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1. Absolute ethanol (Lot. NO.  10030343, ACI Labscan, Thailand) 
2. Follin-Ciocalteu Reagent (Lot & filling code : 1386482 42708012, Fluka  

Analytical) 
3. Gallic acid (Lot & filling code : 456715/1  51204106, Fluka Analytical)   
4. 2,2-azinobis-3-ethyl-benzothiazoline-6-sulfonic acid  (ABTS)  
      (Lot. 0001424973, Fluka Analytical)  
5. 6-hydroxy-2,5,7,8- tetramethylchroman -2 carboxylic acid (HTCC)  
      (Lot. S43353-148, Aldrich Chem Co.)  (6789ก;<=>;?@; Trolox) 
6. Ascorbic acid (Lot.  J040C08 Rankem, RFCL Limited, India)    
7. 2, 4, 6-tripyridyl-s-triazine (TPTZ)  (Lot. 0001  453262, Fluka Analytical)   
8. Iron (III) chloride  hexahydrate    (Lot. l6014-1-0250  95214-1212, QREC)   
9. 2,2-diphenyl-1-picryhydrazyl (DPPH) (Lot.04414, MU Aldrich Chem Co.)      
10. Sodium carbonate (B/No. 0912454 Univar, Ajax Fiechem, New Zealand) 
11. Potassium persulfate (Lot. J009L09 Rankem, RFCL Limited, India)    
12. Glacial acetic acid (Lot.  K32453417  338, BDH Analar)     
13. Sodium acetate (B/No. 0801100, Univar, Ajax Finechem, New Zealand)     
 
	��������� 

 1. UV O vis spectrophotometer (model: Cary 1 E, S/N: EL 97103044, Australia) 
  2. Autopipet PQ;R 200 STU 1000 VWX=<TYZ< STUPQ;R 5.0, 10.0 WYTTYTYZ< 
 3. Ultrasonic bath (Delta, D200H) 

4. [=<789\Sก>?]^;_<̀ab̂;ก;<bRT9\ 
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1.  ���
!��
�"����������ก���#���  
Z;<;\bc8 3.1  <;dTU[9cdRP9\d;_9Wbc8e6>eQก;<bRT9\  

d;_9W Lot 1 ?̀QfTYZ Lot 2 ?̀QfTYZ 
A JH272 12/10/52 JH276 01/03/53 
B S520101 16/03/52 S52003 30/11/52 
C 251 16/05/52 252 12/11/52 
D 022 02/10/52 042 04/10/53 
E 02 02/06/52 01 08/03/53 
F - - - - 
G - - - - 
H - - - - 
I - - - - 
J - - - - 

�"�!����$�%�:  
Ẑ;<̀a A gh\ E i7j9k;ก<>;QP;dd;SfQlmkknàQ     Ẑ;<̀a J i7j9k;ก<>;QP;dd;kcQd@;Q]^;[op\ 

Ẑ;<̀a F i7j9k;กX<\od;a;T9q@b9\ Ẑ;<̀a G i7j9k;ก<>;Qd@;Q?̀RXorYs      Ẑ;<̀a H STU I VR><`a=?;W
9Qn[=<;U_tk;ก <9\u;]Z<;k;<dt R<.QoW;u ]nQb<[k<YvQQbt =wU[x]`6u;]Z<t W.W_YRT 
 
2.  ก���ก�# ���
!�� 
        1. 6`8\f\d;_9WSZ@TUZ̀?9d@;\ (dc8_>9)  6QYRTU 0.5 ก<̀W e]@ Erlenmeyer flask 6QYRy;[กTcd?
PQ;R 125 WYTTYTYZ< 
        2. ]ก̀RR>?dZ̀?b̂;TUT;d 50.0 WYTTYTYZ< XRde6>Z̀?b̂;TUT;d 2 6QYR =79 de-ionized water  
STU absolute ethanol XRdlzRy;e_>]QYb _W`กQ;Q9d@;\Q>9d 24 6`8?XW\ [Pd@;[l{Q=<̀j\=<;? [W789
=<a[?T; b̂;ก;<ก<9\R>?dก<UR;|ก<9\[a9<t 1 (Whatman No. 1)  XRdbYj\]@?QS<กVll<UW;w 5 
WYTTYTYZ<   [o789e_>VR>];<TUT;dbc8Wc=?;W[P>WP>Q=\bc8 
        3..[กpaZ̀?9d@;\];<]ก̀ReQ_T9RbRT9\6QYRy;[กTcd? lzRy;e_>]QYbSTU_n>WR>?dก<UR;|
~9dTt[o789l�9\ก̀QS]\ [กpaeQ9nw_xqWY 2-8 9\u;[iT[icd] kQก?@;kUb̂;ก;<?Y[=<;U_tXRdSZ@TU
Z̀?9d@;\b̂;ก;<]ก̀R 3 =<̀j\ (n = 3)  
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3. ก��"�(����)���(��ก��*+������ (total phenolic compounds) 
1. [Z<cdW];<TUT;d 0.2 M Folin-Ciocalteu reagent XRd[k79k;\k;ก 2 M Folin-

Ciocalteu reagent  R>?d  de-ionized water  
2. [Z<cdW];<TUT;dW;Z<�;QP9\ gallic acid   XRd6`8\ gallic acid 0.1000 ก<̀W e]@ 

volumetric flask PQ;R 50 WYTTYTYZ< ST>?l<̀al<YW;Z<  R>?d de-ionized water  kUVR>=?;W
[P>WP>QP9\ gallic acid stock solution [b@;ก̀a 200 mg% b̂;ก;<[k79k;\XRdlz[lZ];<TUT;d 
gallic acid stock solution W; 1.25, 2.5, 3.75, 5.0, 6.25 STU 7.5 WYTTYTYZ< Z;WT^;R̀a e]@  
volumetric flask PQ;R 25 WYTTYTYZ< ST>?l<̀al<YW;Z<R>?d  de-ionized water kUVR>];<TUT;d 
gallic acid =?;W[P>WP>Q 10, 20, 30, 40, 50  STU 60 mg% Z;WT^;R̀a 

3. b̂;l�YกY<Yd;[o789?̀Rl<YW;w];<l<Uก9a~�Q9T<?WeQ];<]ก̀R XRdRqRZ̀?9d@;\];<]ก̀R
Z̀?9d@;\TU 0.10 WYTTYTYZ< e]@_T9RbRT9\6QYRy;[กTcd?bc8S_>\  k;กQ̀jQ[ZYW];<TUT;d 0.2 M 
Folin-Ciocalteau reagent  l<YW;Z< 4.0 WYTTYTYZ< Z̀j\bYj\e_>b̂;l�YกY<Yd;Q;Q 4 Q;bcbc89nw_xqWY_>9\   
[W789=<a[?T; [ZYW];<TUT;d 7.5% sodium carbonate 3.2 WYTTYTYZ< [o789b̂;e_>[l{QกT;\  
k;กQ̀jQ[กpaeQbc8W7RQ;Q 1  6`8?XW\kUVR>];<TUT;d]cQj^;[\YQ Q̂;Vl?̀R=@;ก;<RqRกT7QS]\bc8=?;Wd;?
=T78Q 760 Q;XQ[WZ< XRde6> de-ionized water [l{Q blank 

4.  =̂;Q?w_;l<YW;w  total phenolic compounds [l{Q=@;P9\ gallic acid equivalent 
(GAE) Z@9l<YW;wd;_9W 1.0 ก<̀W (WYTTYก<̀W/ก<̀W) XRdก;<=̂;Q?wk;ก]Wก;<[6Y\[]>QgRg9dbc8
VR>k;ก[]>Qก<;~W;Z<�;Q  gallic acid =?;W[P>WP>Q 10-60 mg% bc8b̂;l�YกY<Yd;eQT`ก|wU
[Rcd?ก̀Qก̀aZ̀?9d@;\];<]ก̀R XRdb̂;ก<;~W;Z<�;Qbnก=<̀j\bc8b̂;ก;<bRT9\ 
   
4. ก���#���=��> �����?�@������A������ก�# B#
��� DPPH radical scavenging assay 

1. [Z<cdW];<TUT;d DPPH� radical XRd 6`8\ DPPH W;l<UW;w 0.01 ก<̀W TUT;dR>?d 
80% ethanol l<YW;Z< 300 WYTTYTYZ< ?̀R=@;ก;<RqRกT7QS]\bc8=?;Wd;?=T78Q 520 Q;XQ[WZ< STU
l<̀ae_>Wc=@;ก;<RqRกT7QS]\9dq@<U_?@;\ 0.8-0.9 

2. b̂;l�YกY<Yd;XRdlz[lZ];<TUT;d DPPH�  k^;Q?Q 7.9 WYTTYTYZ< f]Wก̀a];<]ก̀R 0.1 
WYTTYTYZ< eQ_T9RbRT9\6QYRWcy;[กTcd?  [กpaV?>eQbc8W7RQ;Q 1 6`8?XW\ Q̂;Vl?̀R=@;ก;<RqRกT7Q
S]\bc8=?;Wd;?=T78Q 520 Q;XQ[WZ< e6> de-ionized water [l{Q blank 

3. Q̂;=@;ก;<RqRกT7QS]\bc8VR>Vl=̂;Q?w�brYsZ>;Q9QnWqT9Y]<U [l{Q=@; HTCC equivalent 
_<79 Trolox equivalent (TE) STU ascorbic acid equivalent (AE) e_>Wc_Q@?d[l{Q VWX=<XWT/1 
ก<̀WP9\f\d;_9W XRde6>]Wก;<[6Y\[]>QgRg9dbc8VR>k;กก<;~W;Z<�;QP9\];<TUT;d Trolox 
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eQ6@?\=?;W[P>WP>Q 100-2500 VWX=<XWT;<t STU];<TUT;d ascorbic acid eQ6@?\=?;W[P>WP>Q 
100-1500 VWX=<XWT;<t bc8b̂;l�YกY<Yd;eQT`ก|wU[Rcd?ก̀Q  XRdb̂;ก<;~W;Z<�;Qbnก=<̀j\bc8b̂;ก;<
bRT9\ 

ก��	 ��
��������
�� �J�� Trolox  ����	A��A�� 100 -2500 P�B��B����Q 
        1. [Z<cdW  Trolox stock solution [P>WP>Q 5000 VWX=<XWT;<t XRd6`8\ Trolox  0.0313 ก<̀W e]@ 
volumetric flask PQ;R 50 WYTTYTYZ< ST>?l<̀al<YW;Z<kQ=<aR>?d  absolute ethanol  
        2. [Z<cdW];<TUT;dW;Z<�;Qk;ก Trolox stock solution XRdlz[lZ 0.5, 2.5, 5.0, 7.5, 
10.0 STU 12.5 WYTTYTYZ< e]@  volumetric flask PQ;R 25 WYTTYTYZ< ST>?l<̀al<YW;Z< R>?d 
absolute ethanol kUVR>];<TUT;d Trolox  =?;W[P>WP>Q 100, 500, 1000, 1500, 2000 STU 
2500 VWX=<XWT;<t Z;WT^;R̀a  

ก��	 ��
��������
�� �J�� ascorbic acid ����	A��A�� 100-1500 P�B��B����Q 
1. [Z<cdW  ascorbic acid stock solution [P>WP>Q 5000 VWX=<XWT;<t XRd6`8\ ascorbic 

acid 0.0880 ก<̀W e]@ volumetric flask PQ;R 100 WYTTYTYZ< ST>?l<̀al<YW;Z<kQ=<aR>?d de-
ionized water  

2. [Z<cdW];<TUT;dW;Z<�;Qk;ก ascorbic acid stock solution XRd lz[lZ];<TUT;d 
ascorbic acid bc8[Z<cdWV?> W; 0.5, 1.25, 2.5, 5.0 STU 7.5 WYTTYTYZ< Z;WT^;R̀a e]@ volumetric 
flask PQ;R 25 WYTTYTYZ< ST>?l<̀al<YW;Z< R>?d de-ionized water kUVR>];<TUT;d ascorbic 
acid =?;W[P>WP>Q 100, 250, 500, 1000  STU 1500 VWX=<XWT;<t Z;WT^;R̀a 
 
5.  ก���#���=��> �����?�@������A������ก�#B#
��� ABTS radical scavenging assay 
         1. [Z<cdW];<TUT;d ABTS+� radical XRd6`8\];< ABTS l<UW;w 0.02 ก<̀W TUT;deQ
];<TUT;d potassium persulfate (0.07%) 4 WYTTYTYZ<  [กpaeQbc8W7R 9nw_xqWY_>9\ Q;Q 12 
6`8?XW\   
        2. [W789=<a[?T; Q̂;];<TUT;deQP>9 1 [k79k;\R>?d  80% ethanol  k^;Q?Q 500  WYTTYTYZ< 
[o789e_>Wc=@;ก;<RqRกT7QS]\<U_?@;\ 0.8 - 0.9 e6> de-ionized water [l{Q blank 
        3. lz[lZ];<TUT;d ABTS radical (ABTS+�) eQP>9 2 l<YW;Z< 6.9 WYTTYTYZ< e_>b̂;l�YกY<Yd;
ก̀a];<]ก̀Rl<YW;Z< 0.1 WYTTYTYZ< [กpaV?>eQbc8W7RQ;Q 6 Q;bc [W789=<a[?T;?̀R=@;ก;<RqRกT7QS]\bc8
=?;Wd;?=T78Q 744 Q;XQ[WZ<   

4. =̂;Q?w�brYsZ>;Q9QnWqT9Y]<U[l{Q=@; Trolox equivalent (TE)  STU  ascorbic acid 
equivalent (AE) Wc_Q@?d[l{Q VWX=<XWT/1 ก<̀WP9\f\d;_9W XRde6>]Wก;<[6Y\[]>QgRg9dbc8VR>
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k;กก<;~W;Z<�;QP9\];<TUT;d Trolox eQ6@?\=?;W[P>WP>Q 250-1500 VWX=<XWT;<t STU
];<TUT;d ascorbic acid eQ6@?\=?;W[P>WP>Q 50-1000 VWX=<XWT;<t bc8b̂;l�YกY<Yd;eQT`ก|wU
[Rcd?ก̀Q  XRdb̂;ก<;~W;Z<�;Qbnก=<̀j\bc8b̂;ก;<bRT9\ 

ก��	 ��
��������
�� �J�� Trolox  ����	A��A�� 250 -1500 P�B��B����Q 
1. [Z<cdW  Trolox stock solution [P>WP>Q 5000 VWX=<XWT;<t XRd6`8\ Trolox  0.0313 ก<̀W 

e]@ volumetric flask PQ;R 50 WYTTYTYZ< ST>?l<̀al<YW;Z<kQ=<aR>?d  absolute ethanol  
2. [Z<cdW];<TUT;dW;Z<�;Qk;ก Trolox stock solution XRdlz[lZ 0, 1.25, 2.5, 5.0 STU 

7.5 WYTTYTYZ< e]@  volumetric flask PQ;R 25 WYTTYTYZ< ST>?l<̀al<YW;Z< R>?d absolute ethanol 
kUVR>];<TUT;d Trolox  =?;W[P>WP>Q 250, 500, 1000 STU 1500 VWX=<XWT;<t Z;WT^;R̀a  

ก��	 ��
��������
�� �J�� ascorbic acid ����	A��A�� 50 -1000 P�B��B����Q 
1. [Z<cdW  ascorbic acid stock solution [P>WP>Q 5000 VWX=<XWT;<t XRd6`8\ ascorbic 

acid 0.0880 ก<̀W e]@ volumetric flask PQ;R 100 WYTTYTYZ< ST>?l<̀al<YW;Z<kQ=<aR>?d de-
ionized water  

2. [Z<cdW];<TUT;dW;Z<�;Qk;ก ascorbic acid stock solution XRd lz[lZ];<TUT;d 
ascorbic acid bc8[Z<cdWV?> W; 0.25, 1.0, 2.0, 3.0, 4.0 STU 5.0 WYTTYTYZ< Z;WT^;R̀a e]@ 
volumetric flask PQ;R 25 WYTTYTYZ< ST>?l<̀al<YW;Z< R>?d de-ionized water kUVR>];<TUT;d 
ascorbic acid =?;W[P>WP>Q 50, 200, 400, 600, 800  STU 1000 VWX=<XWT;<t Z;WT^;R̀a 

 
6.  ก���#���=��> �����?�@������A������ก�#B#
���  Ferric reducing ability power 
(FRAP assay) 

1. [Z<cdW FRAP reagent XRdf]W 300 mM acetate buffer pH 3.6  k^;Q?Q 40.0  
WYTTYTYZ< ก̀a 10 mM 2, 4, 6-tripyridyl-s-triazine  (TPTZ) eQ 40 mM HCl  4.0  WYTTYTYZ< STU  
20 mM FeCl3 6H2O 4.0 WYTTYTYZ< 

?Yrc[Z<cdW];<TUT;dSZ@TU6QYRb̂;R̀\Qcj 
- 300 mM acetate buffer pH 3.6  ([Z<cdWXRdf]W  acetic acid 1.6 ml ก̀a sodium 

acetate 0.2585 ก<̀W  eQQj^; 100  WYTTYTYZ<) 
- 10 mM TPTZ ([Z<cdWXRdTUT;d  TPTZ  0.0125 ก<̀W eQ 40 mM HCl  l<YW;Z< 4.0  

WYTTYTYZ<) 
-  20 mM FeCl3 .6H2O ([Z<cdWXRdTUT;d FeCl3 .6H2O 0.1352  ก<̀W eQQj^;l<YW;Z< 25  

WYTTYTYZ<) 
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2. [k79k;\  FRAP reagent R>?d absolute ethanol eQ]`R]@?Ql<YW;Z< 1:1    k;กQ̀jQlz[lZ
W; 5.0 WYTTYTYZ< e]@ test tube with screw cap [ZYW];<]ก̀R 0.1 WYTTYTYZ< Z̀j\bYj\e_>b̂;l�YกY<Yd;eQ
bc8W7RQ;Q 10 Q;bc k;กQ̀jQQ̂;Vl?̀R=@;ก;<RqRกT7QS]\bc8=?;Wd;?=T78Q 593 Q;XQ[WZ< 

3. Q̂;=@;ก;<RqRT7Qbc8VR>Vl=̂;Q?w=@;=?;W];W;<gก;<[l{Q];<<cRY?it  XRd[bcda[l{Q=?;W
[P>WP>QP9\];<TUT;d Fe2+  ih8\=̂;Q?wk;กก<;~W;Z<�;QP9\];<TUT;d FeSO4.6H2O bc8=?;W
[P>WP>Q 500, 1000, 1500, 1750 STU 2000 VWX=<XWT;<t ih8\b̂;l�YกY<Yd;XRdlz[lZ];<TUT;d
W;Z<�;QSZ@TU_T9Rl<YW;Z< 0.1 WYTTYTYZ< e_>b̂;l�YกY<Yd;ก̀a FRAP reagent bc8[k79k;\ST>? 5.0 
WYTTYTYZ< Z̀j\bYj\e_>b̂;l�YกY<Yd;eQbc8W7RQ;Q 10 Q;bc k;กQ̀jQQ̂;Vl?̀R=@;ก;<RqRกT7QS]\bc8=?;Wd;?
=T78Q 593 Q;XQ[WZ< 

4. =̂;Q?w�brYsZ>;Q9QnWqT9Y]<UXRd[bcda[l{Q=@;  Trolox equivalent STU ascorbic acid 
equivalent Wc_Q@?d[l{Q VWX=<XWT;<t/1 ก<̀WP9\f\d;_9W  XRde6>[]>Qก<;~W;Z<�;QP9\
];<TUT;d Trolox eQ6@?\=?;W[P>WP>Q 100-1500 VWX=<XWT;<t STU];<TUT;d ascorbic acid 
eQ6@?\=?;W[P>WP>Q 250-2500 VWX=<XWT;<t bc8b̂;ก;<bRT9\eQT`ก|wU[Rcd?ก̀Q XRdb̂;ก<;~
W;Z<�;Qbnก=<̀j\bc8b̂;ก;<bRT9\ 

ก��	 ��
��������
�� �J�� Trolox ����	A��A�� 100 -1500 P�B��B����Q 
1. [Z<cdW  Trolox stock solution [P>WP>Q 5000 VWX=<XWT;<t XRd6`8\ Trolox  0.0313 ก<̀W 

e]@ volumetric flask PQ;R 50 WYTTYTYZ< ST>?l<̀al<YW;Z<kQ=<aR>?d  absolute ethanol  
2. [Z<cdW];<TUT;dW;Z<�;Qk;ก Trolox stock solution XRdlz[lZ 0.5, 1.25, 2.5, 3.75, 

5.0 STU 7.5 WYTTYTYZ< e]@  volumetric flask PQ;R 25 WYTTYTYZ< ST>?l<̀al<YW;Z< R>?d absolute 
ethanol kUVR>];<TUT;d Trolox  =?;W[P>WP>Q 100, 250, 500, 750, 1000 STU 1500              
VWX=<XWT;<t Z;WT^;R̀a  

ก��	 ��
��������
�� �J�� ascorbic acid ����	A��A�� 250-2500 P�B��B����Q 
1.  [Z<cdW  ascorbic acid stock solution [P>WP>Q 5000 VWX=<XWT;<t XRd6`8\ ascorbic 

acid 0.0880 ก<̀W e]@ volumetric flask PQ;R 100 WYTTYTYZ< ST>?l<̀al<YW;Z<kQ=<aR>?d       
de-ionized water  

2.  [Z<cdW];<TUT;dW;Z<�;Qk;ก ascorbic acid stock solution XRd lz[lZ];<TUT;d 
ascorbic acid bc8[Z<cdWV?>W; 1.25, 2.5, 3.75, 5.0, 10.0 STU 12.5 WYTTYTYZ< Z;WT^;R̀a            
e]@ volumetric flask PQ;R 25 WYTTYTYZ< ST>?l<̀al<YW;Z< R>?d de-ionized water kUVR>
];<TUT;d ascorbic acid =?;W[P>WP>Q 250, 500, 750, 1000, 2000 STU 2500 VWX=<XWT;<t 
Z;WT^;R̀a 



 
 
 
 

 
 

 - 28 - 

7. ก����	����"QA���@� 
        b̂;ก;<?Y[=<;U_t=?;WSZกZ@;\P9\=@;[�Tc8dXRde6>=@;]gYZY one-way ANOVA STU[W789oa?@;
Wc=?;WSZกZ@;\ kh\b̂;ก;<?Y[=<;U_t<;d=q@ (Post-hoc analysis) XRde6>]gYZY Scheffe�s Rq=@;
Q̀d]^;=̀vb;\]gYZYbc8<UR̀a p<0.01  

 


