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A 1 28 [ X 7] 3k 5 (M egal obrama amblycephal a)
£, AR EEXEE RN

S URNEY S
(1. PEDK = REA A5 BETR K A A5 0

% ' TBRAR? KRH’

ol 2140815 2. maUfOl RSB EBE 0B 214081)

BE h T BER E K ST 3 3k 4 (Megalobrama amblycephala) 3= 78 A 1 4 41 % F 7 i, Fir & iy
EAWRA(CN), UKFRE C/N TR &% Btk A K. H B E AR i Rk )
B, REWHEI 4 ANFRE CN 4, &353R LA (C/N=8 : DT B4, FXEaE L
NmE AN EA, AP HALEAN CON 27 HEHR 12:1 (C/N12), 16:1 (C/N16)F1 20 : 1
(C/N20), R B, C/N16 F1 C/N20 A EAF A LGN M EL g A KEREG THEA
(P<0.05), T4 2 % B 1% T 2 41(P<0.05); C/N16 Fr C/N20 Ak #2 41 v [ sk &5 fip 1 0 & (&1 B v
WA e T EE T A B 4L(P<0.05); T & LA P H ke s fiBe E ik H R E M £ 7
C/N16 fr C/N20 4324 W [ kg i i@ A B LBe . mUES BB A EREEE ES THEA
(P<0.05)., #AREKW, £WEABANLATHELGFAETHN CN NARKT 16, ZAHTHREAE

% R R BRIk AR KL T L A A K Bl E

KA

hESES Q939.9 IrHEEERIRAE A

H: W) 28 A 4 K (Bio-floc  technology) J& — Fli BT 2%
A A5 7 R K T B AR S FRFE B AR o AR R B e
YISE AR, 1EAE B R G HE MRS | ARkl
20 A DL R A A R s b i 2 AR (R DA,
2009)", ZEHLAESE(2008) 4 A 4 LA 1R Jy 4 37 5l A
GLA T A AR B B A — IR, HAE SR 5 3
AT DL R A RN RS R £ R S5 A FE W, koK
i i H RS AE AR Rk, T REAR A R4k, B
W P I T B 2 R B A e T 3R BE K AR S ) R
R, NS TR AR RCR, BT IR
Yt iRl A T B, B8 T e 2E (Avnimelech, 1999
2007) . A= WI2R BIE A C 2 T R F AR BE 15 % 1R (Penaeus

EWMEAE; B ke R EIM(C/N); HLEE; %X ER
TEHE  2095-9869(2016)02-0049-07

monodon) . FL4H i X} R (Litopenaeus vannamei ) 5 i %
S FEFE TR AYFE5E  (Anand et al, 2013, 2014; Burford
et al, 2004; Xu et al, 2012; XBIAESE, 2012; KB,
2013), AR AEFR E 2 f1 (Oreochromis niloticusx
Oreochromis aureus) . #.ff(Ctenopharyngodon idellus) ,
fi§ ft1 (Aristichthys nobilis)F =5 H b A7 fili 8248 (F R =,
201275 RIS, 2013; BHERTAE, 2014) (HREXT
F oK 44T A1 3k 855 (Megal obrama  amblycephala) 3%
FEAAR G IE B C/N B SR o A G 5 WL BE Y 52 1)
ENUUE(SIERS

1Sk i B P B 55 L AR . AT A S AR
M, D8RR EREEMIRKIFHMOEZ —(ERR,

* g N 25 PERF I B I BE A BB AL 55 % L T % 42 (2014A08XKO01) . [E 5 R 5518 K 285 77 AR Ak 22 4 7R 95 0 1 o
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2009). 1EWIK @R LA IRIE S R, KA G FE(E
HERL BN IRFEAK AR R, AR R i R, 3
FRIHK AL, S0 T AR 85 A KOE 5 5 R AT 26
PG o AEHBESE T AN R BR S HETE FCY A 0 22 AT %) P Sk
BRI PR R SR BEALRE R, U O A2
SRV A AL BE B o LR B 0 L 2 R 1 7 e (1 B e
{5108

1 #wREFE
11 IWHRBESHRMAE

S5 )Rk A A Sk B e RG-S iR CRLEE (17 2o
30%) o S5 F A BE b JCOK A N, B SO A
99.9%. X MRZHFE MR FERIARDRL ,  SC U0 4 AE 1Rk 4 )
TR, BRI C/N 3 12 1 (SE804 1),
16 = 1 (G280 2). 20 = 1 (SC504d 3), 34 abaE,
BN BEE 3 ANEE AR IR R I E S %
T AR A T 71 (Avnimelech, 1999), 1R
Ak 45 M e 8 7 A AR 0 S o AR R A ALY C/N B
55 H () C/N H8 T 4 J5 () At R 2 26 ) BT 25 IR B T R
580 R B EL o B R Y VS IS () A Uk 4% R DR
J& 1-2 h, ERRARIE S D8RR AIR S B,
(LI ks by BT

12 LHEFHERFEE

T HH S 7E v [ K P BRI 5 B iR K Sl A 5
HC T S I S M 1T o S0 BT FH A1 3k ol e g o [
IR 7= B 2A B 5 6 1R K el B 5 0 T S S 5 i b 4
ft, Bk 14 dJ5, B 240 SfaRE . B —E Ak
i FR[(36.74+0.82) g/REIFENL T A 12 A FEHKIR K
0.4mAENKIEM(I mx4mx0.6m), 541, &
HBLE 3 A PAT, HEREE R 20 /. Bk e
B E LI A, BT KRR RS, L A
W) PPR 45 5l —4 5 kW BB &, {47
B FRR .

FRFEIA R B 3 Yk AA)E(8:00, 12:00 FlI
16:00), H¥1H T AP LB AER 5%, & 7 dRIEHE

BRI KA UGS R, SRR 56 do SEERI
(B AR, RANFER B |« 28 & BORFR T 5 R IRk .
SEEG AN KRN 18-24°C, pH Jy 7.7-8.5, KA KT
5mg/L, FRFIK R Z&TTNE . U8 E K, 4
H Wt (4 BBET 1B O, & BRBE fa 455 H O A
IR RAEIET RN, LIRSS RS E 24 h, 5
AR IR T, JfRAE Y i 38 R IERE & o

1.3 HmEEMNERFE

131 AKREHEFHFMNET  HEHEFE(Weight gain
rate, WGR, %)=(Wt—W¢)/Wox 100 %;

¥ 52 4 K K (Specific growth rate, SGR, %/d)=
(InWt—InWp)/tx 100 %;

1} 228 (Feed conversion ratio, FCR)=FI/(Wt—W) ;

A% K (Survival rate, SR, %)=Nt/Nx100 %;

K, Wo(g) b fmI A E ; Wi(g) b fa AR (R34 5
t(d) A IRMEREL; Fl(g)h R AP B iRk a
Nt MR, N MR AL
1.3.2 4 BAKR M T TSRS A RS, A bE
MLEH 2 B ff, N ALBRAIE 6 B, FHTFI5E fafk
(R (1 RELAR BT L 0 R 5 S B B o 75 i
I H R TR IEAE 105°C ABLR Fh ot EE BRI AT
Yy a ;s l e HL G R (GB/T6432-1994) 3 K i
FE 5 ML 1 & B (Horwitz et al, 1995); i IR [Hh
$E75(GB/T6432-1994) R FI FH £, kAl g A S RELIE Ay 75
i RS 560°CHBEH:(GB/T6438-1992)7E L il 45 4
5hEitHE Ky E
1.3.3  HALERE M Ae dE 4 F P S 0E 35 AR T fii
FHHEEE S}y 100 mg/L A MS-222 Hess 1 J3 bk ik 41 3k 8
Jei, WO L RO, 45 44 4 i AGE =
AEBRER K, A8 FH L S AT R AILAE VK T il K 20% 9 41 2
13, 50000 r/min 4°C 0y 15 min, B AR
o PAIER AN . SEMEG . AR TGS 5K AR K-
TRFNTE e M- EE €0 3 0 Eb €0 i R A3 0 5 (R 46
2014),

ARG E 2w BB A 37C. &
BN VA A 1 pg FEERAH Y T 1 B

x1 AEXWAHERENRMER CIN

Tab.l The amounts of glucose and C/N ratio in different treatments
It H T R WU T R R ) s 7 2 R o CN
Items Feed crude protein (% DW) Initial feed added (g/d) Initial glucose added (g/d)
Xt B8 2H Control 30 40 0 8.2
SCES4H 1 Treatment 1 30 40 7.3 12
BG4 2 Treatment 2 30 40 15.0 16
SZEG2H 3 Treatment 3 30 40 22.7 20
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7o VER BTG SO h B2 e B 1 7E 37°C
SIRYMEA 30 min K 10 mg JER N 1 AN 20
7 o RN M O B2 SRR AR I 7E 37°C
Borpp b4 1 ug s FRR IR Wl A 1 SRR 1T
fitg 1% 1 A7 (U)

JYT A 14 155 R i (A lkaline phosphatase, AKP) . i
E AW 5 AL il (Superoxide dismutase, SOD)FIV [ fif
(Lysozyme, LZM){iE M43 512K FH 45 B (B R 48 — 40
KRR R = A A R AT A,
TR, R I R FH 2 A i A T I . iR
FRARIE Ll aR) & A T R

B PE B R Tl 15 M SO B2 e AR FIFE 37°C
FSFAVER 15 min, 774 1 mg By A 1 NEEIG S50, 48
A ARG 2 SCA B2 e B I 7E 1 ml [
B SOD i35k 50%6Ht FT Xt BL AR 1 /SR 7 5
7o VRTEBERG TS SUNTE 28°C, pH M 6.26 5514F T, H5E
NLVESEE Agso FRE 0.001 Sy 1 AN g B4
14 HEsIHS5SH

SIS BOHE SR T SPSS 16.0 it b iy B &
2243 H1(One-way ANOVA), #4255 &N, HikT2
H ¢ (Duncan’s procedure), P<0.05 F£/R2E 7 %,
Fi A By a5 R LA HAR I 1R (Mean+SE) &R o

2 HBRE5HH
21 AEmEALFHTERNENZEANLESEN
B ot ] Sk 5 A K 1 RE B 82 T

A LGS A ) 2R DR R 25 AR 2 (R 1), &
W pby A T B L EE T ) A ) 2R L A5 A 2 R A, HLAE
PR BA A AR, 2 W 224R0 | W

TEsh Al LR LB, AR A A& TR
[F) 2 0 A W 2R, %o P Sk 5 A K P RE LA S[R3
M 2), 55X R4 (C/N=8)H I, 4LFHL(C/N=16 FI
C/N=20) AR M . HYE R DL SR A K 8 b 2
P E(P<0.05), {H5AbFELH (C/N=12)AH b I T i & 1
#Z5(P>0.05); AbBHA (C/N=16 Fl C/N=20)kl %
B R T X B 4H(P<0.05), {H 540 BRAH (C/N=12)H]
FLIF TG 8 35 P 22 5 (P>0.05) 5 A5 S2 40 41 [R) A7 15 R I T
M2 R (P>0.05),

22 AEEEFHTRANENE X E Lg%
D% e

A Ak 2 5 2 e fa iR R AR 1 . KL I
JRG3 TR 5345 5 LA L A3 B ko SRS B, AN [ ffk
RS T I AN [ B 1) A 4 22 Pt 141 Sk i 4 B
B i E PR (R 3) S X RELIAH EL , AL P41 (C/N=16 .
C/N=20 I C/N=24)I" A1k i #l 8 FH & & HA Wi
P, HERAREP>0.05),

23 AEEELEFM4 TR EYE B F k5
18 H A M R R0

I ) A A1 Sk i g 8 ¥ R RS
1y WG PR (D 1) WSZIRZ5 LT LA, AbHigl
(C/N=16 FlIl C/N=20) 11k j iz 1 1) 25 [ B35 P46 R Ay il
T PR 24 Y 2 v TN R 4 AL B4 (C/N=12)(P<0.05),
AERE TR BRZH , AR ZH (C/N=20)25 [ BT 1t T ) i
TS AR R T 1.92 £5 A1 0.69 4%, 1M Ab BEZH (C/N=16
1 C/N=20)[11] 141 3k i fizy 35 114 28 10 it 375 1 RO A9 I 0 12
BERR A L R AT A, (H o 22 R AN
(P>0.05), ANFIRRZ AR T IR B A i 22 1A X 1A 3k )5
173 1 i 1 il 35 PR AT {2 52 ) (P>0.05)

®2 HEYMZEAXMELEERKMERERZIT

Tab.2 Effects of biofloc on growth performance of juvenile M. amblycephala

i A Xif B4 A 1 SIHA 2 SIHYA 3

Items Control Treatment 1 Treatment 2 Treatment 3
WK TE Initial weight (g) 37.72+0.56 37.75+0.78 * 37.76£0.65° 37.78+0.82°
L RAKHE Final weight (g) 84.73+2.12° 93.99+1.71% 101.8+2.65° 104.5+3.06°

1T # WGR (%) 124.42+5.62°
FiE A K 3R SGR (%/d) 0.63+0.19°
TRk R B FCR 2.12+0.25°
TEN % R (%) 96.67+1.67

148.98+2.62%

169.72+4.05° 176.80+8.11°

0.71+0.14% 0.77+0.20* 0.79+0.23*
1.91£0.22% 1.86+0.15% 1.824+0.18"
98.33+1.67 100 100

e Rl —ATEE b BA R R B 3R 25 57 0 35 (P<0.05)

Note: Values with different letters in the same row were significantly different (P<0.05)
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F 3 EWMZEAXE LRSI
Tab.3 Effects of biofloc on the body composition of juvenile M. amblycephala (Dry matter, %)

i H Items X} HE2H Control SCES4H 1 Treatment 1 S 4H 2 Treatment 2 SCEY4H 3 Treatment 3
7K 43 Moisture 71.22+0.96 71.68+1.23 71.89+0.85 72.12+1.09
M H Crude protein 15.91+0.28 15.95+0.09 16.02+0.32 16.08+0.16
KL Crude lipid 8.34+1.67 8.56+1.67 8.46+1.67 8.52+1.67
HLIK 43 Crude Ash 3.12+0.06 3.35+0.07 3.26+0.05 3.11+0.08

35 A 40 A
2 b 2 b
SR L
B 25} b % bo U L
#Hy ‘é \ﬁ_ g8 25¢ a
# e 80 201 T = \\DJ 20l a T
B2 52 +
mz § 15¢ a a ﬁ = 15t
Q P}
F'Ml;; g ol T T L) g 10}
8 st S S5t
& 0 . 0
Control  CNI2 CN16 CN20 Control - c:nz _ CNI6 CN20
" SCIS4H Experiment group <K Experiment group
: = b
2 B b 8 g 1007 L ]TJ
> 1.0 T 290
g o @ 2 80 2 a
#HG S 08 a &5 70 T
282 a L £S5 60
BEW o6 HE
K& E wz N
HE2 04 g 40
o=t % 30
g 0.2 20
[7) 10
0.0 -
Control CN12 CN16 CN20 Control CN12 CN16 CN20
SLI%4H Experiment group SLI54H Experiment group
250 . b JREI ) t%
2 a T I b g 14 >
& 20t T T 7, 12
5 g 2
%_@ g 15} go 10 a £
BE, ®Y 08 T
2EE 10f LY
Hege g 04
) 30
2 N 02
0 L
Control CN12 CN16 CN20 Comrol ~ CNI12  CNI16 CN20
SCES4H Experiment group SCKG4H Experiment group
; o F B Sk 7 EE A 6 BTV Y 5
VeI 1 A0 2 O DA Sk B 1 3 0 AL G 1 40 B0 VEI2 A Ay SR TR I Sk 7 A S 08 A O il 7 P 190

Fig.1 Effects of biofloc on activities of intestinal protease,

amylase and lipase of juvenile M. amblycephala

AR 2253 B (P<0.05)
Different letters denoted significant difference (P<0.05)

24 AEERE L F M4 TR A £ 4 2 F Xt B Sk 85 BT
AfE 52 92 18 < Blg i 1 B 52 M)

TH R I, ANFRRA A T ISR & 2R
W22 VA1 %o A S f75 G 28 BTG 0 LA AN RS2 (181 2)
AL FRZH (C/N=16 FI C/N=20) 1k @) JIT 1 it 68 S8 1k 40 5%
ke T R B T R 90 M 2 b S T R 4 Ak B A

Fig.2 Effects of biofloc on activities of SOD, AKP and in LZM
the liver of juvenile M. amblycephala

AFFEEFRREZRBE (P<0.05)

Different letters denoted significant difference (P<0.05)
(C/N=12)(P<0.05), ML FEL (C/N=16 F1 C/N=20)I1k
£ JFF T P40 4 A 0y 15 A Tl R 8 8 2 A U P 14 5
B —3, PR S, (AR R A
#5(P>0.05), AbBHL(C/N=16 Fl C/N=20)H]k @;jHT
JUE (%) 3 TR Tk 9 1 I R T X R RN Ak B ZH (C/N=12)
(P<0.05), TMiAbFELH(C/N=16 FI C/N=20)M1k b iT JJE
A AT T 8 S T T v T R B, R A A ) A
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i E M2 R (P>0.05), 3.2 AEHE L &4 TR AE Y E A H 45557

3 Wit

31 AREEE L &M T £ R B X H ki %
K AN GR LR A B 20

& 52 1 1A Sk 55 37 4 7 =X R T SR ™ o, A AR 220
T oy fl A A 2 B M AR, R R SR K A4 R A
B I A ——3d BE R AADRL, SR AR AR TR A AL
PR G KR UURR, 2 i ER T SZ I, AT S g w
DI AT, FeA M a MR A A RS R R 45
WG R AEY, Sk A 1A e —Fh e J
R AR OK 2 (TR 2, 2015), AEW AR A
EYRESR, ZRAMHEA S ER 30% (THE), 6
% TG 2 R 43 7K 7= SR B s ) 1) AR B R T SR (A 4%,
2014; FMEZE, 2013), Kuhn Z£(2010)2 Z&9F52, 1R
PEAR 2 BE A5 5 i Wi i A 0 2R 1A o 8 3R e, DT
RIS, FEAREESAS o d2 A P 22 e
AR IETE S P 40 2 B R fa th n] AR AR R 5L, 15
lREE E T A A R (Azim et al, 2008; Crab et al,
2009). ARWFIFRAB, ALK 16-20 LA fapy 2L
R AR G R G TR IR, HARDRE 2R B IR
T HRZ, FUCIE B AR W S 55 i AR mT LUK 2L )
VE NS ERE, AT 20FRAE AR . PNV Z(2015)fF
FEFI, P Sk 55 % B /K AR 438 RO AL LU RE A sk e ik
A W B A ) TE T R AR K PR Hh A 0 200 I i Rk
o WO, TSR R G R A L 16-20 UTITEE T,
AR B AR PG SR | SRR AR T LR e
TP AR E AIAT PR, B T AR EA EOR

I8 H B E R R

TLIEIR S5 (2014 P78 K B, A Sk 54 £ B 1 P9 A7
EREAEWE A, RO LB e 4t
WA AW R, RE A 16-20 A2 K4 ik
iy 38 HR A F TR R T 2 N T R AL, T
T8 HP TR O TC S 25 S X S B X R
W52 45 B AL (Anand et al, 2014), K, 7E4- 9028 5
SR FRFE R G, Ak 555 B AN [R) e &L LL AR AF T T AR
() 2R A L B 1 A R A W R . — T, X
S PR R AN Tl i 2 L 258 T T B 1 A= 4 22 1A o 1 = i
WU AN G 21 P38 rb R4 R (P % B A5,
2015), #—ERE FRAECE M. mASE T
FEAEHACEE T E R Sy — T, AR
AR IR AR . AN RBURA HUARZE (R T ),
DI EBTAE I RETE SO 2 2% H & 2R s i (R
Fn4E, 2012),

33 AEERE L B Y & 4 58 [ 5t [ Sk & BT Bk AE 4
S RE R R0

2R e FLRE S 1 A R A S b e IS
BHES Y, 1 AR S S AR R AN IR A ) v R
HZAVEM(Jones, 2001), a2 yR 20 T A E A AR
FESPERRYUAE A0 B2 G055 1 TR . Rl Wl Tl AN e
AT S o MR B S RN 2 5 0 i EE 2K
ffe it , REXG SR I A0 MU SR T RE, FEALIR g h
A ZAER 5 A ALY B AR ML AR 5 1 R T 1
SAUH R BTG T T — PP A A AR R R

Plate I Microscopic observation of the morphology of bioflocs

A, WX B, RIFSY; C. 2R
A. Algae; B. Zooplankter; C. Filamentous bacteria
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PERE R (A, e B h A B, ik
PE T 15 M VAN K R B sh i AR R S v e 1 G
BRPR(HIUIRAE, 2013; KFEAE, 2014), AWF5EER
B, BRAUEL A 16-20 BYSEI6 4 0 (A BT rpols 4 fk ik
PR | B B 1 T 7 T il 06 2 3 o T R A
REER R, EEYERFMEEEAR S, EEARA L
Xof A Sk 6515 &)y s 1) G2 6 1 LA — 8 AR HEFE T, X T
R PR by fa PR B £ S A7 7 T 95 AR R 8 vhomT L o
HE A7 R A K ORINFS S 91 T T8 13 A B R R AR A R 38 hin 37
SE SIS RE 77, B R AR R It A BE 1 (Defoiedt et al,
2007; Zhou et al, 2010), #hJE& B % (2015) 1 58 % #H 37
B 7K AR 3 R B R BGRB8 42 F A Sk 5 4 £ i G
HZERUAT R S AR I . 2R TS (2012) 2 B, 1Rk
HRUAS I ZF TR TR T LA S 5 A K 5T RN B £ R
AALIIRE . TR (2013) KB, ZEAFT B AE R Ak
IR A REAE T A AR K, B B AL S i
S, TR0 LI, RN 2 AT i fiE
i R S 4R (Carassius auratus gibelio) X} i 7k
5, L fifl 7 (Aeromonas hydrophila) (4T YL RE 1) . KT
A= 2 A R IR K 7 B 2R G s 40 R ) AL R 2
M LR, RFBRE S NI A A 4 2L AT
FEFREOR K PEDLAE B VE AL 38 75 Z B R A Y
W% .

2 £ X #
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Effects of Bioflocs on Growth Perfor mance, Digestive Enzyme and
Immunity Enzyme Activitiesin Juvenile Blunt Snout Bream
(Megalobrama amblycephal a)

SUN Shengming', GE Xianping'"”, ZHU Jian', JIANG Xiaojun®, ZHANG Wuxiao®

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

Abstract Bioflocs are heterogeneous mixtures of microorganisms and organic particles that regulate
the accumulation of ammonia and nitrite and serve as a supplemental food source for fish. A 56-day
feeding experiment was conducted to investigate the effects of bioflocs on the growth performance, the
activity of digestive enzymes, and non-specific immunity of (37.75+0.62) g juvenile Megalobrama
amblycephala in zero-water exchange culture tanks. Glucose at different concentrations were used as the
carbon source in the water. A series of C/N ratios including 8 (CN8), 12 (CN12), 16 (CN16) and 20
(CN20) were presented in biofloc-based tanks under zero-water exchange condition. Three biofloc
treatments and one control treatment were applied to a triplicate. It was found that at the end of the
experiment the survival rates of all the groups were >90% without significant differences between groups.
The growth performance indicators such as the final weight, the weight gain and the specific growth rate
were significantly higher (P<0.05) in the CN16 and CN20 groups than in the control group. Moreover, the
biofloc treatments significantly enhanced activities of protease and amylase in the intestine of fish
(P<0.05), but these treatments did not alter the body composition. We also observed marked differences in
the activities of superoxide dismutase, alkaline phosphatase and lysozyme of the fish liver between the
biofloc treatment groups and the control group. These results suggested that bioflocs in the CN16 and
CN20 groups could improve the growth performance and feed utilization of cultured juvenile M.
amblycephala, probably through the enhanced intestinal digestive enzyme activity and the subsequent
feed digestion and utilization.
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