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FBEIRAY Al R RA 5 R R Z RIEHREIIE N

ARl E BRSO R T4 B R E K TERE .
{RIALFI AN R R S50

EA%" LHR' #EE' BEkR' RHE
(1. PEUKF=REEF R BEEOR A= IR S 266071;
2. DB HERSFOKTS5EMm¥EE L 201306)

BE R K 21 8 R J7 #h(Takifugu rubripes) 4 & 48 BHI R EE G LR, aRMmEMERLE
EEAFE, AnmEmEN EERAR, BAAEGEENI N 36%. 42%F1 48%, LA & E 5
B A 8%, 12%F1 16%, b A 17.06~24.20 mg/k) ty 9 4k, B AIEIRE H 14.95 g th 40
Kt 56d, ERE T, MXEEMNFEFE, WREE KT, 88 AT fE b AT H
HREYHAER T HNARKE . 8% £ KFESGRYFIE LK FE(FE), HAREEN 36%H, T
ZART 42%70 48%4L, 1B 54R &R B b 42%Fn 48% A = Bl Mt T B2 £ 7, E4AE S & 8%5T,

RERT 12%4, SHERIEH N 12%5 16% 42 AL T EEER, W, R E G F 8 A
o at 41 8 7R 7 R K R R AR A R AR R B F W R EAE A (P>0.05) R R T Z M E T,
AKMRE, FE, SGR #% Diet8(48/12)%& KT H 48%. MM AFH 2% EA&E, REFFHT
Diet1(36/8) % & A-F % 36%7F1 g fi KT K 8%4LFE 41, Diet2(36/12)% & AF % 36%71 g fii K F 4
12%40 3 41 . Diet3(36/16) % & AT 4 36%F0 g A KT H 16%4k 7 41 (P<0.05) 5 Diet4(42/8) % & A F
K 48% 70 flg B KTy 8%4L FE 41\ Diet5(42/12) % A KTy 42%70 g B AKF 4 12%40 78 41 Diet6(42/16)
BEAKTFH 2%F s B AF A 16%4 2 41 . Diet7(48/8) & E KT H 48%. e AT H 8%4L HE 41
6] A8 b T B 3 2 R(P>0.05), B, REARERGEESREKERREAM T AR, THERF
4 & 0 R E R B KT 42%, RN AKSE N 12%, &6kt b 20.75 mg/kl,
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YEFI(Morais er al, 2001). A5, AR N Rk LG9
EmR R EENRE YT, T aZEXTEAK LGP
FIHEE A B, 1RDRHIE 7 T DA AL 55 8 £ 2 R 1 1
B, PR R R TR B, (2 T AT b AE R N A
JAA S 11 (Nankervis ez al, 2000). {5k} AR 11 fig
2 i A 2R AR £ (Lovell, 1979) ., i HoAth
H IR FE M (Winfree et al, 1981), i g o R0
iR E ik, WURAE 2%, SRR (RIS, 2001).
TERC AR B & L R v, SR A g i LU (P/E) 2 — 1
PSR bR, 16 B AR H B LT DAEfE i £
FAEK . WAEEER . RSO RN L
A rhi F S AR T (T 75 #E55, 2009)0

HAy, 45887 (Lateolabrax japonicus) (Ai et al,
2003), =& A BE i (Epinephelus lanceolatus$
E. moara?Q) (N#M5, 2018). P AR (Oreochromis
aurea) (ZE4FKEE, 2007) . WA fa(Myxocyprinus asiaticus)
(EEHHEE, 2015), P (Pelteobagrus fulvidraco)
(ZEHUR A, 2005)55#0 A B e L AH S FT A 46 o
i IR RS HARRE LT R 52 Z R R 2, 40
ZEE N o SNIE 8 N TS NI o= SN 1 =) 11 I N i 29
g1 TR R IR P AR S (R MIFY A5, 2018),

21 BE R 7 i (Takifugu rubripes)s& 38 FE L 5 B &
(R K SR 0 28, (B £T 68 AR Jy fii Ll 7 % 4 F S AR X
ok =, HAAR ik A HE L T A ST R LR E . AT
FEIRGY T L8R D7 ol ) il AR g e, S Wb & 2068
2Rt PR AR C 7 R A AR .

1 #MR57R%®
1.1 ZoefEs

Dty . RN FEEE AR, Al SlfERE
PRRWTIR, /NEVERBEIR, IR =K (2x3)
52 S5 o TR UK 230501008 36% . 42%41 48%,
B 1 HEFKTBEE 3 MRV 2500 8% . 12%70
16%1 9 ZH kL 1),

F A SRR A A IS, R, o 80 H
O, FEBC T FRE R, BHARS), Rk, K
G UNBERRIRAT, N 30% K IEFERA AT, FH AL ] A
%ok 2 mm R ERE, SSCEERTHE 12 h 5 & T
20 C R EARAT

1.2 SEW&RERIME

FrHH S 7E 1 R A48 5 0 B T B K 7 E) 3
ML FEFE A (0.7 mx0.7 mx0.4 m)Hh AT, SCUe A
B AT R 1L K ™ 2 AT PR A IE SR IR

B, TEBFRM(5 mx5 mx1.5 m)H i RT L i & ikl
(FEAFUKTHR 47.74%, RelizKF-R 10.01%)#E17 4 1)
28 d FEPHYNAL , o 21 658 7R s A B 65 vk B 2 2 SR 4
ik, MBI Lk S ] R 41 6 25 7 AR A, XA A
BT, AR R PR SR 14 d, (S N FR5E
B, BEMLPRIERIAS —20 . R A, REE
AN 27 s, BRI 30 B AR E
H1(14.95+£0.37) g] 44 9 FRRRIBEHL IR E] 27 Nl
Bkl 3 N EE ., AR 08:00 Fil 17:00 F T8
MR R R, SCE A 56 do SEgRE], il
SRR AR SRR SR A R HARE R,
WiKFRAE, KK 24°C~28°C, £hEEJy 30~31, pH K
7.4~8.2, HAHE(DO)A 5~7 mg/L,

1.3 SRIRENHE

SHTFARTT, BEHLI 10 BAfEAwIh A, AT
WRLE SRR 0T . SEERES AR, DLk 24 h 5 X A
A PEATIH R, PREL; BAMBEYLIR 6 B fi . —20CHR
77, AT

1.4 H49MH

TaRHERE . SERARR X AR R AR . KRR I
Koy KD ERI R AOAC(1995) R bnifE . H:
e, KA ST 105°CH IR TR K S i
Ll 550°C il Kbk MR B R I ELIRE A
{52 (VELP, UDK142 automatic distillation unit, &%
KAL) ; A 5 R 2 TG4l 48 {0 2 (Foss  Tecator,
Hoganas, HidiL); Felkh B £ 14 i) g it R A A5 (Parr
6100, 3 )il 5E .

L5 HEFERFEITSNAE

14 R (weight gain rate, WGR, %)=100x(Z& A {K
) I A ) A AR R

&K (feeding intake, FI, %/d)=100x T4 i 1%
/[ KRB (WA R A+ AR R /2]

' E A2 K & (specific growth rate, SGR, %/d)=
100 [In(Z A A4 H)—In(9] 4 14 ) /52 30 K AL

T BLCR (feed efficiency, FE)=fa A & (i &)/
ST YRR e

H H K (protein efficiency ratio, PER)=(Z& K
PR E W I R )R R AR

H H BT (protein productive value, PPV, %)=
100 o1 {2 1 ST A7 6t /4 1 48 A

JFAA L (hepatosomatic index, HSI, %)=HT i & /{4
H <100
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Tab.l1 Formulation and proximate composition of the experimental diets (% dry matter)

Tkl 45 (3 /BB ) Diet No. (protein/lipid)

Ingﬁﬁent Dietl Diet2 Diet3 Diet4 Diet5 Diet6 Diet7 Diet8 Diet9

(36/8)  (36/12) (36/16) (42/8) (42/12) (42/16) (48/8) (48/12) (48/16)

F1 44} White fish meal 26.00 2600 2600 3400 34.00 34.00 42.00 42.00  42.00
EH] Soybean meal 19.00 21.00 23.00 23.00 2500 27.00 27.00 29.00 31.00
/NZE ¥y Wheat meal 44.00  38.00 32.00 3250  26.50  20.50  20.70  14.70 8.70
YIEERE Lecithin 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
il Fish oil 4.00 8.00  12.00 3.50 7.50  11.50 3.30 730 1130
A Attractant 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

B 4546E % ! Vitamin premix’ 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
B AW W * Mineral premix? 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
ﬁz“fiu:m%fﬁydmgen ohosphate 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
S ALJETE Choline chloride 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
4% C Vitamin C 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

BRH LAY R
Carboxymethyl cellulose sodium
b2 R4 Chemical composition/%

2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

MEM Crude protein 36.89  37.89  36.74 4286  43.08  43.01 4837  48.81  48.94
HMLARWG Crude lipid 7.05  11.21 15.60 730  11.58  15.82 727 1130  16.02
HBE Gross energy/(kJ-g™") 19.89  20.66  21.53  20.15 20.76  21.64  19.99 2039  21.40
ﬁ%é{ﬁ /fEdk Lt P/E/(mgk)™) 18.55 1834  17.06  21.27  20.75 19.88 2420 2394 2287

s AR EY(mg/g IREW): WMKR, 2.5 mg; HEER, 4.5mg; IHMRMWE, 2 mg; 44K By, 0.01 mg;

Ct%?, 0.12mg; #AE K;, 1 mg; JIEE, 80mg; ZHR, 6 mg; ML, 20 mg; MR, 2mg; HAE A, 3.2mg; 4iE
#D, 05mg; 4/EKE, 12mg; KH, 867 mg

2: WYIBRE Y (mg/g IRE W) : #WALE, 0.2 mg; MALER, 0.08 mg; FAfbh, 5mg; BEAHH, 1 mg; HREREL, 8 mg;
TR, 5Smg; BRPREE, 120 mg; BEMR —E45, 300 mg; ML, 10 mg; WAk, 551 mg

Note: 1: Vitamin premix (mg/g premix): Thiamine, 2.5 mg; Riboflavin, 4.5 mg; Pyridoxine, 2 mg; Vitamin Bj,, 0.01 mg;
Biotin, 0.12 mg; Menadione 1 mg; Inositol 80 mg; Pantothenate 6 mg; Tocopherol acetate, 20 mg; Folic acid 2 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 0.08mg; CoCl,-6H,0 5mg; CuSO,-5H,0 1mg; FeSO,-7H,0 8 mg;
ZnS0O, 7H,0 5 mg; MnSO4-4H,0 120 mg; Ca(H,PO4),-H,0 300 mg; NaCl 10mg; Mordenzeo, 551 mg

JEAA [ (viscerosomatic index, VSI, %)= [ 5 /& KAysZm LR 2, R 2 TLIESE, EHBRAAEN X

Hx100 LORMRHE . fE1E2% . FE R SGR 70 W & 138 HAEH
JIE 3% B (condition factor, CF)={A& 5 /{4 K *x100 (P>0.05)c HI RN A3 T 0, Dk 1 KT 3 52

SO DA Y (H 65 E TR (MeantSE) /R, oK Wi 21 8 75 5 il i X K R . SGR. FE. FI FIRLIE R
F SPSS20.0 X #E47 MK % ) 2% (one-way ANOVA)  (P<0.05), Bl DRI O 36% Tt 51 48%, %
%ﬂ%}(l?—fiﬁﬁ(two-way ANOVAY/MIT, M225 W m  AKIKHE . FE Ml SGR BB FF G- T FENE

(P<0.05), #17F Tukey £ L4, F(P<0.05); fAEFRREERETHREBTFERNE
#(P<0.05), FI 2960 FRAUS BT 201G %
2 &R (P<0.05), H¥mifempldE [ &l 42%4 . ks

_ = i 7K f 3 R R R . SGR. FE I FI (P<0.05),
2.1 ';;EEE?}ET: Ekkﬂﬂﬁl_a?ﬁﬁﬂfﬂﬁik %% Lﬂ*’l’qj*ﬂﬁaﬂﬁﬂﬂ 8%9“"@?” 16%, /‘;KMKE SGR
HE Ml FE 2R EA GG BT FEZEH(P<0.05), FI

TR P OR R 2R R e LU X AL g Ay i gt BTG B T ZZR i A(P<0.05), H.43 S TR
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Tab.2 Effects of different protein and energy ratios on the growth performance of T. rubripes

R Yok paaey TRIRCR %ﬁiﬁ% e %Eﬁﬁ% Eaﬁmﬂm

Diet No. Pl Suival  de S Feading o gaSh e

(protein/lipid) weight/g rate/% i Y rati JOed) Intake/(%-d ") i y pvalue o,
Diet1(36/3) 56.29+1.38"  86.67+1.92" 0.65+0.06°  2.37+0.05°  2.85+0.07°  2.07+0.17°  32.38+2.71
Diet2(36/12) 61.08+2.64®  90.00+1.92°  0.77+0.02°°  2.50+0.07°®  2.57+0.03*  2.21+0.06"°  33.77+1.76
Diet3(36/16) 62.47+2.76™°  85.56+2.22°  0.83+0.03%  2.54+0.07°° 2.42+0.06®  2.46+0.08° 37.25+1.36
Diet4(42/8) 68.19+2.51%¢ 77784222  0.85+0.04°¢  2.71£0.06*¢  2.45+0.09°  2.17+0.11°*  32.87+2.10
Diet5(42/12) 70.67+2.140  80.00+3.85°  0.92+0.02°¢  2.77+0.05¢  2.34+0.04°®  2.30+0.06  37.07+0.58
Diet6(42/16) 69.97+0.98*¢  85.56+1.11%°  0.96+£0.01¢  2.75+0.02°¢  2.27+0.03"  2.37+0.02%  35.65+0.97
Diet7(48/8) 66.49+1.10°¢  78.89+1.11°  0.84+0.04>¢  2.66+0.02°¢  2.47+0.13"  1.85+0.09° 29.97+1.55
Diet8(48/12) 72924135 82224222 1.01£0.03¢  2.83+0.03¢  221+0.07*°  2.18+0.07*°  33.31+1.12
Diet9(48/16) 67.86+1.38"¢  83.78+1.56® 0.99+0.03%  2.69+0.03™¢ 2.18+0.06*°  2.13+0.07*™*  33.9842.52
F4%0% Main effects
HEE H Crude protein/%

36 59.954 87.41° 0.75" 2474 2618 2278 34.73

42 69.09% 81.114 0.918 2.74® 2354 2.288 35.19

48 69.61° 81.63" 0.95% 2.738 2.20% 2.06" 32.42

HIEIT Crude lipid/%

8 63.65% 84.11 0.78* 2.58% 2.598 2.03* 31.66%
12 68.22° 84.07 0.90% 2.708 2374 2238 34,728
16 66.77°B 84.96 0.93% 2.66"P 2.20% 2.328 35.62°

Ty 25500

ANOVA (P-value)

FL#E 1 Crude protein/% 0 0 0 0 0 0 0.11
HUIENT Crude lipid/% 0.03 0.12 0 0.03 0 0 0.02
22 HAEH Interaction 0.44 0.20 0.51 0.32 0.49 0.30 0.59
A TRER [ P/E 0.03 0.01 0 0 0 0 0.12

T FPVEEE AR B NG | REISCFRRIRZESR WE(P<0.05), [FIFIARIRETHFR IO & 257 (P>0.05), TR

Note: Values with different superscripts lowercase letters, capital letters in the same column are significantly different
(P<0.05), values with no letter or the same letter superscripts are not significantly different (P>0.05), the same as below

BB &1 12%4H . KRR 20T LA
ZORIRHE . FE 1 SGR 1/ Diet8(48/12)4fier, B
5T Diet1(36/8) . Diet2(36/12)F1 Diet3(36/16)4H(P<0.05),
5 Diet4(42/8) . Diet5(42/12) . Diet6(42/16)Fil Diet7(48/8)
4 2[RI FH F TG B 2 25 57 (P>0.05),
ENGEARINi AR CE SO FAR - N kiR = I
FIFRM R WL 2, N 2 vLIEH, ApRHE 5
JEMiX} PER. PPV #70 #38 HAEM(P>0.05), HE
RN AT BT TN, B T R KP4 55, PERL PPV
PIR TR, R KT 36%18E 5 £ 48%I,
ZIBE R T PER I EFEMK(P<0.05), H¥m7EHEH
KNy 42%24, X PPV JC B &5 (P>0.05); FlidE
Tl R 5 7K P-4 , PPV Fll PER 6B T HE s T

LRI A F(P<0.05), HASAENR T & ol 12%24 .,
HZE T 220 R W, EARELE Diet3(36/16)i5 £ i
. BE T Dietl(36/8) % Diet7(48/8)4H(P<0.05), 5
Diet6(42/16) . Diet2(36/12). Diet4(42/8). Diet5(42/12)
ZH A Lb T 2 2% 5 (P>0.05)

T2 7K F FURS 05 7K - X 2168 2R J7 Sl 2 AR AR
# . SGR. FE. FI. PER. PPV R A7 R ICAL HAEH]
(P>0.05).

22 AEERELABINAE RS M4 & RIKIERE
B F RSB0
TS [R) 25 1 RE i o %) 2188 7R O il 4)) £ 02 AR 4
FREsZm 2 3. 3R 3 ATLAA L, PR K4
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W, WA 5l HSI. VST Ml CF G i & 52
(P>0.05). BlE ARG B K4 e, VST 25eR
FET R AT (P<0.05); HSI S5ETHE 5 #4
TG kas, H 8% MR W KT 16%H A5 Wi

*x3 TEIZEBRMEE

4 (P<0.05), 5 12%H A5 Wi A0 Lb TG W 3% 22 =
(P>0.05); CF £ A4 [W]JC 3% 2% 5 (P>0.05), fAkk
A IR 7 X 2146 7R s 1) T AR F8 B A A8 ELAE
(P>0.05).

=5 ACESPSEAR i pE NE Y =cBIAL S L AN DA

Tab.3 Effects of different protein and energy levels on the body index of T. rubripes

e 6k 4 A E JIEAK LE JE 9 B2
Diet No. (protein/lipid) Hepatosomatic index/% Viscerosomatic index /% Condition factor
Diet1(36/8) 7.97+0.76 12.38+0.65 2.18+0.12
Diet2(36/12) 9.4440.80 14.41+0.89 2.77+0.27
Diet3(36/16) 10.05+0.03 14.68+0.57 2.41+0.33
Diet4(42/8) 7.79+0.33 12.3340.47 2.42+0.33
Diet5(42/12) 9.47+0.64 13.82+0.64 2.87+0.40
Diet6(42/16) 9.47+0.72 13.80+0.67 2.57+0.06
Diet7(48/8) 9.00%0.77 13.15+1.13 2.60+0.28
Diet8(48/12) 8.77£0.77 14.22+0.60 2.72+0.23
Diet9(48/16) 9.46+0.58 14.63+0.63 2.72+0.02
FE RV Main effects
HMLEEF Crude protein/%
36 9.15 13.82 2.45
42 8.91 13.32 2.62
48 9.08 14.00 2.68
HMUIEN Crude lipid/%
8 8.25" 12.62% 2.40
12 9.234° 14.15" 2.78
16 9.66° 14.37° 2.56
J7 27T ANOVA (P-value)
M H Crude protein/% 0.89 0.44 0.50
HMLIE MG Crude lipid/% 0.04 0.01 0.17
58 H AR Interaction 0.57 0.95 0.91
H A BARERE L P/E 0.30 0.20 0.70

MR 4 TTDE N, BEE RV K3 s,
AR F/ R GRS = ) 3 T[4
- A K HE C 83 25 5 (P>0.05) . Bt 25 T RIS i 7K
B, A AORLR B KT e 2 4R R (P<0.05), HH
NEWT K 8%ZH K T 16%H 5 i 4H(P<0.05), SHl
REW5 A 12%ZH A0 LG 18 3% 22 5-(P>0.05); Bl DB
BRI AKCE I3, X kKo . MR . Ko Kaks
25 21 () AH Hb G i 35 5 0 (P>0.05) o AS TR ZE g HL A A
R [ FNAR 5 X216 2Ry i 4y fh A i K oy . MEE
FERG DT K 43 S Btk 8 5% ) G ik 2 28 B (P>0.05)

3 it

Kim %5(2009)ifF 53 # B , £18E 74 5 fili 41 £11(17.05 g)

ARLER R IE 77 K 58 41%; PVFHSE(2013a., b)IFSE
FW, LIEERITIESt(7.71 Q) RIHLIS I Bl R
8.93%; Takii 45 (199558 F W, ZI6E 7: Jr fili 4y £
(3.70 @) HH R M B id 75 SR 54 11.50% . ABF5ETE I
Befi BB 3 N EE K300 36% . 42%F1 48%,
3APEWTAE ] 8% . 12%F1 16%, il 9 FhAS[H]
HAE LAY DRE, PRITLLEE AR Oy i 4y £ ) i SR RE L o

FRAE NRC(1993)f 4RI, Xt T KA,
HE BERE HE F AR 19~27 mg/kT Z 8] MiAHFIE K
P, TRHE KN 36%~42%0, A TR K
EAEHEAIG, 2T BE ARyt ) A K SR B 5 (LA A B
HKF- 48%0t, AH IR EE /K P, 2188 25y i i) A=
KB iRl R P RE i L 1 R S T R e N R R
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Tab.4 Effects of different protein and energy ratios on whole-body chemical composition of 7. rubripes (% wet weight)
(GEEETRE K4y HLE A ML 7 K5y At
Diet No. (protein/lipid) Moisture Crude protein Crude lipid Ash Gross energy/(kJ-g")
Diet1(36/8) 75.37+0.31 16.26+0.40 4.96+0.12 2.85+0.06 23.62+0.16
Diet2(36/12) 74.49+0.37 16.15+£0.26 5.81+0.11 2.70+0.04 23.11+0.52
Diet3(36/16) 78.45+0.38 16.04+0.48 6.66+0.23 2.63+0.03 23.65+0.36
Diet4(42/8) 75.53+0.44 15.95+0.11 5.21+0.33 2.71+0.09 23.29+0.29
Diet5(42/12) 73.45+0.19 16.73+0.23 5.91+0.24 2.78+0.06 23.47+0.41
Diet6(42/16) 74.08+0.83 15.89+0.23 5.95+0.27 2.61+£0.03 23.99+0.45
Diet7(48/8) 73.50+1.46 16.87+0.65 5.63+0.45 2.90+0.17 24.27+0.37
Diet8(48/12) 74.73+0.52 16.01+0.22 6.15+0.81 2.57+0.03 23.56+0.29
Diet9(48/16) 72.75+1.23 16.56+0.54 6.65+0.25 2.57+£0.07 22.65+0.71
FE RV Main effects
HLEEF Crude protein/%
36 74.72 16.15 5.81 2.72 23.46
42 74.36 16.19 5.69 2.70 23.58
48 73.66 16.48 6.14 2.64 23.49
HMUIEN Crude lipid/%
8 74.80 16.36 5274 2.76 23.73
12 74.22 16.30 5.96*" 2.68 23.38
16 73.71 16.16 6.42° 2.63 23.43
J7 27T ANOVA (P-value)
HEH Crude protein/% 0.27 0.55 0.29 0.30 0.95
HLUIEWT Crude lipid/% 0.26 0.83 0.00 0.05 0.62
A8 HAEH Interaction 0.29 0.30 0.73 0.12 0.11
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Effects of Dietary Protein to Energy Ratios on Growth Performance, Feed

Utilization and Body Composition of Juvenile Tiger Puffer (Takifugu rubripes)

WANG Jianxue'”, WEI Yuliang', XU Houguo', SUN Shuguang', LIANG Mengqingl‘:D

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

Abstract A growth experiment was conducted to determine the optimal dietary protein to energy (P/E)
ratio for juvenile tiger puffer (Takifugu rubripes) (initial average weight 14.95 g). Nine practical diets
were formulated to contain three protein levels (36%, 42% and 48%), and three lipid levels (8%, 12% and
16%) in order to produce a range of P/E ratios (from 17.06 to 24.20 mg/kJ). Fish meal and soybean meal
were used as main protein sources, and fish oil were used as the main oil source. Each diet was randomly
assigned to triplicate groups of 30 fish with (14.95+0.37) g, stocked in polyethylene tanks (0.7 mx0.7 mx
0.4 m) supplied with a flow through seawater. Fish were fed by hand to apparent satiation twice daily
(08:00 and 17:00). During the feeding trial, water temperature ranged from 24°C to 28°C, salinity from
30 to 31, pH from 7.4 to 8.2, and dissolved oxygen from 5 to 7 mg/L. Juvenile tiger puffer was fed the
experimental diets for 56 days. Based on two-way analysis of variance, the protein level, lipid level and
protein to energy ratio of feed significantly affected the final weight, feed efficiency ratio (FER) and
specific growth rate (SGR) (P<0.05). Those three growth parameters in the 42% and 48% protein groups
was significantly higher than that in the 36% protein group (P<0.05), but there was no significant
difference in the 42% and 48% protein groups (P>0.05). Those three growth parameters in the 8% lipid
group was significantly lower than that of the 12% lipid group (P<0.05), while no significant difference
was observed between the 12% and 16% lipid groups (P>0.05). In addition, there was no significant
interaction between feed protein and fat levels on growth-related indexes. One-way analysis of variance
showed that the final weight, FER, and SGR were the highest in the Diet8 (48/12) treatment, which were
significantly higher than those in the Dietl (36/8), Diet2 (36/12), and Diet3 (36/16) treatments (P<0.05),
and was no significant difference compared with the Diet4 (42/8), Diet5 (42/12), Diet6 (42/16), and Diet7
(48/8) treatments (P>0.05). Considering growth performance and protein saving effect, these results
suggest that the diet containing 42% protein and 12% lipid with P/E of 20.75 mg/kJ is optimal for juvenile
tiger puffer.
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