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BE: N T EAARRDGE A 328 kY R BT T R 8 (Misgurnus  anguillicaudatus) B FEFH R, 5 BB /K4H(CW
). LA (BFT 4)F6A AR (ABFT )4 W 2L S5 e ik 45 d, LAY AL K FTE AL TG 1 . IR
BIREAEOL, LA I FRIE A AT e 88K B I A= Wy W VR 454 . 25 R WK, BFT 20 R0 ABFT ZH i Rl fho | e A
KAFIR I T A W E P22 57(P>0.05), 15 CW LA LL, 190 52 90 2 Fr) ARk A1 38 1 35 IR BFT I AR 5 CW
HA LA BEMHZFP>0.05)., 5 CW 4i4H1, BFT 41 f ABFT 414 ¥ 2 W o] LL4E L (36.69+1.17)%
(40.20+1.05)% M MLEE [1; 5 BFT 4UAH L, ABFT 4104 9 % BIARLAR I & 2 5 3 $2 5 (P<0.05), I FLAR kAR 107 2 ¢ 16
IR N4 . ABFT (9 JR SR AR 1 B R AG 7 A %) 336 1 3 35 80 1 9 AN 4.(P<0.05) . Tl W BEVE /A R B, 3 m
B A A Alpha ZAEPEFEEL . BEIE T K AU KA W, RE a4 YL A & 5 805 & i
sobs TRHLE FEFEAL, BFT 41738 B H #8288 B 1] (Proteobacteria) . il 4L 14 [ ] (Actinobacteriota) 4% 25 [ ]
(Chloroflexi); ABFT £ A28 B ) A5 ¥ 1] (Cyanobacteria) . J&/KF I, ABFT 40K 3] i 7K S 1 <50 i 13 @

(deromonas). AHTFERY, ACEIREF A I7 A W) 2R SRS T8 5 4R O Y Bk (o A FRE SR A )BT

KR YR VR BUEY; RHIESR; JLE AR mifk

HESES: S963 XERAREAD: A

KT FRBE 7 i BE A Sy N AR 19 1 5 3l
g AN, H 3R I R SR A A S B K
BTG Y K7 R S ) A R i R R
Ry SR FRAE B BT A, 2020 AR AR AT
FHFF Uy St K 7 o 0 e BRE SR B < LK AT BB,
O 22 1) B 858 A - 2 5 e A X T AR R R 4
J7 o W A H R (biofloc technology, BFT) A A
i AR YR A T B AL S WL i e T LI ]
(AP 2L EEY), S N SER SR 4 R 5 1 e
FIH, U4k AE 2 Fhag (K ™ FRa s U 2] iz

KB 2023-08-23; f&ITHHA: 2023-09-28.

TEHE: 1005-8737—(2023)10—1188—14

AW, BT, YL EARERD P M
(Oreochromis niloticus) 1 JLANIEXTUF (Litopenaeus
vannamei) % i B 1) 35 5E AT DL 3 R I R R AL
A PRE SRR RIS R, BA B RIAETR
0 Wei UM AR Wy B A& A R K T
7 AR LR RN 17 R 25 8 IR W o, X fdi s L mT LA
QR 5 ST D S A S S (AT S g

BFT RGMRME 3 a7 74038, Al
{2t H ALY . R A A 7S, Hrb,
DL AE I il A 2 % B AL & Y i AL B A= 22

BEL&WH: EZEESU AR A (2022YFE0203900); _F i 17 /K 7= sl ¥y K Fh A1 i 5 4% (2 3% 58 B 6] €187 7.0 350 B (A1-3408-23-

0001).
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BER G d hy s W, X SV g % B Ak A
P22 AT AT LAAT 280 A PLAA X R SR B v 7 A 1 2
RAWAE A, W T RAKMGHE, FetfeEs T
. Ak, DMbsE R IR LA S Wi LR
WAREARN B Y REEFR ARG, WIEAR
FETE AR I S e o E 3R B A
FHoK AR A A, PRI 5 O i B 2 0l I 7 1
A BT R A R i s LR
PSRN A TCHLaR % A0 A LR IR, (] BS54
KR T R AN, BRI A A B T AE
YL IR A5 PR A1) Bkasari Z5URIERA, 7E
He W) 2R A R kb TR /N BR B (Chlorella pyrenoidosa) ]
DA s it B LR TS B 10 Jung ZE B 5E 48
D FETCHE I 2 W) 22 AU 4 Je 2 5 A ) £
SR, ABXTHAER . ARG R DL SOE IR U R
R, R AR AR B A R R VR T A
L S )

Ve (Misgurnus anguillicaudatus){E -l —Fh 24
TraoK s, BAEEA RN RHE, 1L
AT R RIBHETE, 2021 4R 4 7= 36 T4k t,
VBRI A 2 R IR R DL SO R 57 7 =X 0 R b
Feg Xt U0 A A S A R G 3R
SRWFFE AR A s o A S5 AR 8k 77 58 % 42
LLH TR AL B RS 35 B A 1) 2R B R B s = A
R E FRAME T e Bk AR ROR - T AR PR DL &
IR TN 18 T A AV s e, LA R e S 2R
Y2 A TR0 B 45 A TR HEFIS AR, SRR K
FESk e g e IR A AL L N R S %

1 #MEETE

1.1 FESKE

S8 v i el 0 e O e )T AR AR SR
VS BRI B SEH . RIS AR R KR IR K
TR R G R i M T . EE 360 B K
INE AT R E (1.2540.06) glAYVREK, FlHLA L
F| 12 PVC AKFQOL, TAEAM 15L), fEKF
ol R, WE 3 DR, a5
TH KK AL (CW), itk LA P 22 A 41 (BFT) MG
A [ IR YL B 4H(ABFT), 520 % 4 4 F4T,
BN KAR 30 B o BERARIE 4 ¥R(9:00, 13:00, 17:00,

21:00), it 45 d. JeskiER oS B R
A R )y = 5 s R ML H =38.00%,
FLIE I =5.0%, HLLF4E<7.0%, K5 <16.0%,
B =1.20%, B =1.90%, K<12.0%.

CW ZHAZ I IR IR B 1Y 4% 1R, B 15 KEBHLFR
w15 B, i REEFD). BK 9:00 Fl 21:00
# 30% 1 K IPRIEK AR o IRBE: 25~28 C, Ot
HEERFE/NT 500 Ixo SCH ) 04 256 B 0 5 A SR YD
I, DAk e IE o G A SR AR Y 7S rhag S
T34 5

R4 15 55 0 AR P 28 PR e R AR %, 2R A
BRI TR VR B AR 1.5% R A, R
BFT 21 Fl ABFT 4l % H #ARHE 1Y 2.5%71A M, % 15
KBEPLFRE 15 J&, il REBREFD. HLETY
(TSS) (525+25) mg/L £k H LR K22k ™
FRIH T AR AR 58 0 P A FRE WA H G 4
YW, JFEFRE I A 4ERE TSS WA, ABFT 41
LA BE R 1x10° cell/ml ERH/NERSEE . /INBR K [
TR SR TR AR PG X RTE
BG-11 B33 R Mikds o5 . IR 25~28 C;
B (300+25) mg/L, SLIRIE] 1 NaHCO; 4E4F,
BFT 4G HEGREE /N T 500 Ix., SCUGH)HE A B
A RLM . ABFT 41EREEREE N 5000 1x, Y&
M:12L:12D,

1.2 HmAXRE

45 d SEERZEAEE, PR KAE N U SRS T
FREFIHB, BURERT AT 0.1% MS222 JR TR .
FASKFE R REHLBEER 6 FEVRHK, B A 1.5 mL
TewECE T, STHTR AR, % E-80 C
UKAE T IRAE 2 o ASHIESE I BT A 3% 0 5 1k FTEURE
T B2 LR R e B2 st . 5
R, KEEZS 022 pm JCTE DR JE U4 DT
WY, A 2R K KAETE 8000 r/min
TG 5 min, FUTERFET-80 C, HTEFM
A3 AL AT
1.3 HHAE
1.3.1 KBRS 5 KRB 9 SRR, H
0.45 um Bt €, R4 CORFE K BRI T8 )
54 BN I M A(TAN), TRRER(NO-N),
R EE (NO3-N), BEfREE(POL -P), HL FEHUK AR
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FEEA(TN)FLEBE(TP), (1 WTW ZS4H #;
JKJE A HTAY (Multi 3430, WTW, 8 =) 5 15 48
(DO). pH EFI/KIHE o FHH H el 2 B I 1 44
(TSS)HJE, DL mg/L R B3 FH MR ms A
S o ATV [ A AR B (FV) SR JH 9 82 Ik 4 (Brand
Scientific, Wertheim, Germany)ll &£ . 7£%~ BFT
ZHrRE T L KPLEE 15 F1 30 min J5 i s U00EY) 5
FIAFR, 04 FV)s #l FVs (mL/L),

1.3.2 /IEKEHEFMMERE a AR
% a (Chl-a)ife B A/ ek i) 8 R OGRBER A )
K . SRANER 60 BRI E 4R R a W
JEUST SR I 40 B R v N ER R P B

133 EYERANERNE KAWL EHTE
65 C MLT=1EH, i elemental &% (Elementar
vario MAX, FEE)ERA S &, EYWLERMHEN
SEAAERDN 6.25 {5, #& GB/T6438-2007. GB/
T6432-2018 ., GB/T6434-2006 #LE iY77 ¥ & 4
YR AR 5y . MLBR I RO AF4E . BRI IR & &t
SR BB S ER A e 2 T SR AR MR A P X
(H3r L-8800, Hiz, HA), # GB/T5009.124-
2003 J5E SR o . MR A . HLBENG . HLZF
e MK PR S S A EATENE
rHeTR, NRIWTRR & S HGOZ NG 5 R 5 RUIR I R
FEX 5 RN o

1.3.4 BFEEHAEENE BEEAB(rypsin) A5
fif (lipase) Fll € 4 il (amylase) % FH L ) & ki, 3
& g s Y TR AT, #2541 No.
A080-2, No. A054-1 Fll No. C016-1, #AF+% ik
MG UL BT

1.3.5 KiEFIR7iE 16S SEEMNF R 2K
FEARFIKEE ) 2 BL K 2] DNA S B 38 5007 =
1 Ren " TORITSE o S T 234 Wil B R RKAR T
(I ZREE AL, $EBUSY BEAI 16S tRNA JEH
) V3-V4 X3, 16S rRNA FEH )58 15 3 K
338F (5'-ACTCCTACGGAGGCAGCAG3')Hil 806R

(5'-GGACTACHVGGGTWTCTAAT-3), #l| H
Illumina NovaSeq “F 5 #4700 % .
1.4 HE\IHHE
AR AR AR T A 2
Bg =W =W (M

5530 %

Ser =[(nW; —InW,)/ ] 100 )
Fep = Fy [ (W =) (4)

Sg = (Ng / Ny)x100 (5)

Fo =W !V (6)

Ko B MAEYIE W B K, g W A Wy R A
VIR, g5 Sor WFFEEKR, Faw N TR
Fii, g For AHELREL ¢ HSFRFEAW, & Fi ol
SEORE R, g Sp MU R, %; Ny Fl Np ) 4 FZ
RV MK Fo NS4S A %, kg/m®; V
R SR KR BAARFR, Lo

1.5 #HiEaE

SR K Excel #7458 401t
Origin 2021pro #AF2x il EIE 43 B o S5 50 {6 HIF-
PHE 45 2 (meantSD) 3R /8 . K H SPSS 26.0 &
AT S 95 A AT B R R U 2550, P<0.05 1A K
ZHBE, YERHAREESH, RAXREZH
FLEORR B S A 2 [ A 22 5 . A B R R
AL 2 ] ) I 2 25 5 (P<0.05),

XoF T v 2 R I A, SR e DGRk R A 6 4
& ARmiEREBEZRNERREESREE, XA
Wilcox FRAIKL 5 LL A AH AL RN A SR B A 2R
W 2 8] i 22 53 15 138 . P<0.05 Bl W 22 R % .

2 HBRESH

2.1 FEKEKFRIERFALZRAE

75 45 d FR5E A4, CW 41 BFT 41/l ABFT
HA& KBS IE 1 (a~d)FTR . CW 41 . BFT
ZH1Y DO F1 pH 43 175 (8.13+0.15) mg/L F1(7.49+
0.16) mg/L (6 [F NF2E B 3h; 1 ABFT 41/ DO
1 pH Bf/INBR A 9 (0 2 T RV T
BOCW 4 TAN Fl NO>-N ¥ E/rBilka E 7E
(0.16+0.15) mg/L F1(0.74+0.49) mg/L; BFT ZH 7
ABFT 41 TAN Hl NO,-N & /35 4k 435 7E (0.06+
0.08) mg/L F1(0.01+0.01) mg/L, (0.07+0.09) mg/L
#1(0.0120.01) mg/L ALK S8 45 )5, BFT
411 NO3-N F1 PO3 -P fr 3% 5(99.43+5.32) mg/L
F1(48.63+£33.54) mg/L; ABFT Z41f#) NO;-N A
PO; -P Fr#ik%(49.2542.21) mg/L #1(29.49+
2.25)mg/L. MK le B, 5 15 KRITUH A0 M %k
HFIERER a WG RIS AER s Rk, fi
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a _ 1 061b — g
Ca- n=4; x+SD 3 -u--CW n=4; x + SD 2
100r oW 1100 05t ~-a--BFT 120 E
| L e =
28 tow. 195 235 % a8
J o = .5 A o O
a --a-- BFT % Exo s 03r J415 g o
ET90F . ABFT o0 =5 I . E g
Jﬁ ?-0 .- —”'iﬂ:;%""¥’/—‘§ T M 2 q,‘:) 0.2 ._ D ] M é
g g 85+ ;ii 7 ? . 185 &, ﬂﬂ% B § 0.1F A [:ﬂ%{‘g
AT ’x’ P S =1
Jll.% 3B LS a— ‘E4 i ? *d 8.0 S8 of : =4 = g
mg 80 %‘ o AR b B3 E o1l L 0s B
2 s I 1 we g Olp - 105 & &
®s 151 §$%§§ "‘i:::fi:;;; fff:% 175 Mg S 02f B ‘g’
7.0t 170 —03r R LR
<
1 1 1 1 1 1 1 1 1 1 _0.4 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 B
Bt iE]/d time o A fE]/d time
g 8
g c ] [ d oy
E=] L m- 1 90 190 =
g 140 Agg\[r 140 - g [ = CW 5 =
2 o 5 S g0 -a-BFT _ _ A I B
~ 8120} --»-- ABFT —4- 3+ SD vy 1120 & 3 g o . ABFT "% x*8D A ~ 8
> & = CW n=a x Al ~£ =S 70 1470 8
g€ S100[ - BFT AT i d100 9 E £g N i . 23
J;?l(/g --e-- ABFT s ,’,‘ ; é‘g ET&('& 60 - N p 160 £ 5
£E 0 oty T gS m g ) A pawgs
@E 60 - % o 760 ﬁ £ @2 5 40r -5
2 ol R e & E = &30 A T30 ﬁé §
iﬁ E ::::I::/ ,BRX,’ g bg g 20 /,,” - & § 120 >E=:] g
2ot J2o mg ®§ J g
§ g g R R g § 10 = B o _'_ji,;;;n 110 é
% 0 I ll"i--l-ii--.|>7-- I‘-i-l 1 1 1 1 1 i O E % 0 L 1 1 1 1 1 1 1 1 1 1 i 0
8 0 5 10 15 20 25 30 35 40 45 § 0 5 10 15 20 25 30 35 40 45
At [A]/d time it E]/d time
_ - 8x107
1400f ¢ n=4 x+SD . g msoff n=4; X+ SD 1180 _
© 12000 Chlorophyll-a E‘z/i\\, _.7X10 ~ 3 ﬁ 8 160 L : g)jgg ?\gg’i“ * oL L1160 :é 2
%é, *— Chlorella sp. f /T'—~¥—_6x107 E% 5‘2 g 140 [ --=-- FV15 BFT . : e 77’*:140 r;\_:§
£ Isxip 38 2§ | -« FVISABFT ATyl TR g
S & 10 § = E120. - 41120 & E
ml\mﬂ 8 7 ]:EB ﬁ% r P S e S 1 ®
= 14x10 5 HE =00 s I 1100 7 —=
& By &5 | b N * w] T EG
g% 088 B gl otd et g RS
g g_.:) 42x107 § 2 E § 60 F (o ‘Ei i ,,,&'”‘y‘"i ] 60 E‘ %
o [} Ehe A Sl -
8 {1x107 8 4% & sl e 140 % g
I =
1o S 20l 120 ®
1 1 1 1 1 1 1 1 1 1 1 —1x107 0 L 1 1 L L 1 1 I I 1
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
A} A]/d time Bif[a]/d time
Bl 1 ASHFST IR E I A 45 A e A 2B 4k

B K TR RREIAE R (a, b, ¢, d); ABFT A 4¢3 a AR A ECR AR fh(e); SEIME] 15, 30 min AT PR B AR R A 2R 1R (D).
*FRIR 2% 5 3 (P<0.05). BFT £H: RS 8 M40 ABFT 4: J64 HHRRAYERBIAH; CW 4: E/KIEKA.

Fig. 1

Variation of basgic index during culture in the study
Variations of water index in each group during culture (a, b, ¢, d); Variations in content of chlorophyll-a and the number of Chlorella
solids during the experimental period at minute 15 and minute 30 (f).

sp. of group ABFT (e); Variations of settleable

* Indicate significant differences (P<0.05). BET group: nitrifying biofloc group; ABFT group: auto-photosynthetic
biofloc group; CW group: clean water group.

7% ABFT 41/) NO3-N., PO; -P. TN I TP /K-F-i§

T BFT 4.,

BFT 40 fl ABFT 4L &AL WA 1f, ZERT
20 d, BFT 4041 ABFT 2401 FV,s #1 FV3o /5|1 &

(101.75+2.36) ml/L Fl1(55.25+5.74) ml/L, (112.25+
5.91) ml/L F1(54.5+5.74) ml/L, W42 H T %
£ 5 (P>0.05); %6 25 KJi, BFT 41 FV,5 il FV3
BEET ABFT 44(P<0.05), ] YLk ERERES
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530 %

I IA] SE R R 22 T, S50 5 300 )3 28 (141.00+
6.63) ml/L F1(80.00+4.08) ml/L, (122.75+3.20) ml/L
#1(70.00+4.08) ml/L.,

22 EMEZEBREFEK

SH LS, Wi BET 20 ABFT 2H £ {411
FEEIRA (R 1) AR GR 2)FIB R (55 3).
ABFT AUHIEE A0 A AR I FURLER 48 3 25 500 ok
(40.20+1.05)% . (5.31+0.27)%F1(4.48+0.14)%,
FET BFT 41(P<0.05); ABFT ZHHL K& 8N
(23.75+0.66)%, &K T BFT 41(P<0.05),

WA ZH 22 P ARG I 381 15 Fp (3L PR (% 2), BFT 41
WL QR . RAR . HER . AR~
R FEET ABFT 4(P<0.05)., HAh&EFEMRAH 7>
Z 8] 2= 5 A 8 2 (P>0.05)

L 2P RGN Y 18 FRBR IR . % 3 FIh T
WA SRR 10 MsHiRR, H BFT 41
C24:0, C18: 1n9c, C18:0, C14: 0 F1 C12:0 /Y
SHE S FEEHT ABFT 4 (P<0.05); ABFT #4H 1)
€20 :3n3, C20 : 1n9, C18 : 2n6¢ Fl C16 : 1 ()5
W& T BFT 41(P<0.05), LAk, ABFT 4APZEAR
T FRR D R % = &k 35 = T BFT 4H(P<0.05).

2.3 REAERKRKR

M 4 WTLLFE Y, CW HIREK IR h . B

I RS A AR ORI B AR R

*1 ZIWHERHNZEHAMERD. HIER. HF%.
HERSEETFE)
Tab.1 The contents of crude protein,

crude fat, crude fiber and ash in flocs at the
end of the experiment (dry weight)

n=4; x £SD; %
) SLHRA  test group
EEIEiEIN
flocs index BFT 4 ABFT 41
group BFT group ABFT
M crude protein -~ 36.69+1.17° 40.20+1.05°
FLNE D7 crude fat 1.56£0.25" 5.31£0.27°
HMLEF4E crude fiber 2.50£0.14° 4.48+0.14°
MK S> crude ash 28.41+0.77% 23.75+0.66°

T BB L ARAS R 2 241 (R 77 4 1 35 25 57 (P<0.05). BFT 4i:
AL R A W 2L A 4 ABFT 4 SGE F R B W S A.

Note: Different superscripts on the same row indicate significant
differences between groups (P<0.05). BFT group: nitrifying biofloc
group; ABFT group: auto-photosynthetic biofloc group.

FR2 BEMNIREREASEBRESE(TE)
Tab. 2 The relative contents of amino acids in each group
after experiment (dry weight)
n=4; x £SD; %
SLHGA test group
BFT 41 BFT group ABFT 41 ABFT group

5 LS
BEEM
amino acid

KEHIR Asp 2.73%0.10° 2.65+0.12°
JNEBR Thr 0.96+0.13° 0.93+0.08°
22508 Ser 3.67+0.19* 2.99+0.48°
HAMR Glu 3.53+0.13° 3.22+0.25"
H&f Gly 0.01+0.00* 0.010.00°
HNER Ala 2.39+0.12° 2.17+0.17°
MR Cys - -

W Val 0.35+0.02° 0.26+0.02°
EE R Met — -

R ER e 1.21£0.07° 1.13+0.08"
TLEMR Leu 1.98+0.11° 1.84+0.12°
B &R Tyr 0.57+0.04* 0.49+0.08"
KA ER Phe 0.93+0.04* 0.90+ 0.04*
M His 1.20+0.09° 1.13+0.09°
AR Lys 0.50+0.02° 0.43+0.06
KA Arg 1.15+0.08° 1.02+0.10°
i 8 Pro 0.98+0.14° 0.99+0.08°

TE: [FFVEE b AR A7) 3R 40 18] 77 7 i 3 25 57 (P<0.05). —RIR
HFH PR MY T, AR . BFT 4 bR LY 2 74l ;
ABFT 41: Sty A SR BUE Y A4,

Note: Different superscripts on the same row indicate significant
differences between groups (P<0.05). — indicates not detected
because of missing standard substance. BFT group: nitrifying
biofloc group; ABFT group: auto-photosynthetic biofloc group.

®3 BAZABHERSEEHBREAXNSE
Tab.3 The contents of flocs fatty acid relative to total flocs
farfy acid after the experiment
n=4; x £SD; %

SZHA  test group

By s
faf'tgﬁa% f BFT 4 ABFT 4
BFT group ABFT group
R ERR C24: 0 13.3240.32° 2.79+0.44°
A6 DA RR €20 : 3n3 2.10+0.10° 4.41£0.39°
Z R RR €20 ¢ 1n9 0.77+0.03" 19.08+1.85"
T3 AER C18 : 2n6e 13.51+0.17° 23.714£2.07°
MR C18 : 1n9¢c 13.36+1.78° 5.45+0.54°
W5 C18:0 8.67+1.40° 1.5240.31°
FEMRIMER C16 ¢ 1 8.97+1.62° 13.04+1.28°
FEMARR C16:0 24.56+4.99° 22.70+2.01°
W &R C14:0 3.12+0.74* 1.46+0.40
AR C12:0 7.28+1.11° 0.90+0.57°
HaFING B2 saturated fatty acid ~ 55.47+2.24° 6.96+0.86°
B AN U7 R 21.17+8.80°  49.53+2.35°
monounsaturated fatty acid
EANE A 14.48+7.35" 28.42+1.69°

polyunsaturated fatty acids

T R FEE b BR A [ 26 41 6] A7 7 1 35 22 57 (P<0.05). BFT 4.
THAL R A W A4 ABFT 40: S d F IR 84

Note: Different superscripts on the same row indicate significant
differences between groups (P<0.05). BFT group: nitrifying biofloc
group; ABFT group: auto-photosynthetic biofloc group.
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F BFT fil ABFT #1(P<0.05); CW 21 F1 BFT 41y
LK % B (FD) 43 31 4 (5.76+0.05) kg/m® F1(5.49+
0.29) kg/m’, B35 T ABFT 41(P<0.05), BFT 41
1 ABFT ZH1HEL R B(FCR) 5 M (1.38+0.10) 1
(1.30+0.09), & FMKT CW 4 (P<0.05). 4R i, BFT
ZHF ABFT Az MI7ER B, e K R
AR R B0 A B3 22 57(P>0.05).

x4 REEVEKIER

Tab.4 The growth performance of Misgurnus anguillicaudatus

n=4; x £SD
i IR 4
IR LKA test group
He KA kR control group
growth index CW 41 BFT 41 ABFT

group CW group BFT group ABFT
/% 87.02+0.70°  52.52+3.45° 45.27+4.33"
food intake
AR N /g 50.97+0.78"  38.18+1.43° 33.26%1.26°
biomass gain
R A K (%/d 1.90£0.02°  1.78+0.07°  1.77+0.10°
ki (%/d)
specific growth rate
K¥HE/ 2.88+0.03°  2.63£0.09°  2.61+0.12°

g

final average weight
IR 1.71£0.02°  1.38+0.10°  1.36+0.09°
food coefficient
TG %% 100.00+0.00°  91.67+7.93° 76.67+7.20°
survival rate
LR B /(kg/m®) 5.76+0.05" 5.49+£0.29°  4.61x0.31°

final density

e SR B ARAS [F] 3278 241 () A7 7 1 35 25 5 (P<0.05). BFT 4:
LA A Y 2R AL ABFT 41: J6h A FRBA Y LI, CW 4l:
TR KA.

Note: Different superscripts on the same row indicate significant differences
between groups (P<0.05). BFT group: nitrifying biofloc group; ABFT
group: auto-photosynthetic biofloc group; CW group: clean water group.

2.4 REEHWBEEE

ABFT 2 Jfe 8K J 25 11 TG 0% 4 00 i 7 TG 0 14
34 (51.40+2.37) U/mg (prot)fil(41.43+1.58) U/mg
(prot), ‘3 T CW 411 BFT 41(P<0.05); 1th4h,
BFT #4118 /5 BT 1 4(34.90+3.04) U/mg (prot),
FEET CW 41(P<0.05); {H 4320 1] 3 5 il 1% 1
i E 22 (P>0.05)(3% 5).

x5 FBERMEHLEEYE
Tab. 5 Digestive enzyme activity of Misgurnus

anguillicaudatus in each group
n=4; x £SD

HfLEf Digestive enzyme

AR eroup JERE Pt/ it 75 g/ TE A it/
[U/mg (prot)] [U/mg (prot)] [U/mg (prot)]
Trypsin Lipase Amylase
CW 4 group CW 41.43+1.78° 27.18+1.61° 4.90+0.27°
BFT 41 group BFT 40.63+£2.56" 34.90+£3.04"  4.49+0.63°
ABFT 4 group ABFT 51.40+2.37* 41.43%£1.58" 5.20+0.45°

FE: RATHOE EARAS R 3R 241 R F7 A 1 35 22 57(P<0.05). BFT 4:
LTI W 2RI 4 ABFT 4: JLG HFRBIAEYWERIH,; CW 4:
THRIK AL

Notes: Values in the same row with different superscripts are
significantly different (P<0.05). BFT group: nitrifying biofloc group; ABFT
group: auto-photosynthetic biofloc group; CW group: clean water group.

2.5 JKEEFNRAIE R A B R 4

2.5.1 IKEEFAIRHAIE M E R Alpha S ST
JKIEFN A B R Alpha ZREVESS 5 L4 6, BFT
41 . ABFT 41F1 CW ZAE7KARTIAE MR 2 RE 1
M IR EOT A M2 5 (P<0.05), 4R,
X EEFEARTE BFT 40 F ABFT 41 2 [H)1% A i B Pk 2%
S (P>0.05). TEMAEMADRET, CW ALNUEY

xo BABREMSHESN

Tab. 6 Analysis of microbial community in each group

n=4; x £SD
FEEEIEE richness ZFEVEE AL diversity
4] group
Sobs chaol Ace Simpson Shannon

WCW 290.33+33.17° 356.88+34.73° 349.64+31.64° 0.15+0.05" 2.83+0.41°
WBFT 586.00+16.99* 684.42+17.55° 667.64+20.13" 0.04+0.01° 4.2440.18°
WABFT 569.67+28.57° 679.63+26.97 658.61+32.56" 0.05+0.02° 4.08+0.24°
GCW 625.50+175.42° 670.40+179.92° 667.36+178.22° 0.08+0.04° 3.69+0.76"
GBFT 328.75+115.19° 430.79+154.82° 394.66+54.96° 0.28+0.23% 2.74+1.15%
GABFT 289.25+94.07° 404.30+135.61° 465.13+156.92° 0.36+0.25° 1.96£0.94°

TE: BFT 41: AR MIA R IA141; ABFT 41: Soh AR MAMLRI4]; CW 4 WkHok4l. WCW. WBFT Al WABFT 4325 CW 41, BFT 41
I ABFT 4K HEA; GCW .GBFT F GABFT 435Iy CW 2 . BFT 40 F1 ABFT 40/ 8 REAS . [T 5030 LA ) 287 2EL ) A2 A 5835 25 57 (P<0.05).
Notes: BFT group: nitrifying biofloc group; ABFT group: auto-photosynthetic biofloc group; CW group: clean water group. WCW, WBFT

and WABFT are water samples of group CW, BFT and ABFT respectively; GCW, GBFT and GABFT are gut samples of group CW, BFT and
ABFT respectively. Values in the same row with different superscripts are significantly different (P<0.05).
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& (sobs) A1 Shannon 844 % & T BFT 41 Al
ABFT 41, Simpson #§ 5 . & it T BFT 411 ABFT
2H(P<0.05).

252 KEMFEAFRMENESR MHZALE
St Aok F i BFT 40 M ABFT 4l i i FFRAE /K
1A 41 B BE 75 10 54 53 25 2058 (OTU) K F- #E 47 1
fiti o 1L 3T Bray-Curtis B 258020017 3 50
Mr(PCoA), WK 2, BFT 41l ABFT 4 %5t /K 855
RAEAE T ARARAH [F] A0 07 ', {89 2 i 1 40 R AR
A S T AR AR IS [R5, 32 B U8 Bk 17 3 1k Ak
Vs A I 2 25 5(P<0.05)

PCoA on OTU level
R=0.9167, P=0.001

0.6

| ® WBFT
WABFT
‘b ® ® GBFT
04} . ® GABFT

]
|

So2 |

x© ]

2 |

@ |

3) 1

A OF----------- e el i e R
]
| °

L |
]
-0.2 : Py

]
]
]
]

0.4 1 1 1 1 1 1 1 1 1 1
-04 -03-02-01 0 01 02 03 04 05 06 0.7
PC1 (48.54%)
K2 F s A e o BT
BFT 41: ffLEI YR 4 ; ABFT 41: SG A SR B R A
2H; CW 41: Wi7K#oK4l. WBFT #l WABFT 43512 BFT 41
ABFT 4UK{A#EA; GBFT Ml GABFT 4350 BFT 411 ABFT
HIGIEREA.
Fig.2 PCoA flora analysis
BFT group: nitrifying biofloc group; ABFT group:
auto-photosynthetic biofloc group; CW group: clean water

group. WBFT and WABFT are water samples of group BFT and

ABFT respectively; GBFT and GABFT are gut samples of
group BFT and ABFT respectively.

2.6 JK{RFNRERBAE Y B R AN S

TR K AR F e 55K iz 18 ke 0 21 ) A A R
mE 3 P, KBS, FEITKF b, 2B H ]
(Proteobacteria) . £¢#5 1| J(Chloroflexi) . H{Zk ]
(Actinobacteriota) Fll #A #T & | ] (Bacteroidota) 42 7~ iff
¢ BFT #l ABFT 4P il RN )26 TEJ@ K

- I, BFT R H 2 B4 1 & (Caldilineaceae) .
i X B B (Nakamurella) F1 JG30-KF-CM45;
ABFT ZH e an e 2 e e i Jm, PR Qs
NI 1R J& (Rhizobiales  Incertae_Sedis) .

ek izmiE h, EITKF B, CW A3 A
IR T IRAT BT, BFT 4I0L 4B RE AR
FIMZSTE 1], ABFT ALOUH R N A2 T8 B 1A
#:1](Cyanobacteria), 7EJ@7/KF L, CW 41 F 24
P N MR R R B M norank_f JG30-KF-
CM45., BFT 40 5 BiFF i J& (Mycobacterium) . 1R
o8 B R A B M norank f JG30-KF-CM45
ABFT 4 RS Sl 1R )& (deromonas) .
2.7 KEMPBEMEDEEZERESWN

s 4, ©EWSHTRY], Kikrh BFT 2F0
ABFT WHTEIKF B PLAFPREBA B 2= 57
(P>0.05), J@/KF LT 15 M Wb, CERHE
J& (Lewinella), 5 Il J& (Oligoflexus), 112K &
(Rhodoacteraceae): BFT 1 ABFT 4 2 A {1 i
FEHM 22 5(P<0.05),

faiE, I'17KF L, BFT 4148 CW 4181 ABFT
4, BT B N T (P<0.05); CW 41
1 BFT 41% ABFT 4, 2% Wi ](planctomycetota)
B = B 2 B (P<0.05), JE/KF |, ABFT 415
BFT Z1F1 CW ZAH L, R s A -F B 25 0
fn(P<0.05); BFT it JG30-KF-CM45, T#iEHRH
RHE (norank_f Gemmatacee), Wi HFAH &
(norank_f Caldilineaceae), Pl I F| Bk H &
(Amaricoccus), ¥ B AR HJE (unclassified f
Xanthobacteraceae), E.¥T # J& (Bauldia) M norank
f_norank o 0319-6G20 [ =1 i EHE N (P<0.05).

3 i

3.1 BFT #1 ABFT % 34 7K /& 9 22 i
AWFFE ., LR BFT REGEAEHE AR
ABFT RGHAHKAEP A . WA AL
K, X5 REEAE X BET 258K 2846 B #F 5T
K20 [y, ABFT 2H#¢ BFT ZHAR AN T
40.93%MFHEREL TN 37.47%MBERR &, JRIRNTE T
ABFT RS HrsL =AM UL A P B IR R
AR/ NERBEAE B SRR A o A S FE i 2 B
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%510 3 AT RS AARAVRDGA B FRBUAE W) B GRS S L 0 B R RN K AT AR R T A5 1) 5 T
W AT TBacteroidota JEEEB [ JFirmicutes norank_f _Rhizobiales_Incertae_Sedis mEAh o T

GABFT

W iR T Actinobacteriota W F& [ TPlanctomycetota W BB AL KB norank_f_Caldilineaceae I norank_f__JG30-KF-CM45
W %51 I Chloroflexi W %3 ]Bdellovibrionota LFFRRR AR W EFTH)R Flavobacterium
‘ll‘oﬁ_ﬁﬂﬁ: “JCyanobacteria Wﬁr—lmﬁ ospir ota_ - Qﬁjﬂ:ﬁz‘}% M_y:;ba’c t;ﬁum aceae W RZEFTFH# )& Haliscomenobacter
- . bio
° 2
ﬂgsw- RELosf
nEE g
B £ Z06] BE &
8 o, 'H+ =] 06 [
g < § 86 g
Z g 804r X EEo04f
N o g 15 g |——
=g BET
Q
&502r SZoat
<
0 WCW WBFT WABFT GCW GBFT GABFT ¢ WCW  WBFT WABFT GCW  GBFT
44 group 43¢H group
B3 1K (a) FRJE 7K ST (b) S AE W 3 o R 5]

BFT 4H: ffbT A W88 20 ; ABFT 4H: St H IR 4, CW 4H: 5 /K3/K2H. WCW . WBFT Fil WABFT 43 5 CW 4 .

BFT 41#l ABFT /K {A#E4; GCW. GBFT #l GABFT 43| CW 41, BFT 411 ABFT 41/t kEAs.
Fig. 3 Microbiome histogram on phylum level (a) and genus level (b)

BFT group: nitrifying biofloc group; ABFT group: auto-photosynthetic biofloc group; CW group: clean water group. WCW, WBFT

and WABFT are water samples of group CW, BFT and ABFT respectively; GCW,
GBFT and GABFT are gut samples of group CW, BFT and ABFT respectively.

JINER B R M i (Tetradesmus  obliquus) %) F 1.
I AR K FRFE K (B AR FRFE BN 17 kg/m)
RS R R AR R R A B R BR R, R
78%. 80%F1 97%. 99%!'%), Fah, Tk el
WIR R, R ABFT REGEiT)EH, T
RRBEICT R 18 ) it 2 8P R 32 5
TRIBEAL o A S0 S5 JE 01 N i oA Hh B 2R K
BT, J 2 i 5 B ] 0 0B i s 30K 5 i 5 v
A ek — 20 5E

FV SR B Y 2B AR 2 rh AT TR S Ak B 1)
SRR, RSB SRR R SiE T 20 d J5, BFT 41
FV s Hl FVs i EE T ABFT 4 (& 1), A HXEHF
55 %W, ABFT RGiMAE Nk an) 284, 3
KW ABFT R4 E S0 I H R
IR PR FR S B, (R A R i R AE
DURERT ) X ARSI B ST 45 SRAAT . Hargreaves!™
#E4E BFT F AR R G PIEH FVyo B 25~50
mL/L; Pérez-Fuentes 25T IAN, 1ELAEIL R 3
) BFT F2E R G2 FV3o 4 20~75 mL/L s A] DL SE
IS ACVER, AR08 BFT 43558 FVa
1 50~60 mL/L, 2 &AW A A A B 5 b i o
3.2 BFT #0 ABFT Z[HFE 5= 4H K &5 X ife ik
EKHI M

Gogoi 2P 1L MEUife e oAy B — 2R P IR ol & AT

35%HH 2 F W FEDREXT 25 Je Bik(Botia dario) KA
B I A fE HEA5CR A SC B, BFT 4181 ABFT 4128
TR 12 4331 4(36.69+1.17)%F1(40.20+1.05)%,
KB R R B (A KT, ABFT 4188 HF
LG 5 & & .5 T BFT 4121 (P<0.05), #il
VNI /INER T DA g A W 22 AT R oR AR T I
Martins 25 POBFFEUAIE 52 T 78 48 W L W b R
] LU &L A HoR I G 5 A, Gao 251
A ) A 4 2R A Hp ok 30 38 2 BT B 0 TR 3 i A
RG] AN A0 RN Ak, (ol A5 1 M e o o AR
BRI B R R, X LIS S AT ST 45 R AH T
HAr, DA HE x5 0 A 2R T 35 G F 5%
BRI A2 NETFAERE, EYEHEY
A f1 37 i AT RS B A 1R R R AR (411 %~
58.9%)P4 . Avnimelech 2535 iof [F v 7R 155 & IR
AR R ] MR EEZS 200 mg/L 94 P 22 A
RGP HEUA 242 mg/kg (FH4 T AR 1.56 g
FEATMHEE A, Y TP IR0 IE &R
AR 25%. ASCE N, BFT 4Af ABFT
HEEKBAT CW HATA T 37.5%M kR, T
A A R A P 2R A E AT T AR
T LRy, RSB T 343 3 B AR & 1Y
TR AR, HAE SRR 45 S, BFT 4181 CW
IR B A BEMEES ., Castro ZEOTEXS
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K %30 %

T 1 By WilcoxonBR A AR IEl 95% B 5 X [A]

wilcoxon rank-sum test bar 95% confidence ™ BET
plot on phylum level intervals u ABFT
I E 1] Proteobacteria [ NG — % 05959
#3:25551] Chloroflexi NG Lo 05959
TR BT Actinobacteriota [ NG —e 1.0000
4T E ] Bacteroidota [l — 0.05183
TEHE ] Cyanobacteria | " —e— 0.05183
YEEZ 1] Planctomycetota [l o= 0.8597
WALAZ T ] Nitrospirota [ o 0.05183
FRFFE ] Acidobacteriota [ < 0.3768
3N ] Bdellovibrionota | e 005183
PEME] Verrucomicrobiota [ e 0.3768
ZEFIH ] Gemmatimonadota [! < 0.05183
BB 4N ] Patescibacteria | ‘ 0.1116
KB 1T Myxococcota ! e 0.05183
R ] unclassified k_norank d_ Bacteria | ® 0.2159
it #8851 ERE ] Deinococcota I . . . N |0.3768
0 10 20 30 40-20-10 0 51015
5 /% HBi 2 2£1%
proportion difference between proportions
JRKF L HyWilcoxonBR AT KALRE 95%ERFIXME | pep
wilcoxon rank-sum test bar 95% confidence g ABFT
plot on genus level intervals
R MEESRLR VR norank_f _Caldilineaceae | = 0.05183
A R B Nakamurella | . 1.0000
HEEBIRHAR norank_f _Rhizobiales_Incertae_Sedis . o 0.8597
norank_f__A4D |Jje— P 0.05183
norank_f JG30-KF-CM45 ™ o 0.1116
norank_f _norank_o__Chloroplast {p . 0.05183
SWB02 g™ - 0.05183
XREIR Lewinella Mum— — et *0.0436 &
TEALIZBER B Nitrospira [ o 0.05183
SHEAT R Mycobacterium [ H 0.5959
HTYNETE R Novosphingobiym [ —et 0.1116
ZT40 )8 Rhodobacter [am o 0.1116
oLB12 |k ° 0.3768
FEHHE R Oligoflexus te- 0.04975
LI REBI RSB unclassified f Rhodobacteraceae l 1 1 1 1 . !l . 0.04975
0 5 10 15 20 25-10 0 5101520
7 /% LBl Z 2/%
proportion difference between proportions B CW
BT 20 4 B One-way ANOVA bar plot : RIETF T
AFJE B ] Proteobacteria 0.1093
JHERHE ] Actinobacteriota *0.01099
£RZ5H 1] Chloroflexi 0.05588
AT ] Bacteroidota 0.2438
S4B ] Cyanobacteria 0.1626 =~
JEEEH ] Firmicutes 0.6038

& H ] Planctomycetota *** (.0006653

(%17 Verrucomicrobiota 0.06519
#EYREE ] Bdellovibrionota *0.04242
E ECHF ] Patescibacteria 0.1341

0 10 20 30 40 50 60 70 80
SEH4 /% mean proportion
(f§%E to be continued)
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AT IS AALBYRDEE A 9 B AR Yy 2R A X DR BR AR | ol TR R IR ARl A P R 2 H A 52 ) 1197

d BT 7 2557 5% JZ El One-way ANOVA bar plot

S HIE)R Aeromonas

norank_f _JG30-KF-CM45

BIFHAERL R AIE norank_f _Gemmataceae

IR RHE norank_f _Caldilineaceae
KIFAABI AR unclassified o Chlamydiales
418K & Rhodococcus

W DI ER )@ Amaricoccus

FHFERIR AR unclassified f _Xanthobacteraceae
B4R Bauldia

norank_f _norank_o__0319-6G20

(2281 4 Fig. 4 continued)
u CW

® BFT

B ABFT

* 0.04146
*0.04831
**0.002069
* 0.01008
*0.01023
*0.0397
* 0.0354
*0.04392
* 0.02978

*0.04981

0 5 10 15 20 25 30 35 40 45 50 55 60 65

SE-#4 /% mean proportion

Kl 4 ORAOESREAE T 1KY () TR 7K P L 9 1 38 22 500 M (b) LS 18 BRTREAE 117K (o) R 7P (d) L A Sk 35 22 53
BFT 4 fHfLIA M) 5 M4 ABFT 24 ey A SR B W SR T4 CW 4 KK AL 35 PR (P<0.05) HI* 3.
Fig. 4 The significant difference analysis of dominant flora in water at phylum level (a) and genus level (b) and significant
difference analysis of gut flora at phylum level (c) and genus level (d)
BFT Group: nitrifying biofloc group; ABFT group: anto-photosynthetic biofloc group;
CW group clean water group; significance (P<0.05) indicated by *.

¥R BFT FR58 28025 A5 Ay, bRk st iR A K i
BIRTHCRMIT 90%, HAARKITHETAYEZR
WS =06 . JF H, 78 BFT M1 ABFT &4+, &
FRANTA . %0 B RN AR 0] LAAR S b W A £k
P AR | S LA K SR Bl g HE T A 1 S R
Al SR, U g R AT A A R R A R 52
452 67.4%~75.5% 4 7K 5 ik B A B2

AR S0 Xof T 2 22 AL 5 A v A R R A
N, B R RER A KIr  ER  E k. A
WF5E45t, BFT #1 ABFT R4 £ MR L0 FH &
LR A W R AS BE 58 4T L R X R0 R T
RUDPL g, S mpg g sNE, &%
HOCHEE FRIBAART S, AL T
AR BB IR =, T E R A R AR,
X EOSL I AL RIS SR A AZ B, R A K R
T4 Jo il AR T X R ZH (P<0.05) o T LA b 77 4
e PSR S O BC A R HEAT, X5 Poli 4504
1 Avnimelech 23158 i 45182501
3.3 BFT 71 ABFT ZHxtiREHHE L EEE R 200

ARSI, ABFT 21 7 H IR 85k 11 Je 2 1 e s i
il 37 1 ¥4 S 3R T D3 A4 (P<0.05), X AT RE S

ABFT 228 A b5 33 105 (B 1 B R AR 1D 7K F)
B A X . Adineh ZEWFSEIEA, BEF H LR (M 5R
TR 38NN, A 2R A JR G R B N S M 1 R
FBEE PR 28, Luo 250014 BFT JR7H R 4 (B
FENH AW 2R A ELAG B8 v S A X G A 1 Tl R OE A
B IE PR T o ASBFSE Y, A v A TS 1 (A5 I 8k
X AR 75 A RCR e s, TR R B AR, (454
Z AN AT AR TE R BTG PR AR M 5 T, X
Al RS AR AL T R B Ve SR FH R AR 4E O
3.4 BFT #1 ABFT £ F 4 = B 7% & 1 F0 X e 8k i%
EE AR

BFT R4t 553707 9 09 A5 1 28 VA v 44 o) R 25
Mo R R AR, (HIREERRE 1 LB B, 77
Wl BRI WAF T TR REE A T A
YyER ] REICN L R RER T, AR S, BET 4
ABFT 45258 J 1 4 TR B T 45 14 h (8 D0 35 T B A
IR A BN TE B ], HR & G 1R ] R
LW SRV W I A AR P A e
PERERY T otk Y, e B S
SR KA A B M RE 1P Tk w4l
PAARTE T 1] (48.48%) FIHELAT 1 1] (40.09%) Ay 415 #
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FhEE(E 3), Peiro-Alcantar ZEUOFFEIA R INA
R R A Y2 B 08 il 72, (EXF e
B B A B AR T A TR R VR A5 R A S . AR SC
H1 BFT 1 ABFT 21 34 FH42 b2 26 ) 22 AT 1) 7
A ECFRIE K, 4538 Bos M/ ek bt A
M) 5 4 I W Ae e AR Y B A AN A 1@ K 4548
FIE R, 5 Peiro-Alcantar 25O 45 5 — 3,

i3 T8 T4 A 40 R R 43 ) R 2 A 1 X £ 28 ) i
Z e d B AR S G S i X e 6K 1 T T R e o
P & B, BFT A1 ABFT 4+ 0 mia ik
Y2 EE R CW A/, Hd ABFT 418/ i
F(P<0.05), X 7] HE5 41028 B i AR W A
e Wy 38 HPRE R A T AR i A 1) B R A A
5. {H Dong 2 FLAh X IR SR BFT J758
S5 N N i B R (Platymonas)E4 N T X 8 i 8
FER D R 2 B A 2R, DT & T FRA % 4
(4 3% %, Huang ZMWURBESE SR, RGPk
0 BFT #5258 2R 48 th s /b 2 /NER e A RE 44 =y 379
XL WA RRER alpha ZFEME, X2 3E M50
B ARG R o, ASSE g R, B T A0 O IR R Al
PRSI, S8 ABFT 4 IRHRIE R TR, X
5 R ERAN, KW, L85 ABFT &
G /hERiE R EA K 2GS FEUCHE R 2
FEMEZ B2 A fy it — 2 IR ABESE .

AR B R R BRI —, i ME
YIREVE WX s fa i IR AR R . i e
BE | AR LI KA S B P i e
PR R SR REWMEY, HHAEE SN E
FEA TN G AN )RR 5 £ R B, 80 40 BT T
TEFRFE X G 38 g PO ARBFSE R, &4
M fg 38 S A A T 1K DL S TR R AR 2 AR TR TR T 13
AW, KT TAN R AR RIR KR R EAFAE, iR T
KA E Y ER 64%FIRKHT 40%4%; HIK,
1E BFT 2 YR ki A & B0 488 v = B Il 2 v 1) Ak
Y, XN RR T Al DR 2R EEAR I IE ), 18
AR AT S 0 2055 JFUAR (1) — G A 3 AP 55 o,
ABFT 845 T — e JC IR L, AR R e Bk i i
FRRTIN H—E FRE MR 1A, 78 Miranda-
Baeza ZFUMBEST R, 181 FRAEAK AR AN A
EREARY R A n B %, X e ] DU IR AR SE 5
ABFT A SHEAR A S % . 7EJ@ 7K 1, ABFT

AN s R R SRR R, A A B
0 2 3 v A R, 32 AN A R SO
P, £ ABFT 4Rk IE K& A7 7E 2 i e ki
R, ORI, 2 S BOZH VB IE
BARA T B R N 2 — . Yang U8V 0 ki i
W R B, FEfERErb kb 58 5+ FLA 8 (Lactobacillus
helveticus) 7] X e ik i 18 rh = H 0 B T8 A 0 A
IR, eV 2 e TR A AR = b nT DL D
PRREIRE B ILAh, 78 CW 411 BFT Ak iE
SOG4 v~ BE AR TR R A, TR, kAR
WA —E FENHEEE, ZEdw e 5
s DL AERRE, RS A, (Bfek
T O 37 5E PR 58 S 58 0 G2 g 38 v i A - A
DAS A W e i e i AN B, AT A R

4 Hig

25 TR, TERSAEE BFT FDGA 4 357 ABFT
A B R G R AT IR B TR A, 2 A R A
] DUAR G- g i K BT, Wb K IR RE 2K
SHBEEEFRME, U, MR
RE, DD TR AR R SR A T S PR, 4
IR MG L3 Pt AR i BFT Hl ABFT
RO REE I BRRE, 255 R 58N 575 e
Bk 18 SR I RETE 250 . UL, X PR A 2 A
I 5 7 AR AT LA A PR S R R A A R G
TR REFRAH AL, A ST ST 25 53 S 3. [ R o=
BN 5 55 SR AR 2R 4 A SR T B AR
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Abstract: Biofloc technology (BFT), which is a recirculating aquaculture system, can significantly enhance
nutrients and waste recycling. In addition, heterotrophic microorganisms in the BFT system can convert
nitrogenous waste and residual bait produced by the metabolism of the culture species into nutrients, thereby
reducing feed requirements. BFT systems are divided into three types based on the circulation of nitrogen:
chemoautotrophic, heterotrophic and photoautotrophic. Common bioflocs are mainly chemoautotrophic, and
control toxic nitrogen through nitrification. Additional sugars were supplemented to increase the C/N ratio to
synthesize the nitrogen source into the biomass through assimilation. The bioflocs of these two energy metabolic
pathways have been extensively studied. However, algae often play a prominent role in natural biofloc
communities that cannot be explained simply by chemoautotrophy and heterotrophy. Algae absorb CO, through
photosynthesis to produce O, and organic matter that can be used by bacteria. Moreover, it can utilize nitrate
produced by nitrite-oxidizing bacteria as a nutritional substrate to support their growth. Loach (Misgurnus
anguillicaudatus) is an important freshwater species farmed in China. Traditional loach breeding techniques
include pond, paddy, and cage farming. However, these farming methods rely on a substantial quantity of water to
manage nitrogen-containing waste in the water body, which places great pressure on the environment and hinders
the sustainable, eco-friendly development of aquaculture. To understand the breeding effects of nitrification and
photoautotrophic bioflocs as compensatory nutrients, loach was grown in two types of bioflocs for 45 days.
Growth performance, digestive enzyme activity, community structure of the water column, as well as gut
microbiome and nutritional composition of the two types of flocs were compared. Nitrification and
photoautotrophic groups significantly reduced the feed conversion rate compared with the clear water group.
Meanwhile, the ABFT group exhibited an enhanced absorption of nitrate (40.93%) and phosphate (37.47%),
compared with the BFT group. No significant differences was observed in feed conversion and specific growth
rates, or mean final weight between the two groups. The mean final weight of both groups was reduced by 10%
and no significant difference was observed in the final density of the nitrification group compared to that of the
clear-water group. Nitrification and photoautotrophic bioflocs could provide 36.69+1.17% and 40.20+£1.05% of
crude protein, respectively. Photoautotrophic bioflocs increased crude fat content and promoted the conversion of
saturated to unsaturated fatty acids. The higher protein and crude fat contents of the photoautotrophic group
promoted the activity of trypsin and lipase in this group of loaches. Microbial community analysis showed that the
addition of algae had no significant effect on the alpha diversity index of mature bioflocs at the phylum or genus
level. The ingestion of bioflocs by loaches resulted in a significant decrease in the sobs index of the intestinal flora.
The dominant intestinal flora in the nitrification group were Proteobacteria, Actinobacteria, and Chloroflexi, and
those in the photoautotrophic groups were Proteobacteria and Cyanobacteria. Increased concentrations of
Aeromonas were observed in the ABFT group at the genus level. The high abundance of Aeromonas may have
disrupted the balance of the intestinal flora of loaches in the ABFT group, leading to a lower survival rate.
Additionally, the bacterial flora detected in both the water and gut reflected the influence of bioflocs on the gut
health of the loaches. By substituting a portion of the feed with nitrification and photoautotrophic biofloc, it is
possible to partly reduce the feed and most of the water treatment costs, which in turn, lowers the feed conversion
rate. Therefore, both types of flocs demonstrate practical value in the breeding of specific species such as loaches.
This study establishes a theoretical basis for advancing the integration of specialized aquatic products with
innovative farming models.
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