. ���� Epa ��� pH *��+
��#�
	 supporting electrolyte )�# ipa ��� pH *��+
��#�
	 

supporting electrolyte )+-�-���,� 3.11 )�# 3.12 

       ��������
� 

 

 

 

 

 

 

 

 

 

 

 

 

�,��!� 3.10 Cyclic voltammogram *��+
�+��-.
�/������)�4.�- F2 �*��*�� 1,308 ppm ��

+
��#�
	 buffer pH �4
�K 

-0.250 0 0.250 0.500 0.750 1.000 1.250

-4
10

in acetate buffer pH 4.52

in NH3/NH4Cl pH 10.76

10 µA

in phosphate buffer pH 7.26

E (V vs Ag/AgCl)
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�
�
��!� 3.7  "4
 Epa )�# ipa *��+
�+��-.
�/������)�4.�- fraction 2 �*��*��1,308 ppm ��

+
��#�
	 buffer pH �4
�K 
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E
p
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V
 v

s
 A

g
/A

g
C

l)

 
     

�,��!� 3.11 ��
%)+-�"�
�+��������#�4
� Epa ��� pH ������5�6
/�*�� pH *��

supporting electrolyte �4� Epa *��+
�+��-.
������/�)�4 F2 �*��*�� 1,308 ppm 

 

Supporting electrolyte Epa(V) ipa(µA) 

Acetate buffer pH 4.52 0.490 7.093 

Phosphate buffer pH 7.26 0.444 3.962 

NH3/NH4Cl buffer pH 10.76 0.329 4.084 
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0.00
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8.00

4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00
pH of supporting electrolyte

ip
a
 (

 µ
A

)

 
 

�,��!� 3.12 ��
%)+-�"�
�+��������#�4
�  ipa ��� pH ������5�6
/�*��'��- pH *��

supporting electrolyte �4� Epa *��+
�+��-.
������/�)�4 F2 �*��*�� 1,308 ppm 

 

.
���
%�!� 3.11 )+-��
������#�4
�  Epa  ��� pH ���4
����� pH *��+
��#�
	 electrolyte 

+,�*5Z�"4
 Epa .#�-�������
	"�
��4
�
����-�������	
 oxidation  �!�*�Z�*��+
�+��- fraction 2  .#

���-$-��4
	*5Z�)�# deprotonation �4
	*5Z� 

.
���
%�!� 3.12 )+-��
������#�4
�  ipa ��� pH  ���4
�!� pH 4.50 *��+
��#�
	 acetate 

buffer ��3� pH �!�����#)+ anodic +,��!�+�--����Z�.5�������'�+
��#�
	 acetate buffer �!Z��3�

+
��#�
	 supporting electrolyte +>
����
��5�6
+
��#�
	�
���
�  gallic acid )�#+
�+��-

.
�/����������"��" voltammetry �4�$� 
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       3.3.4 ������
����������� antioxidant ������ ���!��"�#���
$�� 

����������
� 

1. ���!	�/��*�Z��'��
�1-	�>
 pretreatment *�Z� working electrode �
���*�� 3.3.1 

2. ����5� cyclic voltammogram *��+
�+��-.
�/������)�4.�- fraction 2 �*��*�� 1,308 ppm �� 

acetate buffer pH 4.5 ����
�� 25 ml 1-	�'�+(
�#*���
��-����'4��-!	������� *�� 3.3.2  

3. ���!	���!	� cyclic voltammogram *������	4
����+
��
���
�)+-����,��!� 3.13 "4
 Epa )�# 

ipa ���!	���!	����+
��
���
� )+-����
�
��!� 3.8   

 

��������
� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�,��!� 3.13 Cyclic voltammogram *��+
�+��-.
�/������)�4.�- F2 �*��*��1,308 ppm,  

gallic acid,  tolox,  epigallocatechin  gallate (EGCG),    ascorbic acid,  caffeic acid )�# 

catechin �*��*�� 0.4 mM �� acetate buffer pH 4.5 

gall ic acid

EGCG

trolox

fraction2

-0.250 0 0.250 0.500 0.750 1.000 1.250

-4

x10

-4

x10

-4

x10

-4

x10

0

-4

x10

-4

x10

-4

x10

-4

x10

-4

x10

E (V vs Ag/ AgCl)

gall ic acid

EGCG

trolox

fraction2

-0.250 0 0.250 0.500 0.750 1.000 1.250

-4

x10

-4

x10

-4

x10

-4

x10

0

-4

x10

-4

x10

-4

x10

-4

x10

-4

x10

E (V vs Ag/ AgCl)

cafeic acid

ascorbic acid
catechen

fraction2

-0.250 0 0.250 0.500 0.750 1.000 1.250

-4

x10

-4

x10

-4

x10

-4

x10

0

-4

x10

-4

x10

-4

x10

-4

x10

-4

x10

E (V vs Ag/ AgCl)

cafeic acid

ascorbic acid
catechen

fraction2

-0.250 0 0.250 0.500 0.750 1.000 1.250

-4

x10
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x10

-4

x10

-4

x10

0

-4

x10

-4

x10

-4

x10

-4

x10

-4

x10

E (V vs Ag/ AgCl)

10 µA

10 µA
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�
�
��!� 3.8 "4
 Epa )�# ipa *��+
�+��-.
�/������)�4.�- fraction2 �*��*��1,308 ppm )�#+
�

�
���
� (gallic acid,  trolox,  epigallocatechin  gallate (EGCG),  ascorbic acid,  caffeic 

acid )�# catechin) �*��*�� 0.4 mM �� acetate buffer pH 4.5 

+
��#�
	 Epa (V vs Ag/AgCl) ipa (µA) 

gallic acid 0.394 9.061 

trolox 0.309 4.824 

EGCG 0.394 4.169 

ascorbic acid 0.470 4.971 

caffeic acid 0.424 9.417 

catechin 0.490 

0.802 

3.655 

1.855 

F2 0.490 6.879 

        

       .
�/��
��-���"
-�4
��+
�+��-.
������/�)�4.�- F2 .#��#���$�-��	+
� antioxidant 

�
	��� ���
�
����
� antioxidant ��+
�+��-.
�/������.5���3��
����"�
#� antioxidant 

activity *��+
���#���%H�����Z��-������	4
� ��Z��!Z.#������'� gallic acid ��3�+
� antioxidant 

�
���
� ������.
����
��5�6
1-	�'���"��" TLC ������!� 3.2 ���4
��+
�+��-.
�/��������� 

fraction �4
.#�! gallic acid ��3���"���#���)�#��������!	���!	�����
��	4
�"�4
�K��)/4� TLC 

)������4
�! gallic acid �	,4����
��
�+�- 1-	-,.
�"�
��*��*��+!�!���
����)/4� TLC )�#.#

�
	�
� antioxidant activity ��+
�+��-.
�/���������,� gallic acid equivalent (GAE) )�#.
�"4
 

Epa *��+
��
���
�)�#+
�+��-.
� F2 *�������/�)�4.�- +
�
��!	��>
-�� antioxidant activity 

$-�-���!Z trolox > EGCG ≈ gallic acid > caffeic acid > ascorbic acid  ≈  catechol > catechin ≈ 

fraction 2 
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3.3.5  ����������	
� scan rate �
 cyclic voltammogram 	
�����"��$������� gallic 

acid  

 ����������
� 

1. ���!	�/��*�Z��'��
�1-	�>
 pretreatment *�Z� working electrode �
���*�� 3.3.1 

2. ����5� cyclic voltammogram *��+
��#�
	�
���
� 0.40 mM gallic acid �� acetate buffer 

pH 4.5 1-	�'� scan rate 10, 30, 50, 70 )�#  100 mV/s ���6�#*�� cyclic voltammogram )+-�-��

�,� 3.14 "4
 Epa )�# ipa )+-�-���
�
� 3.9 �����������
%�#�4
�  ipa ��� v1/2  ipa ��� v )�# log 

(ipa) ��� log (scanrate)   /��!�$-�)+-�-���,� 3.15 - 3.17 �
��>
-�� 

 

       ��������
� 

�,��!� 3.14 Cyclic voltammogram *��+
��#�
	�
���
� 0.40 mM gallic acid �!� 

scan rate �4
�K �� acetate buffer pH 4.5 

 

�
�
��!� 3.9 "4
 Epa )�# ipa .
� cyclic voltammogram *��+
��#�
	�
���
� 0.40 mM 

gallic acid �!� scan rate �4
�K �� acetate buffer pH 4.5 

 

Scan rate (mV/s) (scan rate)1/2 Epa (V vs Ag/AgCl) ipa (µA) 

10 3.16 0.360 4.441 

30 5.48 0.630 7.648 

50 7.07 0.364 9.916 

70 8.37 0.369 11.81 

100 10.0 0.379 13.11 

 

10 mV/s

30 mV/s

50 mV/s

70 mV/s

100 mV/s

-0.250 0 0.250 0.500 0.750 1.000 1.250

-4

x10

-4

x10

-4

x10

0

-4
x10

-4
x10

-4
x10

-4
x10

-4
x10

-4

x10

E (V vs Ag/AgCl)

10 µA 
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y = 1.3022x + 0.5093

R2 = 0.9913

0.00
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ip
a
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µ
A

)

(scan rate)1/2

 
 

�,��!� 3.15 �����#�4
�  ipa ��� v1/2 .
� cyclic voltammogram *�� gallic acid �*��*�� 0.4 

mM �� acetate buffer pH 4.5  

 

 

          
 

�,��!� 3.16 �����#�4
�  ipa ��� v .
� cyclic voltammogram *�� gallic acid �*��*�� 0.4 

mM �� acetate buffer pH 4.5  

 

 

 

y = -0.0009x
2
 + 0.1897x + 2.6488

R
2
 = 0.9996

y = 0.0957x + 4.4061

R
2
 = 0.9419
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y = 0.4823x + 0.1704

R2 = 0.9965

0.00

0.20

0.40

0.60

0.80

1.00

1.20

0.90 1.10 1.30 1.50 1.70 1.90 2.10

log (scan rate)

lo
g

 (
ip

a
)

 
 

�,��!� 3.17 �����#�4
� log (ipa) ��� log (scanrate) .
� cyclic voltammogram *�� gallic 

acid �*��*�� 0.4 mM �� acetate buffer pH 4.5  

 

 

       .
���
%)+-��
������#�4
� ipa ��� (scan rate)1/2 )�# ipa ��� scan rate  ���4
��
%)+-�

�
������#�4
� ipa ��� (scan rate)1/2 ��3��+����� ��*�#�!���
%)+-��
������#�4
� ipa ��� 

scan rate ��3��+��1"�� )�#��
%)+-��
������#�4
� log (ipa) ��� log (scan rate) ��3�+��
�

�+�����)�#�!"�
�'�������"!	���� 0.4823 G5�������"!	���� 0.50  ����)+-��4
��#)+�!����-*5Z���3�

��#)+�!����-*5Z�.
��
�)��4 (diffusion current) +
�
�:�'����
��>
����
����"�
#�$-� 
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       3.3.6  ������ calibration graph 	
�����"��$������� gallic acid �����!��! cyclic 

voltammetry 

����������
� 

1. ���!	�/��*�Z��'��
�1-	�>
 pretreatment *�Z� working electrode �
���*�� 3.3.1 

2. ����5� cyclic voltammogram *��+
��#�
	�
���
�gallic acid �*��*�� 0.05, 0.10, 0.20, 0.30, 

0.40 )�# 0.50 mM �� acetate buffer pH 4.5 1-	�'�+(
�#�4
�K*���
��-���-���!Z 

Start potential (V)   : 0.1  

 First vertex potential (V)   :   0.7 

 Second vertex potential (V)  : 0.1 

 Scan rate (V/s)    : 0.05 

3. �'� analysis peak search �
	�
�"4
 Epa, ipa )�# Q /��
��-���)+-����,� 3.18 )�#�
�
��!� 

3.10 

4.  ����"�
�+,�*���!" (ipa) ���"�
��*��*��*��+
��#�
	�
���
� gallic acid )�# ��Z��!�����!" 

(Q) ��'4�����	�$%%&
 0.30 � 0.70 V  ���"�
��*��*��*��+
��#�
	�
���
� gallic acid ��
%�!�

$-�)+-�-���,� 3.19 )�# 3.20 �
��>
-�� 

       ��������
� 

 

�,��!� 3.18 Cyclic voltammogram *��+
��#�
	�
���
� gallic acid �!�"�
��*��*���4
�K 

�� acetate buffer pH 4.5 
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�
�
��!� 3.10  "4
 ipa )�# Q *��+
��#�
	�
���
�gallic acid  �� acetate buffer pH 4.5 

 

"��Z��!�1 "��Z��!�2 "��Z��!�3 �=�!�	 ± SD Conc. 

mM ipa 

(µA) 

Q 

(µC) 

ipa 

(µA) 

Q 

(µC) 

ipa 

(µA) 

Q 

(µC) 

ipa 

(µA) 

Q 

(µC) 

0.05 1.621 5.866 1.521 5.845 1.929 8.690 1.69 ± 0.21 6.80 ± 1.64 

0.10 2.955 9.839 3.302 11.26 3.301 13.06 3.19 ± 0.20 11.39 ± 1.61 

0.20 5.807 17.60 6.294 20.31 6.577 20.39 6.23 ± 0.39 19.43 ± 1.59 

0.30 8.597 27.54 8.800 31.08 9.085 32.80 8.83 ± 0.25 30.47 ± 2.68 

0.40 10.93 35.70 11.75 38.97 11.85 41.51 11.51 ± 0.50 38.73 ± 2.91 

0.50 12.03 42.37 13.04 46.00 13.56 45.60 12.88 ± 0.78 44.66 ± 1.99 

 

y = 28.024x + 0.4049

R2 = 0.9989

0
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14

16
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ip
a
 (
µ

A
)

 
 

�,��!� 3.19  �����#�4
� ipa ���"�
��*��*��*��+
��#�
	�
���
� gallic acid  �� 

acetate buffer pH 4.5 1-	�'���"��" cyclic voltammetry 

 

       .
� calibration curve �!������#�4
� ipa  �!����	�$%%&
 370 mV vs Ag/AgCl ���"�
��*��*��

*��+
��#�
	�
���
� gallic acid  ���4
 calibration curve ��3��+�������'4��"�
��*��*�� 0.05 

� 0.40 mM �!+��
��+����� y = 28.024x + 0.405 )�#�! R2 = 0.9989   

y = 28.024x + 0.4049 

R2 = 0.9989 
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y = 92.266x + 1.9882

R2 = 0.9975
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�,��!� 3.20  �����#�4
� Q  ���"�
��*��*��*��+
��#�
	�
���
� gallic acid  �� 

acetate buffer pH 4.5 1-	�'���"��" cyclic voltammetry 

 

       .
� calibration curve �!������#�4
� Q ��'4�����	�$%%&
 300 � 700 mV vs Ag/AgCl ���

"�
��*��*��*��+
��#�
	�
���
� gallic acid  ���4
 calibration curve ��3��+�������'4��"�
�

�*��*�� 0.05 � 0.40 mM $-�+��
��+����� y = 92.266x + 1.988 )�#�! R2 = 0.9975 

        .
� calibration curve ��Z�+�����4
 calibration curve ��3��+�������'4��"�
��*��*�� 0.05 � 

0.40 mM �!���3��'4��!Z������.
�*�Z��'��
� GCE �!��Z��!�/��.>
��-.>
��- �
����-�������	
�!�*�Z�.5��!.>
��-

�>
���!�"�
��*��*��+,�K��Z��
����+���.#$�4��3�+�-+4��1-	������"�
��*��*�� .
��
�

���� calibration curve ��Z�+�����!���4
 calibration curve �!�$-�.
��
������#�4
� Q ���"�
�

�*��*��*��+
��#�
	�
���
� gallic acid .#�� calibration sensitivity +,���4
 calibration curve �!�

$-�.
��
������#�4
� ipa ���"�
��*��*��*��+
��#�
	�
���
� gallic acid ������.
�cyclic 

voltammogram *��+
��#�
	�
���
� gallic acid �!���6�#��3��!"�!� broad ������� ������.
�

��"��" cyclic voltammetry ��Z���3���"��"�!��! sensitivity ��>
�������!	������"��" differential pulse 

voltammetry (DPV) [24] ���
����"�
#� antioxidant activity ������	4
�+
�+��-.
�/������.5�

������'���"��" DPV   

 

 

 

 

 

y = 92.266x + 1.988  

R2 = 0.9975 
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3.3.7 ���%&'��!��! DPV ���*
����� calibration graph 	
�����"��$������� gallic acid  

����������
� 

1. ���!	�/��*�Z��'��
�1-	�>
 pretreatment *�Z� working electrode �
���*�� 3.3.1 

2. ����5� differential pulse voltammogram *��+
��#�
	�
���
�gallic acid �*��*�� 0.01, 0.03, 

0.05, 0.10, 0.40 )�# 0.20 mM �� acetate buffer pH 4.5 1-	�'�+(
�#�4
�K*���
��-���-���!Z 

Initial potential (V)   : 0 

 End potential (V)   :  1 

 Step  potential (V)   : 0.001 

 Pulse amplitude (V)   : 0.05 

3. �'� analysis peak search �
	�
�"4
 Epa , ipa )�#��Z��!�����!" (Q) ��'4�����	�$%%&
 0.23 � 0.50 V 

/��
��-���)+-����,� 3.21 )�#�
�
��!� 3.11 

4.  ���� ipa ���"�
��*��*��*��+
��#�
	�
���
� gallic acid )�# Q ���"�
��*��*��*��

+
��#�
	�
���
� gallic acid ��
%�!�$-�)+-�-���,� 3.22 )�# 3.23 

 

 
�,��!� 3.21 Differential pulse voltammogram *��+
��#�
	�
���
� gallic acid �!�"�
��*��*��

�4
�K�� acetate buffer pH 4.5 
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�
�
��!� 3.11  "4
 ipa )�# ��Z��!�����!" (Q)  *��+
��#�
	�
���
� gallic acid �!�"�
��*��*���4
�K

�� acetate buffer pH 4.5 

"��Z��!�1 "��Z��!�2 "��Z��!�3 �=�!�	 ± SD Conc. 

mM ipa 

(µA) 

Q 

(µC) 

ipa 

(µA) 

Q 

(µC) 

ipa 

(µA) 

Q 

(µC) 

ipa 

(µA) 

Q 

(µC) 

0.01 0.159 0.015 0.206 0.020 0.017 0.016 0.127 ± 0.098 0.017 ± 0.00 

0.03 0.388 0.046 0.410 0.046 0.032 0.040 0.277 ± 0.212 0.044 ± 0.00 

0.05 0.654 0.079 0.609 0.074 0.99 0.078 0.751 ± 0.208 0.077 ± 0.00 

0.10 0.801 0.126 1.060 0.133 2.14 0.159 1.334 ± 0.160 0.139 ± 0.02 

0.20 2.270 0.295 2.220 0.278 3.43 0.296 2.640 ± 0.260 0.290 ± 0.01 

 

 

             

y = 13.365x - 0.0167

R2 = 0.9947
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�,��!� 3.22 �����#�4
� ipa ���"�
��*��*��*��+
��#�
	�
���
� gallic acid  �� 

acetate buffer pH 4.5 1-	�'���"��" DPV 
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y = 1.4593x + 0.0011

R2 = 0.9987
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�,��!� 3.23 �����#�4
� ��Z��!�����!" (Q)   ���"�
��*��*��*��+
��#�
	�
���
� gallic 

acid  �� acetate buffer pH 4.5 1-	�'���"��" DPV 

 

       .
� calibration curve �!������#�4
� ipa ���"�
��*��*��*��+
��#�
	�
���
� gallic acid 

)�#��Z��!�����!" (Q)  ���"�
��*��*��*��+
��#�
	�
���
� gallic acid  ���4
 calibration curve 

�!������#�4
� ipa ���"�
��*��*��*��+
��#�
	�
���
� gallic acid $-�+��
��+�����  

y = 13.36x � 0.017 )�#�! R2 = 0.9947   +4�� calibration curve �!������#�4
���Z��!�����!" (Q)  ���

"�
��*��*��*��+
��#�
	�
���
� gallic acid $-�+��
��+����� y = 1.459x + 0.001 )�#�! R2 = 

0.9987 G5��+��
��!��'����
����"�
#� antioxidant activity �'�+��
��!������#�4
���Z��!�����!" 

(Q)  ���"�
��*��*��*��+
��#�
	�
���
� gallic acid ������.
���+
�+��-.
�/�������!+
� 

antioxidant �
	'��-��3���"���#��� �
����"�
#� antioxidant activity .5�
���,�)�����

�
��	�
� fix ���	�$%%&
��'4���!���4
�����Z���+
��
���
�)�#+
�����	4
� 

 

 

 

 

 

 

 

 

 
 
 
 

 
 
 
 

 
 



 59

              3.3.8 ���%&'��!��! DPV ���*
����� antioxidant activity %� crude extract 	
��������



� ��+���� +�"����� 

 ����������
� 

1. ���!	�/��*�Z��'��
�1-	�>
 pretreatment *�Z� working electrode �
���*�� 3.3.1 

2. ����5� differential pulse voltammogram *�� crude extract .
�/������/��4�� /�)�4.�- )�# 

/�+��1-	����� crude extract ��*�� 3.1.2 ����
�� 2  mL �#�
	�� acetate buffer pH 4.5 ���!

����
����� 25 mL �>
�����G����!"�
��*��*��*��+
�+��--���!Z /��4���*��*�� 4706 ppm /�)�4

.�-�*��*�� 4705 ppm )�# /�+���*��*�� 4707 ppm 1-	�'�+(
�#�4
�K*���
��-����'4��-!	����

���*�� 3.3.7 G5��+
�+��-.
�/��������Z�+
��#	#.#���- oxidation �!�/��*�Z��� Epa �!���#�
� 0.33 V 

vs Ag/AgCl /��
��-���)+-����,� 3.23  

3.�'� analysis peak search �
	�
�"4
 ipa )�# ��Z��!�����!" (Q) 1-	��'4�����	�$%%&
 0.23 � 0.50 V 

"4
�!�$-�)+-�-���
�
� 3.12 

4. ">
��� antioxidant activity ��+
�+��-.
�/������1-	�
	�
���3� gallic acid equivalent 

(GAE) ���4�	 mg/g sample "4
�!�$-�)+-�-���
�
� 3.13 

 

 

 

 

 

 

         

 

 

 

 

�,��!� 3.23 Differential pulse voltammograms *�� crude extract .
�/������/��4�� /�)�4.�- )�# 

/�+���� acetate buffer pH 4.5 ��!	����+
��#�
	�
���
� gallic acid �*��*�� 0.05 mM 
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�
�
��!� 3.12 "4
 ipa )�#��Z��!�����!" (Q) *�� crude extract .
�/������ 

 

"��Z��!�1 "��Z��!�2 "��Z��!�3 /������ 

ipa(µA) Q (µC) ipa(µA) Q (µC) ipa(µA) Q (µC) 

/��4�� 0.8427 0.0933 0.6785 0.0688 0.8899 0.1005 

/�)�4.�- 0.5145 0.0569 0.5779 0.0584 0.6160 0.0591 

/�+�� 0.4055 0.0394 0.5122 0.0511 0.4164 0.0376 

 

�
�
��!� 3.13 "4
 GAE *�� crude extract .
�/������ (n = 3) 

 

GAE (mg/g sample) /������ 

"��Z��!�1 "��Z��!�2 "��Z��!�3    �=�!�	 ± SD 

/��4�� 2.46 1.81 2.65 2.31 ± 0.44 

/�)�4.�- 1.49 1.52 1.53 1.51 ± 0.02 

/�+�� 1.02 1.33 0.98 1.11 ± 0.19 

           

     .
�/��
����"�
#����4
"4
 GAE *�������/��4���
���4
/�)�4.�- )�#/�+�� )+-��4
 

antioxidant activity ��+
�+��-.
������/��4���
���4
/�)�4.�-)�#/�+���
��>
-�� 
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3.3.9  ���%&'��!��! DPV ���*
����� antioxidant activity 	
�������� fraction 1-3 %��������

����������

�   

 ����������
� 

1. ���!	�/��*�Z��'��
�1-	�>
 pretreatment *�Z� working electrode �
���*�� 3.3.1 

2. ���!	�+
�+��-.
�/������1-	�.��.
�+
�+��-.
������/��4����*�� 3.1.3 ���!"�
��*��*��

��3� 218, 16.9, 28.2 ppm +>
���+
�+��- fraction1, 2 )�# 3 1-	�'� acetate buffer pH 4.5 ��3����

�>
�#�
	     

3. ����5� differential pulse voltammogram *��+
�+��-.
�/��������Z�+
� fraction 1-	�'�+(
�#

�4
�K*���
��-����'4��-!	�������*�� 3.3.7 G5��+
�+��-.
�/��������Z�+
� fraction .#���- 

oxidation �!�/��*�Z��� Epa �!���#�
� 0.33 V vs Ag/AgCl /��
��-���)+-����,� 3.24  

4.�'� analysis peak search �
	�
���Z��!�����!" (Q)  ��'4�����	�$%%&
 0.23 �  0.50 V "4
�!�$-�)+-�

-���
�
� 3.14 

5. ">
��� antioxidant activity ��+
�+��-.
�/������1-	�
	�
���3� gallic acid equivalent 

(GAE) ���4�	 mg/g fraction "4
�!�$-�)+-�-���
�
� 3.15 

 

 

 

 

 

 

 

 

 

 

 

�,��!� 3.24 Differential pulse voltammograms *��+
�+��-.
�/������/��4�� F1 F2 )�# F3 �� 

acetate buffer pH 4.5 ��!	����+
��#�
	�
���
� gallic acid �*��*�� 0.05 mM 
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�
�
��!� 3.14 ��Z��!�����!" (Q) *��+
�+��-.
�/������/��4�� fraction1 fraction2 )�# F3 �� 

acetate buffer pH 4.5  

 

��Z��!�����!" (Q ) (µC)  

Fraction "��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

F1 0.0670 0.0684 0.0751 0.0809 0.0759 

F2 0.0835 0.0875 0.0670 0.0991 0.0886 

F3 0.0554 0.0704 0.0575 0.0420 0.0607 

 

 

�
�
��!� 3.15  "4
 GAE *��+
�+��-.
�/������/��4�� fraction1 fraction2 )�# fraction3 �� 

acetate buffer pH 4.5 (n = 5) 

 

GAE (mg/g fraction)  

Fraction "��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 �=�!�	 ± SD 

F1 177.68 181.41 199.36 215.19 201.68 195.06 ± 15.46 

F2 510.05 541.54 412.43 614.36 548.43 525.36 ± 73.66 

F3 240.88 307.37 249.87 181.52 224.51 240.83 ± 45.53 

 

       .
�/��
����"�
#����4
"4
 GAE *��+
�+��-.
� F2 �
���4
 F3 )�# F 1 �
��>
-��-����Z�

����
� antioxidant activity *��+
�+��-.
� F2 �
���4
 F3 )�# F1 �
��>
-�� 
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       3.3.10  ���%&'��!��! DPV ���*
����� antioxidant activity 	
�������� fraction 1-3 %����

��������������+����   

 ����������
� 

1. ���!	�/��*�Z��'��
�1-	�>
 pretreatment *�Z� working electrode �
���*�� 3.3.1 

2. ���!	�+
�+��-.
�/������1-	�.��.
�+
�+��-.
������/�)�4.�-��*�� 3.1.3 ���!"�
��*��*��

��3� 142, 26.2, 38.3 ppm +>
���+
�+��- fraction1, 2 )�# 3 1-	�'� acetate buffer pH 4.5 ��3����

�>
�#�
	     

3. ����5� differential pulse voltammogram *��+
�+��-.
�/��������Z�+
� fraction 1-	�'�+(
�#

�4
�K*���
��-����'4��-!	�������*�� 3.3.7 G5��+
�+��-.
�/��������Z�+
� fraction .#���- 

oxidation �!�/��*�Z��� Epa �!���#�
� 0.33 V vs Ag/AgCl /��
��-���)+-����,� 3.25  

4.�'� analysis peak search �
	�
���Z��!�����!" (Q) ��'4�����	�$%%&
 0.23 �  0.50 V "4
�!�$-�)+-�-��

�
�
� 3.16 

5. ">
��� antioxidant activity ��+
�+��-.
�/������1-	�
	�
���3� gallic acid equivalent 

(GAE) ���4�	 mg/g fraction "4
�!�$-�)+-�-���
�
� 3.17 

        

 

 

 

 

 

 

 

 

 

 

 

�,��!� 3.25 Differential pulse voltammograms *��+
�+��-.
�/������/�)�4.�- F1 F2 )�# F3 �� 

acetate buffer pH 4.5 ��!	����+
��#�
	�
���
� gallic acid �*��*�� 0.05 mM 
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�
�
��!� 3.16  ��Z��!�����!" (Q )*��+
�+��-.
�/������/�)�4.�- fraction1 fraction2 )�# fraction3 

�� acetate buffer pH 4.5 

 

��Z��!�����!" (Q ) (µC)  

Fraction "��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

F1 0.0264 0.0218 0.0288 0.0358 0.0312 

F2 0.0581 0.0595 0.0721 0.0646 0.0491 

F3 0.0310 0.0232 0.0204 0.0304 0.0240 

 

 

�
�
��!� 3.17  "4
 GAE *��+
�+��-.
�/������/�)�4.�- fraction1 fraction2 )�# fraction3 �� 

acetate buffer pH 4.5 (n = 5) 

 

GAE (mg/g fraction)  

Fraction "��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 �=�!�	 ± SD 

F1 19.09 15.66 20.91 26.13 22.70 20.90 ± 3.92 

F2 247.88 254.22 308.97 276.43 208.77 259.25 ± 36.98 

F3 106.70 79.00 68.82 104.71 81.66 88.18 ± 16.72 

           

       .
�/����
�
��!� 3.17 ���4
"4
 GAE *��+
�+��-.
� F2 �
���4
 F3 )�# F1 �
��>
-��

)+-��4
����
� antioxidant activity *��+
�+��-.
� F2 �
���4
 F3 )�# fraction1 �
��>
-�� 
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       3.3.11 ���%&'��!��! DPV ���*
����� antioxidant activity 	
�������� fraction 1-3 %����

�����������������   

 ����������
� 

1. ���!	�/��*�Z��'��
�1-	�>
 pretreatment *�Z� working electrode �
���*�� 3.3.1 

2. ���!	�+
�+��-.
�/������1-	�.��.
�+
�+��-.
������/�)�4.�-��*�� 3.1.3 ���!"�
��*��*��

��3� 11.7, 15.5, 42.8 ppm +>
���+
�+��- fraction1, 2 )�# 3 1-	�'� acetate buffer pH 4.5 ��3����

�>
�#�
	     

3. ����5� differential pulse voltammogram *��+
�+��-.
�/��������Z�+
� fraction 1-	�'�+(
�#

�4
�K*���
��-����'4��-!	�������*�� 3.3.7 G5��+
�+��-.
�/��������Z�+
� fraction .#���- 

oxidation �!�/��*�Z��� Epa �!���#�
� 0.33 V vs Ag/AgCl /��
��-���)+-����,� 3.26  

4.�'� analysis peak search �
	�
���Z��!�����!" (Q) ��'4�����	�$%%&
 0.23 �  0.50 V "4
�!�$-�)+-�-��

�
�
� 3.18 

5. ">
��� antioxidant activity ��+
�+��-.
�/������1-	�
	�
���3� gallic acid equivalent 

(GAE) ���4�	 mg/g fraction "4
�!�$-�)+-�-���
�
� 3.19 

 

 

 

 

 

 

 

 

 

 

�,��!� 3.26 Differential pulse voltammograms *��+
�+��-.
�/������/�+�� F1 F2 )�# F3 �� 

acetate buffer pH 4.5 ��!	����+
��#�
	�
���
� gallic acid �*��*�� 0.05 mM 

 

 

 

 

0 0.250 0.500 0.750 1.000

E / V  vs Ag/AgCl

fraction1

fraction2

fraction3

0.05 mM GA

0 0.250 0.500 0.750 1.000

E / V  vs Ag/AgCl

fraction1

fraction2

fraction3

0.05 mM GA

fraction1

fraction2

fraction3

0.05 mM GA

I 0.3 µA
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�
�
��!� 3.18  ��Z��!�����!" (Q ) *��+
�+��-.
�/������/�+�� fraction1 fraction2 )�# fraction3 

�� acetate buffer pH 4.5 

 

��Z��!�����!" (Q )  (µC)  

Fraction "��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

F1 0.0127 0.0135 0.0128 0.0172 0.0125 

F2 0.0178 0.0205 0.0198 0.0264 0.0236 

F3 0.0372 0.0391 0.0441 0.0508 0.0494 

 

 

�
�
��!� 3.19  "4
 GAE *��+
�+��-.
�/������/�+�� fraction1 fraction2 )�# fraction3 �� 

acetate buffer pH 4.5 (n = 5) 

 

GAE (mg/g fraction)  

Fraction "��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 �=�!�	±SD 

F1 124.68 133.77 126.07 177.48 123.07 137.01 ± 22.99 

F2 136.40 158.19 152.52 205.50 183.38 167.20 ± 27.27 

F3 105.95 111.57 126.07 145.87 141.80 126.25 ± 17.71 

           

       .
�/����
�
��!� 3.19 ���4
"4
 GAE *��+
�+��-.
������)�#�'� t-test ���4
 fraction1  ≈ 

fraction2 ≈ fraction3 (t-test �!� P = 0.05) )+-��4
����
� antioxidant activity *��+
�+��-.
�

�������Z�+
� fraction $�4�4
�����	4
��!��	+>
"�2 
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3.4  �������� antioxidant activityity ,�$���� spectrometry 

       3.4.1 Diphenyl-1-picrylhydrazyl radical capacity assay  (DPPH assay)    

       3.4.1.1  �������$�����"��$ 

1.  +
��#�
	  DPPH  (2,2 diphenyl-1-picrylhydrazyl)  "�
��*��*��  20  ppm 

'���  DPPH  0.0020  g  �#�
	-��	  methanol  ��������
����3�  100  mL  ��*�-

����
�� 

2.  +
��#�
	�
���
�  gallic acid, ascorbic acid, trolox, catechin, catechol, cafeic  )�#  

epigallocatechin gallate (EGCG) "�
��*��*���	4
��#  100  ppm 

       '���+
��
���
�)�4�#'��-  0.01  g  �#�
	��  methanol  ��������
����3�  100  mL  ��*�-

����
�� 

3.4.1.2  �������� spectrum +�" kinetic behaviors ,�$  DPPH  assays     

����������
� 

       ����5� Spectrum (Abs. vs λ ��'4��"�
�	
�"���� 350-900 nm)  *��+
��#�
	 DPPH 

reagent )�# DPPH reagent /+����+
��#�
	�
���
�  Gallic  acid �*��*�� 0.7 ppm )�#+
�

+��-/������/��4�� fraction2 �*��*��  4.23 ppm )+-����,��!� 3.27  .
���Z�����5� absorbance �!�

"�
�	
�"���� 517 nm ��!	�������
������5�6
 Kinetic curves  *�� DPPH radical /+����+
�+��-

/������/��4�� fraction2 �*��*��  4.23 ppm *�������/��4�� )�# DPPH radical /+�+
��#�
	

�
���
�  gallic  acid "�
��*��*���4
�K1-	�'�  Blank  ��3��Z>
 /��
��-+��)+-����,��!� 3.28 

.
�"4
 absorbance ">
�������
�
����-�������	
�!����
�4
�K)����>
����
�
����-�������	
 

( Abs/min) �
����������
 /��!�$-�)+-�-���
�
��!� 3.20  )�#�,��!� 3.29  

 ��������
� 
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�,��!� 3.27  Spectra *�� DPPH radical )�# DPPH radical /+����+
��
���
� gallic  acid )�#

+
�+��-����� 

 

       

 

            

 

 

 

 

 

 

 

 

 

 

�,��!� 3.28  Kinetic curve  *�� DPPH radical /+����+
�+��- fraction2 *�������/��4�� )�# 

DPPH radical /+����+
��#�
	�
���
�  gallic acid 

(4.2 ppm)

0.7 ppm gallic acid

0.4 ppm gallic acid

1.0 ppm gallic acid

2.0 ppm gallic acid

2.5 ppm gallic acid

control

4.2 ppm  fraction2

1.5 ppm gallic acid
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�
�
��!� 3.20 "4
 absorbance )�#����
�
����-�������	
�!����
�4
�K*�� DPPH radical /+����+
�

+��- fraction2 *�������/��4�� )�# DPPH radical /+����+
��#�
	�
���
�  gallic acid  

fraction2 

�*��*�� 4.2 ppm 

gallic acid 

�*��*�� 0.4 ppm 

gallic acid 

�*��*�� 1.5 ppm 

gallic acid 

�*��*�� 2.5 ppm 

���
 

s 

Abs. rate Abs. rate Abs. rate Abs. rate 

0 0.4622 - 0.4949 - 0.3835 - 0.3041 - 

1 0.3978 0.0644 0.4514 0.0435 0.2789 0.1046 0.1587 0.1454 

2 0.3632 0.0346 0.4379 0.0135 0.2335 0.0454 0.1077 0.0510 

3 0.3412 0.0220 0.4318 0.0061 0.2043 0.0292 0.0791 0.0286 

4 0.3254 0.0158 0.4290 0.0046 0.1868 0.0175 0.0623 0.0168 

5 0.3128 0.0126 0.4272 0.0009 0.1751 0.0117 0.0527 0.0096 

6 0.3028 0.0100 0.4263 0.0014 0.1652 0.0099 0.0453 0.0074 

7 0.2942 0.0086 0.4249 0.0002 0.1575 0.0077 0.0403 0.0050 

8 0.2869 0.0073 0.4247 0.0008 0.1512 0.0063 0.0365 0.0038 

9 0.2803 0.0066 0.4239 0.0005 0.1461 0.0051 0.0338 0.0027 

10 0.2747 0.0056 0.4234 0.0005 0.1414 0.0047 0.0319 0.0019 

11 0.2693 0.0054 0.4229 0.0003 0.1372 0.0042 0.0303 0.0016 

12 0.2645 0.0048 0.4226 0.0002 0.1338 0.0034 0.0292 0.0011 

13 0.2604 0.0041 0.4224 0.0005 0.1307 0.0031 0.0284 0.0008 

14 0.2563 0.0041 0.4219 0.0002 0.1277 0.0030 0.0278 0.0006 

15 0.2525 0.0038 0.4217 0.0005 0.1251 0.0026 0.0276 0.0002 

16 0.2490 0.0035 0.4212 0.0002 0.1227 0.0024 0.0272 0.0004 

17 0.2454 0.0036 0.4210 0.0001 0.1207 0.0020 0.0270 0.0002 

18 0.2423 0.0031 0.4209 0.0002 0.1184 0.0023 0.0270 0.0000 

19 0.2394 0.0029 0.4207 0.0001 0.1165 0.0019 0.0270 0.0000 

20 0.2364 0.0030 0.4206 0.0001 0.1147 0.0018 0.0269 0.0001 

21 0.2336 0.0028 0.4207 0.0004 0.1132 0.0015 0.0270 0.0001 

22 0.2311 0.0025 0.4203 0.0000 0.1116 0.0016 0.0269 0.0001 

23 0.2287 0.0024 0.4203 0.0002 0.1100 0.0016 0.0268 0.0001 
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�
�
��!� 3.19 �4� 

24 0.2262 0.0025 0.4201 0.0002 0.1086 0.0014 0.0269 0.0001 

25 0.2238 0.0024 0.4199 0.0001 0.1072 0.0014 0.0270 0.0001 

26 0.2218 0.0020 0.4200 0.0001 0.1062 0.0010 0.0269 0.0001 

27 0.2196 0.0022 0.4201 0.0001 0.1047 0.0015 0.0270 0.0001 

28 0.2176 0.0020 0.4200 0.0000 0.1035 0.0012 0.0271 0.0001 

29 0.2155 0.0021 0.4200 0.0001 0.1024 0.0011 0.0269 0.0002 

30 0.2137 0.0001 0.4199 0.0001 0.1013 0.0000 0.0271 0.0000 

      

 

 
�,��!� 3.29  �����#�4
�����
�
����-�������	
������
*�� DPPH radical + fraction2 *�������/�

�4�� )�# DPPH radical + +
��#�
	�
���
� gallic acid 

 

       ���4
����
�
����-�������	
*��+
�+��-)�#+
��
���
���� DPPH radical �!"4
�-���	4
�

��-����(
	�����
 3 �
�! )�#�!"4
�������4
���������
 5 �
�! )�#�4
�������	�
����.
� 10 

�
�!��3����$� .5�������'����
�!� 10 �
�! ������
����.��-����
� DPPH radical �!��������.
�

�������	
$-� 
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       3.4.1.3  ��������  antioxidant  activity  	
�����"��$�������,�$  DPPH  assay    

����������
� 

       ���"�
#� antioxidant capacity *��+
��#�
	�
���
�    ascorbic  acid, caffeic  acid, 

catechin, catechol , EGCG, gallic  acid  )�#  trolox 1-	�
������+
��#�
	�
���
�)�4�#'��-

����
���4
�K���  /+����+
��#�
	  DPPH  reagent 4.50 mL -���
�
��!� 3.21 ��������
��-��	 

deionized water ���!����
�������3� 5 mL�*	4
���*�
���)�#��Z���Z�$����3����
 10 �
�!  �>
$���-

"4
  absorbance ����!�!�  517  nm  1-	�'�  Blank  ��3� deionized water )�#  Control  ��3�

+
��#�
	/+�  DPPH  reagent  4.50  mL  ��� deionized water  0.50  mL "4
  Absorbance  �!���-$-�  

+
�
�:�>
�
">
���"4
  % Remaining  DPPH
●

�
�+��
��!� 3.1 /�"4
 % Remaining  DPPH
●

 

)+-����
�
��!�  3.22 - 3.28 �*!	���
%"�
�+��������#�4
� % Remaining  DPPH
● ���"�
�

�*��*��*��+
��
���
�)�4�#'��-)+-�-���,��!� 3.30 .
���
%�!������#�4
� % Remaining  

DPPH
● ���"�
��*��*��*��+
��
���
�������'�
"4
 EC50G5���
	:5�"�
��*��*��*��+
� 

antioxidant �!��>
�� % Remaining  DPPH
● = 50%        

 

�
�
��!� 3.21 ����
��*�� DPPH   reagent  ���+
��#�
	�
���
��	4
��# 100 ppm *��  ascorbic  

acid, caffeic  acid, catechin, catechol , EGCG, gallic  acid  )�#  trolox 1-	 DPPH  assay 

 

����
��+
��#�
	�
���
� (µL)  

��-�!�

 

����
�� 

DPPH (mL)

 

ascorbic 

acid 

caffeic  

acid 

catechin catechol EGCG gallic  

acid  

trolox

1 4.50 75 35 50 20 35 20 50 

2 4.50 100 50 100 35 50 35 100 

3 4.50 125 75 150 50 75 50 150 

4 4.50 150 100 200 75 100 75 200 

5 4.50 175 125 250 100 125 100 250 

6 4.50 200 150 300 125 150 125 300 

Control 4.50 - - - - - - - 

 

������>
$���-"4
 Abs517 .#+
�
�:">
��� % Remaining DPPH
●

 �
�+��
� 3.1 
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 % Remaining DPPH
●

     =               x   100                                                                       

        

��������
� 

 

�
�
��!� 3.22 "4
 Absorbance )�# % Remaining DPPH
●

   *��  ascorbic  acid 1-	 DPPH  assay  

 (n = 5) 

��-�!� A517 nm  ( x ) 
Final conc. Ascorbic 

acid (ppm) 

%Remaining 

( x  ±  SD) 

1 0.3047 1.50 58.42 ±  1.59 

2 0.2342 2.00 44.91 ±  2.13 

3 0.1528 2.50 29.30 ±  3.02 

4 0.0908 3.00 17.41 ±  3.61 

5 0.0281 3.50   5.38 ±  1.38 

6 0.0205 4.00   3.93 ±  0.36 

Control 0.5215 - - 

 

 

�
�
��!� 3.23  "4
 Absorbance )�#  % Remaining DPPH
●

     *��  caffeic  acid   1-	 DPPH  assay 

(n = 5) 

��-�!� A517 nm  ( x ) 
Final conc. cafeic  

acid (ppm) 

%Remaining 

( x ± SD) 

1 0.4663 0.7 80.78 ±  0.53 

2 0.4229 1.0 73.25 ±  0.90 

3 0.3446 1.5 59.70 ±  0.61 

4 0.2763 2.0 47.86 ±  1.70 

5 0.1985 2.5 34.38 ±  0.33 

6 0.1339 3.0 23.19 ±  0.47 

Control 0.5773 - - 

Abscontrol 

Abssample 

3.1 
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�
�
��!� 3.24  "4
 Absorbance )�#  % Remaining DPPH
●

     *��  catechin   1-	 DPPH  assay    

(n = 5) 

��-�!� A517 nm  ( x ) 
Final conc.catechin 

(ppm) 

%Remaining 

( x ± SD) 

1 0.4216 1.0 79.72 ±  0.57 

2 0.3263 2.0 61.71 ±  0.69 

3 0.2265 3.0 42.82 ±  1.45 

4 0.1367 4.0 25.85 ±  1.16 

5 0.0699 5.0 13.23 ±  0.62 

6 0.0365 6.0   6.90 ±  0.16 

Control 0.5289 - - 

 

�
�
��!� 3.25 "4
 Absorbance )�# % Remaining DPPH
●

  *��  catechol   1-	 DPPH  assay 

(n = 5) 

��-�!� A517 nm  ( x ) 
Final conc. catechol  

(ppm) 

%Remaining 

( x ± SD) 

1 0.3691 0.4 70.72 ±  1.34 

2 0.2753 0.7 52.71 ±  2.96 

3 0.1902 1.0 36.37 ±  2.61 

4 0.0571 1.5 10.92 ±  3.74 

5 0.0270 2.0   5.20 ±  0.57 

6 0.0252 2.5   4.82 ±  0.37 

Control 0.5220 - - 
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�
�
��!� 3.26  "4
 Absorbance )�#  % Remaining DPPH
●

   *��  EGCG   1-	 DPPH  assay 

(n = 5)                       

��-�!� A517 nm  ( x ) Final conc. EGCG (ppm) 
%Remaining 

( x ± SD) 

1 0.3811 0.7 73.52 ±  1.08 

2 0.3110 1.0 60.04 ±  0.77 

3 0.2090 1.5 40.41 ±  1.86 

4 0.1334 2.0 25.74 ±  2.30 

5 0.0702 2.5  13.42 ±  0.91 

6 0.0461 3.0   8.78 ±  0.31 

Control 0.5182 - - 

 

 

�
�
��!� 3.27 "4
 Absorbance )�# % Remaining DPPH
●

    *��  gallic  acid   1-	 DPPH  assay 

(n = 5) 

 

��-�!� A517 nm  ( x ) 
Final conc.gallic acid 

(ppm) 

%Remaining 

( x ± SD) 

1 0.4311 0.4 75.80 ±  1.03 

2 0.3439 0.7 60.64 ±  0.90 

3 0.2600 1.0 45.85 ±  1.17 

4 0.1366 1.5 24.08 ±  0.97 

5 0.0765 2.0 13.48 ±  0.55 

6 0.0476 2.5   8.40 ±  0.28 

Control 0.5000 - - 
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�
�
��!� 3.28 "4
 Absorbance )�# % Remaining DPPH
●

    *��  trolox   1-	 DPPH  assay 

(n = 5) 

��-�!� A517 nm  ( x ) 
Final conc. trolox  

(ppm) 

%Remaining 

( x ± SD) 

1 0.4094 1.0 81.87 ±  0.67 

2 0.3058 2.0 60.74 ±  1.61 

3 0.2007 3.0 39.33 ±  2.70 

4 0.1030 4.0 20.60 ±  3.40 

5 0.0375 5.0   7.50 ±  1.09 

6 0.0233 6.0   4.66 ±  0.59 

Control 0.5001 - - 

 

 

 

 

 

 

 

 

 

 

 

 

 

�,��!� 3.30  ��
%"�
�+��������#�4
� % Remaining ��� "�
��*��*��*��+
��#�
	�
���
�  7  

'��-  1-	 DPPH  assay 
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      ">
���"4
  EC50 .
�+��
��!�$-�.
��
�������
%"�
�+��������#�4
� % Remaining  

DPPH
●  ()�� y) ���"�
��*��*��*��+
��#�
	�
���
�'��-�4
�K ()�� x) "4
 EC50 )+-���

�
�
��!�  3.29 

   

�
�
��!� 3.29  +��
�, R2  )�#  EC50  *��+
��#�
	�
���
��!�$-�.
��
��-��� 

 

����"��$������� ����� R2 !�  EC50  (ppm) 

ascorbic acid y = -26.72x + 97.870 0.9972 1.792 

caffeic acid y = -25.22x + 98.176 0.9994 1.910 

catechin y = -16.74x + 95.028 0.9937 2.684 

catechol y = -54.11x + 91.380 0.9985 0.765 

EGCG         y = 154.69e-0.95x 0.9917 1.192 

gallic acid         y = 128.10e1.11x 0.9945 0.846 

trolox y = -18.88x + 95.030 0.9920 2.577 

 

       .
��
��-���+���"4
  EC50 .
����	$��
�$-�-���!Z catechol < gallic acid < EGCG < 

ascorbic acid < caffeic acid < trolox < catechin  

       "4
  EC50 ���	)+-��4
+
��#�
	�
���
��!�"�
��*��*����>
K��+
�
�:�- DPPH
●

 ��  50%  

-����Z�+
��#�
	�
���
��!Z.5��!"�
�+
�
�:���
���
�����,���+�#�!�+,�  G5��.#$-�"�
�+
�
�:

���
���
�����,���+�#.
��
�$����	-���!Z  catechol  > gallic acid > EGCG > ascorbic acid > 

caffeic acid > trolox > catechin   

3.4.1.4 ��������  antioxidant  activity  	
����������������,�$ DPPH  assay 

����������
� 

       �>
�
��-����'4��-!	��������
��-��� 3.4.1.3 1-	���!�	�.
��!��'�+
��#�
	�
���
���3�

+
�+��-.
�/������ 

3.4.1.4.1 Crude extract 

       ����
��*��+
�+��-.
� crude extract ��*�� 3.1.2 *��������#	#/��4�� /�)�4.�- )�#/�+��

�!��.��.
����!"�
��*��*����
#+�)��� ����
���4
�K����!�/+����+
��#�
	  DPPH  reagent 

����
�� 4.50 mL )+-�-���
�
��!� 3.30 
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�
�
��!� 3.30  ����
��*��+
�+��-.
� crude extract *��������#	#/��4�� /�)�4.�- )�#/�+�� 

���+
��#�
	  DPPH  reagent  

 

����
��+
�+��- (µL) 

��-�!� 
����
��  DPPH reagent 

(mL) 
/��4�� 

(588.28 ppm) 

/�)�4.�- 

(588.24 ppm) 

/�+�� 

(1176.7 ppm) 

1 4.50 10 20 20 

2 4.50 20 40 40 

3 4.50 30 60 60 

4 4.50 40 80 80 

5 4.50 50 100 100 

Control 4.50 - - - 

             

   ��������
� 

       +>
���/������)�4�#'��-G5��"4
  Absorbance )�#% Remaining  DPPH
●

(%R) )+-����
�
�

�!� 3.31 � 3.33 ��
%�!������#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-

)+-����,� 3.31 � 3.33 

�
�
��!� 3.31  "4
  Absorbance )�# % Remaining  DPPH
●

(%R) *��/�������4�� "��Z��!�  1 � 5 1-	  

DPPH  assay 

 

Absorbance )�# % Remaining  DPPH
●

(%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

1.17 0.5441 86.02 0.5399 86.18 0.5294 83.97 0.5313 84.09 0.5302 85.28

2.35 0.4628 73.17 0.4499 71.81 0.4507 71.48 0.4493 71.11 0.4602 74.02

3.53 0.3855 60.95 0.3859 61.60 0.3798 60.24 0.3626 57.39 0.3902 62.76

4.71 0.302 47.75 0.3029 48.35 0.3019 47.88 0.2996 47.42 0.2925 47.05

5.88 0.239 37.79 0.2514 40.13 0.2319 36.78 0.2462 38.97 0.2505 40.29

Control 0.6325 - 0.6265 - 0.6305 - 0.6318 - 0.6217 - 
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�
�
��!� 3.32  "4
  Absorbance )�# % Remaining  DPPH
●

(%R) *��/������)�4.�- "��Z��!�  1 � 5 

1-	  DPPH  assay 

 

Absorbance )�# % Remaining  DPPH
●

(%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

2.35 0.5037 80.16 0.4976 80.09 0.4996 80.19 0.4904 79.12 0.4866 79.32

4.71 0.3711 59.05 0.3701 59.57 0.3684 59.13 0.3595 58.00 0.3556 57.96

7.06 0.2694 42.87 0.2632 42.36 0.2509 40.27 0.2513 40.55 0.2431 39.63

9.41 0.1583 25.19 0.1576 25.37 0.1602 25.71 0.1507 24.31 0.1433 23.36

11.76 0.1102 17.54 0.1196 19.25 0.1010 16.21 0.1063 17.15 0.0981 15.99

Control 0.6284 - 0.6213 - 0.6230 - 0.6198 - 0.6135 - 

 

�
�
��!� 3.33  "4
  Absorbance )�# % Remaining  DPPH
●

(%R) *��/������+�� "��Z��!�  1 � 5 1-	  

DPPH  assay 

 

Absorbance )�# % Remaining  DPPH
●

(%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

4.71 0.5152 81.99 0.5153 82.37 0.5204 83.12 0.5178 82.44 0.5065 81.72

9.41 0.4175 66.44 0.4169 66.64 0.4316 68.93 0.4204 66.93 0.4040 65.18

14.12 0.3223 51.29 0.2969 47.46 0.3103 49.56 0.3239 51.57 0.3020 48.73

18.83 0.2128 33.86 0.2295 36.68 0.2363 37.74 0.2254 35.89 0.2395 38.64

23.54 0.1607 25.57 0.1625 25.98 0.1920 30.67 0.2273 36.19 0.1763 28.44

Control 0.6284 - 0.6256 - 0.6261 - 0.6281 - 0.6198 - 
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y = 0.6501x2 - 14.256x + 100.2

R2 = 0.9991
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�,��!� 3.31 �����#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-.
�/�

������4�� 

 

 

 

 

y = 0.3726x2 - 11.886x + 106.53

R2 = 0.9966
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�,��!� 3.32 �����#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-.
�/�

�����)�4.�- 
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y = 0.0597x2 - 4.7189x + 103.91

R2 = 0.9966
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�,��!� 3.33 �����#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-.
�/�

�����+�� 

 

       ">
���"4
 EC50*��+
�+��-/������ /��4�� /�)�4.�- )�#/�+��)+-�-���
�
��!� 3.34 

 

�
�
��!� 3.34 "4
 EC50 *��+
�+��-/������/��4�� /�)�4.�-)�# /�+��1-	���! DPPH assay 

 

EC50 (ppm) 
"��Z��!� 

/��4�� /�)�4.�- /�+�� 

1 4.60 6.19 14.24 

2 4.71 6.12 14.26 

3 4.53 6.05 14.75 

4 4.54 5.95 14.56 

5 4.72 5.89 14.66 

  

       .
�/��
��-������4
"4
  EC50 *��+
�+��-/������+�� > /�)�4.�- >   /��4�� �
��>
-��   

+���"�
�+
�
�:���
���
�����,���+�#.
��
�$����	$-�-���!Z /��4�� > /�)�4.�- > /�+��

�
��>
-�� 
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                     3.4.1.4.2  ���:�"�
 ;<�
������������"$"��

�  fraction 1, 2  +�"  3 

       �'�+
�+��-.
�/�������#	#/��4�� fraction 1, 2  )�#  3 �!�����
���4
�K����!�/+����

+
��#�
	  DPPH  reagent ����
�� 4.50 mL )+-�-���
�
��!� 3.35 

 

�
�
��!� 3.35  ����
��*��+
�+��-.
�/������/��4�� fraction 1, 2  )�#  3���+
��#�
	  DPPH  

reagent  

 

����
��+
�+��- (µL) 

��-�!� 
����
��  DPPH reagent 

(mL) 
F1 

(10910 ppm)  

F2 

(423.52 ppm) 

F3 

 (705.6 ppm) 

1 4.50 10 10 20 

2 4.50 20 30 40 

3 4.50 30 50 60 

4 4.50 40 70 80 

5 4.50 50 90 100 

Control 4.50 - - - 
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   ��������
� 

       "4
 absorbance )�# % Remaining  DPPH
●

(%R) )+-����
�
��!� 3.36 � 3.38 ��
%�!������#

�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-)+-����,� 3.34 � 3.36 

 

�
�
��!� 3.36  "4
  Absorbance )�# % Remaining  DPPH
●

(%R) *��  fraction  1  "��Z��!�  1 � 5  1-	  

DPPH  assay 

 

Absorbance )�# % Remaining  DPPH
●

(%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

21.80 0.5798 73.35 0.5146 72.01 0.5277 75.78 0.5454 73.88 0.5384 73.66

43.60 0.5006 62.70 0.4304 62.62 0.4397 63.18 0.4544 63.18 0.4762 62.46

65.50 0.4181 55.13 0.3818 54.52 0.3870 56.01 0.4071 56.00 0.3963 56.63

87.30 0.3441 49.64 0.3190 50.12 0.3339 49.89 0.3445 49.89 0.3528 49.04

109.10 0.2959 47.04 0.2690 45.13 0.2830 45.67 0.3098 45.67 0.3075 42.22

Control 0.6346 - 0.5990 - 0.5826 - 0.6217 - 0.6267 - 

   

�
�
��!�  3.37  "4
  Absorbance )�# % Remaining  DPPH
●

(%R) *��  fraction  2  "��Z��!�  1 � 5  

1-	  DPPH  assay 

 

Absorbance )�# % Remaining  DPPH
●

(%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

0.85 0.5063 78.44 0.5423 81.35 0.5379 79.03 0.5041 80.24 0.5131 77.81

2.52 0.3873 53.94 0.3695 55.94 0.3683 53.67 0.3296 53.09 0.3437 52.70

4.23 0.2907 36.65 0.2598 35.74 0.2601 31.92 0.2481 32.25 0.2428 34.84

5.93 0.1982 21.83 0.1618 22.01 0.1687 21.40 0.1316 21.73 0.1691 21.03

7.62 0.1574 14.01 0.1344 16.74 0.1216 16.89 0.1019 14.38 0.1155 14.92

control 0.6330 - 0.6264 - 0.6268 - 0.5946 - 0.5919 - 
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 �
�
��!� 3.38 "4
  Absorbance )�# % Remaining  DPPH
●

(%R) *��  fraction  3 "��Z��!�  1 � 5  1-	  

DPPH  assay 

 

Absorbance )�# % Remaining  DPPH
●

(%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

2.82 0.4663 69.92 0.4611 68.62 0.4658 67.12 0.4585 66.56 0.4588 69.94

5.64 0.3702 48.70 0.3567 47.40 0.3537 44.87 0.3347 48.53 0.3534 47.32

8.47 0.2549 35.51 0.2741 35.06 0.2681 33.67 0.2663 34.82 0.2606 35.93

11.29 0.2071 27.20 0.1959 25.03 0.2084 25.30 0.1972 27.52 0.2021 25.49

14.11 0.1499 22.28 0.1427 20.93 0.1449 22.71 0.1421 19.55 0.1468 22.01

control 0.5969 - 0.5924 - 0.5929 - 0.5910 - 0.5950 - 

 

 

y = 83.11e
-0.0059x
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�,��!� 3.34 �����#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-.
�/������

�4�� fraction 1 
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y = 100.38e
-0.2607x

R
2
 = 0.9982
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�,��!� 3.35 �����#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-.
�/������

�4�� fraction 2 

 

y = 94.439e
-0.1179x

R
2
 = 0.9986
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�,��!� 3.36 �����#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-.
�/������

�4�� fraction 3 
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        EC50*��+
�+��-/������/��4�� fraction 1, 2 )�#3 )+-�-���
�
��!� 3.39 

  

�
�
��!� 3.39 "4
 EC50 ��+
�+��-/������/��4�� fraction 1, 2 )�# 3 1-	 DPPH assay (n = 5) 

 

EC50 (ppm) 
"��Z��!� 

F1 F2 F3 

1 83.27 2.78 5.62 

2 85.14 2.84 5.39 

3 83.35 2.65 5.10 

4 86.12 2.67 5.39 

5 84.68 2.67 5.51 

�=�!�	  ±  SD 84.51  ±  1.21 2.72  ±  0.08 5.40  ±  0.19 

 

      .
�/��
��-������4
"4
 EC50 *��+
�+��-�����/��4��  F1  >  F3  >   F 2 +���

"�
�+
�
�:���
���
�����,���+�#.
��
�$����	$-�-���!Z F2  >  F3  > F1  
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               3.4.1.4.3  ���:�"�
 ;<�
������������"$"��+����  fraction 1, 2  +�"  3 

       �'�+
�+��-.
�/�������#	#/�)�4.�- fraction 1, 2  )�#  3 �!�����
���4
�K����!�/+����

+
��#�
	  DPPH  reagent ����
�� 4.50 mL )+-�-���
�
��!� 3.40  

  

�
�
��!� 3.40 ����
��*��+
�+��-.
�/������)�4.�- fraction 1, 2  )�#  3 ���+
��#�
	  DPPH  

reagent  

 

����
��+
�+��- (µL) 

��-�!� 
����
��  DPPH reagent 

(mL) 
F1 

(3550 ppm)   

F2 

(327.2 ppm) 

F3 

 (957.2 ppm) 

1 4.50 30 10 10 

2 4.50 50 30 20 

3 4.50 70 50 30 

4 4.50 90 70 40 

5 4.50 120 90 50 

Control 4.50 - - - 
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   ��������
� 

       "4
 absorbance )�# % Remaining  DPPH
●

(%R) )+-����
�
��!� 3.41� 3.43��
%�!������#

�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-)+-����,� 3.37� 3.39 

 

�
�
��!� 3.41 "4
  Absorbance )�# % Remaining  DPPH
●

 *��  fraction  1  "��Z��!�  1 � 5  ���!  

DPPH  assay 

 

Absorbance )�# % Remaining  DPPH
●

(%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

21.30 0.4332 73.35 0.4257 72.01 0.4443 75.78 0.4248 73.88 0.4243 73.66

35.50 0.3703 62.70 0.3702 62.62 0.3728 63.59 0.3633 63.18 0.3598 62.47

49.70 0.3256 55.13 0.3223 54.52 0.3284 56.01 0.3220 56.00 0.3262 56.63

63.90 0.2932 49.64 0.2957 50.02 0.2896 49.39 0.2869 49.90 0.2825 49.05

85.20 0.2778 47.04 0.2668 45.13 0.2417 41.22 0.2626 45.67 0.2432 42.22

Control 0.5906 - 0.5912 - 0.5863 - 0.5750 - 0.5760 - 

   

�
�
��!� 3.42 "4
  Absorbance )�# % Remaining  DPPH
●

 *��  fraction  2  "��Z��!�  1 � 5  1-	  

DPPH  assay 

 

Absorbance )�# % Remaining  DPPH
●

(%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

0.65 0.4620 78.44 0.4723 81.35 0.4575 79.03 0.4620 80.24 0.4547 77.81 

1.96 0.3177 53.94 0.3248 55.94 0.3107 53.67 0.3057 53.09 0.3080 52.70 

3.27 0.2159 36.66 0.2075 35.74 0.1848 31.92 0.1857 32.25 0.2036 34.84 

4.58 0.1286 21.83 0.1278 22.01 0.1239 21.40 0.1251 21.73 0.1229 21.03 

5.89 0.0825 14.01 0.0972 16.74 0.0978 16.89 0.0828 14.38 0.0872 14.92 

control 0.5890 - 0.5806 - 0.5789 - 0.5758 - 0.5844 - 
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 �
�
��!� 3.43 "4
  Absorbance )�# % Remaining  DPPH
●

 *��  fraction  3 "��Z��!�  1 � 5  1-	  

DPPH  assay 

 

Absorbance )�# % Remaining  DPPH
●

(%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

1.91 0.3995 69.94 0.3954 68.62 0.3810 67.12 0.3838 66.56 0.4020 69.94 

3.83 0.2783 47.32 0.2731 47.40 0.2547 44.87 0.2798 48.53 0.2720 47.32 

5.74 0.2029 35.93 0.2020 35.06 0.1911 33.67 0.2008 34.82 0.2065 35.93 

7.66 0.1554 25.49 0.1442 25.03 0.1436 25.30 0.1587 27.52 0.1465 25.49 

9.57 0.1273 22.01 0.1206 20.93 0.1289 22.71 0.1127 19.55 0.1265 22.01 

control 0.5714 - 0.5762 - 0.5676 - 0.5766 - 0.5748 - 

 

y = 218.38x
-0.3537

R
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 = 0.9948
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�,��!� 3.37 �����#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-.
�/������)�4

.�- fraction 1 

      

 

 

 

 
 
 
 

 
 
 
 

 
 



 89

y = 100.4e
-0.3372x

R
2
 = 0.9981
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�,��!� 3.38 �����#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-.
�/������)�4

.�- fraction 2 

      

y = 94.357e
-0.1737x

R
2
 = 0.9986
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�,��!� 3.39 �����#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-.
�/������)�4

.�- fraction 3 
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       "4
 EC50 *��+
�+��-/������)�4.�- fraction 1, 2 )�#3 )+-�-���
�
��!� 3.44 

  

�
�
��!� 3.44  "4
  EC50  *��+
�+��-/������)�4.�-  fraction  1, 2  )�#  3  1-	���!  DPPH  assay 

 (n = 5) 

 

EC50 (ppm) 
"��Z��!� 

F1 F2 F3 

1 64.58 2.14 3.81 

2 65.17 2.20 3.66 

3 62.84 2.04 3.46 

4 66.35 2.07 3.66 

5 64.98 2.06 3.74 

�=�!�	  ±  SD 64.78  ±  1.27 2.10  ±  0.07 3.67  ±  0.13

  

      .
�"4
  EC50  ���4
+
�+��-/������)�4.�-  F1  > F3  >   F2  +���"�
�+
�
�:���
���
�

����,���+�#.
��
�$����	$-�-���!Z       F2  >  F3  > F1 
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3.4.1.4.4 ������������������"$"����� fraction  1, 2  +�"  3 

       �'�+
�+��-.
�/�������#	#/�+�� fraction 1, 2  )�#  3 �!�����
���4
�K����!�/+����

+
��#�
	  DPPH  reagent ����
�� 4.50 mL )+-�-���
�
��!� 3.45    

 

       ����
��*��+
�+��-.
�/�������#	#/�+�� fraction  1, 2  )�#  3 "�
��*��*����Z������3� 

2930, 19356 )�# 107022 ppm �
��>
-�� ����
���4
�K����!�/+����+
��#�
	  DPPH  reagent 

����
�� 4.50 mL )+-�-���
�
��!� 3.46 

 

�
�
��!� 3.45 ����
��*��+
�+��-.
�/������/�+�� fraction  1, 2  )�#  3 ���+
��#�
	  DPPH  

reagent  

 

����
��+
�+��- (µL) 

��-�!� 
����
��  DPPH reagent 

(mL) 
F1 

(2930 ppm)   

F2 

(3871.2 ppm) 

F3 

 (2140.4 ppm) 

1 4.50 5 5 5 

2 4.50 10 10 10 

3 4.50 20 20 20 

4 4.50 30 30 30 

5 4.50 40 40 40 

Control 4.50 - - - 
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   ��������
� 

        "4
 absorbance )�# % Remaining  DPPH
●

(%R) )+-����
�
��!� 3.46 � 3.48 ��
%�!����

��#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-)+-����,� 3.40 � 3.42 

 

�
�
��!� 3.46 "4
  Absorbance )�# % Remaining  DPPH
●

 *��  fraction  1  "��Z��!�  1 � 5  1-	 

DPPH  assay 

 

Absorbance )�# % Remaining  DPPH
●

(%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

2.93 0.3309 63.16 0.3459 66.11 0.3396 62.83 0.3475 66.32 0.3276 62.77

5.86 0.2145 40.94 0.2210 42.24 0.2163 40.02 0.2319 44.26 0.2148 41.16

11.72 0.1072 20.46 0.1205 23.03 0.1208 22.35 0.1366 26.07 0.1175 22.51

17.58 0.0604 11.53 0.0718 13.72 0.0676 12.51 0.0859 16.39 0.0675 12.93

23.24 0.0345 6.59 0.0633 12.10 0.0558 10.32 0.0624 11.91 0.0468 8.97

Control 0.5239 - 0.5232 - 0.5405 - 0.5240 - 0.5219 - 

   

�
�
��!� 3.47  "4
  Absorbance )�# % Remaining  DPPH
●

 *��  fraction  2  "��Z��!�  1 � 5  1-	  

DPPH  assay 

 

Absorbance )�# % Remaining  DPPH
●

(%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

3.87 0.3386 58.69 0.3191 55.57 0.3181 57.62 0.3156 56.24 0.3154 55.40

7.74 0.1603 27.79 0.1838 32.01 0.1867 33.82 0.1725 30.74 0.2134 37.48

15.48 0.0931 16.14 0.0929 16.18 0.0897 16.25 0.0782 13.93 0.0974 17.11

23.23 0.0675 11.70 0.0635 11.06 0.0569 10.31 0.0613 10.92 0.0655 11.51

30.97 0.0607 10.52 0.0603 10.50 0.0575 10.41 0.0596 10.62 0.0604 10.61

control 0.5769 - 0.5742 - 0.5521 - 0.5612 - 0.5693 - 
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 �
�
��!� 3.48 "4
  Absorbance )�# % Remaining  DPPH
●

 *��  fraction  3 "��Z��!�  1 � 5  1-	  

DPPH  assay 

 

Absorbance )�# % Remaining  DPPH
●

(%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

2.14 0.4043 71.70 0.3918 68.71 0.3876 67.33 0.4216 71.93 0.4336 75.42

4.28 0.2686 47.63 0.2832 49.67 0.2677 46.50 0.2885 49.22 0.2781 48.37

8.56 0.1155 20.48 0.1228 21.54 0.1114 19.35 0.1329 22.68 0.1459 25.38

12.85 0.0618 10.96 0.0715 12.54 0.0685 11.90 0.0661 11.28 0.0834 14.51

17.13 0.0545 9.66 0.0548 9.61 0.0515 8.95 0.0542 9.25 0.0526 9.15

control 0.5639 - 0.5702 - 0.5757 - 0.5861 - 0.5749 - 

 

 

y = -27.822Ln(x) + 95.094

R
2
 = 0.9963
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�,��!� 3.40 �����#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-.
�/������+�� 

fraction 1 
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y = 195.54x
-0.9082

R
2
 = 0.9977
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�,��!� 3.41 �����#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-.
�/������+�� 

fraction 2 

 

y = 103.28e
-0.1737x

R
2
 = 0.9994
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�,��!� 3.42 �����#�4
� % Remaining  DPPH
●

(%R) ���"�
��*��*��*��+
�+��-.
�/������+�� 

fraction 3 
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       "4
 EC50 *��+
�+��-/������+�� fraction 1, 2 )�#3 )+-�-���
�
��!� 3.49 

  

�
�
��!� 3.49 "4
  EC50  *��+
�+��-/������+��  fraction  1, 2  )�#  3  1-	  DPPH  assay (n = 5) 

 

EC50 (ppm) 
"��Z��!� 

F1 F2 F3 

1 4.48 4.38 3.99 

2 4.48 4.49 4.02 

3 4.45 4.74 3.7 

4 5.06 4.42 4.18 

5 4.53 4.69 4.42 

�=�!�	  ±  SD 4.60  ±  0.26 4.54  ±  0.16 4.06  ±  0.26 

 

      .
�"4
  EC50 ���4
+
�+��-�����/�+�� F1  ≈  F3   ≈   F2 (t-test �!� P = 0.05)   .
�"4
 EC50 

)+-��4
"�
�+
�
�:���
���
�����,���+�#*��+
�+��-��Z�+
� fraction $�4�4
�����	4
��!

��	+>
"�2 
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3.4.2  2,2>-Azino-bis (3-ethylbenzothizoline-6-sulfonic acid) cation radical -scavenging assay 

: (ABTS assay) 

              3.4.2.1  �������$�����"��$ 

1.  +
��#�
	  7  mM  ABTS  (2,2�-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)  

Diammonium salt  ) 

          '���  ABTS     0.096  g  �#�
	��  deionized  water  ��������
����3�  25  mL  �� 

*�-����
�� 

2.  +
��#�
	  140  mM  potassium  persulfate 

        '���  potassium  persulfate  0.9461  g   �#�
	��  deionized  water  ��������
����3� 

25  mL ��*�-����
�� 

     3.  +
��#�
	  ABTS+● reagent 

          /+�+
��#�
	  7  mM  ABTS  reagent  5  mL  ���  140  mM  potassium  persulfate 

88  ul  ��Z���Z�$��  16  '���1�����!���-  ��������
��+�-��
	-��	 deionized  water  ��3�  25  ml 

     �.��.
� +
��#�
	  ABTS·+ reagent ��$-�"4
 Absorbance �	,4��'4�� 0.70 ± 0.05  �!� 

"�
�	
�"�����!�  734  nm 

              3.4.2.2  �������� spectrum +�" kinetic behavior ,�$  ABTS  assays     

����������
����
� 

       ����5� Spectrum (Abs. vs λ ��'4��"�
�	
�"���� 350-900 nm)  *��+
��#�
	 ABTS+● 

reagent )�# ABTS+● reagent /+����+
��#�
	�
���
�  Gallic  acid �*��*�� 0.94 ppm )�#+
�

+��-/�/�������4�� fraction2 �*��*��  4.23 ppm )+-����,��!� 3.43  .
���Z�����5� absorbance �!�

"�
�	
�"���� 734 nm ��!	�������
������5�6
 Kinetic curves  *�� ABTS+● reagent /+����+
�

+��-/������/��4�� fraction2 �*��*��  4.23 ppm *�������/��4�� )�# DPPH radical /+�

+
��#�
	�
���
�  gallic  acid "�
��*��*���4
�K1-	�'�  Blank  ��3��Z>
 /��
��-+��)+-���

�,��!� 3.44 .
�"4
 absorbance ">
�������
�
����-�������	
�!����
�4
�K)����>
����
�
����-�������	
 

( Abs/min) �
����������
 /��!�$-�)+-�-���
�
��!� 3.50  )�#�,��!� 3.45  
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 ��������
� 

        

 
 

�,��!� 3.43 Spectrum *�� ABTS·+ reagent )�# ABTS·+ reagent /+����+
��#�
	�
���
� gallic  

acid )�#+
�+��-/�/�������4�� fraction2 

 

 

 

 

 

 

 

 

 

 

 

 

�,��!� 3.44 Kinetic curve *�� ABTS+● reagent )�# ABTS+● reagent + std.Gallic acid (Abs vs  

time)  

4.2 ppm fract ion2

0.24 ppm gallic acid

0.47 ppm gallic acid

0.94 ppm gallic acid

4.23 ppm fraction 2

1.88 ppm gallic acid

control

ABTS·+ 

ABTS·+ + 0.94 ppm gallic 

ABTS·+ + 4.23 ppm  

"�
�	
�"���� (nm) 

Abs. 

Time (sec) 

Abs. 
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�
�
��!� 3.50 "4
 absorbance )�#����
�
����-�������	
�!����
�4
�K*�� ABTS+● + fraction2 

�*��*�� 4.23 ppm*��/�������4�� )�# ABTS+● + +
��#�
	�
���
�  gallic  acid 

fraction2 

�*��*�� 4.2 ppm 

gallic acid �*��*�� 

0.24 ppm 

gallic acid �*��*�� 

0.94 ppm 

gallic acid �*��*�� 

1.88 ppm 

���
 

s 

Abs. rate Abs. rate Abs. rate Abs. rate 

0 0.3138  0.5432  0.3452  0.1471  

1 0.2503 0.0635 0.5250 0.0182 0.3076 0.0376 0.1040 0.0431 

2 0.2231 0.0272 0.5170 0.0080 0.2892 0.0184 0.0839 0.0201 

3 0.2037 0.0194 0.5119 0.0051 0.2756 0.0136 0.0694 0.0145 

4 0.1903 0.0134 0.5081 0.0038 0.2659 0.0097 0.0585 0.0109 

5 0.1801 0.0102 0.5052 0.0029 0.2585 0.0074 0.0498 0.0087 

6 0.1712 0.0089 0.5029 0.0023 0.2523 0.0062 0.0429 0.0069 

7 0.1636 0.0076 0.5012 0.0017 0.2471 0.0052 0.0371 0.0058 

8 0.1569 0.0067 0.4994 0.0018 0.2427 0.0044 0.0323 0.0048 

9 0.1510 0.0059 0.4978 0.0016 0.2389 0.0038 0.0282 0.0041 

10 0.1456 0.0054 0.4964 0.0014 0.2357 0.0032 0.0246 0.0036 

11 0.1407 0.0049 0.4951 0.0013 0.2326 0.0031 0.0215 0.0031 

12 0.1362 0.0045 0.4940 0.0011 0.2300 0.0026 0.0189 0.0026 

13 0.1321 0.0041 0.4930 0.0010 0.2274 0.0026 0.0163 0.0026 

14 0.1283 0.0038 0.4919 0.0011 0.2250 0.0024 0.0143 0.0020 

15 0.1252 0.0031 0.4911 0.0008 0.2228 0.0022 0.0122 0.0021 

16 0.1212 0.0040 0.4900 0.0011 0.2209 0.0019 0.0104 0.0018 

17 0.1179 0.0033 0.4892 0.0008 0.2189 0.0020 0.0088 0.0016 

18 0.1149 0.0030 0.4886 0.0006 0.2171 0.0018 0.0078 0.0010 

19 0.1120 0.0029 0.4878 0.0008 0.2154 0.0017 0.0065 0.0013 

20 0.1095 0.0025 0.4871 0.0007 0.2136 0.0018 0.0054 0.0011 

21 0.1068 0.0027 0.4864 0.0007 0.2120 0.0016 0.0047 0.0007 

22 0.1046 0.0022 0.4858 0.0006 0.2104 0.0016 0.0043 0.0004 

23 0.1021 0.0025 0.4852 0.0006 0.2086 0.0018 0.0038 0.0005 
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�
�
��!� 3.50 �4� 

24 0.0998 0.0023 0.4845 0.0007 0.2070 0.0016 0.0038 0.0000 

25 0.0977 0.0021 0.4839 0.0006 0.2056 0.0014 0.0038 0.0000 

26 0.0956 0.0021 0.4833 0.0006 0.2042 0.0014 0.0038 0.0000 

27 0.0934 0.0022 0.4828 0.0005 0.2029 0.0013 0.0037 0.0001 

28 0.0913 0.0021 0.4822 0.0006 0.2016 0.0013 0.0037 0.0000 

29 0.0894 0.0019 0.4816 0.0006 0.2005 0.0011 0.0035 0.0002 

30 0.0878 0.0016 0.4811 0.0005 0.1992 0.0013 0.0035 0.0000 

 

 

 
 

�,��!� 3.45  �����#�4
�����
�
����-�������	
������
*�� ABTS+● + fraction2 �*��*�� 4.23 ppm 

*�������/��4�� )�# ABTS+● + +
��#�
	�
���
� gallic acid 

 

      ���4
����
�
����-�������	
*��+
�+��-)�#+
��
���
���� ABTS+● 
�!"4
�-���	4
���-����

(
	�����
 3 �
�! )�#�!"4
�������4
���������
 5 �
�! )�#�4
�������	�
����.
� 10 �
�!��3�

���$� .5�������'����
�!� 10 �
�! ������
����.��-����
� ABTS+● �!��������.
��������	
$-� 
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3.4.2.3 ��������  antioxidant  activity  	
�����"��$�������+�"���������� 

��������,�$  ABTS assay  

����������
� 

         �>
+
�+��-*��/�������!�����
���4
�K  /+����+
��#�
	  ABTS+● reagent 2.90  mL  )�#

��������
��+�-��
	-��	 deionized water ������
�����+�-��
	��3�  3.00  mL  ���.
�/+��*�


�����Z���Z�$����3����
  10  �
�!  �>
$���-"4
  absorbance  ����!�!�"�
�	
�"���� 734  nm  1-	�'�  

Blank  ��3��Z>
  )�#  Control  ��3�+
��#�
	/+�  ABTS  reagent  2.90  mL  ����Z>
  0.10  mL 

 

                      3.4.2.3.1  ��������  antioxidant activity  ����"��$������� gallic acid 

       ���!	�+
��#�
	�
���
� gallic acid �*��*�� 23.52, 47.03, 94.07, 188.14 )�# 376.28 ppm ��

���+
��#�
	�
���
�)�4�#"�
��*��*�� 30 µL /+����+
��#�
	 ABTS+● reagent ����
�� 

2.97  mL ��Z�$����3����
  10  �
�!  �>
$���-"4
  absorbance  ����!�!�"�
�	
�"���� 734  nm  1-	�'�  

Blank  ��3� deionized water  )�#  Control  ��3�+
��#�
	/+�  ABTS  reagent  2.97  mL  ����Z>
  

30  mL 

������>
$���-"4
 Abs734 .#+
�
�:">
��� % Remaining ABTS+● �
�+��
� 3.2 

 

 

 % Remaining ABTS·+     =               x   100                                      3.2                                  

        

 

      ��������
� 

       "4
  Absorbance )�#% Remaining  ABTS+● (%R) )+-����
�
��!� 3.51 ��
%�!������#

�4
� % Remaining  ABTS+● (%R) ���"�
��*��*��*��+
��#�
	�
���
� gallic acid )+-���

�,� 3.46 

 

 

 

 

 

 

Abscontrol 

Abssample 
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�
�
��!� 3.51 "4
 Absorbance )�# % Remaining ABTS+● *��+
��
���
� gallic acid 1-	 ABTS 

assay 

 

Absorbance )�# % Remaining  ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

0.23 0.6203 91.46 0.5970 89.76 0.6025 90.06 0.6161 93.26 0.6043 91.37 

0.47 0.5236 77.20 0.5088 76.50 0.5161 77.14 0.5092 77.08 0.5080 76.81 

0.94 0.3633 53.57 0.3761 56.55 0.3624 54.17 0.3462 52.41 0.3561 53.84 

1.88 0.0836 12.33 0.0680 10.22 0.0763 11.41 0.0811 12.28 0.0783 11.84 

3.76 0.0026 0.38 0.0024 0.36 0.0021 0.31 0.0041 0.62 0.0035 0.53 

Control 0.6782 - 0.6651 - 0.6690 - 0.6606 - 0.6614 - 

 

y = -47.646x + 100.39

R2 = 0.9981
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�,��!� 3.46 �����#�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
��#�
	�
���
� 

gallic acid 

       "4
 EC50 �=�!�	.
��
��-���GZ>
��Z� 5 "��Z� ��4
��� 1.06 ppm G5��.#�>
$��'����!	���!	����+
�

+��-.
�/��������3� gallic acid equivalent (GAE) 
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3.4.2.3.2  �������� antioxidant activity  	
� crude extract 

       ����
��*��+
�+��-.
� crude extract ��*�� 3.1.2 *��������#	#/��4�� /�)�4.�- )�#/�+��

�!��.��.
����!"�
��*��*����
#+�)��� ����
���4
�K����!�/+����+
��#�
	  ABTS+● reagent 

����
�� 2.90  mL  )+-�-���
�
��!� 3.52 

 

�
�
��!� 3.52  ����
�� crude extract .
�/�������#	#/��4�� /�)�4.�- )�#/�+�� ���+
��#�
	  

ABTS·+ reagent 

����
��+
�+��- (µL) 

��-�!� 

����
��*�� 

  ABTS+● reagent  

(mL) 

/��4�� 

(588.28 ppm) 

/�)�4.�- 

(588.24 ppm) 

/�+�� 

(1176.7 ppm) 

1 2.90 5 10 10 

2 2.90 10 20 20 

3 2.90 15 30 30 

4 2.90 20 40 40 

5 2.90 25 50 50 

Control 2.90 - - - 

 

    

        ��������
� 

       "4
  Absorbance )�#% Remaining  ABTS+● )+-����
�
��!� 3.53 � 3.55 ��
%�!������#

�4
� % Remaining  ABTS+● (%R) ���"�
��*��*��*��+
�+��-)+-����,� 3.47 � 3.49 

 

 

 

 

 

 

 

�
�
��!� 3.53 "4
 Absorbance )�# % Remaining ABTS+● .
� crude extract*��/�������4�� "��Z��!� 

1 � 5 1-	���! ABTS assay 
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Absorbance )�# % Remaining  ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

0.98 0.5308 85.81 0.5233 87.17 0.5260 84.89 0.5393 83.83 0.5491 84.59 

1.961 0.4574 73.94 0.4202 70.00 0.4325 69.80 0.4322 67.18 0.4324 66.62 

2.942 0.3171 51.26 0.3474 57.87 0.3297 53.21 0.3339 51.90 0.3583 55.20 

3.922 0.2512 40.61 0.2565 42.73 0.2544 41.06 0.2695 41.89 0.2596 39.99 

4.903 0.2424 39.19 0.2425 40.40 0.2340 37.77 0.2252 35.01 0.2252 34.69 

Control 0.6186 - 0.6003 - 0.6196 - 0.6433 - 0.6491 - 

 

 

�
�
��!� 3.54 "4
 Absorbance )�# % Remaining ABTS+● .
� crude extract *��/������)�4.�- "��Z�

�!� 1 � 5 1-	���! ABTS assay 

Absorbance )�# % Remaining  ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

1.961 0.4477 69.62 0.4833 75.78 0.4771 74.33 0.5008 78.21 0.5001 77.98 

3.922 0.3498 54.39 0.3519 55.17 0.3545 55.23 0.3523 55.02 0.3502 54.61 

5.882 0.2336 36.32 0.2379 37.30 0.2296 35.77 0.2346 36.64 0.2304 35.93 

7.843 0.0995 15.47 0.1409 22.09 0.1373 21.39 0.1304 20.37 0.1298 20.24 

9.804 0.0995 15.47 0.1073 16.82 0.1069 16.65 0.1035 16.16 0.102 15.91 

Control 0.6431 - 0.6378 - 0.6419 - 0.6403 - 0.6413 - 

 

 

 

 

 

�
�
��!� 3.55 "4
 Absorbance )�# % Remaining ABTS+● .
� crude extract*��/������+�� 

"��Z��!� 1 � 5 1-	���! ABTS assay 
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Absorbance )�# % Remaining  ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R Abs. %R Abs. %R 

3.923 0.4920 76.79 0.4520 71.58 0.4356 68.33 0.4420 70.23 0.4391 69.62

7.845 0.3629 56.64 0.3694 58.50 0.3399 53.32 0.3462 55.00 0.3502 55.53

11.768 0.2862 44.67 0.2642 41.84 0.2669 41.87 0.2707 43.01 0.2664 42.24

15.690 0.1745 27.24 0.1624 25.72 0.1608 25.22 0.1529 24.29 0.1631 25.86

19.613 0.1346 21.01 0.1220 19.32 0.1920 30.12 0.1303 20.70 0.1212 19.22

Control 0.6407 - 0.6315 - 0.6375 - 0.6294 - 0.6307 - 

 

 

y = -15.1x + 99.253
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�,��!� 3.47 �����#�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
� crude 

extract *��/�������4�� 

 

 

 
 
 
 

 
 
 
 

 
 



 105

y = -9.0931x + 91.254

R2 = 0.9956
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�,��!� 3.48 �����#�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
� crude 

extract *��/������)�4.�- 

 

 

y = -3.5891x + 82.382

R2 = 0.9955
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�,��!� 3.49 �����#�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
� crude 

extract *��/������+�� 
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         "4
 EC50*��crude extract .
�/������ /��4�� /�)�4.�- )�#/�+��)+-�-���
�
��!� 3.56

�
�
��!� 3.56 "4
 EC50 *�� crude extract .
�/������/��4�� /�)�4.�- )�#/�+�� 1-	 ABTS assay   

 

EC50 (ppm) 
"��Z��!� 

/��4�� /�)�4.�- /�+�� 

1 3.52 4.24 10.13 

2 3.42 4.63 9.65 

3 3.26 4.54 9.02 

4 3.23 4.65 9.32 

5 3.23 4.61 9.35 

 

       .
�"4
  EC50 ">
��� antioxidant activity 1-	�
���!	����"4
 EC50 �!�$-�.
�+
��#�
	

�
���
� gallic acid �
	�
� antioxidant activity ��3� gallic acid equivalent (GAE)  

"4
 GAE �!�">
���$-�)�4�#�#	#)+-�-���
�
��!� 3.57 

 

�
�
��!� 3.57 "4
 GAE *�� crude extract .
�/������/��4�� /�)�4.�-)�#/�+�� 1-	 ABTS assay 

(n = 5)  

 

GAE (mg/g sample) 

"��Z��!� /��4�� /�)�4.�- /�+�� 

1 301.14 250.06 104.64 

2 309.94 228.94 109.84 

3 325.15 233.48 117.52 

4 328.17 227.96 113.73 

5 328.17 229.93 113.68 

�=�!�	  ± SD 318.51 ± 12.31 234.07 ± 9.18 111.88 ± 4.87 
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.
�"4
 GAE *��+
�+��-.
�/������)�4�#�#	#���4
"4
 GAE *�� /��4�� > /�)�4.�- > /�+�� 

G5��"4
 GAE )+-�:5�����
� antioxidant capacity ����)+-��4
+
�+��-.
�/�������#	# /��4���! 

antioxidant capacity �
���4
/�)�4.�-)�#/�+���
��>
-�� 

 

               3.4.2.3.3  ��������  antioxidant  activity 	
�������������������"$"��

�  

fraction  1, 2  +�"  3 

       �'�����
��*��+
�+��-.
�/�������#	#/��4�� fraction  1, 2  )�#  3 ����
���4
�K����!�

/+����+
��#�
	 ABTS+● reagent ����
�� 2.90  mL  )+-�-���
�
��!� 3.58 

 

�
�
��!� 3.58  ����
��*��+
�+��-.
�/�������#	#/��4�� fraction  1, 2  )�#  3 ���+
��#�
	  

ABTS+● reagent 

 

����
��+
�+��- (µL) 

��-�!� 

����
��*�� 

ABTS+● reagent  

(mL) 

F1 

(10910 ppm)  

F2 

(423.52 ppm) 

F3 

 (705.6 ppm) 

1 2.90 10 10 20 

2 2.90 20 30 40 

3 2.90 30 50 60 

4 2.90 40 70 80 

5 2.90 50 90 100 

Control 2.90 - - - 

 

  

           ��������
� 

             "4
  Absorbance )�#% Remaining  ABTS+● )+-����
�
��!� 3.59 � 3.61 ��
%�!������#

�4
� % Remaining  ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
�)+-����,� 3.50 � 3.52 
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�
�
��!� 3.59 "4
  Absorbance )�# % Remaining  ABTS+● (%R) *�������/��4�� fraction 1  

"��Z��!�  1 � 3 1-	  ABTS assay 

 

Absorbance )�# % Remaining  ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R 

36.40 0.4939 74.82 0.4826 72.94 0.4793 73.57 

72.70 0.3662 55.48 0.3565 53.88 0.3536 54.27 

109.90 0.1977 29.95 0.1979 29.91 0.1994 30.61 

145.50 0.0808 12.24 0.0763 11.53 0.0814 12.49 

181.80 0.0287 4.35 0.0204 3.08 0.0303 4.65 

Control 0.6601 - 0.6616 - 0.6515 - 

 

�
�
��!� 3.60  "4
  Absorbance )�# % Remaining  ABTS+● (%R) *�������/��4�� fraction 2 

"��Z��!�  1 � 31-	  ABTS assay 

 

Absorbance )�# % Remaining  ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R 

1.41 0.4676 73.06 0.4536 70.52 0.4804 73.51 

4.23 0.2667 41.67 0.2593 40.31 0.2671 40.87 

7.06 0.0962 15.03 0.0837 13.01 0.0906 13.86 

9.88 0.0206 3.22 0.0232 3.61 0.0223 3.41 

12.71 0.0059 0.92 0.0062 0.96 0.0057 0.87 

Control 0.6400 - 0.6432 - 0.6535 - 
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�
�
��!� 3.61 "4
 Absorbance )�# % Remaining ABTS+● (%R) *�������/��4�� fraction 3  

"��Z��!�  1 � 3 1-	 ABTS assay 

 

Absorbance )�# % Remaining  ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R 

4.70 0.4795 72.16 0.4803 72.08 0.6548  

9.41 0.3364 50.62 0.3410 51.18 0.4767 72.80 

14.11 0.1928 29.01 0.1893 28.41 0.3404 51.99 

18.82 0.0668 10.05 0.0769 11.54 0.1904 29.08 

23.52 0.0313 4.71 0.0302 4.53 0.0646 9.87 

Control 0.6645 - 0.6663 - 0.6548 - 

 

 

y = -0.5678x + 94.475
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 = 0.9982
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�,��!� 3.50 �����#�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
������/�

�4�� fraction 1 
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y = 0.6144x
2
 - 15.3x + 93.91

R
2
 = 0.9983
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�,��!� 3.51 �����#�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
������/�

�4�� fraction 2 

 

y = -4.4184x + 92.423

R
2
 = 0.9991
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�,��!� 3.52 �����#�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
������/�

�4�� fraction 3 
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       "4
 EC50*��+
�+��-.
������/��4�� fraction 1, 2 )�# 3 )+-�-���
�
��!� 3.62 

  

�
�
��!� 3.62 "4
 EC50 *��+
�+��-/������/��4�� fraction 1, 2 )�# 3 1-	 ABTS assay   

 

EC50 (ppm) 
"��Z��!� 

F1 F2 F3 

1 79.37 3.57 9.6 

2 77.24 3.78 9.64 

3 78.33 3.55 9.74 

 

       .
�"4
  EC50 ">
��� antioxidant activity 1-	�
���!	����"4
 EC50 �!�$-�.
�+
��#�
	

�
���
� gallic acid �
	�
� antioxidant activity ��3� gallic acid equivalent (GAE) "4
 GAE �!�

">
���$-�)+-�-���
�
��!� 3.63 

 

�
�
��!� 3.63 "4
 GAE *��+
�+��-/������/��4�� fraction 1, 2 )�# 3 1-	���! ABTS assay (n = 3)   

 

GAE (mg/g fraction) 

"��Z��!� F1 F2 F3 

1 13.35 296.92 110.42 

2 13.72 280.42 109.96 

3 13.53 298.59 108.83 

�=�!�	 ± SD 13.53 ± 0.18 291.98 ± 10.04 109.74 ± 0.82 

   

 

      .
�"4
 GAE *��+
�+��-.
�/������/��4��)�4�#fraction ���4
"4
 GAE *�� F2 > F3 >  F1 

G5��"4
 GAE )+-�:5�����
� antioxidant activity ����)+-��4
+
�+��-.
�/������/��4�� F2 �! 

antioxidant activity �
���4
  F3 )�#  F1 �
��>
-�� 
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               3.4.2.3.4 �������� antioxidant activity 	
�������������������"$"��+���� fraction 

1, 2  +�"  3 

       �'�����
��*��+
�+��-.
�/�������#	#/�)�4.�- fraction 1, 2  )�#  3 ����
���4
�K����!�

/+����+
��#�
	 ABTS+● reagent ����
�� 2.90  mL  )+-�-���
�
��!� 3.64 

 

�
�
��!� 3.64  ����
��*��+
�+��-.
�/�������#	#/�)�4.�- fraction 1, 2  )�#  3 ���+
��#�
	  

ABTS+● reagent 

 

����
��+
�+��- (µL) 

��-�!� 

����
��*�� 

ABTS+● reagent  

(mL) 

F1 

(3550 ppm)   

F2 

(327.2 ppm) 

F3 

 (957.2 ppm) 

1 2.90 10 10 10 

2 2.90 20 20 20 

3 2.90 30 30 30 

4 2.90 40 40 40 

5 2.90 50 50 50 

Control 2.90 - - - 

 

 

 ��������
� 

       "4
  Absorbance )�#% Remaining ABTS+● )+-����
�
��!� 3.65 � 3.67 ��
%�!������#

�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-)+-����,� 3.53 � 3.55 
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       �
�
��!� 3.65 "4
 Absorbance )�# % Remaining ABTS+● (%R) *��/������)�4.�- fraction 1  

"��Z��!�  1 � 31-	 ABTS assay 

 

Absorbance )�# % Remaining  ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R 

11.83 0.6086 89.04 0.5987 88.10 0.5929 87.17 

23.67 0.5302 77.57 0.5213 76.71 0.5313 78.11 

35.50 0.4472 65.43 0.4402 64.77 0.4502 66.19 

47.33 0.4089 59.82 0.4026 59.24 0.4107 60.38 

59.17 0.3587 52.48 0.3410 50.18 0.3526 51.84 

Control 0.6835 - 0.6796 - 0.6802 - 

 

�
�
��!� 3.66 "4
 Absorbance )�# % Remaining ABTS+● (%R) *��/������)�4.�- fraction 2  

"��Z��!�  1 � 31-	 ABTS assay 

 

Absorbance )�# % Remaining  ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R 

1.09 0.5188 77.78 0.5262 80.18 0.5060 77.50 

2.18 0.3650 54.72 0.3670 55.92 0.3579 54.82 

3.27 0.2542 38.11 0.2606 39.71 0.2537 38.86 

4.36 0.1585 23.76 0.1485 22.63 0.1505 23.05 

5.45 0.1311 19.66 0.1212 18.47 0.1326 20.31 

Control 0.6670 - 0.6563 - 0.6529 - 
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�
�
��!� 3.67 "4
 Absorbance )�# % Remaining ABTS+● (%R) *��/������)�4.�- fraction 3  

"��Z��!�  1 � 5 1-	 ABTS assay 

 

Absorbance )�# % Remaining  ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R 

3.19 0.5461 82.37 0.5512 81.95 0.5471 81.61 

6.38 0.4368 65.88 0.4265 63.41 0.4201 62.66 

9.57 0.3493 52.68 0.3399 50.54 0.3367 50.22 

12.76 0.2701 40.74 0.2676 39.79 0.2661 39.69 

15.95 0.1959 29.55 0.1898 28.22 0.1989 29.67 

Control 0.6630 - 0.6726 - 0.6704 - 

 

 

y = 100.74e
-0.0117x
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�,��!� 3.53 �����#�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
�/������)�4

.�- fraction 1 
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y = 118.03e
-0.3595x

R
2
 = 0.9946
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�,��!� 3.54 �����#�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
�/������)�4

.�- fraction 2 

 

 

y = 104.54e
-0.0778x

R
2
 = 0.9979
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�,��!� 3.55 �����#�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
�/������)�4

.�- fraction 3 
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   "4
 EC50*��+
�+��-.
�/������)�4.�- fraction 1, 2 )�# 3 )+-�-���
�
��!� 3.68 

 

 �
�
��!� 3.68 "4
 EC50 *��+
�+��-/������/�)�4.�- fraction 1, 2 )�# 3 1-	���! ABTS assay   

 

EC50 (ppm) 
"��Z��!� 

F1 F2 F3 

1 62.86 2.39 9.81 

2 59.87 2.43 9.42 

3 62.77 2.38 9.48 

 

      

       .
�"4
  EC50 ">
��� antioxidant activity 1-	�
���!	����"4
 EC50 �!�$-�.
�+
��#�
	

�
���
� gallic acid �
	�
� antioxidant activity ��3� gallic acid equivalent (GAE) "4
 GAE �!�

">
���$-�)+-�-���
�
��!� 3.69 

 

�
�
��!� 3.69 "4
 GAE *��+
�+��-/������/�)�4.�- fraction 1, 2 )�# 3 1-	 ABTS assay (n = 3)   

 

GAE (mg/g fraction) 

"��Z��!� F1 F2 F3 

1 16.86 443.51 108.05 

2 17.70 436.21 112.53 

3 16.89 445.38 111.81 

�=�!�	  ± SD 17.15 ± 0.48 441.70 ± 4.85 110.80 ± 2.40 

   

 

      .
�"4
 GAE *��+
�+��-.
�/������/�)�4.�-)�4�#fraction ���4
"4
 GAE *�� F2 > F3 >  F1 

G5��"4
 GAE )+-�:5�����
� antioxidant activity ����)+-��4
+
�+��-.
�/������/�)�4.�- F2 �! 

antioxidant activity �
���4
  F3 )�#  F1 �
��>
-�� 
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   3.4.2.3.5 �������� antioxidant capacity 	
�������������������"$"����� fraction 1, 2  

+�"  3 

       �'�����
��*��+
�+��-.
�/�������#	#/�+�� fraction 1, 2  )�#  3 ����
���4
�K����!�/+�

���+
��#�
	 ABTS+● reagent ����
�� 2.90  mL )+-�-���
�
��!� 3.70 

 

�
�
��!� 3.70  ����
��*��+
�+��-.
�/�������#	#/�+�� fraction 1, 2  )�#  3 ���+
��#�
	  

ABTS·+ reagent 

 

����
��+
�+��- (µL) 

��-�!� 

����
��*�� 

ABTS+● reagent  

(mL) 

F1 

(293 ppm)   

F2 

(193.56 ppm) 

F3 

 (1070.2 ppm) 

1 2.90 10 40 10 

2 2.90 20 50 20 

3 2.90 30 60 30 

4 2.90 40 70 40 

5 2.90 50 80 50 

Control 2.90 - - - 
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    ��������
� 

       "4
  Absorbance )�#% Remaining ABTS+● )+-����
�
��!� 3.71 � 3.73 ��
%�!������#

�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
�)+-����,� 3.56 � 3.58 

 

�
�
��!� 3.71 "4
 Absorbance )�# % Remaining ABTS+● (%R) *�������/�+�� fraction 1  

"��Z��!�  1 � 31-	 ABTS assay 

 

Absorbance )�# % Remaining  ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R 

0.98 0.5891 90.13 0.5862 89.96 0.6010 91.01 

1.95 0.5465 83.61 0.5511 84.58 0.5562 84.22 

2.93 0.4862 74.39 0.4813 73.86 0.4901 74.21 

3.91 0.4068 62.24 0.4107 63.03 0.4262 64.54 

4.88 0.3601 55.09 0.3593 55.14 0.3565 53.98 

Control 0.6536 - 0.6516 - 0.6604 - 

 

�
�
��!� 3.72 "4
 Absorbance )�# %Remaining ABTS+● (%R) *�������/�+�� fraction 2  

"��Z��!�  1 � 31-	 ABTS assay 

 

Absorbance )�# % Remaining ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R 

2.58 0.4903 74.38 0.4919 74.40 0.5060 76.97 

3.23 0.4498 68.23 0.4506 68.15 0.4412 67.11 

3.87 0.4139 62.79 0.406 61.40 0.4106 62.46 

4.51 0.3702 56.16 0.3693 55.85 0.3812 57.99 

5.16 0.3225 48.92 0.3112 47.07 0.2929 44.55 

Control 0.6592 - 0.6612 - 0.6574 - 
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�
�
��!� 3.73 "4
 Absorbance )�# % Remaining ABTS+● (%R) *�������/�+�� fraction 3  

"��Z��!�  1 � 5 1-	 ABTS assay 

 

Absorbance )�# % Remaining  ABTS+● (%R) 

"��Z��!�1 "��Z��!�2 "��Z��!�3 

 

Conc. 

(ppm) Abs. %R Abs. %R Abs. %R 

3.57 0.3528 54.29 0.3518 53.91 0.3602 55.33 

7.13 0.2769 42.61 0.2669 40.90 0.2814 43.23 

10.70 0.2221 34.18 0.2198 33.68 0.2235 34.33 

14.27 0.1632 25.12 0.1535 23.52 0.1671 25.67 

17.83 0.1182 18.19 0.1030 15.78 0.1201 18.45 

Control 0.6498 - 0.6526 - 0.6510 - 

 

          

 

y = 113.04e
-0.1476x

R
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�,��!� 3.56 �����#�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
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y = -9.7809x + 99.948

R
2
 = 0.9974
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conc. (ppm)
 

 

�,��!� 3.57 �����#�4
� % Remaining ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
������/�+�� 

fraction 2 

 

y = 74.494e
-0.0762x

R
2
 = 0.9944
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�,��!� 3.58 �����#�4
� % Remaining  ABTS+● (%R) ���"�
��*��*��*��+
�+��-.
������/�

+�� fraction 3 
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        "4
 EC50*��+
�+��-.
������/�+�� fraction 1, 2 )�# 3 )+-�-���
�
��!� 3.74 

 

�
�
��!� 3.74 "4
 EC50 *��+
�+��-/������/�+�� fraction 1, 2 )�# 3 1-	 ABTS assay   

 

EC50 (ppm) 
"��Z��!� 

F1 F2 F3 

1 62.86 2.39 9.81 

2 59.87 2.43 9.42 

3 62.77 2.38 9.48 

 

              .
�"4
  EC50 ">
��� antioxidant activity 1-	�
���!	����"4
 EC50 �!�$-�.
�+
��#�
	

�
���
� gallic acid �
	�
� antioxidant activity ��3� gallic acid equivalent (GAE) "4
 GAE �!�

">
���$-�)+-�-���
�
��!� 3.75 

�
�
��!� 3.75 "4
 GAE *��+
�+��-/������/�+�� fraction 1, 2 )�# 3 1-	���! ABTS assay (n = 3)  

 

GAE (mg/g fraction) 

"��Z��!� F1 F2 F3 

1 191.68 207.44 210.74 

2 191.68 213.71 214.14 

3 193.43 216.32 202.67 

�=�!�	  ± SD 192.26 ± 1.01 212.49 ± 4.56 209.18 ± 5.89 

   

 

      .
�"4
 GAE *��+
�+��-.
�/������/�+��)�4�#fraction ���4
"4
 GAE *��)�4�# fraction �!

"4
�����"!	���� ������'��
�">
����
�+:���"�� t-test �����-,)��1���*��"4
�!����"�
#�$-����4
"4
 

GAE *�� F2 ≈  F3 > F1 G5��"4
 GAE )+-�:5�����
� antioxidant capacity ����)+-��4
+
�+��-

.
�/�������#	# /�+�� F2 )�# F3 $�4)���4
�����	4
��!��	+>
"�2 )�#�! antioxidant capacity 

�
���4
 F1 
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3.5  ����������:����@���:�"�
 ;<�
������F����%�����������������'�$��!��!  

              Folin-Denis assay 

              3.5.1  �������$�����"��$ 

1. ���!	�+
��#�
	  Folin � Denis  reagent 

'��� Sodium  tungstate 10 mg  �#�
	�� deionized water  75  mL  ��  flask  250  ml  

����  phosphomolybdic  acid  2  g )����>
$�  reflux  2  '���1�� ����������"�
������!����(,��  

1000C  ��4�	���	���!����(,�����)�#��������
����3�  100  ml  -��	 deionized water �������6


$�����!���- 

2.    +
��#�
	�
���
�  Gallic acid "�
��*��*�� 100 ppm 

'���+
��
���
�  0.01  g �#�
	��  methanol  ��������
����3�  100  mL ��*�-

����
��   

3.    +
��#�
	�������*�� NaHCO3 

�#�
	 NaHCO3 �� deionized water .���#���� NaHCO3 $�4�#�
	 ����-��	��#-
6

���� $-�+
��#�
	�������*�� NaHCO3 

 

              3.5.2 �����:����@���:�"�
 ;<�
������F����%��������������� ,�$�:��$ ���$ 

�:I�:����@���������� Gallic acid K�*��"+���

���%��L:	
� GAE 

����������
� 

�����+
��#�
	�
���
�  gallic  acid �*��*�� 100 ppm ����
���4
�K/+����

+
��#�
	  Folin � Denis 0.8 mL )�# +
��#�
	�������  NaHCO3 0.8 mL ��������
��+�-��
	

��3�  10  mL  -��	 deionized water ���/+��*�
���    10  �
�!  �>
$���-"4
  absorbance  ����!�!�  

700  nm  "4
  absorbance  *��+
��#�
	�
���
� gallic acid )+-����
�
��!� 3.76 �*!	���
%

�
���
�"�
�+��������#�4
�   absorbance  ���"�
��*��*��*��+
��
���
�  Gallic  acid  �����

�'���!	�+>
���
"4
  GAE   )+-�-���,��!� 3.59 
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�
�
��!� 3.76 "4
 absorbance �!�  700  nm  *��+
��#�
	�
���
�  gallic acid 

 

 

 

 

 

 

 

            

 

 

y = 0.0634x + 0.0103
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�,��!� 3.59 calibration curve *��+
��#�
	�
���
� gallic acid 1-	��"��" Folin-Denis Assay 

 

 

 

 

 

 

 

Absorbance ��-�!� ����
�� 

GA (µL) 

��
��*��*��

GA (ppm) "��Z��!�1 "��Z��!�2 "��Z��!�3 "��Z��!�4 "��Z��!�5

1 100 1.00 0.0623 0.0636 0.0760 0.0845 0.0729

2 250 2.50 0.1608 0.1790 0.1576 0.1662 0.1673

3 500 5.00 0.3296 0.3501 0.3198 0.3355 0.3482

4 750 7.50 0.4757 0.4849 0.4716 0.4817 0.4893

5 1000 10.00 0.6111 0.6568 0.6113 0.6535 0.6861
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        �>
�
��-����'4��-!	����+
��#�
	�
���
� gallic acid ���+
�+��-.
�/������ 1-	�'�+
�

+��-/�������!����!	�.
�*�� 3.1.3 G5��+
�+��-.
��#	#/��4�� fraction 1 �*��*�� 10910 ppm 

fraction 2 �*��*�� 423.5 ppm )�# fraction 3 �*��*�� 705.6 ppm /�)�4.�- fraction 1 �*��*�� 3550 

ppm  fraction 2 �*��*�� 327.2 ppm )�# fraction 3 �*��*�� 951.2 ppm +4��/�+�� fraction1 �*��*�� 

2930 ppm fraction 2 �*��*�� 3871.2 ppm )�# fraction 3 �*��*�� 2140.4 ppm ����
��+
�+��-�!��'�

)+-�-���
�
� 3.77 ���!	���!	������
%�
���
�  �����
"4
  GAE (mg/g fraction)  *��+
�

����	4
�$-�/����
�
��!� 3.78 � 3.80 

 

�
�
��!� 3.77 ����
��*��+
�+��-.
�/������ 

  

����
��+
�+��- (µL) Fraction 

/��4�� /�)�4.�- /�+�� 

1 500 750 50 

2 100 250 50 

3 100 250 50 

 

�
�
��!� 3.78 "4
  GAE *��+
�+��-/������/��4�� fraction 1, 2 )�# 3 1-	 Folin-Denis Assay 

 

F1 F2 F3 

"��Z��!� Abs. GAE Abs. GAE Abs. GAE 

1 0.4061 19.10 0.2576 371.47 0.3893 169.76 

2 0.4219 19.55 0.2532 364.97 0.3901 170.12 

3 0.4306 20.27 0.2493 359.21 0.3790 165.20 

4 0.4517 21.28 0.2423 348.88 0.3926 171.22 

5 0.4339 20.43 0.2533 365.12 0.3843 167.75 
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�
�
��!� 3.79 "4
 GAE *��+
�+��-/������/�)�4.�- fraction 1, 2 )�# 3 1-	 Folin-Denis Assay 

 

F1 F2 F3 

"��Z��!� Abs. GAE Abs. GAE Abs. GAE 

1 0.5461 31.70 0.2634 491.67 0.4765 307.21 

2 0.5626 32.66 0.2776 518.79 0.4715 303.95 

3 0.5432 31.52 0.2818 526.82 0.4860 313.41 

4 0.5464 31.71 0.2778 519.18 0.4873 314.26 

5 0.5464 30.90 0.3034 528.08 0.4896 315.76 

 

�
�
��!� 3.80 "4
  GAE *��+
�+��-/������/�+�� fraction 1, 2 )�# 3 1-	 Folin-Denis Assay 

 

F1 F2 F3 

"��Z��!� Abs. GAE Abs. GAE Abs. GAE 

1 0.2080 215.44 0.3257 258.07 0.2056 291.27 

2 0.2156 223.55 0.3505 278.09 0.2168 307.62 

3 0.2054 212.67 0.3795 301.50 0.2043 289.38 

4 0.2350 244.24 0.3814 303.04 0.2141 303.68 

5 0.2047 211.92 0.3530 280.11 0.2120 300.61 

 

 

       .
�"4
 GAE (mg/g freaction) *��+
�+��-.
�/��������Z�+
��#	#���4
�������/��4�� )�#

/�)�4.�-"4
 GAE *��+
�+��- F2 > F3 > F1����)+-��4
+
���#���%H��������Z��-��+
�+��-

/��������+
�+��-.
������/��4��)�#/�)�4.�- F2 �
���4
 F1 )�# F3 �
��>
-�� +4���������/�

+����Z����4
"4
 GAE *��+
�+��- F2 )�# F3 �
��4
 F1 ����)+-��4
����
�+
���#���%H���

�����Z��-��+
�+��-/��������+
�+��-.
������/�+�� F2 )�# F3 $�4)���4
�����	4
��!

��	+>
"�2)�#�!"4
�
���4
 F1 

 

 

 
 
 
 

 
 
 
 

 
 



 ���* 4 

���:+�"�����@#��������
� 

 

4.1 �������+�"+$����:�"�
 ;<�
�������������

� ��+����+�" �����  

      antioxidant .
�/������:,�+��-���,� crude extract )�#+
���#���%H����!�+��-)	����.
�

/������-�-)���.
����!*�� Krygier, K. [21] $-���3� fraction �4
�K"�� free phenolic acids fraction 

(F1) soluble phenolic acid esters fraction (F2) )�# insoluble-bound phenolic acids fraction (F3) 

$-� % yield )�#"�
��*��*�� �
��
�
��!� 4.1  

 

�
�
��!� 4.1 % yield )�#"�
��*��*�� *��+
�+��-.
�/�������#	#�4
�K 

 

+
�+��- % yield "�
��*��*��  (mg/mL) 

/��4�� 

/�)�4.�- 

/�+�� 

- 

- 

- 

58.83 

58.82 

58.84 

/��4�� 

F1 

F2 

F3 

 

0.364 

3.527 

0.588 

 

10.91 

42.35 

7.06 

/�)�4.�- 

F1 

F2 

F3 

 

0.118 

2.726 

0.797 

 

3.55 

32.72 

9.57 

/�+�� 

F1 

F2 

F3 

 

0.098 

1.613 

8.290 

 

2.93 

19.36 

107.02 
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       ���4
�Z>
���)�# %yield *��+
�+��-.
�/�������#	#�4
�K�!"�
�)���4
�����
��#	#*�� 

/������1-	���4
������#	#/��4��)�#/�)�4.�-+
�+��-.
� fraction2 �!����
��
��!�+�- )+-�

�4
��������#	#/��4��)�#/�)�4.�-+
���#���%H�����/��������Z�+���#	#�!Z+4���24 

�	,4���,� soluble phenolic acid esters +4����������#	#/�+��+
�+��-.
� fraction3 �!����
��
�

�!�+�-)+-��4
��������#	#/�+��+
���#���%H���+4���24�	,4���,� insoluble-bound phenolic 

acids 

4.2 �����������:�"�
 ;<�
� %�������������������'�$��!��! thin-layer chromatography 

(TLC) +�"������!��"�# antioxidant  %���������'�$��!��! HPLC 

       �
��'���"��" TLC �5�6
 antioxidant ��+
�+��-.
�/��������3��
����"�
#���"���#���

*��+
���#���%H�����+
�+��-.
�/�������'� stationary phase ��3� silica gel )�#�'� mobile 

phase ��3� ethyl acetate/mathanol/water ����
+4�� 10:2:1 ���.
� spray -��	 2% FeCl3 �� 

ethanol )����>
$����!� 105  �c ��3����
 5 �
�!)��� ���4
��)/4� TLC �!� spot -��	+��-.
������/�

�4�� fraction1.#�����3�+!�Z>
������!	�.�-�-!	� )+-��4
��+
�+��-.
� fraction1 �!+
���#���%H

���'��- trihydroxyl ��3���"���#�����!	�'��-�-!	� �� fraction 2 .#�����3�+!�Z>
���� +!�*!	�)�#

+!�Z>
�
� )+-��4
�� fraction 2 �!+
���#���%H���'��- trihydroxyl dihydroxyl )�#

+
���#���%H���'��-����K��3���"���#��� +4���� fraction3 .#�����3�+!�Z>
����)�#+!�*!	�

)+-��4
�� fraction 3 �!+
���#���%H���'��- trihydroxyl )�" dihydroxyl ��3���"���#��� 

       /��
����!	���!	�"4
 Rf *��+
�+��-.
�/���������+
��
���
����4
.
�"4
 Rf *��+
�

+��- fraction1 �! "4
 Rf "4
�-!	�"�� 0.76 G5�������"!	����"4
 Rf *��+
��#�
	�
���
� gallic acid 

)+-��4
��fraction1 �! gallic acid ��3���"���#������ +4���� fraction2 )�# fraction3 �!"4
 Rf 

+
�"4
"�� 0.76 0.83 )�# 0.87 G5�������"!	���� Rf *�� gallic acid )�# catechin )+-��4
��+
�+��-

.
� fraction2 )�" fraction3 �! gallic acid )�# catechin ��3���"���#��� 

       .
�1"��
1�)���*�� HPLC ���4
��+
�+��-.
�/�������4����Z�+
� fractions �!+
� 

antioxidant �
	�����3���"���#���1-	�! gallic acid ��3���"���#������1-	-,.
�"�
�+,�

*���!" -����Z����
�
 antioxidant activity .5�
��3�����
� gallic acid G5�����4
+
�+��-.
�/�

������4�� fraction 1 )�# fraction 3 $�4�!"�
�)���4
�����	4
��!��	+>
"�2 )�#�!"4
���	��4
 

fraction 2 G5����/��!�$�4+�-"���������"��" DPV DPPH assay ABTS assay )�# Folin-Denis 

assay �!���3��'4���Z��
.�������
.
���"��" HPLC ��3��
�
����
� gallic acid ������	4
���!	����

�-!	���*�#�!���"��"����K��3��
�
����
� antioxidant ���,�)�����   
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4.3 �������� antioxidant  %������������������,�$%&'��!��! cyclic voltammetry (CV) 

       4.3.1 ����������	
� pH �
 cyclic voltammogram 	
�����"��$������� antioxidant  

 ���
����-�������	
 oxidation *��+
��#�
	�
���
� antioxidant �!�*�Z� working 

electrode �!���3� inert material �'4� glassy carbon ��Z�.#��!�	�*������ electron transfer )�#�! 

deprotonation -��)+-��������	
����$���3�  

   R O + 2e + 2H+
 

-����Z� pH *��+
��#�
	�����
��!���3� supporting electrolyte .#�!/��4� cyclic voltammogram 

�����Z�"�
�+
�
�:���
���3� antioxidant �!�-��	 ������'��
����!	���!	�"4
 Epa*��+
��#�
	

�
���
�)�4�#'��- G5��"4
 Epa 	����!"4
���	)+-�:5��
����-�������	
oxidation $-��4����.#�>
���!

"�
�+
�
�:��3�����!-��G��!�-! )�#�!"�
�+
�
�:���
���3� antioxidant �!�-!�
��
	�
�

"�
�+
�
�:���
���3� antioxidant 1-	���!�!Z.5������!�
��#��'��-*��*�Z�$%%&
 )�#+
��#�
	 

supporting electrolyte -��	 "4
 Epa )�# ipa .
� cyclic voltammogram *��+
��
���
� 

antioxidants �� supporting electrolyte pH 4.5 7.0 )�# 9.0 )+-�-���
�
��!� 4.2   

�
�
��!� 4.2 "4
 Epa )�# ipa .
� cyclic voltammogram *��+
��
���
� antioxidants �� 

supporting electrolyte pH 4.5 7.0 )�# 9.0 

0.1 M Acetate buffer 

pH 4.5 

0.05 M Phosphate 

buffer pH 7.0 

0.1 M NH3/NH4Cl 

buffer pH 9.0 

Antioxidant 

(0.4 mM) 

Epa(V) ipa(µA) Epa(V) ipa(µA) Epa(V) ipa(µA) 

catechin 

 

EGCG 

gallic acid 

ascorbic acid 

trolox 

caffeic acid 

catechol 

0.490 

0.802 

0.394 

0.394 

0.470 

0.309 

0.424 

0.470 

3.655 

1.855 

4.169 

9.061 

4.971 

4.824 

9.417 

9.769 

0.324 

0.676 

0.258 

0.414 

0.434 

0.268 

0.399 

0.359 

4.527 

0.949 

8.363 

5.853 

3.424 

3.996 

5.565 

9.171 

0.112 

- 

0.097 

0.173 

- 

0.142 

0.198 

0.112 

4.023 

- 

6.631 

9.233 

- 

4.951 

7.342 

8.607 

Activity 

sequence 

T > EGCG ≈GA > CA 

> AA  ≈  Cat > C 

EGCG > T > C > Cat  > 

CA > GA > AA 

EGCG > C ≈ Cat > T 

> GA > CA 

 
 
 
 

 
 
 
 

 
 



 

 

129

AA = ascorbic acid, C = catechin, CA = caffeic acid, Cat = catechol, EGCG = epigallocatechin 

gallate, GA = gallic acid and T = trolox 

              �
��5�6
 antioxidant 1-	���!�!Z$-��!/,��>
�
��5�6
)�#��!	��>
-�� antioxidant activity *��

+
��#�
	�
���
� [8] [9] [10] )�# [23] G5��)+-�-���
�
��!� 4.3    

�
�
��!� 4.3 "4
 Epa *��+
��#�
	�
���
� antioxidant .
��
���.�	����K 

Antioxidant Epa 

(V vs. SCE)a 

Epa 

(V vs. SCE)b 

Epa 

(V vs. SCE)c 

Epa 

(V vs. Ag/AgCl)d 

Catechin 

 

EGCG 

 

Ascorbic acid 

Caffeic acid 

 

Gallic acid 

0.418(0.5 mM) 

0.389(0.05 mM) 

- 

- 

- 

0.435(0.5 mM) 

0.416(0.05 mM) 

0.418(0.5 mM) 

0.391(0.05 mM) 

0.205(0.05 mM) 

0.201(0.01 mM) 

0.123, 0.213(0.05 mM) 

0.122, 0.216(0.01 mM) 

- 

- 

- 

0.236(0.05 mM) 

0.218(0.01 mM) 

0.53, 0.88(0.5 mM) 

- 

- 

- 

- 

0.53(0.5 mM) 

- 

0.54, 0.87(0.5 mM) 

- 

0.215(1.0 mM) 

- 

- 

- 

0.167(1.0 mM) 

0.212(1.0 mM) 

- 

0.233(1.0 mM) 

- 

Activity 

sequence 

 

C ≈ GA > CA 

 

EGCG>C>GA 

 

C ≈ CA ≈ GA 

 

AA>CA>C>GA 

AA = ascorbic acid, C = catechin, CA = caffeic acid, , EGCG = epigallocatechin gallateand GA = 

gallic acid  
a  In 12 % Ethanol � 0.05 M Tartaric acid pH 3.6, using 3 mm GCE vs, SCE at scan rate 100 mV/s 

(Kilmartin et al.,2001). 
b In phosphate buffer pH 7.0, using 3 mm GCE vs, SCE at scan rate 100 mV/s (Kilmartin and 

Hsu,2003). 
c  In 0.1% HClO4 � MeOH (85+15) using GCE vs, SCE at scan rate 20 mV/s (Chiavari et al., 

1988). 
d  In 1:1 (v/v) water-EtOH contrainning 50 mM KCl and 50 mM phosphate buffer pH 7.0, using 

scan rate 20 mV/s (Hotta et al.,2002). 

 

 

 

 
 
 
 

 
 
 
 

 
 



 

 

130

 

       ������'��
����!	���!	�"4
 Epa �������!	��>
-�� antioxidant activity ���4
��+
��#�
	 acetate 

buffer pH 4.5 +
�
�:��!	��>
-��"�
�+
�
�:���
���3� antioxidant$-�-���!Z trolox > EGCG ≈ 

gallic acid > cafeic acid > ascorbic acid  ≈  catechol > catechin ��+
��#�
	 phosphate buffer 

pH 7.0 +
�
�:��!	��>
-��"�
�+
�
�:���
���3� antioxidant$-�-���!Z EGCG > trolox > catechin 

> catechol  > cafeic acid > gallic acid > ascorbic acid )�# ��+
��#�
	 NH3/NH4Cl buffer pH 

9.0 +
�
�:��!	��>
-��"�
�+
�
�:���
���3� antioxidant $-�-���!Z EGCG > catechin ≈ catechol  

> trolox > gallic acid > cafeic acid +4�� ascorbic acid ��Z�.#$�4+
�
�:���.��-$-��!� pH 9 G5��.#

)���4
�$�.
��>
-��*�� antioxidant activity ���
�
��!� 4.3 ������.
��'�+(
�#*���
��-���

�4
���� �	4
�$����
���������!	���!	�����
��-���*�� Kilmartin and Hsu (2003) G5���'�+(
�#

*���
��-����������� .#�! �>
-��*�� antioxidant activity ������������"�� EGCG > Catechin 

> Gallic acid 

4.3.2 ����������	
� pH 	
� supporting electrolytes �
 cyclic voltammogram 	
����

�������������� 

               �
��5�6
'��-*�� supporting electrolyte �4� cyclic voltammogram *��+
�+��-.
�/�

����� 1-	�'� supporting electrolyte ��3� acetate buffer pH 4.5 Phosphate buffer pH 7.3 )�# 

NH3/NH4Cl buffer pH 10.8 ���4
�>
)�4�*�����	�$%%&
(Epa) )�# ��#)+$%%&
 ( ipa) *���
����-

�������	
���G��-'��*��+
�+��-.
�/������ )�4.�- fraction2 "4
 Epa  )�#  ipa  �� supporting 

electrolyte )�4�#'��-)+-�-���
�
��!� 4.4  

 

�
�
��!� 4.4  "4
 Epa )�# ipa *��+
�+��-.
�/������)�4.�- fraction2 �*��*��1,308 ppm ��

+
��#�
	 buffer pH �4
�K 

 

 

 

 

 

 

Supporting electrolyte Epa(V) ipa(µA) 

Acetate buffer pH 4.5 0.490 7.093 

Phosphate buffer pH 7.3 0.444 3.962 

NH3/NH4Cl buffer pH 10.8 0.329 4.084 
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 ���4
�� acetate buffer pH 4.5 .#��"4
��#)+$%%&
*���!"+,��!�+�- -����Z�.5�$-�������'�

+
��#�
	 acetate buffer ��3�+
��#�
	 supporting electrolyte +>
����'����"�
#� antioxidant 

activity 1-	���! CV )�# DPV �4�$� 

4.3.3 ������
����������� antioxidant ������ ���!��"�#���
$�� 

 .
�"4
 Epa )�# ipa *��+
�+��-.
�/������)�4.�- fraction2 �*��*��1,308 ppm, gallic acid, 

trolox,  epigallocatechin  gallate (EGCG),  ascorbic acid,  caffeic acid )�# catechin �*��*�� 0.4 

mM �� acetate buffer pH 4.5 ���4
��+
�+��-.
������/�)�4.�- fraction 2 )��.#/4
� alkaline 

hydrolysis )��� .
�/�*�� TLC )�# HPLC ��	���!+
� antioxidant �
	�����3���"���#��� �
�


 antioxidant activity .5�
���,�)����� ���
����"�
#� antioxidant activity ��+
�+��-.
�

/��������Z�.#������'� gallic acid ��3�+
��#�
	�
���
� ������.
����
��5�6
1-	�'���"��" 

TLC ���4
��+
�+��-.
�/��������� fraction �! gallic acid ��3���"���#��� )�#��������!	���!	�

����
��	4
�"�4
�K��)/4� TLC )������4
�! gallic acid �	,4����
��
�+�- gallic acid .5�������'� 

gallic acid ��3�+
��
���
� )�#.#�
	�
� antioxidant activity ��+
�+��-.
�/���������,� 

gallic acid equivalent (GAE) 

 

       4.3.4 ����������	
� scan rate �
 cyclic voltammogram 	
�����"��$������� gallic 

acid  

 /��
����.+�� cyclic voltammogram *��+
��#�
	�
���
� 0.40 mM gallic acid �� 

acetate buffer pH 4.5 ������'�����
�
������	�$%%&
)�4�G���$%%&
 10, 30, 50, 70 )�#  100 mV/s 

+
�
�:������6�#*����#)+$%%&
�!����-.
��������	
�!�*�Z�$-� 1-	������
%�#�4
�  ipa ��� 

v1/2 )�# ipa ��� v  ���4
��
%)+-��
������#�4
� ipa ��� v1/2 ��3��+����� +4����
%�!������#

�4
� ipa ��� v  ���4
��
%��3��+��1"�� ����)+-��4
��#)+�!����-*5Z�.5���3���#)+�!����-*5Z�.
��
�

)��4 (diffusion current) �
���4
.#��3���#)+.
��
�-,-G�� (absorption current) G5���!��#1	'��

+
�
�:�>
$��'����
��>
�
����"�
#��'������
�$-� ������.
���#)+�!����-*5Z�.
��
�)��4.#��3�

+�-+4��1-	������"�
��*��*��*��+
���'4��"�
��*��*�����
���4
��#)+.
��
�-,-G�� 
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       4.3.5 ������ calibration graph 	
�����"��$������� gallic acid �����!��! cyclic 

voltammetry 

       Calibration graph *��+
��
���
� gallic acid +
�
�:�>
$-�+��)��"�� .
��
�����

"4
��#)+�!�$-�.
� cyclic voltammogram (ipa) � "4
���	�$%%&
 370 mV/s vs Ag/AgCl ���"�
�

�*��*��*��+
��#�
	 gallic acid ��� ��Z��!�����!" (Q) ��'4�����	�$%%&
 0.30 � 0.70 V  ���"�
�

�*��*��*��+
��#�
	 gallic acid  ���4
 calibration curve �!������#�4
� ipa �!��>
)�4����	�$%%&
 

370 mV vs Ag/AgCl ���"�
��*��*��*��+
��#�
	 gallic acid  ��3��+�������'4��"�
��*��*�� 

0.05 � 0.40 mM $-�+��
��+����� y = 28.024x + 0.405 (R2 = 0.9989) +4�� calibration curve �!�

�����#�4
� Q ��'4�����	�$%%&
 300 � 700 mV vs Ag/AgCl ���"�
��*��*��*��+
��#�
	

�
���
� gallic acid  ��3��+�������'4��"�
��*��*�� 0.05 � 0.40 mM $-�+��
��+����� y = 

92.266x + 1.988 (R2 = 0.9975) .
��
����� calibration curve ��Z�+�����!���4
 calibration curve 

�!�$-�.
��
������#�4
� Q ���"�
��*��*��*��+
��#�
	�
���
� gallic acid .#�� sensitivity 

+,���4
 calibration curve �!�$-�.
��
������#�4
� ipa ���"�
��*��*��*��+
��#�
	�
���
� 

gallic acid ��#�
� 3 ��4
 -����Z�.5�������'��
������#�4
� Q ���"�
��*��*��*��+
��#�
	

�
���
� gallic acid ���
�+��
� calibration curve ������5�6
 antioxidant activity ��+
�+��-.
�

/�������4�$� 

  

       4.3.6 ���%&'��!��! DPV ���*
����� calibration graph 	
�����"��$������� gallic acid  

       ������.
���"��" cyclic voltammetry ��Z���3���"��"�!��! sensitivity ��>
�������!	������"��" 

differential pulse voltammetry (DPV) )�#����
�+
��!�+��-$-�.
�/�������!���	1-	�=�
#+
�

+��-.
� fractioin 1 .#�!����
����	�!�+�-)�#$�4+
�
�:���.��-$-�-��	���! cyclic voltammetry 

-����Z����
����"�
#� antioxidant activity ������	4
�+
�+��-.
�/������.5�������'���"��" DPV 

G5�� calibration curve �!������#�4
� ��Z��!�����!" (Q)  ���"�
��*��*��*��+
��#�
	�
���
� 

gallic acid ��'4��"�
��*��*�� 0.01- 0.2 mM  ���4
 calibration curve $-�+��
��+����� y = 

1.4593x + 0.0011 (R2 = 0.9987) G5����3�+��
��!��'����
�
 antioxidant activity ��+
�+��-.
�

/�������4�$� 
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       4.3.7 ���%&'��!��! DPV ���*
����� antioxidant activity %������������������ 

       /��
����"�
#� antioxidant activity ��+
�+��-.
�/������)�#�
	�
���3� gallic acid 

equivalent (GAE) ���4�	 mg/g sample "4
�!�$-�)+-�-���
�
� 4.5 )�#�,��!� 4.1 � 4.2 

�
�
��!� 4.5 "4
 GAE *��+
�+��-.
�/������/��4�� /�)�4.�- )�# /�+�� 

 

�#	# fraction GAE (mg/g) ± SD 

/��4�� 

/�)�4.�- 

/�+�� 

crude extract 

crude extract 

crude extract 

2.31 ± 0.44 

1.51 ± 0.02 

1.11 ± 0.19 

/��4�� F1 

F2 

F3 

195.06 ± 15.46 

525.36 ± 73.66 

240.83 ± 45.53 

/�)�4.�- F1 

F2 

F3 

20.90 ± 3.91 

259.25 ± 36.98 

88.18 ± 16.72 

/�+�� F1 

F2 

F3 

137.01 ± 22.99 

167.20 ± 27.26 

126.25 ± 17.71 
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�,��!� 4.1 ��
%)+-�"4
 GAE *�� crude extract .
������/��4�� /�)�4.�- )�#     

  /�+�� 1-	��"��" DPV 
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�,��!� 4.2 ��
%)+-�"4
 GAE *�� fraction 1 - 3 .
������/��4�� /�)�4.�- )�# /�+��

1-	��"��" DPV 

 

       ���4
"4
 antioxidant activity �
	�
����4�	 GAE �� crude extract *�������/��4���
���4


/�)�4.�- )�#/�+���
��>
-�� )+-��4
 antioxidant activity ��+
�+��-.
������/��4���
���4
 

/�)�4.�-)�#/�+�� ����)+-��4
��/�������!�
����!�	�)�����"���#���*��+
� antioxidant $�

�
��#	#�4
�K )�#��+
�+��-.
� fraction 1-3 *��/�������4�� ���4
"4
 GAE *��+
�+��-.
� 

F2 �
���4
 F3 )�# F1 �
��>
-������)+-��4
����
� antioxidant activity *��+
�+��-.
� F2 

�
���4
 F3 )�# F1 )+-��4
�������/��4�� +
���#���%H���+4���24�	,4���,� soluble 

phenolic acid esters ��+
�+��-.
� fraction 1-3 *��/������)�4.�- ���4
"4
 GAE *��+
�+��-

.
� F2 �
���4
 F3 )�# F1 �
��>
-������)+-��4
����
� antioxidant activity *��+
�+��-.
� F2 

�
���4
 F3 )�# F1 )+-��4
�������/�)�4.�- +
���#���%H���+4���24�	,4���,� soluble 

phenolic acid esters )�#��+
�+��-.
� fraction 1-3 *��/������+�� ���4
"4
 GAE *��+
�+��-

.
������ F1  ≈  F2  ≈ F3 (t-test �!� P = 0.05)  ����)+-��4
����
� antioxidant activity *��+
�

+��-.
��������Z�+
� fraction$�4)���4
�����	4
��!��	+>
"�2�
� )+-��4
�������/�+�� 

+
���#���%H����	,4��Z����,� free phenolic acids  soluble phenolic acid esters )�# insoluble-

bound phenolic acids 
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4.4  �������� antioxidant activity ,�$���� spectrometry 

       4.4.1 Diphenyl-1-picrylhydrazyl radical capacity assay  (DPPH assay)   

4.4.1.1 �������� spectrum +�" kinetic behaviors ,�$  DPPH  assay     

       �� DPPH assay �!���.���"�� 2,2 dipheyl-1-picrylhydrazyl (DPPH) G5����3� free radical  �!��!+!

�4��)�#�!"�
��+:!	��� +
��#�
	���
���  +
��#�
	�!Z.#�!+!�4�� -,-����)+��� absorbance 

+,�+�-�!�  517  nm �����:,��!-��G�.
�+
� antioxidant  DPPH�   .#:,��!-��G���
	��3�  DPPH-H �>
�� 

absorbance �!�  517  nm �-�� ������5�6
 Kinetic curves  1-	����5� absorbance �!�"�
�	
�"���� 

517 nm ��!	�������
 *�� DPPH radical + +
�+��-.
�/������ )�# DPPH radical + +
��#�
	

�
���
�  gallic  acid �!�"�
��*��*���4
�K���4
 �������	
�#�4
� DPPH radical ���+
� 

antioxidant �!��5�6
�!����
�
����-�������	
+,�)�#�����"��!����.
����
 ��#�
� 10 �
�! -����Z���

�
��-��� antioxidant activity ��+
��#�
	�
���
� )�#+
�+��- .
�/������.5���Z��������	
��Z�

$����3����
 10 �
�!  

                4.4.1.2 ��������  antioxidant  activity  	
�����"��$�������,�$  DPPH  assay    

       +��
��!�$-�.
��
�������
%"�
�+��������#�4
� % Remaining DPPH
● ���"�
��*��*��

*��+
��#�
	�
���
�'��-�4
�K )�#"4
 EC50 G5���
	:5�����
� antioxidant�!��>
��"�
�

�*��*��*�� DPPH �-�� 50% )+-����
�
��!� 4.6 

�
�
��!� 4.6  +��
� )�#"4
  EC50 *��+
��#�
	�
���
� antioxidant �!�$-�.
��
��-��� 

 

+
��#�
	�
���
� "4
  EC50  (ppm) 

ascorbic acid 1.792 

cafeic acid 1.910 

catechin 2.684 

catechol 0.765 

EGCG 1.192 

gallic acid 0.846 

trolox 2.577 
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       .
��
��-�����!	��>
-��  EC50 .
����	$��
�$-�-���!Z catechol < gallic acid < EGCG < 

ascorbic acid < caffeic acid < trolox < catechin �
��>
-��   

"4
  EC50 ���	)+-��4
+
��#�
	�
���
��!�"�
��*��*����>
K��+
�
�:�- DPPH
●

 �� 50% -����Z�

+
��#�
	�
���
��!Z.5��!"�
�+
�
�:���
���
�����,���+�#�!�+,� G5����!	��>
-��$-�"�
�+
�
�:

���
���
�����,���+�#.
��
�$����	-���!Z catechol > gallic acid > EGCG > ascorbic acid > 

cafeic acid > trolox > catechin   

              4.4.1.3 ��������  antioxidant  activity  	
������������������,�$ DPPH  assay 

       "4
 EC50*��+
�+��-/������)+-�-���
�
��!� 4.7 )�#�,��!� 4.3 - 4.4 

�
�
��!� 4.7 "4
 EC50 *��+
�+��-/������/��4�� /�)�4.�-)�# /�+��1-	 DPPH assay 

 

�#	# fraction EC50 (ppm) ± SD 

/��4�� 

/�)�4.�- 

/�+�� 

crude extract 

crude extract 

crude extract 

4.62 ± 0.09 

6.04 ± 0.12 

14.49 ± 0.23 

/��4�� F1 

F2 

F3 

84.68 ± 1.21 

2.72 ± 0.08 

5.40 ± 0.19 

/�)�4.�- F1 

F2 

F3 

64.74 ± 1.46 

2.11 ± 0.07 

3.65 ± 0.14 

/�+�� F1 

F2 

F 3 

4.60 ± 0.26 

4.54 ± 0.16 

4.06 ± 0.26 
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            �,��!� 4.3 ��
%)+-�"4
 EC50*�� crude extract .
������/��4�� /�)�4.�- )�# /�+�� 1-	

  ��"��" DPPH assay 
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             �,��!� 4.4 ��
%)+-�"4
 EC50*�� fraction 1 � 3 .
������/��4�� /�)�4.�- )�# /�+�� 1-	

  ��"��" DPPH assay 
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       ���4
"4
  EC50 *��+
�+��-.
� crude extract *�������/�+�� > /�)�4.�- >   /��4�� 

�
��>
-��   +���"�
�+
�
�:���
���
�����,���+�#$-�-���!Z /��4�� > /�)�4.�- > /�+�� ��+
�

+��-.
� fraction 1-3 *��/�������4�����4
"4
 EC50 *�� F1  > F3  >   F2  �
��>
-��   +���

"�
�+
�
�:���
���
�����,���+�#$-�-���!Z F2  >  F3  > F1 ��+
�+��-.
� fraction 1-3 *��/�

�����)�4.�-���4
"4
 EC50 *��  F1  >  F3  >   F2  �
��>
-�� +���"�
�+
�
�:���
���
�����,�

��+�#$-�-���!Z      F2  > F3  > F1 )�#��+
�+��-.
� fraction 1-3 *��/������+�����4
"4
 EC50 *�� 

F1  ≈  F2   ≈   F3 (t-test �!� P = 0.05)   .
�"4
 EC50)+-��4
"�
�+
�
�:���
���
�����,���+�#

*��+
�+��-��Z�+
� fraction $�4�4
�����	4
��! 

 

       4.4.2 2,2>-Azino-bis (3-ethylbenzothizoline-6-sulfonic acid) cation radical -scavenging 

assay : (ABTS assay) 

4.4.2.1  �������� spectrum +�" kinetic behavior ����  ABTS  assays     

                      .
� spectrum *�� 2,2�-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)  ��3� 

stable radical �� aqueous solution +
��#�
	�!Z�!+!�*!	�  -,-����)+�$-�-!�!�"�
�	
�"���� 734 nm  

�����:,�  reduce  .
�+
��#+
	�
���
� gallic acid )�#+
�+��-.
������ /��4�� fraction2 .#�>


�� absorbance �!�  734  nm �-�� ������5�6
 Kinetic curves  1-	����5� absorbance �!�"�
�	
�"���� 

734 nm ��!	�������
 *�� ABTS·+ + fraction2 �*��*��  4.23 ppm *�������/��4�� )�# ABTS·+ + 

+
��#�
	�
���
�  gallic  acid "�
��*��*���4
�K ���4
�������	
�#�4
� ABTS·+ ��� +
�+��-

.
� fraction2 �*��*��  4.23 ppm )�# +
��#�
	 �
���
�  gallic  acid "�
��*��*���4
�K �������	


.#���-)�#������
�
����-�������	
"��!��!����
 ��#�
� 6 �
�! -����Z����
��-��� antioxidant 

capacity ��+
��#�
	�
���
� )�#+
�+��- .
�/������.5���Z��������	
��Z�$����3����
 10 �
�!  

4.4.2.2  ��������  antioxidant activity  ����"��$������� gallic acid 

        �
��5�6
 antioxidant activity  +
��#�
	�
���
� gallic acid �������3��
�
"4
 EC50 

*��+
��#�
	�
���
� gallic acid ������'����
�
 antioxidant activity ��+
�+��-.
�/������ 

1-	">
�������
��3� gallic acid equivalent (GAE)G5��"4
 EC50 �=�!�	.
��
��-���GZ>
��Z� 5 "��Z� 

��4
��� 1.06 ppm 
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4.4.2.3  �������� antioxidant capacity 	
������������������,�$���� ABTS assay 

      "4
 GAE (mg/g) *��+
�+��-/������)+-�-���
�
��!� 4.8 �,��!� 4.5 - 4.6 

�
�
��!� 4.8 "4
 GAE *��+
�+��-/������/��4�� /�)�4.�- )�#/�+�� 1-	���! ABTS assay   

 

�#	# fraction "4
 GAE (mg/g) ± SD 

/��4�� 

/�)�4.�- 

/�+�� 

crude extract 

crude extract 

crude extract 

 318.51 ± 12.31 

234.07 ± 9.18 

111.88 ± 4.87 

/��4�� F1 

F2 

F3 

13.53 ± 0.18 

 291.98 ± 10.04 

109.74 ± 0.82 

/�)�4.�- F1 

F2 

F3 

17.15 ± 0.48 

441.70 ± 4.85 

110.80 ± 2.41 

/�+�� F1 

F2 

F3 

192.26 ± 1.01 

212.49 ± 4.56 

209.18 ± 5.89 

 

                    

0

50

100

150

200

250

300

350

����� �����	
 �����

G
A

E
 (

m
g
/g

 s
a
m

p
le

)

 
�,��!� 4.5 ��
%)+-�"4
 GAE *�� crude extract .
������/��4�� /�)�4.�- )�# 

 /�+�� 1-	��"��" ABTS assay 

 
 
 
 

 
 
 
 

 
 



 

 

140

 

            

0

50

100

150

200

250

300

350

400

450

500

fraction1 fraction2 fraction3

G
A

E
 (

m
g
/g

 f
ra

c
ti
o
n
)

�����

�����	


�����

 
                  �,��!� 4.6 "4
 GAE *�� fraction 1 -3 .
������/��4�� /�)�4.�- )�# /�+�� 1-	 

       ��"��" ABTS assay 

 

        ���4
"4
 antioxidant activity �
	�
����4�	 GAE *��+
�+��-.
� crude extract *�������

/��4�� > /�)�4.�- > /�+�� �
��>
-��   )+-��4
+
�+��-.
�/�������4���! antioxidant activity 

�
���4
/������)�4.�-)�#/������+�� ��+
�+��-.
� fraction 1-3 *��/�������4�����4
"4
 GAE 

*��  F2 > F3 >  F1  �
��>
-��   )+-��4
+
�+��-.
�/�������4�� F2 �! antioxidant capacity 

�
���4
 F3 )�# F1 ��+
�+��-.
� fraction 1-3 *��/������)�4.�-���4
"4
 GAE *�� F2 > F3 >  

F1  �
��>
-�� )+-��4
+
�+��-.
�/������/�)�4.�- F2 �! antioxidant capacity �
���4
  F3 )�#  

F1 )�#��+
�+��-.
� fraction 1 :5� 3 *��/������+�����4
"4
 GAE *��)�4�# fraction �!"4


�����"!	���� ������'��
�">
����
�+:���"�� t-test )�# f-test �����-,)��1���*��"4
�!����"�
#�$-�

���4
"4
 GAE *�� F2 ≈  F3 > F1 )+-��4
+
�+��-.
�/�������#	# /�+�� F2 )�# F3 $�4

)���4
�����	4
��!��	+>
"�2 (P = 0.05) )�#�! antioxidant capacity �
���4
 F1 
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       4.4.3 ����������:����@���:�"�
 ;<�
������F����%������������������,�$  

              Folin-Denis assay 

Folin-Denis assay �'����
�
����
�  Total  phenolics  compounds �
��	�������	
*��  

phosphomolybdic-phosphotungstic  acid  (Folin � Denis  reagent)  ���-��3�+
��#�
	+!�Z>
���������

�>
�������	
���  phenolic  compounds ���-��3�+
��#�
	+!�Z>
����  )����>
$���-�
�-,-����)+��!�

"�
�	
�"����  700  nm 
����
�  Total  phenolics  compounds 1-	">
�����3�"4
 GAE 1-	�'� 

gallic acid ��3�+
��#�
	�
���
� "4
 GAE *��+
�+��-.
� /������)+-�-���
�
�4.9 )�#  

�,��!� 4.7 

�
�
��!� 4.9 "4
 GAE *��+
�+��-.
� /������ 

�#	# fraction "4
 GAE (mg/g) ±SD 

/��4�� F1 

F2 

F3 

   20.1 ± 0.84 

361.93 ± 8.49 

168.81 ± 2.38 

/�)�4.�- F1 

F2 

F3 

  31.70 ± 0.63 

  516.91  ±  14.74 

 310.92 ± 5.08 

/�+�� F1 

F2 

F3 

   221.56 ± 13.49 

   284.16 ± 18.65 

 298.51 ± 7.90 
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%)+-�"4
 GAE *�� fraction 1 -3 .
������/��4�� /�)�4.�- )�# /�+�� 

1-	��"��" Folin-Denis assay 

 

       .
�"4
 antioxidant activity �
	�
����4�	 GAE (mg/g fraction) *��+
�+��-.
�/��������Z�

+
��#	#���4
����
� total phenolic compounds ��+
�+��-.
������/��4��)�#/�)�4.�- F2 

�
���4
 F1 )�# F3 �
��>
-�� +4���������/�+����Z����4
����
� total phenolic compound ��+
�

+��-.
������/�+�� F2 )�# F3 $�4)���4
�����	4
��!��	+>
"�2)�#�!"4
�
���4
 F1  

 

5. ���:�:��$ ���$ �������!��"�# antioxidant activity  

       antioxidant activity *��+
�+��-.
�/������ .
����!���"�
#�)+-�-���
�
��!� 4.10 )�# 4.11 

 

�
�
��!� 4.10 �
�
����!	���!	� antioxidant activity1-	 DPPH assay )�# ABTS assay 

 

�#	# DPPH assay ABTS assay 

crude extract /��4�� > /�)�4.�- > /�+�� /��4�� > /�)�4.�- > /�+�� 

/�������4�� F2  >  F3  > F1 F2  >  F3  > F1 

/������)�.�- F2  >  F3  > F1 F2  >  F3  > F1 

/������+�� F1  ≈  F2 ≈ F3 F2  ≈  F3 > F1 
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�
�
��!� 4.11 �
�
����!	���!	� antioxidant activity1-	 HPLC DPV )�# Folin-Denis assay 

�#	# HPLC DPV Folin-Denis assay 

crude extract - /��4�� > /�)�4.�- > 

/�+�� 

- 

/�������4�� F2  >  F3 = F1 F2  >  F3  > F1 F2  >  F3  > F1 

/������)�.�- - F2  >  F3  > F1 F2  >  F3  > F1 

/������+�� - F1  ≈  F2 ≈ F3 F2  ≈  F3 > F1 

 

 

       ���4
���!���"�
#� antioxidant 1-	 DPPH assay )�# ABTS assay ��/��
����"�
#��!�

"��
	�����Z��!Z�
.������.
����!��Z�+�����"�
#�1-	�'��
��>
�������	
*�� antioxidant ��� radical 

)������.��-����
� radical �!������	,4�������� +4����"��" DPV )�# Folin-Denis assay .#��3�

�
����"�
#� antioxidant ���,�)���������/��!���3�$�������
��-!	����)�#���>
-��*�� 

antioxidant �!�"��
	���������! DPPH assay )�# ABTS assay +4�����! HPLC ��Z���3��
����"�
#� 

antioxidant activity 1-	�
����"�
#���3�����
� gallic acid ��!	��	4
��-!	�.5���/��
����"�
#��!�

)���4
�$�.
����!����K .5�+
�
�:�'���"��"�
����"�
#��
��"�!$%%&
 (DPV) ������'����
�

���"�
#� antioxidant activity ��+
�+��-.
���'$-� G5����"��"�
����"�
#��
��"�!$%%&
��3�

��"��"�!�+
�
�:���"�
#�$-��	4
���-���� �'�+
��"�!���	 ��#	�- )�#��3��
����"�
#�+
� 

antioxidant ������	4
�1-	��� )�4��"��"�!Z��3��
����"�
#� antioxidant ���,�)����� $�4

+
�
�:���"�
#�)	���3�����-����5��$-�  
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