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WE: NuRAH I 2 I A DY AL 3 R B YN 12(Pseudoduganella eburnea YN12, YN)FI FH 3258 B /K A48 A=)
LABCR, H4 L B BARL, 2R E B T8 (Claris fuscus) A% ERIATATE . fEAEMI S B RS, SFiG TS
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H R IFH LR AE (9.0 mI/L) K &5 #8483 (47.5%) ) S il AL 6 B (B 35 Hydrogenophaga~ Flavobacterium .
Pseudoxanthomonas Burkholderiaceae. Comamonas. Acinetobacter®s). 1401 23Ky LL5% He 5 5 7 bt 4l
RA BB THIR G H T8 78325, KU KRR B A7 IE 2 (100£0.00)% > (95+0.00)%; 3 & :
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I 25 2 UR TR BT I I, T FRE A 8 T 2 G e
i, T O b R T Y N 128 357 2% B T e A
FCE, 1% T ARSI S B oA L R S, R
FH FR B8 7K M 7 R B T 1 T R B R R 2R
5, HET I AR 2 bt g fr R A R
DR 38 FC B YN T2 397 010 2 [0 Pl 76 7K 7= 92 5
(S M, AR 0 PR B2 AT 1 . DR8I
YNI12 VARG V5 e 2 B TAN A, B AR T2 58
K= AR, el VR A KRR .
B R BTN S B B 4L, RN Ui
I LA 5% 14 775 T 7 P 60 7 I T 2 ol o e e i,
RN TR A KRB WUAE F R BT
U e T B, A% 4 S 1 A 00 22 T 3 T v
FIRE ME S5

1 #R5ERE

1.1 AR

(P AL FC T YN 12 9 50 3 a7, 3k
WA R W VA TLBBA RS R 5 (10 g/LE 1L,
5 g/LIERHREEUIAN10 o/LEE (I R) B85 9% (2)BS4»
S A E R, DRI AIE . 5 A BB
(RN ER2 AT PR B 373 N B AR 10,25 /L,
FRIK ARG 0.5 g/L, BERHRH0.5 g/L, AIIEMEE
#50.5 g/L, BEIR A —410.3 g/L, MilfREE0.1 g/L,
F2440.3 /L, FE I R0.25 g/L, # & 950.5 g/L) EVE R
BRI R Q)G RE T IO E 5 /KA 2
] i
1.2 E£YZEREF

SEBGR 6 LI BHBEFSHT (14 cmx 19 cmx30 cm)
AU TR T KA 1 2L T s B 3, FE 144N, A AR R
4 L, ML RTH, RN iR TR 4L(AS) it
iR IR YNI24L(YN) A 2R fAT B 41(BS) T 1
SRR REYNI2AL(ASHYN). &SI +Al
LR AR B 4L(ASHBS), D8 FE# IC B YN 12-+4 527
FOFF B (YN+BS) 76 75 Y+ DA IR YN 12+
R B AT B L (AS+HYN+BS), S PIAFAT . HE
P FRIE K B B A 576 513 mg CH3COONa.
76 mg NH,Cl. 17 mg KH,PO,. 10 mgMgSO,-7H,0 .
10 mg CaCl, MfEITLEK: 640 mg C,oH,4N,Na,Oq
(EDTA). 50 mg FeSO,4-7H,0. 130 mg ZnSO,.
399 mg MnCl,-4H,0. 75 mg CuSO,-5H,0 #1138 mg
CoCl,y-6H,OZH s BEAR Bt T4 W B,
B BON1—7d, BRI IR _ERE T, Hit
3 B M BONS— 194 IR IR INEC 77 o (R B A AR
AR, FZRKFN IR K S . YNFIBSZ3J
TELBYRRES AL . ROAVRIRSESFREE P KIG 95, 1

B AR IRAN IN100 L, YA 4421 1 LRl e ) 3 1
100 pL, 565 1—10d B FE3dA N1k, 11—19df5 1k
WIN. pHYERFTET7.5—9.5, #E/KC/NEHLFE(15—20):1,
24hiE SR FFAIRE(DO) > 5 mg/L, HEE iR
FEHIAE15—28C . M3dI FRKP SR EA
(Ammonium nitrogen, AN). JZfiHR #h(Nitrite-N,
NO; -N). Tz £k (Nitrate-N, NO3 -N)Fl 12 & (Total
nitrogen, TN).
1.3 EWMZEEARMEARASIE

UK AL . 2= H RO A A B 2 1)
AL, 60°CHFHET-24h, SR 5 B BE Bk K, 5
P AR LA S Yo i I 3 A1V A A8 1 mmii L iE
KL, SR 5 KRR TTE 60 °C BEFE 18 2 /K KT 10%,
W TRDRLBAE TR AR 25 H
14 &EKSW

W WU~ 25 A A AN 44 4 331l 09(5.440.1) em.
(1.420.3) glIBH-FEE(Claris fuscus)BENL 7 544,
AN I B T 1R TR %5 BE 1000 5% /m”, 35 385 A 3 fk
FA20 L, JFR2d AT H R/K T FHE S, BEML 7 i 4.
L H R . 7E15d 0 SaG e, LR B AT
3AFIE A A RIE SR, 5 12dH 2 R A, %R
SFEMEFERNL AR R 1), BERMER27K(9:00/17:00),
PRI AR 3% 5% M B AR . AR
56 5 e 1/3 17K I8 B BB L o S (8 A AR B8 £ (19 1)
B, BE3dMIIE A (1) 7K 57 2 H LR R T 75 K AR E
FEHANRIG TR, KR pHAAARE S B R FrE
(25.0+1.0)°C 7.240.21(6.5£0.5) mg/L, AN, NOj -
NAINO, -N¥ & 4 5775 (3.82+0.59) . (1.4120.35)F1

(0.06+0.05) mg/L.
1.5 WEFHZE
RRENERIRRIE  RHIES: AMRERar

®1 HlEREEERKS

Tab. 1 Chemical composition of commercial feed

ok S (V5% je by K (N5 %

Y Approximate s Approximate
Index O Index O

composition (%) composition (%)
IKSy =12 I R 2.36
HEH =40 HEmR 2.56
KL Wi =4 N 2.24
FH 24 =12 HRER 1.99
KKy =18 e R 1.56
AN =0.4—5.0 BE N 4 3.09
AR 2.44 i IR 1.42
KRITERAR 3.83 KN 1.83

TR 1.92 HE 1.11
25 R 1.90 R 2.76
HAR 7.03




244 K& A& Y ¥ 48 %

% T JEHL(SCIENTZ-10N) T-4:24h )5, B TS5 mL&
O, FIIN2.5% % 1%, fHR [E 5 1h; 4828 T
4°CUKFA [ % 12h; [ /5 0.2 mol/Li R 2% v i i
3R, B 10min; 2R JE K IKH30% 50%~ 75%-
90%-~ 95%- 100% L BEL/K, &K 10min; 5 ¥+
WRAE TRt TR 12h, B T RS TR
f#8% (Hitachi S-4800) F M 23411 18 .

ZHRAR: BUE &Y R BIFE &, CLSOCRLE
AR (BT-9300ST) Jy 2 hitt, IS 2547 28 1 s
BRI AT -

ZUA B (ml/L): 78150 45 TR, 3 FH 957 R T
EHCREE T KR E30minic % 22 B .

KBEAEFRMIR AE AR R
FE(T). R4 (Dissolved oxygen, DO)FlpH% 45 br
FH 2 2 BUK 5 E A (Y SISS6MPS)ll 52, F K 2K ;
FEBR 3 A AU R B 2% H K S TE S A Z A (AN)
WASER HE(NOS -N). IR EEA(NOS -N). A&
(TN) }.CODZ [ [E #5(GB 17378.4-2007) 7 #H . /7
L E,

MEMBEST RGBTSR, )%
HAR G A2 IRE M, —80°CHiff7, DNASEEUI
MF B B E R AR AR AR 5B &
VLR TAEYE 15197 5 NF: 5'-ACTCCTAC
GGGGAGGCAGCA-3'HIR: 5-GGACTACHVGGGT
WTCTAAT-3"", ¥ il 2 HIDNAJG, #it 519
FAE AR w0 B9 43k, #56 R FHPCRY 38 FE X H
PR T R B AR — AT N S, SRS
J8 1 =38 = P 1lumina Novaseq 60003E47 I 7 .
Bl 38 15U o A 3R I B A5 1 iR 2 TR s S
AN R 46 7 7 %1 . OTU(Operational Taxo-
nomic Unit){5 2. BL97.0% 1 AH LA 38 1 Usearch £
BT, MR TER A TE A AP T
Geit . FLAP AU AL EE: 3B W R 3B IR
(DRI & 268 H Trimmomatic v0.33%k 14, X
W43 2 1 46 7 51 3047 3 8 485 18 A cutadapt
L9 VR AF3EAT 51 W07 51 R ) 5 0 0, 79 30 AN &5
5190 Fr 5\ B A5 23 B EdE 5 (2) X v 41 P 4 A
Usearch v10% M4, il idoverlap X AR i 19 F5 24T
i g AT B, B AR AN [F) DX 48 K B 3 LR B
B Ja Bl AT K I U8 (3) 2 8 F QUIME 44
HEAT 2 I L BRIk SR T 41, 159 2 S A8 3

B KRN 1E R FEFY Be1d A 15d, X
HAT TR, JRYLIR 240 5 BEATLELS £ & A K R4
FRAE LN 25 A K AE FR M S FR AL

A7 # (Survival rate, SR, %)= fx & 1 £/ 4) 4k
#41]1x100

14 # (Weight gain, WG, g)="T" %) &L HE (g)-
PRIV E (g)

14 5 % (Weight gain rate, WGR, %)=[F$4 i &
1A H (o) T HIWI U 1A ()] P 4 1R B < 100

fRK 3 1(Lenght gain, LG, cm)="F14 fx &4k K
(cm)—F W) 4H 4K (cm)

1Akl 2 ¥ (Feed conversion ratio, FCR)=[(#: A\
AL B R B B AR B (g)/ F 1 1 L (2)]% 100

#5242 K R (Specific growth rate, SGR, %/d)=[In
PR AR E (- In P EIRI UG 7K (@) < 100/15 I R AL

ARAEFRK T T E TRDRE T T
FEE I A FE R 0w, BE AL 8 5% SR AR I IR AL A T
—80°CUKFETRAF - A LA I AL 53, #F i AE
BEA T 60°C TR A EH, FHIRS W (GB/T 18246-
2019) bt} S FE R R I g

BT B 1k 3 47 JH U 45 FrAar I 52 - G 2§
HeIREMRH AR A A, HAa-JEk i (o-Amylase)
TP 5 2 B (Alkaline phosphatase, AKP). SHA &
(Total Bilirubin, TBIL). /&% H(Total protein, TP)
TN 2 R 2 5 1 % ¥ (Alanine transaminase, ALT)H
4 J B AEAACRIN; SO A AL ) (Superoxide
dismutase, SOD)i% /). P4 —_fi¥(Malonaldehyde, MDA).
B R R 1L A A W (Glutathione peroxidase, GSH-
Px) Al &4k A B (Catalase, CAT) I AH R A e b ik
(P s R D) o

iR F| F Excel FIDPSE 4 7 HT & 4t
BT BAE ST F1 90 #r, PowerPoint 2021 f10rigin 2021
BEAT 25 o SEER KR P S {E+hR #E 22 (mean+SD)
TR, P<O.05 A ZEAVER

2 #ER51118

2.1 SYZEEBERR R RSFHIE

FEMBRARAETS WAV A BT
B N (E la—g) ML HI NG, SMEAR
M HFRHmZ L, BET LRE . RAE. 7
EEIANEE TR ER AN 2, kR
e K& eE, o 7 BB et &
AS. YN. AS+YNFIAS+YN+BSZH % HL K H 11
e RURRS SR, RN R A N SR Ik
VU B T A S B AR FRME. T
2 R 1 o 4 o A AR S A o 4 Y, e
BSHAIAS+BSA JL T A WA, MIEAS+HYN+
BSAH I T K E IR, AT REE A G PR
PP A K EIZE d, Rl B 2R AR o 7R % 4 IRk
JR I AR L 4 O . BOYN+BS AL T4t
BESEM N MLEE, S1F1(JA IhAE 1) RS N E
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F, LK E R AR FUIR &5 44, R A7 78 K& 1)
LARMIAAED) o

ZAXNRERE  ZHIKAAKNZMm
LR I E B R 2 —, BHERAR (<48 pm)#k/)
om0 REER, FABK(>100 pm) &
B R E AR A E S R
NIE ] e 22 5 A ) R R (BFT) A AL I 72,
KL AR B 2B /E R WA A R AL 7 T RUR
AT, R 2 T T R B R B R TR DA
YIS, LB i 2 R, 7R
3645 A, ASA A FRIAZME T 100 um 1 &t T
HopoH, nTRES TR ILAE F 2808 T %, 75 Stage
T H I B AANFTNA R (Bl 4). Fif2(>100 pm)
mi AR . IR A AL(AS+YN. YN+BSAI
AS+YN+BS)TE 2 &35 T w4 (ASFIYN), &
VR T A 5 R SR R K R A 2
AR 2 A1), AT B A5 R0 R0 3R /K A e
A H R AR E B SeE KR .

ZEAMEDEEENL  ETKTF L, BREH
I'J(Proteobacteria). KT B[ J(Acteroideria). HEfl

B [ J(Verrucomicrobia) Fll JE BE 5 | ] (Firmicutes) N
PRI, EATRIARXS = B o e 8 B 1 B Ak
85.8%. 93.1%. 93.4%. 88.3%. 89.1%. 97.0%7!
85.8%. BT 1AL K F7 5H AT 1o LT, 72
A A P 2H A R R 2R R o T S A, BT 2eBR
B, 15 Ak b B b i ke 25 B AR T, 1
ASFIY N+B S 11 8 i AH X 3= FE 43 93 29 79.7 % Al
77.8%. FUFF I 11t 5 WL 25 2 1, AT LA iR
R A FRRER R4 TR, 7624 B 3 T 1
TR AT EGER . FOUFF I 118 F R A A R R
GerhUn g 30, e R R ) B T B
2 bR, 1R ASHL AT B N 5.4%, T 7E
HoAl 62070 A1 9(21.6+4.6)%. 7751 Y EL B AR 2
BRaE . BREAE—EMNKR, ASHIFTHE
A/, 7EStage 11 HBINO, -NAINO; -NFL £ (/A 4),
LA EEAR(E 2). JFEER T TE YN 5 =813.9%,
T 2E oAt JLZH A 90.8%—2.3% . JEBEE [ T1EHY
FER KT AR, TR A R 3 ) 3 Rt
TEATIE FT A W 5% ) A Y N AL BB R ) 2 o ) = P S
INZRG KR L RE R, X 5B B LR

K1 SRR RRRKIES
Fig. 1 Microscopic observation (x10) morphology of bioflocs

as by ¢ d. e. fAIgZrAI9AS. YN, BS. AS+YN. AS+BS. YN+BSFIAS+YN+BSH; hli g YN L BISEM(x500)F1(x3.00 k)JE
s LR 2. BHEE; 3. Bk

a,b,c, d, e, f, and g indicate AS, YN, BS, AS+YN, AS+BS, YN+BS, and AS+YN+BS group respectively; h and i are the SEM (x500) and
(%3.00 k) morphologies of the YN group flocs; 1. protozoa; 2. organic debris; 3. algae
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S 0t 1 <100 pm 220 100—200 pm 12
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7 60t g @ C}
23 4 I 18 8
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Fig. 2 The proportion of floc particle size and the amount of floc
in different groups
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[l]] Chloroflexi

80
100 - _ FX4 Actinobacteria =
v EEEH Gemmatimonadetes é
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=== b | EE Acidobacteria s 60
— K54 Firmicutes H‘ g
; § X3 Verrucomicrobia o 2
f 7] Bacteroidetes m Q
=2 40 H
80 [ Proteobacteria [EE k=
S 2
S o]
E./ [ZA Others j:? §
£ [ Fusibacter " g 20 H
g [ uncultured bacterium 5
2 / 2 f Rhodobacteraceae =
cwfl (A s °
E Devosia 0
TE 2 i / 2 E Rhabdobaccter
g |:] Hyphomonas
v—i ER Algoriphagus
é [F#4 Chitinophagaceae
i . .
40 F [T Bacteroidetes bacterium —~ _
ﬁ OLBY SRl
E}I [T@] Azoarcus 8
"Hﬁ =1 Bosea _§ 40 H
= ¥4 Aquimonas 2 £
yy_\' Brevundimonas % -g
— # S
20 f K5
m =
[ Blastocatellaceae < %
7] Pseudomonas I 2
EX] Gemmatimonas = g
= Paracoccus M2
= Thauera i §
[ Acinetobacter LK o0
Comamonas g
[Z] Burkholderiaceae &
S @ ) @ S ) [T Pseudoxanthomonas ‘E
¥ Q’ Q Q’ @24 Flavobacterium 'g
=] Hydrogenophaga =)

@ @
v

4051 Group

other genera)

FREUARE HIFEAE—EH R

1EJ@ /K L, Hydrogenophaga~ Flavobacterium .
Pseudoxanthomonas. Burkholderiaceae. Comamo-
nas- Acinetobacter. Thauera. Paracoccus. Gem-
matimonas Pseudomonas#Blastocatellaceaes";
DL S A, 7EAS(41.3%) FIYN+BS(47.5%) 41
s EE MRS, KR T N17.5%—22.6%. B
B J& (Hydrogenophaga) & /KA 2 4t 1 £ 2L 1)
LA BT ), 72 ASLLMINS F B 3 i 17.4%, £
TS VR AL FR B K R B B2 —C% Flavobac-
terium i —Fi LR ) S SR S -1 EUR RS AL R
ERAHA(ASHYN. AS+BS. YN+BSFIAS+HYN+
BS)AHX 42 4.5%—6.4% W & 5 T H B 41 1.2%—
2.7%. PseudoxanthomonasHAcinetobacter{ N
AR, FEYN+BS L4 f5t  97.9%F19.2%,

2H 51 Group
B3 ANEIZE A 2R BLE 1T KSP AR 7K (R A A A i 0 H A 4 ) b I A B 4544

Fig. 3 The bacterial community structure of different groups of bioflocs at the phylum level and the genus level (Denitrifying bacteria and
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I 1% 512 H BT R LB R (K 4) s 1 2 &
(Kl 2)f5%. BurkholderiaceaeF}E A S 1) 7 7%
A g TR . DR B YN12(Pseudodug-
anella eburnea YN12)3J& T 1% £, fEIR & H
YN+BSALE11.7%, IMAEH i YNAL A 1.4%, 7T fig
YN+BSZ H & &% i ke £ K . Comamonas
FGemmatimonas & 77l fe 8 It 5 77 Ab- 1 58 =
AR B T A ) T B AT % M R PR A
JB U, T R A % 2 Th R R
ThaueralF )9tk i B IS AL T &, REAE 7 97 A0 H 77
(146 R RIS, ZE AKX 2 J£9.0% 5. % 8 T
HAh62H(0.03%—1.6%); ParacoccusHPseudomo-
nas{E = E iR A SR AT TN BEA AL R A AL I 4 45U
WA B, YN A A 6.6% i T H A6
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Fig. 4 Changes of four nitrigen in groups of bioflocs culture



248 K& A& Y ¥ 48 %

J& i B EAL T HeAhe 4, T AR D T R 2R B R} IR
VELIR R iR
22 ZRERMEFELREZETN

ERMEE ERIERRATER R A5
FKPE RIS R H Y A R
OB 2 1 Sk A0 T, AR K ARG 2 (95+
0.00)%1% T £1A14H.(100£0.00)%. 15 4% B W (% 2),
2220 b B A B A B A 1 AR A PR BE AN TR
R, AR ZRIAEE ., RN, ik R
FRe s KRS m T A . A ERIE A
YIRS, ZRIRHE B S B, £ IR R
B R K FRIE SN E TR TR R, T LSRR
R R S A= P 26 L R 8 SR 5, AT i 5 )
K, AR TR A

VRN R AR R 1 R I
AT LA T ATl bR R T AL AR T RE D, T ALY
T PR S R TRDRL o SR R A 2R R )
M a-Amylase it 2578 F-M R I AL R I F
T ETH B, 2 VEAG T AR S RE /) e D RE B R SR
FRCY, o Amylase T4 SR 16 2 i A B0 DA L
ORI, 00 5E 95 A B PT A RUR  HAS [F] AR 2
() 2 B A AL S P i B TR AR AL . B R TT R I BRDRL
S I AR W 21 BT RT DAR R AN R el b H e
I AL O IE A, SR AR IR ot IR 4 o- Amy -
laser T~ 22 A& 5), Ui W] 28 BIAA AR R 3 il
WEE, X TR R BRI R TP IR T g
IR o< BE R R R (AKP) 2 S04 1A Y 5 221
BRAC I, BA (Lt & B (P B AL R, AR
Fete. ¥eia. BAISERITIRE, FRERILR R R
Lt fe F Rl AR o P AL 2 RO
ARG G B (ALT) HEVE RS I 2T 38 (TBIL) & S B
JUE 24 10 & EURE AR, ALTIl G 7E 2 FE A
AR A vh A4 S B A T ) R B R e g, (E AL

72 XTERLAFNZEFLA & Y E K REFIIRRLFI A 2
Tab. 2 Growth performance and feed utilization rate of fish in
control group and floc group

b SR Z[FI4 Biofloc  #HKMEP
1645 Index Control group group Correlation P

2% K F & Final

weight (g) 3.96+0.52 4.25+0.35 0.26
HWEWG (g) 2.52+0.52 2.81+0.35 0.27
WHERWGR (%)  174.4+0.36  194.6+0.24 0.21
&K Final

length (cm) 6.91+0.34 7.08+0.36 0.58
PRKAEHILG (cm)  1.51+0.34 1.68+0.36 0.84
FrE K ESGR

(%/d) 8.43+1.00 9.02+0.77 0.28
TG SR (%) 95+0.00 1000.00 0.02
Tkl R EFCR 46+0.12 55+0.03 0.00

B AR PR S B, T TBILAZ IM 2T 8 (1 1%
IR 32 B P, 2 B R AR 9 AR Bl 2 BB A%, ALT
FITBILE M+ s AR 56 v 20 1 28 8 BT ALT
(500.5>403.9 U/L)FITBIL (10.7>>8.9 pmol/L)}3J &
FxF HR A, 2 B4R 1 4 a0 f BT T REAFE R A 5
o BEAMFRT A fa kA R A 5 B R E g A, 4
524 R 2R A R A 7 T R, xR 4 A
TP 2 S AN, PIAL IR A & I AR 325
R — A B MDA)YS &, L8 NEB(CAT)
1 MAEBEALY B ALYI(SOD)IE F1 A bt B
FALPIEF(GSH-Px)E F1 (3L FE AR Bk 3R 7R A Ak B
WA AL R AR B BESOD S WA etk
TERRE A E AR B YA, CAT R E R
Y B 470 B AL B, GSH-Px AT — P {477 2 i 15 £ 235 44
FTh 6 G 52 3 A A 16 T PR 3R 1 i S Ak A B
{7, MDA IS BT St i EE kR £, &
RGP R ZHCAT. GSH-PxHISODE I & & T
LA, MDAS B T A A HERAHE, &
W 28 A 20 AR 3R v AT O BT SE A A0 ) el 3 T B
&G E v A

BHRERRSSHF NRALUE @K
F B BT, A& K= R FE A A K AT
HiI. #earnNERmME M EREEARS
&, BEAEHNE AR RERE LS &N
1, sz gk B 5% 2 AR SR 10 5 TR LA
WA R R (K 6) MK T X IR, X R 5 4

CAT ol

GSH-Px EZ]

]
TBIL T

O AL,
=2 ZHAH

a-Amylase 7

™ ]

AKP L

]
ALT T

JFIEAE AR AR
P 5 of HEZEL RN 2R [ 2 PP A A b B

Fig. 5 Comparison of liver biochemical indexes between control
group and floc group

ALT. o-Amylase. AKP B Jyx10° U/L, TPEAAT Jyx10 g/L,
TBIL ¥47 umol/L, GSH-Px 847 5 U/mg prot, SOD .47 Kyx10° U/
mg prot, MDA 847 9x10 ' nmol/mg prot

ALT, a-Amylase, AKP unit is x 10° U/L, TP unit is x10 g/L, TBIL
unit is pmol/L, GSH-Px unit is U/mg prot, SOD unit is x 10° U/mg
prot, MDA unit is X 10" nmol/mg prot)



2 7k

P M PRRA T A AR 2R B K R R SR TE )

249

A 55.1% B

59.2%

7.1%

1.8% 4.6%

N

HRERAla
Hooth

Klo xR (LA HIAH A BN ZEFERRE 77 o HLEL

Fig. 6 Comparison of amino acid nutritional composition of muscle between control group (left A) and floc group (right B)

P i Bl T 8 S R R AR T R 32453, SR
FrRAERREE K. BREIERN S EE—E
TR v R R B, T R E R
Glu. KA Asp. WRIRGly M H &R 2 2 Bk
(A P IR, X IR (T PR B 2 OtV R,
11T 222 [ 2 4% S W A B F AR T e L, 0 22 A
EA0 L8 72 R4 B TR b 3 R B 34

3 Hig

WHRAE BRI, YN+BS 2 & B A FaE K
FAFACROR - R Z 7 Y RE 0 RO AL TR
PEF, 1Z 4 Z Ry I TR R, e Bk 1T e A AR
KAERE, RMAETH L ol S ULAE TR b
FEARRIH BRI H, AT Akt — D Y 2
A IS AT, DA ZE W 26 IR OR, B 4 e
HBEATEEHI A

S 3CHk:
[1

Hargreaves J A. Nitrogen biogeochemistry of aquacul-
ture ponds 1 Approved for publication as Journal Article
No. J-9356 of the Mississippi Agricultural and Forestry
Experiment Station, Mississippi State University [J].
Aquaculture, 1998, 166(3): 181-212.

Cao L, Wang W, Yang Y, ef al. Environmental impact of

aquaculture and countermeasures to aquaculture pollu-

(2]

tion in China [J]. Environmental Science and Pollution
Research International, 2007, 14(7): 452-462.

Gross A, Boyd C E, Wood C W. Ammonia volatilization
from freshwater fish ponds [J]. Journal of Environmental
Quality, 1999, 28(3): 793-797.

Zhao P. The study and application of bioflocs technology
in seawater aquaculture [D]. Shanghai: Shanghai Ocean
University, 2011: 1-88. [i%%%. =¥ & BIHAR A KT
R IB LS R [D]. il E¥EHETERAE, 2011 1-
88.]

De Schryver P, Crab R, Defoirdt T, et al. The basics of
bio-flocs technology: the added value for aquaculture [J].
Aquaculture, 2008, 277(3/4): 125-137.

(31

(4]

(5]

(6]

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

Mclntosh D, Samocha T M, Jones E R, ef al. The effect
of a commercial bacterial supplement on the high-density
culturing of Litopenaeus vannamei with a low-protein diet
in an outdoor tank system and no water exchange [J].
Aquacultural Engineering, 2000, 21(3): 215-227.

Ray A J, Seaborn G, Leffler J] W, et al. Characterization
of microbial communities in minimal-exchange, inten-
sive aquaculture systems and the effects of suspended so-
lids management [J]. Aquaculture, 2010, 310(1/2): 130-
138.

Tatsuo K, Jun K, Esaki N. Biosynthesis and function of
long-chain polyunsaturated fatty acids in cold-adapted
bacteria [J]. Tanpakushitsu Kakusan Koso. Protein, Nuc-
leic Acid, Enzyme, 2010, 55(1): 94-99.

Ninawe A S, Selvin J. Probiotics in shrimp aquaculture:
avenues and challenges [J]. Critical Reviews in Microbio-
logy, 2009, 35(1): 43-66.

Sapcharoen P, Rengpipat S. Effects of the probiotic Bacil-
lus subtilis (BP11 and BS11) on the growth and survival
of Pacific white shrimp, Litopenaeus vannamei [J].
Aquaculture Nutrition, 2013, 19(6): 946-954.

He X, Luo G Z, Tan H X. Effect of adding Bacillus sub-
tilis on the microbial community structure and nutrition of
bioflocs [J]. Journal of Shanghai Ocean University, 2022,
31(4): 873-882. [BiAy, B H 2, RHLH. Al B 2 AT 1
TR IR0 A ) 22 T T e 5 A A R 4 R s [J]. b
HRREVER 22253, 2022, 31(4): 873-882.]

Santaella S T, do Socorro Vale M, Almeida C C, ef al.
Biofloc production in activated sludge system treating
shrimp farming effluent [J]. Engenharia Sanitaria e Am-
biental, 2018, 23(6): 1143-1152.

Liu Y Q, Liu S Y, Gao N, et al. Isolation, identification
and genomics analysis of activated sludge floc/biofloc
forming pseudoduganella eburnea strains [J]. Acta Hydro-
biologica Sinica, 2020, 44(3): 655-662. [XI V¥, XIXLIG,
TR, S5 U T R AL/ A A 2R AT T BSR4 90 S 4
KEERIH A (1], KLY, 2020, 44(3): 655-
662.]

Kheti B, Kamilya D, Choudhury J, et al. Dietary micro-
bial floc potentiates immune response, immune relevant
gene expression and disease resistance in rohu, Labeo ro-



250

KR R

48 %

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

(23]

[26]

(27]

hita (Hamilton, 1822) fingerlings [J]. Aquaculture, 2017,
468: 501-507.

Fu S W, Chu C Q, Li N, et al. Isolation of endophytic
bacteria from cadmium contaminated rice seeds and their
cadmium tolerance and plant growth-promoting traits [J].
Acta Microbiologica Sinica, 2022, 62(4): 1536-1548. [{}
D, RERRE, B, 4. AT GKAE RN T A AR I ) 23
B R R A Y A A [J]. RUE R,
2022, 62(4): 1536-1548.]

Dai Z L. Performance and mechanism of separated biof-
loc reactor for treating aquaculture wastewater [D]. Hefei:
Anhui Jianzhu University, 2020: 1-75. [#EIL. 7051
AW 2 1B e N7 2 Ab B R T R K It e XL (D). &
JIE: ZROEHR A, 2020: 1-75.]

State Bureau of Quality and Technical Supervision of
China. The Specification for Marine Monitoring Part 4:
Seawater Analysis (GB 17378.4-2007) [S]. Beijing: China
Standards Press. 2007.

Chen X, Luo G, Tan H, et al. Effect of floc size on nitri-
fication in biological floc system [J]. Aquatic Science,
2021, 40(6): 860-869.

Focken U, Schlechtriem C, von Wuthenau M, et al. Pana-
grellus redivivus mass produced on solid media as live
food for Litopenaeus vannamei larvae [J]. Aquaculture
Research, 2006, 37(14): 1429-1436.

Cao HY, Jiao Y, Yin N, et al. Analysis of the activity and
biological control efficacy of the Bacillus subtilis strain
Bs-1 against Meloidogyne incognita [J]. Crop Protection,
2019(122): 125-135.

Schwartzbrod J, Banas S. Parasite contamination of li-
quid sludge from urban wastewater treatment plants [J].
Water Science and Technology, 2003, 47(3): 163-166.
Ekasari J, Angela D, Waluyo S H, ef al. The size of biof-
loc determines the nutritional composition and the nitro-
gen recovery by aquaculture animals [J]. Aquaculture,
2014(426/427): 105-111.

Chen X, Luo G, Meng H, et al. Effect of the particle size
on the ammonia removal rate and the bacterial com-
munity composition of bioflocs [J]. Aquacultural Engi-
neering, 2019(86): 102001.

Souza J, Cardozo A, Wasielesky W, et al. Does the biof-
loc size matter to the nitrification process in Biofloc Tech-
nology (BFT) systems [J]? Aquaculture, 2019(500): 443-
450.

Wang Z J. The application of two strains probiotics in
Litopenaeus vannamei biological floccules breeding [D].
Qingdao: Ocean University of China, 2014: 1-62. [ &
A5, R 28 AR B A LAV X IR A ) 2R AT 3% B o 1
[D]. H &: thEHFER%, 2014: 1-62.]

Zhao P, Huang J, Wang X H, et al. The application of
bioflocs technology in high-intensive, zero exchange
farming systems of Marsupenaeus japonicus [J]. Aqua-
culture, 2012(354/355): 97-106.

Hou L, Zhou Q, Wu Q, et al. Spatiotemporal changes in

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

bacterial community and microbial activity in a full-scale
drinking water treatment plant [J]. Science of the Total
Environment, 2018(625): 449-459.

Deng Y, Yan Y, Wu Y, et al. Response of aquatic plant
decomposition to invasive algal organic matter mediated
by the co-metabolism effect in eutrophic lakes [J]. Jour-
nal of Environmental Management, 2023(329): 117037.
Kosinkiewicz B, Stankiewicz M. The effect of microor-
ganisms on phytotoxicity of herbicides. II. Increase of
phytotoxicity of Venzar in the presence of phenolic com-
pounds by Pseudomonas sp. 22 [J]. Acta Microbiologica
Polonica. Series B: Microbiologia Applicata, 1975, 7(1):
15-23.

Guo F, Zhang S H, Yu X, et al. Variations of both bac-
terial community and extracellular polymers: The induce-
ments of increase of cell hydrophobicity from biofloc to
aerobic granule sludge [J]. Bioresource Technology,
2011, 102(11): 6421-6428.

Cardona E, Gueguen Y, Magré K, et al. Bacterial com-
munity characterization of water and intestine of the
shrimp Litopenaeus stylirostris in a biofloc system [J].
BMC Microbiology, 2016, 16(1): 1-9.

Crump B C, Hobbie J E. Synchrony and seasonality in
bacterioplankton communities of two temperate rivers [J].
Limnology and Oceanography, 2005, 50(6): 1718-1729.
Mondol M A M, Shin H J, Islam M T. Diversity of se-
condary metabolites from marine bacillus species: che-
mistry and biological activity [J]. Marine Drugs, 2013,
11(8): 2846-2872.

Deng S, Li D, Yang X, et al. Biological denitrification
process based on the Fe(0)-carbon micro-electrolysis for
simultaneous ammonia and nitrate removal from low or-
ganic carbon water under a microaerobic condition [J].
Bioresource Technology, 2016(219): 677-686.

Ji B, Chen W, Zhu L, et al. Isolation of aluminum-tole-
rant bacteria capable of nitrogen removal in activated
sludge [J]. Marine Pollution Bulletin, 2016, 106(1/2): 31-
34.

Fang H, Zhang H, Han L, et al. Exploring bacterial com-
munities and biodegradation genes in activated sludge
from pesticide wastewater treatment plants via metage-
nomic analysis [J]. Environmental Pollution, 2018(243):
1206-1216.

Chen J, Han Y, Wang Y, ef al. Start-up and microbial
communities of a simultaneous nitrogen removal system
for high salinity and high nitrogen organic wastewater via
heterotrophic nitrification [J]. Bioresource Technology,
2016(216): 196-202.

Wang H, Zhang W, Ye Y, et al. Isolation and characteri-
zation of Pseudoxanthomonas sp. strain YP1 capable of
denitrifying phosphorus removal (DPR) [J]. Geomicrobio-
logy Journal, 2018, 35(6): 537-543.

Ke X, Liu C, Tang S Q, et al. Characterization of Acineto-
bacter indicus ZJB20129 for heterotrophic nitrification



2 7k

P M PRRA T A AR 2R B K R R SR TE )

251

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

and aerobic denitrification isolated from an urban sewage
treatment plant [J]. Bioresource Technology, 2022(347):
126423.

Hetz S A, Horn M A. Burkholderiaceae are key acetate
assimilators during complete denitrification in acidic
cryoturbated peat circles of the arctic tundra [J]. Fron-
tiers in Microbiology, 2021(12): 628269.

Matsuzaka E, Nomura N, Maseda H, et al. Participation
of nitrite reductase in conversion of NO, to NOj in a
heterotrophic nitrifier, Burkholderia cepacia NH-17, with
denitrification activity [J]. Microbes and Environments,
2003, 18(4): 203-209.

Mupindu P, Zhao Y G, Wang X, et al. Effect of
sulfamethoxazole on nitrate removal by simultaneous hete-
rotrophic aerobic denitrification [J]. Water Environment
Research, 2022, 94(4): 10716.

Peng C, Gao Y, Fan X, et al. Enhanced biofilm formation
and denitrification in biofilters for advanced nitrogen re-
moval by rhamnolipid addition [J]. Bioresource Techno-
logy, 2019(287): 121387.

Wang J, Gong B, Wang Y, et al. The potential multiple
mechanisms and microbial communities in simultaneous
nitrification and denitrification process treating high car-
bon and nitrogen concentration saline wastewater [J].
Bioresource Technology, 2017(243): 708-715.

Gates A, Luque-Almagro V, Goddard A, et al. A compo-
site biochemical system for bacterial nitrate and nitrite as-
similation as exemplified by Paracoccus denitrificans [J].
Biochemical Journal, 2011, 435(3): 743-753.

Hosono T, Alvarez K, Lin I T, et al. Nitrogen, carbon,
and sulfur isotopic change during heterotrophic (Pseudo-
monas aureofaciens) and autotrophic (Thiobacillus deni-
trificans) denitrification reactions [J]. Journal of Conta-
minant Hydrology, 2015(183): 72-81.

Shi Z, Zhang Y, Zhou J, et al. Biological removal of ni-
trate and ammonium under aerobic atmosphere by Para-
coccus versutus LYM [J]. Bioresource Technology,
2013(148): 144-148.

Zhou F M, Miao L H, Liu P L, et al. Influences of Can-
dida utilis solid inoculum on bio-floc formation and re-
moval of nitrogen and phosphorous [J]. Jiangsu Agricul-
tural Sciences, 2019, 47(14): 295-300. [J& A, S48,
KU, &5, 7 e M 2 I 50 [ R BT 77 0 KA 2R 0 2R AT

BN EE L BR AR (1], LR R R, 2019,
47(14): 295-300.]

Lei K K, Shan H W, Zuo X W, et al. Studies on effects of
bagasse and rice hull powder on suspended biological
flocs development in Litopenaeus vannamei industrial
culture system [J]. Periodical of Ocean University of
China, 2020, 50(S1): 30-40. [ FA], By, £33,
& HREENRG TR X LR XS IR T LR R G &

FEM SRS RCRAOREM (1], T B R 224 (B

SRBLEEAR), 2020, 50(S1): 30-40.]

Qin H P, Wang B, Liao X Z, et al. Changes of microbial

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

diversity in biofloc system during nitrogen transforma-
tion [J]. Fishry Modernization, 2020, 47(3): 22-28. [Z&if}
TG, E 1, BRI, S A2 R R AT R
A Z FEMEAR A [T]. H AL, 2020, 47(3): 22-
28.]

Vijayaram S, Sun Y Z, Zuorro A, et al. Bioactive immu-
nostimulants as health-promoting feed additives in
aquaculture: a review [J]. Fish & Shellfish Immunology,
2022(130): 294-308.

Pires D C, Bezerra G A, Watanabe A L, et al. Optimal die-
tary protein level for pacu Piaractus mesopotamicus ju-
veniles reared in biofloc system [J]. Aquaculture,
2022(556): 738274.

Jiang A L, Wang X H, Jin Q, et al. Effects of different
benthos baits on growth, activities of digestive enzyme,
serum biochemical indicators and muscle compositions of
Procambarus clarkii [J]. Acta Agriculturae Jiangxi, 2020,
32(1): 97-101. [EE =, FE1H, &F, & ARIEHE
BEx e IR B AR THAEEE TR S 2R fa bR
JULPRE % B (52 [7]. YEE A0 24K, 2020, 32(1):
97-101.]

MeiJ L, Ma Y M, Zhang H X, et al. Comparison between
digestive enzyme activities of Sparus macrocephalus in
summer and winter and study on the effects of reactive
temperature and pH on these activities [J]. Acta Oceano-
logica Sinica, 2006, 28(4): 167-171. [#f5 K, DM, 5K
LLRR, A HL AR R ARG 70 B LUK R R iR
JEFIpHXS BEE 1540 [1]. W 544R, 2006, 28(4):
167-171.]

Panigrahi A, Esakkiraj P, Jayashree S, et al. Colonization
of enzymatic bacterial flora in biofloc grown shrimp Pe-
naeus vannamei and evaluation of their beneficial effect
[J]. Aquaculture International, 2019, 27(6): 1835-1846.
Tian H J, Chen J G, Long Y, et al. Effects of Chinese
herbal compounds on transaminase activity in hepatopan-
creas in common carp [J]. Fisheries Science, 2007,
26(11): 625-627. [Hg%H, R E, k5, & S
208 B JH U B 52 (D). K REE, 2007, 26(11):
625-627.]

Chen Y C, Gu X F, Liu M. Effects of Chinese herbs on
activities of glutamic-pyruvic transaminase, glutamic-oxa-
loacetic transaminase in serum and catalase activities in
erythrocyte of Cyprinus carpio [J]. Freshwater Fisheries,
2007, 37(5): 11-13. [BREH, BIE K, X8 SFhhEz
X BT A PR N L A A Nl S 4 A i A
R R R [T]. vk 7Kk, 2007, 37(5): 11-13.]

Zhu M, Lin K F, Yeung R Y, et al. Evaluation of the pro-
tective effects of Schisandra chinensis on Phase I drug
metabolism using a CCl, intoxication model [J]. Journal
of Ethnopharmacology, 1999, 67(1): 61-68.

Paulino M G, Rossi P A, Venturini F P, et al. Liver dys-
function and energy storage mobilization in traira, Hop-
lias malabaricus (Teleostei, Erythrinidae) induced by
subchronic exposure to toxic cyanobacterial crude extract



252 K& A& Y ¥ 48 &

[J]. Environmental toxicology, 2022, 37(11): 2683-2691. ten crab (Eriocheir sinensis) [J]. Aquaculture, 2021(531):

[60] Zheng Y P, Liu J, Chen J H, et al. Study on the blood bio- 735856.
chemistry indices of juvenile Chinese sturgeon, Acipenser [63] Gao C S, Fan G L. Analysis of nutritional composition
sinensis suffered from “mad swimming symptom” [J]. and evaluation of nutritional quality in muscle of Qi-river
Freshwater Fisheries, 2013, 43(5): 85-88. [JRERT-, XI) {2, crucian carp [J]. Freshwater Fisheries, 2006, 36(5): 33-
WRERAE, 5. VPR T a3 2 10 10V AE AL SRR WA T 36. [mRA, TGN, THITBINLAIE I% 5o 7 i JE 57
5 [J]. oK, 2013, 43(5): 85-88.] MEVEE [J]. KLk, 2006, 36(5): 33-36.]

[61] JiaK, Cheng B, Huang L, et al. Thiophanate-methyl induces [64] Bi X M, Yu E M, Wang G J, ef al. Comparison and ana-
severe hepatotoxicity in zebrafish [J]. Chemosphere, lysis of nutrition composition of grass carp raised with
2020(248): 125941. grass and artificial feed [J]. Guangdong Agricultural Sci-

[62] Lei Y, Sun Y, Wang X, et al. Effect of dietary phospho- ences, 2011, 38(1): 132-134. [Ye &M, il 5%, £ %,
rus on growth performance, body composition, antioxidant . REH AN LA TRk ) B YLE 7R 85 o
activities and lipid metabolism of juvenile Chinese mit- M S LU (9], T AR R4, 2011, 38(1): 132-134.]

WATER PURIFICATION PERFORMANCE AND FEED POTENTIAL OF
BIOFLOCS INOCULATED WITH TWO BENEFICIAL BACTERIA

ZHANG Bo"? LIU Yong-Hong’, ZHANG Qian-Qian"’, YU Zhou', WANG Qiang",
XIAO En-Rong', QIU Dong-Ru' and WU Zhen-Bin'
(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. University of Chinese Academy of Sciences,

Beijing 100049, China; 3. East China University of Technology, Nanchang 330013, China;
4. China University of Geosciences, Wuhan 430074, China)

Abstract: In order to improve the efficiency of utilizing the new flocculent forming bacterium Pseudoduganella
eburnea YN12 (YN) in the production of bioflocs from aquaculture wastewater, and to utilize the flocs as feed, the
feasibility of feeding the Claris fuscus was explored. The study focused on bioflocs systems, and involved the inocula-
tion and formulation of activated sludge (AS), Pseudomonas eburnea YN12, and Bacillus subtilis (BS) into 7 groups
(AS, YN, BS, AS+YN, AS+BS, YN+BS, and AS+YN+BS). The purpose of this experiment was to analyze the diffe-
rences in floc morphology and structure, as well as to evaluate the most effective combination in terms of nitrogen re-
moval efficiency and microbial community structure advantages in simulated aquaculture tail water. Finally, the opti-
mal combination of bioflocs was collected, dried and ground into powder and added to commercial feed granulation.
They were divided into two groups: the control group and the biofloc group, to explore the effects on the growth per-
formance, feed utilization rate, muscle nutrient composition, and liver digestive and immune enzyme activities of cat-
fish. The results showed that the water purification effect of YN+BS group was stable, the total nitrogen removal effect
was good (89.6%), and the accumulation of ammonia nitrogen, nitrite and nitrate was low. The group exhibited favo-
rable floc formation (9.0 ml/L) and had dominant denitrification bacteria (47.5%) (including Hydrogenophaga, Fla-
vobacterium, Pseudoxanthomonas, Burkholderiae, Comamonas, Acinetobacter, etc.). The biofloc powder was mixed
with commercial feed at a 5% ratio and used for Claris fuscus breeding after grinding and granulation. It was found that
the growth performance of Claris fuscus [including survival rate: (100+£0.00)%>(95+0.00)%; weight gain: (2.81+£0.35) g>
(2.5240.52) g; lenght gain: (1.68+0.36) cm>(1.51%0.34) cm] and feed conversion rate (55+0.03>46+0.12) were better
than those of the control group of pure commercial feed. However, amylase, immune enzymes, including catalase, su-
peroxide dismutase, glutathione peroxidase and other delicious amino acids in muscle nutrition, including glutamic
acid, aspartic acid, alanine and glycine, were lower than those in the control group. The bioflocs feed from YN+BS
group had a good advantage in growth performance of catfish, but not in digestion ability, immune activity, and muscle
nutrient composition. Therefore, it is necessary to further adjust the level of biofloc addition to optimize the feeding ef-
fect of Claris fuscus.

Key words: Beneficial bacteria; Aquaculture tail water; Bioflocs; Denitrifying bacteria; Floc feed; Claris fuscus
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