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NI RRE L A 4R, R’

(L P EAFHFF R R AR LTS, L L% 214081 2. B R AF R H@ ¥, L7 L% 214081)

E AT FHOK IR A T DR R KX 2k 85 ( Megalobrama: amblycephala) 266 4= K TH AL J1 AL
HEACFEFR B, SEG BT 4 AR B AT 19 AR 22 AR IR 41 ( BF-20% \BF-25% \BF-30% \BF-35% ) L) J%
LA 35% 26 IO BRAL, A b B 150 3 AT, S SR FE IR P A (R EE R (6. 06 £0.01) g [ 3k 1)
40 25 )2, FRAEIER A 6 JE . A5 IR (1) T A ) 22 1A T DA SO 15 7K 5, B K (A b 1 U R R AR
FIE A BRER KT (2) BF-30% Al BF-35% 41 IR} BEAL A LR R E 3 B R Rk R 2 R AR R (P >0.05) {0
H G J T BF-20% 41 (P <0.05) , #5-4b FRAH [B] (A7 15 R A B 25 5 (P >0.05) 5 (3) BF-25% 41 \BF-30% 41
A BF-35% 41 19 g 1 | JHF J0 68 4 1k 40 o5 A 6 0 25 e H B O 4 Ak 0 I O M B T 0 B4 R BF-20% 4
(P <0.05) 7 BF-20% 41 (%) JFFEPY 0 & i 1.3 = T HoM AL JAH (P <0.05) ; BF-25% 21 . BF-30% 2 1 BF-35%
ZH A I T R A T T Tt T T T PR B S TN BRAE I BF20% 4H (P < 0.05) , Iy S Em S HEE S
i AN AR ARG I ZERARE (P >0.05) . 5 RY, BHOKSM T ik 35% & HKFmb 2

25% FH- AT A1 Sk 5 40y #1116 A ARIAR R S P S T o

ES: 0 HEiPA TREELY/E SEiRE SV & SHA S S (Rl G £
XEHS:1674 -3075(2017)01 - 0068 - 07

HESES:0592. 1 ERFR RS : A

AWy 2R AR 2 H TR Se it iK™ SRR
Z— A BRI LA 7 5 T 7 A B B T G [] et
ARG K 7 il Jo 222 4 1] R LA Bkl 2 22 A N 2%
AR I R S A A TR AT LA S 3 ok AR i C/N L (E
AR i LAY J, TR 1% 7 v S 5 40 T R e A
PR TEHLEOR & B B I TE A 1, #EK 4
H AL LA R #h A TC LR A ok 37 5 s ]
FAH R I TR 1 KR ZUR AR ER A
K3 (Avnimelech et al, 1994 ; Avnimelech, 1999 ; &
SEAE, 2011) o AP 2RI i S W AT HIURUREZH A,
TEFRFH P AN SE B WOk IR, mT S fit— 70 i
#H H 75K (Ballester et al, 2010; Wu et al, 2014) ; [&

s HER 2015 - 11 - 11

BEEUTH: HFE K FIRAK AR R R TR AL
(CARS-46-14) 3“1 10" I GRS TR Wit % = 50k
BIFEHALE G/ (2012BAD25B07 ) ; Ht Je 44 24 1 PERHIT B i
FEAFIIN 55 9% % T 55 43 (2015C06XKO1 )
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S AN A 0 22 A BE D ST 7K 7™ SR S el ek b 2 1 o
FEAA TR, A PR AR 1 A oA s /> £y
fd P, BRARTA R A , S A 83
I, A2 1 28 141 BOR 3% 3i v FH 7 FL 48 358 % JF
( Litopenaeus vannamei ) ( Stephen, 1995; Burford et
al, 2004 ) B (TR MR ( Macrobrachium rosenbergii ) ( X
FERGSE, 2013 ) 45 S5 2R S W 0 IR 5 b 5 I AR 7E
B 4k f1 ( Oreochromis niloticus ) ( Azim & Little,
2008 ) 3 1 ( Ctenopharyngodon idellus) ( f5 { [E 4§,
2013) fif ( Aristichthys nobilis) (ZEEFE4E, 2012) F
A3k fifi ( Megalobrama amblycephala ) ( V1. B 52 &¢,
2014 ) SFERFEIH AT AHOCHRIE . HT Sk 85 R HE A
e se AR BT E R, IR IR IR K
Rz —(Ke, 1975), ETHY LU E & KK
T I AN A 1R ) o, RN SR K Sl W B
Jy AT LU RO FEA0AR (Crab et al, 2009) . 165
SEHFRIE AR G IS M PR AR R R, AR ) 2 AT RE
YL ATk 5 4 £ 1) S P LR M ATE A, SRR
Py 28 TR )L A 1 B RV TE DTHRA R o AR
T B TEARTE T TR I KR T i)RL th AN ) 2 kP
X AT S B A A T AT P AR IV AR AT AR R R
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1.1 ARER&ET

R TEEM RIS R G 4 PSR R
F T K- (20% \25% 30% Fi1 35% ) (AR 5 (3
1), 7 # % it & BF20% . BF-25% . BF-30% .
BF-35% . 5300 BEORH G HEA TR A , XA A i 1) SO
15 60 H ARG T 015, #5631 AOC LU MR B i
JEORIF 8 2R A R EURHE P IR ST 7 1 4%
FEHE S B JEURHE i KL AL ( SLP-45 B ) v i B A0RE
TADRE R i e 60 BORLARL R B AR XU S A 4°C g K
R ORAT

®1 ARERREFHEASE(TUR) %
Tab.1 Feed composition and nutrient

content ( dry mass basis)

T Ak 20 A, BF20%  BF-25%  BF-30% BF-35%
£k 5 5 5 5
Uitk e 10 10 10 10
B3 10 10 10 10
2 3.0 17.7 32.5 47.4
INE K 4.5 27.4 12.3 0.0
PS 21.6 22.1 22.5 19.7
A 2.6 2.6 2.5 2.6
KNG 1 1 1 1
AALAETR 0.5 0.5 0.5 0.5
e E TR 1 1 1 1
WhiR — A4 1.2 1.2 1.2 1.2
7 )sis bl e 1 1 1 1
2 ap i) 0.5 0.5 0.5 0.5
&it 100 100 100 100
LS 1 19.9 24.9 29.8 34.8
Tl AERL T 7.12 7.09 7.12 7.11
FREHHLIR 43 9.24 9.18 9.22 9.19
R feR/k) - g7 18.45 18.77 18.08 19.42

T @ 484 R BOR A 454 K A, 900 000 1U; 44 % D,
250 000 IU; 44 25 C,5 000 mg; 44 & E,4 500 mg; 44 &K B,,
1090 mg; 4 4= R K3, 220 mg; 4E4: K By, 0. 02 mg; 4E4E K By,
320 mg; 4EA: 3 By ,5 000 mg; iz MRtk ,1 000 mg; 3,50 mg; AR,
165 mg; {2 ,2 500 mg; LG ,60 000 mg, QYT HIRE - GBI,
2.5 g BRIR YR, 28 g3 BRIREE,22 g; AR .9 &5 MLANAREN,0. 045 g; il
LR 0. 026 g; S ALAE 0. 1 g 3. SREFL i H BT 23. 64 kl/g I8 i
39.54 k)/g BROAKALA Y 17.15 kI/g T8, Hifh Sy SEA

Note: (D Vitamin mix ( [U or mg/kg of diet): Vitamin A,
900 000 IU; Vitamin D, 250 000 IU; Vitamin C, 5 000 mg; Vitamin E,
4 500 mg; Vitamin B, , 1 090 mg; Vitamin K5, 220 mg; Vitamin B, ,
0.02 mg; Vitamin B, , 320 mg; Vitamin By, 5 000 mg; Pantothenate,
1 000 mg; Biotin, 50 mg; Folic acid, 165 mg; Niacin acid, 2 500 mg;
Choline, 60 000 mg. (2 Mineral mix (g/kg of diet) ; CuSO, + 5H,0,
2.5 g; FeS, - 7TH,0, 28 g; ZnSO, - 7H,0, 22 g; MnSO, - 4H,0,
9 g; Na,SeO;, 0.045 g; KI, 0.026 g; CoCl, - 6H,0, 0.1 g. 3. The
dietary gross energy was calculated as protein: 23. 64 kJ/g, lipid 39. 54
kJ/g, carbohyd: 17.15 kJ/g. Other nutrient level are measured values.

1.2 XLEFEFERE

Fr B S50 g A R E KRR ST B iR K Il
WF5E L R SR, Fir P A Sk 85 R K el T 5 v
o SRR R AL, S ARy Sk 85 4 0 B R T E N
PEFRIK F5FE A ( E 42 820 mm, 75 700 mm) H 8 57
1A R Lk 7 4y 5508 I T 6 43 4 S5 0. Pk i
Jfdt B | o AR RS — B0 Sk 85 %)) £ 375 R IREAIL
SERHUA 1S DFRFEAMT B, W) 4G KK HE R (6. 06 =
0.01) ¢/F&, 9k 1 G IR IER LS

FRAEIAE], S 4 AR S R AR
R 20 AN 317 K IR 52 i (BF20% | BF-25% | BF-
30% BF-35% ) , kb 35 PR K R SR 4 1 28 R 400 2k 1Y
K3 AR KO BRA R 28 3% 8 35% L&
TELH(RAS) o B R BRI A2 08 = 00,12 : 00 i
16 = 00, HL4J5 141 3k )5 4y #8150 1 1) 3% 40, 25
) 2 i AR50, Kl 24 ~29°C,pH 7. 4 ~ 8. 4, 15 fift
AT S mg/L, FRAEH 6 G, AR 1 d iRk &)
gt AT RAE D A K I8 bR
1.3 £YREAEFRKRERE

PR AT B A ) 2R AT, SIS T 4 i 1) S 56 20 1Y
FREEAR N AN RS E R IR AP R S5 R R M) R AR L o 5K
BRI, BR 11 2 00 BAREEHE 30 min, 43 4%
RS 2 k4% A 2 1Y) 48 % \60% \T2% 84 % U N A
A, L AN AR KR C/N LIk 15,
FARIBCIT 5 14 4 2 W 51 T 3 BRL K AR V8 At I 0B AT ik
4, 5 HAAR 3k 11 Sk 875 5 195 D0 A 7 K

FEFRRS SRR KAE B 7K I pH {HL | 785 A 4R B F
e , pH fE S PHB — 1 AUEHE pH THE %
fift Sk 2 (DO) F7K i ] Thermo Orion %45 810
A A AL o o K 08+ 00 SR 4 % 4 Al N
200 mLiR KR E AH 5K BT 46 b , £ 45 22 2 N0 i
PR R o
1.4 HAREMLE

il PV 32 100 mg/ L 1 MS-222 JERIE A K 87540
1, FEHLI 3 AR AT R IRCR I, SR B8R 1Y 1M ik
THOEEE T 25 00, P BB b I T
TR (4°C) ZH . HLH 8 000 r/min B0 10 min 15
S I B M35 72 T2 OK R I B0, 7E -20°C
TRAF o PRER o A ) F AR, 7 BRI T80T 2 004 o
-20C & 1£, B+ & W — & ( Malonaldehyde,
MDA ) i)& & A LI fL i ( Superoxide dismutase,
SOD ) Flid S A 2l ( Catalase, CAT) i#E M, 7085
R IpEE E T KA SO, T -20C
IAE# R T I0 2 B 3 T A T
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1.5 MEHRMNAGE
L5 1 EKEREIER R FEE 555
XoF 2% L 9 Ak 77 40 R AT IO A PR, & A K AR A
HRAXAT

WER(WGR) = (W, - W,)/W, x100%

PRLRE(FCR) =FI/(W, - W,)

JIEZR(SR) =N,/N x100%

Kb W g R IR T (g) s W, R 3
(g) s FI H RV e i e B (g) s N, ke
B, N AR R
1.5.2 Jp# B e iE ) ERPIERE SN YA
&1, K KIE Ve 18 J5 39 7 8 T i 3l &) K s
Tk K IR A 3K, A%C R R R B O L
6 000 r/minBS.0>15 min, B FIEW AN, T 24 h N5
Mroe e, JBEHE e A 7 Tt 5 A0 TG 1 25 R T Pl e
AR AR 5 T 8 ) A T

FEEBHEYEE LR 1 mg HEEHTE 37C,
1 min BEREEAR ] wg [EERRA T 1 NG
JIEAAL; VERY B M SO 1 mg B
5 37°C 5 YI1E M 30 min JKfi# 10 mg JEH A 1 4
Tt 1% 73 A 5 AR T B M SO A A 1 mg [
HEAE37C 1 min LR 1 g 70518 107K 1) i
R AR S8 (U) o iR R E S
DLA- T8 AR bR o, TP o i AR ) AR A 5 e
IR &, 25 B s R D A o
1.5.3 FFIEAACEEGE 4 RS 5 AEHER K
129 (W= V)R H B 109% 0 FFIE ) H ik, 48
SRR 4°C .5 000 r/min Z.0 15 min, B EIERE
SR OF CE¥ H 7 e L 7/ e A E P /T B W 1 )
R P {8 T 25 5 Sl i i A R AR I
LB (SOD) (it %8 ALY ( CAT) FlN 8 (MDA ) i)
B i B T et A A ) R AR i 4K

SE A8 J7 1 A B BRG] & i il A A T A o

SOD (VBN E O A2 s HAE I 7E 1 mL
SR SOD i #4855 50% I Firxf B A 1A
i 3 SR 5 CAT BRI 1 B A7 8 SR B2 s 4L
HAEF R 1 pmol (9 H,0, B 1 AN J) 5
A7 5 JFF W BERRAR 11 7 i A A I 2R 11 s, TR ot
AR LA 9 i 1R &, 5 Th 3 S i s i AT
e
1.5.4 & A fude e ILVE AR LS bR DU E R HT
Pronto-E 4> H 2 4= 46 73 X (KA BPC 24w ) )
SE , W E$6 b5 A 45 G A 1 (Total protein, TP) | [
H ( Albumin, ALB) . i % % iR ¥ ( Alkaline phospha-
tase, AKP) V& B [ ( Lysozyme, LZM) (4 EL5E & i
( Aspartate transaminase, AST) #1424 TN ¥ 2 i ( Ala-
nine transaminase, ALT) ; S\7E & &2 0 %8 F AU 45 Ik
P, A 12 0 PV R I 2 L 1, Bl e
TR k2 0 SR P 40 ERE (WK 9 IR ) L 18
R BRI R F b i, ) & 44 0 B e R )
LRI
1.6 BEFITS5HH

SEHEAE FH SPSS 16. 0 GEit 3 i LR R
J7 225301 (One-way ANOVA) ;55 22 5 Ik 25 I, P ik
T2 3 (Duncan's procedure) ; P <0.05 F/R#E
SR A AR L (E + ARiETRR (Mean +
S E) £,

2 HREHH

2.1 KETiEtR s

S 18] A= ) 22 AT 1 2H R B K X IR ZH Y 7K
T P At SR E R E — E 1Y /K-F, pH (52 T REE %,
A R AR R & = R BE LT ST
RS (£ 2)

R2 ARIAEAXFEKRIERAIR M

Tab.2 Water quality parameters in the different treatment groups

W5 S 47 Xof HR 411 R 1 R4 2 R 3 Bl 4
PRUEARDR RAS BF-20% BF-25% BF-30% BF-35%

K/ C FHE 26.40 +0.22 26.70 +0.10 26.53 +0.25 26.17 £0.35 26.43 +0.26

i EOM 24.70 ~28.70 24.50 ~29.10 24.20 ~28.80 23.80 ~28.70 24.00 ~28. 60

DO« L SEHE 7.25£0.26 7.46 £0.38 7.58 £0.33 7.72 £0.46 7.88 £0.49

e Foa: | 6.26 ~8.50 6.53 ~8.31 6.60 ~8.02 6.44 ~8.73 6.83 ~8.55

- I 8.12£0.12 8.01 £0.14 7.92 +0.11 7.72 +0.15 7.64 +0.18

P WM 7.42 ~8.49 7.36 ~8.51 7.38 ~8.47 7.25 ~8.50 7.21 ~8.33

AN/« L1 SEHE 0.21 £0.02 0.33 £0.03 0.35£0.02 0.34 £0.02 0.32£0.04

e SO 0.10 ~0.49 0.21 ~0.68 0.18 ~0.65 0.15 ~0.66 0.18 ~0.61

NO- N/me - -1 I 0.06 =0.01 0.12 +0.04 0.15=0.03 0.16 £0.05 0.18 £0.04

? g n B 0.02 ~0.09 0.05 ~0.33 0.08 ~0.34 0.09 ~0.38 0.06 ~0.41
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2.2 HREASHEMMA

H1 %% 3 A%, BF-30% Fll BF-35% £ 1) 2 AR 1
2 1] 3k f5 4 F F 4 AC MAR BE R 3 T R S5 A R K R R 2L
ZRWA R FEEZER(P>0.05), HEEHmT
BF-20% I8 41 (P >0.05) , BF-30% #il BF-35% izt
B R R RS T B 2 R 2R R
(P>0.05), {H & # {k T BF20% il % 4
(P>0.05) , % Ab B WY 06 R A B & 2 7
(P>0.05),
2.3 &ELEFEERRELEE

H 3% 4 A1, BF-30% Fll BF-35% £ 1) 22 Al 5
AWM EAMEE ST BARAE R EEER
(P >0.05) , JE ¥ g A1 IR Ry B 0 14 76 45 4b BR AL Z [A]

®3 ARREAXF K84 & &K ERE

WA BEMEE R (P >0.05), BF-25%  BF-30% I
BF-35% 12055 2H 1) e 41 0 s A Tl A0 3 4 A S Tl T
PR 2% 5 T BF20% i 3% 20 F9E BF /K % B4
(P <0.05) ;BF-25% ,BF-30% F1 BF-35% .56 2H 119
N B SR A WA kS B
ZKTF BF-20% iR 5 4H (P <0.05)
2.4 MmiEELIERR

i3 5 "] %1, BF-25% BF-30% Fil BF-35% £y
AR g 20 1 VAT K 7 007 P A I T A S T S
T TG KN B BF-20% i3 41 (P <0.05) ,
PO RGPS i IR RSl ¥ A S IS K g & AR 20U
AN SN EAY TR EEEmw
(P>0.05),

sEAl)

Tab.3 Growth rate of M. amblycephala in the different treatment groups

& pagiE| R 1 a2 2 g 3 I 4
fahR RAS BF-20% BF-25% BF-30% BF-35%
WIUEIR T/ ¢ 6.06 £0.17 6.06 +£0.01 6.06 £0.01 6.07 £0.01 6.07 £0.01
LRk HE/ g 11.88 +£0.93* 10.74 +0.63" 11.16 £0.52% 11.75 £0.24* 11.92 £0.69"
WEOH R/ % 95.02 £17.15* 76.28 +10.30" 84.72 +8.62% 93.55 £3.89* 96.48 +11.51*°
TR R K 1.83 £0.29° 2.27 +0.31" 2.02 +£0.22% 1.85 +0. 14 1.78 £0.36°
JIE R/ % 94.67 +1.53 93.33 +0.58" 93.33 +0.58" 94.67 +1.53* 94.67 +1.53*
T FATEEEAS F SR 22 7 35 (P <0.05)
Note: Data with different supersctipts in the same row are significantly different (P <0.05).
x4 FEIREETF L &4 &GS E L EE TR R4 s R G
Tab.4 Intestinal digestive enzyme activities and liver antioxidant status
of M. amblycephala in the different treatment groups
e X BR2H IR 1 X554 2 X2 3 RInd 4
LTS RAS BF-20% BF-25% BF-30% BF-35%
MEAM/U - mg™! 0.68 +0.07* 0.45 +0.07" 0.58 +0.06™ 0.64 +0.02° 0.66 +0. 10"
TERIEE/U - mg™! 2.52+0.35 2.42 £0.42 2.38 +0.33 2.45 +0.52 2.65+0.38
Reif/U - g7} 15.24 £2.12 16.65 £3.01 14.13 £2.56 16.32 £2.96 15.28 £3.14
ALY AL/ U+ mg ™! 20.35 £3.02" 18.22 £2.94" 26.68 +£2.52° 30.45 £2.18* 24.42 £3.36"
SEAYIEG/U - mg™! 9.56 £1.42" 10.13 =1.86" 12.35 +1.10* 14.29 +1.25° 15.65 +1.08*"
N ¥/ mmol - mL~! 1.84 +0.42° 2.25 £0.55" 1.75+0.78° 1.72 £0.65° 1.68 £0.82°

T A TR A R TR 22 5 3% (P <0.05) .

Note: Data with different supersctipts in the same row are significantly different (P <0.05).

RS ARIAKE A H K854 & i & L IRIRE R0

Tab.5 Serum biochemical indices of M. amblycephala in the different treatment groups

e Xf HRZH A 1 G 2 I 3 K 4
B RAS BF-20% BF-25% BF-30% BF-35%
MEA/g - L7 54.61 £4.91 55.84 +£6.68 54.22 +7.98 56.68 +8.06 58.98 +9.43
H&EH/g - L7 12.78 £0.78 12.25 +0. 81 12.42 +0.69 12.42 +0.93* 12.98 £0.91
WL/ U - L 18.50 +5. 12" 16.33 £4.23" 28.67 +4.55*" 24.51 =4.16" 20.89 +£5.02"
I wg - mL ! 1.85 £0.25" 1.76 £0.33" 2.45 +0.38" 2.86 £0.29* 2.42 £0.42°
BIEE /U - L) 175.25 +17.27 171.69 +18.51 168.25 +17.46 174.47 +18.72 172.12 +17.02
AWNFEN/U - L 9.43 +£0.52 8.82+0.48 8.61 £0.71 8.55 +0.67 8.44 £0.69

T : R BE AR R R 2252 235 (P <0.05)

Note: Data with different supersctipts in the same row are significantly different (P <0.05).
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3.1 fRABEBKEXE Sk ERKFK R R
S AN TS AR b B TR S A ) A BLEE S B
BREEIE AT K AR Sh Y R I A 2R AT, A
WHIER B, A= 9 22 WA B R RE A i) R 2 1 A5 21 — Tl
WA, B TE A K R il 50% 188 1 BT oK
YRR T 4 ) 22 3] ( Avnimelech et al, 2008) ; A it
AT LASHIATE AR ) 2R A 3708 R G b Y AR R
T, A W 2R AT 1Y) B R 2 Ik 7 A4 i i 1 R
P B K. AR TERBHE O S EE IR E
25 I}, HI B3R HE K BZH A B P2 5+
F DR PR AR 1 A 2 RO AR ) R A SR R G
Hh LSk B ) A K PR RE TR A 52 ), X 5 PLAEE X
HRRYBFFE 4R — B (PRI, 2014) o — DS B AR
Fede A= W 22 A v 5 A AR A K BT Y 2 O L A
LI T4k 4 2K 5575 97 i ( Decamp et al, 2004) .
AbFoE 45 L FK W, 5 X7 B4 AH L, BF-30% #1 BF-
35% HE) 2R A1 IR 3 20 W AR T AL Sk By 1 ) RE R
K, VLA A= W 2R AT RE hy 3R 5 2l W b st B FR T R 1Y)
B, R SRR 3R, AL AR
N, AE YR A SR BRAL K s AR AR AL, A=
M BES A KR T R NH, -N F1 NO, -N,
XA TIE S A= 1 22 AT P 1 4 T i T 5 ) B 05 A o i
WA K A ) NH, -N(Hari et al, 2006 ; VLR
& 2014) .
3.2 FAKEXEALEH LB RN DRI
AR, A= 22 A 21 fa A v A e
it T P S e TG P KOG B T HE g b U A Tl
TP 7 Tt T P G Y 2 1 22 e, 3 DR X IR Y
WL R AL (Anand et al, 2014) ; X 2 [y 22 14]
HH PR g A= TR R AT Sk 5 g L TR ARE 45 R L 2 e DR
THALFI (VIS B S, 2015) o B An4F (2012) BF 5T
R,y 2R A, RN T U A ) L A R R BORL
AHURSE, LN R R S B A H 5 2
PP 2 W), DR 2 4 K SR 0H 28 G v W Sk 5 6 B
A=) 2R A R4 S, R T e TR P R
AWFFER, AR AT RGP BORE AT 25% ~
35% (1 EE DR, Sk 85 40 g0 0 e A0 S P 3
TAGFRACKT BREH, 336 I PR A A6 ) R 11 A ) TG P )
JT N B A RE A% e i /K A= S W) Y Bt 84k R 52 (Ju
et al, 2008) ,
3.3 {ARZEABKFXE 80 ik 44 iEERa 0
W) ) IR B s HATLA 1 AR S TR R 0

DLR A PREE RS | 24 PR5E 38 X5~ X0 37 5 sl ) 7
A N R S A A i A s B S AR I il i AR
PAEHR AT e #2808 LB TR AR O B B g 7K
(Holland et al, 2002; Affonso et al, 2007 ) . B {4
TR Wt 3 ) 1 P T ) A R 1 I, B S R TR
BE AT e R A B A, 72 Sh W BOICE IR W i i
PR R EEEEAE . MR aE R, il i
T2 it R 300 5 722 e A ) 9 T 25 4, DTG 4 v e L
PRI FIAT R BE ) (Poelstra et al, 1997) , %5 T i
S — PP AR S v e AR e B A AR R
RAREEAE, R S B s PEAE I 2K ™ 37
SRR SR S D Y R bR (0T, 2013,
KFEEAE, 2014) o AROFFERY, A 2 A 575 &
Ge iRk S i 35% b 2 25% I, TSk 57 %)
B E B R RS TR S M M R B T
PR BRZH . WEFE S RS, AR R AU 2y
Tk eh 2 s, T ELRE S s HAR R R S T
X ] BE S R S BRI B A — S B T 2 A R ) 65
(VISR , 2015) (2 HE (FMIRSE, 2013) FAY)
TEPEY) S (Ju et al, 2008) ; BLAN, I 3% BB
HEE A NS R Z A 1R R 22 e AN
X A] BEAE Hh THEE A1 P A Sk A A
BT H B FTEL

g5 BT, YT HOK T AR TR RS
HEHER L KCF DA 35% B/ 2 25% I 1413k 7 4)) £
ARG T A TG ) A R S e ) O W
Z 5 s W AW 2R A1 vh s SR W o mT A 8 Sy 1k B
TR E R, OB SR B A 7 T i — 2R .

B3 LAk

TLIGERR , PVERH , X W7, 45,2014, 3 S [R e Y5 %o 2 40 K
FRAE R G A Skt Rl AR A LT UK R 11 5
W[ I, K=, 38(8) ;1113 —1122.

ZERALG 2012, AR EE A SR AR S D] |
1 IR

XUKLRS, WS, FIOK, 45, 2013, AY B HIE S RIF AR
BRI KR, 22(1): 47 -
52.

FURE, Y, W8, 45,2013, R C/N 7K X2 fa
AW ENTE B R K B sZm [T]. K= 2E 4, 37
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Effects of Dietary Protein Level on Growth Rate, Digestive Enzyme Activity
and Blood Biochemistry of Juvenile Megalobrama amblycephala
Reared in Biofloc-based Culture Tanks

SUN Sheng-ming' , GE Xian-ping', ZHU Jian', ZHANG Wu-xiao’, SU Yan-li’

(1. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081,P. R. China;
(2. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081 ,P. R. China)

Abstract; Biofloc technology ( BFT) presents a sustainable solution for aquaculture that does not threaten water
quality control because of negligible water exchange. The technology also allows healthy culturing of fish and can
use a low protein feed that decreases cost. This study was conducted to evaluate the growth, digestive enzyme activ-
ity and serum parameters of juvenile Megalobrama amblycephala reared in a biofloc-based aquaculture system with
four dietary protein levels ( BF-20% , BF-25% , BF-30% and BF-35% ) and a control group. The aim of the study
was to explore the influence of biofloc on the immune function of juvenile M. amblycephala and to determine the po-
tential contribution of biofloc to dietary protein. M. amblycephala, initial body weight of (6.06 £0.01) g, were
randomly assigned to 15 aquaculture tanks, with 25 individuals in each tank and three repetitions per treatment.
During the experiment, M. amblycephala were fed on a formulated diet with no water exchange and M. amblyceph-
ala in the circulating water control group was fed on the formulated diet with 35% protein. The water temperature ,
pH, dissolved oxygen, ammonia nitrogen and nitrite nitrogen of each aquaculture tank were measured daily. After 6
weeks, water quality in the biofloc-based treatments was good, maintained by the biofloc that formed as a result of
adding glucose to the tank. The biofloc maintains good water quality by removing ammonia, nitrate and nitrite nitro-
gen from the water. At the end of the experiment, the growth parameters (final weight, weight gain and specific
growth rate) and feed conversion rate (FCR) in the control group were not significantly different (P >0.05) from
the BF-25% , BF-30% or BF-35% treatments, but were significantly different from the BF-20% group. There was
no significant difference (P >0.05) in survival rate among treatment groups. The activity of intestine protease in
the BF-25% , BF-30% , BF-35% groups had no significant difference with the control group but was significantly
higher than the BF-20% group, while no significant difference was observed in the activity of amylase or lipase a-
mong treatment groups (P >0.05). Superoxide dismutase and catalase activities in the livers of the BF-25% , BF-
30% , BF-35% groups were significantly higher than that of control group and the BF-20% treatment group. How-
ever, the malondialdehyde content in the BF-25% , BF-30% and BF-35% groups was not significantly different
than the control group, but was significantly lower than BF-20% treatment group (P <0.05). The fish in the BF-
20% group had the lowest serum levels of alkaline phosphatase ( ALK) and lysozyme (LZM), but no significant
differences were found in the non-sepecific immunity (ALK and LZM) of fish fed the 25% , 30% and 35% protein
diet (P >0.05). No significant differences were observed among groups for total protein and albumin or the activi-
ties of aspartate transaminase and alanine transaminase (P >0.05). The results of this study show that when juven-
ile M. amblycephala are reared in a biofloc-based tank, the dietary protein level can be reduced from 35% to 25%
without affecting growth rate, physiological response or antioxidant level due to protein contributed by the growing
biofloc.

Key words: Megalobrama amblycephala ; biofloc technology; protein level; growth performance; blood biochemi-
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