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Characterization and refining of BPerryteuthis magister viscera oil
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To effectively utilize marine by-products, the characteristics of Berryteuthis magister viscera and refining of viscera
oil were investigated. The proximate composition of B. magister viscera constituted 42.21% moisture, 6.15% crude
protein, 46.74% crude lipid, and 0.81% ash. The fatty acid composition of the viscera comprised 44.29% polyenes,
35.25% monoenes, 20.45% saturates, and eicosapentaenoic acid (EPA) was major component as a 21.47%. Raw
oil was extracted by heating the viscera at 80T, which consisted of 68.49% neutral lipid, 30.56% glycolipid, 0.95%
phospholipid, and 14.99 mg/kg astaxanthin. In the process of refining, degumming with 8% citric acid solution
at 80T for 20 min was effective in removing the phosphorous contents. Optimal conditions for neutralization included
treatment with 5 mL of 20% sodium hydroxide solution per 100 g of degummed oil at 80 for 20 min. The acid
value decreased from 17.29 mg KOH/g to 0.27 mg KOH/g in the deacidified oil. Bleaching was optimized by adding
5% clay acid and heating for 20 min at 100C under vacuum. After bleaching, the acid and peroxide values were
0.14 mg KOH/g and 9.78 meq/kg, respectively. The fatty acid composition of the refined viscera oil consisted of
48.03% polyenes, 33.02% monoenes, 18.97% saturates, and EPA (24.30%) as the major fatty acid. The results suggest
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that B. magister viscera can be used as a functional resource material.
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731213 @ AoY(Berryteuthis magistery= 7§t }=(Oegopsida)
711213 @ 7 o] K Gonatidae)of| £5k+= A5/ o}E o= W4
o] A A5z F-thE 7ol ol &Rttt f-2uet 5t
B @ @ =73, v, Az o FH7IA] \A skl 9l
I, 2 300 mE T 72 ol A AAlsk= A o= LA 9l
ou], Qelfet Befetol Al 4] 500-700 molA] 74 ol
ofS]=]7 I Aol 228 o] F8 Aol
F02 Bo - £9I5) IR, Sl elolE G 2249}

1.917) glolH QASkA Tt Bl A IS 5] ol e
B2 Qofx|1 9irt.

2790] 7FB YA AR F2 A5t Ae) 9ol
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ofFof| tiet A7 TR Ao T H,

FUolA ofgH A Yol & AFUREEA BIFE S
2 &g517] 3l 7HAR giet 9w 7710l Higt
A7} Y= JATE BIZFAER] U] thet A== mlu]’t
A7oIth(Lee 5, 2012). 22 o] Ff FARES ol R olf
o] fm =z Fe ARGE AL 31w, FH] YR = e ARSE AL Tt
E3L Gt BE7 165 2EES ROkl JlofA] kol &
© 2= docosahexaenoic acid(DHA), eicosapentaenoic acid
(EPA), 3t ZE=old, F27ll 59 F&0] o]FHA|1L Slct
(Lee 5, 2013). o] A& Za12|€ o) o] WAL A S
oF 40%5 AHAISIAL lojA W7 H= e S e eR &
&517] Sl W] 4ol digt A= A HaTg Ao 2 B
Ik

A0 Y 718 FE5t] e fAl= AE, R
APl Aa 5 EeEd RO Qo] A Al8olu AE
7H5o] dag ARESH] olft) mEbA &3 FAIE 2E
Aoz olgsty| sl ARSIl Washh. FAHA ol
Al A3t AR 240 WY AAIKim 5, 1997),
A U2 AAl(Kang 5, 1992), gof=#-2] FA(Kim,
1987; Lee, 1988; Soldo, 2019), S2PHS 0|83t o} 79 &
F(Kim¥} Bae, 2003), 2501 F4bE 7EsEolA &2
d 419 FAI(Kim 5, 2016), §o 7He o8t 7419 4
Al(Yu, 2018) 5] APAARE, A= Ao] o] E41
Al Higt A= Qi

£ AFoxe Z2arelde ol Y g8shr] ftt 7]
Z ARE vhstaat W] S4% oM &3 1A
o] AAEol Bste] A °olF B3l A1 o8-t
5730l sl AESHAL, 715 AFAA WD A FA7RSAE
Aol &8 4= 3= 712 AmE AlgokaLA itk

ERTET

A2

TR oI 20199 49 SEATLHMENH A
A 2ALE ANSt] APe NRE AT WL
wE Befslel 25Cod s RushEA ARE gl
o} Zuelg e Aole] WS s0CAA 308 Bt Ztslsl
3ol WZAIZL T, 8240 xgollA] 158 LuEslo]

2 g o] Wge] UNHdE 5742 AOAC(1995) W
Hoj| Foto] St 22 105TC 2] dry oven(Venticell
222, MMM Medcenter Einrichtungen GmbH, Miinchen,

Germany)o| 4] 4A|17F A% & ¥ gslo] A S50, =
hlZO. Kjeltec 8400 analyser(Foss, Hillerod, Denmark)S
ARgs1o] BA5199. 00, AR ethyl ether ©]-8-3F Soxhlet
FEH, 282 550C A FJepHoR sl e
SO A% S, 2R, 2 9 25 GE BE

Sto] 100014 # yz|gke = Skt

722 2=

2940l W #A 5 S4A4E, GAE 9 1A E
2 Kim 5{(2013)7} Moon(1993)2] B'H-S ¥E5}o] sep-pak
silica cartridge(Sep-Pak Vac 35cc(10 g), Waters, Milford,
MA, USA)E ARgsto] E3313tt. HA cartridgeE chloro-
formO & SASIA7]1L, 4] 1 g2 3 mLY chloroform© &
o] sep-pak silica column©] ZZA]Z1 & chloroform 80
mL, acetone 60 mL, methanol 50 mLE X2 Z8Fo] &
A, GAA, JAXES E251elth i) &Y offE
glsl7] Yol dATFe] EES TLC plate(TLC Silica gel
60 F254, Merck, Darmstadt, Germany)©]| SZHA]7]11, A7}
Lfj(petroleum ether : diethyl ether : acetic acid, 100 : 15
1, vviv)E RARSITE 281 5% SPARS T Eske] B}
A7l & ERRIsI3IT

223} X122 0.5 N NaOH methanol solutionZ 1.5 mL
A7kstod 100TolA 787 7FIAIZIAL Bkt 14%
BF;-methanol(Sigma-Aldrich Co., St. Louis, MO, USA) 2

E A7Fskal 100T oA 3087t 7HEA7|aL Al <,
isooctane 1.5 mLe} I3} NaCl 5 mLE ¥ & 30x7F wHt
AT, 2] doure 420lg BgHtEoR @
4613, 0.45 um membrane filter2 BT GC EA4 %
7S HP-INNOWax capillary column(30 mx0.32 mm 1i.d.,
film thickness 0.5 pm, Hewlett-Packard, Avondale, PA,
USA)o] &= gas chromatograph(HP6890, Palo Alto, CA,
USA)Z carrier gas= helium= ARE5FSIC}. Injector?} detector
(FID) &%= 7k} 250T 2 AA19A, oven &= 170C
ol 225C71A] 1T/min S7HAIFEE 2 AMARS: 5LZ2749
A EZARARR] supelco 37 component FAME mix(Sigma-
Aldrich Co.)9} retention timeS H|Wdlo] Z43 oM, &
IS 7} peake] RS Aalel MR el
UZ 9| OLAERME B A

OPrERIE BAL AR ISAE B Aol Zalol A
AIBIHATHMEDS, 2012). F-A1& acetoneo] 91 A8 3
mL&} cholesterol esterase(4 units/mL, Sigma-Aldrich Co.) &
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H 3 mLE 37C FEA0NA 458 53 Al whtshHA v
SAZ. 24 25 & FLAUEE 1 gt ARofH = 4

£ A7Isto] 3027t £9tstal 916 xgollAl 357 HAE
gsto] MfofE|2 52 Al &5t 50l A-FollE
2 4 mLg FRio] 13] W 28510 ARIlHIZES Tl
i, HATIAE olfsto] 5] HFRAIZ O™, acetone 3
mLE Y1 834171 & 0.2 ym membrane filter(Whatman,
Maidstone, UK)Z o]T}3} A& A5t Astaxanthin E5
S0 Sigma-Aldrich Alol] FSAT, HoF BHS Sfgt
717]+= UPLC(Acquity H-Class Plus, Waters, Milford, MA,
USAY7} AREEloH, AL YMC carotenoid 4.6x250
(YMC Inc., Wilmington, NC, USAYE ARESIATE £424A
2 Table 10 YERHSICE

22| HA

FAY BAlE 24, gAh 2Y 3es ARkt &
A2 80CE 7kt W 25270 S=2(2%, 4%, 6%,
8%)= A3 ALt +8AE FA FF 10%(viw) 7t
StaL, 80TOllA 2023t WSt WA ZIT. ojojA] LHE
2(8,240 xg, 152)3lo] XS 2At S Z5HAH-
7 2]l 2 24E AR A3l R 8 3
19| RS BAsIT BAR 2ol 20% NaOH &

Table 1. The operating condition of UPLC for analysis of
astaxanthin

Condition
Column YMC carotenoid, 4.6 mm x 250 mm
Injection volume 10 pL
e o
Flow rate 0.5 mL/min
Detector PDA detector, 474 nm
A : methanol
B : methyl tert-butyl ether
C : 1% phosphoric acid
Min A(%) B(%) C(%)
0 81 15 4
Mobile phase 15 66 30 4
23 16 80 4
27 16 80 4
27.1 81 15 4
35 81 15 4

HO| H71=H3%, 4%, 5%, 6%, 7% viwye TFEA] 5t 80T
ol 2087k 71l - VS 5] PRRE8240 g, 15831l
450 §AI% ATk 9% 6000] L8 2] 2l
Y1l &50] 158 o AAAIK &, 5159 A HF Lo
NaOH®} F-EA AR AlASHs S RHESHIAL, o]ofA]
golo] PARGE AT oA 8, APHE SREE S
Asto] 71 Al A AL ARSI 2L AH
W E (Junsei, Chuo-ku, Tokyo, Japan)S BARTF S%F tiH]
1%, 2%, 3%, 4%, 5%(w/w) d7Fste] ZAdslolAl 100T, 20
1 APttt 1E]al ARtejiE B9l AVIHMES A|ASH
SRS Q. 293 -, APE IMBERETL S8E
A A=S SAsto] 7R Skl 2 21 HESHIH.

g2 2

o By 2%

Al 20 g2 T7hHe] 9 ofH[ERlE AX B|gtE A
500-550C 2 74]3|81E 5193t 3I8} 3 0.5 N nitric acidS:
7¥stal 7h2ste] - =o|al ofifsiitty. 123 0.5 N
nitric acid2 78519 inductively coupled plasma(ICP,
Optima 3300XL, Perkin Elmer, Waltham, MA, USA)E &
o Qle] e Btk

Ly

e

G4 3 g AZFETA T kAL ether : ethanol(2 : 1,

53891 100 mLE Yol $A1% %9l F, 1% wismet
gl §HS AAFo R 2-3 HeZ H7Pslal, 0.1 N KOH-
ethanol solution© & %5} =43} THKim¥} Bae, 2003).

MEEI 5Y

4] 1-5 g& acetic acid : chloroform(3:2, v/v) € 25 mL
o} Egtsto] FAIE =], KI Z3MgH 1| mLE gl AlA
E50l% F QoA 1083 FASIT 12T 554 30
mLe} AEZA|Y 1 mLE 93! 0.01 N sodium thiosulfate
(N2,$,0;) A= AASIYTHKim 5, 2016).

FaZ (A F /A FA®) / A A §A FA)}) *
100202 35}ty %%+ microplate reader(PowerWave
XS, Biotek, Winooski, VT, USA)Z 480 nmoj|A] &45}o]
A & A7t AAE H=E vlusioinh M= Fau)d
Al(Minolta CR-400, Konica Minolta. Inc., Osaka, Japan)S
ARgsto] Hi-(lightness, L), ZA(redness, a), T
(yellowness, b)E &40, AREE I wiumo] Zro
L=93.11, a=-0.75, b=3.960]3/c}.
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L EX

=
A A7= R X & J3(http://cran.r-project.org, version
4.0.2, 202090 o]-83}0] 95% AR50 2 EARAEIG
o} A9 GO ASS Y9l agricolae packageZ one
way ANOVAE 5385t & AR HA O & Duncan’s multiple
range testS 5995}t

daEje e o] e dRdE2 Table 29} 2. 2
42.21%, A 46.74%, W 6.15%, ZIE 0.81%2 =

:?g
<2
(e]
N
o

FEYUOE o5, IA] WS ol AAE o&
Sh= Zlo] A& 2o =w WHE|QIth HE off+= HojA
A FRE o A|lf(fish body oils)2F THollA AT THr
(liver oils)& W™, o}f F&] Wol AMGE I = U=
2t WA, 150], 09o] U 5ol Ak oS 241 3
RS AR, HX|(Engraulis japonicay= 13%°]1(Baek 5,
1996), 11-50)(Scomber japonicusy= 13.27%(Lee 5, 1986)°]
o, AQ ZJof(Todarodes pacificus)®] W 30.3%° 2
HiEo] ATHKim 5, 1997). 7|2} AFHISH} v
S & off, Z23Ej9 o] ] A Fg2 A30] =
Ao wel & 4= glow, olf-E /IS of Bt ofFE
T A% SN fET AoE HHEIH.

Jtg 2&% ZaaHWY WY S| EX
a2l o] WS 71dste] UL 255G sop-pak

silica cartridge® #2835+ Ay= Table 337} gt} 2123 Q
Aojo] FAAHL FAHA 0] 68.49%E 71 FaFo] &3k
o, Fx]Zo] 30.56%, 2AA]-o] 0.95%=2 YERHT Kim 5
(1997)9] AFo|A AMKT. pacificus) Z QFAHIllex
argentinus) 2701 WgollA &3 fA= BAE H|E|
217} 2.85%9} 2.63%z2H1 B gk Ave} vwa) B uf 23
2319 AJol9] WA A= G- gF Hlgo] o] &

Table 2. Proximate composition of Berryteuthis magister viscera
(unit: %)

Table 3. Lipid class composition in raw oil extracted by heating
Berryteuthis magister viscera at 80T

Lipid class Neutral lipid Glycolipid Phospholipid

Ratio (%) 68.49+1.02"  30.56x1.15 0.95+0.21

Crude Crude
protein lipid

Carbo-

Ash hydrate"

Moisture

42214204 6.15£0.84 46.74+1.08 0.81+0.19 4.09

UCarbohydrate = 100 - (moisture+crude proteintcrude lipid+ash).
DValues are mean+SD (n=3).

DValues are meantSD (n=3).

keh BRI g F71 BAE glucoselt galactose@}
22 Fo] AT FF AFH] = 2Rt FHE SAE
9 oEe] de] Bawo] QlaL, Alxeke st glom,

Az 259 AT E QIR A=t Aledgat AT
st & A QItHKim 5, 2011).

Zaejg e Ao oA 242t Bt S44AE, TAE
9 QIA O] AAE 2AJE #-415H0] Table 401 HEFH AT
FAEY] 68.49%F AAIoh= FHAIAL] A4 244 o
THERIAARO] 49.27%E 7P EUAL, o R ddE
ZOIAAR36.97%), ZIAHAK13.76%) oA 2H, 8
TAAAHPARS C16:0, C18:1n9¢, C20:5n3 2 C22:6n30]% 11,
E3| oW7F-38k E8)= C20:5n3(EPA)2} C22:6n3(DHA)
7} OF 43%E AA|sto] Zarejl e Aol W A= 1A
7150 E ol ZHA7F Erhal W lth GA A=
SRR RS HAK47.01%)0] 7P =3kom, 8 A
ARZ C16:1, C18:1n9¢, C20:5n3 X C22:6n30 =2 =4 X237}
ERIZRA 2 20:5n39] 24817} 7P =9kt A9 A
A 24 ST SRR 2 BRRs o]
422%=2 7P} E9kon, FQ JLAXHRARS C14:0, C16:1.
C18:1n9c, C20:5n3 2 C22:6n3°]ch.

S, £55R9] astaxanthin IS £A5] 2 A, 14.99+
0.24 mg/kgo]3itHdata not shown). Park 5 (2014)2] ¥+
A ZA A4 100 gofl 157.5 pg®] astaxanthino] S-F-=0]}
Tk ¢ el vlwe) B 1), £ Amold AAgE 2ela
Q7o W 23570l t B2 astaxanthino] HR-E ]
St AOZ BTk WO ALt st 2 kRl
A WHAEE i3] A4 astaxanthin B-7F2E3} B]ER]
EXCH o] 73 412 7443 9108 (Guerin 5, 2003)
SRSl Be] QIXAE Te TIE AUES He)
= 955 E47 U A QIti(Palozzad} Krinsky, 1992). H
AREE WA= 23 7o]o] WolA] astaxanthind}
2271548 242 35 & e EEE 8T 5 e

7Fs7do] Hr.

27 20| 4
FaEEe] 2HoRR g SAd: B8 B4,
S, 914 So] EAfsin, QWL BT FEYOE T

34 Al FEAAES] BRIE offA St e e
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Table 4. Fatty acid composition of neutral lipid, glycolipid and

phospholipid in Berryteuthis magister viscera oil (unit: %)
Fatty acid Neutral lipid Glycolipid Phospholipid
C12:0 0.00£0.00°Y  0.10+0.03° 0.00:£0.00°
C14:0 2.9140.13° 3.81£0.21° 8.93+0.11*
C15:0 0.12+0.01° 0.16£0.01° 0.00::0.00°
C16:0 6.850.03° 4.49+0.05° 8.25+0.03"
C18:0 0.99+0.04° 0.49+0.03¢ 0.88+0.03"
C20:0 0.17+0.02° 0.0620.03° 0.00+0.00°
€22:0 0.09+0.02° 0.00+0.00° 0.00:£0.00°
C23:0 2.59+0.12° 2.47+0.08° 2.44+0.05°
C24:0 0.03+0.01° 0.00+0.00° 0.00:£0.00°
Saturates 13.76£0.38°  11.58+0.46°  20.50+0.21°
Cl4:1 0.24+0.03¢ 0.36£0.01° 0.70:£0.04°
C16:1 6.37+0.05°  10.38+0.06°  14.02+0.03*
C18:1n9t 0.20£0.01° 0.17+0.01° 0.00+0.00°
C18:1n9¢ 22.68+0.10°  24.35+0.02°  23.39+0.03"
C20:1 6.45£0.04° 5.530.02° 3.2940.02°
C22:1n9 0.00+0.00° 0.00+0.00° 0.48+0.01°
C24:1 1.03+0.02* 0.63+0.03" 0.3240.03¢
Monoenes ~ 36.97+0.25°  41.42+0.15°  42.20+0.16°
C18:2n6t 0.00:£0.00° 0.04+0.01° 0.00:£0.00°
C18:2n6¢ 2.08+0.03° 2.29+0.06" 2.08+0.01°
C18:3n6 0.12+0.01° 0.130.02° 0.00+0.00°
C18:3n3 1.41£0.02° 1.51£0.01° 1.29+0.03°
C20:2 0.69+0.04° 0.95+0.03° 0.00+0.00°
C20:3n6 0.35+0.02° 0.260.02° 0.00+0.00°
C20:3n3 0.40+0.03* 0.38+0.02®  0.34+0.01°
C22:2 0.99+0.02° 0.92+0.03" 0.63+0.05°
C20:5n3 22.84+0.11°  23.05£0.08°  20.530.13°
(22:6n3 20394023 17.48+0.12"  12.43+0.07°
Polyenes  49.27+0.51°  47.01£0.40°  37.30£0.30°

DValues are mean+SD (n=3). Means with the different letters within
a row are significantly different (p<0.05).

1, G40l Aol g 4o)7] wjel f19) HA
2 Slth(Ferdosh 5, 2015). 2 A2
Z 93t citric acid 899 FHAsr L Y3f 919 g+

x

% WS}E 274510] Table 0] YERARTE 23592 2 &
O 132,03 ppmOIQLT, 2% citric acid S8HL AL
) Qle] Fgo] 9081 ppmOE FAsH ASILE. Citric
acid 5-8919] 557} FOPIAE 2l9] YL RojHOR
Aohe A UEUALL 8% 52 Aot o 58.02
ppmO 2 7P WItt. 18] citric acid 58N 9] =
&0l & S AR Y= AoE Ue, 23 AP 2
F2& 100 gof| thotod 8% citric acid 84S 10 mL 7}
Sto] Aelske ol b Ausickn Besol

24 20| MY
° AWAE 22712, ZATH F A

P P, v A3 Al HARE FEEEHKIm 5, 1997).
0]o]| sodium hydroxide(NaOH) 5888 AL85t gAkA 2
FHAFARS 884 0= AT 4= &S NaOH 8949
A AL AA5 A} 519} Table 60 NaOH 4=~8-H
of Hejeo] The GA|e] 48, A1), FHE| HslS L}

Table 5. Changes in phosphorous content and yield affected by
different concentrations of citric acid solution

Concentration of

citric acid solution (%) Phosphorous (ppm)

Yields (%)

Control 132.03+0.52*) 100£0.00°
2 90.8140.39° 96.87+0.34°
4 71.800.13° 97.20+0.45°
6 68.52+0.21¢ 97.10+0.37°
8 58.02+0.47° 97.21+0.82°

YValues are mean+SD (n=3). Means with the different letters in the
same column are significantly different (p<0.05).

Table 6. Changes in yield, acid value, and optical density (OD)
affected by different treatment quantities of 20% sodium
hydroxide solution

20% NaOH Yields Acid value OD
treatment (%) (%) (mg KOH/g) (480 nm)
Degummed oil  100£0.00*"  17.29+0.02° 278

3 78.860.52° 4.65+0.02° 1.39
4 77.33£0.67° 1.60£0.01° 1.16
5 75.38+0.12¢ 0.27+0.02¢ 1.06
6 72.11+0.41¢ 0.17+0.03¢ 0.99
7 70.4140.33" 0.15+0.01° 0.97

YValues are meantSD (n=3). Means with the different letters in the
same column are significantly different (p<0.05).
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U3l 2E AlgolA ] Aol SJsf A7F 17.29 mg
KOH/goll4] 5 mg KOH/g ©Jo}2 ZAstAL, 5% A5t
< o hEEQ] FRAARS AA=IT L ddsiglth &
=] 7%, NaOH 849 Ao 715 A7t
HASPAA FA9] M HA BobA 5% A2 Al S8=
7} 1.06& YERZI oL, NaOH 4892 5% o4} ARg3t
Qo= & Xjo|E Ho|A] 9t 489 AL NaOH &=
8 A2|Fo] S7FdE Al Hashs A3 U]
ol A7PF 27 e olstoll =Eehd e 8
o] AEg= =ole AL Fousittal wE et webA
Z2]3] o] W-9] BARS: 913 NaOH 4=-8H9] X2]
FE 5%7F AR Ao WA

ERM ZZ{0| MA

41— 2o

A% o 7A19 FE AshE 4o & o] diFow
ik F4o] E4t A

Hok & oM AMHES SRR ARES
JHE HA7FO] mE fAY 8, AL eI
9] H3IE Table 79 YERNRATE 482 91.05-94.92%9]
912 2 Aol GO, AR Brlgol F/RE 7
45h= B e} 5%E 71’ 490l &2 91.05%
£ YEHISIEE 150] FARE 71 EeEERE EEE &
A5 Ak AFolAE B FAg0lA] BAdRRE 5% AR
I w $80] 80%= & Ao} Alo]7t AYHKim B,
2016). PHFAS B0l 7to] [EAPAL] AAEHA A7L
= 45 S, AHES s ARIAE W 027
mg KOH/gol|A] 0.14 mg KOH/gC & ZFH ZHAdl= A3
eRIAIGE 2 ERE 20JX) SIStT ek AMIMES 5%
2 Histo] SAHE SA1) IAISFBIIE 924 megkeO.
2 IJAS UEd. Aolefie] Ao TRt Atof|A]
DL v §A19] FAITHETRE 1438 megke®] HHA

[
EEI'
1
N
i
o,
o
ol
o,
i
_]>~

T 571 S7A0) 93t g5 Fol= AEEHA T
Hsilon, Sdehe AVJWERTE 784 HRAL ofate
OfHAIR 2A4-0] A[Ao] Fi}Ao)7] o] FAYCE =
AMHES] 5% FrE SIloto] ARgstal Qotal: shoich
(Lee 5, 1988). AlE540] TE o729 7|& & A
FABHEZ7T 5 meg/kg ©18F1 A 1 #5HRS W(MFDS,
2019), GHFA A| 2k, TREARRE S| B T2 20
TESHAY o]F9] & AL SR EN IMBRETIE
o FE £ Qs A 293 Aos AZEH. F¥E=
Table 63} Table 70 UYeEFHS%ol, 877} 2.78°]H A
o] EAFEAE B3l 1.067H4] 453, olojA EXgH
O BT (.5 ol5lRE AT AJHE M7 ol whE
FA9] M HSl= Table 8] YeERAICE. BE(LZH2] S
AU E O] H71eko] 4-5%A W oF 622 7P Ekon, &
A (agh)2] S H71E 2% obdollAl= -5 Bre] 3hE Hol
o 2 Zjol7t I, L (bgh ] A AR ES] A7l
o] Z7IE Aot 5% bt W 5.927H4] HoiRl
o} T AtollA] BAIE olelRe] A E= 0.70]1, A
= 7608 HIISIGE|(Lee 5, 1988), & A9 Axfe}
H|S519]t). ool AatE FRHo R nEsiylS o 24l
230 AJo] WO B2 AMJHES 5% H7toto] A
sk= Zo] 7MY HEs 2oz wdslrt.

HAE |A2] Ags =M

ZaE|gl e Aojo] WA, Wo 2 HE 7ASE3 235
1 AATEE AX GARo] A 2A4E BN A=
Table 99} Zt}h WA Y50 H|g| 2FE&Q0)4 trExs}
AeFAte] geFo] OF 4% Fk EA YEetal, ZSIAA &
F2 19.51%% o Rkt 2FEFoA SA7ER|9] At
7 FolA FA19] A|HRaE 2442 AQ] WSt Qiglom, B4
o] AAE 242 ESER|RFALO] 18.97%, TUEESIA|RF
Abo] 33.02%, THHEESIARALO] 48.03%% UERHTE 24

Table 7. Changes in yield, acid value, peroxide value and optical density (OD) affected by different concentrations of clay acid

Contents of Yields Acid value Peroxide value OD
clay acid (%) (%) (mg KOH/g) (meq/kg) (480 nm)
Deacidified oil 1000.00*" 0.27+0.02° 17.91£0.20° 1.06

1 94.92+0.13° 0.21+0.01° 17.65+0.21° 0.44
2 93.70+0.12° 0.20+£0.01* 15.80+0.05 0.24
3 93.57+0.14° 0.20+0.01* 14.34+0.42° 0.16
4 92.14+0.18¢ 0.18+0.01° 11.77+0.18¢ 0.13
5 91.05+0.16° 0.14+0.01° 9.24+0.94° 0.10

YValues are mean+SD (n=3). Means with the different letters in the same column are significantly different (p<0.05).
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Table 8. Color value as affected by concentration of clay acid

Contents of clay Color value

acid (%) L a b
Deacidified oil ~ 48.67+0.33°"  11.21£0.31*  28.62+0.09°
1 55.23+029¢  -2.08+0.09°  24.98+0.10°
2 58.85£020°  -5.60£0.02°  15.72+0.21°
3 60.15£0.49°  -5.85£0.06°  9.69+0.23¢
4 61.994023*  -5.09+0.13¢  7.34+0.18°
5 62214025"  -429+0.16°  5.92+0.11°

YValues are mean+SD (n=3). Means with the different letters in the
same column are significantly different (p<0.05).

L9 9 A AHMAEZ Cl6:1, C18:1n9¢, C20:5n3 ¥
C22:6n30]911, £3| EPA7} AA| v]E £ 243%= 7V =
Sttt S, Kim S(1997)2 SA7HAle] HAES A7 2
Aol WA= DHA”} 20.8%, EPA7} 10.5%2t H 11519
L, 2 AgofA A ZuelsleAo] YR He=
DHAET} EPAS] 9Fgo| B &34t EPAE= % 574N
4 S AEE Aot 4w AL, IAES, sHWAS
AT, AER] oY, WY 35} 52 a7 RS
& sH}al 98 A Qlch(Fermandes®} Venkatraman, 1993).
uebA Zargjgl e o] YWY fAl= Y 2 e 7
5/90] 9T A0 = WekEw, 5 EPA7} 3k AlES
&2 38o] 7kset et A AAjetal Ak e
AutH o= olfoll= 7IER T Sas ol 2ot T2 o
AR E8E1 gloH, off AR & FAEE BE=

e 398 2= ol 7] Wl o179 a5
= 88802 AAT 5= = A EE Y 7Ieidol
293t Aoz mtEr

fo

OF
=]

Zaejg o AJo] A AR FF 42.21%, A
46.74%, ZHNE 6.15%, 235 0.81%0]|ck UZ9] A4t
At 2L T HEESIARAO] 44.29%, THUEILSIA|HPALo]
35.25%, ESAHARS 20.45%0]91 €3] EPA7} 21.47%
2 7P B2 TS Uit 25209 HRAES F
ARA 68.49%, BAA 30.56%, 1A 0.95%9] v 7}
A1 01, astaxanthin®] $FF2 14.99 mg/kgo|Att. &
FERE G880 o&sy] s AASH B, g4t
9 2 243 HESISH. @3 37804= /A 100 g9
o5t 8% citric acid 8N 10 mLE A7}5kL, 80T oA

Table 9. Comparison of fatty acid composition in viscera, raw oil
and bleached oil (unit: %)

Fatty acid Viscera Raw oil Bleached oil
C12:0 0.07+0.02°Y  0.12+0.01° 0.10+0.02*
C14:0 4.50£0.03° 5.05+0.06" 4.75+0.03°
C15:0 0.26£0.02° 0.28+0.02° 0.27+0.03°
C16:0 11.98£0.01°  10.08+0.03" 9.87+0.01°
C17:0 0.17£0.01° 0.18+0.01° 0.19+0.01°
C18:0 1.35+0.04" 1.18+0.02° 1.1340.02°
C20:0 0.2340.02° 0.17+0.02° 0.17+0.01°
C22:0 0.13+0.03" 0.12+0.01° 0.1120.03"
C23:0 1.76+0.05° 2.32+0.02° 2.38+0.02°

Saturates 2045+023*  19.514022°  18.97+0.19°
Cl4:1 0.29+0.05° 0.49+0.01° 0.45+0.02°
C16:1 8.5340.04°  11.38+0.02°  11.20+0.01°

C18:1n9t 0.14+0.02" 0.13+0.02° 0.12+0.01°

C18:1n9¢ 18.66£0.11°  15.02+0.05°  15.71+0.04°
C20:1 4.9240.07° 3.57+0.03° 3.88+0.03"

C22:1n9 1.55+0.02* 0.98+0.03" 0.93+0.01¢
C24:1 1.16+0.03* 0.70+0.02° 0.72+0.02°

Monoenes 35.25+0.34* 32.27+0.18° 33.02+0.15"

C18:2n6¢c 2.13£0.05° 2.44+0.03° 2.360.04°

C18:3n6 0.17+0.03° 0.210.02° 0.20+0.03°

C18:3n3 1.45+0.04° 1.38+0.01° 1.36+0.03°
C20:2 2.40+0.09° 3.33+0.02° 3.2940.03"

C20:3n6 0.360.02° 0.3020.02° 0.32+0.01°
C20:3n3 0.34+0.01° 0.25+0.01° 0.29+0.02°
C22:2 0.91+0.03" 0.90+0.04° 0.9140.03"
C20:5n3 21.47+0.07°  24.53£0.03*  24.30+0.05°
€22:6n3 15.0740.04°  14.89£0.02°  15.00+0.03°
Polyenes 44304038  48.23+0.20°  48.03+0.27"

DValues are mean+SD (n=3). Means with the different letters within
a row are significantly different (p<0.05).

208 A5t o ?19] F=fo] 58.02 ppmOE TG
t}. BRAF ZAHO| A= 20% NaOH 48918 9] ZaF thy]
5% Z7Foto] 80T ONlAl 208 Aot W A7F7F 0.27 mg
KOH/g7HA] Zr4stlct. 24 ZAoAles 24ael S5 o
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