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WE: AZBRMRERERIEN N ENERR D HETON, EERT LY RN ERFRE, N
HyEmemARmeRESERE., MAER KL 800 MERG MBI IHH, XRAEK
RETEMNEH A, Ko MEAR MER ZXR . EHRPT I TEREE, ERXNA:
D)RBLGRZENNEFMEAREENT6.33% (TEERM); L AXR(TAA) L FAHE
% (EAA) & & 24 8 71.22% #132.38% (T &= 24t ) ,EAA/TAA 4 45.46% , & 2B & DL &
AR (Glu) & ERH(9.97% ) , b FALRF R AR (Leu) 2 Eax 5 (7.58% ), 2) MG
EEI2.7% (TELER) ;M 17 F 08878, &% 8 # 40 o i iy B (SFA) |5 A 21 48 fo fig
fii % (MUFA) fo 4 # % 1 4@ v flg f7 % (PUFA) , SFA MUFA #n PUFA 47| 5 i ff & & & &
43.47% 1.54% %1 49.25% , 2 F L DHA 4 E &% 5,3 32.80% ,EPA 4 & % 7.70% ,DHA/
EPA % 4.26, 3)# Ml i Na K.Ca Mg .Sr . Mn.Fe Cu.Zn Al fe As F ) T &Z, M ETLEZFF
4 Zn Al A2 Fe, & &2 A% 0.77.0.71 #10.43 mg/kg( & E3a), mbTL, HEELAEE
B KHE B, ® & n-3PUFA By 4 B RS M4 KA P Ea RERESLEN 76.33% ; A %
MERKESEZE, AR (Lys) §5.49% , E AR (Met) § 2.63% ;R i FXRESEZEN
12.71% ,DHA % 4.17% ,EPA % 0.98% ;i B L& FE XK ES E M, W Zn % 2.77 mg/kg,Cu

4 0.19 mg/kg( FEHA),
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Fig.1 Fertilized eggs and embryo of S. pharaonis

(a) Fertilized eggs of S. pharaonis; (b)Embryo of S. pharaonis( endoskeleton formation stage)

R Tk

1.1 EIGH#

AL I PR BE S T 2014 45 3 A4 A
I E F M (19° ~20° N,111° ~112° E) , 3¢
PRAE 25 N R 35— BB IR) 5, 55 1A 58 T 7™ O, 55 35
JIT B K 29 800 AL ZAF BRI H 12 X 2R A4 A 77 &
BRIEFMZHW., S5 EEHSE" 1 H 5K
(Sepia lycidas) WIEIG & B 43 11 A B B : 52 4%
USRI B 9 2 T 170 9 BN R N 1 R I
ar B R BN LU BRI 0 Bk B R B
ARSI R e i B 71| DN 7 S Y
RE TG0 2 (29 250 ki) VR F W)
FUEA (25 250 %) AR B 5 800 -8 86 T2 B
1 (29 300 hr) B SZKG O1 43 5 1h B0 B . —EB 43
B - 80 T & M, HF & /K 4 R 9 5t oo
B — W UR TG T I E M B R
J BT IR 43 B R R s R
1.2 MEFZE

W R — & & B 1A 1 B R G

HATUE T & 5

ARERmyegmE R E AT
EAT HEAE F5 W43 43 BT« 7K 20 I 7 SR A 105 C it
T kT ML R E R AL ST B
BRI I R R R s K A I s
K 4R LY 550 TRy BEE

N AKEAR,

AABEEMNL EERGENESHE
FARHETT A A e R R A BN, SR TR
P TR ik 125 i A BRAE 5, SR )5 {8 ] ZORBAX Eclipse
AAA BIG AR A 3 70 Hr A0 % & 5 I 5 HoAl 2
FEIR S B (BRFDE AR ) , 56 R R R K A 14 iy
4b B, {fi Fil ZORBAX Eclipse AAA % 3% [ 3l
I3 BT A 5E &

BB & Jz i Bligh-Dyer 254 U i
Ja L BT AL R4, 5 Agilent7890A T AH €4
AL IEAT I A , (385 Y 45 47 : DB-WAX R & — 1%
SAHBAIRE (30 m x0.25 mm x0.25 pm),10 pL
H S AR 4 (ALS)  #ERE SO 1wl gERE
W 250 °C 5 SR AN 43 Ui 6 A, 1E R 455 ] i A
A Mk Jy 7. 685 psi, Tl BE R W46
50 C,{#%F 2 min, ) 10 C/min #ZE T} £ 250 C,
PRAF 23 ming K6 W0 5% O A K B T 4R
(FID) , #1300 C, 8 N, , & 46 50 I
e 5 Hy, 40 mL/min, 257, 450 mL/min, &
"<, N,:30 mL/min,

T EEEMNE ESHAEE T 0
Tk, ZIRA RIS FIH B - 235k

FA AT R OETE LI E . BARERAE B3 g BERL
TR A5 R T A (g SR iR =1:4)20 ~ 30 mL
A AR EE W], 71 2818 /K € 45 22 100 mL
Ja , M TSA—990 & 51l Ji5 - W Wi e ot JE 11
FEHN(Na) B (K) BE(Mg) 45 (Ca) 48 (Sr) i
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(Mn) Bk (Fe) i (Cu) . 4¥ (Zn) .45 (Al) Flfif
(As)11 PP oo R & &,
1.3 EMHGENAMPEFRRERERENIT
BHE

¥ b o 2| Fraser %§'%' | Pousdo-Ferrira
1 1 Sargent 251705 3 4 AT g U £ 2K 52 A
IR EE BT IR 2R T BT R VR AR IR R DT R A
BRANSESE N ZE e, e 74
PR R RE OO BB IR R B SR . LN BT
A b R

TR TR R B (%) = B BRI
H 5 (% )

T L T BRAE T K B (%) = B BORLE
HE(%)

Tl Ak v 25 b R TR BRI T R i (% ) = BB
S A E SR F i (mg/g) /10

gk e 25 o B T R B S oK B (% ) = B B
25 b B 0y R & ko SR T R B A LL A x B KL AR
Wi & (%)

ke b 25 M ) G 3R IR i oK i (mg/kg)
= BB A5 W) BOGER i (mg/kg)

1.4 HiELE

S5 JIr A5 B4 il T Excel 2003 {4l SPSS
18.0 & 2 47 4b B, Ko s 3 3k O F (= 4R
“{E%O
2 g

JRBEL I 3 AN [ 4 7 IS 20 1) 520K B O B 25 7
e S EZEFRALE (P >0.05) K 3 ASA[E A
7P B 8 255 IR i 3 O O fE
2.1 EMEFRHES

FRBE 55 W 52 A B0 BN B R B A
76.33% MG Wi & &N 12. 711% , K 4y &
T.18% (F£ 1),

x1 EHOWZIHENMENENERTKS (TUREM)
Tab. 1
S. pharaonis fertilized eggs(dry weight basis) %

b
H

=K
EEN

Common nutritional components of yolk of

i H K4y HLER 1 i HLIE 7 K5y
item moisture crude protein crude fat ash

o 72.12 £ 76.33 £ 12.71 = 7.18 +
content 2.17 0.13 0.83 0.13

2.2 TYITESE
JE BXE 55 VR i 1 B 8 G . Na (K ,Ca Mg S,
Mn Fe .Cu.Zn Al fil As W¥tE, H Ca fy&ar

B3R T HAITE 35 42. 56 mg/kg; HX Mg Fl Na
ER 0 2.88 F12.87 mg/kg, fERITEF Zn Al
Al &=, 43 51 0.77 #10.71 mg/kg, St Fl As
B, %7 0.01 mg/kg(#£2),

K2 EHEOHEENNENTYTRSE(HEERM)

Tab.2 Mineral element components of yolk of S. pharaonis

fertilized eggs(fresh weight basis) mg/kg
ROV 3 o
mineral element content
1 Na 2.87+0.14
A1 K 0.43 £0.04
B Mg 2.88 £0.14
45 Ca 42.56 £0.97
£ Sr 0.01 £0.00
4% Mn 0.03 £0.01
% PFe 0.43 £0.04
il Cu 0.05 +0.01
B Zn 0.77 +0.00
Al 0.71 £0.06
i As 0.01 £0.00

2.3 SEREARSEE

JBE % W 32 A O B B A AR LAY 17 e Ok
g, Horp 7 Fhab T AR (A E R AR ) o A HE
Mo il 71 22% , Hoh b W R BN
32.38% , i ME LR 1) 45.46% . F LR
DB ZEIR (Glu) &, N 9.97% o by 2
Mt 2R (Lew) & il 7. 58% , A TR
(Met) % iRk h 2.63% (£ 3),
2.4 ERRARSEE

LR 17 PG D5 RR , AL 4G 8 Fhf R0 A 7 BR
(SFA) , i BUIR T IR Y 43. 47 % 35 Foft LA 1 1R
(MUFA) , i SIE BRI 7.54% ;4 Fh 2 A F g
iR (PUFA) , i B g TR 1 49.25% o £ Mg D R
Y14 1L C16:0 . C18:0, C20:4 C20:5( EPA) Fll
C22: 6 (DHA) Jy &, Hvp ) DHA & & i &, i
32.80% ;C16:0 YR 2,5 24.33% . A FIJE I iR
H1Ld n-3 PUFA 3, 5 SR I R & 1 1940.50%
O R E BER B 82. 23% . EPA & A
7.70% ,DHA/EPA Jy 4.26( % 4) .
2.5 EHUSWAHEMANPELIEFRZNER
ERkESEHE

B 5 4 A R R B LR R R B S %
{H0 76.33% ,f8Wi R 12.71% T WRJG #5128
H DHA &R F &, 305 B 2 4 7k 1 ) o
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DHA #igTHE RS % H N 4. 17% ,EPA Big T R4 EHEM TSI E RS TR AR

kS {4 0.98% ,DHA/EPA } 4.26; ;ag
MR ISR B 2 H P, Wi & R (Lys) 7
H5.49% ;ﬁf%ﬁ)ﬁ%ﬁ%*%%%ﬁ*,ﬁﬂ%ﬁﬁ%
KEHN0.19 mg/kg(KS),

3 EHESHMZRERIENSERAEARS
SE(TYRERM)
Tab.3 Amino acid composition of yolk of S. pharaonis
fertilized eggs(dry weight basis) %
AR ot
amino acid content

WA Lys” 5.49 £0.02
AR Met” 2.63 +0.08
HE R Val® 3.71 £0.10
R4 Thr* 4.64 £0.04
SAEE R e 5.54 +0.03
ZR Leu” 7.58 £0.03

AR Phe” 2.79 £0.08
fi% AR Tyr 3.14 0. 06
AR Cys 0.96 +0.08
248 Ser 4.63 £0.01
4 Gly 1.17 £0.01
A AWM Glu 9.97 £0.19
FAER Asp 7.21 £0.06
41 W His 1.59 £0.01
HNE R Ala 2.36 +0.01
AR Arg 4.96 £0.03
fifi % 2 Pro 2.84 +0.11
MR TAA! 71.22 £0.79
DA MR EAA? 32.38 +0.35
Ak b 75 B IR NEAA® 38.84 £0.50
* RN T R HERR s & LR O 5 O T4 o S il

Notes; % is essential amino acids;contents of amino acids were on
dry weight basis
1. TAA :total amino acids;2. EAA :essential amino acids;3. NEAA ;

non-essential amino acids

(HEHBEENES)
Tab.4 Fatty acid composition of yolk of S. pharaonis

fertilized eggs( total FA) %

fig Wi 2 [ERiAios s

fatty acid content
Cl14:0 2.93 £0.09
C15:0 0.44 £0.02
C16:0 24.33 +0.48
C17:0 1.68 £0.05
C18:0 12.80 £0.47
C19:0 0.30 £0.04
C20:0 0.77 £0.02
C22:0 0.23 +0.02
SSFA' 43.47 £2.24
C16: 1n-7 0.54+0.03
C18:1n-9 4.16 +0.06
C18: 1n-7 0.90 +0.02
C20: 1n-9 1.68 £0.02
C22:1n-9 0.27 +0.02
SMUFA’ 7.54+0.15
C18:2n-6 0.44 +£0.03
C20:4n-6 8.32+0.15
n-6 PUFA 8.75+0.23
C20:5n-3( EPA*) 7.70 £0.07
C22:6n-3(DHA®) 32.80 +1.96
n-3 PUFA 40.50 £1.93
SPUFA’® 49.25 £2.05
DHA/EPA 4.26 +0.27

7.1 SSFA, f Fl g 5 2 . C14: 0,C15: 0,C16:0,C17:0,C18: 0,
C19:0,C20:0,C22:0;2. SMUFA, B 1 F1 g fifi #i2 : C16: 1n-7,
C18:1n-9,C18: 1n-7,C20: 1n-9,C22: 1n-9;3. SPUFA, & KN Fil JIg
i g . C18:2n-6,C20: 4n-6,C20: 5n-3,C20: 6n-3 ;4. EPA ;. 1k fi.
M2 ;5 DHA: —+ BN IR T

Notes: 1. 2SFA: saturated fatty acid; 2. XMUFA : monounsaturated
3. XPUFA. polyunsaturated fatty acid; 4. EPA.

Eicosapentaenoic Acid;5. DHA ;: Docosahexaenoic Acid;The same as

fatty acids;

the following

RS RHEESMHEMAMPBIEFRRTNERETRE(TURER)
Tab.5 Theoretical requirements of part of nutrients in diets of S. pharaonis larvae( dry weight basis)
i { BHF/ % N6/ % DHA/ EPA/ DHA/  n-3PUFA/ W% /% i mg/kg

item protein fat % % EPA % Lys Cu

HiE T K i theoretical requirement 76.33 12.71 4.17 0.98 4.24 5.15 5.49 0.19
3 i (R 6) . DR, 70 F 80l 1 3 ) 8 FR T R A
ED%E%E’J LR N Bu R T e e e K -4 S NN
5 0 T R0 B PR P A Sk R 2, LI K VEILIR R W R SF R E R EUE B AT Z A [
YURA R ARSI AR T R B R A R E R ORI A SRR . Praser

WA F) 32 065 B B B 23 B 45 R -5 R0 L PA) 7 B 5 A A

S PVREGE T K P PR 5 ( Gadus morhua ) 5% K B )
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OB R R B I OO, Ok B e AT AE R X i AR 1
i 3k ., Pousdo-Ferrira % i T 4 %k 4
(Sparus aurata) 3 K5 50 2 1 BT % i, B 1T
FFHE 0 4 ORL X &R E BT Y 5 oK . Sargent
ISR e L FE SRS
B Y F A IR TT K. SME T HEE
BRI IR G kB I R e A ROME D BT 4R it
PR SR, A IE W R A BRE B L AR
A S5 5P HORL A 7 AR 2R R 5 R, SO R B
Lk m el E AR R ES B EN
76.33% ]RGN 12.71% . 7 Z W (S. officinalis)
EoR NI A = B U L L E DO I I VR = D
F 5 SR AR T A I 0 7 R R X AR —
SERIFSE 3 HRGE T S R4 A B B 3 DS 0 AR Y
NS ZE SR T IR B B 3 DA A B A
1o F LERE A AR i JE b 5 R AR IR
O R/ G A € o S S L
Domingues 2" F1 Solorzano 2" W 5% % Bl 7E 14
PRSI ELEREIE Y B, W E W oK T
TV A28 X PERL b Y 2 1 R B A A v T
3, 1 1k & ik 3 85% ~90% ,Garcia-Garcia
SEVARGE T LA B ( Octopus vulgaris) 55 1 %t
RLLE RN 6% SR 1B R RIS 20% LI Y
VT AR D SEBG R, 25 R R B, DLEE O 1 R
HoA KA 5 A7 05 00w, ARG 15 kX 1 2R K
AR o A S50 ML PR B 32 RS O DN R
30 N T R R NN WS GRS
R R B, SR A BE 08 AT 5 4 IR 0 E 3R
SRR o ZEIE S AR BRI R R X 2 G AT
50, ( Sepiella maindroni) %K 5 W, & B0 4 1k
53y SN = I G BN 7/ B T )
77.49% .

R6 EHOMINE AA.ZHEINIER
EREFES LR

Tab.6 Common nutritional components in ovary,

muscle and yolk of S. pharaonis %

i H Koy HLE A ML 7 . Yix

item moisture crude protein crude lipids ash

PP EE yolk 72.12 76.33 12.71 7.18
5P &5 12) ovary 68. 44 62.39 2.46 6.50
WA muscle  74.47 77.93 3.14 10.37

TE M B R 5 5 5 T Tl
Notes: crude protein, crude fat and ash contents were on dry

weight basis

Rainuzzo 25" il T /E ¥ A KL HR & &
R — MR R KA A (B R ) — & B
T (e es = AR ) — R 105 (NE W5 R ) A b & & B il
MIRE R, IE R ME A RN AN AT EE
12 REFRYL, SR A BUE 37 1 5L 5 R
W0 S E AR, DRt NS b 2 S, ¥ 1 3l ) X
BB R, 32 AR B e L A AR R T oK
(JUHIE T A LR 1) & AP ) o ARSLK Y 45
RN, RBEL W 2R O R b o TR SRR R
H32.38% , 5 B A IR S HE M 45.46% ; U THE R
FEfgh Leu  Thr Lys fl Ile & H BN F & . b
2 2 AR B L IRV 1 L P 0 B S 41 4
Leu.Thr Lys . Ile fl Val & &N F 5., X —45
5 AR S5 32 K OP 1Y N B 5 A ik, Walton
SE AR TP S R OE R 00 AR K AR I
10 Ffr 2 3% 1R, 43 ) J2 K A IR ((Arg) | i & R
(Lys) . # % f2 (Met) | J5 & MR ( Thr) | 5& & M
(Leu) 552 2[R (Tle) (AN 2 R (Phe) | {4 % IR
(Trp) W2 R (Val) M4 2 B2 (His) , THR} 0 75
IR AT-A7 % ik = 45 T SO A K2, 1A AL
MR F TR 2 N . R R B AV
Y A SN TECA R, B S s
QIERTRA BN T M. Hik, 7%
BEL5 0 Ay U N TRC A R BC R, G N VR B
Leu.Thr Lys Ile . Val fll Met B 753K &, H 4 & 1H
BEh b IR A R /2 H(EH o 32.38% , Hrp
Leu F55RES % {H N 7.58% ,Thr }y 4.64% ,Lys
H5.49% Tle 7 5.54% . Val }y 3.71% . Arg H
4.96% .Glu 2 9.97% ,{HJ& B4R L bR ifi SR i i
B3 5 $E A 2E K S Ok B % . Domingues £ B
FERW I Met Fil Lys (1% 7 8F 58 4 R T 55 2 0
9/ K o Iglesias %7 45 i MR Y Lys . Leu,
Arg 5 W B 4 R S A0 oG R IR R
z—

FEIR B ONT i 7 9 oK A b (B g i b g
X FREEERK KEHNRES T EENE
FA® o BRI LG SR U O 8 A ¥ PUFAs & 5t
&, H v PUFAs > SFAs > MUFAs, T HE &
n-3PUFA X 5 T it 18 1) 52 5 2 WA 4% JUL P A B
LU HT 45 R —80? . Navarro 28" )38 TR
L5 FAR W ( Loligo vulgaris) FI LIS 3 3 #94)
S Sy A 1 I T R i, & R 4l R ) PUFA %7
5 E % ,PUFAs > SFAs > MUFAs, 7 & BT 1 i (1

http : // www. scxuebao. cn
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A BP BN B W (n-3) PUFA p, £ %12 EPA Al
DHA , H o DHA % & fie i, o S g 107 R & & 1Y
32.80% . e E % HE T BE A UL A A
B9 41 41 h DHA & & 43 Jjl i 30. 34% Fi
25.27% .{E Navarro %" f 3 18 v 7 15 I | EL A
B WAL 3 5 1 W) 4 R 1) DHA & 543 51k
21.2% 32.8% F129.3% °' . M P EENE W5 R 1 &
HORAE , FRHE S WX (n-3) PUFA 55 3K & 80, 4
5= EPA Fl DHA . Hamasaki 25" 43§ 205 %)
I Sl VR 1 Ji 30 1R B R A0 T R D R A AR v e
n-3 F 5 N AR D B2, Jt H 2 DHA, Sargent
SRR TS A W, PR P g DHA X Sk 2 2 40 i
B 25 K5 RN T RE AR E AT T BEAE T, 0 R AE 4 ik
T A K B B, T 4 4 40 RS 1 3 3 o RS i
Bell 2% 1 Reitan 25 §F 5% b % ¥ 24 DHA (1
=z 5 SHAKMME RS SR T Z MK
WERTUBR BB . B ITEDE & R B A T
B A ket it A R, L AR IE R R} R (n-3) PUFA [ 3%
PR JE DHA (EPA, JRBE & 4l /& DHA 1) 3
Wi KRR FE 4. 17% 7247, EPA 25 0. 98% ,
DHA/EPA 5 4.26,

T4 00 ZAE Sk 2 A K AR i Pt K 5 5
EwEEWEMNC . BN EMETERRRE
WA RS AR DR HAE R, Wi 2
WICE S H5K7 W B HOE R AR IR TR 5 AF
LR A B 5 T P LR A Y ik
Pk Z skt 22 0, B8 5| S 1 2R A BIL IR 25 F )
AP I AR o DA BB 1 WK 1Y) A2 K B 114 B 5 0 BT
SiRRAE,HEICE Ca MR HER, T
THAMITTE  MEmICE T E & Zn Al fil Fe, X —
S5 055 0 1 B AR PR BE L AU S LA RN
GRS 45 AR T L B I R G K o
i, AN ST R — AR K0 W E %
B X RSHEAFUIREGTERZMN Ca 5,
BRESGWEH AT LSBT EERE,
SR N R RO T S N R 4y
7 42 £, ( Sepia esculenta) i) 8 7+ MR /NEK 43
Bre R GBI RIE S HiEIER Ca,
Mg, IR & % Zn Al il Fe, [H L, WK oP
WE G IR Ca, Mg & LK Zn Al Fl Fe,
TREENE G R & i B o Mo R R . s
) il 0% 3 3 5L R B2 5 D 7K A 358 W A 4 TE ML 8
TERTWICE AT W AT 0 1k 8 A e} b R

AHiSh Fe Cu Zn it £, HIlL, 7 K55
AL 014 T e o AR — e A R MR T R
MAELAEE R Cu S Z T K&K 0.19 mg/
kg, CuXfsk ERMVERK L F BRI HEEN, E
P AR T A AL R MW B A b Decleir
S B2 1 W B 0 0 4 R Ak T LR B, LA
Cu £ 5t TUH /D, B R bl 2 . i AT 2
T Cu S 0 %L S S i Bl B I 1, R
S ORI AL, R e M g 2 . R,
PR BRE 2 W P9 N T 5 AR I 7 7 A R B 1 3k

IR SR,
4 4

O JRBE5 3245 U1 0 B B A o 1 IR
MR JRBE S IMAA R AR TR E S HE N
76.33% ,j8F5H 12.71% .

@ B EE & Ca . Mg.Zn Al fil Fe ¥ i oC
R l0E Ca & EIL N FHE . RIS WA A
MER T K2 %H, W Zn Jy 2. 77 mg/kg, Cu
#0.19 mg/kg,

@ B R Yy 17 R R P, S5 R AR
HEL, T E R TR . PRI A TR R
RS, R (Lys) N 5.49% , HAR
(Met) 5 2.63% ,

@ BRI E) 17 FAR W ER , PUFA F &, 1
Hr L DHA Jir i Lo 49 d 5 (32. 80% ) , EPA 5 it
B (7.70% ) ,DHA/EPA }y 4.26, J& 550k 4h &
DHA TR EZ%Z{H N 4.17% ,EPA 2 0.98% ,
DHA/EPA }j 4.26,

S

[1] Chen XJ,Liu BL,Wang Y G. World Cephalopodas
[M]. Beijing: Ocean Press,2009 ;440 - 441. [ 5 #
FEOXNAH, ESEHE A S R 0. JE AT R
#1,2009:440 - 441. |

[2] Gao X LJiang X M, Le K X, et al. Analysis and
evaluation of nutritional components in different
tissues of wild Sepia pharaonis [ J]. Chinese Journal
of Animal Nutrition,2014,26(12) :3858 —3867. [ /&
e = B H, AR TT 2, 4F . I A R BE S RS ) 21 41
BT o A V. B W0 E 5R 4 R, 2014, 26
(12) :3858 -3867. ]

[3] LiZJ,Yang L J, Wang J, et al. The progress in
studies on vitellogenin[ J]. Chinese Bulletin of Life
Sciences,2010,22(3) :284 —=290. [ Z=Jk /AR , Ui E ,

http : // www. scxuebao. cn



1040 KoE E O 39 &
T NEEAREMUIREERE. & 4a82%,2010, japonicas during the development of embryo and
22(3):284 -290. ] yolk-sac larvae [ J ]. Journal of Fisheries of China,

[4] YangJJ,Jiang Z Q, Zuo R T, et al. Nutritional 2013,37(4):526 - 535. [ o5 i i, 0 & 04, ¥R SC,
analysis and evaluation on eggs of hemitripterus . H AR R il R G I BR B 2 AT fa R F A AR I B
villosus [ J ]. Chinese Journal of Animal Nutrition, KNG W7 R vk A k. K PE 2R R, 2013,37 (4)
2014,26(4) ;1103 - 1110. [ 5 & &, 25 &0, £ R 526 —535. ]

PZNE I W S R W = 0 s o a3 O /e 7 = [14] Peng R B, Jiang X M, Yu S G, et al. Effect of
FE2¢ R ,2014,26(4) ;1103 = 1110. ] several ecological factors on embryonic development

[5] LuS F,Zhao N,Liu H B, et al. Changes in fatty acid of Sepia lycidas[J]. Acta Ecologica Sinica,2013,33
composition during development in Pelteobagrus (20) :6560 — 6568. [ K, BE M, TG, %.
fulvidraco fertilized eggs and larvae [ J]. Journal of JLFAESHFXE SR AT R m. A5
Fisheries of China,2008,32(5):711 - 716. [ j5 % 248 2013,33(20) :6560 - 6568. ]

FF R XA, L. WA R R T M B ks o [15] Jiang X M, Peng R B, Luo J, et al. Effect of
FA A RS Bl BR 40 8 25 4. K 77 27 3k, 2008 ,32(5) . temperature on embryonic development and larval
711 -716. ] growth of Sepia lycidas [ J]. Chinese Journal of

[ 6] Domingues P, Poirier R, Dickel L, et al. Effects of Applied Ecology,2013,24(5):1183 - 1191. [ H &
culture density and live prey on growth and survival R, BT, S R EN I H SRR RE K&
of juvenile cuttlefish, Sepia officinalis [ 1 ]. ik g o, O A B 2 R, 2013, 24 (5) .
Aquaculture International ,2003,11(3) :225 -242. 1183 -1191. ]

[7] Domingues P, Sykes A, Sommerfield A, et al. [16] Jiang X M, Tang F, Luo J, ef al. The embryonic
Growth and survival of cuttlefish ( Sepia officinalis) development of Sepia Iycidas [ J]. Journal of
of different ages fed crustaceans and fish. Effects of Fisheries of China,2013,37(5):711 - 718. [ ¥ &
frozen and and live prey[ J]. Aquaculture, 2004 ,229 L = N A SV E EY S == A e
(1 -4):239 —254. % .2013,37(5) 711 —718. ]

[ 8] Domingues P M, Dimarco P F, Andrade J P, et al. [17] The food hygiene supervision and inspection of the
Effect of artificial diets on growth, survival and Ministry of Health. GB/T 5009. 3 - 2003,
condition of adult cuttlefish, Sepia officinalis Determination of moisture in food [ S ]. Beijing:
Linnaeus, 1758 [ J]. Aquaculture International, 2005 , China Standard Press,2003:25 -29. [ PA#HE M L
13(5) ;423 - 440. A B K B BT, GB/T 5009. 3 — 2003, £ 5 o K 4

[9] Navarro J C, Villanueva R. Lipid and fatty acid i & [S]. db 52 o B bR fE B R #1, 2003
composition of early stages of cephalopods: An 25 -29. ]
approach to their lipid requirements [ J ]. [18] The food hygiene supervision and inspection of the
Aquaculture ,2000,183(1 -2) .161 - 177. Ministry of Health. GB/T 5009. 5 - 2003,

[10] Solorzano Y,Viana M T,Lépez L M, et al. Response Determination of protein in food[ S]. Beijing : China
of newly hatched Octopus bimaculoides fed enriched Standard Press,2003:37 - 41. [ DA # & 5 T4 %
Artemia salina : Growth performance ,ontogeny of the BRI . GB/T 5009. 5 - 2003, & b &AW
digestive enzyme and tissue amino acid content[ J]. g . b 5T . A E AR oE Bk ,2003 .37 - 41. ]
Aquaculture 2009 ,289 (1 -2) :84 -90. [19] The food hygiene supervision and inspection of the

[11] Rainuzzo J R,Reitan K I,Olsen Y. The significance Ministry of Health. GB/T 5009. 6 - 2003,
of lipids at early stages of marine fish: A review Determination of fat in food [ S ]. Beijing: China
[7]. Aquaculture, 1997 ,155(1 —4) ;103 — 115. Standard Press,2003:45 — 46. [ TL/E 36 £x 5 T/ W

[12] Abi-ayad SM E A, Kestermont P, Mélard C. B 5 . GB/T 5009. 6 — 2003, £ &t 18 5 1y i)
Dynamics of total lipids and fatty acids during & A5t P E AR UE AL, 2003 .45 - 46. ]
embryogenesis and larval development of Eurasian [20] The food hygiene supervision and inspection of the

perch ( Perca fluviatilis) [ J]. Fish Physiology and
Biochemistry ,2000,23(3) :233 - 243.
Huang X X,Feng L F,Wen W et al. The changes in

lipid and fatty acid profiles of devil stinger Inimicus

Ministry of Health. GB/T 5009. 4 - 2010,
Determination of ash in food [ S ]. Beijing: China
Standard Press,2010:1 — 2. [ T A= #F & 5 10 A= W %
KB 7. GB/T 5009. 4 — 2010, £ & 1K 43 9 Il 5 .

http : / www. scxuebao. cn



7 UK 5 FEBE L T O 50 8 JR A 1041
JET P E R fE R H: , 20101 -2, ] (Loligo reynaudii d' Orbigny, 1839 ) paralarvae[J].

[21] The institute of Nutrition and Food Hygiene of Journal of Experimental Marine Biology and

Chinese Academy of Preventive Medicine. GB/T Ecology,2010,386(1 -2) :19 - 26.
5009. 124 - 2003, Determination of ash in food[ S]. [30] Vidal E A G, Dimarco F P, Wormuth J H, et al.
Beijing : China Standard Press,2003:115 - 119. [ Influence of temperature and food availability on
e 99 75 B2 2 o B 97 5 1 LA BF Y. GB/T survival, growth and yolk utilization in hatchling
5009. 124 -2003, &P AR E. b . th squid[ J]. Bulletin of Marine Science,2002,71(2):
FrE ) iR AL 2003115 = 119. ] 915 - 931.

[22] The food hygiene supervision and inspection of the [31] Villanueva R, Koueta N, Riba J, et al. Growth and
Ministry of Health. GB/T 5009.90 ~92 -2003,GB/ proteolytic activity of Octopus vulgaris paralarvae
T 5009. 13 ~ 14 - 2003, Determination of minerals in with different food rations during first feeding, using
food[ S]. Beijing: China Standard Press,2003:25 — Artemia nauplii and compound diets [ T ].
95. [ A& & T A B &% Fr. GB/T 5009. 90 Aquaculture 2002 (3 -4),205.:269 - 286.
~92 -2003 .GB/T 5009. 13 ~ 14 — 2003, £ &t ik [32] Garcia-Garcia B, Aguado-Giménez F. Influence of
B R M E. Jb 5. b E bR AE R AL, 2003 ;25 diet on ongrowing and nutrient utilization in the
-95. ] common octopus ( Octopus vulgaris ) [ J ].

[23] Fraser A J, Gamble J C, Sargent J R. Changes in Aquaculture ,2002,211(1 -4) :171 - 182.
lipid content, lipid class composition and fatty acid [33] LiZ,Jiang X M, Wang C L. Effects of diets on
composition of developing eggs and unfed larvae of growth, survival and nutrient composition of
cod( Gadus morhua) [ J]. Marine Biology, 1988 ,99 cuttlefish Sepiella maindroni [ J]. Journal of Dalian
(3):307 -313. Fisheries University,2007,22(6) :436 —441. [ Z&1F,

[24] Pousado-Ferrira P, Morais S, Dores E, et al. Eggs of BE G, THB. MRS KA S sk A4 K
gilthead sea bream Sparus aurata L. as a potential R CE S N Rl h A S Gt =X
enrichment product of Brachionus sp. In the larval 2007,22(6) ;436 —441. ]
rearing of gilthead seabream Sparus aurata L[J]. [34] Walton M J. Aspects of amino acid metabolism in
Aquaculture Research,1999,30(10) ;751 —758. teleost fish[ M ] // Cowey C B, Mackie A M, Bell J

[25] SargentJ, Bell G, McEvoy L, eral. Recent G, eds. Nutrition and feeding in fish, London:
developments in the essential fatty acid nutrition of Academie Press,1985,47 - 67.
fish[ J]. Aquaculture 1999 ,177(1 -4) :191 - 199. [35] Iglesias J, Fuentes L, Sanchez L. First feeding of

[26] SargentJ, McEvoy L, Estevezs A, et al. Lipid Octopus vulgaris Cuvier, 1797 paralarvae using
nutrition of marine fish during early development: Artemia ; Effect of prey size,prey density and feeding
Current status and future directions[ J]. Aquaculture , frequency [ J ]. Aquaculture, 2006, 261 (2 ):
1999,179(1 —-4) .217 -229. 817 -822.

[27] Jiang X M, Peng R B, Luo J, ef al. Analysis and [36] Koueta N, Boucaud-Camou E, Noel B. Effect of
evaluation of nutritional composition in different enriched natural diet on survival and growth of
tissues of wild Sepia lycidas[J]. Chinese Journal of juvenile cuttlefish Sepia officinalis L[ J]. Aquaculture
Animal Nutrition,2012,24(12) :2393 -2401. [ ¥ & 2002,203(3) ;293 -310.
2K, BV A AR H SR R H RS R [37] Hamasaki T, Takeuchi T. Dietary value of Artemia
A i B VE . S )8 5F ), 2012,24 (12) . with w-yeast or shark eggs as food for planktonic
2393 -2401. ] larvae of Octopus vulgaris[J]. Saibai-Giken, 2001 ,

[28] Hao Z L, Song J, Chang Y Q. Analysis and 28.65 — 68.
evaluation of main nutritive composition in the [38] Bell M V,Henderson R J, Pirie B J B, et al. Effects
muscle of Octopus variabilis [ J]. Acta Nutrimenta of dietary polyunsaturated fatty acid deficiencies on
Sinica,2011,33 (4) :416 — 418. [ FBIRE AR, R, & mortality, growth and gill structure in the turbot
WA KW NUA 3 28 57 A 1 4 i B DAY S 3R Scphthalmus maximus [ J]. Journal of Fish Biology,
2247 2011,33(4) :416 - 418. ] 1985,26(2) ;181 - 191.

[29] Martins R S,Roberts J,Vida E A G, et al. Effects of [39] Reitan K I,Rainuzzo J R,Olsen Y. Influence of lipid

temperature on yolk utilization by chokka squid

composition of live feed on growth, survival and

http : / www. scxuebao. cn



1042 KoEE 39 &

pigmentation of turbot larvae [ J ]. Aquaculture University : Natural Science,2000,19(4) :324 - 326.
International , 1994 ,2 (1) :33 - 48. [ BR ik, B G TG 51 12 W 28 9 32 2898 37 IR 20 WF
[40] ZhuJ,Wang M,Li S Q. Effects of trace minerals in WiV VE 2 B 22 R B SR B 22 [, 2000, 19 (4) .
aquiculture[ J]. Feed Review,2012(6) :41 —43. [ /& 324 -326. |
FE, B8, Hm. KZEHREPMEICEWERN. [ [43] Dai HJ,Chen D H. Research progresses on nutrition
BHE T ,2012(6) (41 —43. ] of Cephalopods [ J ]. Chinese Journal of Animal
[41] Zheng X D,Yang J M, Wang H Y, et al. Analysis Nutrition,2014,26(3) :1 = 8. [ #{ = 4%, Mf 8 5. Sk
and evaluation of the nutritive composition of the ink RREFURIE. 3hWE ¥k, 2014,26(3):
of the golden cuttlefish Sepia esculenta [ J]. Chinese 1-8.]
Journal of Zoology,2003,38(4) :32 - 35. [ JB/N%R, [44] Decleir W, Lemaire J, Richard A. Determination of
A, T, % £ SR E RS & copper in embryos and very young specimen of Sepia
TEHr. S22k 2003 ,38(4) 132 - 35. ] officinali [ J]. Marine Biology, 1970, 5 (3 ):
[42] Chen X E. Study on nutritive composition of Sepiella 256 - 258.

maindroni ink [ J]. Journal of Zhejiang Ocean

Analysis of nutritive composition of yolk of
fertilized egg of Sepia pharaonis

PENG Ruibing, LE Kexin, JJANG Xiamin® , FENG Xun, WANG Yuan, HAN Qingxi
(College of Ocean ,Ningbo University ,Ningbo 315211 ,China)

Abstract: In order to provide a basis for the research and development of formulated cuttlefish feeds for
juvenile cuttlefish, the nutrient composition was investigated in 800 yolks of fertilized eggs of S. pharaonis.
The contents of moisture, ash, crude protein, crude fat, amino acids and fatty acids of yolk of S. pharaonis
fertilized eggs were determined by adopting national standard method. The results showed as follows: The
content of crude protein in yolk of fertilized eggs of S. pharaonis was 76.33% ( dry weight basis) ,and the
contents of total amino acid( TAA ) and essential amino acids( EAA) were 71.22% and 32.38% (dry weight
basis) . The ratio of EAA to TAA was 45.46% ,and Glu was 9.97% . The content of crude fat was 12.71%
(dry weight basis). A total of 17 fatty acids were found, including 8 saturated fatty acids SFA, S
monounsaturated fatty acids( MUFA) , and 4 polyunsaturated fatty acids (PUFA). And they accounted for
43.47% ,7.54% and 49.25% of total fatty acids, respectively. Moreover, the content of EPA and DHA in
yolk was 32.80% ,7.70% ,respectively. The ratio of EPA to DHA was 4.26. The yolk was rich in Ca,Mg,
Zn and Al. The content of Zn. Al and Fe in yolk was 0.77,0.71 and 0.43 mg/kg ( fresh weight basis) ,
respectively. In conclusion, the yolk of fertilized eggs of S. pharaonis has high contents of protein, low
content of fat, various kinds and high contents of amino acids, and lots of PUFA, especially DHA. The
formulated cuttlefish feeds should be high in protein, low in fat and rich in EAA and n-3 polyunsaturated
fatty acids. For example, protein requirement is 76. 33% , Lys requirement is 5. 49% , fat requirement is
12.71% ,DHA requirement is 4. 17% ,EPA requirement is 0. 98% ,and Cu requirement is 0. 19 mg/kg, and
Zn requirement is 2. 77 mg/kg(dry weight basis) .
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