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Antioxidant activities of crude extracts from different stages of 

(Syzygium cumini Skeels) were studied.  Methanolic and acidified methanolic extracts (crude extracts ) 

from flesh (pulp and peel) and seeds of green, light-magenta and dark purple fruits were prepared from 

both fresh and dried plant materials.  Anthocyanin from crude extracts of fresh dark purple fruit were 

purified by passing through Amberlite XAD-7 and Sephadex LH-20 columns.  The crude extracts and  

fractions obtained from column chromatography were analyzed for antioxidant activity using  DPPH, 

ABTS and FRAP methods.  Total phenolic content and total monomeric anthocyanin content were 

determined by  Folin-Ciocalteu  and spectrophotometric  pH-differential method  respectively.  The 

amount of crude extract from fresh plant materials was higher than the dried one.  The amount  of crude 

extract, total phenolic content and total monomeric anthocyanin obtained from acidified methanolic 

extracts  were significantly  higher than the methanolic extract.  The crude extracts from seed had  higher 

levels of antioxidant capacities and phenolic content than the pulp.  Extracts from green fruit had stronger 

antioxidant capacities than the light-magenta and dark purple fruits.  Extraction with acidified methanol 

also resulted in higher amount of anthocyanin than extraction with methanol. 
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1 

 

  

( synthetic 

antioxidants) (shelf life)     

( oxidation reaction)  

(Tsuda et al. 1994 : 2407) 

( phenolic 

compounds) ( Pratt 

and Hudson 1990)  

singlet oxygen quencher  

(Tsuda 

et al. 1994 : 2407) 

secondary metabolite 

(antioxidants) (antimicrobial) 

 (photoreceptor)  

(feeding repellants) (Pietta 2000 : 1035) 

( Cao and Cao 1999 : 381)

 

(antioxidant) 

  

(free radicals) 



2 

 

 
 

superoxide anion radical(O2

-
) hydroxyl radical(HO )  hydrogen  

peroxide (H2O2) (Gulcin et al. 2002 : 325-329; Yildirim et al. 2000 : 5030-5034)   

 

1. oxidases  cyclooxygenase  

lipooxygenase peroxidase autoxidation   

Cytochrome P450 (electron transport chain)  

2.    

(Mazza and Miniati 1993) 

(macrophages neutrophils) 

 

 

1. superoxide dismutase    catalase glutathione 

peroxidase    

2. glutathione    lipoic acid    albumin    

cysteine  estrogen  angiotensin  melatonin    

3. ( vitamin A) ( vitamin E) 

(vitamin C)    (tanins)   

(cinnamic acid)  (flavonoids)  (anthocyanin)   

 (carbohydrates) (proteins) (lipids) 

(DNA) (Kellog and Fridovich 1975 : 8812-8817; Lai and Piette 1977 : 51-59; Wiseman and 

Halliwell 1996 : 17-29) 
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( 1.1) 

1 (Wang and Lin ; Prior et al.) 

(mg GA/g puree) 

Blueberries 

black  raspberry 

blackberry 

red  raspberry 

strawberry 

carambola 

white guava 

lychee 

longon 

ripe mango 

green mango 

1810  4580 

2670 

2260 

2340 

1030 

2208 

1589 

770 

482 

509 

506 

: Wang, S. Y., and H-S. Lin. Antioxidant Activity in Fruits and Leaves of Blackberry, 

Raspberry, and Strawberry Varies with Cultivar and Developmental Stage Journal of 

Agricultural and Food Chemistry. 48 (2000): 140-146. ;  

As Influenced by Total Phenolic and Anthocyanin Content, Maturity, and Variety of Vaccinium 

Journal of Agricultural and Food Chemist. 46 (1998): 2686-2693. 

 

  

ortho  meta para 1 

 

OH

R1

R2

R3

R4

R5

 

1



4 

 

 
 

R1-R5   

 

( Shahidi and Naczk 2004) secondary metabolites 

phenylalanine tyrosine  

phenols, phenylpropanoids, benzoic acid 

derivatives, flavonoids, stilbenes, tannins, lignins lignans 2  

 

 

2  
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( anthocyanins) 

 

6  

1. (Coumarins) 

 (lactone) cis-O-hydroxycinnamic 

acids 

coumarins simple coumarins  furanocoumarins (

psoralene) pyronocoumarins 3 

 

 

3  
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2.  (Lignans)  (Lignins) 

 phenylpropanoids (C6-C3) 2 dimer 

4 

 

 

4 

 

pinoresinol 

malognol 

(Davin and Lewis 1992 : 325-375)  

(polymerization) monolignols 

3 p-coumaryl  sinapyl coniferyl alcohols 

conifer coniferyl alcohol 

(herbivores)  
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3.  (Suberins) (Cutin) 

 phenyl propanoids 

14 30  

 

phenylpropanoid  dicarboxylic acids 

 

4. (Tannins) 

 (polyphenols)

(bark)  

 (oak)   

 polysaccharides  nucleic acids 

alkaloids (Ozawa et al. 1987 : 2937-2942)  

2  hydrolysable tannins condensed tannins 

proanthocyanidin 5 
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5 

 

Proanthocyanidins  flavan-3-ols  

hydrolysable tannins gallic acids  

(Ferreira and Li 2000 : 193-212; Khanbabaee and Van Ree 2001 : 641-649) 

phenolic groups tannins ( -NH ) 

hydrolysis 
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5. (tocopherol) (tocotrienols) 

 

, ,   

chromane ring 6 

 

 

6  

 

6. (Flavonoids) (stilbene) 

p-coumaryl CoA (C6-C3) malonyl 

CoA 3 chalcones 

diphenylpropane (C6-C3-C6)  

flavones   flavonones    flavonols 

chalcones    anthocyanins   isoflavonoids 7 8 
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7   

 

7   

viniferin (fungicides) (grape  

vine) 
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8  
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1.1. (anthocyanin) 

(anthocyanin) ( Greek  anthos kyanos 

)

 

  glycoside polyhydroxy polymethoxy 

2-phenylbenzopyrylium flavylium salts ( 9) (Chia et al. 2003 : 923-933) 

  

         

O

R
4

R
3

R
7

R
5

R
2

R
1

R
6

A

B1

2

3

45
6

7

8 1'

2'
3'

4'

5'

6'

 

9 flavylium cation R1 R3 H , OH OCH3 ; R4 

H  ;  R2 ,R5 R7  OH R6 H 

OH   

 

(biosynthesis pathway of anthocyanins) 

1. p-coumaroyl CoA  phenylalanine           

( 10) 2. p-coumaroyl CoA 3 

malonyl CoA chalcone synthase (CS) tetrahydroxychalcone 

( 11)  chalcone isomerase (CI)  tetrahydroxychalcone

flavanones flavanones 

flavones  isoflavones 3-OH flavanones dihydroflavonols  dihydroflavonols 

( 12) 
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OH
H

2
N

O

OH

O

OH

O

OH

COSCoA

OH

PAL

4CL

Phenylalanine

trans-cinnamic acid

p-coumaric acid

p-coumaroyl-CoA

C4H

Lignin and other 

Phenylpropanoids

Flavonoids

 

10  p-coumaroyl-CoA (phenylpropanoid metabolism) 

PAL = phenylalanine ammonia lyase  C4H = cinnamate-4-hydroxylase  4CL = 4-

coumaryl:CoA ligase ( Harborne ; Holton and Cornish ; Mol) 

: Harborne 1988 : 298-343; Holton and Cornish 1995 : 1071-1083; Mol 1993 : 87-98 

 

 

 

 

 



14 

 

 
 

COSCoA

OH

p-coumaroyl-CoA

H
3
C

COOH

COSCoA
3

Malonyl-CoA

OH

O

OHHO

OH Chalcone

OH

O

OHO

OH Flavanone

CS

CI
OH

O

OHO

OH Flavones

R

R

Isoflavones
OH

O

OHO

OH

R

R

OH

F3H

3-OH-Flavanone

OH

OH

OHO

OH

R

R

OH

Flava-3,4-diols

OH

O

OHO

OH

R

R

OH

Flavonols

3-OH-Anthocyanidins

DFR
FS

OH

OHO

O

R

R

O

AnthocyaninsGly

Gly

Flavan-3-ols

Proanthocyanidins

(condensed  tannins)

Flavan-4-ols

3-deoxycyanidins

 

11   CS = chalcone 

synthase CI = chalcone isomerase F3H = flavanone 3 hydroxylase DRF = dihydroflavonol 

reductase FS = flavanol  synthase ( Coopper-Driver and Bhattercharya) 

: Coopper-Driver and Bhattercharya 1998 : 1165-1174 
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OH

O

OHO

OH

OH

OH

O

OHO

OH

OH

OH

OH

O

OHO

OH

OH

OH

OH

Dihydroflavonols

F3'H F3'5'H

Dihydrokaempferol Dihydroquercetin Dihydromyricetin

DFR DFR DFR

OH

OH

OHO

OH
OH

OH

OH

OHO

OH

OH

OH

OH

OH

OHO

OH

OH

OH

OH

Flavan-3,4-diols

Leucopelargonidin Leucocyanidin Leucodelphinidin

ANS,3GT ANS,3GT ANS,3GT

OH

OHO

OH
O

OH

OHO

OH

OH

O

OH

OHO

OH

OH

OH

O

Anthocyanins

Pelargonidin-3-glycoside Cyanidin-3-glycoside Delphinidin-3-glycoside

Gly Gly Gly

 

12  = -hydroxylase 

 = -hydroxylase  DFR = dihydroflavonol  reductase ANS = anthocyanidin 

synthase  3GT = anthocyanin glucosyltransferase (  Holton and Cornish) 

:  Holton and Cornish 1995 : 1071-1083 

 hydroxyl  

( glucose , rhamnose , xylose , 

galactose , arabinose fructose) organic acid (

acylation anthocyanin acyl group coumaric , caffeic , ferulic , p-

hydroxy benzoic , synapic , malonic , acetic , succinic , oxalic malic) 
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hydroxyl 

methoxyl  (Harborne 1998)

2 

2   

 

anthocyanin 

flavylium cation  

3 5 6 7 3    

Apigeninidin 

Aurantinidin 

Capensinidin 

Cyanidinin 

Delphinidin 

Europinidin 

Hirsutidin 

6-Hydroxycanidin 

Luteolinidin 

Malvidin 

5-Methylcyanidin 

Pelargonidin 

Peonidin 

Petunidin 

Pulchellidin 

Rosinidin 

Tricetinidin 

Ap 

Au 

Cp 

Cy 

Dp 

Eu 

Hs 

6OHCy 

Lt 

Mv 

5-MCy 

Pg 

Pn 

Pt 

Pl 

Rs 

Tr 

H 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

H 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

H 

OH 

OH 

OMe 

OH 

OH 

OMe 

OH 

OH 

OH 

OH 

OMe 

OH 

OH 

OH 

OMe 

OH 

OH 

H 

OH 

H 

H 

H 

H 

H 

OH 

H 

H 

H 

H 

H 

H 

H 

H 

H 

OH 

OH 

OH 

OH 

OH 

OH 

OMe 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OMe 

OH 

H 

H 

OMe 

OH 

OH 

OMe 

OMe 

OH 

OH 

OMe 

OH 

H 

OMe 

OMe 

OH 

OMe 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

H 

H 

OMe 

H 

OH 

OH 

OMe 

H 

H 

OMe 

H 

H 

H 

OH 

OH 

H 

OH 

Orange 

Orange 

Bluish-red 

Orange-red 

Bluish-red 

Bluish-red 

Bluish-red 

Red 

Orange 

Bluish-red 

Orange-red 

Orange 

Orange-red 

Bluish-red 

Bluish-red 

Red 

Red 

 

 

6 pelargonidin (Pg) , peonidin (Pn) , 

cyaniding (Cy) , malvidin (Mv) , petunidin (Pt) delphinidin (Dp)  ( 13) 

      

cyanidin   delphinidin   
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  ( cyanidin peonidin)  

 (cyanidin- , pelargonidin- , delphinidin- , petunidin- malvidin- 

glucoside di-glucoside) cyanidin 3- glucoside  

O

OR

HO

OH

OH

      

O

OR

HO

OH

OH

OH

 

   pelargonidin            cyanidin 

 

O

OR

HO

OH

OH

OCH
3

  

O

OR

OH
HO

OH

OH

OH

 

   peonidin                                                                   delphinidin 

 

O

OR

OH
HO

OH

OH

OCH
3

  

O

OR

OCH
3

HO

OH

OH

OCH
3

 

             petunidin                                                                   malvidin 

    

13 R 
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2  

1.  

2. UV screen 

(UV ray) DNA  

( anti-feedants)  

 

pH  

pH 1  5  

flavylium cation ( ) hydroxylation pseudobase 

form( ) pH 5  pH 5 pseudobase 

form chalcone pH 

quinodal base  (Stintzing and Carle 2004 : 6172-6181)( 14)  

pH    

( UV) co-factor 

 

 

( methanol) ( ethanol) 

( 0.1 1.0%  Hydrochloric acid (HCl) , formic acid 

trifluoroacetic acid(THF)) 

(chromatography) paper 

chromatography   thin-layer chromatography (TLC) column chromatography   

 Amberlite XAD-7  Sephadex LH-

20 Amberlite XAD-7 (

anthocyanin )  Amberlite XAD-7 

Sephadex LH-20   
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OH

OHO

OH

R
3

R
1

O

Flavylium Cation (red)

Gly

OH

OHO

OH

R
3

R
1

O

Hemiacetal (colorless)

Gly

OH

OH

HO

OH

R
3

R
1

O

E-Chalcone (yellowish)

Gly

O
OH

HO

OH

Z-Chalcone (yellowish)

OH

OGlc

O

OH

R
1

R
3

K
H

[-H+/+H
2
O]

OH

OO

OH

R
3

R
1

O

Neutral Quinoidal Bases (purplish)

Gly

OH

OHO

O

R
3

R
1

O Gly

O

OHO

OH

R
3

R
1

O Gly

O-

OO

OH

R
3

R
1

O

Anionic Quinoidal Bases (bluish)

Gly

O-

OHO

O

R
3

R
1

O Gly

O

O-O

OH

R
3

R
1

O Gly

K
A

[-H+]

[-H+]
[-H+]

[-H+]

K
A

[-H+] K
A

[-H+]

 

14 pH  

 

UV - visible 

spectrophotometry  250  270 nm            

520  560 nm ( 15) (Francis 1989 : 273-314)  pelargonidin 3  glucoside 

( 0.01% HCl ) 505 nm  cyanidin peonidin 

3  glucoside 520  526 nm (Harborne 1967)   
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15  

 

1.2.  (Morton 1987 : 375-378) 

(black plum Indian black plum Java plum) Syzygium 

cumini Skeels Syzygium jambolanum DC. Eugenia cumini Druce 

( Myrtaceae )  Bo Tree , Sacred Fig Tree , Pipal Tree Peepul tree 

Jamaica purple plum  

jambolan Indian blackberry 

10 35 

3-7 cm 8 14 cm 

4 4 

 16 
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16

 

0.8 2.0 cm 

 (  16 ) 

 

 

    

 

 

  3 
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3   ( 100 ) (Morton) 

    

Moisture 

Protein 

Fat 

Crude Fiber 

Carbohydrates 

Ash 

Calcium 

Magnesium 

Phosphorus 

Iron 

Sodium 

 

83.7  85.8 g 

0.7  - 0.129 g 

0.15  0.3 g 

0.3  0.9 g 

14.0 g 

0.32 -0.4 g 

8.3 -15 mg 

35 mg 

15 16.2 mg 

1.2  1.62 mg 

26.2 mg 

Potassium 

Copper 

Sulfur 

Chlorine 

Vitamin A 

Thiamine 

Riboflavin 

Niacin 

Ascorbic acid 

Choline 

Folic acid 

55 mg 

0.23 mg 

13 mg 

8 mg 

80 I.U. 

0.008  0.03 mg 

0.009  0.01 mg 

0.2  0.29 mg 

5.7 18 mg 

7 mg 

3 mg 

: Morton, Julia F. Fruits of warm climates. Miami: B&W photographs, 1987 375-378. 

gallic acid,  tannin, oxalic acid cyanidin- petunidin- 

malvidin-glucoside  (Martinez and Del Valle 1981)  

 

  

( )     

 

 

Warrier (1996 : 273-275)

(urethrorrhea) 

( Bhandary 1995 : 149-158) 

(Warrier 1996 : 273-275)
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radiation -induced DNA damage cultured human peripheral blood (Jagetia 

and Baliga 2002 : 19-25)    

Rastogi and Mehrotra (1990 : 388-389)   acetyl 

oleanolic acid,  triterpenoids ,  ellagic acid ,  isoquercitin ,  quercetin ,  kaempferol myricetin  

 gallic aicd 

- (cyanidin  delphinidin-3-gentiobioside   malvidin-3-laminaribisodie   petunidin-

3-gentiobioside) (Martinez and Del Valle 1981; Venkateswarlu 1952 : 434-437)  

(Korina and Afanaev 1997 

: 151-163; Tanaka 1994 : 1139-1155)  

2005  De 

 (Wild Indian Syzygium cumini(L.) Skeels) 

DPPH IC50 168 g/mL Ascorbic acid 

equivalents  0.179 mg/mg Gallic acid equivalents 0.047 mg/ 

mg     

Bahorun et al. (2006 : 787-799)

Rubiaceae Myrtaceae  

Syzygium 

 

Neelwarne (2007 : 619-627) 

(total anthocyanin content  216 mg / 100 mL ) 

 (anthocyanins) 
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1.3.  

        1.3.1. Free radical scavenging method  

                  1.3.1.1. 2,2-Diphenyl-1-picrylhydrazyl radical scarvenging capacity assay   

DPPH assay  (Brand-William et al. 1995 : 25-30) 

DPPH assay ( radical 

scavenging) 2,2- Diphenyl-1-picrylhydrazyl (DPPH )  17   

free  radical 

517 nm (antioxidant) (AH) radical species (R ) 

DPPH   DPPH  reduce antioxidant (AH) radical species (R )  DPPH-H 

DPPH-R 1-2 

 

        

N

N

NO
2

NO
2

O
2
N

 

17 2,2-Diphenyl-1-picrylhydrazyl (DPPH ) 

 

 

   DPPH    +   AH      DPPH-H   +   A      

   (purple)           (yellow) 

   

   DPPH    +    R      DPPH-R            

   (purple)           (yellow) 
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DPPH  

DPPH  EC50  antioxidant 

DPPH   50% 

antioxidant 

Trolox  TEAC (trolox equivalent antioxidant capacity)  vitamin C VCEAC (Vitamin 

C equivalent antioxidant capacity) DPPH assay 

(accuracy) reproducibility 

( antioxidant activity) 

serum  DPPH   

 

  1.3.1.2. 2 -Azino-bis (3-ethylbenzothizoline-6-sulfonic acid) cation radical 

scavenging  assay ABTS assay (Rice-Evans et al. 1999 : 152-159; Lo and Cheung 2005 : 

533-539) 

ABTS assay  reagent 

2 -Azino-bis (3-ethylbenzothizoline-6-sulfonic acid)(ABTS) 

ABTS 18 stable radical 

ABTS  ( 19) 414 nm 

645 ,734 815  nm 

ABTS 734 nm 

ABTS
 

3 

 

N

S

CH
2
CH

3

N

N

H
3
CH

2
C

N

S

HO
3
S

SO
3
H

 

 

18 2 -Azino-bis (3-ethylbenzothizoline-6-sulfonic acid)(ABTS) 
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  ABTS   +  AH  ABTS  +    AH      

  ( )      ( )  

 

ABTS radical 2 

1. Enzymatic  reaction ABTS radical 

peroxidase   

2. Chemical reaction ABTS radical manganese dioxide, 

potassium persulfate potassium persulfate ABTS 

radical 4 

 

ABTS     +    K2S2O8       ABTS      

 

 

N

S

CH
2
CH

3

N

N

H
3
CH

2
C

N

S

O
3
S

SO
3

 

 

19 ABTS   

 

IC50  

 ABTS  50%  

trolox 

TEAC (trolox equivalent antioxidant capacity) vitamin C VCEAC (Vitamin C 

equivalent antioxidant capacity)  
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1.3.2. Reducing  power method 

Ferric reducing antioxidant power  FRAP assay (Benzi and Strain 1996 : 70-76) 

FRAP assay total antioxidant concentration 

reduction Fe
3+

  Ferric tripyridyltriazine(Fe
3+

-TPTZ) complex 

Ferrous tripyridyltriazine(Fe
2+

-

TPTZ) complex pH 5   

Fe
2+

-TPTZ 593 nm  

 

    Fe
3+

-TPTZ   +   e-    Fe
2+

-TPTZ     

    (colorless)       (blue color)  

 

 

Fe
2+

-TPTZ 593 nm FRAP assay 

  

(Antolovich et al. 2002 : 183-198) 

  

1.4.  Folin-Ciocalteu  ( kerget et al. 2005 : 191-198) 

Folin- Ciocalteu reagent (FCR)

Folin-Ciocalteu reagent (FCR) 

   

 Mo(VI) 6 (

1 2 )  NaHCO3 pH 

10  

(PMoW11O40)
4-
    

 

       Mo(VI)   +   e-     Mo(V)     
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phenolic 

760 nm Folin-Ciocalteu reagent

(Cu(I)) 

Folin-Ciocaleu reagent

phenolate anion Folin-Ciocaleu reagent

 

 

1.5. pH differential  (Wrolstad 1976 : 621) 

520 nm 

pH 7  

O

OH

R
3

HO

OH

OH

R
1

O

OH

R
3

HO

OH

OH

R
1

OH
Add OH-

 

  Flavylium cation           pseudobase form   

( pH 1.0)         ( pH 4.5) 

 

520 nm 700 nm  pH 1.0 

pH 4.5 

pelargonidin 3 glucoside (PGD-3-glu)

4 
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4 Molar Extinction Coefficient pH 1 -

  

Molar Extinction Coefficient (nm) pH 1 

Cyd -3-gal(Idaein) 

Cyd-3-rut 

Cyd-3-glu 

(Chrysanthemin or Asterin) 

Mvd-3-glu(Oenin) 

Mvd-3,5-diglu(Malvin) 

445.2 

595.2 

445.2 

 

493.5 

655.5 

32,200 

28,800 

26,900 

 

28,000 

37,700 

530 

541 

510 

 

520 

520 

 

 (immature green)  (mature)  (ripe) 

 

 

 

20
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1.6.  

1. 0.1 % HCl  

(crude extract) 

2. DPPH   

ABTS FRAP  

3.   Folin-Ciocaleu reagent 

4.  pH differential  

5.  Amberlite XAD-7 

sephadex LH-20 ( ) 

6. 

DPPH  ABTS  FRAP  

7.  Folin-

Ciocaleu reagent  

8. pH 

differential  
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2 

 

 

2.1. /  

2.1.1. Analytical  balance (Mettler)  

2.1.2. Aspirator  A-3S (EYELA) 

2.1.3. Electric  Food  Dehydrator (Nenon)  

2.1.4. Megnetic  stirrer MR 3001 (Heidelph) 

2.1.5. Micropipette   

2.1.6. pH  meter Delta 320 (Mettler)  

2.1.7. Quartz  cell  1   

2.1.8. Rotary  Evaparator Rotavapor R-114 (Buchi) 

2.1.9. Super  Blender (Mitsumaru)  

2.1.10. Thermo IEC Mutti RF Multipurpose centrifuge  

2.1.11. Thermometer 

2.1.12. Top loading  balance (Sartorius) 

2.1.13. UV/Vis  spectrometer HP 8453 (Hewlett Packard)  

2.1.14. UV/Vis  spectrometer Lambda 35 (Perkin Elmer) 

2.1.15. Vortex  mixer   

2.1.16. Waterbath   

2.1.17. Whatman 1  
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2.2.  

5  

   

1. Methanol 1

2. Hydrochloric  acid Mreck Fuming 37% 

3. 2,2-Diphenyl-1-piesylhydrazyl(DPPH) Fluka purum 

4. ()-6-Hydroxy-2,5,7,8-tetra-methylchromane-

2-carboxylic acid (Trolox) 

Fluka purum 

5. Ascorbic acid (Vitamin C) Fluka puriss 

6. 2,2,-Azino-bis(3-ethylbenzothizoline-6-

sulfonic acid, Diammonium salt (ABTS) 

Fluka purum 

7. Potassium persulfate (K2S2O8) Fluka purum 

8. Sodium acetate trihydrate Fluka purum 

9. Acetic acid BDH AnalaR 

10. Ferric chloride hexahydrate Fluka puriss 

11. 2,4,6-Tri(2-pyridyl)-s-triazine(TPTZ) Fluka puriss 

12. Deionized Water - 

13. Ferrous sulfate Heptahydrate(FeSO4.7H2O) Fluka purum 

14. Folin-  Fluka - 

15. Sodium carbonate Riedel-de Haen puriss 

16. Gallic acid Riedel-de Haen purum 

17. Potassium Chloride Fluka purum 

18. Formic acid CARLO ERBA For analysis 

19. Amberlite XAD-7  Fluka 20  50 mesh 

20. Sephadex LH 20 Amersham Biosciences For research 
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2.3.  

2.3.1. DPPH   

- DPPH 2.4  10
-4
 M 

DPPH  24.0 mg MeOH 250 mL 

 MeOH  ( Absorbance) 515 

nm Absorbance 1.100 

- (Trolox Vitamin C) 0.03 -0.30 (mg / mL) 

 

 

 2.3.2.  ABTS  

- ( Trolox Vitamin C) 0.25  

0.35 mg/mL  

- 7 mM ABTS 

ABTS  0.1 g 25 mL 

- 140 mM potassium persulfate (K2S2O8) 

1.9  g 50 mL

 

- ABTS
+
 reagent 

ABTS  5 mL K2S2O8 88 L  

16 ABTS
+
 reagent 

734 nm 0.70  0.05 

 

 2.3.3. FRAP  

- 300 mM acetate buffer pH 3.6 

sodium acetate trihydrate  1.58 g deionized water 400 mL acetic acid 5.0 

mL pH 3.6 acetic acid 

500 mL deionized water   

- TPTZ 

TPTZ 93.7 mg 40 mM HCl  10 mL 
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- 20 mM ferric chloride (FeCl3) 

ferric  chloride  0.2700 g 100 mL 

- FeSO4.7H2O 100  1000 M 

 

 2.3.4.  

- gallic acid 0.01  0.10  (mg/mL) 

 Methanol 

- 7.5 % (w/v) sodium carbonate (Na2CO3) 

18.75  g 250 mL  

- Folin Ciocalteu reagent ( 10 ) 

Folin Ciocalteu reagent 25.00 mL 250 mL 

deionized water 

 

 2.3.5.  

- KCl-HCl buffer pH 1 

0.2 M potassium chloride (KCl) 0.2 M 

Hydrochloric acid (HCl) 

0.2 M KCl 125 mL 0.2 M HCl 250 mL 

500 mL pH 

- acetate buffer pH 4.5 

0.2 M acetic acid (CH3COOH) 0.2 M sodium 

acetate (CH3COONa) 

0.2 M CH3COOH 160 mL  0.2 M CH3COONa 100 

mL 600 mL  deionized water 140 mL pH 

4.5 0.2 M CH3COOH pH

500 mL pH 
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2.4. 

 

2  

1.  

2.  
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3 

 

 

3.1.  

3 ( ) 

( ) ( ) 3 

3 2 1 

6  

21 

 3.1.1.  

3.1.1.1. 

 

3.1.1.2.  

3.1.1.1  Erlenmeyer flask 

1000 mL  800 mL 

1:3 24 

residue  800 mL 

1 residue 

 40 C 22  

3.1.1.3.  0.1 % HCl  

3.1.1.2 0.1 % HCl 

  

3.1.1.4.   

3.1.1.1. 

3.1.1.2 
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3.1.1.5.  0.1 % HCl  

3.1.1.4 0.1 % HCl 

  

 3.1.2.  

3.1.2.1. 

Electric Food Dehydrator 

60 C 24 desiccator

3 

desiccator

 

3.1.2.2.  

3.1.2.1 

Electric Food Dehydrator 60 C 24 

desiccator

3 

desiccator

3.1.2.3.   

Erlenmeyer flask 1000 mL  800 mL

1:3  24 

residue 

 800 mL 1 

residue 

 40 C 
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3.1.2.4.  0.1 % HCl  

3.1.2.3 

0.1 % HCl   

3.1.2.5.   

3.1.2.2. 

3.1.2.3 

3.1.2.6.  0.1 % HCl  

3.1.2.5 0.1 % HCl 

  

( crude extract)

 

 23 

 

Amberlite XAD-7 

Sephadex LH-20 

24  
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6  

 

  

 

0.1%HCl 

 

 

 

 

 

 

 

 

 

FGP 

FPP 

FBP 

FGS 

FPS 

FBS 

 

FGP-MeOH 

FPP-MeOH 

FBP-MeOH 

FGS-MeOH 

FPS-MeOH 

FBS-MeOH 

 

FGP-HMeOH 

FPP-HMeOH 

FBP-HMeOH 

FGS-HMeOH 

FPS-HMeOH 

FBS-HMeOH 

 

 

 

 

 

 

 

 

DGP 

DPP 

DBP 

DGS 

DPS 

DBS 

 

DGP-MeOH 

DPP-MeOH 

DBP-MeOH 

DGS-MeOH 

DPS-MeOH 

DBS-MeOH 

 

DGP-HMeOH 

DPP-HMeOH 

DBP-HMeOH 

DGS-HMeOH 

DPS-HMeOH 

DBS-HMeOH 
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21

2  (MeOH) 0.1% HCl  (HMeOH)    

 

 

 

 

22  /0.1% HCl 

Filtrate residue 

/0.1%HCl  

Filtrate Residue 

 

/0.1%HCl  

 

40 C 

 

(Crude extract) 

/

 

 ( ) 

 

 ( )  ( ) 

+

(FPP) 

+

(FGP) 

+  

(FBP) 

 

(FGS) 

 

(FPS) 

FGP-MeOH FGS-MeOH 

 

FPP-MeOH 

 

FPS-MeOH 

 

FBP-MeOH 

FGP-HMeOH FGS-HMeOH 

 

FPP-HMeOH 

 

FPS-HMeOH 

 

FBP-HMeOH 

 

 

(FBS) 

FBS-MeOH 

 

FBS-HMeOH 

 

MeOH 0.1% HCl  

in MeOH 

MeOH 0.1% HCl  

in MeOH 
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** 3    

 

23

   

 

 

 (crude extract) 

 

  

DPPH 

 FRAP 

ABTS 
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24

 

 

 

 

 

 

 

 

 

 

FBP-MeOH , FBP-HMeOH  

Amberlite XAD-7 

Am-FBP-MeOH/Am-FBP-HMeOH 

 

DPPH  ABTS FRAP 

 

  

Sephadex LH-20 

Sep-FBP-MeOH/            

Sep-FBP-HMeOH 

    

        

DPPH  ABTS       

FRAP 
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3.1.2  

7 mg / g  

 

 mg / g *  

 

1. (FGP-MeOH) 

2. (FPP-MeOH) 

3. (FBP-MeOH) 

4. (FGS-MeOH) 

5. (FPS-MeOH) 

       6. (FBS-MeOH) 

 

59.3 

95.7 

137.0 

96.5 

107.3 

114.9 

1. (DGP-MeOH) 

2. (DPP-MeOH) 

3. (DBP-MeOH) 

4. (DGS-MeOH) 

5. (DPS-MeOH) 

       6. (DBS-MeOH) 

 

31.8 (137.5) 

62.5 (386.0) 

114.9 (537.4) 

65.5 (136.3) 

49.9 (112.5) 

59.4 (157.5) 

 

* mg / g 
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8 mg / g  0.1% HCl   

 

 mg / g * 

 

1. (FGP-HMeOH) 

2. (FPP-HMeOH) 

3. (FBP-HMeOH) 

4. (FGS-HMeOH) 

5. (FPS-HMeOH) 

      6.  (FBS-HMeOH) 

1. (DGP-HMeOH) 

2. (DPP-HMeOH) 

3. (DBP-HMeOH) 

4. (DGS-HMeOH) 

5. (DPS-HMeOH) 

6. (DBS-HMeOH) 

 

129.8 

140.3 

186.7 

165.5 

169.0 

175.8 

 

96.6 (467.1) 

116.9 (700.0) 

176.0 (822.4) 

133.8 (297.2) 

117.6 (265.0) 

121.2 (322.4) 

* mg / g 

 

3.2. DPPH  

3.2.1.  

kinetic behaviors (Trolox) 

DPPH  950 L  50 L 

515 nm 25 

60 % remaining DPPH  

50 L DPPH  950 L  

60 515 nm 

(control)   
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 DPPH  515 nm 

Absorbance 0.00  ( Blank)   

% remaining DPPH  

EC50 

 

   %  Remaining DPPH    =  (Abs sample/Abs control) x 100 

  

 Abs sample  = Absorbance DPPH   +  

 Abs control  =  Absorbance DPPH  + MeOH 

 

 3.2.2.  

 

 

 

25  Kinetic curve DPPH  Trolox 

 

DPPH  + MeOH 

DPPH  +  

[FBP-HMeOH(0.631 mg/mL)] 

DPPH  +  

[FBP-HMeOH(1.26 mg/mL)] 

DPPH  + Trolox (0.159 mg/mL) 
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EC50 

( DPPH ) 50% Trolox 

Vitamin C 

DPPH  1 A515 26 , 27, 28, 29, 

30, 31 EC50, TEAC, VCEAC 9 , 10 33 , 

34, 35 

 

 

26  EC50 Trolox DPPH  
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27  EC50 Vitamin C DPPH  

 

 

28  EC50 (FBP-

MeOH) DPPH  
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29  EC50 0.1% HCl 

 (FBP-HMeOH) DPPH  

 

30  EC50  (FBS-MeOH) DPPH  
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31 EC50 0.1% HCl  (FBS-HMeOH) 

DPPH  

 

(crude extract) 

 DPPH  Trolox Vitamin C

32 

CH
3

O

CH
3

H
3
C

HO

CH
3
OH

O
         

O
O

HO OH

HO

CH
2
OH

 

    trolox           Vitamin C 

32 trolox Vitamin C 

 

EC50  Trolox equivalent Vitamin C equivalent
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9 EC50  Trolox equivalent antioxidant capacity (TEAC) Vitamin C equivalent 

antioxidant capacity (VCEAC)

( EC50 

(DPPH ) 50%)  [ ( mean) ±

(SD) (n = 3)] 

  

EC50 

(mg/mL) 

TEAC               

(mg trolox/ g extract) 

VCEAC                

(mg vitamin C/ g extract) 

Trolox 

Vitamin C 

0.154 ± 0.012 

0.121 ± 0.001 

- 

- 

- 

- 

FGP-MeOH 

FPP-MeOH 

FBP-MeOH 

FGP-HMeOH 

FPP-HMeOH 

FBP-HMeOH 

2.96 ± 0.12 

4.17 ± 0.25 

6.91 ± 0.59 

2.97 ± 0.19 

6.13 ± 0.31 

1.36 ± 0.07 

 

54.5 ± 2.2 

38.7 ± 2.4 

23.4 ± 1.9 

53.5 ± 3.6 

25.9 ± 1.3 

116.5 ± 6.1 

 

41.0 ± 1.6 

29.1 ± 1.8 

17.6 ± 1.4 

40.9 ± 2.8 

19.8 ± 1.0 

89.0 ± 4.7 

 

 

DGP-MeOH 

DPP-MeOH 

DBP-MeOH 

DGP-HMeOH 

DPP-HMeOH 

DBP-HMeOH 

 

2.43 ± 0.06 

4.06 ± 0.08 

8.72 ± 0.28 

4.62 ± 0.52 

8.85 ± 0.55 

9.67 ± 0.74 

 

63.6 ± 1.5 

37.9 ± 0.8 

17.7 ± 0.6 

30.9 ± 3.3 

16.1 ± 1.0 

14.7 ± 1.2 

 

49.9 ± 1.2 

29.8 ± 0.6 

13.9 ± 0.4 

26.4 ± 2.8 

13.7 ± 0.8 

12.6 ± 1.0 
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10 EC50, Trolox equivalent antioxidant capacity (TEAC) Vitamin C equivalent  

antioxidant capacity (VCEAC)  

[mean ± SD (n = 3)] 

  

EC50 

(mg/mL) 

TEAC               

(mg trolox/ g extract) 

VCEAC                

(mg vitamin C/ g extract) 

FGS-MeOH 

FPS-MeOH 

FBS-MeOH 

FGS-HMeOH 

FPS-HMeOH 

FBS-HMeOH 

0.177 ± 0.013 

0.247 ± 0.013 

0.266 ± 0.006 

0.170 ± 0.008 

0.209 ± 0.004 

0.232 ± 0.014 

760.1 ± 57.8 

542.7 ± 28.1 

503.3 ± 10.5 

911.2 ± 45.9 

738.6 ± 14.1 

666.8 ± 39.2 

686.3 ± 52.2 

490.1 ± 25.4 

454.5 ± 9.5 

714.4 ± 36.0 

579.1 ± 11.1 

522.8 ± 30.7 

DGS-MeOH 

DPS-MeOH 

DBS-MeOH 

DGS-HMeOH 

DPS-HMeOH 

DBS-HMeOH 

0.180 ± 0.004 

0.203 ± 0.019 

0.311 ± 0.025 

0.157 ± 0.005 

0.189 ± 0.012 

0.251 ± 0.004 

777.6 ± 17.5 

692.3 ± 61.5 

451.7 ± 37.7 

664.2 ± 19.20 

550.8 ± 34.8 

414.4 ± 6.6 

671.2 ± 15.1 

598.4 ± 53.1 

390.4 ± 32.6 

772.8 ± 22.3 

648.8 ± 40.5 

482.6 ± 7.7 
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33 EC50 24 Trolox,            

Vitamin C DPPH 

 

24 

EC50 

EC50 16  ( 33) 

  

 



53 

 

 

 

34 EC50 , 

Trolox, Vitamin C DPPH  

 

 

35  EC50 , 

Trolox, Vitamin C DPPH  
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 0.1 % HCl

EC50 < <   

EC50 EC50 trolox  EC50  Vitamin C

1.5 ( 35) 

 

EC50 < 

< 0.1 % HCl

EC50 <  <                  

 ( ) EC50 EC50 trolox 

 Vitamin C 19 24              

( 0.1 % HCl ) EC50  EC50 trolox Vitamin C

9 11 ( 34) 

 

3.3. ABTS 

 3.3.1.  

kinetic behaviors (Trolox) 

ABTS
+
 980 L  20 L 

734 nm 36 

60 % Remaining ABTS
 +

 

 

ABTS
+
 reagent 980 L 

20 L 60 

734 nm  

   Control : ABTS
+
 reagent 980 L   20 L 

   Blank   :

% Remaining ABTS
+
 

 trolox Vitamin C EC50, Trolox equivalent 

antioxidant capacity (TEAC) Vitamin C equivalent  antioxidant capacity (VCEAC) 

 

%  Remaining ABTS
+
  =   (Abs sample/Abs control) x 100 
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 Abs sample  = Absorbance ABTS
+
  +  

 Abs control  =  Absorbance ABTS
+
 + MeOH 

 

  3.3.2.  

 

 

36 Kinetic curve ABTS
+
 Trolox 

 

EC50 

( ABTS
+
) 50% Trolox 

Vitamin C 

ABTS
+
 1 734 nm 

37 , 38, 39, 40, 41, 42 EC50, TEAC, VCEAC 

11, 12 43, 44, 45 

 

ABTS
+
 + MeOH 

ABTS
+
 +  

[FBP-HMeOH(1.26 mg/mL)] 

ABTS
+
 +  

[FBP-HMeOH(2.52 mg/mL)] 

ABTS
+
 + Trolox (0.208 mg/mL) 
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37  EC50 Trolox ABTS  

  

  

38  EC50 Vitamin C ABTS  
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39  EC50  (FBP-MeOH) 

ABTS  

 

 

40  EC50 0.1% HCl  

(FBP-HMeOH) ABTS  
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41  EC50  (FBS-MeOH) ABTS  

 

 

42 EC50 0.1% HCl (FBS-HMeOH) 

ABTS  
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 (crude extract)

 ABTS     Trolox  Vitamin C

DPPH   

EC50  Trolox equivalent Vitamin C equivalent

 

11 EC50, Trolox equivalent antioxidant capacity (TEAC) Vitamin C equivalent  

antioxidant capacity (VCEAC)

 ( EC50 

(ABTS
+
) 50%) [ mean ± SD (n = 3)] 

  

EC50 

(mg/mL) 

TEAC               

(mg trolox/ g extract) 

VCEAC                

(mg vitamin C/ g extract) 

Trolox 

Vitamin C 

0.149 ± 0.002 

0.138 ± 0.020 

- 

- 

- 

- 

FGP-MeOH 

FPP-MeOH 

FBP-MeOH 

FGP-HMeOH 

FPP-HMeOH 

FBP-HMeOH 

3.95 ± 0.20 

4.09 ± 0.39 

6.51 ± 0.32 

3.16 ± 0.20 

11.33 ± 0.87 

1.44 ± 0.21 

61.9 ± 3.1 

60.1 ± 5.5 

37.6 ± 1.9 

58.7 ± 3.7 

7.5 ± 0.6 

130.3 ± 17.5 

35.0 ± 1.7 

34.0 ± 3.1 

21.2 ± 1.1 

43.8 ± 2.8 

12.2 ± 1.0 

97.2 ± 13.0 

DGP-MeOH 

DPP-MeOH 

DBP-MeOH 

DGP-HMeOH 

DPP-HMeOH 

DBP-HMeOH 

1.58 ± 0.12 

2.74 ± 0.02 

5.03 ± 0.33 

6.66 ± 0.27 

17.18 ± 0.37 

50.49 ± 2.61 

94.9 ± 7.5 

54.3 ± 0.5 

29.8 ± 2.0 

30.3 ± 1.2 

11.8 ± 0.2 

4.0 ± 0.2 

87.7 ± 6.9 

50.2 ± 0.5 

27.5 ± 1.9 

20.7 ± 0.8 

8.0 ± 0.1 

2.7 ± 0.2 
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12 EC50, Trolox equivalent antioxidant capacity (TEAC) Vitamin C equivalent  

antioxidant capacity (VCEAC)  

 [mean ± SD (n = 3)] 

  

EC50 

(mg/mL) 

TEAC               

(mg trolox/ g extract) 

VCEAC                

(mg vitamin C/ g extract) 

FGS-MeOH 

FPS-MeOH 

FBS-MeOH 

FGS-HMeOH 

FPS-HMeOH 

FBS-HMeOH 

0.145 ± 0.016 

0.253 ± 0.021 

0.209 ± 0.012 

0.176 ± 0.007 

0.225 ± 0.010 

0.284 ± 0.003 

819.8 ± 83.3 

468.6 ± 38.6 

566.8 ± 33.4 

1046.6 ± 41.7 

818.8 ± 35.2 

649.5 ± 7.0 

958.7 ± 97.4 

548.1 ± 45.1 

662.8 ± 39.1 

784.9 ± 31.2 

614.1 ± 26.4 

487.1 ± 5.3 

DGS-MeOH 

DPS-MeOH 

DBS-MeOH 

DGS-HMeOH 

DPS-HMeOH 

DBS-HMeOH 

0.159 ± 0.005 

0.183 ± 0.009 

0.257 ± 0.023 

0.136 ± 0.005 

0.166 ± 0.012 

0.205 ± 0.007 

886.1 ± 27.4 

772.8 ± 36.6 

550.6 ± 50.3 

947.1 ± 35.2 

779.8 ± 56.9 

630.9 ± 23.6 

867.2 ± 26.8 

756.3 ± 35.8 

538.9 ± 49.2 

1013.2 ± 37.6 

834.2 ± 60.9 

674.9 ± 25.3 
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43 EC50 24 Trolox,           

Vitamin C ABTS 

  

EC50                 

 

EC50 27 ( 43) 
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44  EC50 , 

Trolox, Vitamin C ABTS  

 

45 EC50 , 

Trolox, Vitamin C ABTS  



63 

 

 
 

( 0.1 % HCl

 ) EC50 < <   

 EC50 

EC50 EC50 trolox  EC50  Vitamin C 1 ( 45) 

 

(  0.1% HCl  ) EC50 < 

< 0.1 % HCl

EC50 < < 

(  ) EC50 

EC50 trolox  Vitamin C 26 27 

( 0.1 % HCl ) EC50 trolox 

Vitamin C 10 ( 44 ) 

 

3.4. FRAP  

3.4.1.  

FRAP acetate buffer 250 mL ferric chloride                  

25 mL TPTZ  25 mL (

)  37 C 15  

FRAP 950 L 

FeSO4.7H2O 50 L 10 593  

nm acetate buffer pH 3.6  blank FRAP 950 L 

 50 L control 

593 nm 

FeSO4.7H2O (mM) FRAP value 
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 3.4.2.  

3.4.2.1. FRAP values 

FRAP values 

FeSO4.7H2O FRAP 15 

593 nm 13 

46 FRAP 14, 15 47, 48, 49 

 

13 FeSO4.7H2O 

593 nm  [ mean (n = 3)] 

FeSO4.7H2O(mM) 593 nm  

(Abs  Abs control) 

0.101 0.1657 

0.202 0.2366 

0.404 0.4389 

0.607 0.6668 

0.809 0.9090 

1.011 1.1321 

 

 FeSO4.7H2O 

(mM) 593 nm 
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46 FeSO4.7H2O 

593 nm  

FRAP values  

14 FRAP values

[mean ± SD (n = 3)] 

  

FRAP values  

(mmol Fe
2+

/g extract) 

FRAP values  

(mmol Fe
2+

/g extract) 

FGP-MeOH 0.232 ± 0.012 DGP-MeOH 0.393 ± 0.053 

FPP-MeOH 0.199 ± 0.004 DPP-MeOH 0.242 ± 0.005 

FBP-MeOH 0.152 ± 0.007 DBP-MeOH 0.127 ± 0.006 

FGP-HMeOH 0.342 ± 0.007 DGP-HMeOH 0.128 ± 0.023 

FPP-HMeOH 0.149 ± 0.005 DPP-HMeOH 0.101 ± 0.006 

FBP-HMeOH 0.949 ± 0.015 DBP-HMeOH 0.054 ± 0.004 
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15 FRAP values

[mean ± SD (n = 3)] 

  

FRAP values  

(mmol Fe
2+

/g extract) 

FRAP values  

(mmol Fe
2+

/g extract) 

FGS-MeOH 5.76 ± 0.43 DGS-MeOH 5.73 ± 0.05 

FPS-MeOH 3.27 ± 0.18 DPS-MeOH 4.37 ± 0.17 

FBS-MeOH 3.76 ± 0.09 DBS-MeOH 3.50 ± 0.33 

FGS-HMeOH 6.16 ± 0.36 DGS-HMeOH 6.18 ± 0.48 

FPS-HMeOH 5.40 ± 0.47 DPS-HMeOH 4.97 ± 0.22 

FBS-HMeOH 4.55 ± 0.18 DBS-HMeOH 4.57 ± 0.20 
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47 FRAP values 24  FRAP 

 

   FRAP values 

 

(  ) FRAP values 

23 ( 47) 
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48 FRAP values (mmol Fe
2+

/g extract) 

FRAP   

 

49  FRAP values (mmol Fe
2+

/g extract)

FRAP  
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(  0.1 % HCl

) FRAP values > > 

FRAP 1.5 FRAP 

values 

( 49) 

( ) 

(  0.1% HCl ) FRAP values 

> > ( 0.1 % HCl

) FRAP values > > 

 ( 48) 

 

3.5.  Folin-Ciocalteu method 

3.5.1.  

0.5 mL Folin Ciocalteu 

reagent 2.5 mL  10 7.5 % (w/v) sodium 

carbonate 2.0 mL incubate 50 C 5 

760 nm 

   Blank :  0.5 mL  

 

760 nm 

gallic acid (mg/mL) gallic acid 

equivalent (mg gallic acid / g extract ) 
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3.5.2.  

3.5.2.1. Gallic acid equivalent (GAE) 

Gallic acid equivalent 

Gallic acid  Folin Ciocalteu reagent 10 

7.5% (w/v)Na2CO3 ( 50 C) 5 

760 nm 16 

50 GEA 17, 18 51, 52, 53   

 

16 Gallic acid  (mg/mL)

760 nm  [ mean (n = 3)] 

Gallic acid  (mg/mL) 760 nm  

0.0100 0.0621 

0.0201 0.1669 

0.0402 0.3823 

0.0602 0.5938 

0.0803 0.8160 

0.1000 0.9850 

 

 Gallic acid  (mg/mL) 

760 nm 
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50 Gallic acid 

760 nm 

Gallic acid equivalent (GAE) 17 

17  Gallic acid equivalent (GAE)

[mean ± SD (n = 3)] 

  

Gallic acid equivalent 

(GAE) (mg/g extract) 

Gallic acid equivalent 

(GAE) (mg/g extract) 

FGP-MeOH 25.0 ± 2.2 DGP-MeOH 38.1 ± 0.7 

FPP-MeOH 24.4 ± 3.8 DPP-MeOH 24.0 ± 0.5 

FBP-MeOH 16.7 ± 1.7 DBP-MeOH 14.9 ± 0.5 

FGP-HMeOH 27.2 ± 2.4 DGP-HMeOH 16.2 ± 0.4 

FPP-HMeOH 7.2 ± 0.4 DPP-HMeOH 10.8 ± 0.3 

FBP-HMeOH 57.5 ± 1.0 DBP-HMeOH 7.2 ± 0.6 
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18 Gallic acid equivalent (GAE) 

[ mean ± sd (n = 3)] 

  

Gallic acid equivalent (GAE) 

(mg/g extract) 

Gallic acid equivalent (GAE) 

(mg/g extract) 

FGS-MeOH 321.0 ± 9.8 DGS-MeOH 323.5 ± 13.3 

FPS-MeOH 174.6 ± 31.9 DPS-MeOH 297.9 ± 22.2 

FBS-MeOH 193.8 ± 20.9 DBS-MeOH 188.5 ± 13.3 

FGS-HMeOH 355.4 ± 14.4 DGS-HMeOH 392.6 ± 18.4 

FPS-HMeOH 295.9 ± 27.5 DPS-HMeOH 321.3 ± 12.9 

FBS-HMeOH 269.3 ± 18.1 DBS-HMeOH 293.6 ± 21.8 

 

(  0.1% HCl -

) Gallic acid equivalent (GAE) 

     ( ) GAE 

13 GAE 

( 51) 

(  0.1% HCl ) GAE > > 

GAE 

1.5 GAE 

( 53)    

 ( ) (  

0.1% HCl ) GAE > > 

 ( 0.1 % HCl ) 

GAE > > ( 52) 
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51 gallic acid equivalent (GAE) 24    
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52  Gallic acid equivalent (GAE) (mg/g extract)

 

 

53  Gallic acid equivalent (GAE) (mg/g extract)
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3.6. pH differential  

3.6.1.  

1  g  deionized water  10.00 mL 

10000 rpm  4 C 10 ** (supernatant) 

1.00 mL 5 mL  KCl-HCl  pH 1  

A 1.00 mL  

acetate buffer pH 4.5 B  A  B 

1 

520 nm 700 nm deionized water blank   

:  FBP-MeOH 20 

**  FBP-HMeOH 50 

**  

 

3.6.2.  

deionized water 

buffer pH 1.0 pH 4.5 520 700 nm 

19 54 
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19  520 700 nm pH 1.0 pH 4.5  

pH 1.0 Buffer pH 4.5 

A520 A700 A520 A700 

FGP-MeOH 0.7786 0.0551 0.0715 0.0615 

FPP-MeOH 0.2127 0.0051 0.0992 0.0541 

FBP-MeOH 0.4068 0.0322 0.0159 0.0077 

FGP-HMeOH 0.1008 0.0884 0.2377 0.0186 

FPP-HMeOH 0.1534 0.0913 0.1038 0.0909 

FBP-HMeOH 0.2652 0.0907 0.0637 0.0553 

DGP-MeOH 0.0452 0.0212 0.0314 0.0052 

DPP-MeOH 0.1301 0.0506 0.0788 0.0161 

DBP-MeOH 0.2789 0.0864 0.1593 0.0426 

DGP-HMeOH 0.0162 0.0076 0.0309 0.0196 

DPP-HMeOH 0.1221 0.0191 0.0171 0.0064 

DBP-HMeOH 0.3915 0.0657 0.0888 0.0359 

 

 (mg/L) (mg/g extract ) pelargonidin-3-glucoside 

(PGD-3-glu)  malvidin-3,5-diglucoside(Mvd-3,5-diglu)  20 
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20  pelargonidin-3-glucoside (PGD-3-

glu)(mg/L)  (mg/g extract )[ PGD-3-glu 

malvidin-3,5-diglucoside(Mvd-3,5-diglu)] [mean ± SD(n = 3)] 

(mg/L) 

 

(PGD-3-glu mg/g 

extract) 

 

(Mvd-3,5-diglu mg /g 

extract ) 

FGP-MeOH 0.76 ± 0.47 0.04 ± 0.02 0.03 ± 0.02 

FPP-MeOH 16.07 ± 0.31 0.74 ± 0.01 0.66 ± 0.003 

FBP-MeOH 35.41 ± 0.18 32.27 ± 0.16 29.01 ± 0.14 

FGP-HMeOH - - - 

FPP-HMeOH 4.71 ± 0.09 0.22 ± 0.004 0.20 ± 0.004 

FBP-HMeOH 16.11 ± 0.08 33.37 ± 0.16 30.00 ± 0.14 

DGP-MeOH - - - 

DPP-MeOH 1.44 ± 0.25 0.07 ± 0.01 0.06 ± 0.01 

DBP-MeOH 7.13 ± 0.76 0.34 ± 0.04 0.31 ± 0.03 

DGP-HMeOH - - - 

DPP-HMeOH 10.15 ± 2.16 0.35 ± 0.08 0.32 ± 0.07 

DBP-HMeOH 26.28 ± 0.39 1.03 ± 0.02 0.92 ± 0.01 

 

(  0.1% HCl

) > >

> 

 ( 54) 
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54  ( mg PGD-3-glu /g extract) 

 0.1% HCl  

 

3.7.  

 Column Chromatography   

 3.7.1. Amberlite XAD-7 Column Chromatography  

 3.7.1.1. 

(  

0.1% HCl )  Amberlite XAD-7     

Amberlite XAD-7  100.0  g 600 mL deionized  water 

300 mL  

Amberlite XAD-7 (

3.00 cm 30 cm)

( ( FBP-MeOH) )  10  g 0.1 %  HCl  

0.1 % HCl   

fraction 5 mL fraction 
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(Absorbance) 538 nm  fraction 

number  fraction fraction 13 120 

 40 C      

10 % HCl ( FBP-HMeOH)

 

 

3.7.1.2.  

   

 

55  

 Amberlite XAD-7 

fraction number  538 nm 
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56  

 0.1% HCl Amberlite XAD-7 

fraction number  538 nm 

 

 

21 Amberlite XAD-7  

  

 

( g ) ( g ) 

1.            

(FBP-MeOH) 

10.3902 9.5689 

2. 

(FBP-HMeOH) 

10.2383 9.9032 
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3.7.2 Sephadex  LH-20 Column Chromatography 

3.7.2.1. 

Amberlite XAD-7 ( Am-FBP-MeOH Am-FBP-HMeOH) 

 Sephadex  LH-20

1:10  

Sephadex  LH-20 15.0  g 250 mL 1% formic acid 100 mL  

3 ( )

( 2.00 cm 30 cm)

Amberlite XAD-7 ( (Am-FBP-MeOH))  1.5 g

1% formic acid 

1% formic acid fraction 2 mL 

fraction 520 nm  

fraction number  fraction  fraction fraction 

10 28 fraction 29 90 40 C 

 

Amberlite XAD-7 (Am-FBP-

HMeOH) 0.1% HCl   
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3.7.2.2.  

57 

( Amberlite XAD-7 ) 

Sephadex  LH-20  fraction number  

520 nm 

 

58  

( Amberlite XAD-7 0.1% HCl ) 

Sephadex  LH-20  fraction number  

520 nm 



83 

 

 
 

22 Sephadex LH-20 

 

Sephadex LH-20 

   

(Am-FBP-MeOH) 

Sephadex LH-20 

 

(Am-FBP-HMeOH) 

  

( g ) 

1.5083  

( g ) 

 

1.4892 

 ( g ) 

- Fraction  10 -28 

- Fraction  29 - 90 

 

 

1.2583 

0.0624 

 

 ( g ) 

- Fraction  12 -31 

- Fraction  32 - 89 

 

 

0.9426 

0.0219 

 

Amberlite XAD-7

Amberlite XAD-7 Sephadex LH-20  

Amberlite XAD-7  

Sephadex LH-20 Sephadex LH-20 2 

Amberlite XAD-7  Sephadex LH-20 

DPPH  ABTS FRAP 

Sephadex LH-20 
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3.7.3. 

 

3.7.3.1.  DPPH  

Amberlite XAD-7 Sephadex  LH-20 

DPPH 23 

 

23 EC50 DPPH Amberlite 

XAD-7 Sephadex  LH-20  [mean ± SD (n = 3)] 

 

EC50 

(mg/mL) 

TEAC               

(mg trolox/ g extract) 

VCEAC                

(mg vitamin C/ g extract) 

Trolox 

Vitamin C 

0.154 ± 0.012 

0.121 ± 0.001 

- 

- 

- 

- 

FBP-MeOH 6.91 ± 0.59 23.4 ± 1.9 17.6 ± 1.4 

Am-FBP-MeOH 6.38 ± 0.15 24.6 ± 0.6 18.9 ± 0.4 

Sep-FBP-MeOH 33.91 ± 1.02 4.6 ± 0.1 3.6 ± 0.1 

FBP-HMeOH 1.36 ± 0.07 116.5 ± 6.1 89.0 ± 4.7 

Am-FBP-HMeOH 7.43 ± 0.37 20.7 ± 1.0 16.3 ± 0.8 

Sep-FBP-HMeOH 8.86 ± 0.77 17.8 ± 1.6 13.7 ± 1.3 
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59 EC50 DPPH Amberlite 

XAD-7 Sephadex  LH-20 

 

3.7.3.2.  ABTS  

Amberlite XAD-7 Sephadex  LH-20 

ABTS 24 

 

24 EC50 ABTS Amberlite 

XAD-7 Sephadex  LH-20 [mean ± SD (n = 3)] 

 

EC50 

(mg/mL) 

TEAC               

(mg trolox/ g extract) 

VCEAC                

(mg vitamin C/ g extract) 

Trolox 

Vitamin C 

0.149 ± 0.002 

0.138 ± 0.020 

- 

- 

- 

- 

FBP-MeOH 6.51 ± 0.32 37.6 ± 1.9 21.2 ± 1.1 

Am-FBP-MeOH 7.61 ± 0.10 28.7 ± 0.4 18.1 ± 0.2 

Sep-FBP-MeOH 97.33 ± 12.14 2.3 ± 0.3 1.4 ± 0.2 

FBP-HMeOH 1.44 ± 0.21 130.3 ± 17.5 97.2 ± 13.0 

Am-FBP-HMeOH 12.70 ± 1.07 17.4 ± 1.4 10.9 ± 0.9 

Sep-FBP-HMeOH 56.68 ± 12.44 4.0 ± 0.9 2.5 ± 0.6 
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60  EC50 ABTS Amberlite 

XAD-7 Sephadex  LH-20  

 

3.7.3.2.  FRAP  

Amberlite XAD-7 Sephadex  LH-20 

FRAP 25 

 

25 FRAP values   Amberlite XAD-7 

Sephadex  LH-20 [mean ± SD (n = 3)] 

FRAP values  

(mmol Fe
2+

/g extract) 

FRAP values  

(mmol Fe
2+

/g extract) 

FBP-MeOH 0.152 ± 0.007 FBP-HMeOH 0.949 ± 0.015 

Am-FBP-MeOH 0.217 ± 0.026 Am-FBP-HMeOH 0.145 ± 0.009 

Sep-FBP-MeOH 0.021 ± 0.001 Sep-FBP-HMeOH 0.039 ± 0.004 
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61 FRAP values  Amberlite XAD-7 

Sephadex  LH-20 

 

3.7.4.   

Amberlite XAD-7 Sephadex  LH-20 

Folin-Ciocalteu method 26 

 

26 Gallic acid equivalent (GAE) (mg/g extract)

Amberlite XAD-7 Sephadex  LH-20 [mean ± SD (n = 3)] 

 

Gallic acid equivalent (GAE) 

(mg/g extract) 

Gallic acid equivalent (GAE) 

(mg/g extract) 

FBP-MeOH 16.7 ± 1.7 FBP-HMeOH 57.5 ± 1.0 

Am-FBP-MeOH 19.5 ± 0.7 Am-FBP-HMeOH 10.9 ± 0.3 

Sep-FBP-MeOH 3.5 ± 0.2 Sep-FBP-HMeOH 7.2 ± 0.3 
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62 Gallic acid equivalent (GAE) (mg/g exctrat)

Amberlite XAD-7 Sephadex  LH-20 

 

3.7.5  

Amberlite XAD-7 Sephadex  LH-20 

 27 

27   (mg/g extract )                 

pelargonidin-3-glucoside (PGD-3-glu)(mg/L)  malvidin-

3,5-diglucoside(Mvd-3,5-diglu)[mean ± SD (n = 3)] 

-  

(mg/L) 

 

(PGD-3-glu mg/g      

extract ) 

 

(Mvd-3,5-deglu mg/g    

extract ) 

FBP-MeOH 35.41 ± 0.18 32.27 ± 0.16 29.01 ± 0.14 

Am -FBP-MeOH 24.37 ± 0.18 22.70 ± 0.17 20.41 ± 0.15 

Sep-FBP-MeOH-1 11.86 ± 0.14 0.91 ± 0.01 0.82 ± 0.010 

Sep-FBP-MeOH-2 0.34 ± 0.16 0.34 ± 0.16 0.30 ± 0.15 

FBP-HMeOH 16.11 ± 0.08 33.37 ± 0.16 30.00 ± 0.14 

Am-FBP-HMeOH 18.75 ± 0.20 17.71 ± 0.19 15.93 ± 0.17 

Sep-FBP-HMeOH-1 - - - 

Sep-FBP-HMeOH-2 23.15 ± 0.05 445.26 ± 0.95 400.32 ± 0.85 
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63  (mg PGD-3-glu /g extract) 

Amberlite XAD-7 Sephadex  LH-20 

 

Amberlite XAD-7 Sephadex LH-20 

DPPH  ABTS  

 FRAP  0.1% HCl   EC50 ( DPPH 

ABTS) < Amberlite XAD-7  < 

Sephadex LH-20 FRAP values  > Amberlite 

XAD-7  > Sephadex LH-20 

EC50 ( DPPH ABTS)

Amberlite XAD-7  < Sephadex LH-20  FRAP values  

Amberlite XAD-7 > > Sephadex LH-20  

FRAP values 

( 59  60 61)   

0.1% HCl GAE  > 
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Amberlite XAD-7  > Sephadex LH-20 

  GAE 

Amberlite XAD-7  > Sephadex LH-20  ( 62) -

 

> Amberlite XAD-7 > Sephadex LH-20 fraction 10  28 

( ) > Sephadex LH-20 fraction 29  90 ( )  

0.1%HCl Sephadex LH-

20 fraction 32  89 ( ) > > Amberlite XAD-7 > 

Sephadex LH-20 fraction 12  31 ( ) ( 63) 

 

  

 



 

4 

 

 

3 

2 

0.1 % HCl

DPPH   ABTS   FRAP assay 

 Folin-Ciocalteu reagent -

pH-differential   

1. 

( 7 8) 

3     

 

2. 2 

0.1% HCl 0.1 % HCl 

( 7 8) 3 

0.1 % HCl 

( Venkateswarlu 1952 : 434-

435) (Chiriboga 

and Francis 1970 : 233-234 ; Bronnum-Hansen  et al. 1985 : 703-704) 

 

0.1  % HCl 
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28  

  

( ) 

 

( 0.1%HCl ) 

    

 

 

 

 

 

 

5.93 

9.57 

13.70 

 

3.18 

6.25 

11.49 

 

12.98 

14.03 

18.67 

 

9.66 

11.69 

17.60 

 

 

 

 

 

 

9.65 

10.73 

11.49 

 

6.55 

4.99 

5.94 

 

16.55 

16.90 

17.58 

 

13.38 

11.76 

12.12 

 

3. 

0.1% HCl 

 ( 28)  

DPPH   ABTS FRAP   

( 29,  30,  31 32) 

  

(Hopkins 2004 : 296-297, 508-510 ; Anderson and Markham 2006 : 423) 

(Jongen 2002)
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4. 

3 ( 28)  

 DPPH   ABTS FRAP                      

( 29,  30,  31,  32 33)  

0.1% HCl 

( Seymour 1993 : 189-221)  0.1% HCl 

 

-
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30  FRAP values [ mean ±SD (n=3)]  

 FRAP values 

(mmol Fe
2+

/g extract) 

  

 0.1% HCl     

 

 0.1% HCl     

 

 

 

 

 

 

 

0.232 ± 0.012 

0.199 ± 0.004 

0.152 ± 0.007 

 

0.342 ± 0.007 

0.149 ± 0.005 

0.949 ± 0.015 

 

0.393 ± 0.053 

0.242 ± 0.005 

0.127 ± 0.006 

 

0.128 ± 0.023 

0.101 ± 0.006 

0.054 ± 0.004 

 

 

 

 

 

 

5.76 ± 0.43 

3.27 ± 0.18 

3.76 ± 0.09 

 

 

6.16 ± 0.36 

5.40 ± 0.47 

4.55 ± 0.18 

 

5.73 ± 0.05 

4.37 ± 0.17 

3.50 ± 0.33 

 

 

6.18 ± 0.48 

4.97 ± 0.22 

4.57 ± 0.20 
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31  

[ mean ±SD (n=3)]  

  

( gallic acid mg/g extract) 

  

 0.1% HCl      

 

 0.1% HCl      

 

 

 

 

 

 

25.0 ± 2.2 

24.4 ± 3.8 

16.7 ± 1.7 

 

27.2 ± 2.4 

7.24 ± 0.4 

57.5 ± 1.0 

 

38.1 ± 0.7 

24.0 ± 0.5 

14.9 ± 0.5 

 

16.2 ± 0.4 

10.8 ± 0.3 

7.2 ± 0.6 

 

 

 

 

 

 

321.0 ± 9.8 

174.6 ± 31.9 

193.8 ± 20.9 

 

 

355.4 ± 14.4 

295.9 ± 27.5 

269.3 ± 18.1 

 

323.5 ± 13.3 

297.9 ± 22.2 

188.5 ± 13.3 

 

 

392.6 ± 18.4 

321.3 ± 12.9 

293.6 ± 21.8 
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5.  

( ) 2 radical 

scavenging method ( DPPH  ABTS)  reducing power method (FRAP assay)                    

 radical scavenging method

2 DPPH assay ABTS assay  

DPPH  nitrogen radical 

generate radical  DPPH (

) 515 nm 

(hydrophobic antioxidant) 

(hydrophilic antioxidant) 

DPPH  

DPPH  

 (Arnao 2000 : 419)    ABTS  cation 

radical generate radical peroxidase  

potassium persulfate ABTS
+

30 pH   ABTS
+

(hydrophobic antioxidant) ( hydrophilic 

antioxidant)   ABTS
+

414  752 842 nm 414  730 873 nm  

734 nm 

overlap (Arnao 2000 : 419) 

reducing power method 

FRAP  FRAP values FRAP 

values FRAP 

Ferroin analog  (Fe
3+

 complex tripyridyltriazine Fe(TPTZ)
3+

) 

Fe
2+

 complex  (pH 3.6) 
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complex 593 nm  reducing 

power degree of hydroxylation extent of conjugation 

radical (Robards et al. 2002 : 183 ; Perkampus 1991 : 1139 ; Benzie and Strain 1996 : 70-76 ; 

Pulido et al. 2000 : 3396-3398)  

Folin Ciocalteu method 

reducing power 

Mo(VI) Mo(V) Gallic acid equivalent  

gallic acid  pH 10  

Vitamin C  Cu(I)  

( Huang et al. 2005 : 1841-1845 ; 

Folin and Ciocalteu 1927 : 627 ; Singleton and Rossi 1965 : 144-158)     

pH 

differential 520 700 nm 

pH 1.0 4.5 520 nm -

700 nm 

pH pH 

1.0  pH Flavylium cation 

 pH 4.5 pseudobase 

520 nm ( Wrolstad 1967 : 621) 

pelargonidin-3-glucoside (PGD-3-glu) malvidin-

3,5-diglucosid (Mvd-3,5-diglu)  

3 delphinidin-diglucoside  petunidin-diglucoside malvidin-diglucoside 

HPLC-ESI-MS (Neelwarne et al. 2007 : 619)
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( )  

33 ( 0.1% HCl ) 

6. 3 ( DPPH ABTS 

FRAP ) 

( -

)   

0.1% HCl 33.37 mg/g 

extract  GAE 57.5 mg gallic acid/ g extract FRAP values 

0.949 mmol/ g extract  EC50  1.44 mg/mL ( ABTS) EC50 1.36 mg/mL ( DPPH)  

GAE 21.2 mg gallic acid/ g extract FRAP values 0.342 

mmol/ g extract  EC50  3.16 mg/mL ( ABTS) EC50 2.97 mg/mL ( DPPH)

 

   

(

) Amberlite XAD-7 

 Sephadex LH-20 

Amberlite XAD-7 Amberlite XAD-

7 Sephadex LH-20 -

3 

delphinidin-diglucoside  petunidin-diglucoside malvidin-diglucoside HPLC-

ESI-MS (Neelwarne et al. 2007 : 619)  

( DPPH  ABTS FRAP  )

( 34)  
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Southon and  

Faulks  (2002 : 5-22) Vinson et al. (2001 : 5315-5321) 

Stintzing et al. (2002 : 6172-6181) 
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DPPH 

 %Remaining DPPH   Trolox equivalent antioxidant capacity (TEAC) 

Vitamin C Equivalent  antioxidant capacity (VCEAC) 

 

%Remaining DPPH  

trolox  0.104 mg/mL  

515 nm = 0.87539  Abs control = 1.3171 

  

  %Remaining DPPH  =  (Abs sample / Abs control) x 100 

     =  (0.87539 / 1.3171) x 100 

     = 66.46  

   

Trolox equivalent antioxidant capacity (TEAC)    

Trolox equivalent antioxidant capacity (TEAC) 

 EC50  Trolox EC50  EC50 Trolox = 0.154 

(mg/mL) EC50 (FBS-HMeOH)  =  0.233 mg/mL  

 

  0.233  mg   equivalent     Trolox  0.154 mg  

  1       g     equivalent      Trolox   

 

                                                                           equivalent      Trolox    =   0.661   g 

         =    661    mg/g extract 

 

  Trolox equivalent 661  mg/g extract 
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 Vitamin C Equivalent  antioxidant capacity (VCEAC) 

Vitamin C equivalent antioxidant capacity (VCEAC) 

 EC50  Vitamin C EC50  EC50  Vitamin C = 

0.121 (mg/mL) EC50 (FBS-HMeOH)  =  0.233 mg/mL   

 

 0.233  mg   equivalent      Vitamin C  0.121 mg  

            1       g      equivalent      Vitamin C     

 

          

                    equivalent      Vitamin C    =   0.519    g 

                             = 519       mg/g extract 

 

 VCEAC  519 mg/g extract 

 

 

ABTS 

 % Remaining  ABTS
+
 Trolox equivalent antioxidant capacity (TEAC) 

Vitamin C Equivalent  antioxidant capacity (VCEAC)  

 

% Remaining  ABTS
+
 

(DPP-MeOH) 3.00  mg/mL  

734 nm = 0.3138  Abs control = 0.7121 

 

  %Remaining ABTS  = (Abs sample / Abs control) x 100 

     =  (0.3138 / 0.7121) x 100 

     = 44.07    

 

Trolox equivalent antioxidant capacity (TEAC) 

Trolox equivalent  antioxidant capacity (TEAC) 

 EC50 Trolox EC50 EC50  Trolox = 0.149 

(mg/mL) EC50 (DPP-MeOH)  =  2.72 mg/mL  
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 2.72  mg   equivalent     Trolox  0.149 mg  

      1       g     equivalent      Trolox   

 

 

equivalent     Trolox   = 0.0548 g  

    = 54.8 mg/g extract 

 

 TEAC 54.8 mg/g extract 

 

Vitamin C equivalent  antioxidant capacity (VCEAC) 

 Vitamin C equivalent antioxidant capacity  (VCEAC) 

EC50 Vitamin C EC50  EC50  Vitamin C = 

0.138 (mg/mL) EC50  (DPP-MeOH) = 2.72 mg/mL 

 

 2.72  mg   equivalent     Vitamin C  0.138 mg  

      1       g     equivalent      Vitamin C   

 

 

equivalent     Vitamin C   = 0.0507 g 

             = 50.7 mg/g extract 

 

 VCEAC  50.7 mg/g extract 
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FRAP 

FeSO
4
.7H

2
O   FRAP values  

 

FeSO
4
.7H

2
O  

46 FeSO4.7H2O  

  y  =  1.081x + 0.026 

  y  =  Abs   Abs control 593 nm 

  x  =  FeSO4.7H2O (mM) 

 

 (FBP-MeOH) 

5.01 mg/mL (A593Sam  A593Con)  0.8513  

  y   =   1.081x + 0.026 

  0.8513 = 1.081x  +  0.026     

  x =  

 

  x = 0.763 mM   

 

FRAP values 

FRAP values  mmol equivalent Fe(II)/L g/L 

 (FBP-MeOH) 5.01 g/L  FeSO4.7H2O 

0.763 mM 0.763 mmol/L              

5.01 g FRAP values 0.763  mmol 

   1     g FRAP values    

           

        = 0.152  mmol 

 

 FRAP values    0.152  mmol/g extract 
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Folin-Ciocalteu method 

Gallic acid  Gallic acid equivalent (GAE)  

Gallic acid  

50 Gallic acid  

  y  =  10.40x - 0.038 

  y  =  760 nm 

  x  =  Gallic acid (mg/mL) 

(DBP-MeOH) 

6.00 mg/mL  0.89756  

  y    =   10.40x - 0.038 

  0.89756  = 10.40x - 0.038   

  x  = ( 0.89756 + 0.038 ) 

            10.40 

  x  = 0.0900 mg/mL 

 

Gallic acid equivalent (GAE) (mg/g exctrat) 

(DBP-MeOH) 6.00 mg/mL  Gallic acid  0.0900   

mg/mL 

  

6.00 mg Gallic acid equivalent 0.0900   mg 

     1      g Gallic acid equivalent   

           

         = 15.0 mg  

 Gallic acid equivalent  15.0  mg /g extract 
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pH differential 

(mg / g extract )

pelargonidin-3-glucoside (PGD-3-glu)  

 

pelargonidin-3-glucoside 

(PGD-3-glu)  

Anthocyanin pelargonidin-3-glucoside (PGD-3-glu)  

  Absorbance(A)  = (A520pH1  A700pH1)  (A520pH4.5  A700pH4.5) 

 

 Total Anthocyanin(mg/L) = (A/22400
a
)(433.2

b
)(5

c
)(10

3
)  

 

   10
3
 = conversion factor 

    a = molar extinction coefficient of PGD-3-glu 

    b = PGD-3-glu molecular  weight 

    c = dilution  factor 

pelargonidin-3-glucoside (PGD-

3-glu) FBP-MeOH  

  Absorbance(A)  = (A520pH1  A700pH1)  (A520pH4.5  A700pH4.5) 

 

  Absorbance(A)  = (0.4068  0.0322)  (0.0159  0.0077) 

     = 0.3664 

  

(mg/L) = (A/22400
a
)(433.2

b
)(5

c
)(10

3
) 

           

     = (0.3664 / 22400)  x 433.2 x 5 x 1000 

     = 35.43 mg/L 

 malvidin-3,5-

diglucoside(Mvd-3,5-diglu) molar extinction coefficient 37,700 molecular  

weight 655.5 PGD-3-glu 
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(mg / g extract ) 

 FBP-MeOH  35.43 mg / L 

20 1.0975 g/10.00 mL 

  35.43 x 20  mg / L = 708.6 mg/L 

 

1000  mL    708.6 mg 

5.00  mL    708.6 mg x 5.00 mL 

         1000 mL 

        = 3.543  mg 

 

 1.00  mL   3.543 mg 

 10.00  mL   3.543 mg x 10.00 mL 

                                                                                                                1.00mL 

        = 35.43  mg 

  

 1.0975   g    35.43 mg 

 1.0000   g    35.43 mg x 1.000  g 

                                                                                                                      1.0975  g 

        = 32.28  mg 

 

(FBP-MeOH)  32.28 mg 

(PGD-3-glu) / g extract  29.01 mg(Mvd-3,5-diglu) / g extract  
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