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-1

High Performance Liquid Chromatography 

(HPLC) AOCS (Method Ce 8-89) (AOCS, 1997)

1.

cold saponification 

HPLC

cold saponification

(1)  2 g flat-bottom flask  100

mL Ethanol 96%  8 mL 

 pyrogallol 100 mg (N2)

KOH 60% (w/w) 4 mL 

flask water bath 26oC 10

aluminum foil 

    (2) deionized water 50 mL separating funnel

250 mL flask diethyl ether 50 mL [Diethyl ether – peroxide free 0.1%

(w/w) pyrogallol]  separating funnel 1

(aqueous layer)  separating funnel diethyl ether 30 mL 4

ether extracts

    (3) diethyl ether extracts  deionized water 50 mL (

) hydrochloric acid 0.01 M 30

mL  Sodium sulphate-anhydrous 3 g 

 diethyl ether round bottom flask 

rotary evaporator 
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    (4) diethyl ether rotary film 

evaporator 40oC 330 mbar

round bottom flask ethanol 99% 40oC

72 mbar volumetric 

flask 50 mL

prepared test solution 0.45

2 mL -20oC

HPLC 30

2.

HPLC SHIMADZU-HPLC

HPLC LC-10Avp Low Pressure Gradient SCL-10A 
System controller, DGU-14A In-Line Degasser, FCV-10AL Switching Valve, .LC-

10AD Pump,CTO-10A Oven silica column microparticulate 

silica  0.5 µm (SpherisorbR S5W) 250×4.0 mm (Waters part No. 

PSS845540) Guard column 

Manual injection RF-10A Fluorescence 

Detector LCsolution Software

HP Compagdx2000 MT Hewlett Packard HPLC

(1)
 Mobile phase  : Hexane:Isopropanol 
 Isocratic condition : 99.5:0.5 
 Injection volumn : 20µl 
 Flow rate  : 1.5 mL/min 
 Analysis time  : 15 min 
 Column temperature : 30oC
 Detector  : Fluorescence Detector  
                                                  (Excitation 290 nm/Emission 330 nm) 
 Calibration  : External standard calibration   



131 

(2)

(2.1)

(2.1.1) - ( -Tocopherol standard 
stock solution) 

- 10  mg 

 volumetric flask 100 mL 

10 mL  (round-bottom flask)
rotary evaporator 40oC 330 mbar

10 mL

292 nm

(as µg/mL -Tocopherol) 0.0076

(2.1.2) - - - ( -, -, -
Tocopherol standard stock solution) 

stock solutions - - -
UV spectrometry

-
corresponding divisor factor

296 nm -Tocopherol = 0.0089.
  298 nm -Tocopherol = 0.0091.
  298 nm -Tocopherol = 0.0087.

(2.1.3)   Mixed tocopherol standards working solution.
 stock solutions

Mixed tocopherol standards working solution

1-5 µg/mL
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-1

(1) - ug/g

- ug/g

AOCS (Method Ce 8-89) (AOCS, 1997)

C×a×D×25
                                        A×m  

C = - (ug/mL)

A = -
a = -
m =  ( )

D = Dilution factor test solution 1:10 test

portion solution dilution factor 10

(2) -, - -
- -

AOCS (Method Ce 8-89) (AOCS, 1997)

(3)

C A

AOCS (Method Ce 8-89) (AOCS, 1997)

-2

(%)

Kim (2005)

(%) = [ (g) / (g)] ×100
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-3

(%)

Kim (2005)

(%) = 100 - (%)

( (%) = 100 - (%)  )

-4

relative recovery (%).
Kim (2005)

relative recovery (%) = [ (mg/kg) ×

(g)] / [

                                        (mg/kg) × (g)] ×100

-5

 DPPH radical

 DPPH radical

Kim (2005)

DPPH scavenging effect (%) = [(AO-A1) / (AO) ×100] 

AO = 517 nm  ( blank

)

A1 = 517 nm

-6

 (%) 

(%)

Kim (2005)

% inhibition = 100-[( A1 / AO) ×100] 
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AO = 500 nm  ( blank

)

A1 = 500 nm
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-2

(%)

: - - -

1 1:1 -10 250 18.4±0.5 4.1±0.2 0.9±0.0
2 1:2 -10 250 18.7±0.4 4.2±0.3 0.9±0.0
3 1:3 -10 250 18.9±0.4 4.3±0.1 0.9±0.0
4 1:4 -10 250 20.1±1.9 4.5±0.2 1.0±0.1
5 1:1 -10 500 18.7±1.2 4.4±0.3 1.0±0.0
6 1:2 -10 500 19.9±2.3 4.7±0.5 1.0±0.1
7 1:3 -10 500 20.9±4.5 4.7±0.7 1.0±0.2
8 1:4 -10 500 19.9±3.0 4.3±0.1 1.0±0.1
9 1:1 -15 250 20.2±1.7 4.6±0.3 1.0±0.1
10 1:2 -15 250 19.0±0.9 4.3±0.4 1.0±0.0
11 1:3 -15 250 19.4±1.1 4.4±0.4 0.9±0.0
12 1:4 -15 250 20.4±2.6 4.6±0.7 0.1±0.1
13 1:1 -15 500 20.1±3.7 4.3±1.0 1.1±0.1
14 1:2 -15 500 20.7±3.2 4.8±0.6 1.0±0.1
15 1:3 -15 500 18.9±1.1 4.1±0.4 0.9±0.0
16 1:4 -15 500 20.5±3.1 4.5±0.7 1.1±0.1

3 ±
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-2  ( )
(%)

: - - -

1 1:1 -10 250 14.4±0.2 56.5±0.6 1.4±0.1
2 1:2 -10 250 14.4±0.2 56.3±0.5 1.3±0.0
3 1:3 -10 250 14.3±0.0 55.8±0.5 1.4±0.1
4 1:4 -10 250 13.6±1.0 54.6±2.0 1.5±0.2
5 1:1 -10 500 14.3±0.4 56.1±1.6 1.3±0.1
6 1:2 -10 500 13.8±1.2 54.9±2.5 1.4±0.2
7 1:3 -10 500 13.4±1.8 53.8±5.0 1.5±0.4
8 1:4 -10 500 13.8±1.2 54.8±2.9 1.5±0.2
9 1:1 -15 250 13.6±1.0 54.3±1.9 1.5±0.2

10 1:2 -15 250 14.3±0.3 55.9±1.0 1.3±0.1
11 1:3 -15 250 14.1±0.4 55.5±1.1 1.3±0.1
12 1:4 -15 250 13.9±0.9 54.2±3.0 1.4±0.2
13 1:1 -15 500 13.6±1.6 53.9±4.5 1.7±0.3
14 1:2 -15 500 13.7±1.1 53.7±4.0 1.5±0.3
15 1:3 -15 500 14.4±0.4 56.2±1.4 1.3±0.1
16 1:4 -15 500 13.6±1.3 53.6±3.9 1.6±0.3

3 ±
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-2  ( )
(%)

: -

1 1:1 -10 250 4.2±0.3 35.1±0.4 64.9±0.5
2 1:2 -10 250 4.1±0.1 35.3±0.2 64.7±0.2
3 1:3 -10 250 4.3±0.2 35.6±0.3 64.4±0.4
4 1:4 -10 250 4.6±0.6 35.2±1.0 63.8±1.2
5 1:1 -10 500 4.2±0.3 35.3±0.8 64.7±1.0
6 1:2 -10 500 4.4±0.6 36.1±1.2 63.9±1.4
7 1:3 -10 500 4.6±1.1 36.8±2.6 63.2±3.2
8 1:4 -10 500 4.7±0.7 36.2±1.7 63.8±2.1
9 1:1 -15 250 4.7±0.6 36.4±0.9 63.6±1.1

10 1:2 -15 250 4.2±0.2 35.6±0.5 64.4±0.6
11 1:3 -15 250 4.2±0.2 35.9±0.6 64.1±0.8
12 1:4 -15 250 4.5±0.5 36.7±1.6 63.3±2.0
13 1:1 -15 500 5.3±0.9 36.5±2.1 63.5±2.6
14 1:2 -15 500 4.6±0.9 36.9±2.0 63.1±2.5
15 1:3 -15 500 4.1±0.2 35.6±0.7 64.4±0.8
16 1:4 -15 500 5.1±1.0 36.8±1.8 63.2±2.2

3 ±
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-3

: (%)
1 1:1 -10 250 43.5c±0.3
2 1:2 -10 250 77.1g±0.1
3 1:3 -10 250 69.2d±0.1
4 1:4 -10 250 74.6f±0.5
5 1:1 -10 500 32.1b±0.1
6 1:2 -10 500 78.1gh±0.1
7 1:3 -10 500 90.5l±0.2
8 1:4 -10 500 99.7m±0.2
9 1:1 -15 250 43.6c±0.9
10 1:2 -15 250 73.1e±0.3
11 1:3 -15 250 84.1j±0.1
12 1:4 -15 250 78.5hi±0.2
13 1:1 -15 500 19.8a±2.0
14 1:2 -15 500 73.2e±0.2
15 1:3 -15 500 79.5i±0.1
16 1:4 -15 500 85.5k±0.1

3 ±

(p<0.05)
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-4

: (%)

1 1:1 -10 250 56.5k±0.3
2 1:2 -10 250 22.9g±0.1
3 1:3 -10 250 30.8j±0.1
4 1:4 -10 250 25.4h±0.2
5 1:1 -10 500 67.9l±0.1
6 1:2 -10 500 21.9fg±0.1
7 1:3 -10 500   9.5b±0.2
8 1:4 -10 500   0.3a±0.2
9 1:1 -15 250 56.4k±1.0
10 1:2 -15 250 26.9i±0.3
11 1:3 -15 250 15.9d±0.1
12 1:4 -15 250 21.5ef±0.2
13 1:1 -15 500 80.2m±2.1
14 1:2 -15 500 26.8i±0.2
15 1:3 -15 500 20.4e±0.1
16 1:4 -15 500 14.5c±0.1

3 ±

(p<0.05)
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-6  DPPH scavenging effect 

(mg/kg) DPPH scavenging effect (%) 
1.25 84.9a±0.9
2.5 85.9b±0.3
5 94.5c±0.4

10 98.9d±0.1
20 98.8d±0.2
40 98.9d±0.1
60 98.3d±0.2
80 98.5d±0.1
100 98.6d±0.4
125 98.3d±0.5
150 98.2d±0.1
200 98.0d±0.4
300 98.1d±0.1
400 97.6d±0.2
500 97.7d±0.2
600 97.8d±0.9
700 97.3d±1.0

3 ±

    
(p<0.05)

-7  ( 700 nm)

(mg/kg) ( 700 nm)
0 0.1158a±0.0012

1.25 0.1200b±0.0002

2.50 0.1214c±0.0004

5.00 0.1241d±0.0002

10.00 0.1277e±0.0006

3 ±

    
(p<0.05)
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-8  ( 500 nm)

 ( 500 nm)
 ( )

       (mg/kg)

0 1.25 2.5 5 10

0 0.1181±0.0014 0.1094±0.0005 0.1078±0.0001 0.1059±0.0008 0.1033±0.0009 

1 0.9257±0.0912 0.1697±0.0091 0.0876±0.0049 0.0840±0.0017 0.0836±0.0015 

2 1.0348±0.0036 0.1454±0.0004 0.1328±0.0070 0.1270±0.0070 0.1249±0.0087 

3 1.5633±0.1026 0.1334±0.0084 0.1265±0.0101 0.1068±0.0042 0.1013±0.0032 

4 1.7475±0.1534 0.2136±0.0303 0.2101±0.0051 0.1660±0.0084 0.1474±0.0051 

5 1.5137±0.0143 0.3064±0.0509 0.2771±0.0056 0.2152±0.0012 0.2120±0.0021 

3 ±

-9

 (%)

 ( )
(mg/kg) 1.25 2.5 5 10

0 7.4 8.7 10.3 12.5 

1 81.7 90.5 90.9 90.9 

2 85.9 87.2 87.7 87.9 

3 91.5 91.9 93.2 93.5 

4 87.8 88.0 91.0 92.0 

5 79.8 81.7 85.8 86.0 
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-10  ( 700 nm)

(mg/kg) 
 (%) ( 700 nm)

1.25 87.8±1.1 0.1200b±0.0002

2.50 88.0±1.1 0.1214c±0.0004

5.00 91.0±1.2 0.1241d±0.0002

10.00 92.0±0.7 0.1277e±0.0006

3 ±

(p<0.05)

-11  ( 532 nm)

(mg/kg) ( 532 nm)
0.00 0.2640a±0.0170

1.25 0.1225b±0.0177

2.50 0.1120b±0.0156

5.00 0.1085b±0.0007

10.00 0.0985b±0.0035

3 ±

    
(p<0.05)
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-12

 (%) 
BHA 53.7b±0.7342
BHT 51.6c±1.0862

TBHQ 40.1d±1.5258
PG 40.1d±0.8802

-tocopherol  Sigma aldrich 53.0bc±0.5485

58.5a±0.7034

3 ±

    
(p<0.05)
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-14

3 ±

    
(p<0.05)

-15  ( 532 nm)

( 532 nm)
control 0.2942a±0.0018
BHA 0.1118f±0.0011
BHT 0.1347d±0.0029

TBHQ 0.1631b±0.0016
PG 0.1448c±0.0011

-tocopherol Sigma aldrich 0.1270e±0.0026

0.1006g±0.0006

3 ±

    
(p<0.05)

 (%)

( ) BHA BHT TBHQ PG

-
tocopherol

Sigma 
aldrich

0 19.1bc±2.0 22.1ab±1.4 1.8e±0.4 5.5d±2.1 16.3c±2.5 24.4a±1.4
1 84.3b±0.8 86.4a±0.2 82.2c±0.8 53.8d±1.3 81.6c±0.5 82.1c±0.5
2 91.0a±0.1 87.4b±0.2 79.1d±1.3 67.1e±1.0 85.1c±1.2 91.2a±0.3
3 94.8a±0.2 89.1b±8.9 80.6c±0.4 70.8e±0.1 73.6d±1.2 88.3b±0.1
4 93.2a±0.2 80.6c±0.8 63.9f±1.1 74.3d±0.1 72.7e±0.1 89.8b±0.0
5 93.3a±0.2 68.8c±1.2 50.6e±0.6 68.1c±0.5 58.6d±0.1 86.7b±0.1
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-5 DPPH DPPH

 0, 1.25, 2.50,

                 5.00,10.00 700 mg/kg 

-6

0, 1.25, 2.50, 5.00 10.00 mg/kg
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-7 20%

-8

0, 1.25, 2.50, 5.00 10.00

              mg/kg 
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-9 NBT

a               BHA, BHT, TBHQ, PG, - Sigm

                          aldrich 

-10

 BHA, BHT, TBHQ, PG, 

- Sigma Aldrich 
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