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AR D7 Sl gy £ A A 4 £ R I R AR e
B LR 4 7R J7 B 4y £ A 9 AR % £ I6E A 1RDRE
b PR IR ZH A R 5 A R AR R, AT PR A
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1.1 RR&E5Ha)lLEasE

SCHG A4 R DT B, T 2014 4R S A 21
HIBCE ¥ 13 7K = 1 50 BT e i e M 9 L b iy
2R W e . 4 B 2R 7 N T BB R o
B IR S B O S TR E
20 H %, AR 4 0.9 ~ 1.0 em, SR EIHEK
LA B IR N 15 R/m®,
PEABIE)E , B W P 5 R AR R —f
KBRS BORRAT 2 A5 (4 Sl 1 ML P
N 67.16% +0.65% ,MIEN & &K
7.13% £ 0.37% , K& &K 15. 81% =
0.13% ,n=3; JURMIRAL R ILZE 1), 21 d J5IF
SRR AL . 5 B i IR BADRL (3 BARGE IR B

TG B2 w0 A6 7™ 1) ) e v L A AR TS B ik, T
YA S A E Y 48.82% +0.28%
AR S8R 5. 74% + 0.27% ,HH K53 2>
13.93% +0.05% ,n =3, HPSHHBR AR L3 1) fif
BN, BT K 10 em 4b, 20450, —
MY 10 d J5,95% LA b 1 £ 1 BE 352 il 4 1)
o IG5 2 oK 1R, BIR 30%
1.2 #HE:RESHLE

ARG R AE 4 ) 4 B Ak B £ TE A i R i
Aifh (41 Ay, EEBEE KR L) Yk b4l
1.(45 H%, 294 50% o 3 Z 85 ie A Ak, #
A fa IR EAR B KRS 2 28) ML S %) fa
(57 Hi%,98% L4 L& i & k) 3 4
ai, BORERT LI 24 h, BELLRE SR 0 3 UREURE , BRIK
HURE 30 B4 AE R —DREA, Bl — AP 475 05
A YIRS Iyt IBORE R, S0 53 45 ) T 9 1) £ (X
BRI fE ) R LA AL R
M ARt A fa . TBURE S 00 AR R AR o, AR )5 R
ST BE T -20 CHRIKAER S, A% EHET
TR 80 C VKA P ORAE . SUBR FIAR I IR
S AR SR R TR R, RS RS
(SRILS

®1 BAREXNMESRAMNENREARLSE

Tab.1 Fatty acid composition and content of seawater copepods and compound feed %0
g (BN S He & 1k e iR TERBE R He 5 1R
Fatty acid Seawater copepods Compound feed Fatty acid Seawater copepods Compound feed
C14.0 6.23 3.41 €22:2 0.45 0.40
C15:0 0.72 0.31 C18:3n6 0.38 0.11
C16:0 29.05 15.07 C18:3n3 5.39 3.58
C17:0 0.92 0.43 (€20:3n6 0.17 0.11
C18:0 5.12 4.90 (€20:3n3 0.22 0.32
€20:0 0.22 0.48 (20 :4n6 1.02 0.98
€220 0.27 0.32 C20:5n3(EPA) 10.04 8.78
C€23:0 0.03 0.03 (22:5n3(DPA) 0.70 1.33
Cl16:1 12.90 3.87 (€22:6n3( DHA) 12.75 13.31
C17:1 0.06 0.11 > SFA 42.57 24.95
C18:1n9t 0.16 0.23 > MUFA 19.65 24.47
C18:1n9¢ 5.91 17.30 > PUFA 37.79 50.57
C20:1n9 0.06 0.98 EPA + DHA 22.78 22.08
C€22:1n9 0.26 1.50 > n3PUFA 29.10 27.31
C24:1n9 0.30 0.49 > n6PUFA 1.41 1.09
C18 :2n6t 0.06 0.10 Y SFA/ ¥, UFA 0.74 0.33
C18:2n6¢ 6.21 21.29 > n3PUFA/ ¥ n6PUFA 20.70 25.14
C20:2 0.40 0.29

T n N o, tFR R, ¢ KR, SFA SR FINR R , MUFA Sy BRI AR AR , PUFA S Z R AINRIIER , UFA S A A DR

Note: n is w, tis trans, c is cis, SFA is saturated fatty acids, MUFA is mono-unsaturated fatty acids, PUFA is poly-unsaturated fatty acids, UFA

is unsaturated fatty acids

http: //www. shhydxxb. com



50 (SR T

PN

26 %

1.3 k& BEEFNAERAER N E /7 ik

SR UV R TR0 5 A i v (R 7K 3, #i 8
PR 3k 42 B B, B 7 i 2 Ak A s 248 W GB/
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HLFTAE T (1R) EI’J?WJ%, LR 7 R FP 1 A s 4
P, DA a0 T AR H — 2T 58 8 2% s 07 R A XoF

T, XA Agilent 6890 B AHE TN

1.4 HELEMGIT

T E08E A Mean = SD £ 7R, % i Excel #l
SPSS 17.0 LIE%UE&[E%% JH] Oneway ANOVA
XF 2% R B B BCAH B 22 S b AT O 28 00 i, inBclis
Eﬁﬁ?ﬁ(ﬁ'ﬁﬂtﬁﬁfiﬁ%@zﬁ%?ﬁ%ﬁﬁiﬂﬁﬁ%
4387 3 Al Duncan [GEAEZE AL, LA P <0.05

R,
R E AT
C,=W/L> x10° (1)
RL: (le_Ln) / ( t2_t]) (2)
x2

Ry= (Wo= W,) 7/ (t,-1y) (3)
e Cp MNEWEEL ;L WA (mm) 5 WO A 5
()R, HAK HIHKE (mm/d) 5 Ry JART
HHEPERE (g/d) 50, 00, HARBTHE () o

2SR5

2.1 YL RTEP 4 &g KRR E

S TR il 4 £ 7R Y AL B BT Rk
R BN BN (P <0.05) AR K H
PP ARFFAE 1.16 ~ 1. 51 mm/d( 3 2) ; JifkH
AR A R X 0 (R B e B IC & A RHE L 40
R PRE TN E (P <0.05) , HAREE H B K
WP Ay 0. 04 g/d HEHN%] 0.26 ¢/d (3£ 2) .
2l fa O S TG FE A 9L i (10.02) & F (P <0.05)
Py (5. 43) FgIeE R (6.00) , 7EIIL %)
A NS T B (5. 43) , WAk 4l 0 A9 NIE 6 12 A
R E (6.00,P <0.05,K 1),

HERAEHHENLEASEERNEK
Tab.2 The growth of tawny puffer ( Takifugu flavidus) juvenile during the bait conversion period

n=90

EiELN

Indicator

H #%/d Day old

A4/ mm Body length

1S5 /g Body weight

R H#3K/ (mm/d) Mean daily growth of body length
PR JF e H ¥38/ (g/d) Mean daily growth of body weight

YR Pt Yiess
Before the domestication During the domestication ~ After the domestication
41 45 57
20.62 +1.73* 26.64 £1.79" 40.57 £3.56°¢
0.88 £0.25° 1.03 £0.24° 4.10 +1.24°
1.51 1.16
0.04 0.26

T R BN PR AR R 22 5+ 2.3 (P <0.05)

Note: Mean values within a line followed by different letters were significantly different (P <0.05)

12
a
10 T
g 8
X3 b
i g 6 M
§
B g4
o
2
YikAET ik Yitks
before the during the afterthe
domestication domestication  domestication

Bil4k.Br BX Domestication period
B1 HEFRA#HGSHENLEASSERNERETW

Fig. 1 Changes of condition factor of tawny puffer
( Takifugu flavidus) juvenile during

the bait conversion period (n =3)
BAR/ING F BRI {E #7825 5 1.3 (P <0.05)

Mean values followed by different letters were significantly different

(P<0.05)
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®3 FERFAHHSIUEIEIRIAINEESE
Tab.3 The moisture and total lipid content of tawny puffer ( Takifugu flavidus)

juvenile during the bait conversion period n=3
iR YA Hif Bt YifkfE
Indicator Before the domestication ~ During the domestication ~ After the domestication
7K43/ % Moisture (L H ) 86.00 +0.35* 84.17 £0.25" 77.21 +£0.44¢
NEWi/ % Total lipid (3 ) 9.47 +0.01* 9.17 £0.42" 9.50 £0.02°

T : [FAT AR NG PR R OR 22 5+ 2.3 (P <0.05)

Note: Mean values within a line followed by different letters were significantly different (P <0.05)

2.3.1  BAIRIIR | 43 & wE AR fk

G IR Ty 4y 0 P Ak 5% Bt R A B B
C16:0 5 2R E 2 & ¥ i (21.26% ~
23.81% ) , HYIMLRT 5 & B Be 2 [ A 8%
Z5(P>0.05,3%4), ghfafeyifbis &ne 4 im
Bl i, C18.0 W E & & T (P <0.05) ,
a4 fay C18:0 H 43 % i (10.33% ) K T
(P< 0. 05) 9l 4k &7 (15. 96% ) 1 Y| 4k
(14.46% ) ,9I{LrTFI AL ) C18:0 FH 4 &
WHRBEZES(P>0.05,%4), MEYILEE
A, 4 C16:1 | p &g EFH(P <0.05) , 3k
B C16:1 7 7% £ (6.39% ) ik T (P <0.05)
YMLIEH(9.25% , % 4) . C18:1n9¢ 7E4) L HI{L
HEAMBM S ERFS  EYMLHTH C18:1n9¢
oSS =, Yie P A YL JE By C18: 1n9¢
B HESS =, Y C18: 1n9¢ H 4y & 1t bl
FHYHF gt ETH(P <0.05) , Y4k A1 911k
W) i (430 R 14.63% F11116.76% )T (P <
0.05) YL (23.42% ,F2 4) .

S5 AR 7 Bl 9k B B C A DR R fE, €22
6n3 (DHA) I E 73 & Sfed HEF & (11.95% ~
13.05% ) , {HF# 91k g S AR (P > 0. 05) (5%
4);C20:503 (EPA) H 73 & S AE YL g s T %
(P>0.05) {HYIfb)5 XmgH FTH(P>0.05) , H
SRAEYALET . LS S B Bz T 2 AR
(P>0.05,%4);C22:503 (DPA) H 44 S KE Y
FEFEAR (P < 0.05), YI4L FI ) C22:5n3 (DPA)
(6.28% )T (P <0.05) Ylfk (5. 18% ) Fn Y|
fbJ5 (4.73% ,3% 4) . DHA + EPA [ 4> % R 7E
gl BT (P >0.05) HYIfE S
MHEA EFH(P >0.05) , H mAEYIMLAET P 5
HBZ TR EZM(P>0.05)

2.3.2 SFA MUFA 1 PUFA H /& & i2s 4k

518 2R 7 Bl £ YAk e A A R R S B

IDTRRZE ) SFA 1Y Lb 5] 75 9 Ak Hi 5 A X AR
(38.13% ~42.52% ) , YIHLHET P SIS B Bez
1] SFA By LL B W 22 5% (P >0.05,58 4);
MUFA 1 L 5] B 9 Ak 2F 72 2 90 B A #a % (P <
0.05) ,BUEM 23.74% L F+5|34.64% (% 4);
{3 PUFA 1 b B 910 2 BT B34 (P <
0.05) ,K{H M 34. 12% FRE5] 27.23% (3 4),
SR A X n3PUFA EL 5] Bl 91 10t 2 3R B
(P <0.05) , BB 29.00% F[4%22.90% ;
Ti5k, Wik 4 f i X n6PUFA LL ] (4. 59% ) 5
F(P<0.05) YIfki(3.89% , % 4) .
2.3.3 Y SFA/Y UFA 1 ¥ n3PUFA/ Y n6PUFA
b3 1281k

BT AR 7 i 4y £ 9 Ak ) R B 6 RN R DT R
SR 7 R 1 b3 ( X SFA/ X UFA) B9k
EIn” B RLES AE 4L (P >0.05), e (H
(0.98) HIAEYIL H (HIIfLTT 5 X SFA/
SUFA A B EZER(P>0.05), YLHET H )5
) 3, n3PUFA/ ¥ n6PUFA [, (5.70% ~6.84% )
WA BF2ES(P>0.05), 4k X n3PUFA/ X
n6PUFA HK(5.70% ) 5 R F R (P >0.05, 3%
4)

3 Phe
3. FEFRAHEYLER SRR ER. K
NMAESETN

LR B, 2 B R KA
PR A B CT I A TR AR 2 LR
PR R, Y B R b &)y ] RE R K Y
s ) A 2 S 8 T 2 T B A, X 0 A 3 4T
A — Bt ] A LI, < 21 4l 8 > 5T R e 45 1
B AR R 2 UM TEAR DTS P, 3 B AT
fifi )y £ 7 9 A B 3o AR P R R A B R AT AT B
BRI S PRI R R P ieoe - 9 - LWERTIE ) ER i)
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BFTE s R —8T

IS 2 4 o e £ 288 e 2 B R AR A
DL, ASWTTE R, 44 4 2R T i 91 A i 4 £ 4 A 6 15
FEH R (10.02)  fEPIALH R AR (5. 43) , JIfL )5 HE
AT A e E TR (6.00) , BT 45 R Bk A
T YIRS £ R AR LERRE R B8 Y BE R A AT 5

IR YRR R v 4 IS I R 2R T R, AT
L HE RIS RS, Al A IR AR

W& DML B C £ TR, 49 3R il 4 1 4
A ERE K o R R R Y R R T
i, A i gt R BUIR 5 i B AE I A
A AR, (ELE AR AR AN 3 nT RE 4 A 45k
BRCE ARG, A LA R B Y
I, EAILPY BENEE 52, X Wi, 4 ik f i
ARG B P — MR R T, T S RE
5 UK BE I HRR I 54

x4 HEARAHYLA. P BHENEHRARRIE(n=3, %)
Tab.4 Fatty acid composition and content of tawny puffer ( Takifugu flavidus)
juvenile before, during, and after the domestication (n =3, %)

RE TR L Eeain) Bk ks
Fatty acid Before the domestication During the domestication After the domestication
Cl14.0 1.95 +0.56% 2.32£0.11% 2.83 £0.28"
C15:0 0.81 £0.04% 0.67 £0.04" 0.26 £0.04¢
C16:0 21.26 +1.71° 23.10 +1.03° 23.81+1.39 a
C17:0 1.18 0. 142 1.04 £0.13° 0.34 £0.06"
C18:0 15.96 +2.34* 14.46 £0.91° 10.33 +1.84"
€200 0.51 £0.04* 0.46 £0.02* 0.29 £0.02"
€22:0 0.38 0. 04* 0.32 £0.03" 0.18 £0.02¢
€230 0.09 £0.02* 0.98 £0.08" 0.09 £0.01*
Cl16:1 6.39 +1.48" 6.98 £1.15% 9.25 +1.05"
C17:1 0.41 £0.05 a 0.36 £0.02¢ 0.39 £0.21°
C18:1n9t 0.54 £0.07* 0.48 £0.04* 0.24 +0.01"
C18:1n9¢ 14.63 +1.43* 16.76 +1.40° 23.42 +1.58"
€20:1n9 0.43 £0.10* 0.51 £0.07* 0.72 £0.11"
€22:1n9 1.02+0.04 a 0.79 £0.05" 0.19 £0.02¢
C24:1n9 0.30 £0.08 a 0.35 £0.02% 0.45 £0.02"
C18 :2n6t 0.65 £0.02* 0.50 £0.05" 0.14 £0.04¢
C18 :2n6¢ 1.35 +0.25° 1.87 £0.54% 2.47 £0.05"
€20:2 0.77 £0.16* 0.66 £0.09* 0.36 £0.07"
222 0.10 £0.01° 0.08 £0.01° 0.07 £0.03*
C18:3n6 0.08 £0.01* 0.07 £0.01* 0.07 £0.00*
C18:3n3 3.66 +0. 84* 3.26 +1.13° 0.96 +0.23"
€20:3n6 0.14 £0.05® 0.12 £0.01° 0.13 £0.01°
€20:3n3 0.48 £0.44* 0.56 £0.02* 0.18 £0.04*
€20 :4n6 2.04 +0.24% 2.04 £0.10® 1.09 +0.17°
€20:5n3 (EPA) 5.53 £0.78* 4.83 £0.29* 5.08 £0.58*
(22:5n3(DPA) 6.28 +0.56% 5.18 +0.19" 4.73 £0.37"
(22 :6n3(DHA) 13.05 +1.53° 12.09 +0.58* 11.95 +0.80°
Y SFA 42.14 +£3.59° 42.52 £1.97° 38.13 +3.17°
Y MUFA 23.74 +3.00° 26.23 +2.52° 34.64 +2.55"
Y PUFA 34.12 +1.20° 31.25+0.97" 27.23 +1.47°
EPA + DHA 18.58 +0.79* 16.92 +0.44* 17.03 +1.18°
3 n3PUFA 29.00 +1.23° 25.92 +1.34" 22.90 +1.48°
3 n6PUFA 4.25 +0.10% 4.59 +£0. 46" 3.89 +0. 18"
Y SFA/ Y, UFA 0.74 £0.13® 0.98 £0.05* 0.62 £0.09*
3 n3PUFA/ 3 n6PUFA 6.84 +0.44% 5.70 £0. 85" 5.80 0. 65"

T 0 o, t R, ¢ FRME, SFA RIS HIAR , MUFA S SR FIIR IR , PUFA S Z A FIIEHTIR , UFA A AR RIS TR ; 1R 47

FHA R NG FREE IR 22 5 B3 (P <0.05)

Note: n is w, tis trans, c is cis, SFA is saturated fatty acids, MUFA is mono-unsaturated fatty acids, PUFA is poly-unsaturated fatty acids, UFA

is unsaturated fatty acids; Mean values within a line followed by different letters were significantly different (P <0.05)
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3.2 HEFRFEHEENEHBRARSERDY
X&R

B TR R 2R % V) 8 R E HAR Y
MeWiRRLLIR " o FEAWEIE 45 8 245 07 il 4y ta 9|
Pl E T 3 B AT i K e R 2, WIS
B5 F R B A R, 7690 ki # r,
AT s X L SR R R i 4l a4
AT T 40 5 B 1 R 2 A A o (3R 1 Rk
4) BT R C18.1n9¢ Fil C18:2n6¢ H 43
(K 5. 91% F1 6. 21% ) AKX T e 4 1 K
(4353149 17.30% F1 21.29% ) , HA 3, 3£ A% /2
K4l fa C18:1n9¢ Al C18:2n6¢ H 437 & (437
H14.63% F11.35% ) B F AR TR BB B A RS
(A5 R 23.42% F1 2. 47% ) o X ] LAE H
B4 C18:1n9¢ Ml C18:2n6¢ i LY, 4
MR, AR N C18:1n9¢ il C18:
2n6c FHABAINT R, S EH I A G B R 2R
B9 i C16:0 A1 C16:1 H 4 & (435 K
29.05% 1 12.90% ) & F Bl Ak (435K 15.
07% F13.87% ) ,AEYIAL L FE v, 46 8 A< Uy fifi 4)) £
TR C16:0 FH 4S5 7E 21.26% ~23.81% , H.
WA BE R, AR LY A Cl6:1 Fr
i (6.39% ) W EAL T HE LA RS 19 (9.
25% ) o IXAWFTLAE ), MR C16:0 F1 C16:
1 H o & S E IR 48 5 7R 7 4 fa fk
(R E o S A MO B BT R 6
Vb, 44 B AR il )y fh A PN g 05 7R 2H B 5 AR 43
A B A, (BN I 4 % 11, 004 9 I 07 TR 4 g
SR SCAh i85 HAE AF A B R0 A K SR
IR,

AR, NA & = EE Lok FE,
BB TRk C18 :2n6¢ & &4l (21.29% ) ,{H
B AT At B B S, RPN Y C18:2n6¢
HAEHAR(2.47% ) 55 8 7R 7 i 4yt RN T 2t %
(1) C18 :2n6c, 5 Bigh fa it S i & kS, K
(1) C18 :2n6¢ & A PRI, 13X 3 B T Dk} ) IR
o MR, BE &R R Cl6: 1 & 5 4 HIAK
(3.87% ) fH2 B R T i g ik & )5, RN
Cl16:1 & & B WK & (H (9. 25% ), Al LLF
C16: 1 752 A A 197 R % Ak 3o >k , ELAg 7 iR 1Y
AL TR BN FERE W) T, X 45 5 3 LG A5 TR
“OKAR IR o R, B A B AR 4 fa
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The changes in growth and fatty acid composition of tawny puffer ( Takifugu
flavidus ) juvenile during the bait conversion period

SHI Yonghai, XIE Yongde, LIU Yongshi, ZHANG Haiming, ZHANG Zongfeng
(Shanghai Fisheries Research Institute, Shanghai 200433, China)

Abstract: In order to understand the the nutritional requirement of juvenile tawny puffer ( Takifugu flavidus)
during the bait conversion period, the growth, body lipid content and its fatty acid composition of tawny puffer
juvenile before, during, and after the domestication were detected and analyzed by biochemical analysis
methods. The results show that the phenomenon of body weight compensatory growth of tawny puffer juvenile
has been found after the domestication; the highest condition factor of juvenile was found before the
domestication (10. 02 ), the lowest condition factor was found during the domestication (5.43), and it
increased significantly after the domestication (6. 00). The dry matter contents of tawny puffer juvenile
increased significantly after the domestication. 8 saturated fatty acids (SFA), 7 mono-unsaturated fatty acids
(MUFA), and 12 poly-unsaturated fatty acids ( PUFA) were found in the dry sample before, during, and
after the domestication. From the percent content, during the bait conversion period, the C16:0 content of
tawny puffer juvenile was the highest and stable (21.26% - 23.81% ), the C18:0 content decreased
significantly, and the C16;1 and C18:1n9¢c contents increased significantly; the C22.6n3 (DHA) content
was rich (11.95% -13.05% ) ,it decreased faintly during the bait conversion period;the C20:5n3 ( EPA)
percent content of juvenile decreased faintly during the domestication, and increased faintly after the
domestication ; the C22:5n3 ( DPA) percent content decreased significantly during the bait conversion period.
During the bait conversion period of tawny puffer juvenile, the SFA was relatively stable (38. 13% -
42.52% ) ,the MUFA increased significantly, however, PUFA decreased significantly, especially 3, n3PUFA.
And more notably, the C18:2n6c¢ percent content of the compound feed was particularly high (21.29% ),
however, the C18;2n6¢ content of juvenile fed with compound feed was very low (2.47% ) ;On the contrary,
the C16:1 percent content of the compound feed was particularly low (3.87% ) ,however, the C16:1 content
of juvenile fed with compound feed was very high (9.25% ). Therefore, tawny puffer juvenile had a higher
demand for n3PUFA (especially DHA and EPA) , but didnt need too much C18:2n6c, and part of the C16;
1 in juvenile body was from transformation of other nutrients. In order to improve the survival rate of tawny
puffer juvenile during the bait conversion period, it is suggested that; 1) Before the domestication of tawny
puffer juvenile, enhancing live bait, especially seawater copepods enriched with n3PUFA ;2 ) Increasing the
additive amount of DHA and EPA, reducing the proportion of C18:2n6¢, and increasing the proportion of
C16:1, in the compound feed of tawny puffer juvenile during the bait conversion period.

Key words: tawny puffer ( Takifugu flavidus) ; juvenile; bait conversion; growth; fatty acid
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