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1. IR T 2EBE, ITHR Rk 224051;
2. KEWHEKE, 11T KiE 116023;

3. HEDK R BE RIETTAGT BT, BRI /R 150070

WE: PR A E B H R (Biofloc Technology, BFT)FE Ui MEUR 28 FR 58 i b AR, A< S246 LIMEVR E IR0
I —— S F IR (Carassius auratus gibelio) AW X4, ¥R BFT FRFAEC(BFT 41, Ak, RAMEE & oI
FERR A3 17K 3 Fl— MR SR A R A, B HAoK 1 3R, BRRHK 1/4~1/3)43 51l 37, D7 2% b R 5 7 A6 70 £
K AGAT . TH AL BT G e A DG Bl 1, B SR 98O i PCR V& 8 &4 P VIR s B 11 HSP70 AHXT R 3B, AT

JEGIX I XT L 3 Hr BFT F7 FE A U2 Rl — e R A A 4 S AR I PERE R MER A8 1k . 45

WoR: ()BFT AR H

R TR R AR ORI R T X IR (P<0.01), MBI A& L AN T4 L -5 06 £ i) G Bk 25 22 57(P>0.05);
(2)BFT 4.5 & 6z i@ M B . BRI e B 2 G Pk 2 8 T4 IRAH(P<0.05), 4348 T 53.10%. 28.10%
M 17.99%; (3)BFT 415 B AL B4 3 Fh b 8 Sl W s AL R P L I3 v ST S0P R O R0 T T % 2 v 1 X IR
(P<0.01); (4)BFT 40/, & . AFAISE AR 726 1 HSP70 AR B 4 3 LI T 1.29 %, 1.34 %, 1.87 f%5 A1 1.68 £i5;
(57K S TR (deromonas hydrophilia) N T &Y« 0 1FE 52, BFT 415 & AR 805140 BB e 7 W 0008k . BFoE R0,
BFT FRAA A G T B R IR, I e gk fafA2E 4, B9 00 SR8 ) Ao ) o

KR EWRM, IR R HALES, S OCHE; HSPT0; MK IR

FESHES: S969 HEAFRERS: A

S B (Carassius auratus gibelio) &=FK[E 3
BORKFRFHA Z —, SEVLIRE T MEVR /K Bl
e RO FNZE, TR 5 B B sl e e A 25 5
B H AR X T A U T U 5 A R ) 2 A
Mo R EREEA NS SE . 2. S
FRAEE AT, A Rt it e 1 A5 A AT
B4k, BEA IR, LML
MK FRAET5 g H 25 0, ¢ A AR A Vi
WS A, TS T iSRG 1 A] R S A S A
FRPARL AR o FrEAIE H 2009 45 &R 7 P R4 i
&, AR B AL T RS . PSR
UE S, R ZL 6 10 9 it Oy SR R 2 o 7 11 B

ks BHA: 2016-07-26; 1&3T HEA: 2016-09-21.

EHE: 1005-8737-(2017)03-0533-10
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A 5B iR R

W2 A H R (Biofloc Technology, BFT) & —
FofHT 2% B 2 HE R AR A TR R, X SR A 2K
F A K A e 8 EL A AR A AR A T, o
PRk 7= SR A F SRR AR . BFT dilad [n] 7R 58K
PR S IS MEAT HLER P o (208 | Bl 2655, R K
PR IR S L (C/N), At B S5 S 20 T 350, [RlE TG

BEEWB: MK ARBAEESTH(31602179); VLIE A REN 23 4T H (BK20150426); {17544 1 J5 2450 H (1501101C);
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BUA, BARIR AT . JRAEZhY) . B RBR I 28
RS LW B E DL U 2 4] . BFT FRAH
KOEF IR AR R, 3 2 34 568 7 FE K 35k 0% A P 1%
2, ATV FRGE WA OR AT B K sS He, U8 FRH
JEAK . BEWIHER R, SR REVITA T e 1A%
AR D IREE 0, A RR BN 1  LE,
ZOREMRIRA © 77 L FREE R )RR K < HE
e E T A g A K NEE 0.1~1.0 mm, AT
WA E AR B AR, SO, ARt
TAREMHER .. HspMaes, HAT7E—xE
PP FACEAL G R BFT B T2
% % HE f8 (Oreochromis niloticus)™ . L4 % HF
(Litopenaeus vannamei)"'® | % [CIRIN Macrobrachium
rosenbergii)m]\ ik (Aristichthys nobilis)[ls]\ LR i}

Y18l (Carassius au-

(Ctenopharyngodon idellus)t
ratus) > F K2 (Apostichopus japonicus)* V455
BT

AWFEFEHH BFT 7258 5 B 4R 8, 837 BFT %}
FEREA . A . A OCHE . VR TR
[1 70(heat shock protein 70, HSP70)2 ik L K Xt
SR T e, LUIA BFT TEUTEEMELR 2k
TR TP E — 20 P A 1R B B A AN R S
S B AR B 16 S B S, [WIINE  RETR BE
TE )T &R A A: BB 2 PR R 22 AR o

1 #MEEFE

11 KEHMBREFREE

S E ARG [ VLIRS Fh I B B R
A ARG S, (RO TSI B, TR 4E,
&K 4(9.540.5) cm, 1AH #(10.0+0.5) g, SLHHT
AR 2, M A SRR, R
FHK T i MRS 5 5856 . /KIR(25.0£0.5)C, pH
7.5~8.5, VA4 6.2~7.5 mg/L. & H 0 2 1038
Be A e Rk GE B A BR A WD)3 Wk, B MR ] Sy
7:30, 12:30 F1 19:00, H#MEE NIk E K 2%~
3%, BFH#RIK 1R, HiKE 1/3~1/2, FRIFH
1 IRFRIHFNZEAE

Ay B (amylase, AMS) . g il (lipase, LPS) .
B & H i (protease) . ALY E AL (SOD) ., &
PUAALHE J1(T-AOC)FI B 3 (1 = iRk I & 1 B

AL AR W TR ST BT . SE 98 K A AT B
IMO89(Escherichia coli, ATCC 29522). #iREfMIK
E (Micrococcus lysodeikticus, ATCC4698, Sigma,
5 ) FIg 7K S B T (2SHD3 18) 1 K 1 VK
AR A 7 K 1 5 5 S S N, SE
FHEA B 25 [H Sigma A ) . RNA #2BGRF]
cDNA & & SEHF 58 ) 7 B PCR(qRT-PCR)IAF &
W H TaKaRa 4#) TR R 7l (Ki%).
12 EWigit

ALY 2014 4E 7 H 20 H % 2014 4F 10
20 HAEVLIRAE R0 R IR T 2= Bl e B R &l 3%
B AL HE b FRFE M AT . B SR 2 )R, #1500 2
TRTTARER . HUAS— 30 S B AREIBEL A 6 N
NKIRIE(3.0 m x 1.0 m x 0.8 m), /K% 0.6 m,
AROKIE N 1.80 m’, IR E Ky 250 /i, ik
B2, RIA: YR AR IR S 96 4H (BFT)
FIXF HE2H (control), BFT I ANHK, (AN FTLB R .
R BRFE DRI K E; B3 RIGE 1 Yok
SVEE R, G AMIE S IO S R A L (C/N) &
20, B H O S 500 TR 2 h Basn, S50
AT B BRI, SC s IR 3~5 d
W1 bR, XHIRZEE H oK 1R, RRREkK
1/4~1/3; FE58 HKHCA FAbE K, B iE s
AT, SARE 3 ~HEE, F0FRmEitE
£ 24 h AN[EIBIE A 7K IE RG4S .

SEER AR, KIRAEREAE 25~30°C, pH 7.5~8.5,
Vs E>5.0 mg/L, SR FRETAAIR], BERE BT,
T JEAR Al B B AR R LS R B, 1E S
SHR SRR W 45 d. FRFEWIE], B H WS MR
B RACT GO, K BLAE f0 R it 455 th AR EE 314, JF
KA SET IR S 4 oy, 550 24 h, 4t Bl HL
B 10 B fa, PR, MRER . I o A A o
o, IORAAE R
1.3 MEIIRSFHE
131 EKEFRNE FEME, 25fE0d, 7d.
28 d 1 45 d BFAHURE 1 ¥k, BRUEE L BEHLoR B 3
FBfn, 22 MS-222 PREURME, MK KK
FUAEIFICSR, MR SR ER | etk
HONEWEEE L JFRLE . IR LR R, TFRA
HF:
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4 5 % (Weight Gain Rate, WGR, %) = (W~W,) /
Wy % 100

5 78 2E K % (Specific Growth Rate, SGR, %) =
(InW~InWy) / ¢ x 100

JIEL 3% FF (Condition Factor, CF, %) = W/L; x
100

JE f& b (Viscerosomatic Ration, VR, %)=
W./W, % 100

J A4t (Hepatosomatic Index, HSI, %) = W/
W, x 100

1715 % (Survival Rate, SR, %) = Ny /N;x 100
o, WONSEERES ¢ RETAREE (g); W, NEZERES
t RNNEE (g); Wy HEEESE ¢ RIFNEHE (g); Woh
WG AR TR (g); ¢ MFRFERI(); L, ARy ¢ K
B AR (em); Ne A SEB0 25 AR S & R B0 B AL N
RSB bR e S AR Y FR A
1.3.2 HLIEWRNE LIRSS AT, UK R R
PUREL 3 B, 2 MS-222 PR, [ LRk
Ja WO s, v ) Jo e AR BRER K U 2 i vh 2
), AU KA LR R TR TS, —20°C A7 AP
TAEE&, DAUSE LPS. AMS Fi'E 2 (s M o
LPS. AMS. B & I A S8 vk B Y
B U AR W TR IR B R S A e, 9
i B0 S Ul B B AT .
133 REBEERNE  HERURME A 1.3.1,
R 5 33 7 R O R R B, BB IA
#7200 uL ¥4 1) PBS(pH 6.2, 0.05 mol/L, 1 : 1)
1R27, 3000 r/min 4°CEL> 10 min, BCEJERARM
[, EFCRIL, AT 4 CRIfHEE 3 h )5, [F
RRFE OWCE I, R, 88 A e Ak il
(superoxide dismutase, SOD). & Pr4AfLAE T (total
antioxidant capacity, T-AOC)HIELEE ik B Y5
W B RS 5t AR W) TR 5 T B9 350 s R 5 B
F AT E o ¥ B (lysozyme, LSZ)I € = IR
Qiao ZEPH )y EEAT, L4 PBS(pH6.2)fE 2"
BREER RS, BALIA 100 pL 0.4 mg/mL ¥ B
BRI H B (ATCC4698, Sigma, 2£[H), 30°CHEH,
FEFE 10 min P& 1 K ODsgo {H, ODsoo 1B 554351 5
/0 0.001 B 1 AN TR NG 7 507 (U/mL) o
1.3.4 #ATEE HSP70 mRNA RiEKFERIH M

FRFHLE AT, R AL TR 3 2, [
ORI AR O B AN 45 50~100 mg,

Z M RNAiso Reagent Ui BH F5454E, fili# 6 RNA,
i 28 419366 T (BioPhotometer Plus, Eppen-
dorf)IM 2 RNA ¥ £ Fl OD {H, JFHR 4 OD,60/ODago
EHIB RNA i, DLz AR5 1.8~2.0 brifE .
F SMART c¢DNA Synthesis Kit #:/E T W iE4T
cDNA & i M5 F AR E) HSP70 mRNA 7EAS
[RIFRFEAL T R IEAKFE, DL B-actin NS,
I8 SYBR® Premix Ex Taq'™ RT-PCR Kit(Code:
DRR420A, TaKaRa)fdi F i BH 17 52 B 28 6 &
PCR(qRT-PCR). f-actin %) 5E & PCR A5 4 A :
F1: 5~-TTGAGCAGGAGATGGG AACCG-3, R1:
5'-GAGCCTCAGGGCAACGGAAA-3'"; HSP70 7%

JtER PCR 519 K: F2: 5-TACACGTCCAT-
CACCAGAGCGC-3', R2: 5-CCCTGCCGTTGA-
AGAAATCCT-3"1, Firg 514y ¥ i g9 T8
HIRAFIG K, I 14855 R BRIk 100~150 bp.
DL B-actin NS, X520 &HEGS CAEETTE—
feAb 3, I LIKIEZH HSP70 mRNA ()3 ik &k 5t
W, LR 2720V BFT 415 B ARR [ 41
21k HSP70 mRNA AN K iAH . RT W A
Ul 25 pL: 2xSYBR Premix Ex 12.5 pL, PCR

Forward Primer (10 pmol/L) 1 pL, PCR Reverse
Primer (10 pmol/L) 1 pL, 4R ¢cDNA 1.25 uL, Ji

ddH,0 % 25 uL; KW 5&1FR: 95°C 30s, SRJG 45
AMEFRO5C 55, 60°C 30 s)(Bio-Rad CFX96).
14 ANIRBEILE

TR I AE WS, AN BFT 2 At i 41 %
PR FEA — B0 0 A TR K R P N TR
SRS S R K AR B 2 B T H AR R R Y
oS T KA R K I R R A B
A T U %) 240 T FH G 71 A B R, A0 B8 i o 3 6 5 oy
42x10°CFU/mL. 4.2x10’ CFU/mL. 4.2x10° CFU/mL
M 4.2x10° CFU/mL (B0, R fa 0 Jes v 5t
0.1 mL A[F) MR 3 BB, % HE 2 s 1 2 45 77
R EA K U 3AHEE, BT HEE S
S BARMY , S KR N 28°C, 24 h FFEE A,
KK 1R, BR#EK 1/3, WMELEHE 7 d WAk
FET GO S ImIRAER, Tt REBET 2,
15 #HEFHiIT5H

S S5 SR8 R - Y E PR E 22 (X £SD) IR,
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WA SPSS 21.0 #ATGE A, ISR
75 2253 HT (One-Way  ANOVA) X [/ — £ 4 A 7] 5%
FEBS (8] 0 8088 EAT ST b, R B, M
Duncan {EiffT 2 E L, [FEF, FIH -test #4T
B 257001, P<0.05 R B3, P<0.01 hEF
T

2 HRE5SH

21 BFT X R EREEKMERELN N

R 1 Al RS RS B A AR
B, PIARHEAE KRR S AR R . AR B HOR SR
SIS 4L (BFT 41)5% & R0 (A 5 3 ke e A=
KR 53w T B4 (P<0.01), FH HLBE % 78 &
WE R ERE FIHER, REAERKREETHRE
P, S EEENNGER . WA LR L SR AR A
FUEREEIN: 56 0 K. 7 K. 28 F1 45 KA
BFT 411§ T X% A4 (P>0.05); BFT 41171 %(90%)
T TN IR ZH (77.8 %)(P<0.01),

22 BFT xR EREELEFTENZMD

H 2 A%, SEEGZERAT BFT 4153 & 47
B AMS. LPS Fl'E 8 1B 1 0 2 s T X I
(P<0.05), BFT 240 AMS . LPS H1'5 & [ i /i 15 43 571
J& 177.51 U/mg. 17.96 U/mg 1 36.41 U/mg(FE 1),
Lot BEZH 23 B T 53.10% . 28.10%F1 17.99%,
23 BFT MR EREEEMEXETENZM

BFT AJ #2755 A iR LFW  SOD ., i
H T-AOC FI¥ 14 i LSZ A5 7% .
231 BFT 3t SOD i&MHMZM  IfliE T SOD i
PE7E BFT 41 5%} A4 [|) TG b 2 25 5 (P>0.05), 7F
F55 7 d.28 d 1 45 d i BFT 4113 ' SOD I 1
K TR T 4R B G35 7 (P<0.01), 7 d L 28 d Fil
45 d 8] G i 2 5 (P>0.05), % HEZH I+ SOD
T P A () 5 3 30 1) G 2 25 S (1) 1) IR R B
1 SOD it BFT 41 2 5 T X%l 41(P<0.05), 5
0 KA1 7 KB BFT 41 iAKW SOD itk & T
5528 KA 45 KBS G PE(P<0.01), (H0d 5 7d.

x®1 EPMEEARKNZEREE KRN

Tab.1 Effectsof biofloc technology on growth performance of Carassius auratus gibelio

n=3; ¥+SD
H: K HEFR growth performance 5 group FHERFA/d breeding duration
0 7 28 45

WA E /g initial body weight BFT 19.09+1.50

Xt # control 20.65+1.78
YA 4 H /g final body weight BFT 28.02+0.52 38.48+2.18" 42.21+1.35"

X iE control 27.54+21.18 33.94+1.64 39.05+1.36
16 %/% weight gain rate BFT 46.73+2.71° 101.53+11.40 121.06+7.07"

X} 8 control 33.38+5.69 64.39+7.92 89.10+6.58
FRE A K F/(%d") BFT 5.48+0.27 2.50+0.20" 1.72+0.07"
special growth rate I B8 control 4.110.61 1.77£0.17 1.38+0.08
A% & /% condition factor BFT 2.13+0.38 2.38+0.17 2.59+0.27 2.37+0.47

% #8 control 2.07+0.34 2.58+1.00 2.66+0.31 2.45+0.23
JIEAA HE /% viscerosomatic ration BFT 7.68+1.40 11.45+2.32° 11.36+0.65" 14.56+2.54°

X H& control 9.55+2.03 13.12+4.81° 13.97+0.17* 14.94+3.56°
JIFA& /% hepatosomatic index BFT 0.91+0.42 2.1440.39 2.49+0.21 3.40+0.77

% 8 control 1.06£1.00 3.30+2.14 2.89+0.76 2.90:+0.47
T 2R /% survival rate BFT 90.0+3.8"

X} 8 control 77.8+2.0

{E: BFT AWM ARFRFE S 4], Aok, HAMEZE L . BRI Z oK, X IRAL, B HHoK 1K, SRk 1/4~1/3.

T FR R — B F AR BFT 45 %} 1R 41 [7] 2% 5% i 35 (P<0.05).

Note: BFT denotes biofloc technology system without any water exchange; control denotes common aquaculture system with 1/4—1/3 water
exchange each day. * denotes significant difference between BFT and control group for the same item (P<0.05).
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28 d 5 45 d M{ARE W SOD &M A 2%
(P>0.05), FREEIAR], XF HEZ 5 B AR a2 20
SOD {if P F B 34 I1 B 2 I i 50 FF La B 3% 1
(P<0.01, K 2).

®2 EYZEEARARNZEREEHLEEENF
Tab. 2 Effects of biofloc technology on the digestive en-
zyme activitiesin intestine of Carassius auratus gibelio
n=3; X+SD; U-mg '(protein)
TEMEE AMS  JENiES LPS HAEMEH protease
17.96+5.15" 36.14+6.18
X}HE control 115.98+33.27  14.02+5.79 30.63+5.12

TE: BFT AR A HORIRAE S0l Aok, RAMEZE R
Bln s 2R Bk B REIRAE, R HAK 1K, UGk 1/4~
1/3. "R Al — 2 Fa k% BFT 41 5%F AR 41 8] 22 5 1 3 (P<0.05).
Note: BFT denotes biofloc technology system without any water
exchange; control denotes common aquaculture system with 1/4—
1/3 water exchange each day. ~ denotes significant difference be-
tween BFT and control group for the same item (P<0.05).

251 group
BFT 177.51£66.30"

W
(=

- aA n=3; ¥SD aA s BFT
HTE aA aA o X} #8 control
w8 & 20 aB
#2315 aB aA
SEg 0 B
w2

2 5

0
0 28 45

??El?JI] #A/d breeding duration

P A 2R RO O e 7 AR 1 375 v B 4 A ) B A il
(SOD){fi 1 4 5 i
JINE S T R e S 28 ] 2 S L3 (P<0.05), KB ST
BERIR IRAE JE 0] 22 57 W% (P<0.05).

Fig. 1 Effects of biofloc technology on superoxide dismutase
(SOD) activity in the serum of Carassius auratus gibelio
Lowercase means significant difference between the experi-
mental groups (P<0.05). Uppercase means significant differ-
ence among different breeding periods (P<0.05).

232 BFT X T-AOCiEAHMISM i+ T-AOC
1% J17E BET AT BRA 18] . DA N A [R) 33 5 ] 30 1)

W #FHZRP>0.05, F 3), KEHE+ T-AOC
15 HAES 0 KA 45 KiIF BFT 41 5% R4l 257 8

F(P<0.01), 7 d F1 28 d i 22 A . 35 (P>0.05); 2
0 K. 7 KM 28 Kif BFT 4AFEH T T-AOC
W ZERARFEP>0.05), HEBERET 45 d it
T-AOC 1 J1(P<0.01); &5 0 K. 7 KA1 28 Kif %t
TR R R R T-AOC 7if 11 22 A8 8 3 (P>0.05),
B3 54K T 45 d BF T-AOC I J1(P>0.05, € 4),
233 BFT X LSZiEMRIRMm Mg+ LSZ ih M

BFT 4 & 3 55 7% BB 4H (P<0.05), BFT 4045 7 K.

) 70 o
2% 60 a kESD Lo
2 850 aA 2A o T B8 control
38 40
Py 2 30 2B
= ICIPN b8 i
32 N
[0 =" 0
28 45

?%EF"JEEM breeding duration

K2 AR R S B SR AR B O S A s
it (SOD) i P4 Y 5 i
AN YR RN L0 20 6] 25 5 1B 3 (P<0.05), REJELF
B J R I 5 JR T 1R) 22 57 48 35 (P<0.05).

Fig. 2 Effects of biofloc technology on superoxide dismutase
(SOD) activity in the skin mucus of Carassius auratus gibelio
Lowercase means significant difference between the experi-
mental groups (P<0.05). Uppercase means significant differ-
ence among different breeding periods (P<0.05).

n=3; xiSD « BFT

aA o XT 18 control

%ﬁ)ﬁ%ﬁ/d breeding duratlon
3 AWy 2R THOR X S5 B AR i S e L RE
(T-AOC i J1) B
NG SRR R IR 4 [F] 2 57 35 (P<0.05); REHEICF
B8 77270 JE 1) 22 55 1 35 (P<0.05).

Fig. 3 Effects of biofloc technology on total antioxidant capacity
(T-AOC activity) in the serum of Carassius auratus gibelio
Lowercase means significant difference between the experi-
mental groups (P<0.05). Uppercase means significant differ-
ence among different breeding periods (P<0.05).

—

O—=NWAUNANOO

total antioxidant capacity

BPUEALRE /(U -mL )

op 2
=28 =3; ¥+SD
g & n aA
=) g2 = BFT
2515 o Xt B control
208 aB
SE o an o
% g bB aB
2 3 5 aAB
Be
0 7 28 45
F54 E#i/d breeding duration
Bl 4 AEYRBBANSEFRMAEREE D S hE R
J1(T-AOC 1% J1) By =E il

NGBS RN A ] 22 57 1.7 (P<0.05), KRE T
PN FRAH JE I R) 25 57 1 3 (P<0.05).

Fig. 4 Effects of biofloc technology on total antioxidant capacity
(T-AOC activity) in the skin mucus of Carassius auratus gibelio
Lowercase means significant difference between the experi-
mental groups (P<0.05). Uppercase means significant differ-
ence among different breeding periods (P<0.05).
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28 KA 45 KiF LSZ it i 2 = T 0 d Wb flgiG; *t
WRZHSE 7 K. 28 KA 45 KIF LSZ iWhtEE T 0 d
A i (] 5)(P<0.01), {KE B T LSZ 1% 1 BFT
H KT X B4 (P<0.01), BFT 4 LSZ & MR
B FRAE RIS 2 R Bk s X B4 LSZ TR
fE0d, 7dM28d MR EES, HHBEEST
45 d IS (] 6).

A «BFT n=3; T£SD
2 ‘E 7000 oxihE aA aB
é"é 600 control bA
g5 00 bAB
= 5‘400
= & 300
& 3

2 200
o >

100
® 0
0 28 45
?%fﬁ?’] #1/d breeding duration

Bl S AWy SR ARG S 7 A L 3 i I A 1452
NG ISR RN SR A 18] 22 5 . (P<0.05), RE T
B¢ 7R 27 5 JR) 40 1) 2% 5 4 35 (P<0.05).

Fig. 5 Effects of biofloc technology on lysozyme activity in
the serum of Carassius auratus gibelio
Lowercase means significant difference between the experi-
mental groups (P<0.05). Uppercase means significant differ-
ence among different breeding periods (P<0.05).

2(5)88 n=3; xtSD = BFT
aA o %} Hd control

2500
2000
1500
1000
500
0

%ﬁﬁ?ﬂ #A/d breeding duratlon

&l 6 ﬁz%%&l&ﬂm‘ AR FE S
T TR R 1 1 R )
/J\E%)tifi%%m%%éﬂwﬂ%#E%(Ro.os), KEHF
B FE R I 5 JR 4 [R) 22 5 38 35 (P<0.05).

Fig. 6 Effects of biofloc technology on lysozyme activity in
the skin mucus of Carassius auratus gibelio
Lowercase means significant difference between the experi-
mental groups (P<0.05). Uppercase means significant differ-
ence among different breeding periods (P<0.05).

VB REE HE/(U-mL ™)
lysozyme activity

2.4 BFT xR EHRE HSP70 RiZHI MY

554 45 d 5, SXFIR4 ML, BFT 41 HSP70
TENGE S RS R A 3 I T 1.29 %
1.34 £ . 1.87 f%F1 1.68 %, HSP70 7£ 5 & R fiT
FEE b Y 8 1 1 T AR RN B Rk .
25 BFT X R EHREFE NN

HE 7 AT, S AR AN R o B g K R

MO I, BFT 41 RAIET K g I F X IR 4 .

TE = R B (4.2x10° CFU/mL)4H %L 1 BFT 2H il
X RRZH BRBET R 100%, 176 H ik JE (4.2
10’7 CFU/mL. 4.2x10° CFU/mL) il ik ¥ J& (4.2
10° CFU/mL)ZH T &L 1) BFT 41 2L T R IK
FXTHRLL, BFT 4104 RBBET R 58 62.5% . 25%
F0, XTSI 75% . 37.5%H 12.5%, *f
HEZH A BFT F7FE X 56 41 57 7 AR D 228 O A P /K

HSE 7 d NI T L.
X+ HEZH control
—-—Al o0-A2 ——A3 -x-A4
100
2 90t
o= 80}
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Effects of biofloc technology on growth performance and disease re-
sistance of gibel carp, Carassius auratus gibelio
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Abstract: Biofloc technology (BFT) is a zero-water exchange, environmentally friendly aquaculture system that is
now widely used since it is proven to enhance the growth and immunity of farmed fish. Gibel carp Carassius au-
ratus gibelio (also known as Prussian carp) is a major aquaculture species in China, especially around Yancheng in
Jiangsu Province, and it is also grown in mudflats. Developing an effective aquaculture system for gibel carp is
also helpful for exploring mudflats usage in fish aquaculture. However, sudden outbreaks of disease have become
a great and common threat to carp-farming operations, as this causes huge economic losses. Since 2009, an epizo-
otic with severe mortality rates caused by cyprinid herpes virus 2 (CyHV-2) has emerged among cultured gibel
carp in China, especially in the northern part of Jiangsu Province. The disease develops fast, spreads widely to
almost all main areas of gibel carp, and mortalities may reach 90%—100%. Thus, disease becomes a limiting factor
for aquaculture, yet effective methods to prevent or control CyHV-2 are lacking. In order to discuss the practical
usage of BFT in mudflat fish culture in terms of disease prevention, this study subjected the representative species
(gibel carp) to the disease, using fish cultured in two different systems: in a BFT system without any water ex-
change, and in a common recirculating system with 1/4—1/3 water exchange daily (as control), to analyze the effect
of BFT on growth performance and disease resistance in this carp. Growth factors, digestive enzymes, and im-
mune-related enzyme activities were detected by common methods using commercial kits; heat-shock protein 70
(HSP70) mRNA relative expression was analyzed with qRT-PCR; and disease resistance against bacterial infection
was evaluated by challenge tests. The results demonstrated the following: (1)The rates of weight gain, specific
growth, and survival of the gibel carp in the BFT group were significantly higher than occurred for fish in the
control group (P<0.01); however, the condition factor and viserosomatic ration did not significantly differ between
the two groups (P>0.05). (2)The activity of digestive enzymes (i.e., amylase, lipase and protease) in the BFT
group was significantly enhanced (by 53.10%, 28.10% and 17.99%, respectively) in comparison with the control
group (P<0.05). (3)The super oxide dismutase activity in skin mucus, total antioxidant capacity in liver, and ly-
sozyme in serum were significantly induced in the BFT group (P<0.01). (4)HSP70 mRNA relative expression in
the BFT group was up-regulated 1.29-, 1.34-, 1.87- and 1.68-fold in the spleen, kidney, liver and gill, respectively.
(5)Disease resistance against bacterial infection was improved in the gibel carp eventually challenged by
Aeromonas hydrophila. The cumulative mortalities of gibel carp cultured in the BFT system after experimental
injection with bacterial concentrations of 4.2x10" CFU/mL, 4.2x10° CFU/mL and 4.2x10° CFU/mL, were 62.5%,
25%, and 0 within 7 days, respectively. These values were much higher than those detected among fish in the
control system (i.e., 75%, 37.5% and 12.5%). This study demonstrated that BFT can improve growth performance,
digestive enzyme activity, and disease resistance of gibel carp, and that BFT could be successfully more often
used in mudflat fish aquaculture. We suggest that future studies with gibel carp cultured in BFT systems should
investigate the optimum concentrations of total suspended solids, prebiotics specialized for mudflat fishes, and
relevant molecular immune mechanisms.

Key words: bioflocs; Carassius auratus gibelio; growth performance; digestive enzyme; immune-related enzyme;
heat-shock protein 70; Aeromonas hydrophilia
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