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 Subcritical water extraction, an extraction using water at temperature higher than 
100 C under pressurized condition as solvent, has received much interest from researchers 
for extraction of phenolic compounds from various materials. However, stability of phenolic 
compounds in subcritical water is still not extensively reported in literature. Therefore, this 
study investigated stability of 10 phenolic compounds, i.e. gallic acid, protocatechuic acid, 
gentisic acid, vanillic acid, p-hydroxybenzoic acid, syringic acid, caffeic acid, p-coumaric acid, 
chlorogenic acid and catechin in subcritical water using a batch-type reactor (net volume 3 
mL) at 100, 150, 200 and 250°C for 30, 60, 90 and 120 min. The amount of phenolic 
compounds was determined by HPLC, total phenolic content was determined by 
folin-ciocalteu assay and free radical scavenging activity was measured using DPPH assay. 
The results showed that as the heating temperature and time increased, phenolic compounds 
was more decomposed and the degradation process can be described by first-order kinetics 
model. All tested compounds degraded completely after heating for 30 min at 250°C. 
Activation energy from Arrhenius plot indicated that catechin may degrade with different 
mechanism from other phenolic compounds. Degradation of phenolic compounds resulted in 
reduction of DPPH free radical scavenging activity and total phenolic content of the heated 
solution. The relationship between total phenolic content and DPPH radical scavenging 
activity for each phenolic compound was linear. Interestingly, degradation products from 
protocatechuic acid, syringic acid, caffeic acid, chlorogenic acid and catechin at high 
temperature exhibited considerable free radical scavenging activity. 
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 1 

 

 

1.1  

  (subcritical water, superheated water  pressurized 

hot water extraction) 

  374   (Smith, 

2002) 

 

   

 (Herrero , 2006) 

      

  

(phytochemicals)   

    

  (Balasundram , 2006  Naczk  Shahidi, 

2004) 

 

 

  

 

 

1.2  

 1.2.1  

  

 1.2.2 
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1.3  

 

  

 

1.4  

   

100-250   30-120   batch  batch 
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 2 

 

 

2.1  (Phenolic compounds) 

   (-OH) 1 

   

  1  

  

  

 

  

(Vermerris  Nicholson, 2006) 

 
 1   

: Vermerris  Nicholson (2006) 

 

   

     

     

   

 

      

 

 (phytochemicals)    , 

, , ,   

 



4

 

 (free radical) 

   

 

 

 

 (Balasundram , 2006; Naczk  Shahidi, 2004  Rice-Evans 

, 1997)  1 

  (phenolic acids),  (flavonoids)  (tannins) 

  1 /

  3,000 /      

  , , ,    

 (King  Young, 1999) 

 

 1  

Class Structure 

Simple phenolics, benzoquinones 

Hydroxybenzoic acids  

Acethophenones, phenylacetic acids  

Hydroxycinnamic acids, phenylpropanoids 

(coumarins, isocoumarins, chromones, chromenes) 

Napthoquinones  

Xanthones 

Stilbenes, anthraquinones 

Flavonoids, isoflavonoids 

Lignans, neolignans  

Biflavonoids  

Lignins 

Condensed tannins (proanthocyanidins or flavolans) 

C6 

C6–C1 

C6–C2 

C6–C3 

 

C6–C4 

C6–C1–C6 

C6–C2–C6 

C6–C3–C6 

(C6–C3)2 

(C6–C3–C6)2 

(C6–C3)n 

(C6–C3–C6)n 

: Balasundram  (2006) 



5

 

 2.1.1  (Phenolic acids)  

  2    (Hydroxybenzoic acids) 

 (Hydroxycinnamic acids)  

 C6-C1    

 hydrolyzable tannins (Shahidi  Naczk, 2004) 

 3  C6-C3 (Balasundram , 

2006)  2 

 

 2  

Phenolic acids   

Hydroxybenzoic acids 

gallic acid 

 

 
 

 

 

  

 

 

 

 

  

 

King  Young (1999)   

Ju  Howard (2005), Palma 

 (2001) 

Budrat  Shotipruk (2009) 

Herrera  Luque de Castro 

(2005) 

Shan  (2005) 

ellagic acid  

 

  

 

  

King  Young (1999)    

Rangsriwong  (2009) 

Anttonen  Karjalainen (2005) 

p-hydroxybenzoic acid 

 
 

,   

  

  

   

  

   

  

Amiot  (1997) 

 

Shahidi  Naczk (2004) 
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 2  ( ) 

Phenolic acids   

protocatechuic acid 

 

  

 

 

 

  

 

 

  

Herrera  Luque de Castro 

(2005) 

Palma  Taylor (1999) 

Altunkaya  Gokmen (2009) 

Shan  (2005) 

Anderson  (2004) 

Shahidi  Naczk (2004) 

vanillic acid 

 

 

 

  

   

   

  

 

  

 

Herrera  Luque de Castro 

(2005) 

Liazid  (2007) 

Shahidi  Naczk (2004) 

syringic acid 

 

  

 

   

   

  

Herrera  Luque de Castro 

(2005) 

Shahidi  Naczk (2004) 

veratric acid 

 

 

 

 

Herrera  Luque de Castro 

(2005) 

Liazid  (2007) 
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 2  ( ) 

Phenolic acids   

gentisic acid 

 

 

 

 

 

  

  

Herrera  Luque de Castro 

(2005) 

Liazid  (2007) 

Budrat  Shotipruk (2009) 

Shahidi  Naczk (2004) 

Vanillin  

 

 

 

 

   

Herrera  Luque de Castro 

(2005) 

Liazid  (2007) 

Palma  Taylor (1999) 

Hydroxycinnamic acids 

ferulic acid 

 
 

 

 

   

 

    

   

   

 

Kubola  Siriamornpun (2008) 

Palma  Taylor (1999) 

Balasundram  (2006) 

King  Young (1999) 

 

p-coumaric acid 

 

 

 

 

 

 

  

 

  

Kubola  Siriamornpun (2008) 

Alonso-Salces  (2001) 

Liazid  (2007) 

Balasundram  (2006) 

Altunkaya  Gokmen (2009) 

Shan  (2005) 

King  Grabiel (2007) 

Adil  (2007) 
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 2  ( ) 

Phenolic acids   

caffeic acid 

 

 

 

 

 

   

 

 

   

  

  

  

   

  

    

Herrera  Luque de Castro 

(2005) 

Liazid  (2007) 

Terpinc  (2009) 

Palma  Taylor (1999) 

Balasundram  (2006) 

Altunkaya  Gokmen (2009) 

Shan  (2005) 

 

 

 

King  Young (1999) 

rosmarinic acid 

 

 

   

Terpinc  (2009) 

Shan  (2005) 

chlorogenic acid 

 

 

 

 

   

 

   

   

   

  

Alonso-Salces  (2001) 

Herrera  Luque de Castro 

(2005) 

Balasundram  (2006) 

Altunkaya  Gokmen (2009) 

King  Young (1999) 
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 2.1.2  (Flavonoids)  

   

   

15   C6-C3-C6  2   

   (flavonols),  (flavones),  

 (flavanones),  (flavanols  catechin),  (isoflavones) 

 (anthocyanidins) (Balasundram , 2006)  

 3  

 2.1.2.1  (Flavonols)     

 (quercetin),  (kaempferol)  (myricetin)  (rutin) 

    

  , , , , , 

   

 2.1.2.2  (Flavones)   (luteolin),  

(apigenin)  ,  (parsley)   

 2.1.2.3  (Flavanols)   (catechin)    

 (epicatechin) , , , ,   

 (gallic acid)  epigallocatechin gallate  epicatechin 

gallate   condensed tannin ,    

  

 2.1.2.4  (Isoflavones)   

 1,600-2,400 mg/kg        

   (King  Young, 1999)  

 2.1.2.5  (Flavanones)  (Naczk  

 Shahidi, 2004) 

 2.1.2.6  (anthocyanidins)  

 (benzopyran) 2  (phenyl ring) 

 (oxonium ion)  

   (cyanidin),  (pelargonidin),  

 (delphinidin),  (peonidin),  (Petunidin)  (malvidin) 

,    ( , 2549) 
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 2   

: Balasundram  (2006) 

 

 

 

 

 

 

 

 

 
 3   

: Balasundram  (2006) 

 

 2.1.3  (Tannins)  

  

  

   

           

   

 2   hydrolyzable tannins ( )  condensed 

tannins  

 2.1.3.1 Condensed tannins 

 catechin  epicatechin    

  

 2.1.3.2 Hydrolyzable tannins  

 (gallic acid)   (ellagic acid)   
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(gallotannins)  (ellagitannin)  

 1     (tannic acid) 

 ( , 2549  King  Young, 1999) 

 

  

     

 

( ) degree of polymerization  

 

        

  (Naczk  Shahidi, 2004) 

    

   

  

 (subcritical water extraction) 

   

 (Herrero , 2006) 

 
2.2  (Subcritical water) 

  (  4) 

 (374 , 220 atm)  

(supercritical water) 

 

 (  100-374 ) 

   (subcritical water, superheated 

water, pressurized hot water)  

 

  , 

,   

 

 (Herrero , 2006  Smith, 2002)   
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 4   

 :  (2549)  

 

 2.2.1  

   

  (dielectric constant) 

  

  

  (surface tension) 

 (Smith, 2002) 

   

 (dielectric constant)  (ion product)  

5  (relative dielectric constant,   

 79.0  25  

  35.5  200   20.7  300 

  (  = 32  25 

)  (  = 21  25 ) 

 

   

Miller  Hawthorne (1998)  chlorothalonil  

  130,000  25 

  200   5 
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(KW)   15 MPa  log KW  -14  25   -11.3 

 200-250  

(H3O
+)  (OH-)  1×10-7 mol/L  2.2 ×10-6 mol/L 

 20   KW  

(acid-base catalyst)   ( , 2549)  

 
 5  

  15 MPa  

 : Khuwijitjaru (2004) 

 

 

 (surface equilibria) 

  

  

 

  

   

   

 (Teo , 20010) 
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 2.2.2  (Subcritical water extraction) 

   

 (Smith, 2002) 

  3  

 

 3    

   

   

 asiatic acid  

asiaticoside 

Kim  (2009) 

 anthraquinones Anekpankul  (2007) 

 kava lactone Kubátová  (2001) 

 nutraceutical compound Baek  (2008) 

   

  Budrat  Shotipruk (2009) 

  Khuwijitjaru  (2008) 

   Rangsriwong  

(2009) 

  Rodríguez-Meizoso 

 (2006) 

  Pourali  (2010) 

   Kim  Mazza (2006) 

  García-Marino  

(2006) 

  

 

Cacace  Mazza (2002) 
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 3   ( ) 

   

  

 

Ju  Howard (2005) 

  Gizir  (2008) 

  

 

Piñeiro  (2004) 

  Ibañez  (2003) 

  Li-Hsun  (2004) 

   

  Eikani  (2007) 

  Ozel  Kaymaz (2004) 

   Ayala  Luque de Castro 

(2001) 

  Gámiz-Gracia  Luque 

de Castro (2000) 

 

 2.2.3  

 

  

 

  

 

 

 

  Ju  Howard (2005)  110   
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- 

  Rangsriwong  (2009) 

  220 

  gallic acid  ellagic acid 

  

  

    catechin, gentisic acid 

 chlorogenic acid 

 200   gallic acid 

 200   230  

  

(Budrat  Shotipruk, 2009) 

 Herrera  Luque de Castro (2005)  

 HCl 1.2 M  130 

 (  4)  7  100 %  10 

  3  50 % 

 

 Lindquist  Yang (2011)  benzoic acid 

 benzoic acid 3   anthranilic acid, salicylic acid  syringic acid 

  50-350  

 benzoic acid  

  4   100   150 

  benzoic  3   30 

   250   benzoic acid 

 300   10   200  250 

  anthranilic acid, salicylic acid, syringic acid  benzoic acid 

  aniline, phenol, syringol 

 benzene  (  6)   
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anthranilic acid  7 

 

 4   

Analyte Degradation (%) 

Subcritical water extraction  

HCl 1.2 M  130  

gallic acid 

protocatechuic acid 

gentisic acid 

p-hydroxybenzoic acid 

vanillic acid 

chlorogenic acid 

caffeic acid 

syrinic acid 

vanillin 

syringic acid 

syringaldehyde 

salicylic acid 

p-coumaric acid  

veratric acid 

ferulic acid 

100 

100 

100 

100 

100 

100 

100 

96 

58 

99 

55 

49 

76 

82 

68 

 : Herrera  Luque de Castro (2005) 
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 6  benzoic acid  benzoic acid : benzoic 

acid (a), anthranilic acid (b), salicylic acid (c)  syringic acid (d) 

: Lindquist  Yang (2011) 

 

 
 

 7  anthranilic acid  

: Lindquist  Yang (2011)

(a) 

(b) 

(c) 

(d) 
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 3 

 

 

3.1  

 3.1.1 gallic acid monohydrate ( 98%, M.W.=188.14, Sigma, U.S.A.) 

 3.1.2 protocatechuic acid ( 97%, M.W.=154.12), p-hydroxybenzoic acid 

( 99%, M.W.=138.12, Aldrich, Germany) 

 3.1.3 caffeic acid ( 95%, M.W.=180.16), vanillic acid ( 97%, M.W.=168.15, 

Fluka, China ) 

 3.1.4 gentisic acid sodium salt hydrate ( 98%, M.W.=176.10, Aldrich,U.S.A. ) 

 3.1.5 p-coumaric acid ( 98%, M.W.=164.16, Fluka, UK) 

 3.1.6 syringic acid ( 95%, M.W.=198.17, Sigma, UK) 

 3.1.7 chlorogenic acid ( 95%, M.W.=354.31, Aldrich, India)  

 3.1.8 catechin hydrate ( 96%, M.W.=290.27, Fluka, Indonesia) 

 3.1.9 DPPH  (2,2-diphenyl-1-picryl-hydrazyl) (Sigma-Aldrich, Germany) 

 3.1.10 Folin-ciocalteu (Merck, Germany) 

 3.1.11 Sodium carbonate anhydrous (Na2CO3) (Ajax Finechem, Australia) 

 3.1.12  (Merck, Germany) 

 3.1.13  (J.T. Baker, Thailand) 

 3.1.14 L-ascorbic acid (Riedel-de Haën, China) 

 3.1.15        

  

 3.2  

 3.2.1  (  8 (b)) 

  

 -  (Temperature controller) (AS ONE, Japan) 

 -  (Silicone oil bath)
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 -   

 -  (Fluk  52 II, China) 

 3.2.2 Batch type high pressure reactor (

: 0.6 10.6 ,  3.3 , ) 

 3.2.3 High Performance Liquid Chromatography (HPLC)  

HPLC (Dionex  P680A LPG-4, Germany), Photodiode array detector (Dionex  

PDA-100, USA)  Inertsil ODS-3 (  4.6 250   GL Science, 

Japan)  Luna 5u C18 (  4.6×150   Phenomenex, USA)  

 3.2.4  (spectrophotometer) (Thermo Spectronic,   
Genesys 10uv, USA) 

 3.2.5  4  (Sartorius AG  ED224S, Germany) 

 3.2.6  

 3.2.7   

 3.2.8  

 
(a) 

 
(b) 

 8  : batch-type reactor  (a)   

  (b) 
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3.3  

 3.3.1  

3.3.1.1   gallic acid,  

protocatechuic acid, gentisic acid, vanillic acid, p-hydroxybenzoic acid, syringic acid, 

caffeic acid, p-coumaric acid, chlorogenic acid  catechin  100 ppm  

3.3.1.2   

3.3.1.3  batch-type reactor  

2.6  (80%  reactor) (  8 (a))  

3.3.1.4  (  8 (b))  

 (  100 

  3 – 5   150   5 – 7  

 200   5 – 7   250  

 6 – 8 )  30, 60, 90, 120   3  

3.3.1.5  reactor   

  

3.3.1.6  

 -18    

 

 3.3.2  

3.3.2.1  

 High Performance Liquid Chromatography (HPLC) (

 Subba Roa  Muralikrishna, 2002)  2  

   
3.3.2.2  Folin-Ciocalteu 

method (Maisuthisakul , 2007)  3  

 (mg GAE/g sample) 

   

3.3.2.3  DPPH (DPPH radical 

scavenging) (  Brand-Williams , 1995)  

 3   

 (g VCEAC/g sample)   
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 4 

 

 

4.1 

  

 

 10   100 ppm    

 (Hydroxybenzoic acids)  gallic acid, 

protocatechuic acid, gentisic acid, vanillic acid, p-hydroxybenzoic acid  syringic 

acid  (Hydroxycinnamic acids)  caffeic acid,       

p-coumaric acid  chlorogenic acid   catechin 

 100, 150, 200  250   30, 60, 90  120  

 9 

 (C/C0)  

30   120   10   

  100  250  

 10    200  

 10   

  200  

 30   protocatechuic acid, vanillic acid, p-hydroxybenzoic 

acid, syringic acid, caffeic acid, p-coumaric acid, chlorogenic acid  catechin 

 2    gallic 

acid  gentisic acid  60 

  5   protocatechuic 

acid, vanillic acid, p-hydroxybenzoic acid, syringic acid  chlorogenic acid 

 (  35) 

  250   

 10    30  
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 10   

  Lindquist  Yang (2011) 
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syringic acid   50   350 

   Lindquist  Yang (2011)  

 3     250  

 Yang  (2007)  

carvacrol    carvacrol  

 carvacrol    100   

250   150  carvacrol  10 

 200  250   

 30-300   carvacrol   

Herrera  Luque de Castro (2005) 

 HCl 1.2 M  130  

 7   gallic acid, protocatechuic acid, gentisic acid, 

p-hydroxybenzoic acid, vanillic acid, chlorogenic acid  caffeic acid  

100 %  10   3  50 %   

vanillin, syringaldehyde, salicylic acid 

  

   C/C0 

 (  10) 

 (first-order kinetics)  

 ln C/C0 = -kt  (1) 
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 (Taoukis ,1997)  - 

  (Khajavi , 2006  

Khajavi , 2004)   (Rogalinski 

, 2008)  (Khuwijitjaru, 2004)  

 

 10  (k)  (half-life, t1/2) 

 5  100   200 

  10   

  

 250   

 200  

 100  150   

  

 

  

  Rangsriwong  (2009) 

 

 220   gallic acid  ellagic acid  

  Budrat  Shotipruk (2009) 

 200-230   

  gallic acid  

   

 

 Arrhenius  

 ln k = ln k0 – Ea/RT  (2) 

  k   

 k0   Pre-exponential factor  
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 Ea    (Activation energy) (cal/ 

mol) 

 R    1.986 cal.mol-1.K-1 

 T   ( ) 

 

 (ln k)  (1/T) (

 11)   Arrhenius 

 

  (  6) 

 

  catechin  

  catechin 

  catechin  
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Lindquist  Yang (2011)  
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 6   

 Ea (kcal/mol) 

Hydroxybenzoic acids  

vanillic acid 12.93 

p-hydroxybenzoic acid 12.41 

protocatechuic acid  10.59 

gallic acid*  10.43 

syringic acid 9.00 

gentisic acid* 8.64 

Hydroxycinnamic acids  

p-coumaric acid* 10.79 

caffeic acid* 8.61 

chlorogenic acid 6.22 

Flavonoids  

catechin*  3.38 

 : *   100-150  

 

 

4.2  

 

  

  

Folin-Ciocalteu  folin-ciocalteu 

 765  

  12 

 HPLC 
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  250   gallic acid  gentisic acid  

   gallic acid 

 gentisic acid  250  (1-C/C0=1)   

protocatechuic acid, vanillic acid, p-hydroxybenzoic acid, syringic acid, caffeic acid, 

p-coumaric acid, chlorogenic acid  catechin  

  250 

  HPLC  (1-C/C0=1) 

 

 folin-ciocalteu  

 protocatechuic acid  

(  13) vanillic acid (  14) caffeic acid (  15) p-coumaric acid (  16) 

catechin (  17) 

 250   

Lindquist  Yang (2011)  benzoic acid 3   

anthranilic acid, salicylic acid  syringic acid   200 

 250    

 

  anthranilic acid, salicylic acid  syringic acid 

 aniline, phenol  syringol  

(  3  6)  

  

 

   phenol  syringol 
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 13  protocatechuic acid  (a)  

  250  30  (b)   

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
-2

50

100

150

200

250

300 UV_VIS_3
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WVL:280 nm
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(b) 

protocatechuic acid 
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 14  vanillic acid  (a)  

  250  30  (b) 
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 15  caffeic acid  (a)  
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 16  p-coumaric acid  (a)  

  250  30  (b) 
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 17  catechin  (a)  
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4.3 

 

  

  

 DPPH (2,2-Diphenyl-1-picryl-hydrazyl) 

 (  7)  gallic acid 

  protocatechuic acid, caffeic acid, 

catechin, gentisic acid, chlorogenic acid, syringic acid, p-coumaric acid, vanillic acid 

  p-hydrodroxybenzoic acid  

 Brand-Williams  (1995) 

 DPPH  20   gallic acid, caffeic acid 

 gentisic acid   protocatechuic 

acid   p-coumaric acid  vanillic acid 

  vanillic acid 

 

  

 

   monohydroxy benzoic acids  (-OH) 

 ortho-  para-  (-COOH) 

 

  gallic acid  triphenol 

 (Rice-Evans , 1996)  

p-hydrodroxybenzoic acid   

p-hydrodroxybenzoic acid  monohydroxy benzoic acids  

(-OH)  para-   gallic acid 

 

 DPPH  7 
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 7   DPPH  

  

  DPPH 

(g VCEAC/g sample) 

-OH 

 

 

-OH  –COOH 

Hydroxybenzoic acids    

gallic acid 3.16 3 meta+para 

protocatechuic acid 2.79 2 meta+para 

gentisic acid 2.09 2 ortho+meta 

vanillic acid 0.30 1 para 

p-hydroxybenzoic 

acid 

0.07 1 para 

syringic acid 1.12 1 para 

Hydroxycinnamic 

acids 
   

caffeic acid 2.37 2 meta+para 

p-coumaric acid 0.66 1 para 

chlorogenic acid 1.39 2 meta+para 

Flavonoids    

catechin 2.29 5 3,5,7,3’,4’ 

 : VCEAC  vitamin C equivalent antioxidant capacity 
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  18  

   DPPH 

 

  250  

 gallic acid, gentisic acid, vanillic acid, p-hydroxybenzoic acid  

p-coumaric acid  

 

 HPLC 

  

(1-C/C0=1)  250    protocatechuic acid, 

syringic acid, caffeic acid, chlorogenic acid  catechin 

 

 

protocatechuic acid (  13) caffeic acid (  15)  catechin (  17) 

  Lindquist  Yang (2011) 

 benzoic acid 3   anthranilic acid, salicylic 

acid  syringic acid   200  250  

 (decarboxylation)  aniline, 

phenol  syringol   phenol  syringol 

  syringol  (Loo 

, 2008)  

 

   caffeic acid  250 

  30    HPLC 

  

  caffeic acid  

 protocatechuic acid, syringic acid, chlorogenic acid  

catechin  
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 250   30  

   

 

  19 

 DPPH 

  

 

 

 

 

  vanillic acid, p-hydroxybenzoic acid  p-coumaric acid 

 

 

 

  folin-ciocalteu reagent  

  

  Folin-Ciocalteu assay (Naczk  

Shahidi, 2004)
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 5 

 

 

 

 10   gallic acid, protocatechuic acid, gentisic acid, 

vanillic acid, p-hydroxybenzoic acid, syringic acid, caffeic acid, p-coumaric acid, 

chlorogenic acid  catechin  100, 150, 200  250   

30, 60, 90  120   

 1  

   250  

  30  

 Arrhenius  catechin 

 

   

 

 

  

    

protocatechuic acid, vanillic acid, p-hydroxybenzoic acid, syringic acid, caffeic acid, 

p-coumaric acid, chlorogenic acid  catechin 

   protocatechuic acid, syringic acid, caffeic acid, chlorogenic 

acid  catechin  

  caffeic acid, protocatechuic acid, syringic 

acid, chlorogenic acid  catechin  250  
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1.  

 High Performance Liquid Chromatography (HPLC) (

 Subba Roa  Muralikrishna, 2002)  

 
1.1  

1.1.1   Inertsil ODS-3 C18 (GL Sciences, Japan)   

4.6×250   gallic acid  protocatechuic acid  Luna 5u C18 

(Phenomenex, USA)  4.6×150   gentisic acid, vanillic acid, 

p-hydroxybenzoic acid, syringic acid, caffeic acid, p-coumaric acid, chlorogenic acid 

 catechin  

  1.1.2 mobile phase  / /   80/5/15 (v/v) 

 0.45   

 30   

1.1.3  mobile phase  1.0  

1.1.4  p-hydroxybenzoic acid  250  

  vanillic acid  270   protocatechuic acid, 

gallic acid, caffeic acid, p-coumaric acid, syringic acid, catechin   280 

  gentisic acid  chlorogenic acid  320  

 1.2  

1.2.1   protocatechuic acid, gallic 

acid , gentisic acid, vanillic acid, p-hydroxybenzoic acid, syringic acid, caffeic acid, 

p-coumaric acid, chlorogenic acid  catechin  20-100 

  

1.2.2  syringe filter  0.45 

  20   HPLC 

1.2.3  ( ) 
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 gallic acid  y = 1.9242x + 2.1786, R2 = 0.9991 

 protocatechuic acid  y = 0.7615x + 0.4666, R2 = 0.9985 

 gentisic acid  y = 0.3644x - 0.2415, R2 = 0.9999 

 vanillic acid  y = 1.1764x + 3.04, R2 = 0.9999 

 p-hydroxybenzoic acid  y = 2.2709x + 7.627, R2 = 0.9993 

 syringic acid  y = 1.181x + 1.7213, R2 = 0.9997 

 caffeic acid  y = 1.1325x + 0.2723, R2 = 0.9963 

 p-coumaric acid  y = 1.63x + 6.5099, R2 = 0.9989 

 chlorogenic acid  y = 1.1103x - 0.5288, R2 = 0.9988 

 catechin  y = 0.2106x + 0.0786, R2 = 0.9991 

 y =  (mAU*min) 

 x =  ( ) 
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 22  gallic acid (a), protocatechuic acid (b), gentisic 

  acid (c), vanillic acid (d), p-hydroxybenzoic acid (e), syringic acid (f),  

  caffeic acid (g), p-coumaric acid (h), chlorogenic acid (i)  catechin (j) 

 

2.  Folin-Ciocalteu method 

(Maisuthisakul , 2007) 

 2.1  

2.1.1  Folin-ciocalteu reagent  10  

2.1.2  (Na2CO3)  7.5   

2.2  

2.2.1  0.0100  ( ) 

  100   

100  

2.2.2   100 

  80, 60, 40, 20  

2.2.3  0.4 

  

2.2.4  Folin-ciocalteu reagent  10  

2.0   3   

2.2.5   7.5  1.6  

  

2.2.6  30   765  

 

2.2.7 blank  0.4   Folin-ciocalteu  

(i) (j) 
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 10  2.0  7.5 

 1.6  

2.2.8  

  

 2.3  

2.3.1  0.4   

2.3.2  Folin-ciocalteu reagent  10  

2.0   3  

2.3.3   7.5  1.6 

  

2.3.4  30   765  

 

  2.3.5 blank  0.4   Folin-ciocalteu 

10  2.0   Na2CO3  7.5  1.6 

 

 2.3.6  

  (mg gallic acid 

equivalent; mg GAE)  1   

 

y = 0.0118x + 0.0271

R
2
 = 0.9993
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3.  DPPH (DPPH radical scavenging) 

(  Brand-Williams , 1995) 

 3.1  

 3.1.1  

  3.1.2  DPPH (2,2-Diphenyl-1-picryl-hydrazyl)  0.1 

mM  

 3.2  

 3.2.1  0.0250  ( ) 

  25   1.0 

 

 3.2.2  1.0  

 0.8, 0.6, 0.4, 0.2, 0.1  

 3.2.3  50   

 3.2.4  DPPH  0.1 mM  5  

 3.2.5  120   

 517   methanol  Blank  

 3.2.6  % Radical scavenging activity 

  

% Radical scavenging activity = [(control OD-sample OD)/control OD] × 100 

  Control OD   =   DPPH  

Sample OD  =   DPPH  

 3.2.7  % Radical scavenging activity 

   

3.3  

 3.3.1  50    

 3.3.2  DPPH  0.1 mM  5   

 3.3.3  120   

 517   methanol  Blank  

  3.3.4  % Radical scavenging activity 
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 3.3.5  DPPH 

 (vitamin C)  vitamin C equivalent 

antioxidant capacity (VCEAC)  vitamin C equivalents  

 

y = 110.57x + 1.855
R2 = 0.9988
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