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Abstract: To explore the different extraction methods and traditional refining process of squid visceral fish oil and its
quality changes, the deep-sea squid viscera from the Equator, Argentina, and the North Pacific were used as raw materials
in this study. Firstly, different organic reagent extraction methods and compound methods were used to extract fish oil from
Argentine squid viscera. The method with the highest oil yield and best quality was selected for refining three types of

crude squid visceral oil. The sensory morphology, physicochemical indicators, fatty acid composition and volatile flavor
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compounds of three types of crude and refined squid visceral oils were analyzed. The results showed that the oil extraction

method of the No.6 solvent assisted freeze-thaw was the best, with a yield of 12.90%, and the physical and chemical

indexes of squid visceral oil after refining were significantly improved. The peroxide value, insoluble impurities, color

difference value, acid value, moisture and volatiles, and anisidine values were significantly reduced (P<0.05), and the pH

and decolorization rate were significantly increased (P<0.05). Except for insoluble impurities and moisture and volatiles,
the remaining indicators met the standards of SC/T 3502-2016 for crude fish oil and refined fish oil. A total of 16 fatty acids

were detected in three squid visceral oil, mainly oleic acid, palmitic acid, EPA, and DHA. The types of fatty acids remained

unchanged and the content of polyunsaturated fatty acids increased after refining. Sixty-five volatile flavor substances were

detected in squid visceral oil, including 12 essential flavor substances of squid visceral oil, mainly trans-2-cis-6-nonradial,

which jointly offered squid visceral fish oil the odor characteristics. This research can be applied to the deep processing

technology of deep-sea squid by-products, internal organs, product extraction, and high-value utilization of fish oil, which

provides technical support and theoretical basis.
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Fig.1 Picture of crude oil refining process of Argentina
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Table 2 Yield of crude oil and refined oil from different types
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Table 1  Yield of crude oil extraction of Argentina squid viscera by different methods

B APl TRSG-WESE  EobdibhESsZAEE AMBEIIESZREE 65BARIEE 6 SRR Ralk
FHIMAR R (%) 2.2240.12° 6.47+0.62° 4.9140.51¢ 0.99+0.03" 11.2840.65° 12.90+0.53°
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Table 3  Effects of squid visceral oil on physicochemical indexes before and after refining
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o(%) 8.13£1.10°  6.35+0.75°  5.74+0.69* <0.5 4.61£0.16°  3.91+1.76%  0.72+0.15¢ <0.1
L 833+0.06°  1.87+0.38°  2.50+0.35" — 2.4340.35"  0.10+0.17°  0.80+0.26° —
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IKGF BAER ) (%) 3.33£0.01*  0.63+0.03¢  0.90+0.05¢ <0.8 1.09+0.01°  0.49+0.08°  0.65+0.12¢ <0.2
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Table 4 Fatty acid composition and content of squid visceral crude oil and refined oil
‘ HE AR I R AR X 5 12 (%) KBS DR A 5 2 (%)
i LR ] (min) CAS% - — - —
i ] Fi A LR piSi: i 2 LR
Cl14:0 25.858 124-10-7 2.86+0.50° 3.96+2.64° 3.71+0.04° 4.87+0.66" 2.16+0.07¢ 1.77+0.05¢
Cl15:0 28.110 7132-64-1 0.87+0.08™ 0.68+0.58" 0.59£0.02% 1.49+0.16 0.81+0.03" 0.35+0.01¢
Cl16:0 30.786 112-39-0 23.18+1.91° 26.52+1.88° 23.55+0.81° 4.49£1.13°  23.59£0.19°  17.43x0.81°
C18:0 37.915 112-61-8 6.84+0.96° 2.94+0.48¢ 7.37+0.62° 20.18+1.36° 9.9+0.16° 8.36:£0.43%
C22:0 54.124 929-77-1 3.50+2.79° 1.90+2.54% 1.69+0.06° 6.16+1.12° 2.26+1.83" 0.13+0.02¢
YSFA — — 38.4242.18" 41.23+3.90° 38.3+1.36° 39.15+0.04°  39.89+1.85°  29.37+1.26"
Cl6:1 33.222 1120-25-8 1.16+0.71° 5.24+1.73" 1.38+0.52° 1.96x1.12° 1.18+0.07° 1.34+0.03°
C18:1n9t 40.034 1937-62-8 0.96+0.11* 0.69+0.56" 0.59+0.09° 1.65+0.26" 0.600.11% 0.32+0.01¢
Cl18:1n9¢ 40.938 112-62-9 9.47+0.25¢ 18.32+1.93" 12.76+0.39° 2.22+0.18" 7.01£0.05°  22.92+0.60°
C20:1 48.563 2390-09-2 3.2440.17° 1.33+1.19°¢ 3.84+1.44° 5.57£0.63®  4.97+0.14%® 6.97+1.35
C22:1n9 56.951 1120-34-9 2.00+0.82 1.19+0.78° 2.53+1.52% 3.37+1.25° 1.24+0.52° 1.65+0.08%
YMUFA — — 16.83+0.97° 26.78+1.15° 21.1141.59" 14.774£0.94°  14.99+£0.55°  33.21+1.44°
Cl18:2n6¢ 44.864 112-63-0 2.94+0.06° 2.7340.70* 2.57+1.19° 1.40+0.09" 2.28+0.19* 0.70+0.32¢
C18:3n3 49.049 301-00-8 0.56+0.01° 0.61+0.29° 0.28+0.03¢ 0.97+0.06° 0.27+0.03¢ 1.29+0.04°
C20:2 52.457 61012-46-2 1.1740.14° 2.45+0.39" 0.86+0.15¢ 2.02+0.34* 1.23+0.09° 0.42+0.39°
C20:4n6 58.171 2566-89-4 5.66£0.25" 1.37+0.64° 0.93+0.03° 2.56+0.16° 3.82+0.01° 1.52+0.11¢
C20:5n3(EPA) 64.150 2734-47-6 10.6120.13® 12.71£0.05" 8.14+0.26" 21.7240.08"  10.59+0.05°  7.43+0.28°
C22:6n3(DHA) 80.295 2566-90-7  24.97£2.84®  17.35:10.16°  29.19+0.59° 23.77+0.84°  28.11£1.45°  25.08+0.93"
YPUFA — — 45.9243.11° 37.22+13.9% 41.97+0.42° 524441270 46.3x1.81°  36.44+1.59°
EPA+DHA — — 35.58+2.97°  30.05+15.16™  37.33+0.83° 45.50+1.53° 38.7+1.82° 32.51+1.2°
n-3YPUFA — — 36.14+2.96"  30.66+£14.88™  37.61+0.81 46.46+£1.47°  38.97+1.08°  33.8+1.23°
n-6Y PUFA — — 8.60+0.19° 4.10£1.34¢ 3.50+1.18¢ 3.96+0.26" 6.10+0.18° 2.22+0.41¢

{E: YSFA, YMUFA, YPUFA, n-3Y PUFA. n-63 PUFAZIIF R RIS AR . SAEAINE IR . Z A EANENIR . o-3 KEEZAMEAIENTR . o-6KiEZ
AR s — ARG AR )/ ING 5 B [l — A 55 2 (R NS T AR AR 5 A7 70 0 3 22 52 (P<0.05) .

PA ¥4 3% MUFA F1 SFA . Bl HE3E FlI 2l 38 8t feokL
IR IER S OA FHXT S WA T 5%, 7T RE SRS SR
T B B 2 T FR IR A5G . PA L OA L) X AbA DY
TR (AA) A5 2 A 7 i) T ZERFE AR U R, IRl AH R &
W OA MEWREREIN S MR . 1T BB PR &5 i

g XU

PUFA 1 =22 EPA+DHA, 7718 # 10 Py Ik
7 EPA+DHA & i (5 AR S 1Y 35.58%, fii&E/S
TrEL I 45.50%, U B0 PN AT AT 38 S i N R AT
KATE, HEE MM BRAEHE S SR & i, 3Rl
BB o T RS IR RS IR I IR ZH BB o3 B AR RS & 2k
B2/ VW | NG B =51 € SE =2 P oy S U e R N =S R i e U
B2 PUFA 2%, &g FRE(P<0.05),

Bk n-3YPUFA Fll n-63 PUFA T 7 , fft£e A IR
£ 70 5 #: 5 n-33PUFA 2R 2 31 [ F a3, n-6
SPUFA £ TR, A e Es 2 BT
i, piEH Al PUFA ARNRANET S, 1A, PAFR 4 A
LG S, Bt YT oA & S =R D 1, 31X 5 i
BOR MR 208 B R . VIR S5k
K, i 2 HE A R S i AR A Qi S 5 A BRI
—IRHEE, I im0 .28, SR
W 2R

Zr L JUraR, il N R iR i T2 e S R R
JUTR 5 bk, AESPRE M v R DT P £EL WS il A 25, FS
52 ph ph AR R ARG (IS R — 3K

2.6 &t AR R IR BIE & 1 KUK R 2B RO 9
ST

SR FH [ AR ZE BUSAH B 575 (SPME-GC-MS ) X
IRIE . BTHREE | Jb APV A PN R T RS BT 4
K T S S R TINS5 R AR 2 s,
Fhit A PRI XUSR A, BATAR S8t £ P R TR IS4
R P IR ) S5 B A B A PR A e f PR kLY e v,
Y T B AR A . BT Sl P ERE I LAk
FE(IECHKE) . iR ( 2 =600 . BE(E T EE) | fg(QE T 3%
SRR SRR ) ¥4 &AM XU 5T ok 32, i db RSBl
fh | JRIE A PR LU (E 2 %8) . BE(IE TEE) |
il (6,6-— FH 25 P Stk iRy - 2 - Ji R — 2 6] ) 25972 Je P
R 32 . IS GG, 2R B P9 kS v LA
Ja . B R T, BT AR AR SR A PN RS BRI DA . R . R
PSS A 32, T AT Bt £ P9 RS R LA | i, P
RS 3= o RS HR BB AT R 2% B Bt £ Do JIERE v v
il | PSS S PR IR R

falt £, Py e g HAG I Y 65 R &R XU ) 5T,
ALFEEESS 7 Bl BEIS 12 Fh BESE 10 Bl B 9 Bl
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Fig.2 Relative content of crude oil and refined oil volatile flavor substances in squid viscera
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Table 5 Effects of squid visceral oil on volatile flavor components and relative content before and after refining

AEXT 7 5 (%)

fla feam st casy I i Ftn
IRiE BIAAE  JEARF PiSE:! BIAREE  JLRF
B G
C,H,,0 ETE 71-36-3 400  25.21£0.38" 31.5£1.10° 16.58£0.53¢  19.64+0.17° — —
CsH0, 31k Y et 4412-91-3 — — — — — 0.14+0.01 —
(3R, 48, 58)-2-(7-F ML
CyoH|,CINSO; [4,3-d]minE-3-35)-5- S A 75135-41-0 — — — 0.03+0.03 — — 0.08+0.02*
Peki-3, 4-
C¢H,0 NN 108-93-0 1000 0.01x0.00° — 0.16£0.06"  0.02+0.01° 0.05£0.01° 0.2840.03"
CH,,0 UK 75-85-4 33 0.02+0.00° — — 0.01=0.00° — —
CgH, 0 2- £ F-4- IR 1R e 10137-88-9 — — — — 0.03+0.01° — —
CqH,,0 EC R 111-27-3 250 — 0.030.00° — 0.64+0.01° — —
RGPS R AT 25.24 31.53 16.77 20.34 0.19 0.36
Batb &)
C,H;NO SR T i 624-83-9 5 — — — 0.87+0.02 — —
CeHyy 3-FR I Y g 96-14-0 31 — 2.58+0.01° — — 28.14+1.45° —
C,H,,0, e H-e- N BE 2549-59-9 — — — — — — 0.4620.05
C,H},0, IR T BR(BA) 141-32-2 — — — 0.120.04° — — 0.63%0.08°
C,H,,NO, IE TS5 LR 17046-22-9 — — 23.9320.08 — — — —
C,H;0, 4-F2IE TR L NG 591-81-1 10400 — — 0.10£0.01*  0.04+0.00° — —
CyHe0, RIEHEHE 939-19-5 — 0.02:0.00° — — 0.010.01° — —
C¢H,,0, 4-C - 12 L TR 42125-17-7 — — — 0.02:£0.00 — — —
CoH,40, PR C g 2499-95-8 — — — 0.59+0.02 — — —
C¢H,,0 TN RN TR 1471-03-0 — — — 0.03+0.01 — — —
CoH,0, PRI BT 33467-74-2 4 0.02+0.01*  0.0120.00° — — 0.03+0.00° —
C,,H,40, DI IR S (2-EHA) 103-11-7 4 — — — — — 0.44+0.24
BaZefb & AR & i Gt 0.04 26.52 0.86 0.92 28.17 1.53
BRI E)
C,HO (E)-2-T ft 4170-30-3 8 — — 0.040.00° — — 2.95+2.24°
C,HO 2-T Wt 123-73-9 5 — — 0.25+0.01 — — —
C,H,0, 5-2.3%-2-HEmE 23074-10-4 — — 0.02+0.00° — — 0.10+0.06°
C;H 0 (E)-2-1uHs 1576-87-0 15 — — 0.41£0.01° — — 0.56+0.08"
C4H,,0 2- O 505-57-7 0.017 — — — — — 1.09+0.13
CsH,0, 3 498-60-2 — — — 0.46+0.05*  0.06£0.06° 0.16£0.06° 1.03+0.03°

CH,0, B 98-01-1 3 — — 0.34+0.01* — 0.22+0.02° —
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RS
AR (%)
st ey CASE ’Efgﬂ'ff ML P
JRif BUAAE  JERPHE PiSE:! BUHGAE  dERFvE
C,H,,0 (E,B)-2.4-B Il 4313-03-5 0.01 — — 0.22+0.01¢ — 8.72£0.45" 0.77+0.03"
C,HO R 100-52-7 0.35 0.02+0.00°  0.11x0.01¢  0.93£0.15°  0.04£0.02° 0.35+0.11° 2.120.18"
CyH,0 (B2,26)-T- —Jfil 557-48-2 0.01 0.65+0.12*  0.60£0.06" 0.49£0.13°  0.42+0.02° 0.44+0.01° 0.38+0.01"
ARG WA S =TT 0.67 0.71 3.16 0.52 9.89 9.00
[[EE Ay
C,H0, 2,3-T =M 431-03-8 0.059 — 0.01=0.00° — 0.53+0.01° — —
C,Hs, Z LT 96-22-0 860 24.20+0.36" 13.37+0.04° — — 7.85+0.41¢ 11.04£1.33¢
C,H,,0, 6, 6- —HIHEPUZMEmG-2-B]  2610-95-9 — — — 13.93+0.45 — 3.77+0.19°  5.67+0.68"
CsH,0, 5-FP 5Lk Rg-2- (SH) -l 591-11-7 0.3 — — 0.02+0.01° — — —
CH,,0 1-Reds -3 -1 2918-13-0 0.0004 — — — 0.01+0.01°  0.02:£0.00° —
C¢H,O, 2-A V-1, 4- W 4505-38-8 — — — 0.07+0.04* — — 0.07+0.01*
CeH1,0 3’5%:%%[5’5'%:%'2' 38284-27-4 — — — 0.18+0.01° — — 0.64+0.55°
C,H,0 AR 98-86-2 0.065 — — 0.13£0.02*  0.02+0.00° 0.06£0.00° 0.13+0.01°
CoH,;0 2-T- 821-55-6 0.005 — — — — — 0.47+0.06°
B2 A PR & i A 24.20 13.38 14.33 0.56 11.70 18.02
BRREY)
C4H,(O, )47 99-66-1 — 0.36£0.01°  0.35£0.01° — 0.36+0.01° — —
CaoH3405 (IIZ)'IS'@%%QW'II’I3' 105835447 — 040001 — 0.2040.01° — — —
C¢H,;NO, L-WRWERR 3105-95-1 3230 0.15+0.01° — — — 0.010.01° —
C¢H,,NO, DL-a-%H:C R 542-32-5 — — 0.0120.00° — — 0.010.01° —
CyoH;605 14,15-EE-5(Z)-E 519038-92-7 — — — 0.01+0.01° — 0.65+0.03" —
C,H;;NO;S N-Z-L-HA R 65-82-7 — 0.02+0.01° — — 0.02+0.01° — 0.01+0.01°
C,H,NO, D-2-Z TR 56-84-8 250 0.01+0.00°  0.01£0.01°  0.14+0.01° — — —
I YR AT 0.94 0.37 0.35 0.38 0.67 0.01
BRIEY (R EBEY)
CH,, IEdE 109-66-0 500 9.66+0.31>  9.97+0.03° 0.90+0.12¢  3.63+0.05° 14.32+1.85" 0.53+0.07°
CH,, SOt 107-83-5 25 — — 0.1240.01° — 0.19+0.08*  0.16+0.03*
CeHyy Ok 110-54-3 875 20.17+0.56° 10.80£0.11° 15.44£2.40°  20.75+£0.44° 22.17+0.88" 5.46+0.97¢
CH,, 1-ZHER T 4806-61-5 — — — 15.090.72° — — 0.88+0.11°
CeH,, E7NER 110-82-7 170 18.69+1.91° 5.66+0.29° 9.32+4.58°  23.23:£1.24* 839+0.48" 10.57+1.63°
C,H,,0 LHE DT T It 4737-47-7 — — — 12.1£0.39°  27.5£1.47 — —
CH, IEBEkE 142-82-5 47 — — 0.04+0.04° — 0.10£0.10°  0.07£0.07°
C,H, B ST RR 108-87-2 0.6 — 1.350.01° — — 0.08+0.01° —
CeH4 5-HIJE-1-PEs 13151-04-7 — — — 0.04+0.02° — — —
CgHy RN 100-42-5 730 1.00£0.04°  0.30£0.03°  9.92£0.46°  2.46+0.14° 4.05£1.10° 21.87+9.73°
BRAEY T HGAE Y AN E A1 49.52 28.08 62.97 77.57 493 39.54
HAb G
N,0 —F A 10024-97-2 — 0.0120.01 — — — — —
C,oH,, 1-H S 767-58-8 — — — — 0.0120.01 — —
C,H,N,S T L IS 154-42-7 — — 0.01£0.00°  0.02+0.01° — — —
C,sH,,0;4 WA TR 71939-50-9 — — — — — — 0.10+0.01
C,HO 2- PRk g 534-22-5 0.006 — — 0.83+0.14°  0.03+0.01° — 2.77+0.25°
C,HgN, S 618-39-3 — 0.44+0.01° — — 0.03£0.01° — —
CHN, 2-G LNk IE 504-29-0 470 — — — 0.05+0.01 — —
C,H,N,0, 5G4 HE R M E 932-52-5 — — — 0.23+0.01° — — 0.24+0.03"
CgH,,NO; HHE 404-86-4 11.75 — — 0.02+0.01 — — —
CyH,)N,O, N ﬂqﬂ;ﬁ%@'gwﬁ‘%’ﬁ‘ﬁ% 25717-80-0 — — — — — 0.0240.01" 26.85+3.24°
HAAL A PR & = A 0.45 0.01 1.1 0.12 0.02 29.96

TE: — IR HIZHIBG EARARIR/ING FREROR R — 47 Z [ A P AR A A R 5 i 7 A 35 22 57 (P<0.05)
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Wy, KPRE SRR TR 2k A TRCE AR AR AN
FIEERPY, R 5 AT LI, A nis2sib 5948
Xt E ER R, 43 AR A S B 25.24% . 31.53%
1 16.77%, {EKS M5 7T BE A TRE T I Jiss 2= R Hh iRl
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B TES AT i, BT AE S fa eI S
B f e, HOML MO R S LS B 26.52%
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ARE
A A ORI T IR iR Ak, HI(E R
fIG, BRI BN, 23RN AL IR, Xt fa PN T AL
R HA 2 TTmkC7 ot P TR T BORS VR AR
) H S B RN (B2,26) -0 0T o 3-RHETE . BE A

(E,E)-2,4-B¢ il . BATARAE RN LA il A0 Py TErH
AR R & AR B A i i, nlRES LG
B B R 1 A S S sl — S AN AT T R
BT G, P BRI S .

Bl 2 b G ) 32 T2 fe PR S I 1 R AT B 4
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Table 6 Changes in key flavors of squid visceral oil before and after refining

AR SIRTE EEROA V]
5 kBB FLH Kk S RFFIER R
ARl BTHAE k[ g o il BTHR AT bR
1 ETHE 86.96 82.25 84.59 16.9 — — AETT | ACRBR ik
2 S EURR T e — — — 0.41 — — FREUS R
3 3-FR LR F g — 0.14 — — 2.06 — —
4 PS4 R 5-~F T (2-EHA) — — — — — 0.29 B ZEALRTIR
5 (B)-2- T Wil — — 0.01 — — 0.97 WFF . MR
6 2- T — — 0.1 — — — AbAEER
7 (B)-2-Pe M — — 0.56 — — 0.98 HE. IGF . VIR
8 2-CL — — — — — 68.73 —
9 e — — 0.23 — 0.17 — AR, A R, Fokl
10 (E,E)-2,4- & —J7TE — — 44.9 — 81.82 82.63 BEA . R IR
11 IR 0.09 0.52 5.42 0.27 227 15.94 AR R
12 (E2,26)-T- )il 100 100 100 100 100 100 1) 1 SN SN
13 2,3-T — 0.28 — 21.39 — — —
14 5-FP IR Ig-2-(SH) -l — — 0.14 — — — —
15 1-P#s-3 -1 — — — 59.52 53.64 — —
16 KT — — 4.08 0.73 2.1 5.26 Bk AR LB
17 2-T-fil — — — — — 4737 . TR
18 BN 0.17 0.06 0.11 0.33 0.11 0.16 —
19 [EE-S7NwR e — 3.75 — — 0.3 — TR
20 2-HI kg — — 2231 11.9 — 2491 GIRBR. HIRBR . B

T : — D ARA AR H T G SR AE SR A I 5
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