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(1. B Ry B SR TREORBEFE b, B 2013065 2. EHgHEAERSE AOPAR IR K 7K™ Fh 5 58 5
MEEERE, B 2013065 3. JaldbARl R WEEAERE TAL R 28 066000 )

W OE: O TSR SR IR B A W) SR IR R G IR A RCR AR AL A R TR iR o P AR L (GIFT
Oreochromis niloticus ) jj# 51 d, FWAEHFTE 2 AF i AL KRR ARRr S L SR BT A ST AT 1 7K A B g T
WA RIS 451 o SR WK, WA 2 AR 0 0 S SR R T B 2k 2 i S e L P AR i AR e e P fe g
BTV 2 TSR o A AL B ARl TE R TE R BE RO AR DT B TS VRS A T R A, R M L
T . BRI E A LEET S R OEET 1B IE T ] ( Proteobacteria) (L T[] ( Actinobacteria ) |
£85I ] ( Chloroflexi) | JFEEEF ] ( Firmicutes ) FIAJFUA ] ( Chlamydiae ) , H AR T 1 1] 2 25 41 v e £ 29
Rfo AHAL BLK b oy LU Al 4 DR T D 28I W 1), & 4 BT, K & 1) ( Bacteroidetes ) , ¥ %5 16 ']
(Planctomycetes ) ; 577 BUKH (5 LR 4 AIEHT TN ARTE TR 1T, S 258 1, AT 1T, iR TE 1o 20 B 18 s
( Mycobacterium ) 32 /K AR FN 718 v e =B P AE BUR 7, 1 Diploricketisiaceae F145 2 B J& ( Plesiomonas ) 1%
FEERUARIKF o KA F 1 H B2 B ( Clostridium ) AP A TEAE S0 T A1 <A M 8 (Aeromonas) | BAT 14 )&

(Flavobacterium ) 35 /K V- A RUZH M i T 5 7 441

5 2 AR R AR T R K ATl A R 7 2

FA X EEAS SR A B SR A ) 2R P S A ) 2 A f 4l 1 G R B
R : LW PR MY ARRE SRR THALHE

hESHES: S965.125 CHRPRAERD: A

B (tilapia) 2 B AR 29 (L SR FH 10 32
ZLE R, B AE 4 EK 100 24~ B R A X 17 5%
B EK R R B A R AT . Ak
YR A SR A 2 oK 7= SR B A T AR A5 R B R ] Fp
K IEIFRFHAL

SEFRI A W) 2L AR 45 3 1o 1) KA RS I
A A BB TR, JH 45 55 5E K 58 B Bk A& b (C/
N) RO AR B SR AFAE I S 32 R I AR iR
A BN TR AT LR AR B 0 e R AR i 2 4
1A T & ZAL G WAL o] ha R A= 1 22 5
Wy, AR AR W S T R G R B I A Y
Il I C/N & M Yk A= 22 A vl LIS 3 A
FER AT A 2 A RAY %) Ak 8 A

Wim B EA: 2021-04-24 f&EIBHA: 2021-09-27

S TE B A Wy 8 A L9 B X R ( Litopenaeus
vannamei ) F7 58 1R P ) K A AR AR D I 52 00
RARFREE BESE T AR WAL TR AR 22 P b S 5 L
YA X HE Y K BT A A KOIR B0, MOHAMMADI
SRS T S IR R AR ) S AT I 25 A R
BFRFE AR BT A K PERE R R 152, LA b2y
HIWEIE 2 SR H A Ak B RN S S AL AR ) 4R A T
FrFE Ik R rh i 7K BT U Bl AN 5 BE A 0 A KM
RS2 MR , TR T 7 Ao 288 B 1) 2 ) 28 AL Xk 3 4 A
YA AR AL W 38 R AR GICAE P 1 6T B F 5 84
o RIIE Y BAT SR E IR B
G i TE RGN G A PP A BT R A S5 T RE
TETG B R IEE B VRS A 265

EEUE: RilpdiRhdioRZE A 3 B H (19DZ2284300 ) ; ol A s il it BOE FLR B8 Bt H (1250604 ) 5 11648 T AT &2

%75 H (20326701D)

TEB BT KB (1995—) 3 L AFE A, BFFE 07 1] /K7 FREE TG Y45 . E-mail :1246100979@ qq. com
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PEATH R

ARSI H AT X LA A B A S 3R T AR W)
ENCIPS I B WO RSN | B R K ERE o NN S L2 1= 7]
LRSS TR 4 Ay 28 P v 2 AL £ 0 3 T W Y
S, DU NP R B Bl 5 2 A R 4l £ 3R B
IDEEt7/E JLiliU it

1 Me5I5k

1.1 FERZERFERRE

KKK 6 A~ 100 L i 53R , BUAK N B4R
46 cm, 4 60 cm, FEFHAFHN 70 L, 73 P45
B N ZHA H 2, Ho N A i gLk A
HEAGAE H IR0 A0 40 TR AR A A B A ) 2R AT SR
B RS0, H A A o B3 I 26 AR E S % A R X
AL R A AE Y R T R G, B 3 N E
=IO p G RE St 7/ B ik o/ N < I W (T 2E Sy N 2| 7B
IKWFE 6 1 5 37 50 B 18 A Y 08 45 Hh B2 i g
I A YR A, 2D I S PR URE ) (TSS) Mk
HF(75.2 £1.3)mg/L, HRAEIA RGE M AL )
R R G2 75% He B AR BB E , 715
AR I, 4E KR C/N R 15,

SRk AN TR R, N R
i AP AE, WIR TR R (3.50 £0.30) g, RRARK
F725 BB MR GREE R 1,25 keg/m’ . R4 K
M A5 KEEHLETES e, BRI R 5 MR AR AR I
AR A H PR, R R 5% R H
P, SE5G i FHARDEL R AR A T g — 4l
AR F) B R k) 7 S s R =
32.0% , HLIS i =2. 0% , HL4F 4k <8. 0% , ¥l K
r<12.0% ,55=2.0% ,0.6% < M <3.5% ,/K
3r<12.0% , %R =1. 4% (Fad ) ZEfL) .
FEANFEGE I (5] AN 98 7K AN AR 78 DR ERORE 28 k40 FE
(7K i LA GERE KA o
1.2 KERMERKMEBRNE T E

B2 R WIW 2 2505 #5 /K 5343 A
(Multi 3430, WTW , &[] ) I & pH | %5 fiff %0 Fl IR
FE o R IRER A AR AT I o B2 0 (TAN) |, N-
(1-Z53%) - OB EE B & NO, =N, 551030t
JEEEEE NO; -N,

SRS AE AT — K4S IR, BRI I SR R
FRFEAR 0 2 AR B SR T, A KR AR
MitEA:

S, =N/N x100 (1)

W= (W, =W,)/W, x100 (2)
F,=W,xN/V (3)

Sep = [ (InW, —=1InW,)/(1, —¢,) ] x 100 (4)
Fop =F/(WyN, =W, N,) (5)

Sy ABEE AR, % s Wen AR, % 5 F, ik
B kg/m” s S HAFEE KR, % /d;s Foy
HEEREGN, AR REG N, ABOREEG
A, SN SB 2R 1 RS 1 KW, AW,
SEHRAHE 1 RS G 1| RIEBIA T &, g5 F
HEEAS SRR B B AR AR, g5 V R FRGHAR Y
FEFHARMR AT, L,
1.3 #HFmHRE

ST AW (75 mg/mL) BRI, B F7FE AR
Hes e, NRERIK Rt 1.5 mL B4 Hise i
A PE & rp fE 4 CHYKAR D #FE 4 h J5,4 C
T 6 000 r/min B0 5 min, BUALTE . K G0R
JHFIE A i 38 25 T8I A 2K 59 W T, 0 3 4 O
-80 CkAHIRTF

FEASFRFEARI SO mL 7KFE, £85 0.22 wm TG
LIRSS , —80 CORAFE . B FRFHARIR
5 B An, i R N 75% 1Y B RGR fa
PR A R K sk B N AP A 2 mL
ITCH O, —80 CLRfF, LA RIEH T
W e O R R B SEH A YRR IR W i 4T
DNA 2 A
1.4 EEERNE

FH R B B W T AR5 BT 1) Ol P ol 1 il
( alkaline AKP ), W —
(malondialdehyde , MDA ) 45l 125 & I 52 1fin 5 #1
JHFFFE 18 33X 708 e O e o R A T T 1 0
i RAEYREA R A A SR, &
(protease, PTS) ,JEH it (amylase, AMS) , ig fijj it
. LPS) I (lysoryme . 1ZM) S35k
FH M (immunoglobulin M | IgM ), K Jfi F#E
(cortisol ) 5 >R HIAH I ) ELISA A6 375 £ A6 I
1.5 DNA FHRIEEENF

ffi Fl FastDNA® Spin Kit for Soil ( MP
Biomedicals, USA) DNA il $2 127 £ #% A i
BB IBORE P A0 T ) DNA (B B i 2 Dot
J# i1 ( NanoDrop2000, Thermo Fisher Scientific,
USA ) 5 $ BB R 4 75 DNA (183 BE FHZERE

PCR "1 16S rRNA (16S V3-V4 & 728 [X) fii
FHB05 14k 338F ( ACTCCTACGGGAGGCAGCAG)

phosphatase ,

(lipase
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Fl 806R ( GGACTACHVGGGTWTCTAAT) . 7] ff]
Mumina 2 5] Miseq PE300 & #E4710 77
1.6 £MERFESH

Ji 4 0 PP Trimmomatic {4 #E4T BT 4%,
JE 45 B 5 B BF $E 6E ] FLASH &% 4. i H]
UPARSE #¢ {4 ( version 7. 1 http://drive5. com/
uparse/ ) , 4% {8 97% FAALPE X IF 8 &2 5 51 k47
OTU %2&,{fi | UCHIME {4 5 Bk ix 5 14, 15 31
OTU 1. F 5., %3 RDP classifier DI i3 540 %
XF 97% ALK/ OTU R P 3047702501
Fr, 7E1 T (Phylum) , 49 ( Class) , J& ( Genus ) /K- |
Gt S HEARM B E YA A . /] ACE, Chao,
Sobs £l Shannon , Simpson 43 5| 3155 41 & BEVE ) o
ZHMMNFEE EMEZHE, {4 Bray-Curtis i
BETTERIRE AT T8 BE 2 0 MR A T SRS A0, A 2
FEARZHR IR o R — FHN R AE AR FIRRAE 1)
HEATHEY , e 2R RAEE, 811 Bray-Curtis
R B vk 3k 47 32 AR B 43 B ( Principal co-ordinates
analysis, PCoA 7387) o f#i F Lefse 4 ffr 22 S5
AR E R 22 5 BT W SR KR RE AN
JpiE rf LDA 50 53 B RN 3.5, Z4 AL
SRR N All-against-all ,
1.7 #iEAE

KM Excel BAFXTEHEIL B IH 98 11, Il
F GraphPad Prism 8 #FgEATRIZR A 1] . 5250
ZERBUE LI I + ARifE 22 (Mean + SD) fJE 20
PR, R SPSS 19. 0 G #R kAT B R Uy 22
J3H7 (One-Way ANOVA) , 22 51 B Z /K-y P <
0.05,

2SR5

2.1 FEKRHZL

WA 1a Fr/R, N 20 TAN JHE7ESS 3 Kk
FIEAH 1.43 mg/L, 7655 7 KFEF]0.019 mg/L, it
JEIRA AR AR R K F . H 41 TAN 7255 5 K%
K3 0.045 mg/L, N £ NO, -N 7E45 5 ik 3|
{EL, M6 5 Vi B — B4 R AR BARK O (B 1b)
NO, -N (R BETE A~ 3758 A 1 — 2 PR R 14k
S 1e) . PIHR) DO fREFAE 7. 82 mg/L LA |,
pH %5 7.64 ~8.32 JREEH23.7~26.7 C(#1),
2.2 ERKRR

N ZH A H 0y 2 AR B B 35 5
86.67% +0.02% #1188.00% =0.04% , JC I
Ze5t o MRRB(FCR) RIYJH (FW) (2R
JE(FD) JEE AR (WGR) FidsE 4 KA (SGR) Tt
BEEF(P>0.05), K2,
2.3 H{LIEER
2.3.1  JARFRp S S

HIe 3 W, HO2H % A #0109 il 3 v B o
(cortisol ) , 7 i i ( lysozyme , LZM ) , o ¥ BR 25 H
M ( immunoglobulin M, 1gM ), N & M % & i
(alanine aminotransferase, ALT) 3 i &5 T N 41
(P<0.05) . WL ILIE H G5 BR 1 ( alkaline
phosphatase, AKP)f77E &M 2Z R (P <0.05),
H A F R+ AKP 355 T N 4 29.60%
AR AR SR B2 P Ry & 3E £ BAT B e Y AR A
PG RE

&1 FEHE®EAHPEKEIERNEHE RMARKE

Tab.1 Mean, mini and max values of each water quality index in the two groups during the breeding period

JEF5 Index N 4 Group N H 2 Group H
pH 8.01 £0.17,7.64, 8.30 8.04 £0.15,7.73, 8.32
DO/ (mg/L) 8.25+0.18,7.91, 8.51 8.15+0.14,7.82, 8.32
T/°C 25.52 +£0.62,23.7, 26.7 25.57+£0.6,24.3, 26.6
TAN/ (mg/L) 0.14 £0.33,0.014, 1.43 0.11 £0.11,0.015, 0.153

NO; -N/(mg/L)
NO; -N/(mg/L)

0.06 +0.14,0, 0.726
38.19 £27.23",1.93, 83.30

0.07 £0.08,0, 0. 166
17.12 +14.06,1.74, 44.95

T FATEUE BV AR RN AR B35 22 5% (P <0.05) .

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

http: //www. shhydxxb. com
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R2 AMEARGTFEGHERER
Tab.2 Effects of BFT systems on growth performance of tilapia

251 IREES TR R AL AR I o LR HER FeEE KR
Group SR/% FCR FW/g FD/ (kg/m?) WGR/% SGR/%
N 44 Group N 86.67 +£0.02 1.76 +0.07 18.26 +0.90 5.66 £0.42 424.07 £50.93  3.31+0.19
H 21 Group H 88.00 £0.04 1.66 +0.06 18.68 £0.51 5.87+0.35 436.83 +57.88 3.35+0.21
2.0 ——N 1.0 ——N
——H 9 —=—H
-y o
85 1.5 g 08
2E 229
g%é é%g 0.6
BEE LO £852
lﬁz E X0 )
pra E’ o 'el + ":
a'g 0.5 =1 § '
gg g 0.2
SE 3
0 0 '
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
5t a] Time/d i) Time/d
(a) (b)
1.0 - N 150 - N
o —- H —H
+ : —
g 0.8 g
B ~S 100
252 0.6 s @
B> ¥ 8%
£2§ EE§
BEg 04 BE S
= g E §E 50
§ 0.2 8
0 0
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
B 1A Time/d Ff A Time/d
(c) (d)
Bl FEHBISRRE(a), PHEBEFRRE (D), MEBRIREKE (c) MAEIRE (d) HEITE
Fig.1 Dynamics of total ammonia nitrogen(a) , nitrite nitrogen(b) , nitrate nitrogen(c),
total nitrogen(d) throughout the culture period
=3 EYZEAFRERSZDTFEaNIEGFRERRE
Tab.3 Effects of BFT systems on non-specific immune related enzymes of tilapia
AL AR4E et B2 i Non-specific immune related enzymes
= ! e - Sk 2y o gpsy e .
Group T wINE LZM/ TR PER IR R AKP/ HREIRE T 1M/ NERR A ALT/ J BT Cortisol/
(U/L) (U/L) (ng/mL) (U/L) (pg/mL)
N 24 Group N 4.15 £0.23° 4.79 £0.23° 1646.32 +31.71*¢ 51.91 £0.13* 1272.99 +21.67¢
H 4 Group H 5.99 +0.41° 6.21 +0.39" 2 382.88 +146. 13" 72.52 £1.09" 1583.73 +8.22°

T TR LA A R 2R AR B35 25 5 (P <0.05)

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

2.3.2  WAREEE M2 (P <0.05), {H7E N 4Bkl e
ME4 M HAPEABHENEAR  KEE(amylase, AMS) FIi5 i (lipase, LPS) [
(protease, PTS) G T A 41 14.02% , 17 1£ & PEY B EE T HAH(P<0.05),

http: //www. shhydxxb. com
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(SR VNI B

31 &

*4 EYMEAFERETTIFENHLEERE
Tab.4 Effects of BFT systems on digestive
enzyme activity of tilapia

JHALES Digestive enzyme

Protease/ Amylase/ Lipase/
(U/mL) (IU/L) (U/L)
N 4] Group N 1462.99 £12.68% 252.23 +11.02°  523.32 +10.04*
HZH Group H 1667.95+2.84" 119.08 +6.19"  452.14 +8.45"

T [FATEE AR IR R 4R AAAE 3% 25 5% (P <0.05) .
Notes: Values in the same row with different superscripts are

significantly different (P <0.05).

2.3.3  PrAALEEEE

HIZE 5 TR, & 16 b S W JH U 19 470 4801k R
J1,H 4119 7L B & B ( lactate dehydrogenase,
LDH) , 3% £ iz Bl & i ( malate dehydrogenase,
MDH), B 1, 6 — # B& i ( fructose-1, 6-
diphosphatase , FDPase ), it Jii ¥4 2 bt H Jik
(reduced glutathione, GSH) /G & T A 4 (P <
0.05), H. H* FDPase, H #H & ¥ = F N
2H 50.39% , RGN ¥ ( malondialdehyde, MDA )

MEE NA®mT HA(P<0.05), Bk kit
H AP e TR Pt A fLge s F N 4 i
L |
2.4 KEFMFBEREDEE
2.4.1 JKFfHIEHAEET) Alpha ZAE4% 5 Hr

12 AN ST 9 S 46 e 91 28 ) 2 2% PR o
BRIG Bt A RIS — JL RIS A 50UF 41 293 928
%o fdi ] Uparse (vsesion 7. 1) B, X5 A 550F 41
FERE 97 % myAH L BE LR 2L 1 672 4~ OTUs,
Shannon $ %5 i B 119 41 TR B V% 2 K PR 7E K o
4.28 ~5.20 , {EMHIE Ny 3.53 ~3.61; T BLREYE
ZAEPE 1Y 48 2 Chao 7E 7K H 1935 [l 4 950. 5 ~
1 048.93, 76 % 18 HF 119 5 B 2y 432. 71 ~ 517. 89
(F£6), XLLERRNWEMEDNEEEMZ
FEVERREAR T A YR A 575K . N AP R {18
AN EE EREY R T H 4, KK H N
I FE IR KT H 4, e nT LA
FRFE K PRI I 1A W 0t SR 58 A2 0 1 B S AR
FEAE T —EFERE N

x5 AHEMEAFRERZHTEaNRAUEEGE

Tab.5 Effects of two BFT systems on antioxidant enzyme activity of tilapia

YA AL Antioxidant enzyme

H ] — ks
fief S g fif Joi (nmol./g i i ) B ne/g fif it ) MDA/ (nmol/g fif Jii &)
N 2 Group N 381.67 £11.21* 10 034.32 £9.19* 345.36 +13.25% 759.45 +4.49° 27.32 £1.08°
H 4 Group H 530.02 £3.94" 11 291.07 £176.31"  519.40 +16.52" 854.82 +21.80" 18.41 +0.39"

I FATEEE BV A RN A RAAAE R 5225 (P <0.05) .

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

%6

BEHEPREM S HEEST

Tab.6 Analysis of microbial community in each group

F 5 B8 8L Richness

ZHEMEFEEL Diversity

413 Group Ace Chao Sobs Shannon Simpson
GN 509.65 +26.5 517.89 +£26.35 427.33 +30. 66 3.53£0.25 0.08 +0.01
GH 439.94 £22.96 432.71 £23.64 364.67 +28.29 3.61 £0.25 0.06 £0.02
WN 1 027.69 +60. 45 1 048.93 +71.77 860.33 £53.82 5.20 +0.18 0.09 +0.02
WH 941.62 +6.21 950.50 +5.94 742.67 £3.79 4.28 +0.24 0.08 +0.01

TE: GN F1 GH 2512 N 41F0 H 4L TEREAS s WN FI WH 2351 K e AR
Notes: GN and GH are gut samples of group N and H respectively; WN and WH are water samples respectively.

2.4.2  FESLEIGZEYIRETE OTU BiE X R
i s N 4R H 203075 659 OTU %43 %1
1197 F1 1070 />, FRFEK A H N Z1F1 H 413k
514 OTU %4413k 713 F1 579 4~, N 41738
A1y OTU %4 115 4>, 5 N 4l iE OTU %511
21.8% ,H i A1) OTU Hk 59 4,5 HA

http: //www. shhydxxb. com

3B OTU %411 10.2% . N 41 rp izl 5 K k44
i) OTU %0k 67 4>, i N 21738 OTU (19 9.4%
H 2 il 5 KRG () OTU %k 54 4, 5 H
Ml OTU B9 9. 3% ,N 41 rp iz i F K ikt
) OTU K+ H 4 vp i i MK (3645 1 OTU
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Venn

®WN
®WH
®GN

GH

1500
1000
713
500 579
0
WN WH GN GH

2 f3iE(GNf1GH)#n
Kk (WN F1 WH) #AH £ B E
Fig.2 Venn diagram of gut( GN and GH)
and water (WN and WH) samples

2.4.3  PRRIRAEIAEE HR K Az IE N R 0 22 5

T 248 T G o B R LA T N 3R AR K
PR TE BE AR 254 . 38 3 B T Bray-Curtis J
BSLIEAT B ABR A BT (PCoA ), W&l 3, T LR
HH SR K IR 58 R T8 20 B T A 0 ) SR AR B 2 Ak
BN R A7 B, ¢ B i £ 780 A 4 22 A /K b o S 35
TR A Wy 2R 1A K o 240 TR 00 40 WA, E A ] 1Y)
FEFHAEE R, B R A0 8 U R Lt BT
%153

PCoA on OTU level
R=0. 657 4, P=0. 001

-
0.4 A
i o N
AVHL s Gi
0.2} GH3
_ CH2
= GHI
\C'Nj 0
N WN2
(&)
=9 ..'
wNT WN3
0.2 oNl
¢
GN2 , GN3
0.4 o
0.4 0.2 0 0.2 0.4

PC1 (26. 99%)

B3 ERIRBEMEESN

Fig.3 PCoA microbial community analysis

2.4.4 WUEWRERA ST

Nl Kb o R 4 AR T T BB TE T,
SR AT IR ] H KRS
B 4 BLRAT TR T, e 2w 1), SUAF iR,
ERHT . ZAE g iE & HEr S sIes 1l
AIET T, R T ], SRR ], JEBE R, A
il BIRWET RS R EENEE(E4) .,

TEIKF BN R A rp S 8 5 Ol S i 2
& WA B A ( Bacteroidia ), o £ H 44
( Alphaproteobacteria ) , R 4848 # 44 ( Anaerolineae ) ,
v-Z5FE T #W ( Gammaproteobacteria ) , § - 7% JE [ 4
( Deltaproteobacteria) , H 417K & # £ B 5 FL R 5
I - T T AN, U T 49, Tk T 40, IR 4 4
WA, y-"LIEEN(E 4) o
2.4.5 YIFhES T

LEfSe 5% FHZ A 51l 73 A vl LA 3 42 14 12 2%
PEZESRIZERE . LDA F5I A A B 3.5, 76
N 02 R g 1A 77 22 S AR A 3 Fhn : JB A N
W& ( Desulfovibrio) , B 5 5 ) ( Chitinophagaceae ) ,
ik R IR (Nocardioides ) 75 H 20 % £ ) 18 A
TEZE AR 26 Fh N : Micropruina (J&/KF) , N
i #F H ( Propionibacteriales ), 7§ g ¥ # B
B Bt
( Nakamurellaceae ), Nakamurelle ( J& /K ),
Frankiales ( H7K ) %%, LDA 51538 -6 5 {H A
3.5, 76 N HIRFK I AFAEZE S AT A 43 i, 151]
an R 4R 28 49 ( Anaerolineae ) , v £ B 4N
i Bl
( Caldilineaceae) , B #7 [# H ( Caldilineales ) , §-25 &
20 ( Deltaproteobacteria ) 45 ; H 2H FR 58 7K P 7E 25
S E A 17 # Geminicoccaceae ( B} /K ),
Candidatus _Alysiosphaera ( J& /K ) , 5. 5 Ik /& H
(Tistrellales) , o-Z5 T 74X ( Alphaproteobacteria) , i
2141 ( Actinobacteria ) , i 2% # 24 ( Actinobacteria )
SE(ES5) .
2.4.6  JKARFZIE VST I B

T ORI KRR E B R R I 25
OISR & (Mycobacterium ) J& /K PRI 18 H i 32
FVETEEUR A o Diplorickettsiaceae FNVAR A &
( Plesiomonas ) TE/KAAFN 7 18 PR FFTE R AR K-
TETEBU B BR AR B8 ( Clostridium ) SM AR TIN5
%@ (Aeromonas ) , ¥ #1 i J& ( Flavobacterium ) 55
7 RS TERR E TE 2R S R KE N Y

Propionibacteriaceae , bl A

( Gammaproteobacteria ), &
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RT KNBEFHEBEERRE

Tab.7 Potential pathogenic bacteria in water and intestines
KA Water WiE Gut
HL] Group WA WB GA GB

W& Clostridium 4.00 =1.00* 7.00 =1.00" 15.00 £2.65° 216.33 £12.01"
ST E Aeromonas 17.33 +1.53° 3.67 £1.15" 10.67 £1.15° 1.00 £1.00"
Diplorickettsiaceae 3.00 +£1.00* ob 2.33+1.53 1.67 £0.58
WAFE B Flavobacterium 100. 67 £30.75* 33.67 £4.16" 1.67 £0.58° 0.33 £0.58"
SRR Mycobacterium 480.33 +23.50° 395.67 +10.02" 1572.67 +44.6° 1319.00 +58. 64"
LRBANIBE R Plesiomonas 14.00 +1.00° 0.33 +0.58" 5.33+0.58 5.67 £2.89
B 8 Pseudomonas 18.33 £4.93° 4.67 +2.08" 14.67 +4.04° 1.67 +1.53"
WP Roseomonas 16.67 +5.51* 6.33 £1.53" 15.67 +3.06° 1.00 £1.00"

T AR _ EAR A RIFOR A A R 25 5% (P <0.05) ¢

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

<\

mm a:g Cellulosilyticum mm p:g Nakamurella
mm b:g Desulfovibrio mm q:0_ Propionibacteriales
mm c:0 Aeromonadales mm r:f Propionibacteriaceae
mm d:g Nordella mm s:g Micropruina
o mm e:f Kaistiaceae = t:0 PeM15
mm f:g Kaistia mm u:f norank o PeMl15
mm g:0_Rhodobacterales mm v:g norank_f norank_o_PeM15
mm h:f Rhodobacteraceae mm w:g Candidatus_Protochlamydia

mm i:g Roseobacter dlade CHAB-1-5_lineage mm x: o_Chthoniobacterales

M) e A\ e \ A mm j:g unclassified f Rhodobacteraceae mm y:f Xiphinematobacteraceae
o )/// ORI \ S \ > mm k:o Holosporales mm z:g Candidatus _Xiphinematobacter
% / X \ \\\\\\\\\& e \\\\ ¥ mm 1:f Holosporaceae mm al:p Patescibacteria
q // 77 | I/I “| LR mm m:g_norank_f Holosporaceae == bl:c_Saccharimonadia
b // 2 NN \\\\ ; == 10 Frankiales == c1:0 Saccharimonadales
% //////////// // // ” i m\\\\\\\\\\\\\\\ Vo % mm o:f Nakamurel laceae
J "'M-./.,. ,m SO O° N
(a) i Gut
Cladogram
mma:p Firmicutes mm dl:0 norank c Nitrospira
mb:c Bacilli mm el:f norank o norank c Nitrospira
mmc:o Bacillales mm f1:g Nitrospira
m d:f Bacillaceae mm gl:p Actinobacteria
mme:g Bacillus mm hl:c Actinobacteria
mu f:c_Deltaproteobacteria mm il:0 Frankiales
mmg:o Oligoflexales mm jl:f Nakamurellaceae
mh:f 0319-6G20 mm k1:g Nakamurella
== i:g norank f 0319-6G20 mm 11:0 Propionibacteriales
== j:o PB19 mmml:f Propionibacteriaceae
muk:f norank o PB19 mm nl:g Micropruina
mm 1:g norank f norank o PBI19 mm ol:p Dependentiae
mm m: c_Gammaproteobacteria wm pl:c Babeliae
mun:o Betaproteobacteriales mm gl:0 _Babeliales
wm o: f Burkholderiaceae wm r1:f UBA12409
mmp:g unclassified f Burkholderiaceae  mwm sl:g norank f UBA12409
mm q:c_Alphaproteobacteria mm t1:0 Flavobacteriales
mm r:0_Rhizobiales mm ul:f NS9 marine group
mn s:f Methyloligellaceae wm vl:g norank t_NS9 marine_group
mm t:0 Caulobacterales mm wl:f Chitinophagaceae
mm u: f_Hyphomonadaceae mm x1:g norank f Chitinophagaceae
muv:g SWB02 mm yl:0 Chthoniobacterales
my:g Hirschia mm z1:f Xiphinematobacteraceae
mm x:g unclassified f Rhodobacteraceae wm a2:g Candidatus Xiphinematobacter
my:o Tistrellales mm b2:c_Anaerolineae
mm z:f Geminicoccaceae mm c2:0_Caldilineales
mmal:g Candidatus Alysiosphaera mm d2:f Caldilineaceae
mubl:p Nitrospirae mm e2:g norank f Caldilineaceae
mmcl:c Nitrospira mm f2:g norank f Roseiflexaceae
(b) /&K Water

AN IRV 5 RS A% O 2L o S 35 R A, EL XS 4[] 28 53477 0 35 50 W) B0 2B 2 5 R (0 R R AR R ) 23 2 mh 1 T 3 2
S, BN ] 22 57 J0 35 R I B DR IR R

Nodes with different colors indicate microbial groups that are significantly enriched in the corresponding groups and have a significant impact on
differences between groups; light yellow nodes indicate microbial groups that have no significant differences in different groups or have no

significant impact on differences between groups.

5 Lefse Z M E FFIH 54

Fig.5 Discriminant analysis of Lefse multi-level species

3 e KF. 50 % 3 B OTAN [ v B K P 5
e EMERENCIANO % 4R 38 11 0. 01 ~ 1. 13 mg/L

3.1 FMEBAMERARSNKRMTIEEE  HAMLUE, B BR ESZEYH N BT
KRR RN TAN F1 NO, -N [ FL 22, WL BH /K H | F% A Ak 40 o8
HKAETE T EH RS AR E  TREAEDIREMIE S I, ok PO A A 5 & Ak
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G, €7 d N, H 4] TAN F1 NO, -N #p ] DLtk
TR B AR KT, 31X AT BE 2 PR A B YR 14 i A i
1R KA R L, {75 55 5 A R R R A, A
TR AR RAL A e AL e e

AVNIMELECH"" BF 5% % WL, £E ¥y 22 141 v i
FRAYI AT L R B R Y S R R BN &
P, e g R A B T H R Y 50% . 3%
2 ATLLE Y H 2L S 5%, TR R B R B
KRB R A KR T N 41, X
& TR S AR 2E T 5 73 TR A K & B0, 8
WA BURRIE A& B H B AR B L R A
PEHP L BT A AR R B AR TR OB
IR AEY R ERRHED SRR
34.38% BAKHSHI 2 5 £ 4y 82 1] 55 5 4 ) 3ok
FE AR I RGeS, (4R T Y R L)
TELERCAR AR R AR AR iy 8 A R A /N
¥ B AR, A B 2R A A 2R I G R AR LR
TUWKA, TP EmEARErEaZe, il LA L
R A R AR D &, 15 AR Y 2R A SR 2
IS Tz R R R R T (R
PEta2) M2 s ™ (R bk ) M SR B R
= C/N HARE R F a2k K, AR5
ST SRR AR B TS L B4, Hop S5 57
RUZH ) S BT ORL ) VR B v T AL LA, AT DA
A% R fa 0] DA b £ A A 22 A
3.2 AMARAYMEFARSXNTIEALIEINGE
A

ARG v S 5 R 4H B AR £ 45 30 A B AR
i AL AL B 2 R £, 3K AT R 2 S 9 T AR T 2R
P v 14 T 4R 25 F R R 2B 0 s A T R
e . WILEN 260 B 5 2 W, Bk 50 A1) 45 i 1k
(L NN S Y e R =l O R Z N
Mo

TETHALEE 71 H 410 8 A RS S T N 41,
TE A il R i 075 DR S, AN Dt R T R AN [
KR LR E TR BN S, AR
A R ELA AR B 1 R RN A R
TR KA A 202 T S5 5 280 Ay 22 A )
HA B 9 36 R AR A g R & . XU
22 B BRI B AR ) 2R ) B B A A 1 A
TER BTG M. A A R AR VG AE BET f
(A SRR A P L AL TS 3 2l 35, 76 C/N Dl 15 i
20 ) BFT R4¢ 0 K& PR 35 A 8 95 3 X R 4l A
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Comparison of culture effects and microbial community structure of tilapia
in nitrifying and heterotrophic bioflocs culture systems

DU Xinze', LIU Wenchang'*, TAN Hongxin'*, LUO Guozhi'*, WAN Yumei'"’

(1. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China; 2. Key
Laboratory of Freshwater Aquatic Genetic Resources, Minisiry of Agriculture and Rural Affairs, Shanghai Ocean University,
Shanghai 201306, China; 3. Ocean College of Hebei Agricultural University, Qinhuangdao 066000, Hebei, China)

Abstract; In order to understand the operating effects of the nitrification and heterotrophic biofloc culture
systems, the experiment was conducted to culture GIFT Oreochromis niloticus juveniles in the nitrification
group and the heterotrophic group for 51 days, and to compare the growth performance and non-specific
immune enzyme activity, digestive enzyme activity of tilapia, and community structure of water and intestinal
microorganisms. The results showed that there was no significant difference in the growth performance
indicators such as survival rate and weight gain rate of the two groups of tilapia. The non-specific immune
enzyme activity of the heterotrophic group tilapia was significantly higher than that of the nitrification group.
The activities of amylase and lipase in the intestine of tilapia in the nitrification group were significantly higher
than those in the heterotrophic group, and the protease in the heterotrophic group was significantly higher than
that in the nitrification group. The top 5 dominant phyla of tilapia intestines are Proteobacteria,
Actinobacteria, Chloroflexi, Firmicutes and Chlamydiae. Among them, the Proteobacteria phylum is the most
important flora in each group. The top 4 dominant phyla in the water of the nitrification group are
Proteobacteria, Chloroflexus, Bacteroidetes, and Planctomycetes; the top 4 dominant phyla in the water of the
heterotrophic group are Proteobacteria, Chloroflexus, Bacteroides, and Actinomycetes. Mycobacterium is the
most important potential pathogenic bacteria in water and intestinal tract, while Diplorickettsiaceae and
Plesiomonas maintained at a low level. Except for Clostridium, other potential pathogenic bacteria such as
Aeromonas and Flavobacterium in the water and intestines were higher in the nitrifying group than in the
heterotrophic group. Through the comparison of the cultivation effect, fish biochemical indexes and intestinal
microorganisms, it was found that heterotrophic bioflocs were more beneficial to the cultivation of juvenile
tilapia.
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