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                    In this study, the antioxidant activities of ginger extracted by acetone : methanol : 

water (7:7:6 v/v) and ginger infusion in the temperature range of  40-80
º
 C were evaluated by 

cyclic voltammetry (CV) in parallel with 2,2’-azino-bis(3-ethylbenzothizoline-6-sulfonic acid) 

cation radical-scavenging assay (ABTS assay). Total phenolic compounds were determined by 

Folin-Denis assay. Flow injection-electrochemical detection (FI-ECD) was developed to 

determine antioxidant activity based on electrochemical behavior of ABTS reagent.  The 

antioxidant activities from all assays were expressed as gallic acid equivalent (GAE) in mg/ dried 

weight sample. Ginger rhizome flesh extracted with acetone: methanol: water (7:7:6 v/v) was

found to have higher antioxidant activity than its peel. Ginger infusions by open system

preparation resulted in about 1-4 times lower antioxidant activities than the close system

preparation from all methods. No significant difference between the mean values of the 

antioxidant activity in GAE unit was found at infusion temperatures 50, 60, 70
o
C but the GAE 

value decreased at 40 and 80
o
C of ginger infusions by the open system preparation. The highest

antioxidant activities of ginger infusion by the close system preparation were found at 70 and 

80
o
C. From this study the cyclic voltammetry and FI-ECD were found to be the promising 

alternative methods for antioxidant activity analysis.            
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1.1  (free radical) 

[1]

1

(reactive species, RS)

A:B A    +   B

A e
-

A
-

A  A
+

e
-

1



Reactive oxygen species ROS,RS

Superoxide, O2

-
                        Hydrogent peroxide, H2O2

Hydroxyl, O                                                       Hypobromous acid, HOBr

Hydroperoxyl, HO2                                              Hypochlorous acid, HOCl

                                                                                 Ozone, O3

Peroxyl, RO2                                                         Singlet oxygen O2

1

Alkoxyl, RO                                                           Organic peroxide, ROOH

Carbonate, CO3

-
                                                     Peroxynitrite, ONOO

-

Carbon dioxide, CO2

-
                                             Peroxynitrous acid, ONOOH

Reactive  nitrogen species RNS

Nitric oxide, NO
                                                                                       

Nitrous acid, HNO2

Nitrogen dioxide, NO2                             Nitroxyl cation, NO
+

                                                                                 Nitroxyl anion, NO
-

                                                                                Dinitrogen tetroxide, N2O4

                                                                                 Dinitrogen trioxide, N2O3

                                                                                 Peroxynitrite, ONOO
-

                                                                                 Peroxylnitrous acid, ONOOH

                                                                                 Nitronuim (nitryl) cation, NO2

+

                                                                                 Alkyl peroxynitrites, ROONO               

Reactive  chlorine species RCS

Atomic chlorine, Cl                                                 Hypochlorous acid, HOCl

                                                                                 Nitryl (nitronium) chloride, NO2Cl

                                                                                Chloramines 

                                                                                 Chlorine gas (Cl2)



O2

-
OH

ONOO
-

reactive

species, RS

1.

2.

3.

4.

5. Neurotoxin

6. Ischemia / Reperfusion, I/R

7.



Oxidative stress

  

SOD

GPx

2 Metal chelator

OH

3.

1.2

polyphenol

phenolic compound ,

phenolic acid, phenylpropanoid flavonoid

lignin, melanin, tannin

phenolic compound aromatic

secondary metabolites 

phenolic acid flavonoid

Polyphenol [2] 3 phenolic acid, flavonoid stilbenes

lignan



Phenolic acid cinnamic acid 

cinnamic acid 1(A) cinnamic acid caffeic acid 

1 (B) ester quinic acid chlorogenic acid (5-

caffeoylquinic acid) 

(A)                                                       (B)

HOOC 6
5

4
3

2

                       

1 (A) cinnamic acid  (B) caffeic acid

Flavonoid flavonoids

flavan -

chroman benzopyran

(A) flavonoid  (B)

(A)

O
1

3

5

6

7

4

2

8
1'

2'

3'

4'

5'

6'

Chroman structure

A

B

C

                                        (B)

(A)  (B) (+)-catechin

polyphenol

polyphenol polyphenol

[3]

chelating agent

O

OH

OH

HO

OH

OH



chain breaking lipid

alkoxyl  peroxyl radicals 

(1)

AH = phenolic compound , RO ROO  = 

regenerate -tocopherol -tocopheroxyl

-tocopherol antioxidant

-tocopheryl-OH  + R -tocopheryl-O  + RH

-tocopheryl-O Flavonoid-OH -tocopheryl-OH  + Flavonoid- O       (3)

1.3 [4]

Zingiber officinale Roscoe  Zingiberaceae 

Ginger , , ,

( , , , , , ,

1

3



[5, 6] 

                                                                                                                                      



1.3.1

Ali [7]

volatile oil monoterpenoids ( -phellandrene, (+)-

camphene, cineole geraniol, curcumene, citral, terpineol, borneol)  sesquiterpenoids ( -

zingiberene (30-70%), -sesquiphellandrene (15-20%), -bisabolene (10-15%), (E-E)- -

farnesene, arcurcumene, zingiberol) non-volatiles

gingerols, shogaols paradols

gingerols 6-, 8- 10 gingerol 75, 8  11% 

[8, 9] gingerols shogaols

[10]





1.3.2 antioxidant activity 

2000 Mansour [11] antioxidant activity freeze-dried

extracts fenugreek seed lipid oxidation

spectrophotometry antioxidant activity 

pH antioxidant activity 

pH 7.0 pH  antioxidant activity pH 5-6

pH



antioxidant activity 60
o
C  fenugreek seed

 antioxidant activity 80
o
C

. . 2003 Yizhong [12]

antioxidation activity ABTS assay trolox

equivalent antioxidant capacity (TEAC) total phenolic compounds  Folin-

Ciocaltue colorimetry TEAC total phenolic compounds

46.7-17,323 µmol trolox equivalent/ 100 g dry weight 0.22-

50.3 g of gallic acid equivalent/ 100 g total phenolic compounds

phenolic acid, flavonoid, tannins, coumarins, lignans, quinines, 

stilbenes curcuminoids

total phenolic compounds

. . 2005 Stoilova [13] antioxidation activity 

CO2 antioxidation activity 3 DPPH assay 

lipid peroxidation linoleic acid model system

conjugated dienes formation thiobarbituric acid reactive substances (TBARS)

hydroxyl radicals deoxyribose assay total phenolic compounds

Folin-Ciocalteu total phenolic compounds

DPPH radical 

antioxidation activity butylated hydroxytoluene (BHT)

lipid peroxidation 37 C  80 C

2  

hydroxyl radical quercetin 37 C  80 C

2005 Chanwitheesuk [14] antioxidant activity 

-carotene bleaching method

 antioxidant activity

vitamin C, vitamin E, total carotenes, total xanthophylls, 

tannins total  phenolics antioxidant activity



1.4 voltammetry

4.1 Cyclic voltammetry (CV) [15]

Cyclic voltammetry (CV) 

positive scan negative scan oxidation

reduction  cyclic 

voltammogram initial potential (Ei), initial sweep direction, sweep rate (v),  switching 

potential (E ) final potential (Ef) potential excitation signal response signal 

cyclic voltammogram CV

(working electrode) ( reference electrode) 

(counter electrode) 

 Potential waveform cyclic voltammetry



 Response signal voltammogram cyclic voltammetry

cyclic voltammetry

cyclic voltammogrm 

-   Initial potential, Ei

-   Initial sweep direction



-   Sweep rate, v = 
dt

dE

-   Switching potential, E

-   Final potential, Ef

scan rate, v :

0 < t < E = Ei – vt   (4)

t E = Ei – 2vt + vt

E forward scan reverse scan

I    =    If   +   Ic   (5)

     =     If   +   ACd
dt

dE
=    If   +   ACdv (6)

If faradaic current  v 
½

Ic charging current  v

scan rate (v)  Ic  Ic  v faradaic current 

charging current 

O + ne R

(diffusion)

                                 nFACi
1/2

00                                            (7) 

A = C0 =

D0 = diffusion coefficient (subscript O P

oxidized form reduced form)

v
RT

nF
                                                             (8)

E)(E
RT

nF
i                                                     (9)

(5)

functionCurrent

Di/nFAC 1/21/2

00

(7)-(9) Randles-Sevcik [15]

                              ip =  (2.69 x 10
5
)n

3/2
AD0

1/2
 C0v

1/2
                                                    (10)

n = the number of moles of electrons transferred in the reaction



A = the area of the electrode (cm
2
)

v = scan rate (Vs
-1

)

cyclic voltammogram 

-
1/2

pa  vi

- Ep scan rate

- mv
n

56.6
EE p/2p

- mv
n

57.0
EE pcpap

- 1
i

i

pc

pa

1.4.2 Chronoamperometry [16]

Amperometry voltammetry

Chronoamperometry

3 cyclic voltammetry potential excitation 

9 chronoamperogram

Potential excitation signal chronoamperometry



Response signal  (chronoamperogram) chronoamperometry

1.4.3 Voltammetry

 voltammetry square wave voltammetry [17, 18], cyclic volyammetry [9, 

19, 20,21], differential pulse voltammetry [21] amperometry [22] 

antioxidant capacity

(working electrode) 

polarization

 peak 

diffusion limited 

antioxidant reducing agent

(oxidation potential) antioxidant

capacity

Kilmartin (2001) [19] oxidation inert electrode 

phenolic antioxidant 11

                                                                                             

                                                                                                                                                  (11)

R reductant (antioxidant)

       O product of oxidation,  oxidant

R O+2H+2e



R O pH

Nernst equation (n = 2)

[O]

[R]
log29

(O)

(R)
log

2

59
59pH

)(O)(H

(R)
In

2

E

EE

nF

RT
EE

(12)

(R) O) = activities reduced form oxidized form

[R] [O] = reduce form oxidized form

n = , R = 8.314 J/mol K, T = 298 K, F = 96,487 C/mol 

E = formal potential (Epa+ Ep/2)/2 cyclic voltammogram Epa = anodic 

peak potential, Ep/2 = half-peak potential

1.4.4 gallic acid

1998  Gunckel  [23]  gallic acid 

( ) glassy carbon 

cyclic voltammetry hydrodynamic voltammetry gallic acid 

2

pH

pH 2 gallic acid oxidation



gallic acid  Gunckel  [24]

Mu  [24] oxidation polyaniline film 

gallic acid cyclic voltammetry M phosphate buffer pH 5.0 -6.6 

oxidation hydroxyl  double bond gallic acid

 13 Epa gallic acid pH

HO OH

OH

COOH

O OH

O

-2e-, 2H+

COOH

                           (13)

COOR

OH

OH

HO



1.5 2,2’-Azino-bis(3-ethylbenzothizoline-6-sulfonic acid) cation  radical -scavenging assay 

: (ABTS assay) [25]

ABTS assay  reagent  

, ’-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)

ABTS 12  stable radical 

415, 648, 734, 812 nm

 2,2’-Azino-bis (3-ethylbenzothiazoline-6-sulfonicacid) ABTS)

ABTS
+

radical

peroxidase, myoglobin  ABTS
+

radical

manganese dioxide, potassium persulfate hydrogen peroxide 

peroxidase 2004 Erel [26] ABTS
+

radical hydrogen peroxide ABTS
+

radical

[27]

ABTS  assay  

ABTS
+

radical

50% effective concentration (EC50)

ABTS
+

radical 50%

  gallic  acid 

GAE (gallic acid equivalent) trolox  TEAC (trolox equivalent antioxidant capacity)



ABTS
+

radical ABTS
2+

ABTS

ABTS assay 

reproducibility

ABTS
+

radical ABTS
+

radical



1.6 Folin-Denis assay [28]

Folin-Denis Assay Total  phenolic compounds  

phosphomolybdic-phosphotungstic  acid  (Folin – Denis  

reagent) NaHCO3 Mo(VI) phenolic

compounds Folin – Denis  reagent 

phenolic compound 4-15 reduction Mo(VI)

Mo(V) nm

                               Na2WO4 / Na2MoO4     (phenol-MoW11O40)
-4
                                  (14)

                              Mo(VI) (yellow) + e
-

       Mo(V) (blue)                                               (15)

Total phenolic compounds Association of Analytical Communities (AOAC)  

method

Folin-Denis assay 

, aromatic, amine, 

sulfur dioxide ascorbic acid 



1.7 Flow injection analysis (FIA) [29]

Flow injection analysis

carrier dispersed sample zone  flow cell detector

absorbance, electrode potential physical parameter 

FIA analyzer (a)  pump peristatic pump ,

injection device ( valve magnetic valve ), mixing coil flow-through

detector (b)

microlitre Flow injection analysis , ,

 Detector Flow injection analysis

Detector Technique

Spectrophotometry

Atomic absorption Spectrophotometry

Inductively Coupled Plasma atomic emission 

Nephelometry

Fluorescence Spectrophotometry

Chemiluminiscence

Potentiometry

Voltammetry, polarography

Conductometry

Coulometry

Gas diffusion

Dialysis

Solvent extraction

Titration

Reaction rate measurement by stopped flow

Stopped flow

Merging zone

Scanning methods

Process control and monitoring



(a) Single line flow injection analyzer, (b) Recorder output 

S = sample injection, T = residence time, H = peak height, W = waste, F.C. = flow 

cell R = reagent 

Flow injection analysis 

2005 Tang [30] flow

injection spectrofluorimetry hydroxyl radical H2O2

Co
2+

HO sodium terepthalate HO sodium 2-hydroxyterepthalate 

aromatic hydroxylation fluorescence intensity 

HO antioxidant activity natural food 

walnut, , ,



2005 Blasco [31]  total phenol fresh apple, 

fresh pear, wines, apple/pear juices green beans flow injection detector

electrochemical detector Folin-Ciocaltue  

Blasco polyphenol glassy carbon 

total phenol 

electrochemical index catechin

2007 Milardovic [32] antioxidant capacity 

electrochemical interdigitated electrode IDE flow

injection biamperometry  ABTS
+

radical/ABTS

 phosphate buffer pH 7.4  ABTS
+

radical

peroxidase  tubular flow-through reactor antioxidant capacity Trolox

IDE detector 0.3 nA/ µM Trolox

20-500 µM Trolox

1 8

antioxidant activity 

cyclic voltammetry (CV) ABTS radical -

scavenging assay total phenolic compounds Folin-Denis  assay 

antioxidant activity Flow Injection-Electrochemical 

Detection (FI-ECD) 
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2.1

1. Autolab Eco Chemie  PGSTAT 30 GPES

4.9 for window version 98

2. Working electrode ( ) Glassy carbon electrode (GCE) 

  3  mm.

3. Reference electrode ( )  Ag/AgCl electrode 

4. Auxiliary electrode ( )  Platinum wire electrode (Pt wire)

5. Alumina  Metrohm 

6. pH (pH meter) Mettler Delta 320  pH glass membrane 

combined

7.  4 Mettler Toledo

8. Rotary evaporator  BUCHI Rotavapor 114  

9. Lambda 35 UV/Vis spectrometer (Perkin Elmer instrument) 

10. U-3300 Spectrophotometer (HITACHI) 

11. RC-5  super speed  refrigerated  centrifuge

12. (Vortex)

13.  (Hot plate) (Magnetic stirrer) 

(Magnetic bar) 

14. Micropipettes  5-50, 50-200   200-1000 L

15. (Measuring pipettes) (Volumetric  pipettes) 

16. (Beaker)

17. (Volumetric flask)

18. Thermometer 0-100 C

19. Whatman
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20. Quartz cell 

21.  Panasonic

22. 32 x 32 mesh

23. (water bath)

2.2

3

2,2’-Azino-bis

(3-ethylbenzothiazoline-6-sulfonic acid)

Fluka puram

Acetic acid B.D.H Analytical  reagent

Aluminum oxide Fluka Puriss > 99.99%

Acetone B.D.H Analytical reagent

Ascorbic acid Aldrich 99% HPLC

Ammonia B.D.H Analytical reagent

Ammonium chloride Fluka puram

Disodium hydrogen phosphate Fluka purum

Ethanol

Ethyl acetate B.D.H Analytical reagent

Gallic  acid-1-hydrate SIGMA-ALDRICH 98% A.C.S. 

reagent

Hydrochloric acid Merck Pro analysis
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3 ( )

Methanol B.D.H Analytical reagent

Orthophosphoric  acid B.D.H Analytical reagent

Phosphomolybdic  acid  hydrate Riedel-deHaën Analytical reagent

Potassium  persulfate Fluka purum

Sodium dihydrogen phosphate Fluka purum

Sodium hydroxide Fluka purum

Sodium  tungstate  dihydrous  Fluka puriss

2.3

2.3.1 50 mM acetate buffer pH 4.5 

acetic acid 1.0 mL deionized  water

NaOH 1.2 g deionized  water 500 mL pH  4.5 

6 M CH3COOH 6 M NaOH

2.3.2  phosphate buffer pH7.0

Na2HPO4 15.46 g NaH2PO4 3.90 g

(flask) 3 L 3 L deionized  water  pH

7.0 6M HCl 6 M NaOH

2.3.3 50 mM ammonium  buffer pH 9.0

NH3 0.5 mL deionized water NH4Cl 0.85 g

deionized water (flask)

500 mL pH 9.0
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. 2551

60
O
C 7

32 x 32 mesh



3.1

    3.1.1 Acetone: Methanol: H
2
O

1 g Acetone : 

Methanol : Water ( 7:7:6 20 mL 

rpm supernatant residue

residue 3 60 mL supernatant

60 mL 

3.1.2

1.

2.500 g   deionized water 

25 mL 40 C 30  hot plate 

25.00 mL 

4 C 50, 60, 70 80 C

3

2.

(volatile compound)

2.500 g   deionized water 

25 mL 40 C aluminium foil 

30

25.00 mL 4 C

50, 60, 70 80 C 5

29
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3.2  cyclic voltammetry (CV)

 antioxidant CV Autolab

PGSTAT 30 GPES for window version 4.9 3

glassy carbon electrode GCE 3 mm  Ag/AgCl (saturated KCl) 

platinum disk electrode 1 mm

3.2.1 GCE

1. GCE , alumina ( 1

m rinse  deionized water 

2. M NaHCO3 25 mL

nitrogen 3 oxygen

3.  cycling potential GCE

Start potential (V) : -1.3

First vertex potential (V) : 1.6

Second vertex potential (V) : -1.3

Scan rate (V/s) :   0.2

scan 10 rinse

deionized water GCE cyclic voltamogram 

15
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15 Cyclic voltammogram electrode pretreatment GCE cycling potential

M NaHCO3 10 

cyclic voltammogram  cyclic voltammogram 

6

3.2.2 supporting electrolytes pH cyclic voltammogram 

gallic acid 

 pretreatment GCE

3.1.1 2.00 mL supporting

electrolyte acetate buffer pH 4.5 25.00 mL cyclic

voltammogram

Start potential (V) : 0

First vertex potential (V) : 0.8

Second vertex potential (V) : 0

Scan rate (V/s) :  0.1

3 – supporting electrolyte

phosphate buffer pH 7.0 NH3/NH4Cl pH 9.0 
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4 analysis peak search Ep ip

16 4

5. 1-4 gallic

acis 0.04 mM 17 5

16 Cyclic voltammograms  supporting electrolyte acetate buffer 

pH 4.5,  phosphate buffer pH 7.0 NH3/NH4Cl  buffer   pH 9.0
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17  Cyclic voltammograms  supporting electrolyte gallic acid 0.04 

mM acetate buffer pH 4.5,  phosphate buffer pH 7.0 NH3/NH4Cl  buffer   pH 9.0

4 anodic peak potential (Epa) anodic peak current ( ipa )

1.67% (w/v)  supporting electrolyte 

Supporting electrolyte
Epa

(V vs Ag/AgCl)

ipa

( A)

Acetate buffer pH 4.5 0.568 3.818

Phosphate buffer pH 7.0 0.438 3.636

NH3/NH4Cl buffer pH 9 0.307 2.273
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5 anodic peak potential (Epa) anodic peak current ( ipa ) gallic

acid 0.40 mM  supporting electrolyte 

Supporting electrolyte
Epa

 (V vs Ag/AgCl)

ipa

( x 10
-5

A)

Acetate buffer pH 4.5 0.332 2.037

Phosphate buffer pH 7.0 0.282 1.172

NH3/NH4Cl buffer pH 9 0.161 1.409

16 17 pH electrolyte  anodic peak 

potential Epa oxidation

Kilmartin (2001)[19]

 anodic peak current  (ipa) pH

electrolyte  anodic peak current  (ipa)  phosphate  buffer 

pH reducing capacity 

phosphate buffer supporting electrolyte 

cyclic voltammetry 

3.2.3 voltammetric behavior 

antioxidant

antioxidant

activity gallic acid antioxidant

gallic acid 

anodic peak potential (Epa) 0.238 V Epa 0.438

V 18
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 18 Cyclic voltammogram   gallic acid  phosphate 

buffer pH 7.0

3.2.4 Calibration graph gallic acid cyclic

voltammetry (CV)

1.  pretreatment GCE 3.2.1

. cyclic voltammogram gallic acid , 0.10, 

0.20, 0.30, 0.40 mM phosphate buffer pH 7.0

Start potential (V) :           - 0.5

First vertex potential (V) :  0.8

Second vertex potential (V) : -0.5

Scan rate (V/s) :  0.1

3. analysis peak search anodic peak potential (Epa), anodic peak current   

( ipa ) 19 6

anodic peak current (ipa) gallic

acid 20
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19 Cyclic voltammogram gallic acid 

phosphate buffer pH 7.0

6 anodic peak current (ipa) gallic acid  phosphate buffer pH 

7.0

Conc. (mM)
ipa

(µA)

0.20 3.80

0.39 8.75

0.59 12.8

0.79 17.3

0.98 19.5
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y = 20.388x + 0.4012

R
2
= 0.9867

0

5

10

15

20

25

0 0.2 0.4 0.6 0.8 1 1.2

Concentration of gallic acid (mM)

Ip
a

20 anodic peak current (ipa ) gallic

acid  phosphate  buffer pH 7.0 cyclic voltammetry

calibration curve anodic peak current ipa ) 230 mV vs 

Ag/AgCl gallic acid calibration curve 

y = 20.388x + 0.4012 R
2
 = 0.9867

3.2.5 antioxidant activity CV

1.  pretreatment GCE 3.2.1

. 1-3.1.2 5.00 mL phosphate

buffer pH 7.0 mL cyclic voltammogram 

2.4 21-22

3. analysis peak search  anodic peak current ipa) 0.45 V vs 

Ag/AgCl 7 - 9

4. antioxidant activity gallic acid equivalent 

(GAE) mg/g dried sample 10 – 12
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21 Cyclic voltammogram Acetone:

Methanol: H2O

22 Cyclic voltammogram 
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22 ( Cyclic voltammogram 

7 anodic peak current (ipa)

Acetone: Methanol: H2O (n = 3)

ipa (µA)

4.46 4.51 4.47

4.96 6.54 6.18
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8 anodic peak current (ipa)

(n = 3)

ipa (µA)Infusion temperature

( C) 3

40 3.60 3.40 3.05

50 2.91 2.93 2.93

60 2.64 2.77 2.58

70 2.75 2.81 2.55

80 1.81 1.82 1.80

9  anodic peak current (ipa)

(n = 5)

ipa (µA)Infusion temperature

( C) 3 4 5

40 1.75 1.93 1.64 1.76 1.83

50 1.90 2.45 2.38 2.17 2.25

60 2.16 2.52 2.32 2.85 2.35

70 2.55 2.86 2.88 3.02 2.66

80 2.34 2.49 2.40 2.40 2.31

10  GAE Acetone: Methanol: H2O

(n = 3)

GAE (mg/g dried sample)

 3  SD

1.87 1.89 1.88 1.88  0.01

2.10 2.83 2.67 2.53  0.38
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11  GAE (n = 3)

GAE (mg/g  dried sample)Infusion temperature

 ( C)  SD

40 0.9479 0.7784 0.8240 0.850  0.088

50 0.4456 0.6009 0.6009 0.549  0.090

60 0.4186 0.6020 0.6651 0.562  0.128

70 0.3892 0.5987 0.6114 0.533  0.125

80 0.2116 0.2150 0.2011 0.209  0.007

12  GAE (n = 5)

GAE (mg/g  dried sample)Infusion

temperature

( C)
4 5  SD

40 0.623 0.704 0.573 0.625 0.660 0.637  0.049

50 0.693 0.945 0.913 0.817 0.855 0.844  0.098

60 0.811 0.978 0.886 1.128 0.900 0.941  0.120

70 0.992 1.137 1.144 1.210 1.043 1.105  0.087

80 0.895 0.966 0.923 0.920 0.879 0.916  0.033

Acetone: Methanol: H2O ( 7: 7: 6

) antioxidant activity antioxidant activity 

95 % antioxidant activity 40 C > antioxidant activity 50-70 C

> antioxidant activity  80 C

antioxidant activity   70 C antioxidant activity 

50, 60  80 C 95 40 C

antioxidant activity
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3.3 antioxidant activity 2,2’-Azino-bis (3-ethylbenzothizoline-6-sulfonic 

acid) cation radical -scavenging assay : (ABTS assay)

3 1

1. mM  ABTS  (2,2’-Azino-bis (3-ethylbenzothiazoline-6-sulfonic 

acid) diammonium salt  ) ABTS 0.0960 g deionized  water  

.00 mL

2. mM potassium persulfate potassium persulfate  g

deionized  water .00 mL

ABTS
+

 reagent 7  mM  ABTS  reagent  5  

mL mM  potassium  persulfate 88  µl  

 deionized  water  mL  ABTS
+

reagent Absorbance

0.70 ± 0.05 nm

4.

4.1 Acetone: Methanol: H2O

3.11 1.67% (w/v) 0.83%(w/v)

12.5 mL 25.00 mL

4.2

3.12 10% (w/v) 1%(w/v)

1.00  mL 10.00 mL 

3 3 kinetic behavior ABTS  assay

Spectrum - nm  ABTS
+

 reagent 

ABTS
+

 reagent gallic  acid 60 ppm

375 ppm 23 absorbance 0 nm

ABTS
+

 radical 

Kinetic curves ABTS
+

 reagent, ABTS
+

 reagent gallic  acid 

ABTS
+

 reagent Blank 24
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23   Spectrum ABTS
+

 reagent ABTS
+

 reagent 

24 Kinetic curve ABTS
+

 reagent ABTS
+

reagent
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23 730 nm

 Kinetic curves gallic acid ABTS
+

reagent

10 ABTS
+

 reagent absorbance

30 3

ABTS
+

reagent ABTS
+

radical

3.3  antioxidant  activity ABTS assay

gallic acid ABTS
+

 reagent 2.0 mL 

gallic acid 0.2 - 1.0 ppm

4 mL  3 absorbance

 730 nm  Blank  Control  ABTS

reagent  00 mL  2.00 mL

gallic acid 3.3.1

13

 % Remaining ABTS
+

2

100
Abs

Abs
ABTS%Remaining

control

sample
                  (2)

13 ABTS
+

 reagent ABTS assay

Ginger (µL) ABTS
+

(mL) H2O (mL)

Control 0 2.00 2.00

1 50 2.00 1.95

2 100 2.00 1.90

3 150 2.00 1.85

4 200 2.00 1.80

5 250 2.00 1.75
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Absorbance % Remaining ABTS
+

radical (%R)

gallic acid  14 % Remaining ABTS
+

radical (%R)

25 15 – 26 26 - 37

14 Absorbance % Remaining ABTS
+

radical gallic acid 

ABTS assay (n = 3)

Absorbance  % Remaining  ABTS
+

 (%R)

Gallic acid

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

Control 0.8160 - 0.8160 - 0.8160 -

0.20 0.7449 91.3 0.7205 88.3 0.7259 89.0

0.40 0.5760 70.6 0.5866 71.9 0.5860 71.8

0.60 0.4186 51.3 0.4116 50.4 0.4668 57.2

0.80 0.2886 35.4 0.2868 35.1 0.3156 38.7

1.00 0.2466 30.2 0.2355 28.9 0.2325 28.5
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25 % Remaining ABTS
+

radical  (%R)

gallic acid

EC50 gallic acid 3 0.643 ppm

gallic acid equivalent (GAE) mg/g dried 

sample

 15 Absorbance % Remaining ABTS
+

radical

Acetone: Methanol: H2O ABTS assay (n = 3)

Absorbance  % Remaining  ABTS
+

 (%R)

Sample conc.

 (ppm)

Abs. %R Abs. %R Abs. %R

control 0.7145 - 0.6982 - 0.7124 -

104 0.5648 79.0 0.5701 81.7 0.5658 79.4

208 0.4230 59.2 0.4324 61.9 0.4098 57.5

313 0.3356 47.0 0.3120 44.7 0.3041 42.7

417 0.1290 18.1 0.1199 17.2 0.0989 13.9

521 0.0331  4.6 0.0361   5.2 0.0298   4.2
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16 Absorbance % Remaining ABTS
+

radical

Acetone: Methanol: H2O ABTS assay (n = 3)

Absorbance  % Remaining  ABTS
+

 (%R)

Sample conc.

(ppm)

Abs. %R Abs. %R Abs. %R

control 0.7145 - 0.6983 - 0.6793 -

104 0.4373 61.2 0.4264 61.1 0.4153 61.1

208 0.3174 44.4 0.3068 43.9 0.2954 43.5

313 0.2200 30.8 0.2136 30.6 0.2026 29.8

417 0.1419 19.9 0.1330 19.0 0.1219 17.9

521 0.0464 6.5 0.0436 6.2 0.0419 6.2

17 Absorbance % Remaining ABTS
+

radical

   40 C ABTS assay (n = 3)

Absorbance  % Remaining  ABTS
+

 (%R)

Sample conc.

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

control 0.7366 - 0.7366 - 0.7366 -

50 0.5258 71.4 0.5256 71.3 0.5302 72.0

100 0.4903 66.6 0.4990 67.7 0.4831 65.6

200 0.4144 56.3 0.3936 53.4 0.4066 55.2

301 0.3434 46.6 0.3478 47.2 0.3545 48.1

401 0.7366 39.3 0.7366 40.0 0.7366 39.6
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18 Absorbance % Remaining ABTS
+

radical

50 C ABTS assay (n = 3)

Absorbance  % Remaining  ABTS
+

 (%R)

Sample conc.

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

control 0.7627 - 0.7627 - 0.7366 -

50 0.5411 70.9 0.5024 65.9 0.4960 67.3

100 0.4682 61.4 0.4767 62.5 0.4356 59.1

200 0.3648 47.8 0.3716 48.7 0.3329 45.2

300 0.2783 36.5 0.2818 36.9 0.2496 33.9

400 0.1878 24.6 0.1806 23.7 0.1719 23.3

19 Absorbance % Remaining ABTS
+

radical

60 C ABTS assay (n = 3)

Absorbance  % Remaining  ABTS
+

 (%R)

Sample conc.

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

control 0.7656 - 0.7627 - 0.7627 -

50 0.5564 72.7 0.5339 70.0 0.5397 70.8

100 0.5018 65.5 0.4765 62.5 0.4760 62.4

201 0.3760 49.1 0.3597 47.2 0.3630 47.6

301 0.3094 40.4 0.2709 35.5 0.2746 36.0

401 0.2265 29.6 0.1800 23.6 0.1932 25.3
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20 Absorbance % Remaining ABTS
+

radical

70 C ABTS assay (n = 3)

Absorbance  % Remaining  ABTS
+

 (%R)

Sample conc.

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

control 0.7656 - 0.7627 - 0.7627 -

50 0.5335 69.7 0.5366 70.3 0.5149 67.5

100 0.4810 62.8 0.4612 60.5 0.4598 60.3

200 0.3687 48.2 0.3393 44.5 0.3538 46.4

300 0.2890 37.8 0.2570 33.7 0.2635 34.5

400 0.1999 26.1 0.2036 26.7 0.1933 25.3

21 Absorbance % Remaining ABTS
+

radical

80 C ABTS assay (n = 3)

Absorbance  % Remaining  ABTS
+

 (%R)

Sample conc.

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

control 0.7656 - 0.7627 - 0.7627 -

50 0.6151 80.3 0.6015 78.9 0.6003 78.7

100 0.5630 73.5 0.5495 72.0 0.5551 72.8

200 0.4886 63.8 0.4764 62.5 0.4581 60.1

300 0.4295 56.1 0.4073 53.4 0.3918 51.4

400 0.3672 48.0 0.3140 41.2 0.3123 40.9
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 22 Absorbance % Remaining ABTS
+

radical

40 C ABTS assay (n = 5)

Absorbance  % Remaining  ABTS
+

 (%R)

Sample

conc.

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

control 0.8300 - 0.8758 - 0.8513 - 0.8283 - 0.8705 -

125 0.6645 80.1 0.7020 80.2 0.6768 79.5 0.7079 85.5 0.6389 73.4

250 0.5464 65.8 0.5287 60.4 0.5373 63.1 0.5703 68.9 0.4988 57.3

375 0.3735 45.0 0.4136 47.2 0.3946 46.4 0.3979 48.0 0.3613 41.5

500 0.2915 35.1 0.2433 27.8 0.2527 29.7 0.2866 34.6 0.2065 23.7

625 0.1887 22.7 0.1961 22.4 0.2016 23.7 0.2019 24.4 0.1690 19.4

23 Absorbance % Remaining ABTS
+

radical

50 C ABTS assay (n = 5)

Absorbance  % Remaining  ABTS
+

 (%R)

Sample

conc.

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

control 0.8300 - 0.8758 - 0.8513 - 0.8283 - 0.8705 -

125 0.6780 81.7 0.6698 76.5 0.6414 75.3 0.6690 80.8 0.6767 77.7

250 0.5069 61.1 0.5019 57.3 0.5307 62.3 0.4959 59.9 0.4969 57.1

375 0.3616 43.6 0.3584 40.9 0.3445 40.5 0.3557 42.9 0.3678 42.3

500 0.2353 28.3 0.1920 21.9 0.2557 30.0 0.2056 24.8 0.2292 26.3

625 0.1406 16.9 0.1275 14.6 0.1881 22.1 0.1559 18.8 0.1342 15.4
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 24 Absorbance % Remaining ABTS
+

radical

60 C ABTS assay (n = 5)

Absorbance  % Remaining  ABTS
+

 (%R)

Sample

conc.

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

control 0.8300 - 0.8758 - 0.8513 - 0.8283 - 0.8705 -

125 0.6588 79.4 0.6666 76.1 0.6387 75.0 0.6404 77.3 0.6426 73.8

250 0.5158 62.1 0.4836 55.2 0.5069 59.5 0.5631 68.0 0.4848 55.7

375 0.3691 44.5 0.3326 38.0 0.3041 35.7 0.4744 57.3 0.2855 32.8

500 0.2170 26.1 0.1704 19.5 0.1614 19.0 0.3284 39.6 0.1489 17.1

625 0.153 18.4 0.1023 11.7 0.0818 9.6 0.2582 31.2 0.0988 11.3

 25 Absorbance % Remaining ABTS
+

radical

70 C ABTS assay (n = 5)

Absorbance  % Remaining  ABTS
+

 (%R)

Sample

conc.

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

control 0.8300 - 0.8758 - 0.8513 - 0.8283 - 0.8705 -

125 0.6654 80.2 0.6528 74.5 0.6385 75.0 0.6658 80.4 0.5992 68.8

250 0.4819 58.1 0.4562 52.1 0.4397 51.7 0.5006 60.4 0.4499 51.7

375 0.2998 36.1 0.2895 33.1 0.2905 34.1 0.3276 39.6 0.2800 32.2

500 0.1610 19.4 0.1435 16.4 0.1727 20.3 0.2238 27.0 0.1434 16.5

625 0.0839 10.1 0.0792 9.0 0.1029 12.1 0.1411 17.0 0.1340 15.4
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26 Absorbance % Remaining ABTS
+

radical

80 C ABTS assay (n = 5)

Absorbance  % Remaining  ABTS
+

 (%R)

Sample

conc.

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

control 0.8300 - 0.8758 - 0.8513 - 0.8283 - 0.8705 -

125 0.6511 78.4 0.6501 74.2 0.6444 75.7 0.6167 74.5 0.6411 73.6

250 0.4701 56.6 0.3914 44.7 0.4894 57.5 0.4927 59.5 0.4709 54.1

375 0.3821 46.0 0.3237 37.0 0.2964 34.8 0.3361 40.6 0.3719 42.7

500 0.2269 27.3 0.1670 19.1 0.1759 20.7 0.2434 29.4 0.2119 24.3

625 0.1545 18.6 0.0951 10.9 0.1027 12.1 0.1613 19.5 0.1060 12.2

26 % Remaining ABTS
+

 radical (%R)

Acetone: Methanol: H2O
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27 % Remaining ABTS
+

radical (%R)

Acetone: Methanol: H2O

y = -0.093x + 75.613

R
2
= 0.9961
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y = -0.123x + 73.368

R
2
= 0.9967
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y = -0.1218x + 72.371

R
2
= 0.993
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3 % Remaining ABTS
+

 radical  (%R)

40 C

4 % Remaining ABTS
+

radical (%R)

50 C
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35 % Remaining ABTS
+

radical (%R)

60 C

36 % Remaining ABTS
+

radical (%R)

70 C



58

37 % Remaining ABTS
+

radical (%R)

80 C

EC50 Acetone: Methanol: H2O

27 - 29

27 EC50 Acetone: Methanol: H2O

ABTS assay (n = 3)

EC50 (ppm)

1 2 3 ± SD

177 175 172 175 ± 3

267 272 257 265 ± 8
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28 EC50 ABTS

assay n = 3)

EC50 (ppm)Infusion temperature

C) 1 2 3 ± SD

40 275 275 278 276 ± 2

50 196 190 176 187 ± 10

60 223 194 198 205 ± 16

70 201 187 184 191 ± 9

80 369 321 310 333 ± 31

29 EC50 ABTS

assay n = 5)

EC50 (ppm)Infusion temperature

C) 1 2 3 4 5 ± SD

40 365 350 348 379 305 349 ± 28

50 338 307 329 327 319 324 ± 12

60 334 294 294 419 279 324 ± 57

70 303 274 280 325 258 288 ± 28

80 329 267 294 320 302 302 ± 24

EC50 antioxidant activity EC50

gallic acid 0.643 ppm antioxidant activity gallic acid equivalent 

(GAE) GAE 0 - 32
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30 GAE Acetone: Methanol: H2O

ABTS assay (n = 3)

GAE  (mg/ g dried sample)

1 2 3 ± SD

3.63 3.68 3.73 3.68 ± 0.05

2.41 2.37 2.50 2.43 ± 0.07

 31 GAE ABTS

assay (n = 3)

GAE  (mg/ g dried sample)Infusion temperature

C) 1 2 3 ± SD

40 0.76 0.76 0.75 0.76 ± 0.00

50 1.06 1.11 1.18 1.12 ± 0.06

60 0.94 1.07 1.05 1.02 ± 0.07

70 1.04 1.11 1.14 1.10 ± 0.05

80 0.57 0.65 0.67 0.63 ± 0.06
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 32 GAE ABTS

assay (n = 5)

GAE  (mg/ g dried sample)Infusion temperature

C) 1 2 3 4 5 ± SD

40 1.76 1.84 1.85 1.70 2.11 1.85 ± 0.16

50 1.90 2.10 1.96 1.97 2.02 1.99 ± 0.07

60 1.93 2.19 2.19 1.54 2.3 2.03 ± 0.31

70 2.12 2.35 2.30 1.98 2.49 2.25 ± 0.20

80 1.96 2.41 2.19 2.01 2.13 2.14 ± 0.18

GAE Acetone: Methanol: 

H2O GAE

 Acetone: Methanol: H2O

80 C GAE

 40-80 C

one way ANOVA GAE

40-80 C (P = 0.05) 

4 Total phenolic compounds Folin-Denis assay

4

1. Folin – Denis reagent

Sodium  tungstate mg deionized water  75  mL flask  250

mL phosphomolybdic  acid   g phosphoric acid 5 mL [33] reflux  2

C

mL deionized water 

Gallic acid 100 ppm

g methanol mL
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3. NaHCO3

 NaHCO3 deionized water NaHCO3

NaHCO3

3.4.2 kinetic behavior Folin-Denis  assay

Spectrum - nm UV/VIS  spectrometer Lambda 35 

(Perkin  Elmer) Folin - Denis  reagent Folin-Denis  reagent 

Gallic  acid 1.0 ppm 1000 ppm

38 absorbance 728 nm  Kinetic 

Folin-Denis  reagent Folin-Denis  reagent Gallic  acid 

5.0 ppm 1000 ppm Blank

9

38   Spectrum Folin-Denis reagent gallic acid
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 39 Kinetic curve Folin-Denis reagent Folin-Denis reagent 

gallic acid 

3.4.3 phenolic compound Folin-Denis assay

gallic acid ppm

Folin – Denis 0 mL NaHCO3 0 mL mL

deionized water 8 absorbance  28 nm

absorbance  gallic acid  33

  absorbance gallic  acid  

40
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33 absorbance 28 nm gallic acid

 40 Calibration curve gallic acid Folin-Denis Assay

3.1.2

 500 µL  absorbance 728 nm gallic acid

GAE (mg/g dried sample) 34 - 36

Absorbance

Gallic acid (µL) Gallic acid (ppm)

100 13 0.0950 0.1056 0.1051

250 83 0.1894 0.1999 0.1861

500 65 0.3250 0.3307 0.3316

750 8.48 0.4736 0.4532 0.4633

1000 11.3 0.5805 0.5696 0.5818
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4 absorbance total phenolic compounds GAE

(mg/g dried sample) Acetone: Methanol: H2O

Folin-Denis assay (n = 3)

Absorbance GAE  (mg/ g dried sample)

1 2 3 1 2 3 ± SD

0.3028 0.3301 0.3181 0.81 0.88 0.85 0.85 ± 0.04

0.1006 0.0925 0.1099 0.28 0.26 0.31 0.28 ± 0.02

GAE (mg/g dried sample) 

Acetone: Methanol: H2O total

phenolic compounds 3

 35 GAE (mg/g dried sample) 

Folin-Denis assay (n = 3)

GAE  (mg/ g dried sample)Infusion  temperature

C) ± SD

40 0.32 0.33 0.27 0.28 ± 0.03

50 0.33 0.30 0.32 0.31 ± 0.01

60 0.32 0.33 0.31 0.32 ± 0.01

70 0.38 0.40 0.38 0.39 ± 0.01

80 0.36 0.33 0.35 0.35 ± 0.01
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 36 GAE (mg/g dried sample) 

Folin-Denis assay (n = 5)

GAE  (mg/ g dried sample)
Infusion  temperature ( C)

1 2 3 4 5  ± SD

40 0.93 0.99 0.93 1.01 0.92 0.96 ± 0.04

50 1.09 1.03 1.13 1.07 1.12 1.09 ± 0.04

60 1.07 1.12 1.19 0.96 1.21 1.11 ± 0.10

70 1.34 1.43 1.32 1.32 1.43 1.37 ± 0.06

80 1.34 1.16 1.21 1.32 1.38 1.28 ± 0.09

35 36 GAE (mg/g dried sample)  40, 50, 60, 70 80

C one way ANOVA 

total phenolic compounds

40, 50, 60 80 C (P = 0.05) total

phenolic compounds 70

70  80 C total phenolic compounds  50 60 C

40 C total phenolic compounds
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3.5 antioxidant activity Flow Injection-Electrochemical Detection  

(FI-ECD)

3.5.1 Electrochemical behavior ABTS
+

 radical

electrochemical behavior ABTS
+

 radical CV

Autolab PGSTAT 30  GPES for window version 4.5 

 Glassy carbon electrode (GCE)  Ag/AgCl (saturated KCl) 

platinum disk electrode

3.5.1.1 pH supporting electrolyte cyclic

voltammogram ABTS
+

 radical

 pretreatment GCE

ABTS
+

radical 7 mM 3.00 mL 

phosphate buffer pH 7.0 supporting electrolyte 

25.0 mL cyclic voltammogram 

Start potential (V) : 0

First vertex potential (V) : 1.3

Second vertex potential (V) : 0

Scan rate (V/s) : 0.1

3 – supporting electrolyte

acetate buffer pH 4.5

4. analysis peak search Peak potential (Ep) peak current

(ip 41 37
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41 Cyclic voltammograms ABTS
+

radical   acetate buffer pH 4.5 phosphate

buffer pH 7.0 

7 peak potential (Ep) peak current (ip cyclic voltammogram 

ABTS
+

radical supporting electrolyte 

Epa(V vs Ag/AgCl) ip ( A)

Supporting electrolyte
Epa Epc ipa ipc

Acetate buffer pH 4.5
0.547

0.941

0.477

0.863

4.987

4.337

8.949

3.082

Phosphate buffer pH 7.0
0.555

0.934

0.456

0.835

18.24

5.837

3.356

5.455

Epa = anodic peak potential, Epc = cathodic peak potential

ipa = anodic peak current, ipc = cathodic peak current
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41 37  ABTS

2  1 (Two steps of electron mechanism 

electrode reaction) ABTS ABTS
+

radical

0.547 V vs. Ag/AgCl ABTS
+

 radical 

ABTS
2+

0.941 V vs. Ag/AgCl supporting electrolyte acetate buffer pH 4.5 

supporting electrolyte phosphate buffer pH 7.0 ABTS

 2 pH 4.5 

ABTS ABTS
+

 radical 0.555 V vs. Ag/AgCl  ABTS 
+

 radical 

ABTS
2+

0.863 V vs. Ag/AgCl

 acetate buffer pH 4.5  phosphate buffer pH 7.0 ABTS

 2 ABTS
2+

ABTS
+

 radical  ABTS
+

 radical 

 ABTS cathodic peak 0.941 0.477 V vs. Ag/AgCl

supporting electrolyte acetate buffer pH 4.5 0.934 0.456 V vs. 

Ag/AgCl supporting electrolyte phosphate buffer pH 7.0 

electrochemical behavior ABTS Myrna 2005 [34]

electrochemical behavior ABTS acetate buffer pH 5 

2 ABTS  0.518 0.914 V vs. Ag/AgCl

2 0.419 0.826  V vs. Ag/AgCl    phosphate

buffer pH 7.0 Demir . . 2005 [34] electrochemical behavior ABTS

phosphate buffer pH 7.0 2 0.498

0.900 V vs. NHE ABTS
+

 radical 

ABTS 0.400 V vs. NHE

ABTS
+

radical

antioxidant gallic acid 

0 – 0.8 V  ABTS
+

radical

0.5 V phosphate buffer pH 7.0 pH

pH 4.5 phosphate buffer 

supporting electrolyte ABTS
+

 radical  
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3.5.1.2 scan rate cyclic voltammogram ABTS
+

radical

1.  pretreatment GCE 3.2.1

. cyclic voltammogram 1.68 mM ABTS
+

  radical phosphate buffer 

pH 7.0  scan rate 10, 50, 100, 200 300 mV/s

Start potential (V) : 0.0

First vertex potential (V) : 0.8

Second vertex potential (V) : 0.0

cyclic voltammogram 42 anodic peak potential (Epa),

cathodic peak potential (Epc ), anodic peak current (ipa) cathodic peak current  ipc)

38  (Scan rate)
1/2

, Epc- Epa ipa/ipc  38(A) 

scan rate (v)   ipa scan rate)
1/2

  ipa

scan rate log (ipa) log (scan rate) 43 - 44

42 Cyclic voltammogram  1.68 mM ABTS
+

  radical scan rate phosphate

buffer pH 7.0



71

8 peak potential peak current cyclic voltammograms  1.68 mM 

ABTS
+

  radical scan rate phosphate buffer pH 7.0

Scan rate 

(mV/s)

Epa

(V vs Ag/AgCl)

ipa

(µA)

Epc

(V vs Ag/AgCl)

ipc

(µA)

10 0.551 0.523 0.467 -0.67

50 0.547 1.48 0.456 -1.73

100 0.555 1.46 0.460 -1.78

200 0.551 2.25 0.450 -2.80

300 0.562 2.65 0.456 -3.39

Epa = anodic peak potential, Epc = cathodic peak potential

ipa = anodic peak current, ipc = cathodic peak current

38 (A)  (Scan rate)
1/2

, Epc- Epa ipa/ipc cyclic voltammogram

scan rate

(Scan rate)
1/2

Ep

*

(V vs Ag/AgCl)

ipa /ipc

(µA)

3.16 0.084 0.777

7.07 0.091 0.855

10.0 0.095 0.821

14.1 0.101 0.804

17.3 0.106 0.780

* Ep= Epc-Epa
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43 ipa, ipc (Scan rate)
1/2

cyclic voltammogram  1.68 mM  ABTS
+

radical phosphate buffer pH 7.0

y = 0.4617x - 0.7092

R
2
= 0.957

y = 0.046x - 0.2168

R
2
= 0.8989

-0.400

-0.200

0.000

0.200

0.400

0.600

0.800

0.00 5.00 10.00 15.00 20.00

log scan rate

lo
g

Ip
(u

A

Ipa

Ipc

44  log (ipa), log (ipc) log (Scan rate) cyclic voltammogram  1.68 

mM ABTS
+

 radical phosphate buffer pH 7.0
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 ip (Scan rate)
1/2

Randles-Sevcik [16]

                                     ip = 2.69 x 10
-5
n

3/2
 AD

1/2
CV

1/2
                         (3)

Ep

reversible reversible Ep 0.059 V 

1 38 (A) Ep 0.080-

0.106 V ABTS
+

 radical quasi reversible [34]

log (ipa) log (scan rate) 

(diffusion controll current) [36]

3.5.1.3  ABTS
+

 radical cyclic

voltammogram

1.  pretreatment GCE 3.2.1

. cyclic voltammogram 0.84, 1.68, 2.52, 3.36 mM ABTS
+

 radical

phosphate buffer pH 7.0  scan rate 100 mV/s

3.5.1.2 cyclic voltammogram 45 peak potential peak current

39

3. ABTS
+

 radical peak current 

(ip) 46
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45 Cyclic voltammogram ABTS
+

 radical phosphate buffer pH 

7.0

39 peak potential peak current cyclic voltammogram ABTS
+

 radical

phosphate buffer pH 7.0

Concentration

ABTS
+

 radical

(mM)

Epa

(V vs. Ag/AgCl)

ipa

(µA)

Epc

(V vs. Ag/AgCl)
ipc (µA)

ipa /ipc

(µA)

0.84 0.548 0.67 0.452 -0.73 0.915

1.68 0.555 1.38 0.444 -1.51 0.913

2.52 0.563 2.06 0.436 -2.24 0.918

3.36 0.563 2.64 0.428 -2.72 0.971

Epa = anodic peak potential, Epc = cathodic peak potential

ipa = anodic peak current, ipc = cathodic peak current
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46 Calibration curve  ABTS
+

 radical phosphate buffer pH 7.0

39 Ipa/Ipc 0.9 1

ABTS
+

 radical quasi reversible ip ABTS
+

 radical

calibration curve ABTS
+

 radical phosphate buffer pH 7.0

46

3.5.2 Electrochemical detector cell)

(acrylic sheet) 1.2 cm 

7 x 10 x 1.2 cm 2

1 x 6 cm 1.5 mm

detector cell 868 µL

7 mm 3

5 mm 

4 (inlet)

(outlet)

microbore PTFE tubing 1.07 mm  microbore 
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PTFE tubing

microbore PTFE tubing

47

47

ECD  glassy 

carbon electrode (GCE) glassy carbon 3 mm 

 Ag/AgCl (saturated KCl) 

mixing coil 

48
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48

3.5.3 FI-ECD

ECD 3.5.2 Flow Injection system 3.35

ECD Auto lab 30 potentiostat

recorder Chronoamperometry (interval time > 0.1 s )

ABTS
+

 radical

49 (A) (manifold)  Flow Injection system (B) Flow Injection system
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3.5.3.1 Amperometric detection 

1. 3.5.2 flow 49

1.5 mL/min   reaction coil 200 cm ABTS
+

 radical  0.10  mM

reagent phosphate buffer pH 7.0 carrier

ABTS
+

 radical Chronoamperometry (interval 

time > 0.1 s )  0, -0.1, -0.2, -0.3, -0.4 V 

50

2. flow 51 gallic acid 100

ppm gallic acid 52

51 (manifold)  Flow Injection system
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50 detector cell flow

 52 detector cell flow

gallic acid
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50 ABTS
+

 radical

cyclic voltammogram 

ABTS
+

 radical quasi reversible Epc = 0.46 V vs. Ag/AgCl, Epa =  0.55 V vs. 

Ag/AgCl gallic acid Epa = 

0.24 V vs. Ag/AgCl Epa = 0.44

V vs. Ag/AgCl phosphate buffer pH 7.0 

ECD

- (- ) V vs. Ag/AgCl flow

ABTS
+

 radical 52 0 V 

vs. Ag/AgCl gallic acid

-0.1 V ECD

FI-ECD

3.5.3.2 ABTS
+

 radical

1. 3.5.2 flow 49  

chronoamperometric 1.5 mL/min, 

 reaction coil 200 cm detector cell -0.1 V V vs Ag/AgCl, 

ABTS
+

 radical 0.50  mM reagent   phosphate buffer pH 7.0 

carrier load inject  gallic acid 10, 20, 40, 60, 80 

ppm 53 (A)

2. 1 ABTS
+

 radical 0.70 mM ,

1.00  mM 1.20 mM 53 (B-D)

3.  ABTS
+

 radical

gallic acid 40

gallic acid ABTS
+

 radical

54 R
2

54 41
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53 detector cell gallic acid 

10 – 80 ppm ABTS
+

 radical (A) 0.50, (B)  0.70, (C) 1.00 

(D) 1.20 mM
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53 ( ) detector cell gallic acid 

10 – 80 ppm ABTS
+

 radical (A) 0.50, (B)  0.70, (C) 1.00 

(D) 1.20 mM
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40 gallic acid ABTS
+

radical 0 - 1.20 mM

Peak  height  (x 10
-7
) (A)Concentration

of ABTS
+

radical

(mM)

Concentration

of gallic acid 

(ppm)
1 2 3 mean SD

10 2.03 2.66 2.07 2.25 0.35

20 3.49 3.58 3.52 3.53 0.05

40 5.34 5.79 5.80 5.65 0.26

60 6.68 6.66 6.59 6.64 0.05

0.50

80 7.16 7.02 7.05 7.08 0.08

10 1.71 1.87 1.74 1.77 0.08

20 3.34 3.26 3.56 3.38 0.16

40 6.14 5.89 5.57 5.87 0.29

60 7.72 7.82 7.96 7.83 0.12

0.70

80 9.44 9.54 9.51 9.50 0.06

10 1.88 1.72 1.63 1.74 0.12

20 2.88 3.00 3.04 2.97 0.08

40 5.44 5.42 5.43 5.43 0.01

60 7.40 7.30 7.48 7.39 0.09

1.00

80 9.23 9.47 9.51 9.41 0.15

10 1.68 1.73 1.71 1.71 0.02

20 3.28 3.10 3.13 3.17 0.10

40 4.72 5.77 5.21 5.23 0.52

60 7.33 7.96 8.24 7.84 0.46

1.20

80 10.47 10.83 10.84 10.71 0.21
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54 Calibration curve gallic acid ABTS
+

 radical

(A) 0.50, (B)  0.70, (C) 1.00 (D) 1.20 mM
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54 ( Calibration curve gallic acid ABTS
+

 radical

(A) 0.50, (B) 0.70, (C) 1.00 (D) 1.20 mM
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41 R
2

ABTS
+

 radical

Concentration of ABTS radical 

(mM)
R

2

0.50 y = 0.0694x + 2.1145 0.9205

0.70 y = 0.1095x + 1.0724 0.9877

1.00 y = 0.1093x + 0.7998 0.9972

1.20 y = 0.1261x + 0.4383 0.9968

41 gallic acid 10 – 80 ppm 

slope R
2

ABTS
+

radical 1.00  mM ABTS
+

 radical R
2

0.9972 3.40

gallic acid ABTS
+

 radical

1.0 mM

3.5.3.3 (Flow rate)

1. 3.5.2 flow 49

chronoamperometric 1.0 mL/min,

 reaction coil 200 cm detector cell -0.1 V  vs Ag/AgCl, 

ABTS
+

 radical 1.00 mM reagent phosphate buffer pH 7.0 carrier

load inject  gallic acid 10 - 80 ppm 

55 (A)

2. 1 1.5, 2.2, 2.6 mL/min 

55 (B-D)

3. ABTS
+

 radical

gallic acid 42
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gallic acid 56 (A-D)

 R
2

43

55 detector cell gallic acid 

10 – 80 ppm  (A) 1.0, (B) 1.5, (C) 2.2 , (D) 2.6  mL/min



88

55 ( )  detector cell gallic acid 

10 – 80 ppm (A) 1.0, (B) 1.5, (C) 2.2 , (D) 2.6  mL/min
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42 gallic acid (flow rate) 

Peak  height  (x 10
-7
) (A)

Flow rate 

(mL/min)

Concentration

of gallic acid 

(ppm)
1 2 3 mean SD

10 1.82 1.86 1.75 1.81 0.06

20 2.99 2.77 2.89 2.88 0.11

40 5.13 5.17 5.19 5.16 0.03

60 7.04 6.83 6.82 6.90 0.12

1.0

80 8.61 8.81 8.72 8.71 0.10

10 1.62 1.55 1.47 1.55 0.08

20 2.37 2.48 2.51 2.45 0.07

40 4.33 4.35 4.54 4.41 0.12

60 6.50 6.56 6.50 6.52 0.03

1.5

80 8.11 8.20 8.26 8.19 0.08

10 1.53 1.35 1.43 1.44 0.09

20 2.57 2.62 2.57 2.59 0.03

40 4.59 4.64 4.77 4.67 0.09

60 6.58 6.60 6.59 6.59 0.01

2.2

80 8.22 8.26 8.12 8.20 0.07

10 1.34 1.38 1.47 1.40 0.07

20 2.58 2.66 2.76 2.67 0.09

40 4.77 4.89 5.03 4.90 0.13

60 6.82 6.86 6.87 6.85 0.03

2.6

80 9.12 9.24 9.77 9.38 0.35
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56 Calibration curve gallic acid (A) 1.0, (B) 1.5, (C) 2.2, 

(D) 2.6 mL/min
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56 ( Calibration curve gallic acid (A) 1.0, (B) 1.5, (C) 

2.2 , (D) 2.6  mL/min
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43 R
2

Flow rate (mL/min) R
2

1.0 y = 0.0987x + 0.9486 0.9967

1.5 y = 0.0964x + 0.5743 0.9987

2.2 y = 0.0969x + 0.6284 0.9965

2.6 y = 0.1117x + 0.3483 0.9983

43 gallic acid 10 – 80 ppm 

R
2

0.99

ABTS
+

radical FI-ECD

1.5 mL/min 

3.5.3.4 Reaction coil length

1. 3.5.2 flow 49

chronoamperometric 1.5 mL/min, 

 reaction coil 100 cm, detector cell -0.1 V vs Ag/AgCl, 

ABTS
+

 radical 1.00 mM reagent   phosphate buffer pH 7.0 carrier

load inject  gallic acid 10 - 80 ppm 

57 (A)

2. 1 reaction coil 150, 200, 250 

300 cm 57 (B-E)

3. ABTS
+

 radical

gallic acid 44

gallic acid reaction coil 58

(A-E) R
2

58 45
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57 detector cell gallic acid 

10 – 80 ppm reaction coil  (A) 100, (B) 150, (C) 200, (D) 

250 (E) 300 cm
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57 detector cell gallic acid 

10 – 80 ppm reaction coil  (A) 100, (B) 150, (C) 200, (D) 

250 (E) 300 cm
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44 gallic acid reaction

coil

Peak  height (x 10
-7
) (A)Reaction coil 

length (cm)

Concentration

of gallic acid 

(ppm) 1 2 3 mean SD

10 1.54 1.53 1.22 1.43 0.18

20 2.55 2.47 2.56 2.53 0.05

40 4.49 4.72 4.65 4.62 0.12

60 6.46 6.57 6.55 6.53 0.06

100

80 8.16 8.38 8.36 8.30 0.12

10 1.23 1.12 1.14 1.16 0.06

20 2.14 2.23 2.21 2.19 0.05

40 4.04 4.12 4.15 4.10 0.06

60 5.81 5.73 5.64 5.73 0.09

150

80 7.13 7.22 7.42 7.26 0.15

10 1.82 1.64 2.04 1.83 0.20

20 2.93 2.91 2.91 2.92 0.01

40 5.29 5.05 5.30 5.21 0.15

60 7.46 6.91 7.48 7.28 0.32

200

80 9.31 8.97 9.42 9.23 0.23
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44 ( gallic acid 

reaction coil 

Peak  height (x 10
-7
) (A)Reaction coil 

length (cm)

Concentration

of gallic acid 

(ppm) 1 2 3 mean SD

10 1.14 1.13 1.13 1.13 0.01

20 2.04 2.14 2.01 2.06 0.07

40 3.84 3.84 3.82 3.83 0.01

60 5.42 5.11 5.34 5.29 0.16

250

80 6.75 7.32 7.32 7.13 0.33

10 1.65 1.62 1.56 1.61 0.05

20 2.91 2.82 2.85 2.86 0.05

40 5.14 5.02 5.15 5.10 0.07

60 7.15 7.29 7.34 7.26 0.10

300

80 9.01 9.02 8.99 9.01 0.02

58  Calibration curve gallic acid reaction coil   (A) 100, (B) 

150, (C) 200, (D) 250, (E) 300 cm
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58 ( ) Calibration curve gallic acid reaction coil   (A) 

100, (B) 150, (C) 200, (D) 250  cm, (E) 300 cm
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58 Calibration curve gallic acid reaction coil   (A) 

100, (B) 150, (C) 200, (D) 250, (E) 300 cm
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45 R
2

reaction coil 

Reaction coil length 

(cm)
R

2

100 y = 0.0983x + 0.5537 0.9985

150 y = 0.0869x + 0.4374 0.9968

200 y = 0.1063x + 0.8306 0.9989

250 y = 0.0844x + 0.3452 0.9986

300 y = 0.1062x + 0.7082 0.9968

45 200 cm  R
2

0.9989

0.1063 reaction coil 200 cm

FI-ECD

3.5.3.5 Injection volume

1. 3.5.2 flow 49

chronoamperometric 1.5 mL/min, 

 reaction coil 200 cm, injection volume 100 µL, detector

cell -0.1 V vs Ag/AgCl , ABTS
+

 radical 1.00 mM reagent   phosphate buffer pH 

7.0 carrier load inject  gallic acid 10 - 80

ppm 59 (A)

2. 1  injection volume 137, 150, 250, 500 750 µL

59 (B-F)

3. ABTS
+

 radical

gallic acid 3.43

gallic acid   injection volume 60

(A-F) R
2

60 47
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59 detector cell gallic acid 

10 – 80 ppm  injection volume   (A) 100, (B) 137, (C) 150, (D) 250, (E) 

500 (F) 750 µL
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59 detector cell gallic acid 

10 – 80 ppm  injection volume   (A) 100, (B) 137, (C) 150,

(D) 250, (E) 500 (F) 750 µL
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46 gallic acid injection volume 

Peak  height (x 10
-7
) (A)

Injection

volume

(µL)

Concentration

of

gallic acid 

(ppm)

1 2 3 mean SD

10 1.22 1.27 1.24 1.24 0.03

20 2.10 2.18 2.16 2.15 0.04

40 3.80 3.88 3.86 3.85 0.04

60 5.28 5.29 5.31 5.29 0.02

100

80 6.99 7.09 6.93 7.00 0.08

10 1.52 1.57 1.55 1.55 0.03

20 2.66 2.56 2.65 2.62 0.06

40 4.79 4.80 4.84 4.81 0.03

60 6.56 6.64 6.67 6.62 0.06

137

80 8.28 8.25 8.38 8.30 0.07

10 1.73 1.70 1.69 1.71 0.02

20 3.03 3.11 3.13 3.09 0.05

40 5.71 5.69 5.68 5.69 0.02

60 7.70 7.75 7.84 7.76 0.07

150

80 9.92 9.93 9.80 9.88 0.07
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46 gallic acid injection volume 

Peak  height (x 10
-7
) (A)

Injection

volume

(µL)

Concentration

of

gallic acid 

(ppm)

1 2 3 mean SD

10 2.47 2.45 2.42 2.45 0.02

20 4.26 4.95 4.35 4.52 0.37

40 7.65 7.71 7.62 7.66 0.05

60 10.0 10.2 10.4 10.2 0.17

250

80 12.5 12.4 12.4 12.4 0.04

10 4.33 4.25 4.27 4.28 0.04

20 7.64 7.65 7.59 7.63 0.03

40 12.5 12.7 12.6 12.6 0.11

60 12.8 12.9 12.9 12.8 0.04

500

80 13.0 12.9 12.9 12.9 0.05

10 5.74 5.89 5.90 5.84 0.09

20 9.94 9.68 9.89 9.84 0.14

40 13.2 13.2 13.2 13.2 0.03

60 13.4 13.2 13.2 13.3 0.08

750

80 13.2 13.3 13.4 13.3 0.11
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60 Calibration curve gallic acid  injection volume   (A) 100, (B) 137, 

(C) 150, (D) 250, (E) 500 (F) 750 µL
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60 ( Calibration curve gallic acid  injection volume   (A) 100, (B) 

137, (C) 150, (D) 250, (E) 500 (F) 750 µL
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60 ( Calibration curve gallic acid  injection volume   (A) 100, (B) 

137, (C) 150, (D) 250, (E) 500 (F) 750 µL



107

47 R
2

injection volume 

Injection volume (µL) R
2

100 y = 0.0813x + 0.4916 0.9990

137 y = 0.0969x + 0.7104 0.9967

150 y = 0.1163x + 0.7445 0.9965

250 y = 0.1408x + 1.5319 0.9892

500 y = 0.1195x + 5.0286 0.7616

750 y = 0.0955x + 7.068 0.6963

47 gallic acid 10 – 80 ppm 

Injection volume slope R
2

Injection

volume Injection volume 100 µL R
2

1

tube injection port Injection volume 

137 µL FI-ECD
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3.5.4 antioxidant activity 

1. 3.5.2 flow 49

chronoamperometric 1.5 mL/min, 

 reaction coil 200 cm, injection volume 137 µL, detector

cell -0.1 V vs Ag/AgCl, ABTS
+

 radical 1.00 mM reagent phosphate buffer pH 7.0 

carrier load inject  gallic acid 10, 20, 40, 60, 

80 ppm 

61

2. ABTS
+

 radical

gallic acid 48 49

gallic acid  

62 antioxidant activity 

gallic acid equivalent 50

61 detector cell gallic acid 

10 – 80 ppm 40-80 C (1-

5)
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48 gallic acid

Peak  height (x 10
-7
)

Concentration of

gallic acid (ppm) 1 2 3 mean SD

10 1.78 1.74 1.72 1.75 0.03

20 3.08 3.11 3.08 3.09 0.02

40 5.43 5.53 5.31 5.43 0.11

60 7.42 7.45 7.51 7.46 0.05

80 9.24 9.50 9.48 9.40 0.14

y = 0.11x + 0.7844

R
2
= 0.9981

0.00

2.00

4.00

6.00

8.00

10.00

12.00

0.0 20.0 40.0 60.0 80.0 100.0

Concentration of gallic acid (ppm)

P
e

a
k

h
e

ig
h

t
(x

1
0

-7
)

(A
)

62 Calibration curve gallic acid 10 – 80 ppm
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49

Peak  height  (x 10
-7
)Infusion

temperature

( C)

40 3.01 2.64 2.69 2.85 2.83

50 3.05 2.74 2.99 3.09 3.06

60 2.90 2.92 2.98 2.52 3.20

70 3.16 3.09 3.41 3.31 3.50

80 3.25 3.20 3.28 3.28 3.09

50 antioxidant activity 

GAE  ( mg/g dried sample)
Infusion

temperature

( C) Mean ± SD

40 2.02 1.69 1.73 1.88 1.86 1.83 ± 0.13

50 2.06 1.78 2.01 2.10 2.07 2.00 ± 0.13

60 1.92 1.94 2.00 1.58 2.20 1.93 ± 0.22

70 2.16 2.10 2.39 2.30 2.47 2.28 ± 0.15

80 2.24 2.19 2.27 2.26 2.09 2.21 ± 0.07

antioxidant activity 

GAE 50   one way ANOVA

GAE

40 C  GAE 50 60 C   70 80 C GAE
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4

cyclic voltammetry  

electroactive species 

ABTS assay ( radical 

scavenging method) Folin-Denis assay total phenolics 

acetone : methanol : H2O ( 7:7:6

) 40, 50, 60, 70 80 C

mg gallic acid/ g dried sample

FI-ECD

infusion temperature

4.1 cyclic voltammetry (CV)

gallic acid 

GCE scan rate 100 mV/s  supporting electrolyte phosphate buffer pH 7.0 

(Epa ) 0.25 V vs. Ag/AgCl  

0.2 – 1.0 mM calibration anodic peak 

current (ipa) gallic acid 

20

GAE 51

63

40, 50, 60, 70 80 C

GAE 64
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51  GAE cyclic voltammetry

GAE (mg/g dried sample)  SD %RSD

acetone : methanol : H2O

(7:7:6 v/v)

1.88  0.01

2.53  0.38

0.53

15.1

(
o
C)

40

50

60

70

80

0.850  0.088

0.549  0.090

0.562  0.128

0.533  0.125

0.209  0.007

10.3

16.3

22.8

23.4

3.46

(
o
C)

40

50

60

70

80

0.637  0.049

0.844  0.098

0.941  0.120

1.105 0.087

0.916  0.033

7.63

11.6

12.8

7.86

3.61
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63 GAE acetone:

methanol: H2O ( 7:7:6 cyclic voltammetry

64 GAE

cyclic voltammetry
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 acetone : methanol : H2O ( 7:7:6

GAE

GAE One-way ANOVA  Least

significant difference 95%  (P = 0.05) 3

GAE GAE  80 C GAE  50, 60  70 C

GAE 40 C

volatile oil 80 C antioxidant activity

GAE 3

GAE 40 C GAE 50, 60, 80 C

GAE 70 C 40 C antioxidant activity

4.2 antioxidant activity 2,2’-azino-bis (3-ethylbenzothizoline-6-sulfonic 

acid) cation radical -scavenging assay : (ABTS assay)

spectrophotometric behavior reagent 2,2’-Azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid)  stable radical  aqueous solution 

730 nm gallic acid 

0 nm Kinetic curves 

absorbance 0 nm ABTS
+

 reagent ABTS
+

 reagent 

10 ABTS
+

 reagent 

absorbance 30

 antioxidant activity 

incubation 30

antioxidant activity EC50 EC50

 ABTS
+

 radical 50 %   

 EC50  gallic acid . 43 ppm  EC50

 gallic acid equivalent (GAE) mg gallic acid/ 

g dried sample  EC50 GAE 52

GAE  acetone : methanol : H2O (
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7:7:6

65 66

52 EC50 GAE ABTS assay

EC50 GAE (mg/g dried sample)  SD %RSD

acetone : methanol : H2O

(7:7:6 v/v)

265 ± 8

175 ± 3

2.43 ± 0.07

3.68 ± 0.05

2.74

1.36

(
o
C)

40

50

60

70

80

276 ±  2

187 ± 10

205 ± 16

191 ±  9

333 ± 31

0.76 ± 0.00

1.11 ± 0.06

1.02 ± 0.07

1.10 ± 0.05

0.63 ± 0.06

0.76

5.40

6.86

4.68

8.40

(
o
C)

40

50

60

70

80

349 ± 28

324 ± 12

324 ± 57

288 ± 28

302 ± 24

1.85 ± 0.16

1.99 ± 0.07

2.03 ± 0.31

2.25 ± 0.20

2.14 ± 0.18

8.46

3.76

15.1

8.89

8.25
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0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

G
A

E
(m

g
/g

d
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e
d

s
a

m
p

le
)

..

65 GAE acetone : 

methanol : H2O ( 7:7:6 ABTS assay

66 GAE

ABTS assay
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antioxidant activity GAE

 acetone : methanol : H2O ( 7:7:6

GAE 1.5  antioxidant activity

GAE 50,

60 70 C GAE  40  80 C

GAE

95%  (P = 0.05) GAE

1-3

4.3 total phenolic compounds Folin-Denis assay

Folin-Denis assay Total  phenolics  compounds 

Na2WO4 / Na2MoO4

28 nm GAE (mg/g dried sample) gallic

acid  Total  phenolics  compounds 

4.3 total phenolic compounds

4.5

total phenolic compounds 40, 50, 60, 70 80 C

4.6
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53 total phenolic compounds GAE (mg/g dried sample)

Folin-Denis assay

GAE (mg/g dried sample)  SD %RSD

acetone : methanol : H2O (7:7:6 

v/v)

0.28 ± 0.02

0.85 ± 0.04

8.29

4.19

(
o
C)

40

50

60

70

80

0.28 ± 0.03

0.31 ± 0.01

0.32 ± 0.01

0.39 ± 0.01

0.35 ± 0.01

10.5

4.82

3.13

2.99

4.41

(
o
C)

40

50

60

70

80

0.96 ± 0.04

1.09 ± 0.04

1.11 ± 0.10

1.37 ± 0.06

1.28 ± 0.09

4.29

3.70

9.07

4.18

7.24
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0.00

0.10

0.20
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0.40
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0.90

1.00
G
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d
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m

p
le

)
.

67 total phenolics compound GAE (mg/g dried sample)

acetone : methanol : H2O ( 7:7:6

Folin-Denis assay

68 total phenolics compound GAE (mg/g dried sample)

Folin-Denis

assay
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total phenolics compound GAE (mg/g dried sample) 

 acetone : methanol : H2O ( 7:7:6

total phenolics compound 3

95%  (P = 

0.05) total phenolics compound  40, 50, 60 80 C

70 C total phenolics compound

total phenolics compound 40 C

total phenolics compound C

total phenolic compounds

4.4 antioxidant activity Flow Injection-Electrochemical Detection  

(FI-ECD)

electrochemical behavior  ABTS
+

 radical 

ABTS
+

 radical 24 % Absorbance 5%

 1 baseline

FI-ECD ABTS
+

 radical

antioxidant activity 

Flow Injection-Electrochemical Detection (FI-ECD) 54

antioxidant activity , 50, 60, 70 

C GAE (mg/g dried sample) 55

antioxidant activity 69

54 Flow Injection-Electrochemical 

Detection (FI-ECD)

Characteristics Optimum Value

Potential applied (Eapp) (V) -0.1

Concentration of  ABTS
+

 radical (mM) 1.00

Flow rate (mL/min) 1.54

Reaction coil  length (cm) 200

Injection volume (µL) 137
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55  GAE FI-ECD

Infusion temperature 

( C)
GAE  ( mg/g dried sample) %RSD

40 1.83 ± 0.13 7.18

50 2.00 ± 0.13 6.53

60 1.93 ± 0.22 11.6

70 2.28 ± 0.15 6.69

80 2.21 ± 0.07 3.31

0.00

0.50

1.00

1.50

2.00

2.50

3.00

40 50 60 70 80

Temperature (
o
C)

G
A

E
(m

g
/g

d
ri

e
d

s
a

m
p

le
)

69 GAE

FI-ECD

antioxidant activity GAE (mg/g dried sample)

GAE GAE

40 C  GAE 50  60 C  70, 80 C

GAE 95%  (P = 0.05)
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antioxidant activity 

sample throughput 27 1

GAE 1-4

4.5

GAE

80 C volatile oil 

80 C GAE

GAE

1-4

cyclic voltammetry, ABTS assay, Folin-Denis assay FI-ECD 70

0.00

0.50

1.00

1.50

2.00

2.50

3.00

40 50 60 70 80
Temperature (

o
C)

G
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E
(m

g
/g

d
ri

e
d

s
a

m
p

le
)

CV

ABTS assay

Folin-Denis assay

Fl-ECD

70 (
o
C) GAE (mg/ g dried sample) 
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regression analysis 71-76 correlation

coefficient (r) 56

y = 1.07x - 1.3068

r = 0.952

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.70 1.80 1.90 2.00 2.10 2.20 2.30

GAE from ABTS assay

G
A

E
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o
m

C
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m
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ry

71 GAE (mg/g dried sample) ABTS assay cyclic

voltammetry

y = 1.0816x - 1.0586

r = 0.992

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60
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72 GAE (mg/g dried sample) ABTS assay Folin-

Denis assay 
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y = 1.5768x - 0.7876

r = 0.954

0.00

0.50

1.00

1.50

2.00

2.50

1.70 1.80 1.90 2.00 2.10 2.20 2.30

GAE from ABTS assay
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E
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o
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F
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E
C

D

73 GAE (mg/g dried sample) ABTS assay FI-ECD

y = 0.9341x - 0.1955

r = 0.906
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GAE from Folin-Denis assay
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74 GAE (mg/g dried sample) Folin-Denis assay 

cyclic voltammetry 
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y = 1.4602x + 0.753

r = 0.981

0.00

0.50

1.00

1.50

2.00

2.50

0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50

GAE from Folin-Denis assay

G
A

E
fr

o
m

F
I-

E
C

D

75 GAE (mg/g dried sample) Folin-Denis assay 

FI-ECD

y = 1.2665x + 1.3223

r = 0.825

0.00

0.50

1.00

1.50

2.00

2.50

0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20

GAE from Cyclic voltammetry

G
A

E
fr

o
m

F
I-

E
C

D

76 GAE (mg/g dried sample) cyclic voltammetry 

FI-ECD
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56 Correlation coefficient r

Correlation coefficient (r)

ABTS assay CV Folin-Denis FI-ECD

ABTS assay 1 0.952 0.992 0.954

CV 0.952 1 0.906 0.825

Folin-Denis 0.992 0.906 1 0.981

FI-ECD 0.954 0.825 0.981 1

56  

Pearson correlation cyclic voltammetry FI-

ECD  Correlation 0. 25 (Sig.) 0.086

.05 2

cyclic voltammetry FI-ECD   cyclic

voltammetry FI-ECD

ABTS
+

 radical 

ABTS
+

 radical

cyclic voltammetry

CV pretreatment

product reactant

FI-ECD cyclic voltammetry  

ABTS assay Folin-Denis assay 

FI-ECD

FI-ECD

1 pretreatment carrier  flow 

deionize water 
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F-test [37] F

variance 57

57 F-test FI-ECD ABTS assay, cyclic voltammetry, Folin-Denis 

assay 70 C

ABTS CV Folin-Denis Fl-ECD

ABTS 1.0 5.3 12.2 1.7

CV 5.3 1.0 2.3 3.1

Folin-Denis 12.2 2.3 1.0 7.1

Fl-ECD 1.7 3.1 7.1 1.0

57 F-test 70 C critical

values F4,4 9.605 FI-ECD

ABTS assay, cyclic voltammetry, Folin-Denis assay 95 %

(relative value)

acetone : methanol : H2O (

7:7:6

-
o
C



128

[1] , . (2005). 2,

(1996) , . 1.

[2] Tapiero, H., Tew, K. D., Ba, G. N., & Mathé, G. (2002). Polyphenol: do they play a role in the 

prevention of human pathologies?. Biomed Pharmacother, 56, 200-207.

[3] Shahidi, F., & Nazk, M. (2006). Phenolics in Food and Nutraceuticals, CRC PRESS LLC. p. 

402.

[4] http://rx12.wsnhosting.com/herb/king.html 25 . . 2552

[5] http://ittm.dtam.moph.go.th/Service/herb_data/herb_ssm11.htm 25 . .

2552

[6] http://www.kasetonline.net/newsite/index.php?id= 25 . . 2552

[7] Ali, B. H., Blunden, G., Tanira, M. O., & Nemmar, A. (2008). Some phytochemical, 

pharmacological and toxicological properties of ginger (Zingiber officinale Roscoe): A 

review of recent research. Food and Chemical Toxicology, 46, 409-420.

[8] Variyar, P. S., Gholap, A. S., & Thomas, P. (2000). Estimation of Pungency in Fresh Ginger: 

A   New Fluorimetric Assay. Journal of food composition and analysis, 13, 219-225.

[9] He, X., Bernart, M. W., Lian, L., & Lin, L. (1998). High-performance liquid chromatography-

electrospray mass spectrometric analysis of pungent constituents of ginger. Journal of 

Chromatography A, 796, 327-334.

[10] Balladin, D. A., Headley, O., Chan-yen, I., & Mcgaw, D. (1997). Extraction and evaluation 

of the main pungent principles of solar dried west Indian ginger (Zingiber officinale

Roscoe) rhizome. Renewable Energy, 12, 125-130.

[11] Mansour, E.H., & Khalil, A.H. (2000). Evaluation of antioxidant activity of some plant 

extracts and their application to ground beef patties. Food Chemistry, 69, 135-141.

[12] Cai, Y., Luo, Q., Sun, M., & Corke, H. (2004). Antioxidant activity and phenolic compounds 

of 112 traditional Chinese medicinal plants associated with anticancer. Life Sciences, 74,

2157-2184.

[13] Stoilva, I., Krastanov, A., Stoyanova, A., Denev, P., & Gargova, S. (2004). Antioxidant 

activity of a ginger extract (Zingiber officinale). Food Chemistry, 102, 764-770.



129

[14] Chanwitheesuk, A., Teerawutgulrag, A., & Rakariyatham, N. (2005). Screening of 

antioxidant activity and antioxidant compounds of some edible plants of  Thailand. Food

Chemistry, 92, 491-497.

[15] Wang, J. (2000). Analytical Elctrochemistry 2 nd ed. Wiley & Sons Inc. p. 27.

[16] Brett, C. M. A., & Brett, A. M. O. (1994).  Electrochemistry Principles Methods and 

Application 2 nd ed. Oxford University Press Inc. p.175.

[17] Diopan, V., Babula, P., Shestivska, V., Adam, V., Zemlicka, M., Dvorska, K., Hubalek, J., 

Trnkova, L., Havel, L., & Kizek, R. (2008). Electrochemical and spectrometric study of 

antioxidant activity of pomiferin, isopomiferin, osajin and catalposide. Journal of 

Pharmaceutical and Biomedical Analysis, 48, 127 – 133.

[18] Raymundo, M. D. S., Paula, M. M. D. S., Franco, C., & Fett, R. (2007). Quantitative 

determination of the phenolic antioxidants using voltammetric techniques. LWT, 40, 133-

1139.

[19] Kilmartin, P. A. (2001). Antioxidants & Redox Signaling, 3, 941-955.

[20] Sousa, W. R., Rocha, C. D., Cardoso, C. L., Silva, D. H. S., & Zanoni, M. V. B. (2004).

Determination of the relative contribution of phenolic antioxidants in orange juice by 

voltammetric methods. Journal of food composition and analysis, 17, 619-633.

[21] Barros, L., Falcão, S., Baptista, P., Freire, C., Boas, M. V., & Ferreira, I. C. F. R. (2008).

Antioxidant activity of Agaricus sp. Mushrooms by chemical, biochemical and 

electrochemical assay. Food Chemistry, 111, 61-66.

[22] Cosio, M. S., Buratti, S., Mannino, S., & Benedetti, S. (2006). Use of an electrochemical 

method to evaluate the antioxidant activity of herb extracts from the Labiatae family. Food

Chemistry, 97, 725-731.

[23] Gunckel, S., Santander, P., Cordano G., Ferreira, J., Munoz, S., Nunez-Vergara, L. J., & 

Squella, J. A. (1998). Antioxidant activity of gallates: an electrochemical study in aqueous 

media. Chemico-Biological  Interactions, 114, 45-59.

[24] Mu, S. (2003). The electrocatalytic oxidation of gallic acid on polyaniline flim synthesized in 

the presence of ferrocene phosphonic acid. Synthetic Metals, 139, 287-294.



130

[25] Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Evans, C. R. (1999). 

Antioxidant activity applying an improved ABTS radical cation decolorization assay. Free

radical Biology & Medicine, 26, 1231-1237.

[26] Erel, O. (2004). A novel automated direct measurement method for total antioxidant 

capacity using a new generation, more stable ABTS radical cation. Clinical Biochemistry, 

37, 277-288.

[27] Munteanu, F. D., Basto, C., Gübitz, G. M., & Paulo, A. C. (2007). Stanong of wool using the 

reaction products of ABTS oxidation by Laccase: Synergetic effects of ultrasound and 

cyclic voltammetry. Ultrasonics Sonochemistry, 14, 363-367.

[28] Erdemoglu, S. B., Pyrzyniska, K., & Güçer, S. (2000). Analytica Chimica Acta, 441, 81-89.

[29] Ruzicka, J. (1982). Flow-injection methods: new tool for instrumental analysis. 

Philosophical Transactions of the Royal Society of London, 305, 645-656.

[30] Tang, B., Zhang, L., & Geng, Y. (2005). Determination of the antioxidant capacity of 

different food natural products with a new developed flow injection spectrofluorimetry 

detecting hydroxyl radicals. Talanta, 65, 769-775.

[31] Blasco, A. J., Regerio, M. C., González, M. C., & Escarpa, A. (2005). “Electrochemical 

Index” as a screening method to determine “total polyphenolics” in food: A proposal. 

Analytica Chimica Acta, 539, 237-244.

[32] Milardovic, S., Kerekovic, I., Derrico, R., & Rumenjak, V. (2007). A novel method for flow 

injection analysis of total antioxidant capacity and biamperometric detector using 

enzymatically produced ABTS
•+

 containing interdigitated delectrode. Talanta, , – .

[33] Erdemo lu, S. B., Pyrzyniska, K., & Güçer S. (2000). Speciation of aluminum in tea infusion 

by ion-exchange resins and flame AAS detection. Analytica Chimica Acta, 41, 81-89

[34] Solís-Oba, M., Ugalde-Saldívar, V. M., González, I., & Viniegra-González, G. (2005). An 

electrochemical-spectrophotometrical study of the oxidized forms of the mediator 2.2 -

azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) produced by immobilized laccase. 

Journal of Electroanalytical Chemistry, 579, 59-66.

[35] Ivekovi , D., Milardovi , S., Roboz, M., & Grabari , B. S. (2005). Evaluation of the 

antioxidant activity by flow injection analysis method with electrochemically generated 

ABTS radical cation. The Analyst, 130, 708-714.



131

[36] Gosser Jr. D. K. (1993). Cyclic voltammetry: simulation and analysis of reaction 

mechanisms, VCH Publishers. p. 43.

[37] Miller, J. N., & Miller, J. C. (2005). Statistics and chemometrics for analytical chemistry 5 th

ed. Pearson Education Limited. p. 49.





133

 GAE 

ABTS assay

Oneway

Descriptives

ABTSOPEN

3 .7567 .00577 .00333 .7423 .7710 .75 .76

3 1.1167 .06028 .03480 .9669 1.2664 1.06 1.18

3 1.0200 .07000 .04041 .8461 1.1939 .94 1.07

3 1.0967 .05132 .02963 .9692 1.2241 1.04 1.14

3 .6300 .05292 .03055 .4986 .7614 .57 .67

15 .9240 .20698 .05344 .8094 1.0386 .57 1.18

.05292 .01366 .8936 .9544

.09762 .6530 1.1950 .04671

40

50

60

70

80

Total

Fixed Effects

Random Effects

Model

N Mean Std. Deviation Std. Error Lower Bound Upper Bound

95% Confidence Interval for

Mean

Minimum Maximum

Between-

Component

Variance

ANOVA

ABTSOPEN

.572 4 .143 51.050 .000

.028 10 .003

.600 14

Between Groups

Within Groups

Total

Sum of

Squares df Mean Square F Sig.
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Post HoC Tests

Multiple Comparisons

Dependent Variable: ABTSOPEN

-.3600* .04320 .000 -.5212 -.1988

-.2633* .04320 .002 -.4245 -.1022

-.3400* .04320 .000 -.5012 -.1788

.1267 .04320 .149 -.0345 .2878

.3600* .04320 .000 .1988 .5212

.0967 .04320 .351 -.0645 .2578

.0200 .04320 .994 -.1412 .1812

.4867* .04320 .000 .3255 .6478

.2633* .04320 .002 .1022 .4245

-.0967 .04320 .351 -.2578 .0645

-.0767 .04320 .559 -.2378 .0845

.3900* .04320 .000 .2288 .5512

.3400* .04320 .000 .1788 .5012

-.0200 .04320 .994 -.1812 .1412

.0767 .04320 .559 -.0845 .2378

.4667* .04320 .000 .3055 .6278

-.1267 .04320 .149 -.2878 .0345

-.4867* .04320 .000 -.6478 -.3255

-.3900* .04320 .000 -.5512 -.2288

-.4667* .04320 .000 -.6278 -.3055

-.3600* .04320 .000 -.4563 -.2637

-.2633* .04320 .000 -.3596 -.1671

-.3400* .04320 .000 -.4363 -.2437

.1267* .04320 .015 .0304 .2229

.3600* .04320 .000 .2637 .4563

.0967* .04320 .049 .0004 .1929

.0200 .04320 .653 -.0763 .1163

.4867* .04320 .000 .3904 .5829

.2633* .04320 .000 .1671 .3596

-.0967* .04320 .049 -.1929 -.0004

-.0767 .04320 .106 -.1729 .0196

.3900* .04320 .000 .2937 .4863

.3400* .04320 .000 .2437 .4363

-.0200 .04320 .653 -.1163 .0763

.0767 .04320 .106 -.0196 .1729

.4667* .04320 .000 .3704 .5629

-.1267* .04320 .015 -.2229 -.0304

-.4867* .04320 .000 -.5829 -.3904

-.3900* .04320 .000 -.4863 -.2937

-.4667* .04320 .000 -.5629 -.3704

(J) TEMP
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60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

50

60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

40

50

60

70

80

Scheffe

LSD

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*.

Homogeneous Subsets
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ABTSOPEN

3 .6300

3 .7567

3 1.0200

3 1.0967

3 1.1167

.149 .351

TEMP

80

40

60

70

50

Sig.

Scheffe a

N 1 2

Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.

Uses Harmonic Mean Sample Size = 3.000.a.

 GAE 

ABTS assay

Oneway

Descriptives

ABTSCLOS

5 1.8520 .15675 .07010 1.6574 2.0466 1.70 2.11

5 1.9900 .07483 .03347 1.8971 2.0829 1.90 2.10

5 2.0300 .30586 .13678 1.6502 2.4098 1.54 2.30

5 2.2480 .19992 .08941 1.9998 2.4962 1.98 2.49

5 2.1400 .17664 .07899 1.9207 2.3593 1.96 2.41

25 2.0520 .22657 .04531 1.9585 2.1455 1.54 2.49

.19743 .03949 1.9696 2.1344

.06726 1.8652 2.2388 .01483

40

50

60

70

80

Total

Fixed Effects

Random Effects

Model

N Mean Std. Deviation Std. Error Lower Bound Upper Bound

95% Confidence Interval for

Mean

Minimum Maximum

Between-

Component

Variance

ANOVA

ABTSCLOS

.452 4 .113 2.902 .048

.780 20 .039

1.232 24

Between Groups

Within Groups

Total

Sum of

Squares df Mean Square F Sig.
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Post Hoc Tests

Multiple Comparisons

Dependent Variable: ABTSCLOS

LSD

-.1380 .12486 .282 -.3985 .1225

-.1780 .12486 .169 -.4385 .0825

-.3960* .12486 .005 -.6565 -.1355

-.2880* .12486 .032 -.5485 -.0275

.1380 .12486 .282 -.1225 .3985

-.0400 .12486 .752 -.3005 .2205

-.2580 .12486 .052 -.5185 .0025

-.1500 .12486 .244 -.4105 .1105

.1780 .12486 .169 -.0825 .4385

.0400 .12486 .752 -.2205 .3005

-.2180 .12486 .096 -.4785 .0425

-.1100 .12486 .389 -.3705 .1505

.3960* .12486 .005 .1355 .6565

.2580 .12486 .052 -.0025 .5185

.2180 .12486 .096 -.0425 .4785

.1080 .12486 .397 -.1525 .3685

.2880* .12486 .032 .0275 .5485

.1500 .12486 .244 -.1105 .4105

.1100 .12486 .389 -.1505 .3705

-.1080 .12486 .397 -.3685 .1525

(J) TEMP

50

60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*.
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Multiple Comparisons

Dependent Variable: ABTSCLOS

Scheffe

-.1380 .12486 .871 -.5608 .2848

-.1780 .12486 .730 -.6008 .2448

-.3960 .12486 .074 -.8188 .0268

-.2880 .12486 .293 -.7108 .1348

.1380 .12486 .871 -.2848 .5608

-.0400 .12486 .999 -.4628 .3828

-.2580 .12486 .399 -.6808 .1648

-.1500 .12486 .834 -.5728 .2728

.1780 .12486 .730 -.2448 .6008

.0400 .12486 .999 -.3828 .4628

-.2180 .12486 .562 -.6408 .2048

-.1100 .12486 .939 -.5328 .3128

.3960 .12486 .074 -.0268 .8188

.2580 .12486 .399 -.1648 .6808

.2180 .12486 .562 -.2048 .6408

.1080 .12486 .942 -.3148 .5308

.2880 .12486 .293 -.1348 .7108

.1500 .12486 .834 -.2728 .5728

.1100 .12486 .939 -.3128 .5328

-.1080 .12486 .942 -.5308 .3148

(J) TEMP

50

60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

ABTSCLOS

Scheffe

Subset for 
alpha = .05

TEMP N 1

40 5 1.8520

50 5 1.9900

60 5 2.0300

80 5 2.1400

70 5 2.2480

Sig. .074

Means for groups in homogeneous subsets are displayed.
a  Uses Harmonic Mean Sample Size = 5.000.
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 GAE 

CV

Oneway

Descriptives

CVOPEN

3 .85010 .087712 .050641 .63221 1.06799 .778 .948

3 .54913 .089662 .051767 .32640 .77187 .446 .601

3 .56190 .128049 .073929 .24381 .87999 .419 .665

3 .53310 .124783 .072043 .22312 .84308 .389 .611

3 .20923 .007246 .004183 .19123 .22723 .201 .215

15 .54069 .225837 .058311 .41563 .66576 .201 .948

.097727 .025233 .48447 .59692

.101532 .25879 .82259 .048361

40

50

60

70

80

Total

Fixed Effects

Random Effects

Model

N Mean Std. Deviation Std. Error Lower Bound Upper Bound

95% Confidence Interval for

Mean

Minimum Maximum

Between-

Component

Variance

ANOVA

CVOPEN

.619 4 .155 16.191 .000

.096 10 .010

.714 14

Between Groups

Within Groups

Total

Sum of

Squares df Mean Square F Sig.

Post Hoc Tests
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Multiple Comparisons

Dependent Variable: CVOPEN

LSD

.30097* .079794 .004 .12318 .47876

.28820* .079794 .005 .11041 .46599

.31700* .079794 .003 .13921 .49479

.64087* .079794 .000 .46308 .81866

-.30097* .079794 .004 -.47876 -.12318

-.01277 .079794 .876 -.19056 .16502

.01603 .079794 .845 -.16176 .19382

.33990* .079794 .002 .16211 .51769

-.28820* .079794 .005 -.46599 -.11041

.01277 .079794 .876 -.16502 .19056

.02880 .079794 .726 -.14899 .20659

.35267* .079794 .001 .17488 .53046

-.31700* .079794 .003 -.49479 -.13921

-.01603 .079794 .845 -.19382 .16176

-.02880 .079794 .726 -.20659 .14899

.32387* .079794 .002 .14608 .50166

-.64087* .079794 .000 -.81866 -.46308

-.33990* .079794 .002 -.51769 -.16211

-.35267* .079794 .001 -.53046 -.17488

-.32387* .079794 .002 -.50166 -.14608

(J) TEMP

50

60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*.
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Multiple Comparisons

Dependent Variable: CVOPEN

Scheffe

.30097* .079794 .047 .00334 .59859

.28820 .079794 .059 -.00942 .58582

.31700* .079794 .036 .01938 .61462

.64087* .079794 .000 .34324 .93849

-.30097* .079794 .047 -.59859 -.00334

-.01277 .079794 1.000 -.31039 .28486

.01603 .079794 1.000 -.28159 .31366

.33990* .079794 .024 .04228 .63752

-.28820 .079794 .059 -.58582 .00942

.01277 .079794 1.000 -.28486 .31039

.02880 .079794 .998 -.26882 .32642

.35267* .079794 .019 .05504 .65029

-.31700* .079794 .036 -.61462 -.01938

-.01603 .079794 1.000 -.31366 .28159

-.02880 .079794 .998 -.32642 .26882

.32387* .079794 .032 .02624 .62149

-.64087* .079794 .000 -.93849 -.34324

-.33990* .079794 .024 -.63752 -.04228

-.35267* .079794 .019 -.65029 -.05504

-.32387* .079794 .032 -.62149 -.02624

(J) TEMP

50

60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*.

CVOPEN

Scheffe
a

3 .20923

3 .53310

3 .54913

3 .56190 .56190

3 .85010

1.000 .998 .059

TEMP

80

70

50

60

40

Sig.

N 1 2 3

Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.

Uses Harmonic Mean Sample Size = 3.000.a.
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 GAE CV

Oneway

Descriptives

CVCLOSE

5 .63700 .048616 .021742 .57664 .69736 .573 .704

5 .84460 .098249 .043938 .72261 .96659 .693 .945

5 .94060 .120357 .053825 .79116 1.09004 .811 1.128

5 1.10520 .086866 .038848 .99734 1.21306 .992 1.210

5 .91660 .033065 .014787 .87554 .95766 .879 .966

25 .88880 .173058 .034612 .81737 .96023 .573 1.210

.083834 .016767 .85382 .92378

.076040 .67768 1.09992 .027505

40

50

60

70

80

Total

Fixed Effects

Random Effec

Model

N Mean Std. DeviationStd. ErrorLower BoundUpper Bound

5% Confidence Interval fo

Mean

MinimumMaximum

Between-

Component

Variance

ANOVA

CVCLOSE

.578 4 .145 20.567 .000

.141 20 .007

.719 24

Between Groups

Within Groups

Total

Sum of

Squares df Mean Square F Sig.
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Post Hoc Tests

Multiple Comparisons

Dependent Variable: CVCLOSE

Scheffe

-.20760* .053022 .018 -.38713 -.02807

-.30360* .053022 .000 -.48313 -.12407

-.46820* .053022 .000 -.64773 -.28867

-.27960* .053022 .001 -.45913 -.10007

.20760* .053022 .018 .02807 .38713

-.09600 .053022 .528 -.27553 .08353

-.26060* .053022 .002 -.44013 -.08107

-.07200 .053022 .763 -.25153 .10753

.30360* .053022 .000 .12407 .48313

.09600 .053022 .528 -.08353 .27553

-.16460 .053022 .083 -.34413 .01493

.02400 .053022 .995 -.15553 .20353

.46820* .053022 .000 .28867 .64773

.26060* .053022 .002 .08107 .44013

.16460 .053022 .083 -.01493 .34413

.18860* .053022 .036 .00907 .36813

.27960* .053022 .001 .10007 .45913

.07200 .053022 .763 -.10753 .25153

-.02400 .053022 .995 -.20353 .15553

-.18860* .053022 .036 -.36813 -.00907

(J) TEMP

50

60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*.

CVCLOSE

Scheffe
a

5 .63700

5 .84460

5 .91660

5 .94060 .94060

5 1.10520

1.000 .528 .083

TEMP

40

50

80

60

70

Sig.

N 1 2 3

Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.

Uses Harmonic Mean Sample Size = 5.000.a.
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Multiple Comparisons

Dependent Variable: CVCLOSE

LSD

-.20760* .053022 .001 -.31820 -.09700

-.30360* .053022 .000 -.41420 -.19300

-.46820* .053022 .000 -.57880 -.35760

-.27960* .053022 .000 -.39020 -.16900

.20760* .053022 .001 .09700 .31820

-.09600 .053022 .085 -.20660 .01460

-.26060* .053022 .000 -.37120 -.15000

-.07200 .053022 .190 -.18260 .03860

.30360* .053022 .000 .19300 .41420

.09600 .053022 .085 -.01460 .20660

-.16460* .053022 .006 -.27520 -.05400

.02400 .053022 .656 -.08660 .13460

.46820* .053022 .000 .35760 .57880

.26060* .053022 .000 .15000 .37120

.16460* .053022 .006 .05400 .27520

.18860* .053022 .002 .07800 .29920

.27960* .053022 .000 .16900 .39020

.07200 .053022 .190 -.03860 .18260

-.02400 .053022 .656 -.13460 .08660

-.18860* .053022 .002 -.29920 -.07800

(J) TEMP

50

60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*.
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 GAE 

Folin-Denis assay

Oneway

Descriptives

FOLINOPE

3 .3067 .03215 .01856 .2268 .3865 .27 .33

3 .3167 .01528 .00882 .2787 .3546 .30 .33

3 .3200 .01000 .00577 .2952 .3448 .31 .33

3 .3867 .01155 .00667 .3580 .4154 .38 .40

3 .3467 .01528 .00882 .3087 .3846 .33 .36

15 .3353 .03378 .00872 .3166 .3540 .27 .40

.01862 .00481 .3246 .3460

.01444 .2952 .3754 .00093

40

50

60

70

80

Total

Fixed Effects

Random Effects

Model

N Mean Std. Deviation Std. Error Lower Bound Upper Bound

95% Confidence Interval for

Mean

Minimum Maximum

Between-

Component

Variance

ANOVA

FOLINOPE

.013 4 .003 9.019 .002

.003 10 .000

.016 14

Between Groups

Within Groups

Total

Sum of

Squares df Mean Square F Sig.
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Post Hoc Tests

Multiple Comparisons

Dependent Variable: FOLINOPE

Scheffe

-.0100 .01520 .977 -.0667 .0467

-.0133 .01520 .937 -.0700 .0434

-.0800* .01520 .006 -.1367 -.0233

-.0400 .01520 .219 -.0967 .0167

.0100 .01520 .977 -.0467 .0667

-.0033 .01520 1.000 -.0600 .0534

-.0700* .01520 .015 -.1267 -.0133

-.0300 .01520 .464 -.0867 .0267

.0133 .01520 .937 -.0434 .0700

.0033 .01520 1.000 -.0534 .0600

-.0667* .01520 .020 -.1234 -.0100

-.0267 .01520 .569 -.0834 .0300

.0800* .01520 .006 .0233 .1367

.0700* .01520 .015 .0133 .1267

.0667* .01520 .020 .0100 .1234

.0400 .01520 .219 -.0167 .0967

.0400 .01520 .219 -.0167 .0967

.0300 .01520 .464 -.0267 .0867

.0267 .01520 .569 -.0300 .0834

-.0400 .01520 .219 -.0967 .0167

(J) TEMP

50

60
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40

60

70

80

40
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70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*.

Homogeneous Subsets

FOLINOPE

Scheffe
a

3 .3067

3 .3167

3 .3200

3 .3467 .3467

3 .3867

.219 .219

TEMP

40

50

60

80

70

Sig.

N 1 2

Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.

Uses Harmonic Mean Sample Size = 3.000.a.
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Multiple Comparisons

Dependent Variable: FOLINOPE

LSD

-.0100 .01520 .526 -.0439 .0239

-.0133 .01520 .401 -.0472 .0205

-.0800* .01520 .000 -.1139 -.0461

-.0400* .01520 .025 -.0739 -.0061

.0100 .01520 .526 -.0239 .0439

-.0033 .01520 .831 -.0372 .0305

-.0700* .01520 .001 -.1039 -.0361

-.0300 .01520 .077 -.0639 .0039

.0133 .01520 .401 -.0205 .0472

.0033 .01520 .831 -.0305 .0372

-.0667* .01520 .001 -.1005 -.0328

-.0267 .01520 .110 -.0605 .0072

.0800* .01520 .000 .0461 .1139

.0700* .01520 .001 .0361 .1039

.0667* .01520 .001 .0328 .1005

.0400* .01520 .025 .0061 .0739

.0400* .01520 .025 .0061 .0739

.0300 .01520 .077 -.0039 .0639

.0267 .01520 .110 -.0072 .0605

-.0400* .01520 .025 -.0739 -.0061

(J) TEMP

50

60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*.

 GAE 

Folin-Denis assay

Oneway

Descriptives

FOLINCLO

5 .9560 .04099 .01833 .9051 1.0069 .92 1.01

5 1.0880 .04025 .01800 1.0380 1.1380 1.03 1.13

5 1.1100 .10075 .04506 .9849 1.2351 .96 1.21

5 1.3680 .05718 .02557 1.2970 1.4390 1.32 1.43

5 1.2820 .09284 .04152 1.1667 1.3973 1.16 1.38

25 1.1608 .16312 .03262 1.0935 1.2281 .92 1.43

.07119 .01424 1.1311 1.1905

.07330 .9573 1.3643 .02585

40

50

60

70

80

Total

Fixed Effects

Random Effects

Model

N Mean Std. Deviation Std. Error Lower Bound Upper Bound

95% Confidence Interval for

Mean

Minimum Maximum

Between-
Component

Variance
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ANOVA

FOLINCLO

.537 4 .134 26.501 .000

.101 20 .005

.639 24

Between Groups

Within Groups

Total

Sum of

Squares df Mean Square F Sig.

Post Hoc Tests

Multiple Comparisons

Dependent Variable: FOLINCLO

LSD

-.1320* .04502 .008 -.2259 -.0381

-.1540* .04502 .003 -.2479 -.0601

-.4120* .04502 .000 -.5059 -.3181

-.3260* .04502 .000 -.4199 -.2321

.1320* .04502 .008 .0381 .2259

-.0220 .04502 .630 -.1159 .0719

-.2800* .04502 .000 -.3739 -.1861

-.1940* .04502 .000 -.2879 -.1001

.1540* .04502 .003 .0601 .2479

.0220 .04502 .630 -.0719 .1159

-.2580* .04502 .000 -.3519 -.1641

-.1720* .04502 .001 -.2659 -.0781

.4120* .04502 .000 .3181 .5059

.2800* .04502 .000 .1861 .3739

.2580* .04502 .000 .1641 .3519

.0860 .04502 .071 -.0079 .1799

.3260* .04502 .000 .2321 .4199

.1940* .04502 .000 .1001 .2879

.1720* .04502 .001 .0781 .2659

-.0860 .04502 .071 -.1799 .0079

(J) TEMP

50

60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*.
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Multiple Comparisons

Dependent Variable: FOLINCLO

Scheffe

-.1320 .04502 .112 -.2844 .0204

-.1540* .04502 .047 -.3064 -.0016

-.4120* .04502 .000 -.5644 -.2596

-.3260* .04502 .000 -.4784 -.1736

.1320 .04502 .112 -.0204 .2844

-.0220 .04502 .993 -.1744 .1304

-.2800* .04502 .000 -.4324 -.1276

-.1940* .04502 .008 -.3464 -.0416

.1540* .04502 .047 .0016 .3064

.0220 .04502 .993 -.1304 .1744

-.2580* .04502 .000 -.4104 -.1056

-.1720* .04502 .022 -.3244 -.0196

.4120* .04502 .000 .2596 .5644

.2800* .04502 .000 .1276 .4324

.2580* .04502 .000 .1056 .4104

.0860 .04502 .476 -.0664 .2384

.3260* .04502 .000 .1736 .4784

.1940* .04502 .008 .0416 .3464

.1720* .04502 .022 .0196 .3244

-.0860 .04502 .476 -.2384 .0664

(J) TEMP

50

60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*.

Homogeneous Subsets

FOLINCLO

Scheffe
a

5 .9560

5 1.0880 1.0880

5 1.1100

5 1.2820

5 1.3680

.112 .993 .476

TEMP

40

50

60

80

70

Sig.

N 1 2 3

Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.

Uses Harmonic Mean Sample Size = 5.000.a.
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 GAE FI-ECD

Oneway

Descriptives

FOLINCLO

5 .9560 .04099 .01833 .9051 1.0069 .92 1.01

5 1.0880 .04025 .01800 1.0380 1.1380 1.03 1.13

5 1.1100 .10075 .04506 .9849 1.2351 .96 1.21

5 1.3680 .05718 .02557 1.2970 1.4390 1.32 1.43

5 1.2820 .09284 .04152 1.1667 1.3973 1.16 1.38

25 1.1608 .16312 .03262 1.0935 1.2281 .92 1.43

.07119 .01424 1.1311 1.1905

.07330 .9573 1.3643 .02585

40

50

60

70

80

Total

Fixed Effects

Random Effects

Model

N Mean Std. Deviation Std. Error Lower Bound Upper Bound

95% Confidence Interval for

Mean

Minimum Maximum

Between-

Component

Variance

ANOVA

FOLINCLO

.537 4 .134 26.501 .000

.101 20 .005

.639 24

Between Groups

Within Groups

Total

Sum of

Squares df Mean Square F Sig.
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Post Hoc Tests

Multiple Comparisons

Dependent Variable: FOLINCLO

Scheffe

-.1320 .04502 .112 -.2844 .0204

-.1540* .04502 .047 -.3064 -.0016

-.4120* .04502 .000 -.5644 -.2596

-.3260* .04502 .000 -.4784 -.1736

.1320 .04502 .112 -.0204 .2844

-.0220 .04502 .993 -.1744 .1304

-.2800* .04502 .000 -.4324 -.1276

-.1940* .04502 .008 -.3464 -.0416

.1540* .04502 .047 .0016 .3064

.0220 .04502 .993 -.1304 .1744

-.2580* .04502 .000 -.4104 -.1056

-.1720* .04502 .022 -.3244 -.0196

.4120* .04502 .000 .2596 .5644

.2800* .04502 .000 .1276 .4324

.2580* .04502 .000 .1056 .4104

.0860 .04502 .476 -.0664 .2384

.3260* .04502 .000 .1736 .4784

.1940* .04502 .008 .0416 .3464

.1720* .04502 .022 .0196 .3244

-.0860 .04502 .476 -.2384 .0664

(J) TEMP

50

60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*.

Homogeneous Subsets

FOLINCLO

Scheffe
a

5 .9560

5 1.0880 1.0880

5 1.1100

5 1.2820

5 1.3680

.112 .993 .476

TEMP

40

50

60

80

70

Sig.

N 1 2 3

Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.

Uses Harmonic Mean Sample Size = 5.000.a.
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Post Hoc Tests

Multiple Comparisons

Dependent Variable: FOLINCLO

LSD

-.1320* .04502 .008 -.2259 -.0381

-.1540* .04502 .003 -.2479 -.0601

-.4120* .04502 .000 -.5059 -.3181

-.3260* .04502 .000 -.4199 -.2321

.1320* .04502 .008 .0381 .2259

-.0220 .04502 .630 -.1159 .0719

-.2800* .04502 .000 -.3739 -.1861

-.1940* .04502 .000 -.2879 -.1001

.1540* .04502 .003 .0601 .2479

.0220 .04502 .630 -.0719 .1159

-.2580* .04502 .000 -.3519 -.1641

-.1720* .04502 .001 -.2659 -.0781

.4120* .04502 .000 .3181 .5059

.2800* .04502 .000 .1861 .3739

.2580* .04502 .000 .1641 .3519

.0860 .04502 .071 -.0079 .1799

.3260* .04502 .000 .2321 .4199

.1940* .04502 .000 .1001 .2879

.1720* .04502 .001 .0781 .2659

-.0860 .04502 .071 -.1799 .0079

(J) TEMP

50

60

70

80

40

60

70

80

40

50

70

80

40

50

60

80

40

50

60

70

(I) TEMP

40

50

60

70

80

Mean

Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*.
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GAE

Correlations

Correlations

1 .952* .992** .954*

. .013 .001 .012

5 5 5 5

.952* 1 .906* .825

.013 . .034 .086

5 5 5 5

.992** .906* 1 .981**

.001 .034 . .003

5 5 5 5

.954* .825 .981** 1

.012 .086 .003 .

5 5 5 5

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

ABTS

CV

FOLIN

FI_ECD

ABTS CV FOLIN FI_ECD

Correlation is significant at the 0.05 level (2-tailed).*.

Correlation is significant at the 0.01 level (2-tailed).**.
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