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Abstract: In this work, the crude fish oil was extracted from snakehead viscera by ultrasound-assisted n-hexane extraction,
and the process conditions were optimized through single factor experiments and orthogonal experiments. Then, the
physicochemical indexes as well as volatile flavor components of the obtained crude fish oil were evaluated. The results
showed that the optimal extraction conditions of crude fish oil from snakehead viscera were determined as follows:
Ultrasound temperature of 50 °C, ultrasound time of 50 min, ultrasound power of 300 W, liquid to material ratio of 3: 1 mL/
g. Under the optimal conditions, the yield of crude fish oil from snakehead viscera was 79.80%. The crude fish oil obtained
by ultrasound-assisted solvent extraction had good physical and chemical properties with lower acid value and anisidine

value compared to those obtained by traditional water-boiling extraction or solvent extraction. The crude fish oil was rich in
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unsaturated fatty acids (64.95%), including oleic acid 23.67%, linoleic acid 24.29%, and a total content of EPA and DHA of

8.84%. Besides, the volatile flavor components of crude fish oil were mainly inorganic sulfides, methyl groups, aromatic

components and organic sulfides. Ultrasonic-assisted extraction of snakehead visceral fish oil possessed an excellent yield

and unique volatile flavor substances, and could delay oxidation rancidity, and increase the content of unsaturated fatty

acids in crude fish oil in a certain extent.

Key words: snakehead viscera; fish oil; physicochemical indexes; fatty acid composition; volatile flavor substances
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Table 1 Design of factors and levels of orthogonal test

IR A T (min) B A 5(W) C A TEJE (°C) D #kBHE (mL/g)
1 30 250 30 1:1

2 40 300 40 2:1
3 50 350 50 3:1
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Fig.1 Influence of ultrasound time on the yield
of snakehead visceral oil
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Fig.2 Influence of ultrasound power on the yield
of snakehead visceral oil
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Fig.3 Influence of liquid to material ratio on the yield
of snakehead visceral oil
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Fig.4 Influence of ultrasound temperature on the yield
of snakehead visceral oil
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Table 3 Orthogonal experiment design and results

. Atﬁ%‘ﬁ#l‘ﬂ B TIR  CHMEE Dkt AR
(min) (W) (c) (mL/g) (%)
1 1(30) 1(250) 1(30) 1(1:1) 63.39
2 1 2(300) 2(40) 2(2:1) 71.47
3 1 3(350) 3(50) 3(3:1) 71.72
4 2(40) 1 2 3 76.63
5 2 2 3 1 72.47
6 2 3 1 1 72.57
7 3(50) 1 3 2 76.18
8 3 2 1 3 75.06
9 3 3 2 1 71.91
K, 206.58 216.20 211.03 207.77
K, 221.67 219.00 220.01 220.22
Ky 223.15 216.20 220.36 223.41
k, 68.86 72.07 70.34 69.26
k, 73.89 73.00 73.34 73.41
ks 74.38 72.07 73.45 74.47
R 5.52 0.93 3.11 521

x4 IEsERE RO 20
Table 4 Analysis of variance for the experimental results
of orthogonal experiment

5 2R FHM HBE ¥ F P BEN

B IEAR R 380.932° 8 47.615 30.620 0.000  **
A 173.418 2 86.709 55760 0.000  **
B 4394 2 2197 1413 0269
C 59.345 2 29.673 19.082 0.000  **
D 143.766 2 71.883 46226 0.000  **
R 27.991 18 1.555
Mt 142091412 27

BIEE R 408914 26

e R 22 A LB 3 (P<0.01)
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Fig.5 Influence of different extraction methods on the yield
of snakehead visceral oil
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PG AR el SR AH 2 . VAT R B T A A T AR
K 70.16%, B E T8 (P<0.05), A S Hl

K6 SR Z e B o A R s R o
Table 6 Fatty acid composition of different extraction methods
for snakehead visceral oil

EFIHEBGE IR T 29.62%. 9.64%, LIRSl - XS (%)
BB BOA PT IR T tayhig 38, Bpek2iPo SR 3 AT PG EREREUE A
FHAEFS ISR | 28 TR R A T AR, T Cioo 0.20+0.05° 0.20£0.00°  0.01£0.00°
152351k 71.24%. 31.51%, #8754 Bhigs ) 4 B Ciio 0.01+0.00° 0.01£0.00°  0.01%0.00°
W 2 T Cio 0.48+0.17* 052£0.08"  0.72£033°
222 Bfe A AL AT AV R Ciao 7.6241.95° 0.44£0.62°  8.48+2.12°
e N = Ciso 26.3040.89 30155207 25.67+1.31°
Sl i oy AR IO B R AR, Sy iR e T Crro - 1.48+0.05 -
P2 & B A O, 3 H i R B AR IS R ot By, Ciso 0.79:0.34° 1.2241.05°  3.02+0.18"
SRR SO ™ B . e i B R SR RO SR B A Ca0o 1.38+0.35" 1512022 2.0120.26°
iyl AV H7E SC/T 3502-2016 — 2K taHFRAEN - Cozo 0.19:£0.06" 019:0.04"  0.20£0.45°
HEAh, T 5 L5 STT LA M R DA RO 4R ZSFA 36,7943 81° TS A0 12865
Cie 5.12+0.21° 487£0.03°  4.97x0.15°
B AV 52880 W EE2E 5 (P>0.05), (H Cogron 1554020 _ _
AH EEHE AR IOE k35 B (P<0.05), B A Al 42 Cisimoe 23.67+1.79° 2110+1.15°  22.62+1.28°
WIS BRI, BT T BE £ 4k 2% fa yH R T, SMUFA 30.34+2.20° 25.97+1.18"  27.59+1.43%
Ho s P 2R RST Craomee 24.29+1.46° 22.05£1.40°  21.84+139°
Cigims 0.89+0.09" 0.66£0.13°  0.92:0.60"
F 5 DRAn YA O R A M O L Crsans 0.06:0.01° 0.05£0.01°  0.06+0.01°
Table 5 Comparison of physicochemical properties Copans 0.53+0.05° 0.62:£0.04° 0.16+0.05"
of snakehead visceral oil Capusns(EPA) 0.70+0.45° 0.67£0.04°  0.59+0.06°
P SC/T 350?-2016 Cyp.6n3(DHA) 8.14+0.04° 7.96+0.05" 6.79+0.05°
1847 s ONBRGE  AERE L 7 EPA+DHA 8.84+0.49° 8.63£0.09°  7.38£0.10"
—% ZH% =% YPUFA 34.61+2.10° 32.01+1.67°  30.36+2.16°
AV(mg/g) 9.58+0.13°  9.91+0.08" 9.56+0.11° <8.0 <15.0 <30.0 F: Y'SFA, YMUFA, YPUFA IR NIRRT . SRABARITR . £
IV(g/100 g) 111.94+3.58" 111.57+0.68° 110.09+1.74° =120 AR B3 8 R A EH

p-AV 3.1940.23  4.11+0.12° 3.74+0.23" -
1 AT AR F R FRoR 22 57 .35 (P<0.05); 6]

IV A] DA Bt g g AN AR B, S fa il b
TR FNNG TR i) EL A G o Sl B R T AR £,
TS 2R SRR B T AR A TV 255 TC
M2z 57 (P>0.05), IKF SC/T 3502-2016 HAifr
HE, HE R AT gE 2 2 A0 8 TR /K Al HOANM A IS Bl
T IR, 0 bR A YRR E R AR, A S
IR H AN AR R 23 2 A — e FREE Y A Ak, DRl
{EAEAARMAR . A, = APy Tt By il IV (HJC
3522 55 (P>0.05), HIHFRHARF T, =FhEH0r ik
A AN RN S = 22 RN

p-AV A]RAEA I | NSRBI
H, 3 5 G5 W, 5 RS Rl Bh i R E G i A
W p-AV SR 3.19, A1 FLISFRI BB FIZE B AR b i =
AR (P<0.05), B IR BUE U I Y p-AV FH X
15, BEAH AR P A RS2 BH b inss gk R E Ak .
2.2.3 APy AR R 6 Tl
SR, R P A TR BB T A5 1A R A PN JURREL fa Jph G
M 18 FABHIIR, S3 AT VB C,o~C,,, ELFRIE IR
g o Fl . A FIAG TR 3 Pl . 22 AN F0 S 5 1R
6 Fi, Hor LIFEARIR (Cg.0) « TR (Cig.inoc) « MV THIFR
(Crgomee) N FE, =FH BARX & &8 & 2R IR e
74.26% . — %I, I RIIE TR & ey, &

FEPEAEXTER Y PR B AN ZE L T A A il

ANHLFNRE T R TG i 25 M 22 57 (P>0.05) , AHXT & S

B, 235900 57.98% FiI 57.95%, T 8 7 4 B v 57 v e
A5 A1 3 AS T RIS U 1R AR F 5 B 35 T R (P<0.05),

R 64.95%., MR HREBIERE AN A EE A
FPEIIFR, FEZEAA AR (C 5. 1000 « BAETHAR(C 4., 4

Xt ik 30.34%, HA i il R AR X S i T T

H LA EGE (P<0.05) s Z A RIS IGIR 84

WEIHPR (Cg.0n6e) ~ WHRERE(C g.5,3) F DHA, AHXT & 18
A 34.61%, k3 = TR AN AE 74 (P<0.05) . EPA
T REALG ALY v AR B A H v =R, 42 2E9E 2 3R Gt

B WO ML, 107 DHA F i 4 75 A HL e 2,
A N R EAA AR AR R EUT

Al EPA Fl DHA A & B 225, &4 Eh
PRI EPA AEXT &SN 0.70%, 3 m T
P B3 AN 28 2925 (P<0.05) 5 48 75 Sl Bl i 5910 925 a3

DHA F1 EPA+DHA AHXI & H845350100 8.14% F11 8.84%,
SRR BOEAH 2 (P>0.05), 1B W 2w T 288

(P<0.05),

BRAR B 25 A Sy A AR A ik 22 04 J2 =X g W7 1R
(Trans fatty acid, TFA) Fl{ F1]lig i (Satu-rated fatty
acid, SFA), 2xXF N B AR R 1 il 3, 51 & O i
EPIE . NEREAE |« v 10 A58 ), 3B 75l B s 7907k
tayih SFA AEXTE &N 36.79%, Sk AR TS5 HRE
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TR MER TFA(1.55%), i TFA 7EF 7 $2 B0k An
FEATRFEARKIN R, PRk, 7 Tl A i T8 FHE 745
AFE TFA &, KNS, S EE R 320k
Al TE—ERE R TR S A0 9 A S SRR, (EL RS
HEEERA FY AR

2.2.4 HAfa g AE T EAE S K 6 B
IR R T TS0 10 AL IR X 7 54 ) 3 {H
K/, HHE 6 AT AT, W1C, W3S, W2S. W5S., W6S,
W3C ALIBRATXT A i ad mi S EERR /)N, ¥ B R
25, SHAMMEEERAA L, BB BGE AL S
X WIW T LR A A )AL 18 g e I (B B e, G
Y2 WIS H RS RO A W2 w G 5 & Al
PR RO LR . BLAh, A8 7 5 B He B fa vl
FAy i ) (BT B S U R R I BT R, (H S5 1574
Bk B 22 HIASK, X ]GSR 2% & 2 Al
oKL THRI, TR S B3R IOL SRR IO A &
8 FHIE CUBe s I THE I, SO 2 M s e
207, AN, A A S5 | A H R 3, B gy
Tz s, FEGE A, WA &P EIXUR Y B
W IREEIRFRH, JREUT 2S5 th il 4 & X
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Fig.6  Electronic nose radar diagram of snakehead visceral oil

2.2.5 BAONPEH AR TS RS T RS
43 #T (Principal components analysis, PCA ) J&—Fh <
TCHARTRR VB Sr Wr Jri%k, 78 2 T 5
AR, 7T SEER B — 25 S8 )43 B AR I Y H i ee,
X R A N i HE T SR A T PCA 44T, S5 5 4N
Bl 7A iR, FERLST 1(PCL) I STHR K 3] 98.80%,
1M o 2(PC2) Y TTHREA 1.00%, PC1, PC2 FHit
TRk E] 99.80%, KT 85.00%, K H] PC1 il PC2
] DA Fz BR R A Y A Y R R BT RS ERE
k. PCA EI(E 7A) 55 W, Fata N H Ay m] 43
SR 2 A ARXT A N7 ) X 3, B 2 FAS [R] i XUBR 2 7Y
AR B SR R B S A A ], R S

A R BT 2 A a4 2 eSO o i S A7 A
2E5%, FEFS G BT HE B A% S I A T XUk 5L
HHEHRARIBEROEL . B (B 7B) 7 I BRASAL BT
Xof B S i B IR BOA SR SR G . 22 R
BRI AR s DX 531 TR, P D S RRAzE DTk R
R R, WIW B . W2W G5 FE T J
PLERALH) A1 W 1S (HF JE2) AR IBEe %) PC1 DTlR(E %L
K, WIS(HFEZO) X} PC2 MU DTRR{E RS, PRt i i
LR AIE AL RS T R0 P il B SR B G At v %
KRR T S A5G Tk ), X 5 E 6 i ER
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A 20t 3
o SR B PR
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Fig.7 PCA diagram (A) and load diagram (B) of electronic
nose data of snakehead visceral oil
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