
3  
 

3.1  
1. (belly flap) (adipose tissue)

-20 . .

3.2

1. (Rotary evaporator : R-200 model, BUCHI, Switzerland)

2. (MR 430 HC model, 300 Watt, BRAUN®, Spain)

3. (Stirrer : ARE model, VELP Scientifica, Italy)

4. (Digital thermometer :  DTM 305 model, TECPEL, Taiwan)

5. (Water bath : WB14 model, Memmert, Germany)

6. (Porkert) 
7. (Meissner maschinen, Wallan)

8. (Color meter : CR-300, MINOLTA®, Japan)

9. (Hot air oven : Termaks, England)

10. (Muffle Furnace : Gallenkamp, model FSE 520, England)

11. 4 (Analytical balance : Sartorius,  CP 224S, Germany) 
12. Dry Nitrogen

13. 1 4 (Whatman, England)

14. Gas Chromatography (Model GC2014 : SHIMADZU, Japan)

15. GC column (DB-WAX 30M : Durabond, U.S.A)

16. (water bath : WB14 model, Memmert, Germany)

17. (vortex mixer : G-560E model, VORTEX-GENIE®, Scientific

Industries, USA)

18. ( series PB10)

19. 4  

20.  2 (Percisa ; BJ610C, Switzerland) 
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3.3  
1.  (Hexane : commercial grade , Etalmar ,Thailand) 

2. (Hexane : HPLC grade 99.5%, LAB SCAN, Ireland) 

3. (Ethanol : AR grade >95%, Merck, Germany)

4. (Ethanol 95%, Imported denatured ethyl alcohol 95%)

5. (Ethanol : absolute, Merck, Germany)

6 (Methanol : AR grade >99.9%, Merck, Germany)

7. (Chloroform : AR grade 99.8%, LAB-SCAN, Ireland)

8. (Diethyl Ether : AR grade 95.5%, LAB-SCAN, Ireland)

9. (Phenolphthalein : AR grade, Sigma, U.S.A)

10. (Sodium hydroxide : commercial grade 98%, THASCO

Chemical, Thailand)

11. (Sodium sulfate : AR grade >99.0%, Merck, Germany)

12. (Trichloroacetic acid : AR grade >99.5%, Merck,

Germany)

13.  (Potassium iodide : AR grade, Baker, U.S.A)

14. (Potassium iodide : AR grade, Merk, Germany)

15. (Sodium thiosulfate : AR grade, Fluka, U.S.A)

16. (Sodium thiosulphate : AR grade, Finechem, New Zealand) 

17. (Soluble starch : AR grade, Baker, U.S.A)

18. (Phosphoric acid : AR grade, Merk, Germany)yy

19. (Linoleic acid : GC grade > 99.0%, Fluka, Germany)

20. (Hydrochloric acid : AR grade 37.0-38.0%, Merck, Germany)

21. (Butylated hydroxyanisole : AR grade, Sigma-aldrich, Germany)

22. (2,6-Di-ter -butyl-4-methyphenol : AR grade Sigma-aldrich, Germany)

23. (Urea : AR grade, Ajax Finechem)

24. (Acetic acid glacial : AR grade, LAB-SCAN, Ireland)

25. (Toluene : AR grade >99.5%, LAB-SCAN, Ireland) 

26.  (Petroleum ether : AR grade, LAB-SCAN, Ireland) 

27.  (Palmitic acid : GC grade, Fluka, Germany) 

28. (Oleic acid : GC grade, Fluka, Germany) 
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29.  (Pentadecanoic acid : GC grade, Fluka, Germany) 

30.  (cis-4,7,10,13,16,19-Docosahexaenoicacid : GC grade, Sigma-aldrich,  

31.  (cis-5,8,11,14,17-Eicosapentaenoic acid : GC grade, Sigma-aldrich,  

U.S.A)

32. (Nitrogen 99.99% : Lanna Industrial Gasses, Thailand)

3.4

3.4.1 (Crude oil)

2:1(v/v) Bligh and Dyer (Sunarya et al., 1996) 

1.

(2:1 v/v) 200

600 2 200

30

2.

1

4 110

3.

2

separating  funnel 100

3

4 110

4.

3 
250  40  10  10 

72 40 
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3.4.2   

 3.4.1  
( , 2516) (

, 2516) 
 1. (Degummimng)

1.1 60

80% 0.025% (v/v)

1.2 10

1.3 Whatman 4

110

2. (Bleaching)

2.1 80

(activated charcoal) 0.5%(w/v)

2.2 10 (magnetic stirrer)

2.3 Whatman 4

110  
2.4

-25

 

 3.4.3

(AOAC, 2002)

(AOAC, 2000) (AOAC, 2000) (Hunter : L a* b*)

3 Completely Randomize Design

ANOVA (analysis of variance)

3.4.4   

 
(Wanasundara and Shahidi, 1998) 

, 2
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1.  (Sunarya et al., 1996) 
  1.1  10 
(C:M) 2:1 (v/v) 50 ppm 100 24

  1.2

C:M 40 2 C:M 20

1.3 0.85% 20

1.4

Evaporator 40

1.5 -25

2. (methylation)

2.1  100

2.2 Internal standard (C15:0 ; 10 ppm ) 1 
2.3 0.9M 3 1

2.4 water bath 70 2 ( 45 )
2.5 2 0.85% 1

2.6 1 3

2.7  
2.8 2.7

2.9

2.10

3.

3.1 10 Sep-pak (C18)

3.2   C:M ( : ; 2:1v/v) 3 3 
C:M Sep-pak   

3.3  P ( ) 2 P  Sep-

pak  

00

M 40 0

0.8

va

5

3

50 ppm 100 24

2

C:M 

85%

Ev

2.7

4

2.5

2.6 1

855% 1

1

22.

-25

1

tandard (C15:0 ; 10 pp

M

th 7

a

07

0oratoator

.3

0 22 C:M 2

2

3

2

0 p-ppp (k (CC 8)8)

101

2 9

2

1 1 ep p k (C 8)

.10
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3.4  P 
Sep-pak  

3.5 PE ( 5% ) 3.5 
 PE Sep-pak

3.6 C:M 3 Sep-pak

3.7 3.6

3 Completely Randomize Design

ANOVA (analysis of variance)

 

3.4.5 EPA DHA 

3.4.2

reflux

(Wanasundara and Shahidi, 1998) 3

 1. (Wanasundara and Shahidi, 1998) 

 1.1 175 1000  200 

ppm

1.2 40.25 77

1.3 95% 462

1.4 reflux 62±2

1

1.5 350

  1.6  200 2  
  1.7  pH = 1  3N 

  1.8  350  

%

pak

p-p
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ce

3

ara a

10
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n
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1 000
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  1.9  
 Whatman 4 

  1.10  Evaporator 
40 
 1.11 -25 

2.

2.1 95% 20% (W/V)

60

2.2 300 2:1, 3:1 4:1

2.3   
2.4  -5, -10, -15 -20 6,

12 18

2.5 Whatman 4

2.6 150

2.7 pH = 4-5 6N

2.8 150 1

2.9

 2.10 150

2.11

Whatman 4
2.12 Evaporator

40

2.13

 3  Factorial in CRD 
ANOVA (analysis of variance) 

    

1.1

2

12

2.1

1

2

20

3

2.6

2.8

2.9

150

1

1

9

-555, -

300

5 10, 15
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0
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5%

2
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600

11
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2

WWh
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