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AP EAREERFEEEMNIELR L&
M. RHEMRAEXE NIRRT

Kom? RHESY LERY BER KK’ REE

(1. FHEERFKT 54k i 2013065 2. FEDKRIEIRBE S KIS  FS 266071 ;
3. BRIBHRES AR S ERLR WA S EYr- Hid R RGRE HS  266071)

WE  REEFHMAERE R 15.60 g #9214 R J7 #i(Takifugu rubripes)4h & 4 # X xt %, R
AR P EOCERFASEN TG R T oidh & &KW R Rt x B A& g e ¥, it
W& Z KT 2x3) L, B 3 R E G (38.87%. 45.55%7F 51.00%, T )4 fg 525614
K, EEIANATEBE N 1.53 kg/m’ (0.196 m* KA LIS HE, AFAF 20 B &), 2.30 kg/m’ (4 4E 30 B
#)F13.06 kg/m* (G4 40 B &), AR 3 NEL, FAELH N 56d, £ F WK R KR,
SR, WERAG, PEOATES TREG4P<0.05), BLXENELLE—FH, RAEY
BEMEERLALERY Y., AREACEMAAEEMaREARI T AL ERYH. YEARE
H—El, BREANLELEAMEEESELEE TP EEAP<0.05), ELEGEEANK
EOHAREGTFEAHUP<0.05). MFREHBERLGEANREALLES TEE G 4(P<0.05).
AREGCERMAETENOER etk AL AL EMREHEA, #AHEE3 L
B, AAHHRAESFEHE EE TIREE H(P<0.05), FAREXH, 4555%H R EE A EDZ 6
YRR EE TG B EEEKNER . AR EOCEMARATEMN I ER T 64 &ty EK MM
AAHH LI HEERERELEA,

XA MER T FREE; RMTE; EKMRE; AE; AEANER

FEDES S963 XEHRIEEE A XEHS  2095-9869(2021)01-0074-10

WIEERZ RO RAREEENHNEZ —, £l A7 . IS4 ainsh BA B0, FR5H % 5T
IRBEE B SRR B FRTOR AR . NG EFE S I IR 2 0 0 2 Y AR A A TS e (B BH 4
VB . FRPEACRAUKIRIREE , DIRoK I m iR R 2014), FR5H T R i i 2 bl f0 28 AR A A ] A B0 B LU
RGOSR AR ER AR, FRHEEE KoK, AR T ECIRE, TAER S 3
VE R —FhIE 5 B2 IR b N, XA K BET(Allen, 1974; Suresh et al, 1992), SR, 7E52FR

* o [ 7K PR T 5T B B AR AL 55 25 (201 8HY-ZD0505, 2020TD48) AL A4l 7= Ml 7 AR £ 4 15 %8 45 (CARS-47-15)
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R4 GPRL bR BT B S IR R R X LS8 Ay iy e A R PERE L SRCHRIME BT S A AR bR 5 ) 75

FRPEAE T AR R, FRAE P8 R S i B i R Ok
BN R (Zhu et al, 2011), F750 %5 B X R SR A
Y B i T AT Rl VA . 37 5 2 R AT BE A R
TR E SR B A, T, B R AR W i
A B FRAE 0 2R A AR T AR IRES , NI S ma HLIAE
TP LR,

FEHBEEARERPEAER EZENIIRE, &)
WK R E YRR W A IS s B R R
(KR I 55, 2002) o FR1RHER 11 5K T 19 28 AR A 1 7
FRBEEIEPE IR (A AL, T AR A, iE
LR 240 Y R TR A AR A, DT R I 2 R A
JEl, B Sm fa R A KRR (ZR AR AR, 2018). K
FUB LR A A 28 i Kk B %, S8k
BB TR, 18 A o AN REA ] e K i HL
Bl T fe A ) AT | B R SR AR | 5 RN AR 9
U T 5 5 T RN L AR P P R R ) AR AR
FIRE LN Jy T A B L [ AR, L, ABESY
UL 3 W PR 3 KPS, R 5 4 8 R A e
R BRSO A KRRy T R3S BLAE A .

4145 45 )7 fifi (Takifugu rubripes) 2 7 7 i [X & %
IR IME IR 2, BEE 2016 AR INA T FIE
FAT 2 B BRI R A (SR TR AR A BOT
Ir B 215 7R Oy fili R 3% B I S0R BN T 48 1
), HIFRFAT M RO, Won R AT
Y5t o EXT 2088 75y Bl 2R (T R B E H , A
GERIR, 2115 A5 fuli &y A0 ARk o B G AR A R
1% A4 (E i, 2008; Kim et al, 2009), tA #7157
FH , L1 88 7R Dy fili D) v S R T A R 50% A5 A
CRE T, 2003; M4, 2002), A [EIBFSE 25 5 6 77 AE
—E W25 5 o T D& T 2185 R i 37 i 88 o b A R T AR
wsgm, HAr, E NS R WA ST E . ST
NPT 3 2 1 o A BRI R D T BB AE Y S L
VERR, JUHE X 40 868 7R Jy il 45 HL A A 7™ s e ok £
TR TR a2, WFIE AN R FR A % T T 3R B IR
SR T 5 4 8 0 6k 2B 1 2KV AR 5 i 7 25 2 AR
T A AR, 6 BB K = Sh P RS e 8 R i s B
HEMWE L,

1 #REFE
1.1 LRt

AR S 0038 ax ) ST ARDRL AR BEER N 0L 7.5% 1
15% MBS A, T il Bl 3 AN [) 25 1 56 B2 7K1 1) 45
BRARG H ik, SCI R T an gk 1. Hoh, &P
IR 512 IR Kim %5 (2009) 148K T (2003) 19 75 12 .

LM, £ AR S PR AR T A 400 ok 38.87%
45.55%F1 51.00%. A7 BBk & ko5, 48
PEHLRBY R, & 80 HFfM, Ly ARkl BRIR
A, SRIE IR R S IR BEIR IR ST, N 30% KB £13
A7 FHHPRLHLEI S B AN 2 mm B PORRRE, 55°CH;
AT 12 h J5 B T 20CHR ERA

F1 KBAREAREFEDER(% TV
Tab.1 Formulation and proximate composition of the
experimental diets (% dry matter)

J5#l Ingredients Dietl Diet2 Diet3
68} Fish meal 42.00 42.00 42.00
fi% £ 1 Casein 0.00 7.50 15.00
M1 Soybean meal 12.50 12.50 12.50
/INZZ ¥y Wheat meal 21.38 21.38 21.38
TEHLER TR A4 Mineral premix' 0.50 0.50 0.50
A4 F IR A Y Vitamin premix’ 020 0.20 0.20
WilR — 55 Calcium dihydrogen phosphate 1.00 1.00 1.00
4irf % C Vitamin C 0.50 0.50 0.50
SALIERE Choline chloride 0.50 0.50 0.50
TH 3208 Betaine 0.30 030 0.30
Hi %4k #) Antioxidant 0.02 0.02 0.02
245 Calcium propionate 0.10 0.10 0.10
KZIPWERG Lecithin 2.00 2.00 2.00
i 7i Fish oil 4.00 4.00 4.00

o JEHT Alpha starch 15.00 7.50 0.00
TapRHE 3R843 Proximate composition(% )
M H Crude protein 38.87 45.55 51.00
HLAEI7 Crude lipid 9.38 9.61 9.19
MK ) Crude ash 8.73 8.92 936
1 K fae YA KA Y B BiR e, WA E
e A= AR AT BR 2L 7]
1: Vitamin premix and mineral premix, designed for

marine fish, were purchased from Qingdao Master Biotech
Co., Ltd, Qingdao

1.2 FHENFESIE

S fa ok A ORGE K IEA FRZS /b B I &
N TR Rl —dtfaly, A& N 15 ¢ 24, A
AP LA TR 14 d ik IE ST R, 268 R (.
#4230 cm, EEEN 100 em)PEFE 7 d )5, SR
W gy oy, SO IRARSEE SR 7 d LIS N RIS . Pk
PERUAS—E0 . flt BEICHR A 0 - T LS . SRS
B AE LI AR 48 R 15 96 BH T 80 TRE K ™= W) 3 L 3R AR AR (O
., 70 cmx70 cmx40 cm) AT, BE 3 NASIEEE
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2 R 542 %

3 ANANFEEAMENLEER, Lo, M4 34
HE . 3 DA FEHA0.196 )7L 20,
30 1 40 BfaE, 7EEEK 08:00 Al 19:30 F T2 184
WA R . FRAE A 56 d, FRAH I R SR AR R
PR . BRI, WEIE AR | R ANA
i SA(DO)AF o FRFH A R v, SR A )R H A AR T 1
WK, KRR 20°C~27°C, £hE K 30~31, pH K
7.4~8.2, VAN 5~7 mg/L,

1.3 SCIGERHRE

FEFE LISV 24 h )5, X EAR A TR
FFRE, BEMLEEREA I 6 FEfa, HUA 4 il I
i . FFREFLAREA . R R #R KU 7=, R
LMBFEARET 4°Ci% )5, 3500 r/min Z.0 5 min,
BCEJZ s, & TWANRAE . B afil)E g m—
OO RAE . IR FILPIRE S o T R b S RIVE TR
HRAE, 4 5]-80°C vk A rhABLA 4 . HURESS
5, BEPLPkIE 4 KA mA20C A, AT
T AR AR B L AR E R T

1.4 H£4Hth

TPk AL Rk LA R S 56 T I i A 45 oS fa AR
i AL IR RS 1 53 B 4 R T AOAC(1995)
B, Hod, BEMLE(105+2) CHET 246 & 5 R 15
KA Fr e, AR T I SR BTG 2 AU (VELP,
UDK 142 automatic distillation unit, VELP, Usmate, MB,
BRH); BB W5 R A R KAl 42 4000 %2 (Foss  Tecator,
Hoganas, %), DIAVHEEE RIM$E0; K R A
e AL, TE 550°C A b s HkE 6 h
o MLV« i 2RI A T 240 R e st A= ) 1
BT iR & AT I A o

1.5 KEMNEESSHFE

RIS SR UG IR B AL L B3, TR AH A
RERREE L MO, iniks i (e
PHARE ) o

L6 HEAFEREITSFFHE

14 R (Weight gain, WG, %)=(& K E WA E)/
WG E <100

TARIR K (Feed efficiency ratio, FER)={A B il &
() B ik (g)

& (Feeding rate, FI, Y%/d)=f% & 1alk} T 5 /[ 32
55 REOWIIR IR EA+ZOR K E)/2]x100

A% K (Survival rate, SR, %)=SC56 45 o7 I 1% £ 5L
B/ S IR I 1K< 100

JE3# 2 (Condition factor, CF)={AHE (g)//4 K (cm)x
100

JiF & b (Hepatosomatic index, HSI, %)=HF I & (g)/
K (g)x100

JE A HE (Viscerosomatic index, VSI, %)= i &
(g)/ M (g) <100

K SPSS 20.0 A4 X} Fir 45 808l AT WA R 2%
(Two-way ANOVA)/IT, 42253 i I (P<0.05), &
JH Tukey ¥t 47T 2 8 LS Y 2 AN R AL EAE
BF, R E—AE R, X9 — AR #HAT Tukey £ 5
. 45 R DB AR ifE R (MeantSE) &R

2 #R

21 AEANREBSEMFRETENIERTEL
BEK, ARARAMEEARNZN

AN TRV G R} B P a2 R B 2 R X 4T 6 Ry B 4y
AR ERIME 2 FiR, SAFERNT 54%~
68%, 171 HRIC M E 2 T (P>0.05), A ST HLE A
AR SE T 2R, B AR RS &
AR B IR A AR R B R R T
R 41(P<0.05), T e 8 AT AR 1 iR ) G
FER, BEAAEBMREREES THREAD
(P<0.05), T &AM S5 . IKHE A 4R AH G
P22 5 (P>0.05), 455 5 41 Al RE SR R &R 0 i 3%
P 25 5(P>0.05) TRIRFER 1 5 1 FI S5 58 %5 B %) 21 6 7R
i by £ A KRR 8 5 MR G i 35 P22 B (P>0.05) .

T bt B P et SR A 5 B X 2T 6 R Ty Bl 4y £ 4
PR R AN 36 3 BT/ o 45 21 2 DKL 20 TG (. 3
2 5(P>0.05), faffofldE A& R AR A &N T
A T

22 ANERREMFEEENIERTHYHYESR
FHE B9 22 0

Tk 2 1A i T 3R P X 41 7R il R
bjliee R AR I W5 TN N iR - S DO il SR € L
3hJE, AARHMET W 225 (P>0.05), &% A
KM 3 h J5, A HMR B E T 4
(P<0.05), & BN Sm . KEEHMHEL TR EES
(P>0.05), Talkh 25 1 75 f ISR 08 % B X 41 66 7Ry i &)y
i1 S8 U HE I 5 00 G P 52 1A L (P>0.05)

23 ARERSENREEENAERAFHHEN
iF. BB AR X £ U IS ARAY T
TRV AR 1 e SR B R ) 216 7R Ty el 4 £ 7
FEACHAH G A BAE AL TR AR AU RE A AN 4 Pz o 249751
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%2 FRAREERSBFRETE LR ISR E O EHRER, 1=3)
Tab.2 Growth performances of Takifugu rubripes fed the diets with different protein contents
under different stocking densities (Mean+SE, n=3)
MHAS AR TR GRCE  EEE MR WK WL R
(Protein/density) © SR (%) FE FI (%/day) WG (%) VSI (%) HSI (%) CF
1(P39/D20) 57.67+1.31"7  68.33+3.33 0.77+0.027  2.04+0.14 284.52+8.71" 7 9.01+0.20 14.49+0.16 3.75+0.13
2(P39/D30) 56.07+1.22° -4 62.22+2.93 0.77+£0.04 4 1.70+0.14 273.79+8.13* | 49.86+0.94 14.92+1.01 3.81+0.31
3(P39/D40) 56.49+1.98% |  60.83+5.07 0.75+0.03_ 1.97+0.20 276.62+13.18" | 9.26+0.40 14.68+0.72 3.67+0.05
4(P45/D20) 59.97+1.02°7  65.00+£5.77 0.83+0.057 1.91+0.18 299.82+6.81°° |  8.56+0.38 13.57+0.17 3.89+0.11
5(P45/D30) 61.52+1.78% (B 63.33+£6.09 0.84+0.05 4B 1.82+0.19 310.12+11.87® [ B 8.95+0.67 13.92+0.82 3.89+0.01
6(P45/D40)  59.89+0.72™)  55.00£1.44 0.80+0.03 1.73£0.16 299.27+4.80® | 9.00£0.26 14.18+0.33 3.65+0.03
7(P51/D20) 62.03+1.86™) 56.67+6.01 0.86+0.07 ] 1.55+0.25 313.50+12.42"™  8.84+0.39 13.88+0.41 3.68+0.14
8(P51/D30) 63.69+1.84° B 58.89+1.11 0.92+0.03 B 1.50+0.17 324.61£7.09° B 8.90+0.92 13.69+0.61 3.77+0.22
9(P51/D40) 63.37+0.76° J  54.17+3.63 0.83+0.04 1.56+0.16 300.53+5.08° | 8.88+0.56 13.97+0.73 3.70+0.05
BHER ANOVA(E R B E MR EELIRE T, H/NG FEARR)
P & P value 0.01 0.31 0.08 0.36 0.01 0.92 0.80 0.92
XHZE ANOVA(E R B E W EERESHE, HRSETFHIRR)
P value 0.00 0.13 0.00 0.05 0.00 0.46 0.19 0.72
(#E H protein)
P value 0.87 0.16 0.73 0.55 0.88 0.67 0.84 0.48
(% & density)
P value 0.71 0.79 0.91 0.85 0.71 0.96 0.97 0.94
(FEEx#E
proteinxdensity)

PR EAER; DFRFEEE. TR F—FhARIAE 785 R E BA B3 2257 (P<0.05)

P indicates the feed protein content and D indicates the stocking density. The same as below. Data within a column not
sharing a superscript letter are significantly different (P <0.05)

®3 TRAMNEASEMFETENLERAH 2B KRS HIZMCOFELARER, n=3)
Tab.3 Effects of different dietary protein contents under different stocking densities on whole-body proximate
composition of T. rubripes (Mean+SE, n=3)

k432 Diet No. Koy KM KR D5 KUK 75
(protein/density) Moisture (%) Crude protein (%) Crude lipid (%) Crude ash (%)
1(P39/D20) 76.36+0.21 14.93+0.27 5.11+0.61 2.47+0.06
2(P39/D30) 76.08+0.64 15.01£0.09 5.40+0.70 2.59+0.12
3(P39/D40) 76.16+0.22 15.17+£0.30 5.21£0.15 2.56+0.05
4(P45/D20) 76.65+0.35 15.18+0.28 4.66+0.43 2.52+0.11
5(P45/D30) 76.53+0.42 14.99+0.35 4.90+0.64 2.63+0.05
6(P45/D40) 76.42+0.21 15.18+0.14 4.78+0.15 2.55+0.03
7(P51/D20) 76.92+0.35 15.26+0.25 4.77+0.60 2.53+0.04
8(P51/D30) 76.54+0.35 15.15+0.45 4.79+0.12 2.74+0.09
9(P51/D40) 76.18+0.28 15.28+0.23 4.83+0.13 2.60+0.05
WF 7 ANOVA
P value (£ [ protein) 0.60 0.31 0.40 0.39
P value (%% density) 0.74 0.92 0.89 0.07
P value 0.95 0.86 1.00 0.94
(FEH <

proteinxdensity)




2 R 42 4%

40~ A AB B
w35l — r ) \ f ! \
853 30
2 L

39 ol
=g 2
= § *é 20r
®E e 15t
3]
®2g 1o
8 S
0 9 ) N 9 o) N ) ) N
D X B D MDA
PO GRS
SRR E/AREC SR
Stocking densities/Dietary protein contents
1 PRI 18 e S SR A 2 X £ L6 R fi

R R AR P B EEARERR , n=3)
Fig.1 Effects of different dietary protein contents on
ammonia nitrogen excretion rate of T. rubripesunder
different stocking densities (Mean+SE, n=3)

A FRE P 2 5 W2 (P<0.05)

Means in each column with different superscripts have
significant differences (P<0.05)

W —ER, M REATEPREAHARES TH
HHA(P<0.05), ErEEAMF | K400 R E

x4

Z5(P>0.05)0 YIRRHE I —EmT, 5% B AL 0 I v
REA SR RE R TR EL(P<0.05), K54
WL R R AT P R 25 S (P>0.05) . TRIRHER B
e T 3 B 2 R 41 468 ARy i 4 £ 1 R R 1 R
S ELA i RS BAE FH (P<0.05) . 15 %% 1 4H 14 1L 77
JIEL T e W S TR 4 (P<0.05) . IR E4 S
oL R AU T R M 22 R (P>0.05) . IR
JE—E W, MR S R I E AR E ST
R 4 (P<0.05), TEAMAMME. mEALMLT
25 25 5% (P>0.05), AR [ 7 fE SR 2 R X 216
IR 7 il &)y £ 000 35 e T R 1% 5 e LA
A8 HAEF(P<0.05), 45 4bF 20 izt vp 15 2 1 i A i 2R
FIRGEA w225, (e hE & Ed b, b
R i B = S A i) <

Tl RE R A e S R B 2 R N 41 868 ARyt 4 £ i
7 SRR S AR AR TR BR BRI AN 2% 5 BT o IL3E AEF A rp
1) 4 TR A S Tt R 4 2 2 Tl O G I 3 22 5% (P>0.05)
L35 P s o T R AL 25 R AT 3 22 57 (P>0.05),
{AFE R B AL, Bl 5 50 2 i B i LA Tt
=R

AMERSENFAERENAERGFHERKEEXEBRIROEMOE S EATER, n=3)

Tab.4 Effects of dietary protein content and stocking density on nutrient metabolism-related
biochemical parameters of in tiger puffer (Mean+SE, n=3)

WESE BEEEAE BEEEAE EHm=E 0ESHER EREREREE  nEaEs LEAEA
Diet No. Pepsin Trypsin TG T-CHO AKP TP ALB
(protein/density)  (U/gprot) (U/gprot) (mmol/L) (mmol/L) (& EHi/gprot) (g/L) (g/L)
1(P39/D20) 31.66+8.11 626.8+136.0 1.64+0.33 7.21£0.62 7.52+0.35 24.31+1.21 0.42+0.00
2(P39/D30) 28.12+3.49  535.2+150.5 1.37+0.08 8.07+0.15 6.31+0.21 } B 25.22+1.03 —B 0.37+0.04
3(P39/D40) 24.47+£5.39 419.5+136.0 1.53+0.34 9.63+0.13 6.95+0.41 29.00+0.82 — 0.38+0.08
4(P45/D20) 27.25+4 41 435.6+£66.43 1.20+0.08 7.67£0.46 6.72+0.12 21.00+1.57 0.43+0.03
5(P45/D30) 31.03+1.63 565.7+£235.1 1.06+0.22 5.14+0.54 5.26£0.43 + AB 19.15+0.62 4 0.35+0.04
6(P45/D40) 36.95£1.53  650.8+265.1 1.52+0.33 8.64+0.93 8.30+0.41 - 25.50+1.10— 0.41+0.02
7(P51/D20) 24.09+3.14 621.0+£51.40 1.56+0.02 8.03+0.42 5.78+0.23 26.59+0.42 0.44+0.02
8(P51/D30)  33.13+5.17  773.6+265.5  1.10+0.05 7.54+0.76 6.33x0.76 — A4  22.33+1.54 —AB 0.40+0.03
9(P51/D40) 37.46+4.63 803.3+173.3 1.42+0.27 7.91+0.64 5.33+0.49 — 21.69+0.98 — 0.37+0.05
EFE ANOVA(Z 7 AR A K65 )5 H)
P value 0.56 0.33 0.42 0.13 0.02 0.00 0.94
(% protein)
P value 0.39 0.89 0.20 0.01 0.06 0.02 0.27
(% E density)
P value 0.25 0.78 0.82 0.07 0.00 0.01 0.82
(FEH<EE
proteinxdensity)

RIES G ERAARNFRKRE 7HH N 25 B3 (P<0.05)

Significant differences between the braces with different uppercase letters (P<0.05)
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x5 WAREASSMARESE N LEER T 6 HNHEXELIBROZ I HERER, n=3)
Tab.5 Effects of dietary protein content and culture density on serum and liver biochemical parameters of
tiger puffer (Mean+SE, n=3)
BURVIYEL e 75 st WPEAS P9 2000 L3 8 PO 0 it gy L0 SCTRICE K
(protein/ deﬁsity) GOT (U/gprot) ~ GPT (U/gprot)  GPT (U/gprot) GOT (U/gprot) (ng/ml) (mgg/ dl)
1(P39/D20) 6.49+1.50 14.22+0.72 12.35+6.88 6.22+1.51 35.50£1.02 5.28+1.15
2(P39/D30) 7.81+1.05 12.46+0.31 18.60+11.45 7.56+3.95 33.29+6.69 3.35+1.45
3(P39/D40) 7.08+1.10 12.90+1.28 10.13+£2.37 5.02+0.79 36.94+3.25 4.43£0.96
4(P45/D20) 6.58+0.78 11.71+0.48 11.00+2.98 5.71+2.56 31.92+3.53 3.38+0.84
5(P45/D30) 6.54+1.47 13.81£3.40 16.02+5.88 5.32+1.84 36.19+3.31 3.08+1.38
6(P45/D40) 6.64+0.96 14.29+2.45 12.19+£2.71 7.84+0.47 39.90+0.35 5.04+1.01
7(P51/D20) 8.24+0.70 11.34£3.06 13.99+5.75 5.26+2.18 34.63+£2.31 4.49+1.48
8(P51/D30) 11.64+3.67 18.46+3.78 15.96+1.66 4.17+1.14 37.68+0.11 3.83+0.73
9(P51/D40) 7.34+0.89 15.90+0.51 13.96+0.91 6.05+1.46 42.22+4.10 7.46+2.40
MEZE ANOVA
P value 0.12 0.48 0.94 0.74 0.55 0.44
(% H protein)
P value 0.39 0.43 0.51 0.92 0.14 0.16
(% density)
P value 0.68 0.42 0.98 0.75 0.82 0.69
(EHHE
proteinxdensity)
. A E DRI, BRI T . TR 2
3 itig BLW] T B 09 4 . 75 % b 5B (Maccullochella
31 MBS R A o A6 T A pedlii)(5k P& FH %, 2015) . s5 71 f1 BE £ (Epinephelus

Ko fRAREF A0 & o 4E R B F2 N

1 25 1) 3 RN R ROR — HAA R A KOy
T EE AR Z —, AT, MERER . hE
FIA e & m TARE AL, mifem . PR A 4l e
BEYEZES . RCR AT T ISR AT
FW, 45.55% A RHE I 8 B 20 R 2 21 6 45 J fil
e Ew A KT R HAEFREY, ML SR
fifi 4y f10 AR AF R 1) A R AR v S R R T
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Effects of Dietary Protein Content and Stocking Density on Growth
Performance, Nitrogen Excretion, and Relevant Biochemical
Parameters of Juvenile Takifugu rubripes

ZHANG Xiao'?, LIANG Mengqing>*", WEI Yuliang®*, LIAO Zhangbin?,
ZHANG Qinggong’, XU Houguo™’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306;
2. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao 266071,
3. Pilot National Laboratory of Marine Science and Technology (Qingdao), Laboratory for Marine Fisheries
Science and Food Production Processes, Qingdao  266071)

Abstract The effects of protein content and stocking density on growth performance, nitrogen
excretion, and related physiological and biochemical indexes of juvenile fish were studied using juvenile
tiger puffers (Takifugu rubripes) with an average initial body weight of 15.60 g. A two-factor, three-level
(2x3) design was used, with three different protein levels (38.87%, 45.55%, and 51.00% dry matter) and
stocking densities of 1.53 kg/m’ (20 fish in a tank of 0.196 m’ volume), 2.30 kg/m’ (30 fish per tank), and
3.06 kg/m® (40 fish per tank). The feeding trial was conducted in an indoor flow-through system. Each
diet was fed to triplicate tanks for 8 weeks. The results showed that, at a certain stocking density, low
dietary protein resulted in lower weight gain compared with the medium and high dietary protein levels
(P<0.05). Neither dietary protein content nor stocking density significantly affected body proximate
composition of experimental fish. At a certain dietary protein level, high stocking density increased total
protein and total cholesterol contents in serum compared with medium stocking density (P<0.05). The
total protein in serum was higher in the low-protein group than in the medium-protein group (P<0.05).
The activity of alkaline phosphatase in serum was significantly higher in the low-protein group than in the
high-protein group (P<0.05). No significant interaction was observed between the effects of dietary
protein content and stocking density on growth performance and nitrogen excretion. Ammonia nitrogen
excretion in the high-stocking-density group was higher than that in the low-stocking-density group at
3 hours after still-water feeding (P<0.05). Results of this study suggest that 45.55% dietary protein was
sufficient to maintain normal growth in tiger puffers. Dietary protein content and stocking density had no
significant interaction in the effects on growth performance and ammonia nitrogen excretion.

Key words Tiger puffer; Dietary protein content; Stocking density; Growth performance; Nitrogen
excretion; Biochemical indices
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