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PRS- & BRI 2K S E MrboL, i 201306)

i B AR AR R, A A9 2R BEHOR (Biofloc Technology, BFT) J#4H % w2 Al i (GIFT
Oreochromis niloticus)120 do % AR fA A7 2 (X BAZH) RS fr 2 (5230 20 ) Wik R e o (19. 76 2. 44) ¢ Fil
(21.01 £1.23) g, WIIEFRAIRHE K (2. 63 £0.33) kg/m® HI(2.80 £0. 17) kg/m” , 525 45 o 52 5 481 {455 &t 43531
353 (306.21 +18.64) g F1(338.49 +19.35) g, L5 B 43 353 (33.29 0. 83) kg/m’ H1(37.99 +2.34) ke/
m’ G5 RFRWIFRA AT AL P R A A A T AR (R S ) U RURIIL 1 RO R 3 AR TE 3 mg/ L
2 mg/L LT, PIALH R AR B A S i rp — R, SR 4K S AL B IR AR E . AL SesR fa L
PO A S I R 2 5w . ALSEI0 18 8 RS ) [ — U A B35 22 5 (ER RIS PE AR T 0 1R 35
15 %) Bt (A i L4 0 R F R D B A SRR 1) A s TS B L AL A T O 1 A M U e
[ — IS B A 3 2 5o S i AT PR A M SR BERE TR 3 B AR BRI ACR , AR SRR A AR 5

B RTINS RIS 5 A

KR AWEEE; SRR K B THARERTE M P AEf
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KW Lsk MAE SRR AR BEE Yok ik,
AR X AR BT IR Y IR 2, AR
BEd AR (Biofloc Technology , BFT) i /&l i # A
BB IR Y T 2C Y SR K AR B & b (C/N > 15)
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HEBARS ST R R R K R SR B
RENS A AR v 1R R 9 A R A0 SR 5E
IKIRIE , BN Ry S il e 2 WK ™ 3 B AR 2 A A 7
TE A ) % 5 R B 55 () A Py A 2 e 2 — 7 Lo
HERC G IZ MY T2 AR f B RTR A Y 3R
G TR RS SRR T
BFFEIFE T IR A A Y s R SR 0 e
TEFRFHI R iR B 32 B0 S A DL L 2R R 1Y
Tk B IR A S R 2 R R KR 1 S
L ECER T 3V B O IR R R OK
XL ], DR A A T R S o AR R BE R R

I #s HEA: 2016-05-08 &[5 H#A: 2017-02-13
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BN G IS BT, 38500 A= ) 2R 5 L ) o P T 4 3
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FRAE % AR Y IR B AOR 38 3 o A 1K
R IR AR A PR RE RILIA ()8 3% B 43 A
SOHALHEE 115 R R Ay B RE N A ) 2R BEEORTE
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1.1 XWERLWITHE

SCEe A (7 R b R 2R GIFT Oreochromis
niloticus ) 2y [F]— 4L YOI A 1 £ 1 (I VLT ) T8
ST HRAN) o 18 B ETE bR
TR KRG PR R 2 10 g /R UL b, Pk g
FRTCHT K/INEI 511 480 REAE S5 . 5250

EETE: ERARPEIEG (31202033) ; i HIRHY 2 0 2l T BeALAE 1 32 71t 05 H (14320501900 )
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A2 (9.72 £0.33) em, fR K h (7. 88 =
0.31)cm, & F H(20.33 £3.74) g, K& R
(3.22 £0.08) em & TE A (1.57 £0.02) em, #]1G
IR R (2.71 £0.2) kg /m’

SEIRE b AR AR A B 3R BE T A AR
HOKAR, H A FRFEET B AE 110 em, 4255 120 em,
A% 30 em , ARUKARIA 600 LOE 1) HEMAE
PRBCHE KR T s T —4 U B4
SRR TERE A AR K AL, AR 2R GE
PREE SRR AR, 18 70 em  FJIEFR ELAZ D 50 em,
ATLAZE K 90 L, %58 R G0 — > FRFH G AR P

110 cm

90 cm

30 cm

SEARIEIRM (A, B, C) MR, DASE ) SR BEAAR 1 B
FRISIA] o BR T IR FEGL AN A W) 2R BEIR B IR Al A i
KA (50 W,2 000 L/h) Al U B4 5 pK A5
e FREHEL S SRR B A C ol 2 R SE UK
RS 3 2 A 22 2 0 1, 2 ) 7K IR0 I 7 B Al
L 1) 2R W) SR B PR B TR A . (R IE S — I A
JF5%, LIPS R R IR oK Jy 45 B (] o FR5H
LA ) SR (R B TR A IR P I B R e 2k
VB BER B IR O B — KA T T HE Z2 R 8
BRI

1 FRAeEMRATHEEE
Fig. 1 Structure of situ type and non-situ type

1.2 Wt REZER

AT [F] 1 A ) 2R E BET 374 455 =0t
TJRAEZH (O RREZH ) A 4H (SEERd ) |, SEs g
KB IE] HRT 4 h, S0 38 3 P47, 5
B RIS AR A i B A ) S AE T IR A R B R
Bige g0k, 85 97 15 d BB IFE A (otal
suspended solids, TSS) ¥k B {H 50 mg/L, LA A=)
G LHY AT AR W B A b RER-B-F2 T R (poly-B-
hydroxybutyrate acid, PHB, i B T° % K % 4 ¥ #4
BHA R A ) HA2 0 Jr AR A S ik 78 v i 5 ik
IR, BHAFR RGP A 150 g, 0l 3 4%, 5L
A FRFAGL TP AE R KT 30 cm 50 ¢m (80 cm HYTRSE
B A% LA SR AL P AN AR TEANE ) 3
AREFEAE T 30 em AbAAH—AR

SCER TR T 2015 4 6 J] 28 H, S5 A
120 d, BEAE7 33 [ BRI S5 56 1 ] 45 M %) 1) e 0
SRR B A R 2 ) A= 7 B T K I AR TS A T
8920, Hirp /K43 <12. 0% , #1#E 4 =40. 0% , #Ljg
Wi =4.0% ML 4E<7. 0% , BLK /> <16.0% , 5

#i=1.20% , i QIR =2% . 1 3 B B BEx 51
5 iR B E L AULES o H R38N 3% ,7E 8 :
30 F117:30 43 2 PRARME . RG], £5 TG G N
f#%F DO >4 mg/L, SCEIHEIER 1 & 750 W %
A KB DO FNRE AR . &S FRFE NI
pH i@t NaHCO, #5, JRIF7E 6 ~8 Z[H], 5
Ja B B, k2 AR fa 2S04 R AU, PHB AE 2
i, 5 9% LA, K 5% 20 d KBRS E o A
FRPAET N WG TSS 24 50 mg/L, K 5256 f LA
TEREAFRFE i B, SRR B T LB, 4 0
SERBEGYRE L EEHSMAN,UIEL h, 25
HF LIS M B SR BT, WA TR Bk, S
B IR AN K, HAb S8 R A A ZE A R K
1.3 Wik A%
1.3.1 KBt ik

BRFT 1:00 HFHXZSHOKEAN
(WTW Multi 3430, 7 [=] ) 45 0 57 58 7K 4 19 L B
pH FhFE 4 KL 0.45 wm SRR U8 5 64 T
A (TAN) LA (NO, " -N) (iR (NO, ™ -

http: //www. shhydxxb. com



368 A PN 26 &

N) VEA(TN) EsE (TP) (5 PE#E (PO, -P) (I
frEA MLAR (DOC) Byl 2 . TAN 2 >Rk FH 7K %
FR-k A TR BN O B (4 6 I R S
752806017, iEROCH ARG RA R A, T E) ,
NO, " -N 5 R FEh MR 2% £ — e th e % ,NO, ~-N
5 R N-(1-283% ) -2 M Y66 BE 1, TN 5
K I B BR AT AL 2R AN O R, TP PO, -P
SR FHARER BT 43 606 B 0 2, DOC i H 2 1) fig
C/N A3HHY (Multi N/C 2100, fi [ ) 52
1.3.2 S5 0 URE ST AL BEHE br 1 I 5

S FE R SR AR T LR AR B 24 b, A
FEEHATIN 3 255556 fa, i F R S & WX fa 1A it 4 7
JRIRS, T UKAS b i BUE L 4 AR A , AT A
HER K U IR 484 T FR L, i AR [l A Y
(O IR AR B ER K BEAT A 03 16 4 C &R
4 000 r/min £§.0> 10 min, BEHRAEMN . HEHA
Fiff JUgE 0 g ok 2 10 g e e s S S 1 K )
i
1.3.3 24k LA AR 5>

R FRRE LI E TSSM s A RN
1 LKAERRE 5 min (97300 € 224K 5 min (1
VLFEARBIEL FV-5 min'®' . Z2{K4E 60 °C T il it
FAHE T, WLA 233 ¥ ¥R T 4 HL (i1ShinBioBase,
FD5508) Hr i1, T T as th O A7 LAE J5 22004
L& (W E: R A ot % 2 1 AL ( elmenter
ELMENTAR VARIO MAX , fi [& ) i 2 N 50 2
T OHLAR I A < SR PR ST BRSO s K4
JE AKHE GB/T6438—92 B 48 & 5 1A% b 7E
iffy fpr (SR-JX39 A HLp) hkyke 5 h F1iE
IR
1.3.4 gy Krtae

SR RERR 30 d, RS IR GE AT R AL A B 3
st Frm AR R R, TR R, &
JrE ) e AT R IR SR R A T A A B R s
g fa s AT T B46 b

W(;H(%) = (Wf_Wi> /W, (l)
A W RS HLE W, W, 353 D S50 T e
LR S A AR () o

Sen(%) = 100 x (InW, ~InW,) /7d  (2)
S BN AR R RS W, W, 090 o 52 5 T
iy AR S R R TR () 5d D IRFR R

RF(I:F/(W/j_Wi) (3)
U R ZORRDRH AL 280 F 9 i BB A S
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(g) s W, W, 53 Ry S5 TF Uy 235 AR B 52 35 £ {K o
(g

I5(%) = 100x (N,=N,) / N, (4)
A L TR BUE Z 5 N, N, N SEEG TF i 45 A
S 04T AR AL

Ko =(W/L%) x 100 (5)
X Ko R B B (g/em®) 5 W ok S {4 i
i (g) ;L AEEm AR (em) .
1.4 HUESW

SEESBUE -3 £ bRifE2E (Mean £ SD) JE
KR, 2K SPSS 17. 0 Ge 3+ )44 % Bl 347
ANOVA FRIIZ T 2250 M7, 345 & Duncan [Gk i
TTZEILE,P <0.05 HERIERE, LILEHR
H Origin AbHH Y & 32

2 4

2.1 KR

AL B B, KRR RRTE 23 ~ 30 °C, DO
P fE 4 mg/L DL F pH 7E6 ~8 Z [ 8) ., Al
2 TN 5 BRAL RN SE 56 20 1 = S A S B R/ kA
fhias Ik —3, 45 33 KEF%F BE L SL s 4
)28, R Tk B R R B e, (B X BB [ (11. 85 =
2.20) mg/LI B & FLKA[ (9.78 +4.12) mg/
L], Tt EMZES (P >0.05) ,1E 56 d Z )52 A
WL FEARTEALE 3 mg/L LLF (18] 2a) o AR
JEAE 37 d IR B WEAE, 75 53 d Z )5 WAl Bk
FEAFETE2 mg/L LUF (K 2b) . MAWE—H
B T B, 6 B A RN S 50 A R AR — B ('
2¢),

H P 3 R L e HER 2 RS 6 2 ) R vk
KAK 52 BT S B~ A W 22 B 5k R o) BE 2 A
S 2 X5 B R R R FH XS AS B
2.2 EMERKEREFIERTIAZE

SIS 1 A K M BB S TR RS A 3R AR O 4N
1 PR SCI0 R S I0 4 i 4% B R T o IR
WK T B4 (He g E 2257 (P >0.05),

LT BR AL A 0 5
2.3 £#MEk
2.3.1 KM ERE

I 4a AT, SEB6 ook BE 2 AN SE 620 1) TSS
Ak — 3, B S5 5 ) TSS 58] 1 000 mg/
Lo & 4b ml %0, % BAL) FV-5min 7€ 72 d Z i

TSR L TE 72 d ZJE SRS T AL, A
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Fig.2 The ammonia nitrogen(a) , nitrite nitrogen (b) , nitrate nitrogen(c)

and total nitrogen(d) concentration dynamics in the culture cycle
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Fig.3 The phosphate(a)and total phosphorus (b) concentration dynamics in the culture cycle
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F1 IHWEMNEKERE
Tab.1 The tilapia growth performance
hapileea| LA
Control Treatment
i =N
DRI ¢ 19.76 +2.44 21.01 £1.23
Initial weight
%11 b B3R B 3
BIGEE/ (kg/m™) 2.63 0.33 2.80+0.17
Initial density
B 80 80
Initial number
LR iy
,‘?Fﬂiﬁﬁ;/g 306.21 +18.64 338.49 +19.35
Final weight
IR 3
AR (kg/m) 33.29 +0.83 37.99 +2.34
Final density
¥ /0
frifi/ % 95.42 £4.02 98.75 +0
Survival rates
HrEEK#E/ % SGR 2.12+0.10 2.17 £0
WHER/ % WG 1176.08 £156.45 1 256.21 £5.00
R AL 250 FCE 1.05 +0.03 0.92 +0.05
Y1 HS JI 4 e 3
PIRIBHAEE (e/en™) 46 40,06 4.17 £0.20
Initial condition factor
% S g 3
BRI (e/en’) 4 57,0 31 5.60 0. 16

Final condition factor

2.3.2 AEWEBEEKEETIY

MK Sa tRRf DLE 55 30 KB 2 AR &
T ih | 30% , 55 60 KETiE%E| 40% . ME 5b
AL ), T2 2RSS 60 K I RLAR D7 7 it ik 3
iR o SEI AR X HE A R S 56 21 220 B LI
i B AN )RR B BEAR, 43 00 Ry 4. 61% +
0.34 % 15.22% +0.08 % YT EWER (P>
0.05), ME 5c thaf LI, 34 SE v
P2 AR AR K 73 5 Fe R AE AN T I 3G 4, e 43
555 31.01% +0.11 % 25.27% +0.15 % , %}

1200 _, XA

Control group

— S
1000 Treatment group

800

600

TSS/ (mg/L)

400

200

00 10 20 30 40 50 60 70 80 90100110 120

BfE]/d Time
(a)

HRZH 5 e TS24 .
2.4 BMILAEFRRS

H 1] 6a HRT T, 75 R E I ) %) HE 20 0 S 36 21
PSR R T RENAMHEA S EEEA D
2 2R 4 B R 89, 37% + 0. 25% FiI
85.12% +1.42% MR ¥R TG 2 i
HE AR, PG & ER 59 97% +
1.95% ,SEBGAR X FATH & 1 & &2 60.09% +
2.78% SR 59.77% +2.63% , & 6b
AT, PRZH S 50 £ V2 R T8 05 LI (R R AR D7 25
TE 15% fedy s R S W RELIR I 2w v T 00 dR 4
T RLAR o
2.5 &MELEYE

X BRZE S 56 4] F AR 1) 1 B Y TS ) G
WERER(P>0.05), 2K 8 HE A JE/NT
WILENE 1, 2 —A TR AR (B Ta) o XTHRAL
R 2 2 Hh ) B AR 1 IS ) TR R S 5 B B )
o TSR B 4L, B T2 30 KRBT AAAE % 25 7
(P<0.05) 4k, HA¥ I #E 25 (P >0.05) , &
ARG T W TR UG TS 7, S5 5 K W 4 )k F
(5 632.30 £946.01)U/mg . (4 541.06 +134.50)
U/mg( & 7b) . WL fafA S g il i ) 3 20—
AN TR FREREE SR 55 60 KEFTE T i, ik
#(53.96 +5.89) U/mg F1(41.85 +4.69) U/mg.
LK B BRIV B 7 LU 1R 5 T WA, X BR 4 7E 45
B T o4l (8 7e) o & 7d th 4L g i
B AE A S g R v AR B R RS, {H 120
d B35 775 30 d B3 ) SEAS AR R], 5256 4 3 g
TR

130 _ XA
120 Contzol group

110} — %A
100 Treatment group

FV-5min/ (mL/L)
3

10 .
0 Y L
0 10 20 30 40 50 60 70 80 90100 110 120
BtE)/d Time
(b)

El4 TSS(a)#1 FV-Smin(b) 3L iass
Fig.4 The TSS(a)and FV-5min(b)dynamics in the culture cycle
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Fig.5 The biofloc crude protein (a), crude lipid (b) and crude ash (c) content dynamics in the culture cycle
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(b)) SEETK

Fig. 6 The mucles crude protein (a) and crude lipid (b) content dynamics in the culture cycle
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Fig.7 The stomach protease activity (a), intestinal trypsin activity (b), gastric

lipase activity (c) and intestinal lipase activity (d) dynamics in the culture cycle

3 g

3.1 KESH

A TR VR 2 U W A B RN A 2R
AR 5 A A fidf o 1T A 40 R0 53 B /KA R 1R R
REAAFE PRI E AR, —Fh e B IR 40 B g 1L
VE R A A A S 2, o — P& 5
0 [R) A P 22 R IR Ak R WSO ot 1A A B
N R i R0 A8 A5 0 4 16T, 53 Bf A= 9
LEERG R . W R E RIE AR
VR T V(B — 2 MY 2 )5, 0 BH AR X A 2o 2 ook
HEZH A S B 4 v A 2 R o e e Ao T RS L
ooy R B Vil S e Rk 3] (12,33 £ 1.85)
mg/ L, 52 AW EE Y IEAE AR Y, A SRR LA | 1
S AV E P R S5 T 5 10 S5 56 2 1% 0 i 2R 0
B 5 350 T 0 R, 10 ] S 9 0 R 1 () A A TR
7 H R E A A, TR RS 58
BZ G, ER Z AR LA i i 3, B A
R B A RS E TR T, S B A AR AR I 32 3] 1
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S, 7SR A0 A R AR AR PR 1 0 o0 ) S R
WA EA. MARRE—BELH ETHES,
S KA R B AL AR 23 LA R JE X
FETE, AT REDN Sy 7 FE K AR v ik 2 e A1 il 20 1) 200 T
ol LA PHB AR B DR A i e A A R BE T 55055

SR BRI AE 75 B i 1 S L M SRR R AR
FIAEAE R B R A AL B B AR FEAR 5
B A4+ PHB BB B IR AE 2R G A6 € Jm o6 &
AL S 77 20 BRI T R, R e S L E R AE 15 LU
BN AR S o R, AL A U
TR AT BB, T AE I SR BER R F R R
RS ICHL R AR TR AE R 2 AT /Y

HEA A W) 2R B 2o o) B 2 S 3 4 0 W R
TREM AN W] o Wi R £ vk B A S B T 4 Y
53 d N—HEIRFFREE , UL W1 AR W e 0 B A 1K
THAE T —E S M BRRRER T 40 i i A R AN 7
53 d ZJE WRRER R S BE W AR R, X 5 53 d i
F YR SE W) o AT UL WA I 36 vk J3E 1) 10 50
A HE FUR AR P A A K I IR R oK TEAE W)
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LEERG PR EAK,
3.2 ZEMREREFHS SN

AL R BECR R ER &FER
30% 1% A 2SR R R, Ir K5 7 1) 2 14O 38
A 25.3% o ARSCIGEIR THLE A A
40% HyARY . 37 FE A AR PTG 2R AR B 1
Eri AWK, T L SR AL 1 S R Y
WEHEA S A GRSV LR, PIEMa HEE
F AW RDR R 25 % 2o R 19, HLAt Y 2 40k
SAFETFRMEAT T, TR 30—
F e fE 2R i 2 B . X HRZLER 60 KA
R F 3k B B, 15 TS H P A BT T [
T S 36 4 PP S AOHL B 1 i — B R AE 40% 11
R, XTRESEERPHEEEAS —CE LR,
TEAK T 2 B 88 46 S FE57 53 R, BFT 240
G HREAMI R TE IR, 537 20 B 100 K A K A
FaE ], K R G i R AL B B T AR
L3 T 28R RS A S SR AL B
MRAAE BET REA 85 JF A T 1%, Sindl
S R SRR KR A W R I LR W vk
(62.00 ng/ L) & F X BELL (42. 8 ng/ul) (K
SRR ZE v He P DNA K S 00 42 4, ik JBE A6
Qubit FHEILRETT) .

HLI A% 0 ) IR 4R A ) ok 2 45 T AL
WIS , A I S A ARV, B B K, B A ]
b BRI 3 7E A W AR 2, % BE 2L (0 B 43 £
A5 TS, G 200 T AL IR 4 B A P AR A0
FHRARFIF, TR 4 S 41 %5 8 0] LA
BB R 2L JFE T AR A, 7 S i e P A ) IR 2
B2 BRPREL IR AR LB 4, TR0 TR 437 28
PRI L], B Al f A A R fa Rl B X 2
JRA T SR N 30% ~35% , A B > 25% 5 K
HEHT B 5 35 S BN 10% foAq, AR B ol
5% DRI, SRR AR g B i DR,
SELAE I A IR IR I 3R, X T B R £
(19 2B KA IR T B /R, BEAE ORI
(NG SE e
3.3 amEKRILARS S

S 2 00T B AL R R R T 30 ke
m®, 5 F LITTLE %" £ ] f1 %4k BFT R 4E
H1 10 ~28 kg/m* {7 &, o SCBA SR 58 5 K
#](37.99 £2.34) kg/m’ | i F X AL, ASLH
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Study on the effect of two kinds of biofloc modes in GIFT tilapia culture

WU Shengkai', LUO Guozhi'*** | TAN Hongxin'**, SUN Jian', LIU Zefeng' , HOU Zhiwei'

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Aquacultural
Engineering Research Center, Shanghai 201306, China; 3. Aquatic Animals Breeding Center of Shanghai Ocean University,
Shanghai University Knowledge Service Platform, Shanghai 201306, China )

Abstract: In in-situ and non-situ modes, new GIFT tilapia ( Oreochromis niloticus) was cultured with biofloc
technology (BFT) for 120 d. Initial body mass of tilapia was (19.76 £2.44) g, (21.01 £1.23) g, and
initial culture density was (2.63 +0.33) kg/m’, (2.80 £0.17) kg/m’. At the end of the experiment in
situ group ( control group) and non-situ group ( treatment group ), the weight of experimental fish were
(306.21 +18.64) g, (338.49 £19.35) g. The culture density reached (33.29 +0.83) kg/m’, (37.99
2.34) kg/m’. Ammonia nitrogen and nitrite nitrogen were accumulated in the early stage, but in the middle
and late stages, the concentration of ammonia N was maintained below 3 mg/L and nitriter N maintained
below at 2 mg/L. Nitrate nitrogen concentration has been accumulated in the whole experiment. The water
quality of the treatment group was more stable than that of the control group. There was no significant
difference in crude protein concentration between the two groups. There was no significant difference in
stomach protease activity in each period, but the final activity was slightly lower than the initial activity. The
trypsin activity in the intestinal tissues of the control group was higher than that in the treatment group during
the whole breeding period. There was no significant difference in stomach lipase activity and intestinal lipase
activity in the two groups. The experiment provides reference for the application and improvement of biofloc
technology in production practice, through studying the effects of two kinds of bioflocculation modes on the
production of new GIFT tilapia.

Key words: biofloc technology; culture mode; water quality; growth; digestive enzyme activity; tilapia
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