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Purification and Characterization of Functional Oil

from Skate(Okamejei Kenojei) Liver

Eung Seong Yu

Department of Food Science and Technology, Graduate School

Pukyong National University, Busan 608-737, Korea

Abstract

The purpose of this study was to search the most effective oil
purification method from liver of skate. The sample was supplied from
Na-ju fishery Co., Ltd. in Jeollanam-do. The raw oil was extracted from
liver of skate using an organic solvent extraction method (Folch method)
and a pressure-high temperature method. The yield of raw skate liver oil
extracted using organic solvent method and pressure-high temperature
method was 43.6% and 26.2% of liver of skate, respectively. The
phospholipid was removed from raw skate liver oil with 6% citric acid
solution for the degumming. The phosphorus content of raw skate liver
oill extracted with organic solvent method was decreased from 89.78
mg/kg to 0.23 mg/kg. Also, the phosphorus content of raw skate liver oil
extracted with pressure-high temperature method was decreased from
8776 mg/kg to 0.398 mg/kg. The free fatty acid was eliminated by
treating 4% sodium hydroxide solution for the deacidification. After
deacidification of oil, the acid value was 0.18 mg KOH/g, the peroxide

value was 1.37 meg/kg and the yield was 83% in case of using organic



solvent extraction method. Also, in case of using the pressure-high
temperature method, the acid value was 0.12 mg KOH/g, peroxide value
was 2.76 meq/kg and yield was 85%. Then, for the decolorization, the oil
was treated with 5% activated charcoal solution. When the oil using the
organic solvent extraction method was treated with 5% activated charcoal,
the acid value was 0.05 mg KOH/g, the peroxide value was 1.21 meq/kg,
the yield was 37% and the iodine value was 134.2. Also, after
decolorization process of the oil using the pressure-high temperature
method, the acid value was 0.05 mg KOH/g, the peroxide value was 2.68
meqg/kg, the yield was 29% and the iodine value was 135.42. The
chromaticity change of each purification process by organic solvent
extraction method was from L : 40.76, a : +15.69, b : +898 for raw oil to
L :54.05 a =259, b : +8.98 for decolorization oil. Also, The chromaticity
change of each purification process by pressure—high temperature method
was from L @ 39.19, a : +848, b : +24.58 for raw oil to L @ 51.3, a :-3.34,
b : +8.98 for decolorization oil. Before the deodorization process, ammonia
contents of oil using organic solvent extraction method and pressure-high
temperature method was 3bppm and 46 ppm, respectively. After treating
with 7% bamboo smoke distillate, those were significantly decreased to 1
ppm and 4 ppm, respectively. Amount of dcosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA) in skate liver oil were measured by gas
chromatography after every purification process. Total amount of EPA
and DHA in raw skate liver oil extracted with organic solvent method
and pressure-high temperature were 219586 mg/g and 235.65 mg/g,
respectively. Final total amount of EPA and DHA after the purification of
organic solvent extraction method and pressure-high temperature method
were 282.046 mg/g, 291.754 mg/g, respectively. Low temperature

crystallization experiment was carried out to reduce saturated fatty acids

_iv_



and increase the composition of omega—-3 fatty acids. Total amount of
EPA and DHA after the low temperature crystallization of organic solvent
extraction method and pressure-high temperature method were 316.444
mg/g, 310.277 mg/g, respectively. After antioxidant was added to the oil
extracted with both organic solvent method and pressure—high temperature
method, there was no significant change in acid value, peroxide value and
TBA value after 96 hours. However, when the antioxidant wasn’t treated
oil using organic solvent extraction method, the acid value was 6.59 mg
KOH/g, the peroxide value was 15.75 meq/kg, and TBA was 189.312
mg/kg. However, when the antioxidant wasn't treated to oil using
pressure-high temperature method, the acid value was 7.76 mg KOH/g,
the peroxide value was 16.40 meqg/kg, and TBA was 190.208 mg/kg.
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AgsR, o3 At FFe BAs A8kl gas-
chromatography (YL 6500 GC, Aglient technologies, California, USA)E 9]

gahgle.

2. SAAEY

NEo &E AEE g 100C9 B& #o] A7l ¥ & 147 5

Alge 255 AA3 o3 A5 4ul#F9 chloroform : methanol(2:1
v/v)&Ao g AT A F BEAZAW |2 10% sodium chlorideE ©] &3}

o A %39 aL, sodium sulfate anhydrous¥} filter paperE ©]-&3}o] ©=0o]
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3k 3 rotatory evaporator (R-300, BUCHI, Flawil, Switzerland)E ©]
Fol 718wl & A1 A3 tHBligh and Dyer, 1959).
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Raw oil

Preheating at 60C

|

Adding citric acid and water(60T)

Nz injection and agitation (60T, 20 min)

1

Centrifugation(1,500 rpm, 15 min)

Degummed oil

Preheating at 60T

|

Adding sodium hydroxide solution

1

Injecting nitrogen gas and agitating

(60C, 20 min)
|

Centrifugation (1,500 rpm, 15 min)

Washing

Adding activated charcoal (60T, 20 min)

1

Agitating (60T, 20 min)
|

Filtration

Adding crude bamboo vinegar

Low temperature crystallization (-70T, 12 hr)

Antioxidant treatment

Fig 1. Flow chart for purification of sample oil



A9 FF %3

AR 20 g& =7l AR 5 odu] g@3t2 AF 3tz elA 500~550T

2 71433} sAdnt 33t ¢ 31 05 N nitric acidg 7Fshal 7F23te] =
o] & o33t 05 N nitric acid® A-&3ste] FEZddZep=zn EgiA
712 e s BAReH, 7171849 214 Table. 1 ¢ 2oH %+

ol=E 2 SRM(Standard Reference Material) BB3845 AF-&3}o] Q1 steF &

KA UE A4 HE 9@ ®ZATH(Table 2).
11. 2719 &A

Mte A 1 gFel FREHel de FEAMNS FEATIEH ZoT
KOH® mgs= glyceride® 2% delz A &= FeABte Fs 54
st Zlolw AAE A&FelA A7t= 1.00lst= SH

A8 3 g5 250 ml AHaE2k2=39 FH3F F ehtyl-ether : ethanol (2:1) &
8N 100 mie} &3kete] €38 &3 A1Zl ¥, phenolphtalein A A] ¢F 3%&
< 7F8kal 0.1 N KOH-ethanol o2 HAs 5 2o tdsle] A7lE
=43 A THAOAC, 2006).

5.611 X a X F

AV = b

a : 0.1 N KOH-ethanol ZH]%(ml)
b @ A5 (g)
F : 0.1 N KOH-ethanol®] <7}



Table 1. ICP conditions for phosphorus content determination

ICP (Inductively Coupled Plasma)

Instrument
RF power(W)
Pump(mIL/min)

Plasma

Gas flow

(L/min) Auxiliary

Nebulizer

Perkin Elmer OPTIMA 3300XL

1200

1.50

5

0.5

0.7
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Table 2. Recovery ratio of phosphorus contents from SRM BB384

Recovery ratio (%)

Mineral NitiFic—acitt Reference
Wet digestion
P 103.79 SRM BB3&4
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12. TBA7} &A

2
TEE SASE dYE AR 06 g 94 10 ml ¥2 § FE3] &A1
kel

95T FEdollA 7tEste] §dS AapA oz WUgAI7l & 2= o Yzt
< dto] 530 nmollA FEFEE SAHT F, 2 didste] AlLtst tH(Moon
et al, 2000).
(S— B) < 50
TBA 7F =
r w

S = B A& 9] 530nmo A9 SF%=

B = & A3 530nmeAY SF%=

W = 729 2 g)

2~ 0O =
13. 4% 2 £8& =4

el W= ZF AAHAY AMES MEA(Serie sp60, Lovibond,
Amesbury, UK)Z 217 1 cm9] cellS o] &3] 543t Hunterd L, a, b
oz Yetlar(Han and Ahn, 1993), &8 Z+79] AARAS AZF A
ok AR A Algee] Fylol] gk B2 UERATH

o

14, #4387k H4
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o

kst E7 = A 1 kgell 8 st =9 mgdEFrE HitksE
A o] Arslrr Rl wel F7bstthrt carbonyl SFEER o] Aol

= Hasks 540 Atk o] o] =& E AFoRAM FHIPEH BE

==

f

S
4 fAE= 20~40 meg/kgd W Abs A 7= 2o}

3 g< acetic acid:chloroform (3:2) &< 30 mle} E3ste] FAE &
3| A] 7] 2L potassium iodine E£3EN 1 ml S H7}3 §H Ao A EE oF
& 3ol 5@ WUAg F 30 mle] SR 1% AEAAAE 1 ml ¥l
0.01 N sodium thiosulfate (NaS;03) & 4o =
SFATHAOAC, 1985).

(a—b) X Fx0.01 < 1000
C

POV =

a: ¥ 239 0.01 N NayS:054=H] ZF(ml)
b ! Blank®] 0.01 N NayS,034H] & (ml)
c: AR AARe)

F : 0.01 N NapS:03°] 97}

15 A4 F71SHE 27
AVES dYe x9S 9 FAE 50 ml vialgol 5 ml ¥ ¥ F

{

UEstel 60T, 1AZF WXx]gich, 1 GASTECH(GASTEC Korea,

&
3
GV-110s, Seoul, Korea)oll ¢y o} A #H(NO. 3La, 2.5-200 ppm)= A2

P F, 5100 ppm7HA S40] JFsd AXBE olgale] stmol ghare)

ANFS ppm G2 AFEFFA THSeo, 2004).
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16. 89 =719 =4

Eldlth A& 0.2 g5 chloroform 10 mlel| &3fA121 %,
Wijs AleF 25 mlE 7Fstar 1A1ZF 5ot Ao ®xAs & 10% potassium
iodine &< 20 mi®t SHF5 100 mlE 78te] &E¥sled, 0.1 N sodium
thiosulfate &4 o= #Ag F olgfe] Ao wfiste] ALFsATHAOAC,
1985).

(a—b) x Fx 0.01269 % 100
C

IV=

a : Blank®] 0.IN NayS;034~H] Z(ml)

b E A3 0.IN NazS:034:H] % (ml)

F © 0.IN NaxS:038] 97}

0.01269 : 0.IN NaxS:03 1mlell &35t 1o g
c: ANE AFHAFg)

17. A2 24 4

Chloroform : methanol (2:1 v/v)&d o2 24A1F HA & FAZdur]=2

10% NaCl& o]&3to] A& 3ta sodium sulfate anhydrousE ©]-&3dte] &
o] 7}(Blight and Dyer, 1959)5 3}l rotatory evaporatorE ©]-&3lo] 7]-&
2 A AT T BAsGT 54 0.1 gol 05 N methanolg 2 ml ¥
10T~ 1023 7hastgint. 2§, Aoz WAzl § BF; §9¢

ml 7Fetdeh. 2e8lar 100Col A 4087 7Fdste] Aeom  WzhAly)
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Cin

n-hexanes 2 ml ¥ F 20% vortexE %th. X3} NaCls 5 ml ¥
vortexZS 3 & AZ=9HS 045 pm syringe filterol £33 A7l ¥ gas
chromatography® #4399tk =3k docosahexaenoic methyl ester}
eicosapentaenoic methyl esterE 0.1, 05, 1, 5, 7.5, 10 ppme T L= 7217
Az @ F A 24 BAT 2L znem wAdel AufA, e, B

A G A2 A 3o Ao gk DHAS® EPAS] &35 v alskio.
Gas chromatography +4 Z7-2 Table 39 YERH AT}

18. B AIA ¥
F A A 8= Statistical Analysis System(2000, SAS version 9.4) X =13
< o]&3o EAEANE  AAEIeH, FoAeol dAXHE A5 LSD

multiple rangeE ©]-&3to] Highite] FolAdS 5% ol FFolA A}

shele.
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Table 3. Analytical conditions of gas chromatography

Items

Conditions

Column

Carrier gas

Oven temperature

Detect temperature

Inject temperature

Split ratio

Injection volume

(100

SP-2560
m x 025 m x 0.2 ym)

Helium

100C(5 min) — 4T min)

— 240C (20 min)

260°C

250°C

2 -7

1 pL

_‘]6_



Table 4 o YetHATH 1 kg 7I& o2 F 39S AFES 3 49

FE=He 45 410 g/kg, 470 g/kg, 430 g/kg o2 Usgko HH oz
437 g/kg®l FE&& UEHUA oW FASHRR Y A 270 g/kg, 230 g/kg,
250 g/kgo® HytH o= 250 g/kgel FE& HAoM &o A 4F
A g0l 1625 g/kg 2% (Kang and Jeong, 2012), o] 7Fe] @& ko] %
ol Jtta #Adstdtt. A dFAYY A 95 #7A¢ A= 10.26
mgKOH/g °|™ #4tstE7F= 497 meg/kgl 2 YEF O™ {7]&w) 59
o] A% A7) 584 mgKOH/g, #4+st=7F 643 meq/kgo 2 YENGT A&
THe 7tERAY 7= 42 A7 06 mgKOH/golw #4kstE7E= 3.0
meq/kg 2 Z(AFFTH) FAHA ¢ dEfA= 7IeAE 2T g B
T dew zF AA HAL Abr, HibsETE A Ba 4 Table 5,

Table 6, Fig. 2, Fig. 3 o t}eRH LT}
2. 24 279 & A9 I WH)

Citric acid 842 Hgo| w& <2 gaF W= Table 7, Fig. 4, Fig. 5
of YepAth fr]erz F&3 959 2 =2 89.78 mg/kgS HEY

Aom 2% citric acid F& N4 H7F Al Q1 & S 334 mg/kgLE =

As) 7FAastgal 4% A9 9 TS 051 me/kgS HEFAATE 6% citric

_17_



Table 4. Oil extract yield from organic solvent and pressure-high

temperature
Raw material(g) Oil extract(g) Oil extract(%)

1000 410 41

Organic
solvent 1000 470 47

method
1000 430 43
1000 270 27

Pressure-high

temperature 1000 230 23

method
1000 250 25

_‘]8_



Table 5. Comparison of acid value after purification process

organic solvent and pressure-high temperature method

Acid value Organic solvent Pressure-high

(mg KOH/g) temperature
Raw oil 5.84+0.05" 10.26+0.2°
Degumming (6%6) 5. 76+0.1* 8.86:0.16°
Deacidification(4%) 0.18+0.01" 0.12+0.01°
Decolorization(5%) 0.05+0.01° 0.05+0.05°

_’]9_



Table 6. Comparison of peroxide value after purification process in

organic solvent and pressure-high temperature method

Peroxide value . Pressure-high
Organic solvent
(meq/kg) temperature
Raw oil 6.43+0.04% 4.97+0.05"
Degumming (6%6) 4.75+0.05° 4.33+0.14%
Deacidification(4%s) 1.37+0.08° 2.76+0.07°
Decolorization(5%) 1.21+0.04¢ 2.68+0.00°
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Table 7. Changes of phosphorous contents affected by different

concentration of citric acid solution

Contents of citric acid
Phosphorous

content(mg/kg)

Control 2% 4% 6% 8%

Organic solvent
method

8.78+0.76  334+016"  051+003>  0.24+0.03" 0.4+0.04°

Pressure-high
temperature 8776138 361008 115013  040+0.01° 045007
method

_2‘]_



Acid value(mg KOH/g)
(o8]

N | | e i

Ao oil Degumming(6%%) Deacidification(4%6) Decolorization{S)

Fig. 2. Comparison of acid wvalue after purification process in
organic solvent and pressure-high temperature methods

(I : organic solvent method, ' : pressure-high temperature

method)
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Peroxide value(megkag)

]
i

D T T T
Haw il Degummine(68%6) Deacidification(4#%) Decolorization{54)

Fig. 3. Compare of peroxide value after purification process in
organic solvent and pressure-high temperature methods
(I : organic solvent method, ' : pressure-high temperature

method)
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E B
=
2
=
g 40 /
E 1
o
=
[=%
w
o
L
=
0 -

Contral - = 4% A s

Fig. 4. Changes of phosphorous contents affected by different
concentration of citric acid solution in pressure-high temperature

method
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100

Phosphorous contentimg/kg)

Conwal = o a5 8%

Fig. 5. Changes of phosphorous contents affected by different

concentration of citric acid solution in organic solvent method
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Fole #HAE YERWA o} 6% citric acidE AMg3tE Zo] A st}
= Ads slen SAYANoR FE3 A8 Q) 2 8776 mg/kg
el o 29% citric acid & 3

mg/kgl 2 A FA3] AT AE B 7 Ao 4% A A FHFES
1151 mg/kgS YEFHRITE 6% citric acid &89S H7FAS Al 0.398
mg/kgl 2 7H w2 9l TS Hiow, I o]Foli= HA AAE YERY
A kol 6% citric acid 8 NS AFES= Zo] At dTES 9o

Te FEAL AHEF LEole A9 Aw

filo
o,

e WA A9 RE e

i

o
["O
i
oft
flo
8
B
>
mQ
=
o
(@)
(@]

mg/kg o2 43R tHKim, 2016). ©o] 2oz 9 FHFHS Az F o
& 949 AAE A FrleE FE2F 45 FA 6% citric
acid F&94<5 A3 dHFo A7k= 576 mgKOH/gol™ #HAitstE 7k

SAgAR o7 253 A7 FA o 6% citric acid & Y
S A3 g459 A7teE 886 mgKOH/golw #ihal&E 7k 4.838 meqg/kg

o= 27X FEdW BT daaAe v e Al 7oA AelE YEY

FASIGEFE F& AP we A3, dbstET & WEkE Table 8,
Fig 6, Fig 7, Fig 8 Yeldth. 718w o] &3 & fol 1% 8
oz AYFWE Al 47t 24 mgKOH/g, #4137} 3.37 meq/kgS LFERA L
A FEe] Bf 2%E Blen FEde] vt motdaes HAAew 3t
2% AL B F o 4% F8doz AHds Al A7 0.18 mgKOH/g,
H}ArEE7F 1.37 meg/kg, & 83% = YEo™ 1 olF e A4S LUE
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Table 8. Changes of acid value, peroxide value and yields affected

by different concentration of sodium hydroxide solution

Concentration of sodium hydroxide solution

1% 2% 3% 4% 5%

Acid
value . b . d .
24+0.06"  187+003° 036+0.02° 0.18+0.01° 04+0.06

(mg
KOH/g)

Peroxide

Organic
solvent
method

value 337017  301x016° 246019 137:007 271+0.08°

(meqg/kg)

Yield rate q ! b D
72+0.58 76£1.00° 2528 83+0.5%° 81£1.53

(%)
Acid
value

(mg

Pressure KOH/g)
-high

temperat

416+011*  247+0.08" 033+0.01°  0.12+0.01¢ 0.27+0.03°

Peroxide

value 3U0107 312018 234+0.07 276+0.11° 2K4+0.10*

(meqg/kg)

method
Yield rate i b . . b
13+2° T+l 34+1* 85+1* 0+1.5

(%)
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Fig. 6. Changes of acid value by different concentration of sodium

hydroxide solution in organic solvent and pressure-high temperature

methods

(I : organic solvent method, * . pressure-high temperature

method)
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Fig. 8. Changes of yield rate by different concentration of sodium
hydroxide solution in organic solvent and pressure-high temperature
(I : organic solvent method, ' : pressure-high temperature

method)
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wA] ol 4% FASUE
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o EAGAES ol §F WAl 1% FEAoz A P A A7 416

@)

3T

gor A Fgoe BEst wobdsE AAHoR Fad 4
g KO

27171 18 mg KOH/gol o 8%2 FASUER F89S AZPS A
1.12 mg KOH/g, #2357} 3178 meq/kg o & 7+

4. 84 2o mE A 3 A4 W

m\‘i

FAES o

ofo
g

2 TG thk AE, HAASE T el E Ay
Table 9, Fig. 9, Fig. 10, Fig. 11, Fig. 129 Yedct 7| &z F=&
gabel 1% F8d4ez A= A A7F 014 mg KOH/g, #HatatE7f
1.27 meq/kg, & 371%E YEIU ST 5% TE&H4E& A dS Al A7 0.05
mg KOH/g, #}23tE7F 1.21 meg/kg, =& 371% =S YEo] 743 AL &
AT AReH 10%, 15% FE&As A7tstAs 85 A7rel #2171 45

T |
S fo]l FA ekoh 5% BAT FEe] HAo WA FHYL FAL

il

rol

1 mg KOH/g, #4357 2.7 meg/kg, & 28%= UEFH A oM 5%
FgdS A de Al A7} 0.05 mg KOH/g, #4HsHE7}F 268 meq/kg, &
29%% el 7Had AL #AT 5 AT, 10%, 15% F&HS A3

& A Ak BB SAE dEta S0 49 BAaY AFL BAC
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Table 9. Changes of acid value, peroxide value and yields affected

by different concentration of activated charcoal in organic solvent

Concent of activated

charcoal solution

1% 5% 109% 159
Acid value
(mg 014£001°  005:001¢  0.33:0.04° 0.38+0.03"
KOH/g)
Peroxide
Organic value 1274005 12130050  114+006°  1.16+007°
solvent (meg/kg)
method Yield rate ) . . .
37417 37415 P+1.5 2720
(%)
Iodine , b ; b
13953£311* 134242750  141.19+2.24*  137.12+1.31°
value
Acid value
(mg 01+003°  005001°  028+0.06°  0.35+0.06"
KOH/g)
Pr Peroxide
essure
ik value 27+009°  268+012° - 282009  293+0.12*
g
(meqg/kg)
temperature -
Yield rate ) ) 5 .
method 28+1.00° 29+1.00° 23+2,08 17°43.06
(%)
Iodine . ) .
1405242020 13542+1.21°  14479+1.41*  137611.56°
value
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Fig. 9. Changes of acid value by different concentration of activated
charcoal in organic solvent and pressure-high temperature
(I : organic solvent method, * . pressure-high temperature

method)
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Fig. 10. Changes of peroxide wvalue by different concentration of
activated charcoal in organic solvent and pressure-high temperature
(I : organic solvent method, ' : pressure-high temperature

method)
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Fig. 11. Changes of yield rate by different concentration of
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Fig. 12. Changes of iodine value by different concentration of
activated charcoal in organic solvent and pressure-high temperature
(I : organic solvent method, ' : pressure-high temperature

method)
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Table 10. Changes of chromaticity after purification process in

pressure-high temperature and organic solvent

Raw oil Degumming  Deacidification Decolorization
Organic L : 40.76+0.03¢ L : 41.9+301° L : 42.74+009 L : 54.06+0.04°
solvent a: +1569+006" a: +13.34+0.04 a . +0.06+0.03° a : -2.59+0.01
method b 1 +24584394% b : +24.17+4.38° b :+22.79+3.96° b : +892+09°

Pressure-high | | - 39.19+2.36° L : 39754263 L : 4399431 L : 513+ 8
temperature a: +848+103  a: +836+1.03"  a:+130:0.25 a: -334+02%
method b +24584394% b +24174#438° b +R79+396° b : +898+0.85"
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(A)

(B)

Fig. 13. Changes of chrom'aticity: after pﬁrification process in
pressure-high temperature and organic solvent

(A) pressure-high temperature method, (B) organic solvent method
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Table 11. Changes of ammonia by different concentration of
bamboo smoke distillate in organic solvent and pressure-high

temperature
/ Concent of bamboo smoke distillate
Ammonia
(ppm)
Raw oil 1% 3% 5% 7%
Organic solvent . q
3H£1.20° 19+1.50 6+0.60° 3+0.46 1£0.31°¢
method
Pressure-high
tempertaure 46+0.90¢ 28+0.71° 18+0.57 6+0.56¢ 4+0.25°
method
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Table 12. DHA and EPA concentration after purification process and
low temperature crystallization to gas chromatography in organic

solvent
. Sum of EPA
Concentration
Target compound and DHA
(mg/g)
(mg/g)
EPA 32.363+0.99¢
Raw oil 219.586+0.79"
DHA 187.223+0.81¢
EPA 39.508+0.88"
After degumming 273.895+0.94%
DHA 234.387+1.13°
After EPA 40.011+0.56™
. 276.615+1.26%
deacidification DHA 236.604+0.75
After EPA 41.201+1.012
. 282.046+1.10%
decolorization DHA 240.845+1.04°
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Table 13. DHA and EPA concentration after purification process

and low temperature crystallization to gas chromatography

pressure-high temperature

in

. Sum of EPA
Concentration
Target compound and DHA
(mg/g)
(mg/g)
EPA 36.595+0.71¢
Raw oil 235.65£0.25%
DHA 199.055+1.11¢
EPA 39.176+0.99
After degumming 250.188+1.11%
DHA 211.012+0.86°
After EPA 43.313+0.79°
. 281.184+0.73%
deacidification DHA 237 871+0.65"
After EPA 44.321+0.39%
. 291.754+1.16%
decolorization DHA 247.433+1 43"
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Table 14. DHA and EPA concentration after decolorization oil and
low temperature crystallization to gas chromatography in organic

solvent
: Sum of EPA
Concentration
Target compound and DHA
(mg/g)
(mg/g)
EPA 41.201+0.49°
After decolorization 282.046+0.59"
DHA 240.845+1.14°
EPA 51.632+1.112
After crystalization 316.444+1.08?
DHA 264.812+0.51?
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Table 15. DHA and EPA concentration after decolorization oil and
low temperature crystallization to gas chromatography in
pressure-high temperature

. Sum of EPA
Concentration
Target compound and DHA
(mg/g)
(mg/g)
After EPA 44.321+0.92"
N 291.754+0.58"
decolorization DHA 247.433+0.64°
EPA 49.337+1.07%
After crystalization 310.279+1.062
DHA 260.942+0.8%
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8. AYA A A= A% AZE W3

718 FEWI EAYAYoR FEH3I G Ho] AP AIQ
catechin | &]d] w& 27} #4k3}E7 TBAZF 3= Table 16, Table 17,
Fig. 14, Fig. 15, Fig. 16, Fig. 17, Fig. 18, Fig. 19 el ATt 7] v
FEHE o &3 EHFY A5 x7] A7HY A= 005 mgKOH/g, #H4tst
27} 1.21 meg/kg, TBAZ}F 125416 mg/kgoel™ Arabx] 4] 22 & 96 h A
Ui yal 4E7F 071 mgKOH/g, #AtstE7F 2.39 meq/kg, TBAZF 142.744
mg/kg 22 AH7F= 066 mgKOH/g, #Akst=7F 1.18 meq/kg, TBAZ}
17.328 mg/kg 57t ¢ AS & F AATE WA AstAAAE Mt &
S A9 96 h AF Fo A7F 659 mgKOH/g, #4357} 15.78 meq/kg,
TBA”} 189312 mg/kglZ Ab7l= 654 mgKOH/g, ¥Abst=7F 14.57
meq/kg, TBA7} 63.896 mg/kg 7tk A& & F AR Axx oz 4hs)
WAAE Adstr] A3 F5 vlusides W A7l 49 588 mg KOH/g,
A3 E7F 13.39 meqg/kg, TBAZF 46568 mg/kg #bol7F YEhd AS & &
AATH

SAFFHE ol & FHF A 7] A7MY A= 0.05 mgKOH/g,
HA+EHE7) 2.68 meq/kg, TBAZF 123.708 mg/kgol™ AbabbA ] 22 5 96
h Ay A A7F 1.656 mgKOH/g, #4EstE 7 4.74 meq/kg, TBA7}F
147.295 mg/kgo. 2 AF7F+= 1.6 mgKOH/g, #4138 =7F 2.06 meq/kg, TBAZ}
23578 mg/kgel T7Fe A & F Ao, wkdol AstiAAE A2 shA
Fds A5 96 h At Fo A7t 7.76 mgKOH/g, #4ts&7F 16.40
meq/kg, TBAZ} 190.208 mg/kgo. &2 At7t= 7.71 mgKOH/g, #4+st& 7}

_46_



Table 16. Changes of acid value, peroxide value, thiobarbituric acid

value affected by different time of catechin in organic solvent

Oh 24h 48h 72h 96h
Acid value
( 0.06 0.16 0.28 0.39 041
me 001 002 004 s002P =002
KOH/g)
Peroxide
With i 1.42 175 2.14 219
. value d . b A 2
catechin 10.03 +0.05° +0.06 +0.05 +0.05
(meg/kg)
Thiobarbit
uric acid 12541 127.07 13053 137.00 142.74
value +1.8 +2.84 +1.47° a5 +2.16°
(mg/kg)
Acid value
( 0.06 0.75 3.49 508 659
i 0,01° +0,06 +0,1¢ 0,07 +0,16°
KOH/g)
Peroxide
Without o 1.21 532 1015 1329 1578
catechin vaiue +0.02¢ +0.10¢ +).08° +0.00° +0.14°
(meg/kg)
Thiobarbit
uric acid 12542 14564 167.28 180.30 18931
value +1.80° +153¢ +4,07° +2.01° #2213
(mg/kg)
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Table 17. Changes of acid value, peroxide value, thiobarbituric acid
value affected by different time of catechin in pressure-high

temperature
Oh 24h 48h 72h 96h
Acid value
( 0.05 0.11 0.16 0.23 0.26
me L0016 +003° 004"  +005°  +0.03"
KOH/g)
Peroxide
Treated ¥ 268 2.69 W3 2.76 2.80
U
catechin Vi ¢ +0.05°  +0.05"  +0.02%¢ 005"  +0.06°
(meg/kg)
Thiobarbit
uric acid | 12371 129.03 131.42 134.66 14730
value +1.96¢ +2.14° +().94" +3,02° +2.93%
(mg/kg)
Acid value
( 0.05 0.64 3.98 6.11 776
g L0016 +0040  +007 - +011°  +0.10°
KOH/g)
Peroxide
Untreated o 2,68 4.94 9.76 14.49 16.40
U
catechin vaie +0.05° +0.09¢ +0.11¢ +0.05 +0.11°
(meg/kg)
Thiobarbit
uric acid | 12371 144.61 168.41 18353 190.2
value +1.96¢ +4,08¢ +3.50¢ +0.89 +1.37
(mg/kg)
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Fig. 14. Changes of acid value on oil using organic solvent method
depend on storage time.

(I : with catechin, " : without catechin)
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Fig. 16. Changes of thiobarbituric acid value on oil using organic

solvent method depend on storage time. (Il : with catechin,
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Fig. 17. Changes of acid value on oil using pressure-high

temperature method depend on storage time.

(I : with catechin, *1 : without catechin)
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Fig. 18. Changes of peroxide value on oil using pressure-high

temperature method depend on storage time.

(I : with catechin, 0 : without catechin)
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Fig. 19. Changes of thiobarbituric acid value on o0il using
pressure-high temperature method depend on storage time.

(I : with catechin, " : without catechin)
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cateching %7k 23 /718w FE99 4% 7] 427 006 m
H4ksbE7F 1.21 meq/kg, TBAZF 125416 mg/kgol Al 96 hol A & A7}
0.41 mgKOH/g, #2435 7F 2.19 meq/kg, TBA7Z} 142.744 mg/kg S 2
st7b gl AS BAARE AASAAAS A eshA ks Aol A 6.59
mgKOH/g, #4+38=71 1578 meq/kg, TBAZ} 189.312 mg/kg & 2 Ata}HbA]
Al A Aol mel Wske] o7k B AS gl

SA Y] AS vRrAR 7] ab7b X 005 mgKOH/g, #H4tst
=7} 268 meg/kg, TBAZ} 123.708 mg/kg °lH A} AAE 9 3 96 h
At Fo] A7 =X E 0.26 mgKOH/g, #4kstE7F 2.80 meq/kg, TBAZ}F
147295 mg/kglo & B2 W37} o] FoX A e AL E F o Ashy
AAE AgeA gFkes 8% A7F 776 mgKOH/g, #HA4Fst=7F 16.40
meq/kg, TBAZF 190208 mg/kg &= F7]&w F=HY 22 4345 &9
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