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i B 5F AT B AR N X A ) 2 T I AR AR A A0S FR A 43 B9 R i

®OA, FEE, ERE

(1. FHFHERERS FMK 0 TR AR RO, B 2013065 2. FHEMEFE RS Rl R RIR KK = R B
SSE, B 2013065 3. _EWHEHEVE R KPR E R RS AE R, B 201306)

B ARSI TR N X A 2R A P RS R 2R T R L R AR Y B R B K ST S
TEAE Y EA SR A% TS N 4 B0 R0 B ARG RE2F AT TR o R 2R GE R U AR b, il B LT B S 7
B4 A 41 10° CFU/mL B 4 10° CFU/mL .C 4 10* CFU/mL F1 D 41 0 CFU/mL, 255320 . W25 25
P g A i e A B SR AL PR S 0 ) 2 ) 2 ) B B PR FURLA (total suspended solids, TSS) |5 min N 22 A1 7T B 14
FH(floc volume, FV) 52000 2 % 28 A 2 B MR & o VLR 11 9% ik R IR AL LU ) S 28, X6 22 TR s, MK 23
RS AN 3 5 ISR RE 2R 1A 28 T rh S AR IR R 1 & B R T AN S I R A TR 2 5 e 2R A P TR
TG ZL AT KT R 22 S R X T R I, B A S 2R AT SR A IR B, 2R P 2R AT
WEMBEZ T o Al SR AR DA AR A 2R M 22 AT 30 550 R 4R , 26 AR W B R G b Aok o P S I e 2 AT
PR RETR = S AT A RN R Ot A R TR IR AR b IR

KIA RN ECZEIAT R I BB SR R

RESES: S968.22 XHEFRERG: A

TEK 7 FRFE A R B ARG R R — B2 3
BEORAIF T AR, A ) 2R BE R AR 1 4 R KA
IR AL, P 3E 5 IR A0 T 0 AR K B L T BAT R
SE S F AT RERY AR W) 2L AT, O Jd i B R A [ A A
AR T A SRR IR AR i 1 R ]
B ACH NP ER TRV BRI RS
A, TSR A K BT E IR
TR, FRAE K B0 H R B A 2 BRI A R R A AR
2, LU0 S5 Y TEFI A P SR AT 3R A
DU 20 204 I A ) 2R 58 2R 48 )3 sh B B, LAt ok
FROEMA YRR FIFR I K T, MR EER G T
ARG e ARV B I PR A7 57 5, ke A xf
FRIANT G 38 M o

A RAY) LR BE R G R S %
SRR 14 5 I J7 2R ) S B URL ) (total
suspended solids, TSS) ¥¢ BF W 4> J7 10, Ml
AT DLV e VA BILR e BE/ B RUH BE S 15
() LG S i s 2 AR, LA e R GEaa A7 W 1) 4 V4 i
PERV RV B/ RVRSE g 6 114 L A9 74 Jon i 2 4k g

s HEE: 2021-04-21 EE B 2021-06-15
BEEWH: iR ARZ 40 H (14320501900)

i W 3T L W S R G s BRI A B R
[t ( Carbon/Nitrogen , C/N) iy 20 REAR 4 # ey 4=
WEREER G, W) LB R Gl FE b AN Y
TSS X A= ¥ 22 B0 A SR AW R .

I LA g A TR IS 050, 4R 90 4 A= T XA )
ZBER G A AR DL S B B RS R B SR
SRR D . BFFE R LR AT O
I, 7E pH 8.5 R AE 35 C AP AR T A E
BERGEIR B RS AE W I (8] de 2, 7E 75 /K AL B R g vp
0 T VR IR R D i A AT DA R KOk R
R RGP s e R G ket LK
AR R SR R G T A
TR ) 7K A PR 55 3 A R 2 AT R A S R A
WK, AT Fe WA W SR AE R G PR
S 2R FUA T RE A E 2R AT b 2 AT I R AR K
CRAB %51 % LR IR 25 25 FFT BB IR 1 /B ) 4
PAHLIR 23 &5 R B 25 AT T R K ™ SR 58 b v
Iz, HEARGE N s AR BOR o A2 i@ 3 DhAG
PN TR O A ) 2R B AR A e AR A S

EFRE N B A (1995—) 5B WL WFF A W50 T 1) oK™ SRAE K IR 4% S SR RK LR R o E-mail 1945954756 @ qq. com
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7RI AT A IR AR R A R
BERICR , LU B 2 AT T TN 057 0 22 A1 97
AN REAT B, O R P 2R B R G B R
PSR AR R SR o

BRI

1.1 XWERBESHH

SEHSAE bR 2E A A K SR TR S
AL EIAT WL AR 12 DN
FUR S LA LIS B HE AR S 2, 12 S R 2
FECHE S AL 100 L/min [ 2% (ACO-008 ) ,
AN 3 AN A, AR, UL 12 W
HOBIT 1RO
1.2 XIWigit

SEES IR B R 4 DOC/TN Sy 15 38N
M, IEAE A o A LA XS I ( Litopenaeus
vannamer) §3 Ak, BEAN 2N 4 9 ERDEHEE N 224 700
mg/L, JEAT AW B A B 55, H R s &
=48% , HLLF 4 < 12% , ML I = 4% , ML %
N<17% ,BER=2.2% , K5 <12% ,55<5% ,
SE=1.0% (BE ) 548 40) o SEI A I 33
d, LB E] 4E4F CaCO, A% R 150 mg/L, K%
B AR TR AR VS 0 ) S 12 A SN g 43y 4
A, BH 3 A FAT. A LR R ZEFAT B S )
oM 10° CFU/mL, B 21 Ao B 25 A4 1 A i )
A 10° CFU/mL, C 2 A5 5 2F J R 1 4 S n) i o
10* CFU/mL, #4520 3 4/, D A G INAY
FIEHUAT B
1.3 HE#RIESITHE

SIEI P B ZERAT W 8 B A P R R
Mo DA 2% W4 Fh o A1 4 A 100 mL ()
2216E KigRi b, i AT PRI R B RG 95 . K5 SR B a]
20 h, SRA LB KRR P4k, # leAa R
%% 10,10° 10° | 10* | 10° | 10° 107 pE47H5 ¢, H
VR AT DR b 12 5 U A R T TR, BT R
JEf 2 AR B 20 h, SR A 30 ~300 CFU/mL
(R PR T, AR AT T v B H AR RS RO T 5 A
DAL A
1.4 KERIBRNE

RR 9 sl A7T HORE, AT 7K {4 1 38 B
(T) .pH F iR E (DO) , Il S A (TN) L= A
(TAN) JEAHRAE (NO, ™ -N) (FHER A (NO, "-N) ,
JKFEZE 0.45 pm PRSI & =% TN 3k
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PRI R R B k- 55 A 3 DO B ( i T e A
UV 2 000 73560683, A ) e . Herp NO, ™ -N
iR E AR E ,NO, ~-N & iR ] B
TR I R, TAN 25 4 I 7 >R FH TR R 1 461k
2%, BB R I RR BT 7 16 s ik A€ , 4 6 K E 1
o
1.5 ZHERBNE

SR 33 RIN, HR 2 L AR ER A SO A K
B UTUE 30 min J5 5L G, BUR 2 AR A
M 2 65 CHET Ja i Bk R oo % 7 i X
(Elmenter ELMENTER VARIO MAX , 4 [ ) jil 52
LR ROCE R, HEA SR NECE
HEFLL 625" 0 5 min YR PURERFR (floc
volume , FV) fif F9& 7 SR =UHEIZ AT B 1 L K e
B S5 min J53E2 . MK B IE GB/T 6438—
2007 BRE P HEAT I B o R U SR SR -
Bk AT E L KR R LR S B GB/T
5009. 124—2003"", 4L & ( H 57, 1-8800, %
LR o
1.6 HEESEERN

SR &5 33 KRIF, B 50 mL KFEZ:0.22 pm
TG B LU P 3 i P LA AT 8 V7 T 200 T, s 10 e
FEET S mL CE B D T, T -80 CURMIRAF,
KA ISR YA IR R AT AR

AN DNA (O BCS R ] E. Z. N. A
Soil DNA Kit ( Omega, 25 [H ) 7| & 3F 1T DNA 2
B R AR IR DNA BRI 1% 118 SN0 H VoA
I 75 A7 R fifk S2 4% J57 s Nano Photometer 535656 32
IR 5 45 B ; Qubit 2. 0 Flurometer #531] DNA
FEaHRE

16S rDNA SCIEH 45 : B 10 ng (1) DNA #iAf,
Xof A DI AT 4 3G < AR A 0 DX 80 A [
PEXT L XS 97 3 51 9. V3 X 5 ¥ 2 338F-
533R,V3 + V4 [X 5|9k 341F-805R, V6 X 5|1k
967F-1046R

PRSI0« SCEEAE 58 iU, 68 Qubit
2.0 FATHILE B, W BESCE R 1 ng/ L, B 5 f
FH Agilent 2100 X} 3L FE A9 insert size PEfT I,
insert size £75 WM 5 , {8 Ji] Bio-RAD CFX 96 %¢
64 i PCR {X, Bio-RAD KIT iQ SYBR GRN 3T
qPCR X SCPE A R0k BE R4 HER € &, DUPRIIE
SCPRCR o KI5 A B SO S R Miseq #E47
e, D Fr Sk Sl PE250



4 1 B

v, 54 b2 ST TS IR X A ) 2R DA TR 245 K 1S S 00 O B2 875

1.7 HiE4eE

IR R Excel BAFHEATEERGETT,
Origin 8.5 FAFHEATAR R R 20 . SC9 Kl
FPFI{E + ARiEZE (Mean + SD) 327K, R SPSS
19.0 it 8 F X Bt 4T ANOVA IR R 7 %2
oM, P <0.05 S 2E S

2 4k
2.1 ZHEZFBE=Z=Z&UEBZHES.PH B

T

nFE 1 PR, S8 ), & A B Y pH
8.07 ~8.45  Vif#%E N 7.28 ~7.96 mg/L, D 41
AR EMR T HAL S AL B, B BRRSEW
B, S A KR AERFAE 21.2 ~26.5 C, Al
ZEFRHFT TR IS N ) 6 TSS ¥k B AT FV-5min 5% 1
B2 (P <0.05),A 41 TSS fil FV-5min #p & Z %
TXHERZ D 4 (P <0.05)

WA T BN, 5250 mr A, 68 22 47 B i #E L A=
YA R AR 55 , B g 2 22 0T Al
B BEE A P Y AR, AR S AL LU

PRI O 32 5, & R0 3 Al 8 7 4 -5 72 fIRUK
ARG R o A2 AT B AN 0
SRR EESWET AW (P <0.05) , 2R
TR R R ZF SR RS IR R 45 S e 2 =
SRUSE A A TN R 5 ZF LT B 75 571
R 5 2 R R R R i PR 5 R T i 2 o e TR
FERINTTRIAT RN . A AIAESR 8 KA R B fe i
XA 11 RARWKIE Fem . BRKIETH =
2 fi e VA JBE )T (6] 52 Al 2 SRR TR S R R 5
W Al e 2 A6 AT TR A 00 70 e, 2 e e Y
HH BT )RR YA PR 2 SR R 1Y) B S AR AL R
fiE5 S AR AR ARFIE— S A ZHAESS 17 KRILAH
MRS AU e =i 0 17. 98 mg/L, B AL 22 K
WAHPERAS R L e 9 18.75 mg/L, C 4175 23
R FERAS RASE Fre=i 4 17. 13 mg/L, D AL
24 RFHFRAS RA L foe iy 17.78 mg/Lo 445%
020 VA R AS EURE AR AP I (R A X0« A 2
24 K, B 415 31 K, C 415 31 K, D 415 30 K.
SRR A ZF AU B AN IR e A A A ) 2R
RG] o

£1 TWHHIE 3 A RBAD &K RIS FHE

Tab.1 Mean values of the water quality in 3 different groups during the experimental period

251 Groups

&4 Ind
A5 Index A 24 Group A

B #f{ Group B C 21 Group C D 2 Group D

pH 8.22£0.10
748 DO/ (mg/L) 7.750.17
L T/C 23.34 +0.98
BRI TSS/ (mg/L) 301.67 +16.41°
28 TR 1R FV -5 min/ (mL/L) 5.03 £2.11°
WAYAR A NO, ~-N/(mg/L) 6.24 +7.32
W% NO, ~-N/(mg/L) 8.17 +7.68
M55 TAN/ (mg/L) 2.13 +4.56
M TN/ (mg/L) 42.59 £2.56

8.23 0. 10 8.25 +0.08 8.27 =0. 10
7.71 £0.17 7.77 +0.13 7.71 £0.18
23.61 £1.09 23.94 +1.52 23.85 +1.47

306.83 £13.35% 310.17 £10.12° 309.58 +11.75"
5.80 +2.54% 5.92 +2.73% 6.48 +2.78"
8.25 +7.90 7.33 +6.86 7.51 +7.31
6.33 +6.99 5.68 +6.55 5.35+6.52
3.02+5.15 2.92+4.85 2.27 +4.44
41.04 £2.49 41.05£1.93 41.27 £2.07

T FATEE BV AR RN AR R 522 5% (P <0.05) .

Notes: Values in the same row with different superscripts are significantly different (P <0.05).

2.2 ZEHEFRHASW

AR R G I S IR, 3 A5 AL A W 2R A
PATE IR KL, A5 R ANZE 2 PR, AN S IAS
BT R 2 ORI 23 i T A 3 SR
A RUK > &0 30.40% £1.87 % o Al G254
FEAEAS AN B R B 0 2 o T AN S IR

ZEMUFFRA (P <0.05) , HA & 1 & 1 bl A Al 5
ZEAUAT BRI AN IR BE 0 T i o e, A 4D R
R 34.45% = 1.81% , ¥im & K 10°
CFU/mL SZ55 41 5 8 &k 10° CFU/mL 41 1)
HPMHEASEEFARE(P>0.05),
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Fig.1 Dynamics of nitrite-N, total ammonium-nitrate-Nand

total nitrogen in the water of 3 different groups

xr2

ZHFAER . AN EXSSERM C/N

Tab.2 Crude protein, crude fat,crude ash content and C/N in biofloc

20 5] Groups

FEFE Index

A 2 Group A B 2 Group B C ¢ Group C D 4 Group D
FNEHT Crude fat /% 1.73 £0.30° 1.60 £0.40* 2.00 £0.50* 1.60 +£0.40°
HLK 4y Crude ash/% 29.67 £1.41° 29.60 £2.99* 29.39 +1.80" 30.40 £1.87*
FLAE H crude protein /% 34.45 +1.81* 34.31 +2.78* 33.80 +1.13° 26.97 £5.43"
ZPImA L C/N 6.20 +0.08" 6.32 +0.10" 6.79 +0.19" 7.71+0.96"

TE: TR FARAN R FR 4L A i #2257 (P <0.05)

Notes: Values in the same row with different superscripts are significantly different (P <0.05).

MR BER G SR, X R AT 1T FP R
FEIR S R IEATA N, A5 R N 3 P Al 2E A
FEERTS I ) 5 %0 28 ] vh 2 2R 1Y 5 T B 3
Wi (P >0.05) 3 HAR 16 P SRR & 52 ) ik
(P<0.05),

Aol B 2 FELAF TR S I 2H AR ) 2R A v R AR
MR SRR AR AN R IR R N R &
BTN I AT R SR 4. B 415 A
MR HAEMRART AR 8 M T i m T A 4.
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A HEWHRLEAR S AR HEAR NEAMR R
IR S m@ IR e AR =R & 2w T B 4L,
A YUY R B Ts BAEIRALE AR LT LR
SHRYEFERT CDA(P <0.05), LREIRE
HH 4R P 5 7 2o A R RS 5 2 AT TR A A T B
1 A ) 2R A v A A R
2.3 ZAWMEYSHEEFEE

HEWERBE RGeS U, ) e I
TR W) 2R AT 1) DA 0 e R 45 4 5 2 Akt
FIRE, 4RI 4. 254 OUT KB Al w525 78
T TSI 0  f18 8 n  i2D> , is RE  e 244



4 B A, A AN ZE TR B R N AR A 22 VA R 5 B R B3 Y R T 877
PP ana A 84 ik OUT % (615) . sl  A>B>C,
b B v 5 B 38 £ fn Shannon $8 54 RT 0, ¥ N
3 ZHAP1T HEEBRESE
Tab.3 Contents of 17 amino acids in biofloc %

2 51 Groups

gFr Ind
s Index A 21 Group A

B 4| Group B

C 2 Group C D 2 Group D

WATRIERR FAA

IR Thr 1.02 +0.04¢ 0.99 +0.02° 0.87 +0.05" 0.61 £0. 04"
SRR Val 1.05 £0.04° 1.05 +0.05° 0.86 +0.05" 0.51 +0.04°
HH R Met 1.18 +0.11° 0.85+0.07" 0.59 +0.08" 0.66 +0.14%
S5e IR Tle 0.93 £0.06° 0.90 £0.06° 0.76 +0.05" 1.35 +0.14®
ZAR Leu 1.49 £0.09° 1.48 £0.10¢ 1.22 +0.09" 0.50 £0.01%
HINEAR Phe 0.94 +0.06" 0.99 +0.07¢ 0.83 +0.04" 0.61 +0.06"
WA MR Lys 0.83 £0.05" 0.92 £0.07" 0.83 £0.06" 0.49 +0.06"
HE R His 0.31 £0.04* 0.35 +0.04" 0.29 +0.03" 0.30 +0.05"
KRR Arg 0.76 +0.02" 0.83 +0.05° 0.66 +0.05® 0.61 +0.03"
AR Total EAA 8.51 £0.50° 8.34 +0.53° 6.92 £0.39" 5.65 £0.07°
LT 2 I NEAA
fi% 2 & Tyr 0.64 +0.05" 0.66 +0.05" 0.59 +0.03" 0.32 +£0.03"
4B Pro 1.99 +0.05" 1.71 £0.21% 1.44 +0.23° 1.80 +0.08®
2255 Ser 1.63 0. 11 1.72 +0.19" 1.37 +0.10° 1.31 +0.06°
B Clu 2.49 +0.51° 2.52 +0.52° 1.97 £0.51% 0.89 +0.60"
H 4 ®@ Gly 1.47 £0.07" 0.92 +0. 38" 1.28 +0.08* 1.25 +0.12%
AR Ala 0.62 +0.03" 0.61 +0.06" 0.55 +0.07® 0.43 +0.05°
W B2 Cys 0.24 +0.01% 0.27 £0.01" 0.24 £0.01% 0.17 +0.07*
RAETR Asp 0.95 +0.04¢ 0.84 +0.02" 0.82 +0.04" 0.65 +0.06"
SR F AR Total NEAA 10.02 +0.76" 9.25 +0.26™ 8.26 +0.93"™ 6.82 +0.45°
e FFTEE EARA R F R A AR % 25 5 (P <0.05)
Notes: Values in the same row with different superscripts are significantly different (P <0.05).
=4 ZAREYEESZHH
Tab.4 Abundance and diversity of bacteria in biofloc
2f 51] Groups ouT Ace Chao Shannon
A 2l Group A 615 614.56 +23.40 625.12 +15.58 4.01 £0.20
B 4 Group B 656 560.36 +32.78 566.05 +39.39 3.65 +0.24
C 41 Group C 664 508.78 +62.99 527.36 +53.29 3.49 +0.35
D 41 Group D 644 568. 06 +30. 20 574.46 +42.11 4.01£0.16
2.4 BT J& ( Nannocystis ) 10. 56% . f# ¥F J&

XA EL T 1K B i B iR AT 90 M, 45
mak 5 Frown, & WL HEE N EEEE ]
(Firmicutes) . 2% 75 1 7] ( Chloroflexi ) | A8 & 1 ]
( Proteobacteria) Jig #F 1 [ ] ( Acidobacteria) . % Bk
1] (Myxococeota) o 5 FhPLHATAE (28 G TR AH X
FRE)85.82% ~91.44% , B,C,D 4P IBH
"] ( Proteobacteria ) AHXT £ (5 Hb f i o

Xof A= Wy 28 VA Ja KPR S B RE R AT 20T, &5
W% 6 Ffr7R « ZF FAT 1 TR O 22 AT AR AR
FART B (5 H s (31.98% ) o A ZHAH R =F BE i
5 EHTE O 2 fA R (Bacillus ) 31.98% | 5%

46% . [ R B W )R
( Azospirillum ) 1. 59% . B 3£ i J& ( Massilia )
1.41% B H A H w1 & oy 2F FFF 180 & ( Bacillus )
20.01% . #& J& ( Nannocystis ) 2. 62% AT # &
25% | A IR J&
(Azospirillum ) 6. 95% | % 4% & J& ( Caldilineaceae )
13.65% , C AHARHE R}y 2 AT 18 )& ( Bacillus )
19.64% W J& ( Nannocystis ) 9. 09% AT 7 &
11% . AR E R
(Azospirillum) 13. 64% | B% 4% # J& ( Caldilineaceae )
3.17% . D AL & S 2 f 4 18 & ( Bacillus)

( Microbacterium ) 8.

( Microbacterium ) 5.

( Microbacterium ) 3.
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12.03% B J& ( Nannocystis ) 13. 92% AT &
( Microbacterium ) 18. 99% . [& & 2 W B
(Azospirillum ) 0. 97% W %% W J& ( Caldilineaceae )
3.02% ., 2RI ZF SO 18 IR & SR R 2 A

AYIIBL e I EP S N i RV R R ERU S S
Sy A A 41 31.98% B 41 20. 01% . C 41
19.64% D 4112.03% ,

x5 ZERIKTFHEXFER S HEF

Tab.5 Relative abundance of microflora structure of biofloc ( phylum level, top 5) %

1K HRERT 5 A% 32 BE Microflora structure ( phylum level, top 5)

o
Géijgs I HI] . J?Eﬁ—f [ ?ﬁ?ﬂflil“ H' NG| LRIE T H.
Proteobacteria Firmicutes Acidobacteria Myxococcota Chloroflexi
A 2 Group A 25.71 33.43 11.51 11.18 3.99
B 2 Group B 46.83 22.25 9.44 4.15 5.53
C 2 Group C 41.39 23.76 6.62 12.31 6.06
D 24 Group D 28.47 14.90 25.12 16.49 6.46
x6 ZHEEKFHMEERS HEF
Tab.6 Relative abundance of microflora structure of biofloc ( genus level, top 5) %
2 51 Groups JEIKEARRT ERERT 5 B #E Microflora structure ( genus level , top 5)
A 4 Group A Bacillus Nannocystis Microbacterium Azospirillum Massilia
31.98 10.56 8.46 1.59 1.41
B 4 Group B Bacillus Nannocystis Microbacterium Azospirillum Caldilineaceae
20.01 2.62 5.25 6.95 13.65
C 4 Group C Bacillus Nannocystis Microbacterium Azospirillum Caldilineaceae
19.64 9.09 3.113 13.64 3.17
D 2 Group D Bacillus Nannocystis Microbacterium Azospirillum Caldilineaceae
12.03 13.92 18.99 0.97 3.02
2.5 YMER

AW R EE R G R v A 2 AT R
TR XS A= ) 2R VAT 11 7K1 T AR AR 3 B 1) 52 W)
ZRr R F (P <005), B 4 %EEEI]
(Proteobacteria) AH X 4= B Wi 25 5 T HoAth &b B 2H
(P<0.05), WK2,

il B 2 R T VA o0 5 e 3 X AR W 2R A iR K
SRR EE R (P <0.05) o [& ZUR
J& (Azospirillum ) . B 3£ T J& ( Massilia ) . & FH J&
( Ensifer) \BIERH J& ( Paracoccus ) 7145 AL FRLH A 25
. CHEBIR R (Azospirillum ) AR &
BERTHAMA(P <0.05), B HHLFEEE
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Effect of adding Bacillus subtilis on the microbial community structure and
nutrition of bioflocs

HE Xi', LUO Guozhi'**, TAN Hongxin'*”

(1. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China; 2. Key
Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs , Shanghai Ocean University,
Shanghai 201306, China; 3. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean
University, Shanghai 201306, China)

Abstract; In order to explore the effect of adding Bacillus subtilis on the microbial community structure,
nutrition of bioflocs and water quality in the process of system construction, the biofloc technology-aquaculture
system was completed, the additive concentration of B. subtilis was group A, 10° CFU/mL, group B, 10’
CFU/mL, group C, 10* CFU/mL, group D, 0 CFU/mL. The experimental results showed that: The
concentration of B. subtilis had significant effect on the concentration of TSS and FV-30; The concentration of
B. subtilis had a significant effect on the amino acid content and C/N of the floc; The concentration of B.
subtilis had no significant effect on crude lipid and ash content; The amino acid and crude protein contents of
adding B. subtilis groups were higher than those of the non-added group; The additive of B. subtilis had a
significant effect on the relative abundance at phylum and genus level of bacteria; and increasing the
concentration of B. subtilis additive led to an increase in the concentration of Bacillus in the biofloc. B.
subtilis can be effectively enriched on bioflocs. The addition of B. subtilis can effectively improve the nutrient
content of bioflocs, which is conducive to providing protein source for aquaculture.

Key words: Bacillus subtilis; additive amount; microbial community ; biofloc nutrition
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