




80

-1
180 30 5

 ( ) ( )
BHA BHT TBHQ

0 1,387.74 21.57 1,366.16 33.31 1,359.58 14.13 1,396.54 20.91

20 1,445.21 92.63 1,417.39 78.48 1,420.76 21.98 1,453.87 51.38

40 1,431.86 31.98 1,398.55 27.93 1,404.40 69.69 1,452.57 23.43

60 1,412.37 35.97 1,428.54 45.99 1,423.13 19.10 1,379.13 65.70

80 1,423.56 9.77 1,367.94 8.23 1,375.49 10.63 1,416.34 31.19

100 1,404.35 24.35 1,377.42 22.05 1,358.66 37.68 1,450.45 42.67

120 1,405.83 49.65 1,368.33 23.28 1,349.96 9.49 1,435.48 16.44

140 1,366.36 15.56 1,348.01 66.52 1,373.32 9.83 1,461.45 71.67

160 1,428.67 87.05 1,383.43 95.34 1,359.52 14.10 1,347.08 31.62

180 1,398.69 47.44 1,339.22 3.60 1,427.32 46.56 1,459.62 11.61

3
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-2
180 30 5

 ( ) ( )
BHA BHT TBHQ

0 0.668 0.035 0.642 0.017 0.683 0.012 0.659 0.019

20 0.727 0.046 0.720 0.058 0.691 0.070 0.669 0.025

40 0.745 0.096 0.639 0.069 0.701 0.037 0.580 0.053

60 0.677 0.137 0.650 0.056 0.619 0.056 0.570 0.067

80 0.528 0.062 0.508 0.039 0.508 0.058 0.487 0.051

100 0.572 0.102 0.506 0.024 0.551 0.017 0.520 0.144

120 0.687 0.111 0.637 0.109 0.761 0.062 0.600 0.036

140 0.745 0.005 0.719 0.142 0.683 0.081 0.628 0.048

160 0.759 0.008 0.750 0.013 0.742 0.055 0.716 0.030

180 0.761 0.056 0.695 0.024 0.737 0.032 0.737 0.031

3
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-3
180 30 5

 ( ) ( )
BHA BHT TBHQ

0 6.535 0.964 6.197 0.626 6.247 0.775 7.024 0.835

20 6.458 0.160 6.112 0.319 6.794 0.077 6.011 1.044

40 7.469 0.237 7.253 0.388 5.492 1.799 7.143 1.318

60 7.072 1.340 7.980 1.317 6.811 2.613 7.141 1.388

80 8.148 2.240 7.332 1.492 8.208 1.515 7.723 2.636

100 7.041 1.827 7.549 1.450 7.763 0.540 6.756 1.889

120 8.099 0.628 7.430 2.761 8.488 1.800 7.449 1.563

140 7.303 1.803 8.190 2.052 9.476 0.582 8.354 0.633

160 8.140 1.131 8.157 0.999 9.829 0.881 8.614 0.866

180 8.932 0.911 8.537 0.846 9.779 0.767 9.227 1.550

3
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-5
140.0

 ( )
( ) BHA BHT TBHQ

0 1,309.10 41.31 1,236.02 11.00 1,327.63 9.82 1,276.81 75.54

2 591.31 46.99 - - -

4 287.74 9.30 426.33 21.59 396.16 34.83 659.48 1.12

6 144.67 33.62 - - -

8 46.16 28.79 94.76 14.84 52.72 28.00 240.90 40.35

12 - 34.88 3.27 36.20 3.04 213.57 74.52

16 - 7.25 0.38 18.90 0.34 55.69 0.60

3

-6
145.0

 ( )
( ) BHA BHT TBHQ

0 1,169.24 4.08 1,117.25 7.68 1,143.78 3.60 1,244.42 0.78

1.5 474.09 45.80 - - -

3 136.46 0.01 242.31 93.86 205.52 5.48 387.97 57.14

4.5 73.05 22.65 - - -

6 10.07 2.64 18.45 3.87 12.91 7.69 136.63 23.63

9 - 4.86 1.80 4.81 0.30 24.05 7.66

12 - 3.72 0.50 6.37 3.61 14.63 13.97

3
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-7
150.0

 ( )
( ) BHA BHT TBHQ

0 1,220.72 7.78 1,215.16 8.94 1,081.13 17.26 1,266.66 50.90

1 574.13 12.07 - - -

2 294.59 119.69 359.05 44.62 757.27 79.19 559.15 5.04

3 207.42 132.23 - - -

4 38.01 4.03 55.88 5.49 221.82 92.69 366.68 131.45

6 - 23.04 10.40 70.72 3.76 120.92 10.97

8 - 10.33 3.07 15.43 11.46 54.80 13.31

3

-8
155.0

 ( )
( ) BHA BHT TBHQ

0 1,079.64 54.39 1,097.75 11.48 1,114.40 69.56 1,128.33 66.73

0.5 445.01 96.60 - - -

1 417.51 10.83 525.92 53.18 468.86 14.95 649.92 106.03

1.5 250.55 31.54 - - -

2 142.71 51.84 191.86 2.05 202.20 100.53 516.78 11.12

3 - 78.77 12.45 79.14 5.24 233.55 72.61

4 - 38.21 17.90 15.63 1.01 152.67 90.59

3
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-9
160.0

 ( )
( ) BHA BHT TBHQ

0 985.15 15.58 972.87 55.94 1,071.53 71.65 1,087.26 34.52

0.5 547.12 87.78 - - -

1 306.50 28.96 438.71 21.81 507.89 35.68 542.43 51.26

1.5 143.86 10.19 - - -

2 105.09 2.88 118.59 8.05 97.98 11.39 346.43 112.84

3 - 48.63 15.01 38.92 4.95 291.53 43.64

4 - 15.23 4.71 16.23 1.27 28.90 1.44

3

-10

90.0

 ( )
( ) BHA BHT TBHQ

0 1,111.84 34.14 1,002.98 19.11 972.24 96.33 872.63 42.28

4 755.37 74.87 - - -

8 535.68 54.01 494.45 77.39 641.89 46.12 524.79 41.03

12 319.23 67.08 - - -

16 175.67 37.33 512.25 139.75 473.17 86.96 343.27 82..31

24 - 417.75 83.01 242.96 41.71 186.55 34.03

32 - 170.94 1.11 147.39 35.55 234.63 27.37

3
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-11

92.5

 ( )
( ) BHA BHT TBHQ

0 1,125.38 30.87 1,111.87 48.40 900.72 0.73 960.19 21.23

4 624.81 151.68 - - -

8 443.58 56.74 292.84 58.70 531.97 43.89 436.23 107.86

12 187.79 77.29 - - -

16 123.18 17.28 254.01 54.24 334.78 103.38 284.69 61.61

24 - 243.10 12.75 194.70 17.48 197.02 31.07

32 - 111.35 46.72 88.65 98.49 56.48 36.00

3

-12

95.0

 ( )
( ) BHA BHT TBHQ

0 1,153.75 24.13 1,127.02 18.55 1,019.06 83.26 1,080.71 23.40

3 739.18 84.82 - - -

6 617.72 7.68 691.40 27.98 566.92 51.27 818.99 40.35

9 463.02 25.21 - - -

12 138.70 21.51 547.20 33.04 341.09 2.52 552.17 29.45

18 - 225.56 42.67 235.92 3.66 337.44 64.97

24 - 199.84 79.02 129.53 8.31 169.93 1.39

3
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-13

97.5

 ( )
( ) BHA BHT TBHQ

0 805.89 26.86 943.02 139.59 742.59 60.81 848.97 71.57

2 502.84 58.06 - - -

4 411.83 76.55 731.56 39.03 553.60 29.62 486.58 69.03

6 172.06 4.96 - - -

8 179.20 48.69 617.54 22.99 169.96 9.78 443.75 95.22

12 - 349.84 73.18 136.72 2.45 198.93 73.92

16 - 244.15 108.59 87.95 61.64 128.96 3.69

3

-14

100.0

 ( )
( ) BHA BHT TBHQ

0 1,162.55 47.47 1,230.19 101.68 1,200.39 21.04 1,131.95 122.30

2 601.82 94.31 - - -

4 316.16 43.34 757.27 77.91 885.68 30.15 548.22 98.83

6 186.55 21.27 - - -

8 112.15 6.56 517.73 140.44 175.96 42.96 375.27 93.48

12 - 334.40 12.10 142.26 59.05 151.05 27.05

16 - 115.21 33.93 85.40 11.24 131.79 46.51

3
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-15

100.0

 ( )
( ) BHA BHT TBHQ

0 1,182.16 29.63 1,153.70 92.15 1,248.32 0.56 1,122.92 24.23

5 765.12 6.41 1,033.36 55.46 1,097.68 145.71 1,063.83 69.45

10 866.56 43.23 991.79 39.59 1,139.97 35.83 1,054.35 150.45

15 915.97 6.32 775.08 54.50 937.40 55.73 890.83 131.68

20 921.38 124.49 919.12 2.44 1,030.81 144.43 1,009.49 25.44

3
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y = 0.2166x - 0.0034

R2 = 0.9995

0.00

0.20
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0 1 2 3 4 5 6
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-6

Control BHA BHT TBHQ Control BHA BHT TBHQ

-7

-8 -9

5 230 5

-10 -11
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-12
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-1

(2548)

1.

80 20

75 0.02 0.08

15-20 60

Whatman 4

2.

. -10

4,300

-10

. 1.

1,434 ( 1 3)

Peristaltic pump 

250

 5 

.

-10

.

3.

-15

2.
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4.

3. 95

1 1 ( 400 400 )

( 400

400 ) 20

95 ( 400

95 1,600

)

3

1,000

95

( Godoy and Rodriguez-Amaya, 1998) 

-2  (Acid Value, AV) Free Fatty Acid (FFA) 

(AV) AOAC (2000) 

1

AV

hydrolytic rancidity 
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25 251.

( 1) 0.52.

3.

0.1 ( 2-3 )

( 2 10 )4.

5.

0.16.

157.

108.

W

V
AV

61.5

0.1V  =

( )W =

1 0.1 5.6

 ( )  ( )
 ( )

1 0.1

0.0282 0.0256 0.0200

AV = 2.19 × % FFA ( )
= 2.81 × % FFA ( )
= 1.99 × % FFA ( )

0.5-1.5
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a c i d i t y

1 . 0

100

colorimeter 

640-690

-3 (Peroxide Value, PV) 

(Peroxide Value, PV) AOAC (2000)

degree of lipid oxidation 

oxidation rancidity 

oxidation

rancidity

PV 0.002

1

1

(1 2 )

PV Lea

bound oxygen

ROOH (peroxide) + KI  KOH + I2 + ROH

      I2 + 2 Na2S2O3    Na2S4O6 + 2 NaI 
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1.

2. 5

5 100

3. 0.002  ( )
0.4954 1

( )
4. 1 1

100  ( )

1. ( 1 )

2. blank

3. 1

0.5

4.  20  (
3 2 )

(fume hood) 

5. 30

6. 250

5 20

7. 2 15 10

8. 0.002

2-3

9.  A

blank B



100

blank 0.002

5

oxidation rancidity

0.002

PV =  A – B ( )
 ( )  (1) 

(mEq/kg) 

PV =  (A – B) × N × 1,000 

 ( )  (2) 

=     (A – B) × 0.002   × 1,000 

 ( )

(fresh oil) 10

20-40

-4  (Total Plate Count)

Pour plate ( AOAC, 2002)

1. 0.1 0.1

100 121-124

15
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2. plate count agar

121-124

15

1. 1

9 1:10 10-1

2. 1:10 1

9

1:100 10-2

3. 1:100 1:1000 10-3 

 2.

1. (10-1, 10-2,

10-3) 1 2

2. plate count agar 45-55

15-20

3.

35  2 48  3

25-250 2

Mesophilic aerobic bacteria 1

25 × 
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-5  (Yeast and Mould)

AOAC (2002)

1. 0.1 0.1

100 121-124

15

2. potato dextrose agar

121-124

15

1. 1

9 1:10 10-1

2. 1:10 1

9

1:100 10-2

3. 1:100 1:1000 10-3 

2.

1. (10-1, 10-2,

10-3) 1 2

2. potato dextrose agar pH 3.5

10 45-55

15-20

3.

25  2 5
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10-150 2

1

10 × 
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 6 2522

   

2544

2539


