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Fig.1 The five benthic marine fish species

investigated in this study
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A: Yellow anglerfish; B: Flathead; C: Eelpout;
D: East Asian flatfish; E: Zebra sole.
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Tab.l Somatic parameters of five fish species (Mean+SE)

_ H fets <-4 7 £ oL Akt

74T Parameters L. Iiti?%n P. indicus Z.{\jiv%ig:ru fcﬁnt%s ZFE sz:irﬁs
A Body weight /g 1417+31.6 228.942.52 67.97+5.72 106.5+4.10 70.04+8.05
JFAEEE Liver weight /g 47.6£2.75 6.63+0.12 0.78+0.10 2.00+0.44 0.84+0.15
WHEE Visceral weight /g 160+1.41 16.4+0.21 3.89+0.80 5.29+0.72 2.15+0.26
&K Body length /cm 39.4+0.18 30.1+0.24 25.140.32 15.040.12 16.6+0.79
AP L HST /% 3.25+0.25° 2.90+0.03¢ 0.99+0.01* 1.81£0.35° 1.11£0.09*
HEFREE VST /% 11.1+0.25¢ 7.16£0.07¢ 4.9740.88° 4.8940.53" 3.02+0.30°
REWE R CF 2.39+0.13¢ 0.84+0.01° 0.43+0.04° 3.11£0.06° 1.48+0.04°

T [ —A7 AN [R] bR R R R A7 35 22 57 (P<0.05). IRl

Note: Data in a same row not sharing a same superscript letter were significantly different (P<0.05). The same as below.
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Fig.2 Crude lipid content in dorsal muscle, ventral muscle
and liver of five fish species (% wet weight, Mean+SE)
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Fig.4 Moisture content in dorsal muscle, ventral muscle
and liver of five fish species (% wet weight, Mean+SE)

i, EERERIE LK 2 B KR T SOk R . A
AR, 45 4 A ) H B 35 22 5 (P<0.05), Y
SUARRIT K 0 & s dem, HoB 3 T (P<0.05)BR <
YRt 2 AR 2, B BRI K 43 B A

2.3 HAFEREE

231 HIEMA LR BE B RR A 2= 2 (& 5
FE 6)FR . XF T FIAE IR (SFA), s AL Eif
FIRE W2 (ESFA) & it s, FRAIJE 16:0 Fl 14:0, AH
W2 , KT 16:0 &Rk,
XoF TG TR (MUFA), P st - 20 60 114
18:1n-9 iy T HA A, MT6RAY 16:1n-7 &5k
TR A A VUM TR (ARA, 20:4n-6) 55 2 1 i,
fon T RN A AR R (P<0.05) . BN DHA & kb
HAothta Fh =15 2, fa RN 8 22:5n0-3 55, {H EPA
AR,
2.3.2 JIRALA JE LAY TSFA ToHA 22 5%, {HAf
AR 16:0 B ik 5 T B BRERAN T SR (3R 3).
R A AR B 16: 1n-7 25 0 B il 5 T B B A 2 8L
i, Hoh, AR MUFA & & A A,
SRR, SRR DHA &t s T Hofd tafh,
T FA A Y 22:5n-3 &8, {H EPA &I,
233 MM AFEAEFZER ZSFA A BEER

*®2 SHMEEURAERAR(%TFA, FHHbRER)
Tab.2 The fatty acid composition in dorsal muscle of five fish species (% TFA, Mean+SE)

JEWilR Fatty acid 8% L. litulon  #§ P.indicus K438 Z viviparu fAMEE P cornutus #7448 Z. zebrinus
14:0 0.55+0.06 3.11£0.96" 0.49+0.10° 0.34+0.28" 0.27+0.17°
16:0 21.20+0.81% 26.50+3.51° 17.6+1.87 23.00+0.05% 20.70£1.56%
18:0 7.89+0.06 5.68+0.83 7.47£0.54 5.26+0.11 7.71x1.85
20:0 0.22+0.01 0.31+0.18 0.21£0.11 0.17+0.06 0.36+0.18
YSFA 29.80+0.91 32.20+5.23 25.10+1.84 29.40+0.16 28.70+4.19
16:1n-7 1.98+1.91 0.12+0.08 0.82+0.62 2.57+1.27 0.77+0.66
18:1n-9 9.71+0.67° 3.94+0.23% 9.47+1.03° 2.62+0.31° 2.16£0.3"
20:1n-9 0.54+0.38 0.25+0.02 0.46+0.23 0.88+0.10 0.58+0.18
SMUFA 14.30+0.89¢ 4.76+0.24° 11.30+1.26° 8.66+1.05° 4.69£0.44°
18:2n-6 1.06+0.03 0.54+0.10 1.04+0.05 0.47£0.04 0.74+0.38
18:3n-6 0.05+0.05 0.04£0.03 0.020.02 0.14+0.01 0.20+0.16
20:2n-6 0.04+0.04 0.26£0.18 0.37+0.01 0.090.04 0.36+0.20
20:4n-6 3.39+0.09¢ 1.37+0.38% 2.53+0.67° 0.90+0.08* 2.64+0.28
¥n-6 PUFA 4.54+0.07° 2.21+0.69° 3.96+0.63° 1.51+0.15° 3.94+0.98°
18:3n-3 0.09+0.09* 0.23+0.02° 0.15+0.10° 0.88+0.09" 0.32+0.21°
20:5n-3 5.21+0.81° 4.75+1.49% 6.62+0.75° 2.38+0.02° 3.70+0.65%
22:5n-3 1.08+0.24° 1.23+0.32° 1.52+0.28° 5.58+0.67° 4.36+0.25"
22:6n-3 26.80+2.63° 14.50+4.96° 19.7+1.86% 18.10+£0.23% 13.90+0.46"
¥n-3 PUFA 33.10£0.75° 20.70+0.36° 28.00+1.33% 26.90£1.16° 22.30£0.90°
DHA/EPA 5.07+0.19° 3.00+0.11° 2.99+0.13% 7.61£0.15¢ 4.01£0.71°

TE: TFA: GURWIRR; SFA: MM ; MUFA: HFUREUFIARINIER ; PUFA: ZAMANRIMR. T,
Note: TFA: Total fatty acid; SFA: Saturated fatty acid; MUFA: Monounsaturated fatty acid; PUFA: Polyunsaturated fatty

acid. The same as below.
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Fig.5 Some important fatty acid composition in

dorsal muscle of five fish species
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Fig.6 Relative content of XSFA, XMUFA, ZPUFA, and
XHUFA of five fish species
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FL, A EER I A 22:50-3 Fr i, {H EPA
=K.

*®3 SHMERALASAIER(%TFA, FHHEhRER)
Tab.3  The fatty acid composition in ventral muscle of five fish species (% TFA, Mean+SE)

JEWiER Fatty acid FHgHE L. litulon fifi P.indicus AR P. cornutus WL 4kHE Z. zebrinus
14:0 0.44+0.07° 1.5740.19° 1.1740.16% 0.91+0.21%
16:0 17.20+0.57° 18.60+2.18% 22.20+1.06° 17.00+0.44°
18:0 7.49+0.24° 5.07+0.61° 5.22+0.41° 8.41+0.51°
20:0 0.29+0.02° 0.25+0.03" 0.27+0.03° 0.48+0.02°
TSFA 25.40+0.53 25.50+2.99 28.90+1.48 26.80+1.06
16:1n-7 0.16+0.04 6.00+0.88° 5.41+0.61° 2.08+0.30°
18:1n-9 3.36+0.25% 3.93+0.35° 3.22+0.10%° 2.47+0.47°
20:1n-9 0.60+0.24 0.19+0.04* 1.30+0.15° 0.46+0.15°
YMUFA 4.12+0.24° 10.10+1.28° 9.94+0.69" 5.01+0.91°
18:2n-6 1.08+0.12° 1.14+0.10° 0.47+0.02° 1.02+0.02°
18:3n-6 0.14+0.02 0.16+0.04 0.13+0.01 0.53+0.24
20:2n-6 0.03+0.03° 0.14+0.02° 0.13+0.02° 0.41+0.03°
20:4n-6 3.01+0.39° 1.55+0.18" 0.75+0.02° 2.97+0.47°
¥n-6 PUFA 4.25+0.53" 2.99+0.27° 1.49+0.05° 4.94+0.69°
18:3n-3 0.040.04% 0.18+0.04° 1.25+0.14% 0.46+0.17°
20:5n-3 4.54+0.63% 4.81+0.54° 2.08+0.16 3.27+0.28%
22:5n-3 1.02+0.04% 1.26+0.28" 6.73+2.08" 4.57+0.73%
22:6n-3 25.70+0.93° 14.60+2.10° 16.90+0.37° 14.90+2.22%
*n-3 PUFA 34.80+2.15° 24.40+3.18° 22.30+0.65 21.90+2.53°
DHA/EPA 5.81+0.60° 3.01+0.09° 8.20+0.57° 4.51+0.44%
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Tab.4 The fatty acid composition in liver of five fish species (% TFA, Mean+SE)

REHR Fatty acid  #i8%#E L. litulon #f P.indicus K48 Z. viviparu fAMHEE P cornutus OISk Z. zebrinus
14:0 2.69+0.01° 2.02+0.13% 1.01+0.09° 1.73+0.5% 2.42+0.36°
16:0 20.10+0.13 15.60+0.91 19.30+2.66 17.70+2.60 13.80+3.11
18:0 3.04+0.04° 3.26+£0.27° 0.08+0.02% 3.17+0.50° 1.45+1.41%
20:0 0.20+0.01 0.09+0.01 0.2320.01 0.18+0.01 0.16+0.02
SFA 26.10+0.10 20.90+1.26 20.60+2.72 22.70+3.58 19.70+3.16
16:1n-7 12.20+0.47°¢ 15.90+1.18¢ 2.81+0.54° 9.62+1.93% 7.20+0.39*
18:1n-9 17.50+2.48° 31.70+0.70° 10.60+0.58° 24.80£1.95° 6.05+0.66
20:1n-9 3.16+0.24° 1.7540.14° 0.64+0.01° 1.73£0.13° 0.56+0.28"
~MUFA 32.90+1.76° 49.30+0.75¢ 11.60+0.60" 36.10+3.06° 13.80+0.01°
18:2n-6 1.5340.16" 0.80+0.03° 0.79+0.37° 0.44+0.07* 0.51+0.07
18:3n-6 0.10+0.00** 0.08+0.01* 0.18+0.06° 0.16+0.02% 0.08+0.01%
20:2n-6 0.31+0.00¢ 0.21+0.01° 0.63+0.00° 0.03+0.00* 0.24+0.02¢
20:4n-6 1.06+0.05° 0.10+0.01° 4.40+0.77° 0.10+0.02° 1.15+0.49°
*n-6 PUFA 3.00+0.21° 1.18+0.03% 6.00£1.08° 0.73+0.11% 1.9740.53%
18:3n-3 0.93+0.06° 0.38+0.15° 0.12+0.01%* 0.06+0.01%° 0.03+0.02°
20:5n-3 5.05+0.00° 4.8840.69° 4.1840.12° 1.10+£0.19° 0.74+0.09*
22:5n-3 1.44+0.06 1.71£0.19% 1.21+0.28° 6.40+1.57¢ 4.33+0.47%
22:6n-3 14.10+0.57° 8.31x1.13° 12.50+0.42%° 9.19+1.61% 7.99+2.60°
*n-3 PUFA 21.60+£0.57 15.30+1.96 18.20+0.71 15.70£3.17 12.80+3.01
DHA/EPA 2.80+0.11% 1.72+0.16 3.00+0.18% 8.40+0.40 11.40+4.95°

234 J& AR SRS DR AR S IR AE R Sl ?ﬁﬁﬁnﬁaﬂtﬂf%,,ﬁﬁﬁ&m DHA &,

AL, A SR B 16:0 & 88K, 619 16:1n-7 & & HRRRK AR, DL 8Ok 22:5n0-3 e,

A

B, KAMRN 16:1n-7 SREAL, KK ARA {0 EPA & EEAKEE 5).
K5 SHEKIERFER(%TFA, P ELRMER)
Tab.5 The fatty acid composition in brain of five fish species (% TFA, Mean+SE)

B2 Fatty acid  ##%68 L. litulon #f P.indicus K43 Z viviparu FAMEE P ocornutus PS4 Z. zebrinus
14:0 0.29+0.03% 1.65+0.10¢ 0.13+0.06" 0.43+0.06° 0.63+0.02°
16:0 16.40+0.63¢¢ 17.80+0.29¢ 14.50+0.23° 15.90+0.66" 11.50+0.65
18:0 9.98+0.23° 7.30£0.62% 7.30+0.25% 9.56+0.25° 8.58+0.77%
20:0 0.31£0.01° 0.30+0.01° 0.16+0.01% 0.10+0.05* 0.42+0.06°
SSFA 26.90+0.86° 27.10+0.48° 22.10+0.51% 26.00+0.70° 21.10%1.37%
16:1n-7 3.64+0.07¢ 6.81+0.62¢ 0.09+0.01% 2.15+0.39° 3.23+0.29%
18:1n-9 3.56+0.13¢ 3.39+0.25¢ 2.85+0.08" 1.66+0.21° 1.52+0.07*
20:1n-9 0.82+0.12° 0.82+0.08° 0.75+0.07° 0.60+0.17° 0.13+£0.07
SMUFA 8.03+0.20° 11.00£0.91° 3.69+0.12° 4.41£0.73° 4.88+0.36
18:2n-6 0.70+0.02° 1.00+0.07¢ 0.65+0.03% 0.32+0.12° 0.39+0.2%
18:3n-6 0.12+0.01%° 0.08+0.01° 0.14+0.03° 0.04+0.02° 0.04+0.04*
20:2n-6 0.02+0.01° 0.13+0.03° 0.11£0.01° 0.00+0.00 0.02+0.02°
20:4n-6 3.000.06¢ 1.54+0.14° 3.05+0.09¢ 0.87+0.04° 2.1240.28°
*n-6 PUFA 3.84+0.06° 2.74+0.24° 3.95+0.12° 1.2340.15° 2.57+0.50"
18:3n-3 0.56+0.01° 0.22+0.04° 0.20+0.04° 0.3120.11° 0.14+0.07°
20:5n-3 2.11+0.18° 3.83+0.22° 3.65+0.39° 2.2140.15° 0.99+0.18°
22:5n-3 1.13+0.04% 1.77+0.55° 0.56+0.04" 4.26+0.38° 1.67+0.18°
22:6n-3 18.70+0.75° 13.60+1.09%° 18.30+2.60% 14.90+0.74% 10.80+1.28°
*n-3 PUFA 22.50+0.91° 19.40+1.02° 22.70+3.00° 20.90+0.56° 13.60+0.87°
DHA/EPA 8.95+0.43% 3.58+0.38% 4.98+0.17% 6.81+0.78%° 11.96+2.95¢
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235 W WOUAEN 16:0 SEBAL, K4
ARA SR, DRI 22:50-3 b, (H
EPA 5 HEAR, X S 7E FLAb 21 270 v 1% 22 S5 A IR v [
BRI 6). SR, XFTF 16:1n-7, FAARM-EEG A
L ERERE  2 . AOR I EEAEIR B P Y DHA & &
I e, LR B BRI 28 03, 5 6 FHY SO ERAR L
o .

23.6 Rk TERZBRY, SERERNY SSFA, FEHIZE
18:0, b HAth 2755 (2 7) i 16:1n-7 5 5 100 i T i el
A it ARA IKIHTEK SR P & B . 7EAA
I 8 0 Ay 80 2 M 3 1R A 6 G £ I o OUE % 3 4 v 1
22:5n-3, {H EPA & &Ik, W& EY DHA & &2
FAR T HAb 1 25(P<0.05)

2.3.7 SR8 & SE UL Y BT M B 4L 4R Fe SR I A g
Wi 4842 i A IS5 R S0 A% 5 G B2 R IR T 4120
HILATE 16:0 FIK DHA 7 2 R RRAF o 67 18 1 3 B i 41
U FE R 18:1n-9 1 EPA 7 5 5 (3 8).

3 g
31 WEiERMEHASE

Jig A 2% 1 21 b 1) 5 i nl LA BCBRAE T IR 45 45 L o
5 H A SFER 0 — 4, R ERRIAT SO BR R HST

H VST AR, BB Y AR R P T X 28 £ 9 R
F I N BB AN BEAEAF A 2 MR, IE UNAER
12 IFFE A R ZE B Fh L 2 A —FE(Wu et al, 2015; Xu
etal, 2021), FHS, TATLEREE F W) BT g 4140
i B A 5 v B 5 2 R (Wu et al, 2015; Xu et al,
2021), 3 HE A FUXF A A -l Y S0 A& Stk 4 7 68 4% 8
LR T R WL SURAE BRI o A ELZ T, B Bl fif
() HSI A1 VST S5HE R iy S gl & &A%, WS4
LU NG & ok, i B i 2 B0 N 17 43 S i
A7 TR R s PN A i i 2HL 24

— Bk, R A 4 FP LRGBS A AR
TEIX 4 B B o 32 B0 S i A7 0 R s 1A g i L
(g fa) | R 9 B D5 4 2+ LR R PG R fek ) | DR[£
58 7% J7 i F1 K P4 1 5 £ (Gadus  morhua) [ F Ez R B i
ZH 41 (R ZE ) (Katikou et al, 2001; Kaneko et al, 2016;
EEWEPTAE, 2020; Xu et al, 2021), ASSEGE X 2168 AR T
i AT Z AR5, R BHAERR R AR R AR 5 T A
HEEZAb(Xu etal, 2019a, b; Yu et al, 2019), #Rifi,
B AR D 5 A A A O . 216 AR T Bl R B
BARERT A RO AL 0 2, LRI NG I 3 L0 A7 6 TP
H, (HR VUV HIAE

TCie I B A B ey, FRAR I ARTHR o] L T
BUA P SO . LR R AR B W

%6 5MEMRAEAIER(%TFA, VI EhRIEDR)
Tab.6 The fatty acid composition in eye of five fish species (% TFA, Mean+SE)

W ER Fatty acid Bfg# L. litulon & P indicus K4 Z viviparu KM P cornutus SR Z. zebrinus

14:0 1.05+0.21° 1.5620.13°
16:0 16.00+1.47% 17.70+£0.36°
18:0 9.89+0.31% 8.52+0.60°
20:0 0.12+0.10° 0.26+0.02°
TSFA 24.00+3.25% 28.00+0.33°
16:1n-7 0.10+0.00° 5.95+0.62°
18:1n-9 4.80£1.77 4.17+0.06

20:1n-9 0.53+0.1° 1.01£0.07°
TMUFA 6.18+2.42° 11.10+£0.59"
18:2n-6 0.58+0.05° 1.04+0.02¢
18:3n-6 0.03+0.02°° 0.09+0.01°
20:2n-6 0.06+0.01%° 0.12+0.00°
20:4n-6 3.06+0.43° 2.19+0.05%
¥n-6 PUFA 3.55£0.29° 3.43£0.04°
18:3n-3 0.19+0.04° 0.16+0.01°
20:5n-3 1.39+0.28° 4.3340.06"
22:5n-3 0.93+0.27* 1.14+0.05°
22:6n-3 34.40+1.94° 23.70+0.38°
¥n-3 PUFA 36.90+4.96° 29.30+0.28"
DHA/EPA 21.10+4.84° 5.47+0.17°

0.77+0.14* 0.85+0.09° 0.96+0.05°
17.5040.16° 13.90+0.64s" 9.64+0.86°
6.48+0.24° 9.66+0.48" 11.20+0.50¢
0.1440.01% 0.14+0.02° 0.16+0.08"
24.90+0.35% 24.60+0.72% 22.00+1.46°
2.01£0.17° 2.68+0.22° 1.65+0.33°
3.92+0.07 2.47+0.18 2.12+0.12
1.060.04° 0.91+0.18¢ 0.11£0.11°
6.99+0.19° 6.06+0.56" 3.88+0.36°
0.79+0.07¢ 0.22+0.04° 0.11£0.11°
0.08+0.04% 0.06+0.03% 0.00+0.00?
0.20+0.03¢ 0.03+0.03" 0.00+0.00"
4.52+0.35° 1.48+0.08° 2.65+0.3"
5.59+0.23¢ 1.80+0.13% 2.77+0.25°
0.18+0.13% 0.51+0.12° 0.00+0.00?
4.52+0.25" 1.47+0.11% 1.16+£0.25%
1.10+0.18° 4.5140.59° 4.96+1.27°
33.10+0.98° 36.20+1.72° 24.70+1.10%
38.80+0.92%¢ 42.70+1.63¢ 30.80+0.51°
7.37+0.52% 25.00+2.62° 23.00+3.79°
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RT7 SMERKIEHER(%TFA, FHHERER)
Tab.7 The fatty acid composition in skin of five fish species (% TFA, Mean+SE)

JENiER Fatty acid  ##%#E L. litulon i P.indicus K& Z viviparu fARMEE P cornutus LR Z. zebrinus

14:0 2.07+1.39% 3.07+0.22° 0.73+0.07° 1.03+0.10° 3.15+0.35°
16:0 19.60+2.55° 18.80+0.38% 13.10+0.23° 15.40+1.46% 14.90+1.61%
18:0 8.51+0.71° 3.84+0.13% 5.82+0.37° 5.26+0.23° 5.920+0.18°
20:0 0.03+0.01% 0.10+0.08% 0.47+0.04° 0.28+0.03% 0.51+0.23°
>SFA 30.20+3.23° 25.80+0.17° 20.20+0.08" 21.90+1.57% 24.50+1.17%
16:1n-7 0.07+0.03" 10.80+0.49¢ 0.20+0.04° 5.20+0.38° 4.45+0.36"
18:1n-9 3.78+0.48% 4.35+0.13° 3.89+0.09% 2.8140.33° 3.68+0.50*
20:1n-9 1.28+0.08" 1.24+0.08° 2.02+0.03% 1.61+0.39° 2.75+0.38°
SMUFA 5.13£0.37° 16.40+0.44¢ 6.10£0.05° 9.62+1.09° 10.90+0.85°
18:2n-6 0.89+0.23° 0.99+0.07" 1.27+0.05¢ 0.54+0.05° 1.14+0.05°
18:3n-6 0.13+0.01% 0.09+0.01° 0.18+0.04% 0.15+0.02%° 0.23+0.04°
20:2n-6 0.10+0.03" 0.22+0.01° 0.310.04° 0.10+0.01° 0.84+0.15°
20:4n-6 2.97£1.01° 1.55+0.06° 4.47+0.54° 1.49+0.21° 1.72+0.30°
>n-6 PUFA 4.0841.29° 2.85+0.02% 6.23+0.57° 2.29+0.25° 3.93+0.18°
18:3n-3 0.40+0.13° 0.18+0.09° 0.52+0.10% 0.93+0.22% 1.35+0.11°
20:5n-3 1.43+0.24* 6.90+0.39¢ 5.30+0.15° 2.07+0.20% 2.81+0.33°
22:5n-3 2.12+0.90° 1.61+0.06° 1.32+0.04° 6.81+0.55¢ 4.56+0.17°
22:6n-3 10.90+3.73° 14.00+0.24° 12.10+0.62° 11.40+0.85° 7.09+0.20°
*n-3 PUFA 14.00+3.84% 22.70+0.54¢ 19.30+0.73% 21.2040.90° 15.80+0.34%
DHA/EPA 7.43+£1.37° 2.04+0.11° 2.29+0.14° 5.70+0.93° 2.61+£0.37°

® 8 AARMERIFEOREGEEZMIE K TIEAAR . WHIE MBER AR M BERA R A (%TFA, ~FRIEEbREDR)
Tab.8 The fatty acid composition in the subcutaneous adipose tissue around the fin of P. cornutus and
Z. zebrinus, intraperitoneal adipose tissue of P. indicus (% TFA, Mean+SE)

e it A% I 2 T I 411 WK PR 7 26181
i mﬁ Subcutaneous adipose tissue around the fin Intraperitoneal adipose tissue
Fatty acid AR P. cornutus WELAk Z. zebra fifi P.indicus
14:0 1.71£0.06 4.56+1.19 4.29+0.05
16:0 20.90+0.43 16.30+0.79 18.70+0.10
18:0 4.18+0.13 4.82+0.10 3.78+0.04
20:0 0.28+0.04 0.17+0.14 0.36+0.01
XSFA 27.10+0.58 25.80+0.58 27.10+0.71
16:1n-7 8.33+£0.22 3.92+1.87 12.40+0.10
18:1n-9 12.90+1.36 5.95+1.31 19.80+0.71
20:1n-9 3.57+0.28 2.19+0.67 1.46+0.06
SMUFA 24.80+1.16 12.10+2.85 33.70+0.97
18:2n-6 0.45+0.03 0.58+0.33 1.32+0.29
18:3n-6 0.17+0.01 0.24+0.02 0.08+0.00
20:2n-6 0.23+£0.12 0.29+0.28 0.43+0.04
20:4n-6 0.26+0.01 1.38+0.23 1.33£0.04
Zn-6 PUFA 1.12+0.15 2.48+0.23 3.16+0.37
18:3n-3 0.04+0.01 0.12+0.02 0.22+0.04
20:5n-3 2.05+0.03 1.19+0.08 7.04+0.14
22:5n-3 7.17+0.28 5.26+0.22 2.04+0.59
22:6n-3 15.20+0.61 7.89+0.76 12.40+0.29
¥n-3 PUFA 23.90+1.31 13.40+0.49 21.30+2.04
DHA/EPA 7.41+0.20 6.77£1.06 1.76+0.14




%31

RAEIRSE: PG 5 RIS Y T K 0 L SUR IS R 20 URFAE 43 BT 105

FEHRGr o TEHFFEN 5 R RL B 2, LA B &
HEARIR(<2%), X 5 2R, | )2 02AE
vk TR o S TE LR S A2 R I A AR BT, AR g v fe
i (7.4%~18.3%) . K °F ¥ i # 4 # 14 (Thunnus
orientalis) (7.5%~20.1%) Ml &£ i i (Ammodytes
personatus) (4.13%~6.99%) (Tsukamasa et al, 2007,
Ornholt-Johansson et al, 2017; X458 &5, 2022), #H )% ,

EATAYER (B L A I B R A S0 2% ) B K o (T it
AR & JE R o B . AR I BRI S0 2k B
A A5 RV (9.3%~24.1%) . KF-7E 1 6 44t
i (23.28%~25.41%) , b T fi (Sardinella gibbosa)
(15.43%~22.76%) , [k Y #% (Engraulis encrasicolus)
(16.94~1724%) F1 #7 J& 4 (Trachurus japonicus)
(16.82%~28.12%) #>4 (Tsukamasa et al, 2007; Kaya
et al, 2010; Bagthasingh et al, 2016; Kim et al, 2016;
Ornholt-Johansson et al, 2017). & BRI A (19 7K 43 1R
w, MLREE R R, R W T AR R X
TR, B BRERIL T ANURUK RIS 5 2 R4 g L
Ao XA RESR A AL IR 0T b 7E — S it X 40 H AR HE 5 32
M

32 MERRERZAM

BB P 0 0 RRAE R AR LT Ay L 8L A
W= DHA &8, B2 ZiEW, mErRIim
VIR BT HEY b B iE R4 K (Xu et al,
2020a), SR, X 5 Fh S AEAH R A MO i3k, It
AP AR S R, X Se Y Fh 2 (] B e
N ZSEARLR o B FERE R A, TN
e EtEaEMEEtEak S A ELM n-3 LC-
PUFA (Mauro et al, 2015; A%, 2021), #R1fif, o
BRI B TR L B AL F 6T, (A E 1 DHA % & & .
I, B 4h F R N i B e DHA 35 i s i £ B2
A, ATfE 2 i T X b A 7 A B F2 HP X DHA Y
TR . B RENEFE R AR AR A CEY
4 . DHA (Tocher, 2003; Tocher et al, 2019), i f&f#rh
T BEAETE—Fh e P PE ) DHA ZFHLE, SR, XFh
FBAHLE SR R AR . T anf], # DHA &
SFNRIEA 0. DHA 76T 05 Ol L4 5 . IR
FRRY | A B RN G Oy T i R F E )2 G
(Maillard et al, 2018; Xu et al, 2021; Yamagata, 2021;
Yu et al, 2021), KL, 7 DHA & (1) g2 2 —
AANEE IS DB

X FHAh LC-PUFA, W55 & B M A - 6 1)
22:5n-3 FHEEE, [H EPA FEHML, XREAER
o FoA T Y — I E o, WK 2 b B

WA 22:5n-3, AIREERIET EPA MIIERK(Xu et al,
2020a), &2 K ZH0E ¥ 56 = f7 3R 1K ElovI2
A6 EWABERIRE S, 22:50-3 #E— B EWEEAL N
DHA J& 47 FR ) (Tocher et al, 2006; Geay et al, 2010;
Castro et al, 2016), AWML, fHfARMEA]HEAH AH
XFEE o 1 EPA TEK Sl 22:5n-3 WURE f1 . 0Ah, bik
W s, MBENLAHRAY 22:5n-3 S E B IEM €
(R=0.324; P<0.001). .4k 5 Fhth 2 0] A Eh B9
HL, TEdE—2u A8 C22:5n-3 &
OEERY N/ YGS N

e 5 Fhap, KAEEILT-Ira 4800 ARA
TR A AR 2. 5 DHA Fl EPA AHIL, &
Y ARA B EHE M B2, SR, FERE TR
E10 20 A, AATTECEBOCHE ARA FEMZREFRFIA
e e b Y 5 SR I AE(Bell et al, 2003; Astudillo
etal, 2012; Stenson, 2014; Xu et al, 2017; Turchini
et al, 2022), 7K AU I T fi(Sganus
fuscescens) ML EZZ F| T IE H S A0 ARA 7K (Osakoa
et al, 2006; Jiarpinijnun €t al, 2017), {H Shanab %(2018)
R A, XATHe &l TEYRIEE R, BiEdsrh
FI ARA K. FERTHFZERY 5 FhifaZsrh, KA T
BRIUERMMNG.2), HIANE ARA & it fe g
BEE & ARA IEZE, LA, ARA BIPLISTESTVE
W REfR R T — St rh i ARA SRR . )
n, e CTEREE A M AT R VS W, ISR E 025
5 ARA & (Koussoroplis et al, 2011), & ARA 753Kk A]
Al 5 PRSP T KA OC o 246 60 35 B A U B K 1 Tl
JE | GESRNEIRE T, MR kB, TERFIS N ARA
HA BERLEMXu et al, 2010), Norambuena %5
QoI WA R R, TEKE KA, ZERR
fifi i (Solea senegalensis)BHl JE e & & ARA B/
BE, AR RERS AT ARA B35 3K DLW X BR LS
JoipaE o R R 2 AR T A TR TR R 3 R A PR
W, XA, X ATRE X At ARA
(R 43 B A

5 LC-PUFA Mitt, EZirh 18:2n-6 A1 18:3n-3 41
B 18C Y Z AN ARG TR (18C-PUFA), 7E 5
H &R AN o 18C-PUFA 2K H i 4 f4) (Griel et al,
2008), KIILTEMVE@EIETTIFAER, MK, X&js
I P AL AN 2 7 it T 9 T O A

XF MUFA Fil SFA, Sfref@AL. FFAE. M. AR
FZIRAE) 16:1n-7 FHEEAZ, HIEH 18:1n-9
w, T 16:0 FE A, BRI
AL 18:1n-9 M EWAR G . 2RI, AHELZ
T, KUK 16:1n-7 FRAEFAL, 1M HAES RS
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1 16:0 S EARMK. MUFA Fl SFA BYAHRT S 2 %0 1
PF RV KE L, PRR I 2L I i et mT LA Bidi A= 7
HRARAS, Bl . B AR (Griel et al, 2008).
SR, AE P, ASER MUFA FI SFA AYAHXT 3
R T f0 A A7 BE T AN VR S IR S TG D 4 —
Mk, BRI 3 AT B-AE Ak B — MR SE U 2
MUFA F1 SFA>LC-PUFA (Turchini et al, 2022), 7EiF
ZAtafprr, 18:1n-9. 16:1n-7 F1 16:0 7] RE G 5 7> il
R ERAR SE Y, i LC-PUFA i B-S AL i 20 i
RIS Y BE 71 %5 55 (Henderson, 1996; Sargent et al,
2002; Turchini et al, 2022)., #Rfi, FE5FE kL FEREE
MR RN IR IR B-SA AL LR R B R R A,
F2 L i B0 i U R ) AT S BE D SE (Torstensen et al,
2004; Stubhaug et al, 2007). ARAFER LN IS, £
BAER SRS EPA F1 DHA &0 M kAT p-
AL L7 A fiE B (Tocher et al, 2002; Stubhaug et al,
2005a. b, 2006, 2007; Turchini et al, 2009; Teoh et al,
2011), ARGER LW, SE1T B-A AL B IE Sk
Cl16:1n-7. 5 Z Hi & B M £1 68 4 J7 fili X SFA L S it
PE—F(Xu etal, 2019b, 2021; Liao et al, 2021), {HiX
F SRR AT E HTE A B B R

5T W], ST £0 236 8 6 1Y) B2 1 B 7 4 4L fi
1) R s i s AL 82 = ZE AR I A A2 3 0 o i R I s Mg
W LB A B Y 18:10-9 &4, NG I R 2 B Y
SRR A B LY, 8 E H T RE it £ (Szabo
etal, 2011), SR, FAARMSERIH SR80 KT BRI
A 16:0 L 18:1n-9 &, RIALEX —H A A IE
R fEAE TR T BE AR SE e B 16:0.16:0 S22 -4 ALK
LI 2~ —(Stubhaug et al, 2006). .5k, 16:0 7E#;
FEPWAR R, Rl eI mENR G, HUO=R e vk
HE % £ B % P (Trushenski et al, 2008), ik, 16:0 7]
RETE SRR B b Bl e 15 1 b A B8 7 & S R 1 4L 21
BAREAT HEATINE , H A AR BRI SUAR R0 K T R
[ ZH 2 P B & BT REAR o

ATV 2L g 7 T2 22 5 6 A [R) G AVG 28 £ 28 rh
ERBAHRIA &S K&, DLAY 16:0. 18:0. EPA
F1 DHA & it 8 (0 SCRAE, 2020, EEAE, 2021); 1R
FG A5 212090 & & DHA Rl EPA %5 K% 22 ANt AR 15
PR o o s R R B D RN e B T AL S S g I
AT, Ho18:1n-9 Era s . ANFEALLUR A5
o T 2 B 22 01 5 4 R I R A 25 AL 2 b B T R 2% DI AR
X, MR MiliFikis shtptagat, 1E AL HERER)
HEJEY) 16:0 & 205 T H AL 2! (Stubhaug et al,
2006), LAk, WL & A REMBER, BT E & 16:0

F1 18:0 (Trushenski et al, 2008), Kk, 16:0 Fi1 18:0
AR T HABA L MR A Re R AF A2, AR .
B2 1 JE 05 A0 s B 7 25 2R vp Big B D = 1 H i A JE =X
FEAE, 18:1n-9 & =Wk H il i T ZL K Y (Szabo et al,
2011), MHtt, e 18:1n-9 K Z THABA L,
k4, DHA. EPA Fl ARA X THIZMIGE L FEE
EEAEH, B X e s R e IR A 1 20 5 s o

4 g

AAfgEH, 5 Rl b UL AR T & ARG, 4R5I
B BRI A 20 S5 15(0.3%~0.4%) . PR ERARE . 7R £
AR IS8 P9 JEF O v B 5 P AR 5 (19%~29%) , {HAY 8L 5%
55 1 2 B IR (4%~5%) o B BT £ 43 1) 3 A T
JUE I R 9 1R 0 2H 20 b A A7 B 0 . B BRER Y n-3
LC-PUFA &, H:00& DHA, W T HAb @,
K 20 5 0 AR AR I B ) R 55 A3 SR 20:4n-6 Bt i R
22:5n-3 o H EPA F i, BT LA 16:0 &k
W, (M ERERAHC AR 18:1n-9 Fr . AWFSE
Won, BIERh AR s EATT 2 (B i A8 i IR
PR N AAFTEAR K22 57 . HethR) DHA & &R,
BABEIIEIREFRME ., 5oh, EERIE N7
5 A fit 350 A2 1 i 75 7 2 i AR EL A A R AT i 2 ol
S 62 (/) B W R B I R AR 22 REAR IE S 448 T B AT Y
AR

2 £ X
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Lipid Distribution and Fatty Acid Profile of Five Benthic
Marine Fish Speciesin the Yellow Sea

ZHANG Feiran'?, LI Lin'?, BI Qingzhu'?, WEI Yuliang’, LIANG Mengging’, XU Houguo®"

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract Fish are the main source of long-chain polyunsaturated fatty acids (LC-PUFA), in particular
docosahexaenoic acid (DHA, 22:6n-3) and eicosapentaenoic acid (EPA, 20:5n-3), which are nutritionally
valuable to humans. Moreover, lipid and fatty acid distribution in fish tissues are highly diverse across
species. The lipid distribution pattern across tissues determines fatty acid profile, one of the product
quality indicators of fish. However, this diversity of lipid distribution and fatty acid profile is not fully
known, although several studies have been conducted to compare the nutritive composition of muscle in
different fish species in both freshwater and marine environments. This study aimed to comprehensively
investigate the lipid distribution and fatty acid profile, as well as the somatic indexes and approximate
composition of five benthic marine fish species, namely yellow anglerfish (Lophius litulon), flathead
(Platycephalus indicus), eelpout (Zoarces viviparus), East Asian flatfish (Pleuronichthys cornutus), and
zebra sole (Zebrias zebrinus). Fishes were purchased from the 15" Street Seafood Market of Qingdao,
which were stored on ice since captured in an inshore fishery in Qingdao (located at 119°30'-121°00'E
and 35°35'-37°09'N), and then delivered to the market from the fishing harbor in the same morning. After
purchase, fishes were kept on ice and immediately taken to the laboratory. The experimental design
consisted of nine fish of each species bulked in groups of three, comprising three replicates. First, the total
weight and length of each fish were measured, and the liver and viscera weight were recorded to calculate
the viscerosomatic index (VSI), hepatosomatic index (HSI), and condition factor (CF). Subsequently,
samples of muscle, liver, brain, eye, skin, subcutaneous adipose tissue around fins (only for East Asian
flatfish and zebra sole), and intraperitoneal adipose tissue (only for flathead) were collected for lipid and
fatty acid analysis. The dorsal muscle sampling position is behind the head on the right body side. The
ventral muscle samples were collected under the dorsal muscle sampling spot. The proximate composition
analysis of the dorsal muscle, ventral muscle, and liver (three individual samples per group) was
performed according to the Association of Official Analytical Chemists standard methods. For the
moisture assay, samples were oven-dried at 105 C until they achieved a constant weight. The protein
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content was assayed by measuring nitrogen (N x 6.25) using the Soxhlet method, the lipids were analyzed
using the Soxhlet method (petroleum ether extraction), and the ash by incineration at 550 C. The fatty
acid compositions of all tissues were analyzed with gas chromatography (GC-2010, Shimadzu, Japan).
The results showed that the flat body type of flatfish determines that the gut in these fish species cannot
store high lipid contents in the liver or intraperitoneal adipose tissues. Like other flatfish, East Asian
flatfish and zebra sole had lower HSI and VSI. In contrast, the HSI and VSI of yellow anglerfish and
flathead were associated with high lipid contents in the gut. Additionally, the lipid distribution across
tissues indicated that yellow anglerfish and flathead predominantly stored lipid in the liver and
intraperitoneal adipose tissue, respectively. The muscle lipid content of all the five species was low,
especially for yellow anglerfish and zebra sole (0.3%-0.4%). Yellow anglerfish, flathead, and East Asian
flatfish had higher liver lipid content (19%—-29%) than zebra sole and eelpout (4%—5%). Yellow anglerfish
and flathead store lipid predominantly in the liver and intraperitoneal adipose tissue, respectively. The n-3
LC-PUFA content, especially DHA, in the muscle of yellow anglerfish was significantly higher than that
of other species. The yellow anglerfish dorsal muscle also had the highest 18:1n-9 content. The relative
abundances of different monounsaturated fatty acids (MUFA) and saturated fatty acids (SFA) in different
fish species indicate a preference for energy storage and lipid mobilization. The most distinct fatty acid
characteristics of the dorsal muscle of eelpout were low 16:0 content and high EPA content. For liver fatty
acids, flathead and East Asian flatfish had significantly high MUFA contents, such as 18:1n-9, but their
DHA contents were low. High DHA, 20:4n-6, and 22:5n-3 contents were consistently observed in nearly
all yellow anglerfish, eelpout, and East Asian flatfish tissues, respectively, while low EPA content was
observed for all of them. Among all five fish species, eelpout had a much higher ARA content than the
other species in nearly all tissues. This could be due to the high ARA level in the food sources, namely
algae. Yellow anglerfish had significantly high n-3 LC-PUFA content and thus high fatty acids nutritional
value. This study revealed that even though these fishes are all benthic species, there are great differences
in lipid and fatty acid composition among them.

Key words  Lipid; Fatty acids; Lophius litulon; Platycephalus indicus; Pleuronichthys cornutus, Zebrias
zebrinus; Zoarces viviparus



