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AR ITHBREAPMEARE-—ENRTHREA, EZ2R TR F; A EAH KR LA RERK T HE
4,HAE18d TR#T 56.59% ;L BAMEANEEERTHMA, A 15d THT 28.75%
REHEHBREMEHREBRRTHEA, LEF£2R. 15dAKHFHS4 ERBRAENTFER
SrBam AEAHHLHEER, BREANMELEIT2MBMD T 91.21% f1 21.75% ,
WATHE BEAEMEAE A B m T 288% 435% 1 848% . £ XM HEITH - WA & v B-
EHAAE AL BARE T 318% 1 18% ,y-RWAFHH AT RABEKT 78.82% ., #t % %
M ZEeu s WAA - ARAESR, R EEZRREHEMN,
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Bl 5 AATTRE K™ it 57 SR A 3G, 5% B8 7K ST A B 2
1, R AL BT K, FRAE P TaB SR & T A 55
M H G558 % 5, K S ny N TRk it
H A BUIERL 7K 7™ %58 30 P HE T B 25 0E BE T A
VIR B T K AR A LR R ) R, AT
B, 76 th JE 7 5 R A 1R R R R 5% ~ 10%
Rt 2 £ k2R e R BRDRE T LA
25% ~30% LI SCHE 0 K R ok WA
H) 2 5T S A AL 1 A T ) A ) R T AL
ST IR A E AW, % 3R 5 A W AR AR R Y
Sk, FHEOKMK R E R L ML LS i
PR 3 1T A7 Tk iR W58 B, T v i
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o 37 %

WEFE X B, 25 56 JOA W 3% K A L RR 3 WA 3 W) it
P o i 20CRE | B HL X RO T R 45 ) D S ), DRy 3R A
IKAR B BTG5 Y 2 BRI R — Pl S A BN 7 ik

R ik

1.1 SEI##

1At ( Ctenoparyngodon idellus) /Wi VL 47 2%
HRWOUK ™ & et

R RN R RANE S D GRS S M
Ao, 1 MR AL DO RE AN 2 R E S Ais AL 3D
FE A0 B ZF A0 AT T 4% 55 LU IR & T, T & &
10° CFU/g,

1.2 ZBH*

LY TE W LA 2 B R WOK 7 G AR AT, B
] 2. 5% #Y KR 10 min, 1@ 5% 10 d J5 , 1%
s n 120 2,90 46 sty (14.58 £0.8) g, Bl Bl
SN2 BHEIANER, BAER 20 B X
HEZH 7K PR AN S A AT T, Ak BEZH 45 7 5K 93 1 1) 7K
TSN 2 g W5 G g 2R L A 2 ) WA ] 4R
(F 1), S50 AE BB KA o i 3%, 57 5 55 B K
PR 340 L, AR ESH A, BK9:00 FI
17:00 PR, H 8O IR BT R 2% . 5K
WS TE S A% O, S B s [R] O 21 do KPRy i
VLA 212 B9 i B MR (42 43 B2 - 30°03 38N,
120°40'52"E ) Ji K .

F1 EMERNEHMEARTERRS

Tab.1 Ingredients and nutritional composition of

the basal diet

Jtek 4 .
PR He b/ % MRS He b/ %
feedstock . . .
o proportion nutrients proportion
composition
£ §; fish meal 2 JK43 moisture 9.72
28K & soybean meal 5 M crude protein 29.36
HA¥FHY cottonseed meal 23 HASWG crude fat 3.35
SEHFKA rapeseed meal 27 FH K4y crude ash 10.88
/N# wheat flour 17 FE calcium 0.71

2 JE KA rice bran 8 J# total phosphonium  1.21
YA HS lee powder 6
Z% ZFHR malt root 6
iRkl premix 5
s additive 1
£t total 100

KHRE AW ik KRR RN
22 R RBE K KW 43 7 03 ) (A 7, 45

KK, B 3 K E — Yk pH & W] B TDS | fif
FERBRE o b2 BT R AR SR A HHE KA o Y
FRFHK FEIT IR G Y5 AE B KT 15 em AR IBUKFE,
FRRCR S SA R R KA 100 mL, F 5 000
r/min, Z.0 5 min, BV W, A8 R DG BE v
Mg 2 A (NH, -N) N-(1-Z 38 ) -& Z 6
D A R #h &L (NO, -N) (ZR AN 3 B vk I 7
IR Eh A (NO, -N) i it B2 8 — Bl IR — S0 AL B
TR A T A 2 SR (TN) (B (TP) (4H 86
P43 66 EE 3 5 1E W W2 £ (orthophosphate ) 5
STCHLE (TIN) 9 B2y 22 A R 6 280 L i R 41
REHWEZA,

DNA 23 R 4 A 5 I i 5 2R (% R 2H A
AhPR A 22 R i ) BUES 15 R KA 100 mL, £
SARTORIUS ( 7 [ 3% Z F| {7 ) — B¢ ik 4 Py g 2%
0.22 pmid U8 8 & A K FE 40 R 1Y U8 R A T -
20 CUKAH -

Bt 1.5 mL eppendorf 45 , T A 582 pL K B XL
7K, 160 wL 0.5 mol/L ) EDTA —4},40 pL
10% SDS,8 pL pH 9.0 Tris-HCI, — i 75 43 B i &
AOKFEA T AT UEME . M A 8 wL 20 mg/mL [
T ,1.6 pnL RNA fif A, 37 C/K¥% 1 h, % 10
min {5 —K . MA 8 pL H AW K,55 CTKH 4
h 8% . 2 13 000 r/min 2.0 5 min, Bt 3%
W% A 2 mL eppendorf & N, I A SRR Tris By,
VB4J 10 min,4 C 13 000 r/min &.> 5 min, H b
H% A 2 mL eppendorf 45, il A S5 (AR 25:24: 1
MIEs: S B EE, ¥4 10 min,4 C 13 000 r/
min Z.0> 5 min, ] EiE# A 1.5 mL eppendorf
o AEFEERBEN, BBEIHES 10 min, 4 C
13 000 r/min B .L> 5 min, B F & A 2 mL
eppendorf 4, LA 1 200 wL Jo/K £, B2 8K [1]
W], 25 R IR WP s B DNA 2R PiIE, A
B BYRE SRR RS B A 2R UTVE RS A 1.5 mL 56
A 70% &K Z FE 1Yy eppendorf & 1, 4 T 13 000
r/min 2.0 5 min, WETTEE, 7¢ LiF, fEEE G T
WAL 30 min, DNA JLiE P A 30 wL K i
WK pH 8.0 TE ZZ v, T 75 T /K ¥ 10
min, -20 CHEE" "2,

ROCHEA454 | /5 A S F 16S tDNA
1) V3 X E 4 H r DNA J¥ 31, #47 PCR § 1
(P48 i BefE 16S RNA JE[H b9 7 & hy 341 ~
534) 4rlit T 6 XA, 3K 6 X G WS A
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£ 16S tDNA V3 X E T iE514, 3778 V3 L
TSI S A BN — > 8 Bk K 1Y AR 2 T
G|, g R S A 25 1 RN LR S AR S . 51
JPHI LR 2, (B AR T A TREA B 52 4
-5 SK2701 ) 2 x PCR it %] , PCR buffer 10 pL,
5147 0.8 wL,DNA #iHx 0.4 pL, K A€ K 8. 8

wL. PCR JZ 3 & 94 °C 5 min,94 C 40 s,55
T 50 5,72 T 40 5,35 3R, PCR 7= 4 % 5 [l
W, e DNA B F T8 AE A i PCR 74,
Ay 5B 100 ng % R A, T 454 GS FLX
Titanium M 5,

®2 WEPFASIYMIERRIEE T

Tab.2 Primer and sample-specific barcode sequences

519 Ze i )Y 51 k7]l
primer barcode sequence primer sequence
LA A V3-26F ATGAGAGT ATGAGAGTCCTACGGGAGGCAGCAG
treatment V3-26R ATGTCAGTCCTACGGGAGGCAGCAG
V3-27F ATGTCTAG ATGTCTAGCCTACGGGAGGCAGCAG
V3-27R ATGTCTAGATTACCGCGGCTGCT
V3-28F ATGTCTGT ATGTCTGTCCTACGGGAGGCAGCAG
V3-28R ATGTCTGTATTACCGCGGCTGCT
X HE 21 V3-29F ATGTCGAT ATGTCGATCCTACGGGAGGCAGCAG
control V3-29R ATGTCGATATTACCGCGGCTGCT
V3-30F ATGTCGTG ATGTCGTGCCTACGGGAGGCAGCAG
V3-30R ATGTCGTGATTACCGCGGCTGCT
V3-31F ATGCTATG ATGCTATGCCTACGGGAGGCAGCAG
V3-31R ATGCTATGATTACCGCGGCTGCT

1 b ) A BHE A R & SR A B2 w47
W, oK F 454 5 38 o W0 ) 4 AR % K R rh 2k
16S rRNA FL[H [ V3 X JEFT T, 8 3045 1 v
%138 5t Mothur % £ 2 B (% JF & 19 DNA J3
G, LY 5 2 8] BE R, — S A AT 3 BT
(OUT) K FFH ML E K F 97% B DNA F51, 4
SRS ] B2 R G 4 A A A 3L AR T AT TR R
Z RV 4 BT R0 28 4 BT, 0 RDP X T A
OUT (A1 )5 51 647 9 Fh UG B, I % i op 4%
AT R H#EATSe 1t . 5 Sliva il RPD %4 22 i
AT HCXE AT, A B A B A R
1.3 BENFITESH

FI FH Excel 4 Ak B {4 3547 850 b B8, 52
B R4 FH T 280 = bR 22 320K 5 R A SPSS 16.0
et At

2 4

2.1 KEBUBEFUE

MEEEG FF IR 255 16 K, KIR4ERr7E 29 T A
AL TR, N 17 RIFE, KRR
19 ~23 C, fE21 d Wik Ee AN, 2 & A a4l S

X HRZH K A1 pH (i B B2\ TDS R B FLGK B 1 8
T, LRFEER.
22 SEHAERMNEEAFEKEER.EHEKE
RANHHER Fh T Y 22

IKAEE A 15 d ji R B5E BTG TR &
P15 d 55 E B (B 1-a) o b P20 57 56 K A
WO SRR 2R T R R AL, 12 d 25 K, Al ol
(1.008 +0.037) F1(1.363 +0.096) mg/L,{H IS
BFEZEF(P=0.085),

WAHERER A AE O d |, X B2 5 4k 32 34 L
T A B R R A (K 1-b) , 12 d )5, B &
i () A9 S K I i R kR0 i T e, LA B Ak
FEAR T X HRZH 9 d %) HRZH 55 b B2 AH 22 5 oK, A
PR Eh 280 Mk B 43 3k (3.550 £ 0. 895) Fl (2. 692 =+
0.210) mg/L,BE LB EXEF(P=0.097),

TH R R A AE 15 d /i, P 20 il R B R0k B 1 4
Fr7E 0.5 mg/L LLF X4 15 d Ji5 AbHEZH 18 d
Jo bl B R HE RS R R A B S B T LT
(B 1-c) o ACFRA fiF IR #h 2k 2 T3 B, |
o5 18 .21 KA MIBEAL T 56.59% (P <0.05) Fl
26.76% (P <0.05),
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6 —-XFH4] control 15 o ~~ XA control 25 ~~ORE4L control
—— b treatment 5 —— Kb treatment s | = AbFEA treatment
- Eﬁ g 'ﬁn s 20
on
§.§4 Eéﬁ 10 £S5
< £ = &'
® E - H®E s #g 10
Ju%i g %’E 0.5
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Bl kFEaa THBLaMERLIaENEETL
Fig.1 Change of ammonia nitrogen( a) ,nitrite nitrogen(b)and nitrate nitrogen( ¢) in aquatic water
2.3 AELEENEAFHEAGARALNEMA  12d5KETHE,15d X EF (K 2-b), {5 5
E:0p A0 li] , Ab P2 R MR B — B TR B

PR TCHLR AL 6 d AT iEA AR ,6 d J5 1
T d)E#a T2, 18 d 5 2kl BT (K 2-a),
A BRAL A LA & B — BRI AL, H 15 d
21 d 22 5 W 3%, Ak AL 53 S He X B AL R AR T Y
28.75% (P <0.05) F128.43% (P <0.05) .

Pl P ) 4 7% 4 L SR BE R A 2 e sl BT
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Fig.2 Change of total inorganic nitrogen (
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0 3 %
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24 SEHARNEEFEKKESRENS
BERI R0

KRR IE R E Wk — L B LT R e, P
SRR IR R ok B BE A — B, T W M 2% S (& 3-
a)o B 3-b) 5IEBRRER I Z5 R A

301 ---%t#4 control
——AbFEL treatment
~c
i)
g5
<8

0 3 6 9 12 15 18 21
BHAj/d time
(b)

KEBENEMERHEETN

a)and total nitrogen(b)in aquatic water

---XT 4 control
—KbFELH treatment

e

(=2}
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NN

36 9 12 15 18 21
FfTE)/d time
(b)

(=]
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Fig.3 Change of orthophosphate(a)and total phosphorus(b)in aquatic water

2.5 ERHEENKERFEHHZNE
WA A R 454 Wl I F HOR
XEKEEHR A W) 16S TRNA JE N V3 X 4T T

Wy, 38 3 Mothur 24X e .
B 4 Sy F B8 2H RN Ak B 20 75 4% F 5k fh &, AH [
JE ) B ES Ab BRH L X BRZH /Y R B OUTs &, M
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A 2L TR 22 R 1 5 T X8 TR AL 56 1 45 25 76 T
LK T B 2 R
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Fig.4 Rarefaction results for control and

treatment groups

RE L H B 54 B4 22 Mothur 55 #5 {:
ST IE AR OTU K478 (K 5) . d AL,
X ARSI A £ 4 2 T A PRAL X 2 o PR BT R
TERIEE & AR —5E, A A gL Control31 il
Control30 , Treatment27 FI Treatment26 #H {0l ¥ fix
L8 B R —Z%, Treatment27 FI Treatment26
Y5 Treament28 A7 — & F 1 HE LI, 45 4 1% 26
N 5 Control29 & — k2K, )5 5 Control31 FI
Control30 #H OCHK , 1 B R [ [F] — PR 458 i) B i (8]
0 R T o A

31
30 ’XTHE?E control
29

28
27 ’ KPR treatment
26

0.1
—_—

5 WHRAMLAEAFERHNELESN
Fig.5 The cluster analysis of the control and

treatment group samples

B4 M 5 AT Xf B A KRR R, D0 3R
I HF 1 ( Proteobacteria) | J& BE T ( Firmicutes)
AT B ( Bacteroidetes ) | i 2% B ( Actinobacteria )
FIE 20 1 ( Cyanobacteria ) , 73 B i 42 & 1 #f 1)
10.58% .82.17% .3.39% .3.13% 1 0.22% , #b
PRAH iz TR AT A L H 5 X B A L, A
R/ T 21.75% ,JERBER /0 T 91.21% (P <
0.01) ,UFFH AN T 288% (P <0.01) , hit £ 1414
T 435% (P <0.01) , W 4030 T 848% (P <
0.01)  Horp, A2 AT 1 B A 25 0 19 22 A 40 I i

S PRLH AR TEAF TR G TR HE T 64.30% o 5 X R4
TG, - B AT B A B-Z AT W 2 il e = 1
318% (P <0.01) 1 18. 41% , y-28 FE #F 1 F& A% T
78.82% (P <0.01) (7).,

100 -
90 | o ZBIEFFH Proteobacteria
80 oS E  Cyanobacteria
70 o JEEEW  Firmicutes
60 sHFFB  Bacteroidetes
OJERE  Actinobacteria
S0k ol e E others

EERE 2 /%

the percentage of bacteria

0 rrrr

T2 control AMEEZ treatment

Fle6 SEAFERMKEEHEEHNZM
Fig. 6 Effect of complex probiotics on the

community structure of aquatic water

100

oXt#E 4L control
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i

o BTEATH  FEEATE R

a-proteobacteria f-proteobacteria y-proteobacteria

S
(=]
T

R A 4 /%
the percentage of bacteria
[\

& 7 EHEAEFEM TR EEF SN Mm
Fig.7 Effect of complex probiotics on the community

structure of Proteobacteria in aquatic water

3 HiE

3.1 EHERNBREIER

AL T A A RS A A B A LA B AT
L& A WUE W ¥ B B IR KR 1 R
SN R T T~ A I R AN
il £ T R B2 i A TR AA B P LT B A, A AR A
HhRpKE S R E T SR KR Y R T A &
Al R T E M /R B 25 AP A A R AR K
R R R . E S BRI A RS R
PR G AR W RE A AL B AR AN FR Eh A -

AWFFE R, Ab BRI AR S E A R S
I DA R AE b R B A WA G, o R
AP, 5 NH, -N — B AIG T X AL, 2 1 72 3 1%
AF. A, 4b B84 NOS -N NO; -N TIN #i
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TN (5 BB AR T XA TR E S
JEUH BRI R0 A — s B AR LR R B
R K B A5 T AR — BT RN G 6 28
il 7R B X R o X IR R A R — E AR L AR
130 7K P G HIL AR 7 A R A TE ML HeAt S0
&, BA —E R BRI 6E

I fi e A5 AR AR AR A IR BE AR Al AR
TR R ERRL R I 2 Y
WA Al A 00 1 K I R SR, OF FL I T Bl e
A ER 2 AT 52 A5 7K T 1 S0 B A A I v AN B
B
3.2 BEREMABEN KA

AHIETE i, I7 B K A 1) TR R 45 4 20 T 45 2R
N JERETH R T AR TEAT B AT TR R A B o
99% LA I, MK IR BE R B ALY

AT, A 45 AR WA I B X KR R 3T R
TR 7, 5 s A S 2 e
A HE , SR KT 2 F o 2T RS A 2
25 g AR IR K b, KM TR 1 A T R A
— 5 T PRSI AU B A0 0 2k R R0 e
W R P A A DU K B R —
Bk i A 2 g A i BE T A AZ TE AT
R T AU B A B b

HEHE 1000 2B, H A7 8 0 RE 0 19 AN 20
A BT A AR R R B E KR R A
KAERE, LAfE R 8 o & AT o &I, 24708 & 1
F L AE AR B A RO AR T R B AR
TETR RS OR3P o, ) 0 240 T O A 7K o Rt
HAb Ao &9, vl — & AL fE . R4l Wagner
S0 T I K A A B g e A T R T 45
ORI, ST B — T2 IR /K Ak B AR 48 v Y e A 4
KRE o MR B — TR Z 0 A0 T H AR B 7 B
5 1) B RE TE B 23 A5 T 22 EL AT 7 AR L5 B 45 B 7R A
KA B 7= A PP 2R B 2 i PR R 2 A R A
B A K R B KPR B R G X K TR AT A
FH S 6 9 D0 A 0 A 0 o D 5 2 R 6 410 1 S
TUCBRT AR AR R B0, AL R R SE T R o AR R, R
FTRER W A8 52 37 SRR IR BTG T — 58 IRk, £ 4F
S5 BT SIE W i 2R 3R B K R R RUA

TE 5 Tl B85 04 150 A 49 22 R 1k 9 A v R e B
ATEAT AR R B AR AN
SR AL B BAE o RIR AT R 1F 2 o IR AT

P A B R AR T . Baek 257V a8
FETE FP R I 321 358 43 S i A6 & A nirK, Shapleigh
SEPOTE AR AT T M 5 A5 E NO, 3 Ji i 3 [N
nirK Fl nirS \NO it JR B E K cnorB . NO, iR
fF [ NapA ,Fernandes 45" %52 SR T o8
TEFF R N,O if I fff 5L ] nosZ ., A7 W52 48 th
15K Ab PR e R 0 B R B AT
Jones '™ B-7E Y T T 4 i 14 3 NOJ it J5U
FH nirK, NO it J5 fiti 3£ [ cnorB Fll gnorB &
N,O i JA i HE N nosZ, ARLEH , o-Fl B-ZE AT
AR BT S ] e K 5t A BT B

S5 g A B PR — SR AT RE XS K AR A B Y AR
TE TR R R BE TR A S A 1, B0 WA B R ) )y
TE T IR BE B AT i D e, S B - TR R
A JEEER LT H R o

KA B A A R R BE A R R A R, SR
SRR s HIR A Ve I | RO 5 R
A i DA AR S R ) ) M A 1 A % B IR AR
A Z MR I P 0 — FR ) A AR AL R R
TR (9 B 5 £, Al R ok 3 TR 0 A BT, £ K
TR I3 A8 0 L RE IR I 20, B3 R A 1 SR T A8
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Effects of complex probiotics on water quality and microbial communities in

grass carp( Ctenopharyngodon idellus ) culture

ZHENG lJiaia, PENG Lisha, ZHANG Xiaoping, SUN Jiandong,
FU Luogin, WANG Yibing, HU Caihong, LI Weifen"
(College of Animal Sciences,Zhejiang University ,Hangzhou 310058, China)

Abstract; This experiment was conducted to study the effects of complex probiotics on water quality and
microbial community structure in grass carp culture. The results of water quality determination showed that
compared with the control group,the concentration of ammonia nitrogen , nitrite nitrogen and total nitrogen in
treatment group was lower in the whole experiment, respectively; On 18th d, the concentration of nitrate
nitrogen in treatment group was decreased by 54.49% (P <0.05). On 15th d, the concentration of total
inorganic nitrogen in treatment group was decreased by 28. 75% ( P < 0. 05). Orthophosphate and total
phosphorus had no difference between the two groups. The 454-Pyrosequencing results showed that the
composition of bacterial communities was highly variable between control and treatment groups, and
microbial diversity of treatment was higher than that of control. Firmicutes and Proteobacteria decreased by
91.21% (P <0.01) and 21.75% (P <0.01) respectively. Bacteroidetes, Actinobacteria and Cyanobacteria
increased by 288% (P < 0. 01),435% (P <0.01) and 848% (P < 0. 01 ) respectively. Among
Proteobacteria ,Alphaproteobacteria and Betaproteobacteria was elevated by 318% (P <0.01) and 18%
respectively , while Gammaproteobacteria was reduced by 78.82% (P <0.01).
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