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LE. e, RENMEEEREam
TEER A ELh A K IERE . HEEXENIBIRIR I

o' RHEEFY %EE' Iyp!
Kk EAMT EEg’

(1. "PEKRIEEE R AT H8 266071; 2. R RYK™ 5L EiF 201306)

WE KL E AR E(Gradlaria verrucosa) . i % (Enteromorpha prolifera), # j& fu 1 i £
R 2 49 3t 41 88 7R 07 # (Takifugu rubripes)4h & 4 K PE 68 . ifn 7 A0 AT I 4 (LA A fn iR 4 R B % v . 5236
HEFIR 6 FER . FAAE, A a0 60%5 XA 1 F1 45% &0 x4 2, 254 10%K5
TH. HE, BE, WESHNEAREASREERTEA 1 HEF 0% 2, HRWHEEY
(17.33£0.55) g W4T ¥ A rbsh & 56 do AR T, DB LA T EKFSCGREER THM 5 4
(P<0.05), &4 SGR B EFH T H4 2 il A (P<0.05), G 1 fEEHLEEER
(P>0.05); *t A 1 ik & 4147 £ 3% % (FER) 2 3 & T X B 41 2 A0 H #(P<0.05), 5L & M4 T
B £ 7(P>0.05); dE4 1 WELGRAREPPV)FEL T EXPER)E 25 TAEE 2 mEiE
4(P<0.05), 5L #E . WL MEELL L EZ 7 (P>0.05), 2)% 40w & fo it i o A 7 % 2 8 (GPT)
5 4 F B (GOT) W M3 & B % 2 7 (P>0.05). 4 41 17 7 — B (MDA) 4 & fn 8 & 1L 4 3 b B
(SOD)J&E M T & # % F(P>0.05). 3)HEA &K E A 48D EE THEEHP<0.05), SxHEA
1, XEB4 2, IEMFLELEEZRP>0.05); FEREEHAKMEENCERZFS TAEYA 2
(P<0.05), StHE4 1, LEMEELLREEZFP>0.05. 46%EF, ¥ 10%LE., HE., EifM
HESHMEGREARRRAEF 30% N &Mt R sy aEKkMETTRY R, - HH
EHUREREOER TN EKER,
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ANRFING TR | W 2 FE R A X B S A i — Lk
Wy, AT DA 7 Rl AR AR 8 1 BT R R AR o BT 3
ME IR Z (B T4, 2006, 22 AJE4E, 2009).

41 4% 7% J7 fifi (Takifugu rubripes) & H B & %1 &
SRR —, HaREsE, ERFEE, BAm
L ARIEN RS, ARSI AT E . L8R )T
0 28 1 BT B R R, ARG R I, 2LEE AR Dy fif
Sl R R A A SR AE 40%~50% (Kim et al, 2009;
EIE, 2008) ., HRTLLEE 7R 7 il i) N TIRIEFCR E 48
FU ARG, EX 2166 7R fili 8 5 5 SR RN BC A e A A
GEUE I, W o S AR 1) & FHRC A iDL R 2R ) fid
PRl KOG, AR ST LR LAY 2 BRI TR
[ VT & (Gracilaria verrucosa) . T # (Enteromorpha
prolifera)] 1 2 Ff Tl T BAH (VT i HOHS 8 e I )
. R AR AR A R IR S ) TR ) S A ) AR
e TR A AT ) 2 B A 21 8 2R fili &)y £ A ) v
BBy, PRITH XS LG AR Dy il gy f AR KCMERE L VS
WA= fb 4 b AR B 52 e, DAIA ki3 B2 Tl
T AR 216 AR T i ARk v 0 1 R S

1 #REFE
1.1 LBER

SCEG LR 6 FPAEA . ARSI RRL, DL
W 60% R IRZH 1 FIE 45%fps Ty bt IREH 2, 439 LA
10%VLES | WhE | i (T 4R IR S IS I 0 A2 )
PV (i e T A AR R s 1) P2 T ) 5 A ) 1 o
B A Ja B AR AR X RE AL 1 30% 1 Fks o T JRURLEY
it 80 HIfM , el FraE, BHIRS), SRIFm
RS, I 30% K FE45T, HEIRIAILE B B4R R
2 mm fEURLERE, SSTCEXNTHE 12 h J5E F-20C
WHERAE o VIS . WREy . P IA R VA 1) B 93 Ay
DL 1, SEERERZE B SR KO WLER 2, SEE kL
RILFRA I 3.

x1 IE. TE. BENEENENEFRRS
(THBLEERL, %)
Tab.1 Proximate nutritional components of G. verrucosa,
E. prolifera, algae residue and fungi residue (DM basis, %)
. Algae  Fungi
Items G.verrucosa E. prolifera : .
residue residue
HLE PR . 18.25 8.47 17.30 23.10
Crude protein
N B
LT 0.49 0.76 0.50 0.33
Crude lipid
LK Ash 25.42 27.65 23.13 24.81

1.2 HFEE

FRFH S I A L AR A AR £ T R R K A BR S A
AT, SE6 T F 21 88 ARyt 4y £ [ 110 2R 48 ¥ BH T 00
IR BN T o SIS (8 6T R 4 ) 77
7 d, {EHIE N FRIEIA S AR KN L R, SR
KA, B KI5, KN A R
K, KR 14~25°C, WHEMRE R 5.5 mg/L 247, i
FER 35 /4, pH M 7.5~8.0,

SLHGIF AR E 24 h, SRJ5 BEMLIEBUEEE | MUK
— ML EEAR g, WA IR hy(17.33+£0.55) g,
BEHLZMBC S 18 ST 1501 AR SR FEAR T , B4
B 25 o ¥4 18 AN FRFAMRBENL Yy 6 41, Fp4l
3ANFREEME, ARABEHLAEME 1| FPSC g iRk, SRS
WA R | A R 3 1k, B 0.5 h
Je X REAAR I B T, AR R 100 RLERDEH -3
Fiat, THESRI R, FRAE 28 d JE IRAEARHE N 500 L
KAG, HARBA &R AT LRI A 2017 4
8 H~2017 4F 10 H, F#FHAMIE 56 d,

1.3 HEmEES5HH

SCEG T AR HTREALEL 20 4188 43y fili 4y fra 4 A 4
W, FHFHEEIRB . LWESHR)E, YLk
24 h, XEARASEATIIEC, PRE . AEARBEALE 3 B,
RGO, M 1% RbiEe, 4CHE 4 h 5
3500 r/min &.0> 10 min, B EZEME, B TRA PG
FE 5 RIS 0 fFR IS AR, i 43 25 3 0k TR
JEREIFAREE, THRAACWERE . R L RIEAA LE , BRI
BT WA AT . TR BEALEL 3 B TR RS 4
Bro

TRl A A H S TR A 93 TS % AOAC(1995)
M7k o, JKAr SR E R A 105 CHET 2 H &
%, R 0T 0 SR R L EC E 05 (VELP PILIGE
A4, UDK-142 Automatic Distillation Unit, 7 K#]),
FERE 7 25 1200 5 SR R QAR LA il kAR Ry 4
W (SOXTEC2050 FOSS REMil AL, Fi), FH K5
B R 3 (550°C)KkE 6 h TS,

JF U o 52 7 5 TR ifF (ACP) . Wik W R T (AKCP)
BRI E(GOT) . A N5 ZE(GPT) . % 14 i (LZM)
T A K I i v A Ak ) B AL i (SOD) . ACP . AKP,
GOT. GPT. LZM J& AT —E(MDA) & & #°R
T A A ) TR T A R A T

)b Z SRR 41 A I E 2% GB/T 18246-2000
7k, (I L-8900 4 [ 3h & &R 4317 X (Hitachi,
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Tab.2 Formula and nutrient composition of experimental diets (DM basis, %)

1% Groups

EES X AL 1 X R4 2 T WE b [Epic
Control 1 Control 2 G.verrucosa E. prolifera  Algae residue Fungi residue
JEBl Ingredients
fa ) Fish meal 60.00 45.00 30.00 30.00 30.00 30.00
VI G. verrucosa 10.00
W& E. prolifera 10.00
¥ Algae residue 10.00
B Fungi residue 10.00
AWk Wheat gluten 1.00 9.00 16.00 16.00 15.00 15.00
EKEAK Corn gluten meal 2.00 5.00 9.00 9.00 9.00 9.00
TZHI Soybean meal 2.00 8.00 15.00 15.00 15.00 15.00
/NFEHS Wheat meal 26.30 23.30 9.30 9.30 10.30 10.30
Wille Phospholipid 1.00 1.00 1.00 1.00 1.00 1.00
B Choline 1.00 1.00 1.00 1.00 1.00 1.00
031 Fish oil 4.00 5.00 6.00 6.00 6.00 6.00
Wi — &% Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50 1.50
4k R TURK Vitamin premix’ 0.20 0.20 0.20 0.20 0.20 0.20
B R R Mineral premix? 0.50 0.50 0.50 0.50 0.50 0.50
44 & C Vitamin C 0.50 0.50 0.50 0.50 0.50 0.50
41t Total 100.00 100.00 100.00 100.00 100.00 100.00
%?%QHEE Zi)lﬁ:;)f)l:tlon
HLEE 1 Crude protein 51.04 50.72 51.38 51.54 51.67 52.32
HLIEN Crude lipid 9.92 9.66 10.28 10.05 9.46 9.51
K4y Ash 10.40 12.70 13.77 10.35 10.59 11.31

I fAZBEY(mg/g IBEY): BilkE, 2.5mg; BEE, 45mg; MW E, 2mg; 4i2E% By, 0.01 mg; 4k
HEFEK;, 1 mg; WIEE, 80 mg; iZHR, 6 mg; MR, 20 mg; MR, 2 mg; AR, 0.12 mg; 4EERK A, 32 mg; 44K D,
0.5mg; #/EKE, 12mg; WK 867 mg; 2.0 YR G Y (me/e IREY): AL, 0.2 mg; MULER, 0.08 mg; Sfb4G, 5mg;
TR, 1 mg; GRFREE, 8 mg; BRMREE, Smg; BREREE, 120 mg; BAMR 45, 300 mg; Sfb#N, 10 mg; WEAHK, 551 mg

1. Vitamin premix (mg/g premix): thiamine 2.5 mg, riboflavin 4.5 mg, pyridoxine 2 mg, vitamin B, 0.01 mg, menadione
1 mg, inositol 80 mg, pantothenate 6 mg, tocopherol acetate 20 mg, folic acid 2 mg, biotin 0.12 mg, vitamin A 3.2 mg, vitamin D
0.5 mg, vitamin E 12 mg, wheat flour 867 mg; 2. Mineral premix (mg/g premix): NaF 0.2 mg; KI 0.08 mg; CoCl, 6H,0 5 mg;
CuSO4-5H,0 1 mg; FeSO, 7H,0 8 mg; ZnSO4 7H,O 5 mg; MnSO,-4H,0 120 mg; Ca(H,PO,4),-H,O 300 mg; NaCl 10 mg;
Mordenzeo 551 mg

FAORIRE . Kol T AR O RS T U EMR 8 R WIA IR B B DR T

T IR AR BRI 1Y) 5 2, €0 2R IR R /K A e DR T oA 1 T LU (Protein productive value, PPV,
LRl %)=100xfa /A FE H F TR /DR 1 A =
1.4 HEAR M B3R (Protein efficiency ratio, PER)=(4K

PRE WA PR )L I I AR

G R (S lrate, SR, %)=100xZK 11 %/
(Survivalrate " JFA& H (Hepatosomatic index, HIS, %)=100x i

Wb R AL
BEEr R (Feed intake, FI, %/dy=100<Erips  B/ME;

T[S0 TR (0 B P B+ R R )2 JIEAA He (Viscerosomatic index, VSI, %)=100x P4 I
¥ 8 42 K % (Special growth rate, SGR, %/d)= GAlEEEENGER

100x(In AR T —In I UR AR /S0 50 KR AL JIE 36 i (Condition factor, CF)=100x{4 & /{& K 3

TR (Feed efficiency ratio, FER)=(Z AR~ (RFEANL: g3 HENAL: cm).
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Tab.3 Amino acid composition of experimental diets (DM basis, %)

205 Groups

55 FLin
CAER WA T AE4l2 T W it Tt
Control 1 Control 2 G.verrucosa E. prolifera Algae residue Fungi residue
Wit B HER EAA

INEER Thr 1.91 1.75 1.73 1.42 1.52 1.53
MR Val 2.13 2.06 1.99 1.98 1.98 1.96
EAR Met 1.16 1.19 0.96 0.74 1.05 1.31
RELER lle 1.84 1.81 1.77 1.59 1.72 1.70
SERR Leu 3.43 3.51 3.75 3.44 3.55 3.49
KINETR Phe 2.27 2.13 2.29 3.39 2.93 2.84
MR Lys 3.19 2.64 2.28 2.34 2.15 2.15
HE MR His 1.14 1.26 1.12 1.02 1.02 1.03
K& Arg 2.44 2.20 2.19 1.99 1.96 1.98
BT AR SEAA 19.52 18.55 18.08 17.91 17.88 18.00

e AL NEAA
KRARIR Asp 3.92 3.55 3.50 2.66 3.05 3.05
2258 Ser 1.85 1.91 2.10 1.76 1.84 1.86
HAMR Glu 7.32 8.87 8.51 8.68 9.06 8.96
HZAMR Gly 2.26 2.08 1.99 1.94 1.92 2.00
AR Ala 2.77 2.49 2.30 2.09 2.13 2.12
LR Cys 0.38 0.62 0.60 0.58 0.70 0.47
B R Tyr 1.60 1.60 1.64 2.00 1.79 1.82
& 82 Pro 5.73 7.00 8.33 6.80 7.13 7.19
4 HEIR Tau 0.42 0.31 0.34 0.33 0.31 0.37
BAENTH A INEAA 26.24 28.53 29.32 26.84 27.94 27.84
AR/ TEAA/ENEAA 0.75 0.66 0.62 0.67 0.64 0.65

RAEL TR A IR

R IR 1, 45% Mk X R4l 2. VIE . il
I L (P<0.05), W4 3 = T X IR AL 2 FIvEeg
ZH(P<0.05), xR 1 HAAEBAH LR FHER
(P>0.05); X HAZL 2 Fnp e 0 ARl b0 1 3R W 2 s Tt
TR 1 FIVTE 41(P<0.05), SHF& fsEilgl e i &%
5(P>0.05); XFHRAL 1. WF & AR R0R W Xt
HAZH 2 FITAEE (P<0.05), SYLEMBEA T % ER
(P>0.05); XFREZH 1 Ay 8 1 BTDTR AR R 1 AR
FE TN IR 2 B L4(P<0.05), ST . &M

1.5 HIEZRITSH

SRR F SPSS 17.0 Ak Ab#E, SR H
E 5 2531 (One-way ANOVA)EE P IEAT 5 2408, 45
FATE %22 5 (P<0.05), WISRA] Duncan [KiLiEfT41MH]
MZE LA, GRS BIEHARME R (MeantSE) RN

2 R

21 IE. BE. RENEAEERENTLERS

fli%h & KRR

TLEE . RS . A R DR A Ay o) A1 B AR B
gt A K AERERY AN R 4 BT o 45414088 45 fili 4y
AT BT 80%~90% , e 1t 20 i 2 1w T B 4 2
(P<0.05), X84 1, VI8 . WrEMEEa %
Z 5 (P>0.05); W& 4 SGR ki, BERTH 60%

P 2H TG i 2 25 5(P>0.05),

PR AR L 3 s TR AL 1. X4 2, YT
BRI A 2H (P<0.05), 515 40 W3 22 7 (P>0.05);
BT L AR L 2 s T X IR 2(P<0.05), SXTHRAL
1, VL WS AR 410 3 22 7 (P>0.05); #5411
JIES it B TG ik 2 2% 5% (P>0..05)
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Tab.4 Effects of fish meal replacement by G. verrucosa, E. prolifera, algae residue
and fungi residue on the growth performance and physical parameters of juvenile tiger puffer

205 Groups

E;ES XFHEZE 1 X R4 2 T e i i
Control 1 Control 2 G. verrucosa E. prolifera  Algae residue  Fungi residue
7153 SR(%) 85.33+3.53%"  80.00+2.31°  81.33+2.67%  85.33%3.53"  90.67+£1.33"  89.33+2.67"
A KR SGR(%/d) 1.96+0.07% 1.88+0.07° 1.91£0.03° 2.20+0.02° 2.08+0.01° 1.98+0.05%
FEER FI(%/d) 1.89:+0.06° 2.14+0.02° 1.95+0.07% 2.08+0.03®  2.07+0.03% 2.14+0.05°
TABHL % FER 0.93+0.01° 0.80+0.03° 0.88+0.04  0.93+0.01° 0.89+0.02%° 0.83+0.03%
B HFRUTER PPV(%) 28.04£0.20°  24.69+0.87°  26.33+1.32°  26.96+0.30°°  25.34+0.40°  24.89+1.47°
FEH MR PER 1.85+0.02° 1.64+0.06" 1.72+0.09"  1.80+0.02% 1.73£0.03*°  1.59+0.07°
JFA L HSI(%) 9.30+0.41° 9.15+0.52° 9.32+0.58°  10.26£0.54  11.19+0.55° 9.51+0.56"
MEAR L VSI(%) 18.65£0.65"  17.73£0.72°  18.98+0.46™  19.51+0.57®  20.25+0.66°  19.23+0.54%
HEW B CF 3.71£0.13 3.65+0.12 3.55+0.11 3.82+0.10 3.84+0.08 3.76+0.25

e FATEEE R bR E RS R P R R 2 B AN B (P>0.05), ARFHRFEREREFHP<0.05), A

Note: In the same row, values with no letter or the same superscripts mean no significant difference (P>0.05), while with
different superscripts mean significant difference (P<0.05), the same as below

22 IE. BE. RENEAEERENTLERS
il % £ 1fn 37 F0 B BE A 4L HE AR Y 220

VLB | WRE . B I R TR R A Ay o &1 6 2R i
MG FUFNE S GPT il GOT &R 2 5 frs .
B MEEFAFAEF GPT Ml GOT JEMEL LB #2557
(P>0.05).

TLEE | WFES L R TR AR Ry o) 4T 8 R
1 A0 10 375 0T A 4 S A 28 B AR AR FE A 10 5% i)
W 6 Fim. XA 1 Mg ACP 5 8 35 T X g
20 2 FIiF & 41 (P<0.05), SYLE . e AR i 41 0
H 2 5(P>0.05); TLE Al 4l i AKP 36 M B 3%
TXFHRLL 1, XFHRYL 2 FIE 40 (P<0.05), SHF &4
Tl 22 5 (P>0.05) ;W & 4L L7 V% T Ol 0 1 0 = s

TFITEH(P<0.05), SXFHEZE 1, XA 2 J i Fl
B TC W 2 5 (P>0.05); £ 4LIMiE T MDA & it il
SOD & PE 4 JC i 3% 22 5 (P>0.05).

HFIE ACP 354 TG 1. 3% 25 5 (P>0.05) ; XJ HR4H
2 FIE# AN E AKP 35 M B & & T X4 1
(P<0.05), HVLE . WrHEMBEBEHTEH 2R
(P>0.05); X HEZH 2 FNT 35 20 ok 1 il 0% M S 3 0
FXFHRA 1, #E MR E41(P<0.05), SiF&E4lR
F 22 5(P>0.05),

23 I8, %8, RENHEEREMNALERS
fili 4 £ {4 26 AL B 55T
VIS R | R T A AR X £ AR Dy i
4y AL SN AN 7 TR o & 2R AR K 5

x5 1B WE. EENEATEREMILERS LA MFERMFEES GPT A GOT &SN
Tab.5 Effects of fish meal replacement by G. verrucosa, E. prolifera, algae residue and
fungi residue on GPT and GOT activities in serum and liver of juvenile tiger puffer
#4151 Groups
it
Items XHHREH 1 X HRZH 2 TLE W B R
Control 1 Control 2 G.verrucosa  E. prolifera  Algae residue  Fungi residue
L3 Serum
KN R B GPT(U/L) 26.75+4.26 21.16+5.96 24.97+4.29 19.95+4.04 25.62+5.95 31.56+0.54
REEE B GOT(U/L) 13.57+2.09 11.83+3.37 12.62+2.02 12.58+3.40 11.42+2.59 19.09+1.24
HFHE Liver
RN GPT(U/g prot)  48.15+1.36 51.0245.24 40.08+3.53 42.82+2.01 45.23+4.41 43.28+5.23
RHE R GOT(U/g prot)  48.45+3.48 47.22+1.55 48.24+4.22 47.10+3.93 46.57+0.95 41.57+1.43
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Tab.6 Effects of fish meal replacement by G. verrucosa, E. prolifera, algae residue and
fungi residue on the serum and liver non-specific immune and antioxidant indices of juvenile tiger puffer

15 Groups

i H

ltems X IR 1 o R4 2 L W Wit T it
Control 1 Control 2 G. verrucosa E.prolifera  Algae residue  Fungi residue

il Serum

PR i i N 4.40+0.28° 3.44+0.25° 3.99+40.27"%  3.4440.14° 3.93£0.40°°  3.89+0.13%

ACP(4: [C LN /dl)

Ll N 2.91+0.16" 2.47+0.11° 3.69+0.17° 3.22+0.08"°  3.44+0.24° 2.86+0.06"

AKP(%: K 5143 /dl)

408.59+5.76™
9.49+0.55

411.20£11.27%
9.87+0.54

W (U/ml)
N MDA (nmol/ml)

ALY AT
SOD(U/ml)

HFAE Liver

% P T TR

ACP(%: [GHL0] /g prot)

ol 1 Tl 1 it

AKP(4: [CH01/g prot)
WM LZM(U/mg prot)

241.15+5.80 247.49+16.79

142.95+12.34  150.16+5.01

9.45+1.06° 14.78+2.21°

74.54+6.80°  105.82+9.34°

385.42+10.29°

113.49+1.60°

430.73+11.64* 424.48+6.89%® 414.32+21.83%

9.19+0.45 9.33+0.88 10.35+0.83 8.27+0.36
253.88+18.34 256.95+18.28 257.59+5.47  269.90+3.00
144.74+6.70  135.10£5.30  138.3549.29  159.17+5.41

14.15£1.04*  12.06+1.67*°  11.86+1.03*®  16.74+1.41°

97.3245.77"  55.87+10.78°  61.95+16.64°

=7

I8, W8, EENEZBREMNIERS 64 & KERBFOE R, %)

Tab.7 Effects of fish meal replacement by G. verrucosa, E. prolifera, algae residue and
fungi residue on the body composition of juvenile tiger puffer (Wet weight basis, %)

1% Groups

IIEES XFHREL 1 X A4 2 T W Wit it
Control 1 Control 2 G. verrucosa E. prolifera  Algae residue = Fungi residue
K4y Moisture 77.54+0.33 77.89+0.30 77.36+0.28 76.94+0.47 77.64%0.39 77.2120.42
MR Crude protein -~ 14.8040.16%°  14.70£0.02°°  14.84+0.14°  14.73+0.14®  14.49+0.03°  15.10+0.19°
LA Crude lipid 4.33+0.22% 3.88+0.05° 4.68+0.22% 4.94+0.32° 5.01+0.35% 4.32+0.21%°
K4 Ash 2.46+0.03% 2.49+0.05% 2.53+0.01° 2.40+0.01° 2.1440.04° 2.39+0.04°
PIE W EEF(P>0.05); Wil mAHEARSEE  (Dayetal, 2000; BRHEZE, 2012); ST IR

Fm T 4H(P<0.05), SXFIR4L 1, MR 2. T
IS TC i 3 22 5 (P>0.05); WF & A8 i 41 fa Aok g
105 2 i 2 T A IR AH 2(P<0.05), SXFIR4 1, V1
FIPA M 20 TG W 35 25 57 (P>0.05) 5 W 75 FH BRI i 2 A K
SrEE U ER TS 41(P<0.05), B &E& TiEd
(P<0.05), SXFMR4H 1 FIXtIE4] 2 W& 2ERP>
0.05).

3 iTig

TE DR R & AR A s, Rtk
JE ) v A ) AR R AR AR I B AR . K3
(Scophthalmus maxima) 17 K} H #8592 (1 ] LR AR
17%~21% 1 £ 853 T AN 52 Wi G 2B K1 B R A ) 2R

16% I £71 493 1117 AS 52 i ¢ i/ (Lateolabrax  japonicus) 4
(EEEESE, 2014); kPR LIBAER T 13.5%10)
F2K55 1T A 52 Wi T %% (Oncor hynchus - mykiss) A A= K fig
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Effects of Gracilaria verrucosa, Enteromorpha prolifera, Algae Residue
and Fungi Residue on Growth Performance, and Related Biochemical
Indices of Juvenile Takifugu rubripes

GUO Bin'?, LIANG Mengging'”, XU Houguo', WEI Yuliang',
ZHANG Qinggong’, LI Benxiang’, LIAO Zhangbin®

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

Abstract This study investigated the effects of dietary fish meal replacement by seaweeds or residues
on growth performance and related biochemical indices of juvenile tiger puffer (Takifugu rubripes), with 2
fishmeal diets containing 60% and 45% fishmeal as the control 1, and the control 2, and other four diets
with 30% fishmeal replaced by 10% four kinds of seaweeds or residues (Gracilaria verrucosa,
Enteromorpha prolifera, Algae residue, Fungi residue) and vegetables protein(wheat gluten, corn gluten
meal, and soybean meal), and they were named as C1, C2, JL, HT, ZZ, and JZ. Each diet was fed to three
replicates of 25 tiger puffers with initial body weight of (17.33+0.55) g for 56 d. The results showed as
follows: The special growth ratio (SGR) of HT group were significantly higher than that of other groups
(P<0.05). The SGR of ZZ group was significantly higher than C2 and JL groups (P<0.05). The feed
efficiency ratio (FER) of C1 and HT groups were significantly higher than C2 and JZ groups (P<0.05).
The protein productive value (PPV) and protein efficiency ratio (PER) of C1 were significantly higher
than C2 and JZ groups (P<0.05). No significant differences were found in activities of serum glutamic
pyruvic transaminase (GPT), serum glutamic oxalacetic transaminase (GOT), liver GPT and liver GOT
(P>0.05). No significant differences were found in activity of serum superoxide dismutase (SOD) and
content of malondialdehyde (MDA). Crude protein content of whole body in JZ group was significantly
higher than ZZ group (P<0.05). And crude lipid contents in whole body in HT and ZZ groups were
significantly higher than C2 group (P<0.05). Above results showed that replaced 30% fish meal with 10%
G verrucosa, E. prolifera, algae residue or fungi residue and vegetable proteins have no adverse effect on
the growth performance of juvenile tiger puffer, and E. prolifera can significantly improve the growth
performance.

Key words Tiger puffer; Seaweed; Growth performance; Biochemical indices
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