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¥ (SBOS). 1K % % ¥ #F (MTOS) 1 h ek R AR £ R H, |t A @I, AL (CN) }
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B AT BILRAE T 4 40 T 5 e S R N — i, B R
WER, HhafEZFan ., s, JEAESI A
HAFRWEAD, AT DL bk, & aT LUFE
AR EN YR R, S R R R, SRR
2R AR PR AR R H T e Y
IfREEEAEM . 5% R AmE . ©h
FRIEES AR RS, MR, IR
e A5 W 22 A A i Vs . b, DIRE TR R B2
TR HH 2~10 ERBE, SE DR IR G AR R
HAR RPN IERERE M . Al . sefddtsh
Yy AR N U FF B (Bifidobacterium spp.). F B2
(Lactobacillales) %545 i i 3 58 S5 VE ™, UG B
YE IR AT ISR A 5 WY, Az s
993 JL DA o 4 A A s ) 5 7 3 2R A e D v 1) A
KHZEFEY, wAmREARNETIA, e IR 4
FIPUIE 1 S AETE R, FEBCE TR R R A % 4
P AT B A

KT TR AR RMEAE Ay i I3 T A5 28 AT A
VIR B R 2 Ao i g, TR E AR AR AT
o AT AE AR e s A% D) REPE AR SRBEAT (ISR AR
R FERNE . LR BN R S
SEEMEEN, Hih [IRERARE . IRERENE . HEE
FOME . R GARRBE AR & 2 a3z T oK
FEARDRREN IR BUASAR dCR , BHEmiA s
PEHUT LR AR i I8 B A AR R AR5
AR A AL SR OB X A 2 AT b R W EL A A i
YERARRRABIGE o AL 5038 i AAS [ R AR
IR A R A, BT AS [RMICSRO X) AE  E
AIE B R HESS F R R R e, Sy 2R 2R AT T A
LRI I P AL TR

1 MESIHE

1.1 SCIg# R

B (AR) 1 [ [ 2548 A AL 22 R A R A
Ao SALEL (99.8%) I H 127 s kAL BH A
PR . KB AR (95.5%)., K B R A (95.2%).
HEEEE (99.9%). KGR (BR). LR EZF
W5 (95%) $4908 F s A PRk A BR A ]

1.2 SLIEEIt

S0 AE WA N U 915 2 g A A Bk 2 B T = R A
ARG T, EYEH ARG ETE 24 NEBHR 80
L B ET R b AT, SCUG DAR AT A X B, KR
A (XOS). KRB (FOS), H M (MOS),
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KEALERNE (SBOS). KR % 2 M (MTOS) 1E J i
Ui, BHANEL, LERIFHEM 80 L CEAA
ok, LLEALE A RIR, VAR A L A 15 1,
SCEREN 1 R A IR, RN AN 24 h
B, DAHIGKTRORIEIEAT 12 h B, 12 h 2R
MEE R (25+1) °C, #Hi% (DO) & 124 (5.90+0.36)
mg/L, SEHFEWIA 15 d,

1.3 KR

R 13200 o A5 485 =X 22 2 BOK R i X
(YSI Pro Plus) £l /K & ¥ B (T). pH. DO, % 3
KL 100 mL KFEZS 0.45 um JEREHIIE, (1 FH7 3h
TE S 7K B A3 AL (QC8500) M 1 7K A4 Hh & 4 (NH*-
N). W fil§ 2% & (NO-N). fif &% & (NO’-N) & & .
B 1L KRRl S SR T 45 D0 2 A 22 AT AR
K TR AL (wtw430) I8 KAV IR (NTU).

14 EMEREFEEON

SCHES 15 K, BRELEL 100 mL K FE, £ 0.22
pm JERSEHIE, R ERER A B B HEE Y, ik
JE S JCTE 10 mL B0, T80 °C IR IR 1K
FEIRAE o WY RS B g S8 3 AR s 2 )
HA TR FEIRH] 16S rRNA Eri bl e AR TR

1.5 BB

H Excel F 4 E A7 S i Bl 25 S et , K&
fiiH Origin 2018 A T4, SEge% R H -
Y +F5 1 2% (mean=SD) % /5, K i IBM SPSS
Statistics 23.0 4t 1T 51 {4 X AH 5C %54 i 17 ANOVA
U R T 22 0T o el Oy B R BolE R
Kruskal-Wallis Bk FIKG 017 2 8 Lh A, A g4 [A]
2 WENE, R Chao FI Ace 880/l HET%
fIERE . R Shannon $8 50U M Al T REE 2R
P<0.05 M EHER

2 4R

21 EYZRASERERZHNNSENS

WAL, SLHREE 2 K FOS 41l SBOS 417=
MBI, 55 3 K MTOS 4 7= AR 8 i . 5
4 K GLUH A=Y 8, % 5 K MOS 4774
WAL bR XOS 414057 A B i AR o] L 2R A
Hor MOS 41 M2 el BE 2 1A, HARH N A E
T XoT B 55 5 50 2H 7K A v Az 4 28 A AR il 2 5
AT AW T . Hod, SBOS 4177 A 1 A W 4
PR BRI 3 v ) R 5 A 52 56 2 (P<0.05),
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HAKHLREZES (B 1), SHRASIRAK
VAW TR, BV PURL Y & AN B T
MOS H7EH 3 RibBImRAME, Bl NS,
SBOS £H /K A v & i ok i 2 B 2 T IR
5 H A 525640 (P<0.05) (& 2),

3.0 r —=— GLU —e— XOS —— FOS

—v— MOS —+— SBOS —«— MTOS

5 25¢
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gizm

K g

£2 15t
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&k 0.5
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i i) /d
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E1 EMREAFRTHRER
GLU. # & FE4l, XOS. {REANELL, FOS. KERpEA, MOS. H
FEHEPEA, SBOS. KEACEMEAL, MTOS. IKRELZERA; T,

Fig.1 Change of biological floc volume

GLU. glucose group, XOS. xylo-oligosaccharides group, FOS. fructo-
oligosaccharides group, MOS. mannan-oligosaccharides group, SBOS.
soy oligosaccharides group, MTOS. malto-oligosaccharides group; the

same below.
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o) o1
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Fig.2 Turbidity change

22 EYMRARGHRNTHER
BRBH TR BETIE, SBOS 45X}
MR RN Al S2 S AR L, 2 35 IR T EUKF
(P<0.05) (K1 3), WHHSASLT G TR, 53
WiTh e . A Il SXTIRAIA L, ¥R B
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A A A KT (P>0.05) (K] 4), A A A 5256 1
[B], B XOS dih, Hax 4 2 ekANE T m
FEMRA Y, SBOS 415 MTOS 41 & # F&IK 1 il
SR ZR (P<0.05) (A 5),

16
—a— GLU —e— XOS —— FOS
4 —v— MOS —+— SBOS —«— MTOS

~

RAEWSE/(mg/L)
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S o
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E3 SRBENIFER
Fig. 3 Change of NH;-N
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Fig. 4 Changes of NO,-N
23 SYZEFARGHMEVSHEREE

A 3 A 0 P A AR X AR ) B A R AR R T R

HESE ) 5 Z PR 43 Hr, FOS 41 F1 MOS 41 #2 & 4=
YEH OTU %k, XOS 41 HA AL OTU % (% 1).
oA AE W R A A W RIS F BRI, MOS 4 F B
K, XOS FREEf/N o MR Y 24 M 48 Boor
¥, SBOS £H>MOS #{>FOS 4H>GLU £i>MTOS >
XOS 41, XOS 45t FA1AH b i F PR e £
FEMEFR AL (P<0.05).

24 EYZEAIDRBRBREHDH
[ I, GLUAA E 2240517,
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I8 1 —a GLU —e— XOS —a— FOS
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Fig. 5 Changes of NO;-N

XOS 4 K 1914, FOSZH 241, MOS 4 251,
SBOS 4 24 /~, MTOS 4 22 /i~ XFHH 2 F
PR BEHEAT TR 4087, GLU. FOS. SBOS.
MTOS AP 4= BE HE 24 1T 5 AL T B
ARJE W] (Proteobacteria) . JEBE R[] (Firmicutes) .
Bdellovibrionota, fUFF ] (Bacteroidota), Fi¥K A
Il (Myxococcia), XOS L #w i B ZIE I .
JERER ], SUFFBATT . RSERTATT . PEREETT (Ver-
rucomicrobiota) (K] 6), MOS ZH {3V B¢ b AR B 1
I"]. Bdellovibrionota, fAFFEE ] . AiBEREE ] HIPE
T P ASTE B T e T A A b ¥ F R
ARTE W TTEA LI MTOS 41>FOS 41>SBOS
ZH>GLU 21 >X0S 4 >MOS 4 ., %I % 2H HF 4 Hii 20
PSR BEVEAT T TACOT LA BT, SRR AL S
XTHRAAAR LG, SUFFIET] . R W F A A
FBER S, FOSABLEIT SR FE R
f T R 5 HA SE 5 4 (P<0.05),

J@/KF- L, GLU g 350 ~4HiEJE, XOS
4 Jy 30441, FOS 4 3934, MOS4 3724,

SBOS 41 345 4>, MTOS 41 374 4~ %AW Mg
IKF- AT W R HT, GLU 2H 2R B A=)
T = B HEZA BT 5 P03 ey AR I R (Astic-
cacaulis) 13.25%. DSSF69 12.22%. 1 W J&
(Clostridium_sensu_stricto_1) 10.99% . & it 75 &
(Pseudomonas) 7.82%. 2 9K & J& (Bdellovibrio)
6.68% (& 7)o XOS 4 1t % J& i A K i 1 @
40.17% . norank_f norank o _Micavibrionales8.72% .
WO HE (Xanthobacter) 7.58% . FHFTFHE & (Cau-
lobacter) 6.43%. R MIE & 5.92%. FOS 4L H
TR O B R B PR 18.48% « AN A T )8 15.54%
unclassified f Comamonadaceae 9.81%.  Elstera
9.24%. & (Flavobacterium) 5.36%., MOS
AL ¥ JE N norank f Microscillaceae 18.02% .
WEFFHE 16.88% ., AKTHE 8.95% . A
T# )@ 6.82%. Elstera 5.59%. SBOS 4141 J&E N
TR 11.27% ., 8 EFTHE 9.20% . KGR
M8 8.14% . WFF S 7.11%. 7= % W 8 (Fla-
vobacterium) 5.58%., MTOS AL 5 J&m b A KR
IR 22.17% . [BEAHIEE 14.16% . DSSF6912.50% .
AR (Enterobacter) 9.23% . HE I HE 6.78%.
5 B A LY, S 50 20 34 o I 0 9K 1 1L 4]
FOS 21 5 %f M2 Je oAb S s 2 AH [, 53
unclassified f Rhodobacteraceae F J¥ , i & [F K
norank_f Microscillaceae 5 norank_f Enterobacteri-
aceae FJ¥ (P<0.05),

3 i

3.1 T EMRERFEREIIAVE R E R GxI 7K BRI

SRR A IR, BRI A WS
HEAERBFAORBERER, AW REEEH

®1 EVRATHEDSHEESFE

Tab.1 Microbial diversity and abundance in biological flocs

ks

groups OTU Chao Shannon

GLU 687 464.19+42.59® 456.67+40.52" 2.83+0.23"
XOs 534 372.68+26.68° 362.52422.18° 2.62+0.42°
FOS 712 462.49+28.89™ 462.31£36.16™ 2.97+0.03™
MOS 724 488.18+23.90" 486.64+21.87° 3.05£0.20™
SBOS 634 415.48+17.41™ 409.10£19.97™ 3.16+0.10°
MTOS 685 444.01+40.62™ 441.70+£31.32" 2.83+0.32"

T RRPEAT LSRRG FRRORER B (P<0.05); FIF.

Notes: In the same row, values with different mall letter superscripts mean significant differences (P<0.05); the same below.
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Fig. 6 Floc dominant flora in Phylum
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Fig. 7 Floc dominant flora in Genus
RAFAEAMR R RBURFIW A R RUEY) W, ATIRR ARG % A R

IKFEEER, 2024, 48(10): 109413
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BEVE R W AR IR 5T D, Kishawy 287 DLH
&SRR BRI A ST AR B AR ST R B, H RS
BEAE A B Y5 mT DA i A W 22 VAR, AR K i
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AR . UHSE . WAEMRE, REFINHE
BRI A 8 T R G0 DA ALK R 525 FR8s . BF
FEW, WIRFRNAR, ZwmELEYLANE
B R B S AE FHRCRYT, A NS 'Y
BRUENT A= B A P e B B, ARSI ah g
B, BINASEMREREE, MOS 4118 A A T HoAh 52
U ZL B, R R AS R BR UR 1% 37 1 A 4 2
P R A [ ) S 3% ke A 0 3 U 2 1 220710 5 B XOS
A, PRI A R ] L A R A, i A
YR AT S AR T R B AT, XOS 4128 Bk
YER S FIALAL R, 2REEVE /N, HEW ] B8
M F XOS AR & F R R, SECEDE A
ZUEEAE N, DB AT T B R R AT D A 2R A
SBOS 415 FOS L HIAFII AT GLU 41, SBOS
4. MTOS 4. MOS ZH #8& i= AK p i B kL )
i, DAL R TARRBEE A 22 A IR A
ATATPES,

ARG WA F IR KR 1 B S
RS XK R EE R, I A
FEHE I ] SE A W AR AR G L AR R G
W, TR AE I, AR SRR
H LR S 2R IR R WS I RO A A ik
U5, BRI PR A SR BRFOS 4, HAa%K
AR R R Z RN RE 2 T apsdl, H,
SBOS 415 % B& 41 AH Hb 5 25 B AR K AR v & UK -
B XOS 414k, HAK SIS X R L AH b3 2% i
AR, %0 SBOS 5 MTOS #] ) i & 2%
ff A A AR R o IR SR T 4 v /K A v B R SR
Yt at, BIEERIY AT R s, JOF HE
TEASURL ) T 38 2 07 R A A AR R OBOK AR A
A, RIEHEEH, X5 Kishawy & 58
SER—B, WSIIH SRR A AR R R P A
AR R, RPLDMCRBEE N IRIE, v LAV
PRIFFEKA FEW T, AR RS,

DR BEVE I B 2 A 2R A e, T4 =54k
WER SR, BIOKTAAMESASE, YT
A ALK T A LR e VR, R IR
AR A

32 FRRBREZINEVREARGEXHEY
EdfiEd: DA !

BRI 45 T XS Aol A 00 R O A LA T Y
Mg, A ) B A T el e v M 0 BV AE 1Y 45 2R T
G EOR B FRIE KR P R R i
KREE KRR REERRE D, TEFRFATH], KR
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TR LS AS I 2R B KR R E M, SR
JE, KEE N ZHEA T A G A S A W
TE, PIHIAA R B, ARSI IR R
Fr XOS 414, #cmmdl SXidgita, MEwZ
FEVEFR B A Frit i . XOS 4 8 E IR tEY £
FEPETR 5L, FIRRJE IR N A R VAR B E
R w A, AR TR A K B

A 2 A A 25 AR K Bh e B
IHRAVER, YD FLAT R A FLRR IR N A2
AT =BG REET, X AR AT Bl T HE AT o R (1) Jk e B,
AN TR e 5 A N7 A ) 2R A O 3 R R A A 22 e B,
ARWEGER I DR RMEAE i, 5 A WA L 2y
PE i A P E Y Z AR Sl AR R A
AT, a5 R EoR, AN EARRPE R
EPEAEE S TR W EE ., KRV, @
7 A D DL AT AR I TR 19, FOS 4
Al E SR A TR T TR, DA S g 25 SR AT
P& e SR TH AR S A SRR R R, T
FRFH SN W) B DL A A AR . FOS 4] 3
PEEAUATRT IR, AP AT D= A s A
TR 3 572 58 S A R . AR T8 B T TR TR 1)
XA E LY R R R B W, 7R
2 RGP EMNZ A IRHEEET, WEAKF
30T, REREARAK R e S L], ds SR G AR T
DA B 35 B8 AR v (g B AT, L[] B 2 X6 7K AR
AR S AETEMA 2 A T, IR BOGRFE K
I INATAES o unclassified f Rhodobacter-
aceae 7&=— F 25 6 AE B 40 B (purple nonsulfurbac-
teria), 7] F 2R BAE ik iR AT = 506 A AR
W [ R PY, norank_f Enterobacteriaceae’e: 7K 1= 7
B TP G ASE UL BOR T, XK S i (g LA
BERFZ M, U I FOS AE A ik U5 nT FAK K A rp
% JR & norank_f Enterobacteriaceae &, W/NE
T XA o5 W BT R TE S, TR BRI
KRN L 2A2E o TR 58K 4Bk
F, X5 Kishawy %7 DL H 5 5 0 0 fiie 5 nl DL
e KA TP 2R AT B S R R, BRAROK AR
NS F R EE R 2, AT DR R B
S EW R IR, T DAL A P R A
PERKIRRR S M S AR A

Zr LTk, ARSRME R e R T B e A R A
t R, PRIRA F W AR, DMRER R R,
A B T m KA R B S5 1 (RS P S k.

(3 7 B A SUTC 52 B s A2 B Al 25 )
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Effects of different oligosaccharides on the formation of bioflocs and
the structure of the bacterial community

QIU Zongsheng **,  QIAN Rendong "**, LUO Qiaohua "**, ZHAO Jianhua "**, XU Qiyou ">

(1. School of Life Sciences, Huzhou University, Huzhou 313000, China;
2. National and Local Joint Engineering Laboratory of Aquatic Animal Breeding and Nutrition,
Huzhou University, Huzhou 313000, China;
3. Zhejiang Provincial Key Laboratory for Conservation and Development of Aquatic Biological Resources,
Huzhou University, Huzhou 313000, China)

Abstract: To investigate the effects of different oligosaccharides on the formation of biofloc and the structural
characteristics of biofloc flora. Using glucose (GLU) as control, xylo-oligosaccharides (XOS), fructooligosacchar-
ides (FOS), mannan-oligosaccharides (MOS), soybean oligosaccharides (SBOS), and maltose oligosaccharides
(MTOS) were used as carbon sources to culture biofloc, ammonium chloride was used as nitrogen source and C/N
was 15. The results showed that suspended particulate matter content and biofloc volume in the SBOS group were
significantly increased (P<0.05) compared with other groups, and there were no significant differences between
other oligosaccharide groups and the control group (P>0.05). Ammonia nitrogen gradually decreased and then sta-
bilized. Compared with the control group and other experimental groups, the level of ammonia nitrogen in the
SBOS group was significantly decreased (P<0.05). Except for the FOS group, the ability to reduce ammonia nitro-
gen in other experimental groups was higher than that in the control group. There was no significant difference in
nitrite nitrogen degradation (P>0.05). Nitrate nitrogen showed a trend of decrease first and then increased, and the
accumulation of nitrate nitrogen was decreased in all groups except the XOS group, and the accumulation of nitrate
nitrogen was significantly decreased in the SBOS group and MTOS group (P<0.05). Compared with the control
group, the abundance of biofloc and microbial diversity index was significantly decreased in the XOS group
(P<0.05). From the analysis of phyla level, proteobacteria had the highest abundance in all experimental groups.
Compared with the control group, proteobacteria and Proteobacteria in oligosaccharide groups were improved, and
the abundance of Proteobacteria and Bacteroidetes in the FOS group was significantly increased (P<0.05). Regard-
ing subordinate level, the proportion of Bdellovibrio decreased in the experimental group compared with the con-
trol group (P>0.05). Compared with the control group and other experimental groups, the FOS group significantly
increased the abundance of unclassified f Rhodobacteraceae and significantly decreased the abundance of unclas-
sified f Rhodobacteraceae and norank f Enterobacteriaceae (P<0.05). The results show that the biofloc con-
structed by oligosaccharide as carbon source can improve water quality, optimize bacterial community structure,
increase the number of beneficial bacteria, and reduce the number of harmful bacteria. This study provides some
theoretical basis for applying of oligosaccharides as carbon source in biofloc.

Key words: oligosaccharides; biofloc; carbon source; bacterial community structure
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