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WE: vt ehae. BEom. ERNeBPIRER L &40 5 B A £
By Mg B A e G BR AL RK, S Ee ok R AR B/ ik AR T R B e B BR 4L R R AT 2 AT
Ho REF: Q4B eI LMW ALRER(TL) E Z b sk g (PL). W & 5 BF B
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B EE T HMIF T #(P<0.05); FEE#NALRFHTG/TLE2.75%, BEE T H M
38 4 #(P<0.05); % ek mAlA AR T HWFFA/TLE £19.16%, % F & T H M3 6 #
(P<0.05); Q4M e mAILAALPHBEHRARR Y TE, BEh o Lexo#ng
LWy K0 flg B BR (SSFA) & & 3 3835% 00 b5 K 3118 o fig i B EMUFA) 4 & A K 2|
JIN B AR R R 8 A 55 (20.63%) 2B 5 T 55 (20.49%). B KT #(19.61%). k&
Maa#(19.42%); FREMEDHENA AR T E S 0T E M 8R 2 & ((EPUFA)L34.25%,
25 T H 38 5 5% (P<0.05)., 4% % & F 8 C20 : 5n3(EPA)4 & ¥ k< TC22 : 6n3
(DHA)W & &, HARAXW, Mo RARGFERAZR, THEHERF
AR EFEIRNZRAX, BN N AR EAREWELERNE. Hd,
Rekouh BT oA A FEMARL TR, BERAE, EHAA; EK
WEHEABFRAEETUERNIBTRAL2CERE.

REE: mak; A RAEE; GC-MS
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@RI R, HE & AR5 i B 7 iR >
JEH R -3 R 5 1) 2 AN G I R (0-3 PUFA) &
HEE, o-3 PUFARRIJZEPA Ml DHA, AA R
AR, BEE A o-3 PUFA REWS AT A5
07 06 110 A5 0 1 R AR ST A PRI R
7K A5 PR X098 T A k1 s S5 R g U T AR et
FHOCHRIE , w9 R DL AN [R) Ao il A 7 2 43 Ar i F
I8 o ARSI E AN LB T 55 A8 £ B (Peronia
verruculata) . I8 A1 (Onchidium struma), HL[G
HUA T (Paraoncidium reevesii) Fl1 - JE 5 4 A 1t
(Platevindex mortoni) 4% £ i Bl D1 25 LA £4H 21
e e & & MR AR TR L, B A
6] Fp 2 B 8 AN, W H= IR R, BRI
EA B R Ar iy B AR BE , IR o H AR S
FEHH AR () R K o

1 M5 JrE

1.1 MREE

S 4 68 £ Bl T20154E8 H 27 H R FL A&
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WUA RIS R, $5 LA L BTSSRI —
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W, SR AHBREYLR ILE Sk, 140 H 7, T8
A .

SRAL TN — B R . 37 AR G R R R TR
B W F 1 1 S 0 R B IR A R IR
P X 70 6 0 H I = R R W i
ARRAE &5, WEE. EHRE . ECKE. B
MR . MERE . VRBLER . PR ERAE, 4rATal,
W F [ 2y S Ak R A R A A R . g
ai . AR . WRAHIRAE, odrsl, T L
fEABE R A BRA ]

I HE R, Agilent-6890 AH (1,11 (5975 H
PSR, ¥R THEEHL, 24 kT,
TR A, TERK TR, S TR
12 WA

B B8 (TL) $—IR HERA AR 1.0 g Bl T8,
it B Folchi R AT - HEEQ : 1, V/IV)IRA R
FHEEL30 min, JFE T4 cCokF iR 224 h, it
V&, TRV /SR 0.9% A AL S IA IR, I
LEYT)Z, TEHZ TR T T 124 W5 15 2

S EEIEDE SR A

BiRg (PL) &= mE B SRS AR 5 5
BRIRAWE - 1, VIV, 904, SR T
MRETH A o ¥ 205K I A I B ¥ VE 45 22100 mL
D, SR FHPUIR I R — 43 W5 Lo 3k 0 i
iR o i,

fE B B (Cho) A=t = &5 (TG) &= Mz ¥
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Vs, R 1 minfE AL mLBS R 5 €0 50) (5%t R
VW, FIMEREEpHZE 6.1, WEAMAELE), PR1%2 min
J&, #E 10 mind IS T 715 nmAL A3 ODfA -
22 AR v 2R o

FES DU RE . BUAIE N3 mLIE JEke i fit, IR
YlminfF, JIATmLIgIRR @65, F850R%%2 min
J&, FE 10 minH 3SR T 715 nmAL A3 ODfA .
R 4R A o i e 1550 s Jo e O 5 1R DT R 1Y i
(LA

RemrBE AT FEAHITRAL: KSR IIA14%
ZRALT—H EL(V/VE W, T 60 °CoK A H R
AL EE30 min, RHE AL mLIE C %8 FZE 18K
IR,  F3RGE0.22 pm A HLIERES , H
GC-MSHEAT 43 I 22 o

O 5. BANE TS N Agilent HP-88
(60.0 mx0.25 mmx0.2 um), AT AR, K
FAfE R, JE /1 M76 kPa, 43kt A10:1, i
I BB RIRS: DN 25 UL B2 1402 240 °C, AR AR IR
70 °C, FEFTHRFN250 °C, B E A WNE iR 4
g

Jig 4 . GC-MSHE %230 °C, EIE T
Ui, HERERET70eV, B TFIRIRE230°C, AR
WI2.91/s, ot fE 148 0 Flm/z65~450 u.

AFP A B RN 1 B T R 2H 3 3 v i
WE DL R B ARG 2%, [) InF 45 4 Sk B 1 (L
Fm/z740 HEEMWABERTER , m/z55 K B8 44 A5 Wi
M2, m/z67RH " IGEIBNTER , m/z790 =I% KLl AN
TRL I g 195 T2 ) 4 25 S RRAE 825 LA IR T
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F Rt 0 5P A ECLABLHEA 7 28 P40 B, I 4z 0
T AR — R AT E 6

HAFATE R SPSS20.0% {4 X B4 AT
Geitorr, SO BE LIPS (H AR 1 22 (mean+SD)
Fon, RN T J5 225071 (One-Way ANVOA)
A7 22 7 B E RS, DuncanfC T L H LR
O, P<0.05 N2, P<0.01N2ZEFW .

2 HERE55¥

2.1 AFEALAELEIEEERMN S ERMIEILLER

ARENLA 20 i BlE EZHPL. Cho,
TG. FFAZLN,, 4%DA7 i LA 2H 2608 g 5T
A3 B R 5 B OIS R /IR ) 22 B R (R 1),
LoPAAILAH L P PL/TLREAT73.12%+
1.3%, W3 m T HAB3FN A6 (P<0.05), I8 A1 i
WL A 2 B PL/TLEAR, [ H26.23%+1.63%;
SegamlNA2 T FFA/TLW B3 & T H
b A T (P<0.05) o 58 €5 A Tl R 8 S A A it UL
WAL EIR T AR THZ M Cho, 251N
4.87%M4.61%, BILNIEE A6, MR
A e ) TG/TL i 38 5 F HiAth A7 fifh (P<0.05), H
[CHLA BRI A ZUh & Rk, U8 1.33%. 4F
AT AL PR 2 2R 1 R R R IR A 43 A X

B IR JT 840 /4 40T 8 LAPL/DW 22 5 5 K (362),
AR B85 JUL A 2H 2 R Y PL/DW 25 H MK EI) /NI 7
A BT (2.6%) . e M (2.32%)
BRI (2.15%) . H A(1.29%), HHEA
il UL PR 4 4L %) Cho/DW 75 1 i 35 MK T Ho Al 7 it
(P<0.05), MigEEPeans., HIRBAR, PR
REATE 9 B TC & 3 22 5 (P>0.05), 875 A i L
WAL P TG/DWIA0.13%, 2 i T HoAth 47 h%
(P<0.05), 4FP {1t FFA/DW & f i Jy ik .

2.2 AEA BRI EENER AR S BT iE
=37

AT B 1 L PR A ZU R I S T 34~37F E
HURR D5 R 0% B 4 b B o (R 3) . AR RIAR I R
(SFAYI &, 5 A il FURE 5 A il UL IR 2 40
C16:00% B 2 55 T H A2 Fh 47 i (P<0.05), 4 (
P A Tk FIJRE 3 A i L IR 2 21 b I SSFA B & 488
B, RO LN A LU R I ESFA G IR Z,
T LA B A SR AL, (A 29% 2
fis SRR A D PR (MUFA)I &, 45
MUFAH & Z R A K, IMUFAH &M
KBNS BN AR 2 98 5 A1 8 (20.63%) . 55 A9
F(20.49%) . HLERHIA G (19.61%) . PP S At
A (19.42%); W2 A AE B [PUFA(Z=18 : 2n))]

x1 MFHAEARDSERREERAR

Tab.1 Composition of lipid class in the muscle total lipid (TL) of four onchidiids %
fig i R 43 lipid class LEPETE Poverruculata B A O. struma HRIATE P. reevesii F-HESEMATE P. mortoni
%% phospholipids 73.12+1.3 26.23+1.63° 54.98+1.69° 58.98+0.91°
S H [ B total cholesterol 4.87+0.76" 2.5540.2° 3.87+0.05° 4.61+0.45"
H I =1 triglycerides 1.82+0.28" 2.75+0.21° 1.33+0.03° 2.0240.2°
W TR free fatty acids 19.16+0.52° 13.94+1.28° 11.72+1.02° 14.25+1.26°

W FATEOE ERRAR R E R 22 5 B3 (P<0.05), a>b>c>d, T

Notes: Values in the same line without the same letter on the superscript are significantly different(P<0.05),a>b>c>d, the same below

F2 MMABINAPREREERIE2(TE)
Tab.2 Content of total lipid and lipid class in the muscle dry weight (DW) of four onchidiids %

A28 4> lipid class LEPEATE P. verruculata AT O. struma HRIATE P. reevesii FIESHEATE P. mortoni

1 llg phospholipids 2.6+0.07° 1.29+0.08° 2.15+0.08° 2.32+0.04°
S JIH [ B total cholesterol 0.21£0.01° 0.1240.02° 0.19+0.01° 0.21+0.02"
Hith =5 triglycerides 0.08+0.01° 0.13£0.01° 0.07+0.01° 0.09+0.01°
B AR R free fatty acids 0.69+0.07" 0.65+0.02" 0.58+0.03™ 0.53+0.08°
K total lipids 3.79£0.97° 4.08+0.64® 4.63+0.76" 3.9+0.75"

E: DW LA T FE
Notes: DW means muscle dry weight
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=3 DFAREALRE R A AR A RR4E AL

Tab.3 Fatty acids composition in the muscle of four onchidiids %

g TR fatty acids LEPEATE P. verruculata AT O. struma H KA P. reevesii FHESIMUATE P. mortoni

C10:00 0.04+0.01 - - —
C11:00 0.04+0.02" 0.1+0.03" 0.07+0.01° 0.03+0.01°
C12:00 0.35+0.1° 0.49+0.08" 0.49+0.04° 0.31+0.05
C13:00 0.13+0.01" 0.3120.07" 0.11+0.01° 0.18+0.02°
C14:00 2.1740.13° 1.8120.16" 1.860.12° 1.66+0.1°
C15:00 1.4540.15° 1.9340.09* 1.67£0.17° 2.120.11°
C16:00 15.41+0.53" 16.35+0.81° 12.78+0.63" 12.62+0.51°
C17:00 1.8140.07° 1.85+0.07" 1.44£0.05° 1.43+0.11°
C18:00 12.64+0.47" 12.13£0.37° 13.11+0.29° 9.97+0.32°
C19:00 0.2140.05° 0.31+0.03° 0.35+0.02° 0.51+0.01°
€20:00 0.28+0.12 0.22+0.07 0.27+0.03 0.24+0.1
C21:00 0.2440.02° 0.2620.01° 0.57+0.04° 0.35+0.01°
€22:00 0.2340.02° 0.03+0.01° 0.04+0.01° 0.03+0.02°
€23:00 - - - 0.1320.01
€24:00 0.04+0.02 0.03+0.01 — 0.02+0.01
ZSFA 35.05+0.67" 35.83+1.15° 32.75+0.72° 29.58+0.76°
C16:1n5 0.3£0.09° 0.16+0.04° — 0.2+0.08"
C16:1n7 5.35+0.88" 4.55+0.25" 4.17+0.32° 3.87+0.25°
C17:1 0.36:0.04" 0.39+0.04° 0.34+0.02" 0.3240.05°
C18:1n9 4.68+0.11° 5.09+0.17* 4.6£0.05 3.72+0.07
C18:1n7 3.15+0.09° 2.3740.13 2.66+0.06° 3.54+0.26"
C19:1n9 0.14+0.03" 0.21+0.02° 0.2+0.01° 0.240.02°
C20:1n9 5.02+0.02° 6.67+0.11° 5.44+0.11° 6.81+0.38"
C20:1n7 1.34+0.02° 1.1240.05° 2.09+0.02" 0.7240.02°
€22:1n9 0.15+0.02° 0.08+0.01° 0.12+0.02° 0.05+0.01°
SMUFA 20.49+0.97° 20.63+0.21° 19.61+0.37° 19.42+0.25°
C18:2n6 3.77+0.18° 4.44+0.28" 4.77+0.05° 7.87+0.35"
C18:3n3 1.55+0.05 1.29+0.03 1.24+0.03" 1.54+0.07°
C18:4n3 0.12+0.01° 0.04+0.02° 0.14+0.02" 0.0120.01°
C20:2n6 1.67+0.04° 2.61+0.1° 1.89+0.05¢ 3.57+0.13"
C20:3n6 1.7140.03° 1.36+0.03 1.6£0.03° 2.13+0.07*
C20:3n3 0.27+0.02° 0.14£0.01° 0.160.02° 0.13+0.02°
C20:4n6 8.48+0.36" 7.53+0.21° 6.4+0.06" 11.45+0.22°
C20:4n3 0.31+0.03 0.12+0.02° 0.29+0.04° 0.10.02°
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433
€20:5n3 3.58£0.28" 2.74+0.22° 4.99+0.06° 2.85+0.11°
€22:2n6 0.05:0.01° 0.08+0.03° 0.09+0.02° 0.08+0.01"
€22:4n6 4.87+0.18° 6.07£0.37° 6.3220.24° 3.96:£0.14°
€22:5n6 0.3620.05° 0.18+0.03" 0.3520.03° 0.040.01°
€22:5n3 1.0120.04° 1.01£0.12° 1.73£0.05° 0.49£0.04°
€22:6n3 0.46-0.04° 0.160.02° 0.52+0.02° 0.020.01¢
IPUFA(Z18:2n) 28.19+1.02° 27.77+0.61° 30.5:0.32° 34.25£0.38"
~n3PUFA 7.28+0.43° 5.5£0.35° 9.06+0.04* 5.15+0.21°
Tn6PUFA 20.910.61¢ 22.27+0.46" 21.44£032° 29.120.35"
n3/n6 0.350.01° 0.25:0.02° 0.4220.01° 0.180.01¢
THUFA(>20:3n) 21.0940.96" 19.3940.75° 22.46+0.34° 21.25+0.39"
DHA+EPA 4.03£0.31° 2.9+0.23° 5.5240.07" 2.870.12°
?:t ;*YEEEES 2 unknown 16.27+0.35% 15.78+0.45° 17.14£0.07° 16.75+0.88"

. YSFA MIRIIRITIR S i; YMUFA. BURNEAAIIR IR S YPUFA. ZAMAIIENTIR St YHUFA. s AMARIIENT IR i, < — HRRA

I A AR

Notes: Y SFA. sum of saturated fatty acids; Y MUFA. sum of monounsaturated fatty acids; > PUFA. sum of polyunsaturated fatty acids; > HUFA. sum of
highly unsaturated fatty acid; “—"" means the lipid class couldn’t be determined or content is very few

Me, HIREIABALA S C20 : 5Sn3(EPA).
C22 : 5n3(DPA). C22 : 6n3(DHA) Y & & T Hifth
£ i (P<0.05), T-FPEEM AP CIS : 2n6
(7.87%). C20 : 2n6(3.57%). C20 : 4n6(ARA,
11.45%)H 4y & ot ¥ 0 2w T Hofh A g, HH
C22 : 6n3(DHA) H 43 & HUJE 76 4R 4 1 b e 1K,
1A 0.02%, 58 (e A fif FRE 35 A itk L PR 4 21
MIPUFAH 41 b & 1 22 5 8/, 4 A il i)
SPUFA & & M B /N B AR U - SR A A T
(34.25%) . BRI EE(30.5%) . 2505 £ 6%
(28.19%) . BT AR (27.77%), 15 BE A IG5
TR ) B B (SHUFA) 5 SPUFA S A8 b A i 22
5, BICHIABLA S Y ZHUFA 1£22.46%,
B T HAL AR (P<0.05), TR A0 B & R AR AR
(19.39%), HRA LA A2 1 n3PUFA/
n6PUFA Y U i 35 T HAth £1 1% (P<0.05), Pt
RO A ERAL, UH0.18%, HL IR A i L
N 2H 21 b Y (DHA+EPA) & &t i 2 T Hiftb 47
B (P<0.05), HUCHEAYEA(4.03%), BT A
Tl RS- P S A R UL PR 4 20 b ) 5 B TG 1 3 25
S(P>0.05).

AF A i UL PR 2 20 b A AS TR T T T R
B LA R, B —E 2= S (RN,
AFM AR LN 42 T B SSFAFISPUFA & B Y& T
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IMUFA, [MiEMUFASTHUFAR) & B8 N,
240 0 A MR A R A 2P i ESFA
IMUFAFIZPUFA Y &8 370 i 35 2% 5 (P>0.05), %
P AL A A8 h B SHUFA & 8 TR A
fiti . LR LA 2 U ZSFA . SMUFAFI
SPUFAH ¥R, HHESHUFAG ERE R T
HAb A, PR AR A L P ESFAS
B AR T A A7 68 (P<0.05), {HHSPUFA S &
118 2 = T HAD A 1 (P<0.05)

3 iR

3 FEIMAABNDIESSMAELEM R
HERITFMN

A e — MR IR D& B & A K &
W BT D12, TR) I g 35 4% Tl 20 ik R R i it o
R, WEEEL, HAEENERMEML TN
B, S5RBon, BIRHa LA 220 ) SR
O (4.63%), S (Polymesoda erosa)
(4.37%)*, el (Tegillarca granosa)(4.7%)" & &
AT R E F 4 2 1R 5 A Bl R 56 (5 8 0 il
BB A5 R 4.08% ., 3.79%, 5 3CUE (Meretrix
linnaeus)(3.71%) . EMl (Scapharca subcrenata)(3.3%)™"
LB, MK T 48 (Sinonovacula
constrzcta)(5.28%)P . L ITLA4EWG (Crassostrea
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Fig. 1 Changes of total amount of different fatty acids in muscle tissue of four onchidiids

Values in the same line without the same letter on the superscript are significantly different(P<0.05)

rivularis)(5.84%). SR EEEE W (Pinctada
martensii)(6.5%)% , AL T WL (Corbicula
Sfluminea)(10.91%)*" . 352215 U1 (Perna viridis)
(13.68%)0" . FifLI W (Chlamys farreri)
(19.67%) > AT 26, 9645 45 P FE Hil ,
BOPEAT . W AR, IR BRI R
REATRA 1 8 1 B 0 B8 72.27% . 55.56%
58.54%. 60.27%. LA UL, AR A ff R DL 2
BAmEA R, RIS &2 r M

DU R0 1 38 % 04 & 1 5 HUE AR R
oo AR BRI SRR BT R, A
WFSE R B, R A B B e S B T R
fiX, WrRghRmime & s B R, X5 R A
AT TS 25 1A B 22 5, 58 FLJEU IRl RE = R il R
B 1Y Ml M 22 S LA R I TR) 22 S S 0T [ oA i
N BT b Y BOR 22 S, R TR [ 7 L R
AR 22 S A R E— B ADESE o A BT
o TP A BRI I 3R M A ) W o A
NEE, FTRES BTN E PR BT AR B A
A K.

AR g — Rl = DL, S5 2 i IE [ B
Yo, AH MR RS B m, SRR T 4
e L I @ S R AT N PN Y R
JIEL [ ) R TR, (EL SR A 48 A S 22 1 I [
hR PG Mg =% . sl &0 . ki
R A SO i I A 5 s 1 R R g o T i =

P A A IV TP i — B IR D R I, KA A 2
WETRAEN, NGRS, RES51k—
SeL0 A B, R, 48 AR A I [ AN
H =R O AR R O L, 4R A
B A Ml B A R X A ELIR R . o =R A i
ik, JUHE SO0 A MRS S A, BARLr
M8 FE M B B T e . AFFRE R
AN, ARG IR I SRR T R A e, Hoh s
AR A 15 19.16%, B T — A £ 1 0
25, G R AT e b 22 S DL RO [ g 3 DL
FKAYERE . MBS . BT RS
TG, BARIEREA R it — 50,
32 FARMEAFEMEHERAR. ERAERE
EFITEM

— WS, WL AERSE T, |
TR BT MU AR SR e Ar , HAR Ay &7 E
PG = P [ LSy i 3N N [ N = 135 6|
AL SRR T, ook SR B T
BEFPRERORE, HERRAFERRKESR, X
SAMTERZE AL, BEAh, BEIRAEAFHAEI AR |
S MR AAERUKEE T
WG 2 IR 5% 1 AN [) 4 22 o R 22 8 2 52 ) DL 2 1) g
15 R 2L B

GER R, AR R R L A A —
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250, SFEPEAE . E AR IS 6
MIESFAR B KT 32%, & FEIMUFAMIZPUFA,
1M 798 F M A i I SPUFA & & 41 5 T SSFAFI
IMUFA, %867 fit (9 i 5 R 20 i, TPUFAY
= TEIMUFA, W] fgJe i T A fifh DL & AN iR
JEE 7 TR 5% e A vy 11%) 9 285 o e e A A e Sy PR
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Lipids and fatty acids composition in the edible mass of
four species in Onchidiidae

YAO Lixiang, YANG Tiezhu, ZHUmin, SHEN Heding~, LI Baihang, DIAO Ya

(Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,
Ministry of Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Onchidiidae which is widely distributed in China and rich in resources is one kind of economic
gastropoda with nutritional value, despite reports for molecular biology, ecology, developmental, physiological and
ecological breeding field of research. The analysis of biochemical components of Onchidiidae is conductive to its
development and utilization of resources. In view of this, this study determined and compared four different
species of Onchidiidae (Peronia verruculata, Onchidium struma, Platevindex mortoni and Paraoncidium reevesii)
of total fat (TF) content, lipid and fatty acid composition. The experiments were conducted to investigate total
lipid(TL) class and fatty acid composition of Onchidiidae by GC-MS and others. Results show that: ) Four
different onchidiids muscle total fat are mainly composed of phospholipids (PL), free fatty acid (FFA), cholesterol
(Cho) and triglyceride (TG); the PL/TL content of P. verruculata’s muscle tissue is as high as 73.12%,
significantly higher than the other three species (P<0.05); the PL/TL content of O. struma muscle tissue is only
26.23%, significantly lower than the other three species (P<0.05); the TG/TL content of O. struma muscle tissue
amounted to 2.75% of muscle tissue, significantly higher than the other three species (P<0.05); FFA/TL of P.
verruculata’s muscle tissue is as high as 19.16%, significantly higher than the other three species (P<0.05). @ The
fatty acid composition of muscle tissue of four different onchidiids is more balanced (S : M I Pcloseto 1 1 1 I 1).
The total saturated fatty acids in muscle tissue (X SFA) levels of O. struma and P. verruculata were above 35%, X
SFA of P. mortoni muscle tissue is only 29.58%, significantly lower than the other three species (P<0.05); the four
species of Onchidiidae total monounsaturated fatty acid (X MUFA) content were similar; the total polyunsaturated
fatty acid content of P. mortoni’s muscle tissue is 34.25%, significantly higher than the other three species
(P<0.05). The C20 : 4n6 (ARA) of P. mortonian in muscle tissue content and the C22:5n3 (DPA) of P. reevesii’s
muscle tissue were significantly higher than that of the other three onchidiids, C20:5n3 (EPA) content in four
onchidiids were significantly higher than the C22:6n3 (DHA). Studies have shown that four species contained
higher -3 polyunsaturated fatty acids, which suggests that onchidiids’ muscle tissue has high lipid nutrition value,
in addition, the composition of lipid and fatty acid of all four has a significant difference, may be related to its
habitats and species diversity. The purpose of this study was to evaluate the nutritional value of different kinds of
Onchidiidae, provide theoretical basis for the development and utilization of its resources, and provide theory
support for the ecological culture and enhancement.

Key words: Onchidiidae; lipid class; fatty acid composition; GC-MS
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