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R 5 AT Ak 52 5 5 LA SR B LE B 5

KpEY? EFEPY R B B kP B o’ B A oL
(1. KE\HERFAK=SEa2ERE I7 KiE  116023;

2. WKFFEAY B R ST ERE I S EE ARG E PEAFRE R E K ESN LR FE
3. W EUK BRI ST B B K PRI GTT AAR AT O EK SR A B A TS SR E

TR TR IR RAT S S R E RS IR W 266071)

A

266071;

WE  AZATNEMLERCENLAAMTRAFHRLARR, KARLERT EREAEH
T, BALAMLEAAB) S A4 % H(EB)RIAEZL T, N4 (Penaeus vannamei) & K P fit .
AR AR RIEIAT E T, B T RAEAESE IR A IUE (Mbrio)H B X R A NHy-N &
NO»-N RE W R, FEANT 2 AMEFFRATEANAEEELAK, FRKYW, IB AXITHE
R 5 kK RE T EB 41(P<0.05), 15k £ 1KT EB 41(P<0.05); IB £ %t 4T fn v& A it H Akt A 1k
1 B (GSH-Px) & P& T EB 41(P<0.05), % fE[E & (T-CHO). X & & (TP)& & K A& % 4% 2 B (AST).
A A ABALT)E M 2 NEHA 2 F% A B FZ 7 P>0.05); #EZHET TR B 485 £ /4 8PO)iE
M2 %% T EB 44MP<0.05), 2 N4 R 4t A L4 8((POD), 4 A B (CAT), #8414 (b
(SOD) K 75 W B (LZ) 7 1 % 7+ 1 B % (P>0.05), &% 30, 50 X IB AKAEFINEHELZFKT EB 4
(P<0.05), &% 30 R4, 2 ML A4 I E N IE 2 7451 2 #(P>0.05), R7ES 50 X&f IB 5 EB
Y NH;-N RE £ R AR E5, HaAn i IB 4 NO;-N 5§ NHi-N %k E#HE 2K T EB 4
(P<0.05), IB At ZFEME T EB 4, &£ &, EMLAAREINITEK, KEAREN

HAE F AT RAEE, FRERA LR AR R ) BF R T R

KHEiA

FES RS S968.22  CEAFRIEAD A

FLAXTHF (Penaeus vannamei ) PR 45 5 (14 34 55 1
NiBETT |« IE A R R A DL R I SRR R, O
R A BROGT IR SRR A S Bl T IR IR A A T AR
KRR, KR R MR kS, Hrihw
B FE RN R | = 60 b SR G B PR OK IR A R S
Tl % J i) A K (AR, 2022) 0 FE = % B X IR 3%

FALERE; RALE; LAXET; RmEXRK; H46iFH
XEHE  2095-9869(2026)02-0203-11

AR RS ], TR A, XU AR R ) S iR
I3 S EOK AR A B2 5l U B DG T R, A AR BE
3 K B A A R A A O R B, Sl R
RGBT EAL, FEX IR GRS T ¥ (Zhao et al,
2020; Wik FAE, 2023), F 320 R R EG(Li et al,
2023), sZMAXFHRIE # Az BRI (Racotta et al, 2000),

* [H R H S & TR (2023 YFD2400705) 1 H S 2 2\ 25 PR B B2 BT 2 A Bl 55 9% (20603022023025) 3 [7] 5% Bl o
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SE TR FRFE A R AE AR . R, 7R Sk g
BRI 5 8, TER BB B KA IR B B
FAECAR , X4 TR SR 7 g B F A

H W I B R (bioflocs technology, BFT)J& it 4F
A7 FREE TP A B — U AR, HAR HIAIL ) A 58
I M SR R G A R, R R R K AR A AU
Fi IR S AR AL A T S ™ BB AR, SEBAEFRAE K
A A, I8 BB IA F AR B R B 1Y (Yang
etal, 2019), J& LAY £2 AIUBURL A A] Bl S5 58 0T IR AR £
LA $ v R % 1 280 5R (Ekasari et al, 2010), BFT
TERC R KT . 7 A9 FR5 FHIK | AR R IR AR 4 R 4 s T g
J14 75 T BAT B 2 #(Addo et al, 2023), ML
VAT H (R AT 2 TR A A 500D T ok Dt TR 3 0 L R AR 4 BN
Y1 % 73R (Guo et al, 2023), HFl, BFT CERM . &
i W . =N E ook R ER 3R IR K P AR
(Oreochromis niloticus) . fi#(Cyprinus carpio)&% [ #7558
% 2 00 (Azim et al, 2008; Liu et al, 2019;
X AENISE, 2017), SRTH, 7E BFT BB, WAAAE
TE SRR Rt 2 S EMFEARR . Kk pH T
[ (Ulloa Walker et al, 2020) 5 3¢5 8h 4 P 0 [ 65
(Ogello et al, 2021)% n] 5,

TEAE YR AR ARFRAE D, AL Gen A s 37 05 A2
TEXTHRFRFE AR AR TP Sk I, PR A L, (e k2R 1A
e, BIoMIEA RS . kLR, —FhSs0i 4
W2 SR H AR TEXTUF et 2SR pi rh i A w5 4 iE
T AR SR 5 A %) A K B8 A S vy s,
A TG T K Bl IR S5 5 TR 0T, A48 i s 22 AT 1k
PSR T A 3, Z R W B A P 2 R A 2]
I 5 & 40 (Menaga et al, 2019; Situmorang et al,
2022), JRANE MG R SR AORE, HT
XoPURFREE Y 28 1A A S il | % 4 2 1) R F SR E i iR
FETEZE 5, T H HON 2 /A ) 22 AT 53 B A e AR A8 AR 1
DRGSR . R, AR T 2 ARSI T
AR XTURAE KRR L g T KF L R SRR EE (Vibrio)
ot JOKMBA FR GBI ER, BEFEEMEELY
LU B AR AL X MR SRR B T s, 9 AR 2R A AE
XPURFRFE R R 72, AR AR b A i R o

1 #RERFE
1.1 SLIEH#

S ] SPE JLAARTHE, 244 (5.80+0.13) cm,
R EE (2.7241.09) g, P EK RGBS
IR PRI SE T R I b 12 (3 A6 00 AN 188 %o A 9 BRE 75
(WSSV) ., iz i 4L (EHP) . + & H 4T 9% 8 (DIV1)

L ek B R i I 40 SR P8R 1 THHN V) K 30201k
JH 2 B R BE9 I 10 IR TR (VP amenn) 3595 i 5 TiE A5 1718k
W Tl B A PR A E], M =43.0% . HIEH =
6.0% . HA4E<5.0%. MK/ <16%. S =12.0%.
AR =2.40% . K4 <12.0%; BRIEFLEE 99.45%
TR BIAE R 2 mx1 mx1.1 m BB ISR /K AR b 75
PG FHE AR B, FRIE A UK 0.8 m,

1.2 LW REMERAEFTE

SCENTE 4 A, GnER 1 R, ARERZH Rl 22 AT 4H
(in-situ biofloc, IB) . 117 28 [#14H (ex-situ biofloc, EB),
75 H X B 2H A0 5 48 7K 2H (water exchange, WE) & %
7K 2 (zero-water exchange, ZE), &4 4 P17, FIHE
SEEGI 50 do Horp 1 ASPATA AR TR 2 HAD 3 A
S S0 1t PR SR AR ik 2D ) R A

*1 ZRHSEARZAEKFR
Tab.l Experimental grouping and ways of biofloc formation
5 FEME S H¥okeoR  ZEIEOr
(:Jrou Ratio of sucrose Rate of water Way of biofloc
P to feed/% exchange/% cultivation
Tk
Ei K 240 0 0 /
ZE
K4 WE 0 25 /
Ji it 45 7%
J s 2R AT 20 50 0 Cultured in the
IB pond with
shrimp
St a1 SRR
EB 0 0 Cultured outside

the shrimp pond
e PRI RN SR A RN,

Note: “/’means no cultivation or importation of biofloc.

IB i, BREFFERGE DM 1 RERE,
2 WAL BESE(2012), I8 4 4 fapRHE IR 1Y 50%,
KLmhE 4 MBEAA, ELRR, JHFHA
6.0 mg/L LI I, [RIAS7ENBICHB L4 25 W, ife
1500 L/h FFEIREE, e sh S ith K AP iedt o 7758 1
LW E (V) EFFTE 13.0~15.0 mL/L (Avnimelech
etal, 2012), ML T 15.0 mL/L AR, #5H
ZR M EB A RN L HEREF A 150 B
T O B R A, W B FRaE b, RS
IB 4AHIF]; ZE 41, SCOMAmIRIEFTHK, ARES
U5, WE AABINiRIE, &RH#K 25%. 1B, EB &
ZE H1, BHRAFTHEKIER . R REEAB S b
P ER 3 17K =
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RIS TG 5 S0 A= 49y 28 DL 3R B RN X B ) L e 5 205

1.3 ETRERABFTIE

W4 AL ERBEER MW, 7550356 7K
2.0m®, fNZIHE 1400 g FIGAALE 160 g, 1EREFHRY
Jfi(Uawisetwathana et al, 2021; PMREE, 2013), RS )G
FHI AL 22 35 35 5 i35 R R LR W BRI, R4 2R 1A
PERAEEIT , F AMIH K SAH LR B AR AR, AR RE 7%
1.4 FEEHE

ST SR 200 B, BERE TN 4 4
H P A XA T ) 3% ARSI S 5286
Wi K ER B 31.5, JHE TR #8482 R K R T
(28.0£0.5) 'C, FREHJE I, FHBRER B BIE T /KK pH
7.0 L,

1.5 HmXE

IR RAT, GUiT 45 L X ERAE IR B, JRREAL
INEEAS AT R 10 B, Mok 48 TRk
gy, WERRI LR . AREE ;. 1 mL A9 SR A
O A A UMk A7 BU T JCE EP &, 4 Ciad
W5 4 000 x g B0 5 min, HU IS W AEIT—80 “Cuk
Farh, T AEBA LR bR B B OGRS M AT . 2
Je FigE B ERC e g SR M g e i B R S WL IRV RS W PR o,
FxpoR A KRB TR bR gt it

TEE 10, 30 FIZE 50 R4 ABUKEE 500 mL, H
0.45 um fLARHY C TR & 41 4 R BRUE hhug , degEK
AP E T IOHRN-80 CIHAE, HTLRhaHE
W R AT, KFEUER A T2 A (NHY-N) . WA S A
(NOL-N)HR FE M &, BELHHL 3 AT,

1.6 £YWEBFAKRIBENE

S TTFUR S, BERE S d, DAt U A A A g X,
FIZK T 10 em AEBCAEEDKFEIR A, B THE RPN
o, #E 15 min, FEARMEP YRR EVER, 2
S ZAUTTE W IR TR R A /K AR B SRR, T 2L AT R
B (floc volume index, FVI),

FVI=Z A A B (mL)/ /K AR FY(L)

1.7 XtERERERE ISR

SLIEE G, A A ARTEF G R . SRR
WA RRKIEK R RrE KR JFBRIE S,

T3 R (survival rate, SR, %)=N/Nyx100%

&L 77 1 (total output, TO, kg)=NxW,

14 B K (weight gain rate, WGR, %)=(W—Wp)/W,x
100%

RE K & (body length growth rate, BGR, %)=
(L—Lo)/Lox100%

¥ E 4 K R (special growth rate, SGR, %/d)=
(InW—InWp)/d

T 2 IR 48 21 (hepatopancreatic index, HSI, %)=
WL/Wx100%

H A 2K (meat yield, MY, %)=M,/W,x100%

1H Bl 2 % (feed conversion ratio, FCR)=FI/(W—-W,)
2, No AN, 73 R SE B0 46 FES AR o R 4L
Wo . W, 73 51 287 52 55400 U5 RN 45 o s 25 4 A 1) ~F 24 44
it (2), Lo Lo 23l ZR78 W0 U6 IR A1 2 (AR 0 25 T
HRP A (cm), Wh o My 23 SRR TR R R 5 UL
PRI T fE (g), d F/nFRFE KA, FI 2 SL 50 1 [a] A 41 oF
B R BT ().

1.8 ENIEREEREXEEENE

X U At 375 A= AR 4R BR IR [ B (T-CHO) . A 2K
(TP). A MeH Ak E AL Y (GSH-Px) . 4% TN % 2 T
(ALT) . 7% 505 S B (AST) S 5 28 A1 S A8 A S Ak
{ET(SOD) . ALY EE(POD) ., i A AL A M (CAT)
1y A AL (PO) . VA T T (LZ) 3% HI 0 &l s , Il s
JrEEIA A Hidr, TP 5 &l T B DAY
RIHABRAR, T-CHO. GSH-Px &7l &y Tt ot &
T TRHYABRAR, AST. ALT. SOD i&X#| &l T
U A Y TS T POD, CAT. PO K LZ iR
FI G T A T AW TR B A FRA A

1.9 IEMEARKEFIIEEE

Z WKL 57 5 2024 W s, T HRM LR AR
10, 30, 50 K435 B 247 HR R 7K SR IR T R
FHT 7K AR I B v 88 A %o AR M o o 1 6k B A

1.10 7Kk NH;-N #1 NO3-N iRk FEilllE

FEF KR T NHL-N Fl NO5-N [ e B 52 2 1R i
FEWEINELIEEE 4 385« WK B v A e s 5 40 6O
S| BN /5w iy )5+ R . o WS
1.11 ZEFAPHEBFEARDT

Rl i 2 LR MR A, 18 2 BIESE T AR HoR
A FRA FIFEAT sl & P, DNA $2H0. PCR 471 |
ey 368 e ARG 70 2 5 A IR AE (2020), RER R
Kt R T 0.1%M T 12K A G

1.12 #HBEBFZITS5 S

SRR SPSS 19.0 BT Gt b, &
AR 2 T 220 M (one-way ANOVA), X Duncan £
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HIGIG AT 25 57 0 E P, P<0.05 BoRERRE . A
Origin 2021 347 EIE 251l

2 #R

2.1 HBHEKEFVIEZHL

FEE RN 3 R, 5 2H KRB (038 W7 S AR B (0
S5 OREE, IB 4k i B NEURL, EB BT
JNANRZ A, A FE5 A KR FVI R4 A 1

18 o 7E
16 - —= WE
[ -~ IB
-+ EB

FVI/(mL/L)
S 1o

TS 10 15 20 25 30 35 40 45 S0
B Time/d
K1 BUUKE FVI BB ERRE 22, n=3)
Fig.1 Variation of FVI in each group (Mean£SD, n=3)

ZE: KA ; WE: #KdH; 1B: A ZHH;
EB: R/ ZPIH.
ZE: Zero-water exchange; WE: Water exchange;
IB: In-situ biofloc; EB: Ex-situ biofloc.

iR, 1B 55 EB 410922 A (5 b bl 77 5 Hof [ 385 0 528 345 7+
. PR ZP S HAHE, S&eik® 1520 mL/L, ZE
2 110 22 P VR 2 i 75 L SF ) 384 o s B — 2 B TR, FVII
LN 5.00 mL/L iy, WE 4lrih Ay —5& i &%
Y, HHFVI AL 0.50 mL/L,

2.2 XHERAERKIERELLR

TR, G XA KR RE e bR, 4R
%2 fit/R . WE 41X IR FRFE BTG R A i, M(94.00+
2.00)%, WE4HN 1B (85.75+3.53)%, ffk#H K ZE
(79.83+7.02)%, 2253 W EMEHT /R, WE 48 #E 5
FHABA 4 (P<0.05), 1B EB AR A%, (HiE
FET ZE 41(P<0.05); 2 NE AU AIXTIR B R £ 5
AR EP>0.05), HHBPEMT WEH, =T ZEH
(P<0.05), HiE i & EMRKIKH WE, IB. EB J&
ZE 41, 41255 B3 (P<0.05); &4 K E N
FIMR A AR S 5 3 TR A AR L A — B0, U7
i35 (P<0.05); £ 4UHFEIR 8 025 7R 1 3 (P>0.05),
AL NRAAEESR, mdlh WE 4(51.71+
0.72)%, Kim4H M 1B #41(49.77£0.30)%, —HZEHAN
% (P>0.05), i WE 12& & T EB K& ZE 4
(P<0.05), 1B, EB J ZE #H[a] il AR AH B FH L7,
25 LR R B W BRI ZE . EB. 1B & WE,
20 22 57 135 (P<0.05) 0 3 W R0 28 AT e g 0 Xof i A=

R 2 FEAEREA M RE LB CF Y EEARHERE, n=3)

Tab.2 Comparison of growth performance of shrimp in different groups (Mean+SD, n=3)

AR ARHR

205 Group

Growth index ZE

WE IB EB

W1k KX Initial shrimp number
25 A B 4X Final shrimp number

200.00+0.00*
160.00+7.02°

WIhE 4 Initial body weight/g 2.72+1.09*
AR R it Final body weight/g 9.33+0.25°¢
WIHR AR K Initial body length/cm 5.80+0.13%
LA R K Final body length/cm 9.27+0.09¢
B & Total output/kg 1.49+0.10¢
KK R BGR/% 38.12+1.43%
TG % SR/% 79.83+7.02°
1 H R WGR/% 243.0349.14¢
g A K2 SGR/(%/d) 2.4620.05°
JHF I i 48 4k HSI 4.4340.18°
Tk Z 4L FCR 1.97+0.08*
HIAE MY/ % 49.42+0.69°

200.00+0.00?
188.00+2.00°

200.00+0.00*
165.00+10.97°

200.00+0.00*
167.00+£4.36°

2.72+1.09* 2.72+1.09* 2.72+1.09*
12.29+0.10° 11.29+0.15° 10.74%0.50°
5.80+0.13° 5.80+0.13° 5.80+0.13°
9.87+0.03° 9.67+0.06" 9.52+0.19"
2.31+0.02° 1.86+0.10° 1.79+0.13°
50.52+2.71% 44.59+6.13% 42.22+7.27%®
94.00+2.00° 85.75+3.53" 83.50+4.35"
351.87+3.54° 319.00+7.55° 294.83+18.18°
3.01+0.02° 2.8740.04° 2.74+0.09°
4.64+0.28" 4.62+0.13° 4.53£0.17
1.36+0.02¢ 1.5040.04° 1.630.10°
51.71+0.72% 49.77+0.30%° 48.48+1.12°

TE: “ZE”, “WE”, “IB"FMI“EB”/}jl| 3R/ Z 4Kl okl | AL 2R AR AL 2 A2 o IR AT 8 B bR A TRl s 2L )

A7 B 2 22 5 (P<0.05),

Note: “ZE”, “WE”, “IB”, and “EB” mean groups of zero-water exchange, water exchange, in-situ biofloc, and ex-situ

biofloc, respectively. Data in each line with different superscripts are significantly different (P<0.05).
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KITHALT AR M 2.5 FRIEKERTERATERAR Pl E H E LR

2.3 XtERMEELIERR AT

SIYG LR, AT A L R I S A AR A
FRFREE LA 2. B 2A B8 WE, IB Al EB =44
T-CHO #Fim2R A%, H¥ET ZE 41(P<0.05);
& 2B /R 1B, EB & ZE 4 xR TP & & 25
AR, H{ET WE 4(P<0.05); & 2C /8 EB.
WE K ZE @ XFUFIE GSH-Px EME2 %A B #
(P>0.05), {H¥ R FHET IB 4(P<0.05); & 2D 5K
2E 7R 1B, EB J& ZE A XTURIE AST. ALT &M
2 SR 2(P>0.05), {H¥ 5 2L T WE 41(P<0.05).
R KB E ML
A ER I 5 i G AH DG A S M A DL
& 3, IB Ml EB 41/ POD {EM:22 3 A2, (Hi 3
T ZE Al WE 41(P<0.05)( 3A); WE 411 CAT %
YRR #E ST ZE A EB 41(P<0.05), {H IB 411Gt 5
WE K EB 21 22 53 K .3 (P>0.05)(] 3B); #4411 PO
5 PE2E 55 10 35 (P<0.05), Mm 2350 WE. ZE.

2.4

H AR R R R LS R ILE 4A, FRFHEE 10
K}, 20K PR % EAE 3.60%10'~2.10x10* CFU/mL
ZMhl, ZRREEP>0.05), 7E5 30 f1 50 KAf, ZE
K PR P AR 3 2 v A A 4, 1B 4K PR
AR, HRFCT EB 4H(P<0.05). % 10, 30, 50 K4
LRI PR AR R TR Rt UL BT 4B, 1B FI EB 4 HHRAE
INPEECAESS 10, 50 KRESIC 35 25 5:(P>0.05), {HAES
30 K, IB 41 F KT EB 41(P<0.05), ZE ZATEEMEF
INEER A i, W m T 2 A2 HI41(P<0.05),

7k NO3-N & NH;-N iR E L&

ANFIFEFEIRI B A AR A NO, -N IREELE SA,
%510, 30, 50 X, IB 41 NO,-N ¥ B 2 b 1% T Hofth
4 (P<0.05), ZE WS i, 23 T H A4 (P<0.05).
KR NH,-N W ULE 5B, 565 10, 30 X, IB
ZH NH3-N ¥ B2 i 5K T HAth 45 41 (P<0.05), 2 50 K
i 5 EB 2125 %A W (P>0.05), {HB (LT 2 4%
HR 41 (P<0.05).

2.6

IB J% EB #41(I 3C); %&41f0 SOD & LZ fyifte L5 27 EMRBEEEI
YA % (P>0.05)(18 3D, 3E). EE T 10, 30, 50 K 4% 418 A T RELE
12, 100 o 2007
S 10} 80 %Cg 160}
_— ﬁ —_
ﬁé(}.s- géﬁn- 3%120*
ggo.s- m§40 ¥ 2 80}
= 804t s 8
FEle) i = X
TZ 02} & 20} T g0
Q 23
S 0 0 €9
ZE WE IB  EB ZE WE IB EB
434 Groups 434 Groups
15r p 3.0
w3 22
%%‘ 215t
®g 6 £310
Z 8 g = Lo
& 5 3t & 205t
0

ZE

WE IB
4346 Groups

& 2

ZE WE IB

414 Groups

EB

A 2 X R ML A2 AL FE AR LB CF I {HAR 22, n=3)

Fig.2 Comparison of serum biochemical parameters of shrimp in different groups (Mean+SD, n=3)

ZE: FoK4; WE: #Kk4; 1B: FMEKAH; EB: S EH4.,
FEE ARG FRAERE A AE 1B 25 57+(P<0.05), R A,
ZE: Zero-water exchange; WE: Water exchange; IB: In-situ biofloc; EB: Ex-situ biofloc.
Columns with different lowercase letters indicate significant difference (P<0.05). The same below.



208 I A S i T 41 %
90 A 25rp 0re
5B 2 320t T 8} -
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-4 I : 3
e} g B2 : 5t & g 2l
2 15+ &)
0 0 0
ZE WE IB EB ZE WE 1B EB ZE WE B EB
414 Groups 4r¢H Groups 4140 Groups
201 D 4.8
#H~16f . 4.0
)
ﬁﬂﬁ E 32¢
ﬁ@ 12t S
xE S 24
Z 8t g
ﬁ § #E 2 1.6+
22, g
52 Nost
0 0
ZE WE 1B EB ZW WE 1B EB
434H Groups 414 Groups
3 A 2H o R AR DG G M LB G 38 {H AR HE 22, n=3)
Fig.3 Comparison of activities of immune-related enzymes of shrimp in different groups (Mean+SD, n=3)
8- A OZE OWE mIB QEB % 8 B DZE OWE mIB LEB
~ [
27| fsf 3
56l S6+
5 2E 256,
ey S5t = =L 51 b
=53 SR b
=% 41 Eox 4F
Eh ot o 3 =0
$EEY ESE a |
S ESop- i b
B > - c 'a
84 s %‘ 1 r a C abbc
0 5 0
10 30 50 A 10 30 50
i 1] Time/d At (] Time/d

Pl 4 25 IR FE KR BORT SR JEF IR IR P B i A (P AR E 22, n=3)

Fig.4 Comparison of Vibrios density in pond water and hepatopancreas of shrimp in each group (Mean+SD, n=3)
~040r A OZE OWE mIB PEB 31'2'3 OZE OWE @IB #EB
F a ERNLS a
%E, 0321 a 2 £ +

B8 . b 2 5 08
®E 024} ®BE
z. g ¢ b . Z % 0.6+ ad b
L4 8 [ 4 c
S g 0l6r a Z § 04l c
5 a c
z b d z beb
S 0.08 - 5'5 02k
= d®° Z. 0
0 10 30 50 10 30 50
i) Time/d i) Time/d

Kl s A KR b A S RO Z RIK B LB (P2 (AR HE 22, n=3)

Fig.5 Comparison of the concentration of NO3-N and NH;-N in the pond water in each group (Mean+SD, n=3)
FIKF B2, S8R0 6. MTLAFR Y, S4I12RE 55 30 REMEAWEE A EIBET], 215 50 Kl
LA & B ] (Proteobacteria) . L T B ] FRE T TR, FRE AR 74.2%. 1 EB 4119
(Bacteroidota) &2 25 I [ ] (Chloroflexi) & & . IB 5 EB 510 RIIEHAE NS . IR, % 30 XA
PIN R TERETED 1K EABRZER], 1B S 10K AR A R, ST E v, BI85 gomt
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X2 # ] (Actinobacteria) 5 L K, X HRZH ZE 7858
10 F1 30 KBS RHT T AT RTT, BIZ5 AT,
FFERT T & FERRAR, ARTR RT3 Hed R WE 4156 10
F1 30 REFOLE G R ATER , 55 30 REFPERETT
A, 5 R B BE R [ ] (Firmicutes) S B8 T 8K 1 |5
EbH 23.5%.

ST 10, 30, 50 RA&HZEBIhHEYTEE K

R, AERILIEN 7. nl AU [ B B 2R A R AR
RBR, BEFRFA AE G, 1B 440 m Ao 2 ) Z
dayl0 day30
100 p— =

80

60

IR = B

Relative abundance on phylum level/%

40

20

Wi, A 10 KRR 345 A4S, HEOIMEZE 30
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Fig.6 The proportion of bacteria at the phylum level in the biofloc of each group
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Abstract In order to comprehensively evaluate the application effects of in-situ and ex-situ biofloc
technology for shrimp culture, growth performance, parameters of shrimp serum physiological,
biochemical, and immunological of shrimp cultured in in-situ biofloc (IB) and ex-situ biofloc (EB)
systems were investigated. A load of Mibrios in the water body and hepatopancreas of shrimp,
concentrations of NH;-N and NO3-N in aquaculture water, as well as the bacterial community
composition in flocs in IB and EB systems were monitored. The results indicated that the weight gain and
specific growth rates of shrimp in group IB were significantly higher than those in group EB, feed
conversion ratio in group IB was lower than that in group EB. Analysis of physiological and biochemical
indicators showed that the activity of serum glutathione peroxidase (GSH-Px) in IB was significantly
higher than that in EB (P<0.05). Conversely, content of total cholesterol (T-CHO), total protein (TP),
activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) showed no significant
differences between group IB and EB(P>0.05). Activity of phenoloxidase (PO) in shrimp of group IB was
higher than that in EB (P<0.05). However, the activities of peroxidase (POD), catalase (CAT), superoxide
dismutase (SOD), and lysozyme (LZ) showed no significant differences between group IB and
EB(P>0.05). Vibrios load in water of group IB was significantly lower than that in group EB on days 30
and 50 (P<0.05), However, the difference in Vibrios load in hepatopancreas of shrimp between group 1B
and EB was not statistically significant in all detection dates except on day 30 (P>0.05). Concentration of
NO-N and NH;-N in group IB were significantly lower than those in group EB, respectively, at all
sampling times (P<0.05), except for no significant difference of NH;-N between IB and EB on day 50.
Moreover, the bacterial diversity of group IB was significantly higher than that of the EB. Taken together,
in-situ bioflocs demonstrated superior performance over ex-situ bioflocs in promoting shrimp growth,
improving water quality, and reducing Mibrio density. These findings could provide theoretical support for
the wider application of biofloc technology in shrimp aquaculture systems.

Key words In-situ biofloc; Ex-situ biofloc; Penaeus vannamei; Aquaculture performance; Integrated
assessment
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