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Tab. 1 Basicinformation of common marine speciesin the offshore waters of southern Zhejiang

2 species B feed habits Sk
reference
W25 marine fish

B B, AR A IS bR, TERERE [11]

Konosirus punctatus omnivorous, adult fishes feed on planktons and organic debris, especially for detritus

L) Ak, DIFEIREY N T, BRI AN ik 3h ) [12-13]

Ilisha elongata omnivorous, mainly feed on planktons, also including benthos and small swimming animals

T 1A T 5 ERA T, SR A AN B DK Sh (12]

Cynoglossus robutus feed on benthos, also including planktons and small swimming animals

#H Setipinna tenuifilis FTHEBF AR AEYREHIEY mainly feed on planktons and benthic fauna [14]

jE30 ] ek s atE, FERE D, NNk R [13-14]

Mur aenesox cinereus mainly feed on swimming animals, such as medium and small fishes and cephalopods

R Coilia mystus IR R, LIRSy . SRS E [13]

planktotrophic, feed on planktons and organic detritus

3kt Harpadon nehereus Wik s tE mainly feed on swimming animals [13-14]

fLEF R 1 JENIEh YR, TR AR B2RAE [14]

Trypauchen vagina mainly feed on benthic, such as benthic shrimps, crabs

ik JERE A, DURMEEESS . UL, B2 R 22K % 0\ [13]

Miichthys miiuy mainly feed on benthic, such as benthic algaes, shellfish, snails, and benthic amphipoda

LTARF R A0 JENEh YR, R AR B2k [14]

Odontamblyopus lacepedii mainly feed on benthic, such as benthic shrimp, crabs

B e RS ATk S (a2 | RISk R By 3 [15]

Conger myriaster malnly feed on benthic and swimming animals

/N fa Larimichthys polyactis LIS A 2 ) FlliF ik 2194 = mainly feed on benthic and swimming animals [13-14]

i Uik S et EZSEh . NI Sk RIS [13,16]

Trichiurus lepturus mainly feed on swimming animals, such as medium and small fishes and cephalopods

TR i TR A e, DM RN T, MR — Se B ORI TR A ) [14]

Thryssa kammalensis planktotrophic, mainly feed on copepods, also include a few of larger planktons

L Pagrus major WM, EEEEIRMFE A, Kk . s [17]

carnivorous, mainly feed on benthic crustaceans, mollusks, echinoderms

A< g B VAU sy 026 3, S /b IR Ak 2 [16,18]

Saurida elongata mainly feed on swimming animals and small amounts of shrimp and cephalopods

B I 4l £ VIFE & A sh 9 MK 0% 4 3 mainly feed on benthic and swimming animals [14]

Johnius belangerii

5 KA H Jaydia lineata FEH ARSI, DIBEIFZE N E mainly feed on zooplanktons, especially krill [19]

Hif AT 68 TR B, EEBE DR, ORISR R [20]

Dysomma anguillaris feed on benthic, mainly eat mantis shrimps, followed by long tails and short tails

J1#% Coilia nasus JEAE AT, DURHESRZS . DL, MR8 N R RS | [13]

mainly feed on benthic, such as benthic algaes, shellfish, snails, and benthic amphipoda

(¥4 to be continued)
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(8% 1 Tab. 1 continued)

2 species B feed habits Sk
reference
523853k )£ & crustaceans and cephalopods
BEYY o TR, LRy . AN SR [13]
Oratosquilla oratoria planktotrophic, feed on phytoplanktons, organic debris
R A IF TR E L, LRIy . AEEE R [13]
Exopalaemon carinicauda planktotrophic, feed on phytoplanktons, organic debris
JEHECHT X IF Joyneris shrimp JEMWEA 9 & PE mainly feed on benthic [21]
P HR U ED R, LIRS . AR SR [13]
Solenocera crassicornis planktotrophic, feed on phytoplanktons, organic debris
Iy G £ X U BE TR E YRR A Y, WEIRIAEY [21]
Parapenaeopsis hardwickii feed on planktons, swimmers and benthic organisms
B I AR TR, LRy . AN SR [13]
Palaemon gravieri planktotrophic, feed on phytoplankton, organic debris
MLk iR Eucrate crenata YR planktotrophic [22]
=R T WA, DURHIBESE . DR | o 55 [13]
Portunus trituberculatus mainly feed on benthic, such as benthic algaes, shellfish, snails, and benthic amphipoda
H s JEAAE R TR, LURRHISEZE . DURSE | s e [13]
Charyhdis japonica mainly feed on benthic, such as benthic algaes, shellfish, snails, and benthic amphipoda
NNy EEN T WPk s FUR M sh#)1R & & P mainly feed on benthic and swimming animals [23]
Uroteuthis duvauceli
£ Octopus variabilis ISR 39 &P mainly feed on zooplankton/benthic animals [24]
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Fig. 1 The study area and sampling stations
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LW, N 4 mL 0.9%F LA, FE2) 2 by
R 2T R R KR 28 & 15 20 AR

i 105 1 FFY P SR FH = AR A — Y ek B, 7
A BB N 4 mL 0.5 mol/L & A AL Ah- FH i
VAW, KBBR8 min; 1 4 mL 14% — AL
BV WP 25 min; il 4 mL IF & %€ A1 A e
2 min; ¥HIFI 10 mL ELANR AR, R)E
FHE 2 2 hy WHOECRE(E)R), #5101 Hpl
Jn 50 mg/L - JUBERR H R (C19:0) NARFRI

JE 05 R DN SR FH S0 AH £ 3% — % I5E T AX
(7890B/5977A, Agilent), EAIE A5 Agilent
HP-88 (60 mx0.25 nmx0.20 um), #S M &2,
YU 1001, SRR CHREE R 250 C o THRRRT
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K F SPSS 23.0 it 84 M & di, LA Pearson A
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P<0.05 fE 0 B A Gei T4 25 5 i IR i
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2 HRE5HH

2.1 BkEaFE

2R T 20 Pty fa LA 2 2R T R
% & 7K F, SEA. MUFA . PUFA . n-3 PUFA . n-6
PUFA . DHA Fl EPA 5 &3 /3510 7.12~58.68,
1.76~59.62, 8.23~47.79, 5.58~40.42, 1.91~7.48,
1.34~25.10, 0.87~13.21 mg/g, 5 LR (18.74~
153.90 mg/g) & iE 5 (R*=0.965, 0.977, 0.773,
0.745, 0.786, 0.639 F1 0.807, P<0.001), A% F
S Y ENE PN ] BN I N S = 5
15 o WL P IS A0 VA AN ) gt o ¥ £ [10) P AN £ R i s
PR & B 22 AR, BRIEEE(8.23 mg/g) FIFLERFE
(8.30 mg/g)dh, HAx 18 Flvfgff 5 & PUFA (>10 mg/g),
BRI EREFRNE . C16:0 24 20 A4 &
iR Z M SFA, F 4 B 65.68%, C18:1n9¢
2 5 e Sk A R B EGY G fa ANl fa rh B B i 2
MUFA, ¥ MUFA B&EAY 66.88%; Hik K
C16:1n7 (19.99%), BEE . 6 wcsF 8% h & 5
BB i n-6 PUFA & C22:2n6, F3 & ME 1
48.12%, C20:4n6 J&H:4y 16 Fhifg b & B e iy
n-6 PUFA, “F3 5 51.15%. 7F 20 FhifEfarh, DHA/
EPA (3% 87 Fil %5 K (0.35~8.95), SFHI{E N 4.20,
DHA & B E® T EPA & (P<0.001), DHA+
EPA it fi =i 2 T8, & e (IR & fLAR g £
Jeskfah DHA FiJI#5rh EPA & Ef i, BEAEA
FLAR B2 £ 430 5 e B i o W VL RS R A i 20 Fiifg
fiift SFA. MUFA K PUFA WXLl 1.25
0.84 : 1, Hoker PRI E g 38 Fhie
28 SFA. MUFA & PUFA [{SEEJH ] 0.91
0.64 : 1, LI Rk SCREECHRIE A 2R W it 21
FhiEfa2s MUFA . PUFA BB L0H 1.6 : 1 BA
— i 25 Sk, RN P S R IR TR & i 2 LUK
2 M 35 Rt ol ) 5
22 HFEHE

M3 A0, 7ERER ORI, BlES
G N 24.65~62.81 mg/g, Horb A A kg
A (62.81 me/g), FELIREERT(24.65 mg/g).
SFA HETEF N 6.13~18.27 mg/g, Sulg S E
TEAASE(R=0.961, P<0.001), C16:0 3k 9 Fh 554

& R SFA, T35 SFA S 58.30%.
MUFA B#LH N 3.87~13.59 mg/g, 55 &
S IFAE(R=0.896, P<0.001), C18:1n9¢ & fir A H
FEEAEM TP A B R Z M) MUFA, 15 MUFA &
Y 65.51%, HkJE Cl6:1n7, F1 5 24.66%.
PUFA 5N 13.21~30.95 mg/g, 55 & &
HIFAHE(R=0.987, P<0.001), n-3 PUFA il
I 9.15~24.98 mg/g, Hrf' DHA WY& &G FN
4.03~14.03 mg/g, TR T HTERK LM n-3
PUFA, 35 S0 49.11%; K& EPA (2.98~
8.83 mg/g), V¥4 35.78%., DHA+EPA % {li[H
Jy 7.22~22.86 mg/g, DHA/EPA F-34 H(H Ny 1.45,
KU 521 DHA 5 EPA S R& ML, HA
i DHA Fl EPA 7 it i i, PEZLIRMEE DHA Flrh4E
EHEES EPA & (K. n-6 PUFA SN
3.87~6.97 mg/g, BHREAMF ., B RKEERAH A3
&R AR n-6 PUFA J& C22:2n6, & E&H)
47.30%; HoAth 6 F I 52 b & & i S Y n-6 PUFA
M C20:4n6, FH 5 56.64%., 9 FEFEIEN n-3
PUFA. n-6 PUFA. DHA fil EPA & & &5 Bk
& B 5 E M 6 (RP=0.986, 0.755, 0.878 #l 0.858,
P<0.001), SFA. MUFA #FI PUFA KX LBk
1:0.67:1.75,
23 KE%H

RAER 2 PPk S, A ICH B AT Y RS
L2518 92.18 mg/g 1 37.23 mg/g, SFA &)
Wk 37.87 mg/g Fl 13.34 mg/g, Pi# EIEHXE
(R=0.992, P<0.01), H:H C16:0 ¥ & RREZH
SFA, 455 M1 73.53%F1 50.62% ., MUFA i
PN 6.97 F14.24 mg/g, KA & i
Z ) MUFA & Cl18:1n9¢c, 5 57.87%; K Mif&
C20:1 fil C18:1n9¢, I/ MUFA & &A1Y 80.09%.
n-3 PUFA SH43%1% 49.80 mg/g F1 14.89 mg/g,
5 MRS R F A 6 (R=0.986, P<0.01), H
DHA & &%, 4510 37.12 mg/g 1 8.30 mg/g,
MY 75.58%F1 55.95%; HkJE EPA (12.49
1 4.18 mg/g), 4355 F] 25.04%F1 26.94%, 2 Ff
3k £ 2519 DHA/EPA V-3 LU {H } 2.61, SFA \MUFA
F1 PUFA 3L 1:0.22 1 1.54,
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TG DX 35k PR g £ SIS 1) S B % 191 L 5 v B e
2= OV R 5 285 B (6~132 me/e) e Bk 21 75 2 28y
TR 45 (4.6~170.86 mg/g)IE A 225, 2 I s
R A A I TR S B R R R 2 — . A
TN FOHT T 1L X ) T8 AR5 8518 me/g)
(67 mg/g). Hifh(41 mg/g) KM (22 mg/g)Z )
) S E & SAE R P R A E AR, HEDX
JUR i £ 7 BT Vi 3N B PR B sh 8/ /N £
(58 mg/g). BT 68(121 mg/g). Jo (11 mg/g)
K IIBF(117 mg/g) SR 1Y 85 & 2 8 T
DX 35 PN ) A f 2%, 2 T L Vg £ 1) B 1 52 i
BB 5 MK, A Ja 3T HF R B R X
BT ST . BEAb, M2 DHA F1 EPA &t
o TR A2 PR i AR K f1F DHA (0.63~
1.26 mg/g)Fl EPA (0.27~0.63 mg/g), #MHiE/K
R E SR B s TIROK f I ELB & T A L X
1| BV B 0 KW AR i 3 g fa b DHA it
(0.54~19.29 mg/g)Fll EPA 7 (0.03~7.85 mg/g)” ',
P L DXl A 2 Y A DN R B i A0 2 Y
DHA F1 EPA i, [AlFE, H5225) DHA F1 EPA
I T SCHER R 10197 AR fds e 5T 2 DHA
Fr i (1.43~3.24 mg/g)Fl EPA % 1(0.94~2.82 mg/g),
PED A2 J 2y S I R g i 52251 DHA A
EPA i, kB CH S SFA. MUFA .
PUFA H 4 & £ 5 A 0140 18 B0 G A1 FC AR 1 b
SFA (32.93%). MUFA (13.20%). PUFA (53.81%)
TR . KA SFA. MUFA | PUFA A 7% &
5B B K W e 2 R SFA (45.49%) . MUFA
(11.44%) . PUFA (43.07%) % B4 AL, DHA+
EPA F 43 % & 5 2R MU LI Sk K W (B ) DHA+
EPA 155 HH(33.50%) 32—, I H: [C A 22 ik Al
K P MR E, ATRESZ X R T SR R Y
SR/, IO, AHIESE K B VL R 0 30 TR i 1
W) EE & &5 n-3 PUFA, DHA F1 EPA &8
FEIEHIEP<0.01), 5HA AR —5,
32 BIEBMNTEER

WL REFRIE R 5225 DHA 5 EPA # A

I, Sk EE AU e s R TR
DHA/EPA ¥ LA % S35 [l # K, DHA &% 5 B & &
T EPA (P<0.001), AJgEs& T H se2yfh g
LR 1), WS A & 2y, BN TR oL
i DHA 5 EPA (& &2 5%, #iailil, DHA 7¢
ML 7 7 1 b EPA BEA ALY b @ UE R
LA NG 2K LU O A B . A9 P i
2. W52, sk 22y SFA. MUFA F1 PUFA 1)
Fefl 5 F R R A L e, MUFA &2
PRk, HIFRAI SFA. MUFA HI PUFA HY L 1)
ol R, 2R IR IR — W o LA 2
BRRER, AR RA ISR, KA
— B, LABRER AR D5 R 0 F- 5 A . n-3 PUFA.
n-6 PUFA 7ERREZ5 0 it s 224, it A= 3L g
ANTE], A G A RO B, b 4ERE n-3 Fl n-6
PUFA HJ-F-i %) AR M 2 6 2P0, n-6/n-3 J2:
— AN EEREFNEITEM ISR . FAO/WHO 7
7E H W n-6/n-3 FAEHIH 50 1~10 : 15,
B HETAZEREE S n-6/n-3 PUFA L™ 8 2534,
HE ik 30 1, n-3 PUFA 2@ A 2 B39 AmrsE
X35, PN 3 2R B n-6/n-3 BN 10 1, BB
i Y n-3 PUFA & 5% & T n-6 PUFA, HA K
I FRNE, PT/E NN FE n-3 PUFA (1 K4 & I,
ABUE R HE B S YA, DAAERRR
N n-3 Fl n-6 PUFA 1J-F1f . oAb, ASBF5E el s
R & woN L T A, T2 BRI
TS B iR 55 PR R i 17 1R 5 i 11 B W R A
— 5T
33 MEMBARSEH

WFFT X I8 762519 PUFA . n-3 PUFA H 40
i =S I, ) RN SR 2 N 7/ TN el == 0 SR T
NEEPE AR BE S AT (3R 1), 3928 0 i 26 ) B P R AV
Y, BRI . MRS, X EHT
KARFAEY A B ARES K n-6.. n-3 PUFA, 1Mi#
BN MG RGNS AT T, WA
AN FAE TR, e W, SHWSE A
C20:4n6 .EPA .DHA % PUFAMY i fa 2 ) PUFA .
n-3 PUFA B & i SERER, SEESNY
FRTERTE 65, M, SRS 68 NE ARG R
B4, 35 R LA SO &, W A



478 K 7 R

428 &

PR, TR, 414 R 220 E 848 B i s
Yo T AR SRR S R, i 8
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e R, 28 E#F, PUFA Fl n-3 PUFA A %
SERS5YMEEMC, BETRITEY . S
PP A T B Sk S i W Ah, X 5k
SCRE ORI 2 Bt R ST 45 AL, 5
AN, ARBFSE HBREAE AL = ) 20:5n-3 A1 16:1n-7 & &,
H 20:5n-3/22:6n-3>111, LI —E MOREBE M,
{H PUFA. n-3 PUFA B/ & EHIEAR, 558K
e A A0 00 P 97 907 A 00 B A G T A 1Y
LR, b TR K S R R S SR
R A, XTI R A B RAL, (H AR
K5 &+ &% PUFA ., n-3 PUFA &)
BRSO R A FEiE— 25
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VIR RR IR & B AR, AIREE B AES RG]
Py B 5 S LR RV ECHE, o T O 2 At
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Abstract: The offshore waters of southern Zhejiang are rich in fishery resources and marine species; however,
with the influences of overfishing, environmental pollution and other factors, fishery resources have been sharply
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reduced. Information on fatty acid content and composition can be used to evaluate the nutritive value of a species.
In addition, because of the biological specificity of fatty acids, essential fatty acids are transmitted stably between
species and can track food sources and indicate trophic relationships among species. There are many studies ana-
lyzing the fatty acid contents of marine species, but there are few reports on the fatty acid contents of marine spe-
cies specifically along the coast of Zhejiang Province, and few species have been involved. The purpose of this
study was to provide references for consumers to choose seafood reasonably, as well as to provide basic data for
the construction of food webs in the offshore waters of southern Zhejiang by exploring the characteristics of fatty
acids in common marine species from these waters. This included an analysis of the nutritional value of fatty acids
and exploring the relationship between fatty acid content and dietary habits. A total of 31 marine species were
collected, including 20 marine fishes, 9 types of crustaceans, and 2 types of cephalopods. Three samples were
randomly selected from each species for a total of 93 samples. Fatty acids were extracted using Folch’s method
(chloroform-methanol solution, V: V = 2 : 1), were methyl esterified, and were then separated and detected using
gas chromatography-mass spectrometry. Differences in the composition of the total lipids (TFA), saturated fatty
acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), n-6 series of polyunsatu-
rated fatty acids (n-6 PUFA), n-3 series of polyunsaturated fatty acids (n-3 PUFA), docosahexaenoic acid
(C22:6n3, DHA), and eicosapentaenoic acid (C20:5n3, EPA) were analyzed. The results showed that the total lipid
content of the marine fishes, crustaceans, and cephalopods ranged from 18.74-153.90 mg/g, 24.65-62.81 mg/g,
and 37.23-92.18 mg/g respectively; the ranges of DHA+EPA content were 4.32-38.31 mg/g, 7.22-22.86 mg/g, and
12.48-49.61 mg/g, respectively. The contents of n-3 PUFA, EPA, and DHA in the 31 marine species from the off-
shore waters of southern Zhejiang were positively correlated with the content of TFA (P<0.01). There were sig-
nificant differences among the 31 species of marine organisms in the offshore waters of southern Zhejiang. The
average DHA/EPA ratios in marine fish and crustaceans in this study were 4.20 and 1.45, respectively. Addition-
ally, the contents of DHA and EPA in crustaceans were relatively similar, whereas the content of DHA in marine
fish was higher than that of EPA. DHA has been shown to be more effective than EPA at regulating blood pressure;
thus, a higher intake of marine fish may help prevent cardiovascular disease. The mean ratios of SFA, MUFA, and
PUFA in marine fish, crustaceans, and cephalopods (Uroteuthis duvauceli and Octopus variabilis) were
1.25:0.84:1, 1:0.67:1.75, 1:0.18 : 1.56, and 1 :0.32 : 1.47, respectively; compared with the recommended
ratio of 1 : 1 : 1, the content of MUFA was low. Therefore, consumers should consume a variety of seafood prod-
ucts to ensure a balanced intake of fatty acids. In addition, the results showed that the percentages of PUFA and
n-3 PUFA were related to the dietary habits of the species, revealing that the species that mainly prey upon phyto-
plankton and benthic algae expressed higher contents than those of species that mainly prey upon swimming ani-
mals, such as fish.

Key words: marine species; fatty acid; composition analysis; offshore waters of southern Zhejiang
Corresponding author: ZHANG Junbo. E-mail: jb_zhang@shou.edu.cn



