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FAR R R oK AR R A (SBOS) B 41 & % (GLU) 1k 4 £ % H e sk IR, * FR 4Bk IR A
BN, AL E 2.5%. 5.0%. 7.5% F110.0% SBOS (SBOS-2.5. SBOS-5.0. SBOS-
7.5. SBOS-10.0 41) B R & & ¥ A IR AN RIE, CN K 15, F Rt EFHAHE
RHALEMEBAZRAT Ko HRET, 2 LBAEXNBHUABAZBERATFAL . THIA-
AR RANKRE, RUAZMHERFER. X T 16SRNA mEEN 7, £ITKFT,
14d & TIRARGBANKEHITAEHEIT. 28d 8, BEHE TS DATE T8 48
Wo BAFET, 14dw, SBOS-2.54 5 SBOS-100 A ¥ L E R E ¥ AN EENEE, T2
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TEIAIK T F0 R 58 (RAS). BFT G Rf 2= 57 5H £ AR
A R = K T DA S SRR S ) e e et

TSIl 0T 28 48 N 1Y AR WD TR A BRI R
e, A LR R S R AR N AT D B BE )
JR R 2 1 AHFRFE KR BRI AS 2 LA 2
FIRAE R A KRBT, — i N TE Ik
g7 AT . AR R, ARFEZER
B 22 W AR W) 2R AT S SRy . TR RS ATK
PR B SR R T, Rl R 2 Y R A
Wi TER OSSR WA AL, JF E¥E &
BEUEBAAE BFT Higs i al LA S AR K A i 10
2 Vilani G LB, AR 4 B RE TR XA
[ i DA QB 7 A 7= A — € AR, 13t
HF AN [ 24 R 198 Bl 05 4 0 2 0 AL RE AR AT AHALAY
FRIAT o TR AN ) ol 2 18 Bt DAL e A 8 [ A K
WA FERAN S &, HHK AR 5Kk T
MR S —E 2R, PRI AT
HEIRAMBIGE, SKPkik  RE A /K B Ak S ) sk
AP BAT < g A T i 1) R ) BB

RER IR & A D& (EH N 3~10 1) BB
WERG W, IR G WX ol ) o 2 (g B 0 B 92
RGEHAA wMER, Blanege i wismde  suis
PERAMARGE . Hu %59 BBFRRY], ks
TV 5 SR AT 42 v XF IR i TE TR i) Z2 e, 4
il B i IR 8 (Vibrio) WS TE R . H AL,
A PR 5 B T RE A ROME C 8z T T ARG,
LRk S AR SR TT AAT SO AT 75 TR A
WA E R RS R, IRREEEE Y
LRGP R AR IR T T . R SRR (soy-
bean oligosaccharides, SBOS) J& K & ol H:fth & #}
TP & W AT R R R SR, TR AR T
KRR, FE AR T K58 REbE 4
B SRR SBOS U in Xt 3l 4 e 5 L K
T B BEA B, SBOS 1l B3E A 5 M il ik
Yy ", BdA BT s SBOS TEX & H M
P IS BB Z 8, RS SR
J R RS DL Jinise U5 £ 57 AE 22 1A O = mT okt
% SBOS B ik Ash ¥l il N i i, 22
SN W) 1 3BT A SBOS 1Y 32k 7 Hh 4y o8 1Y £ T 52 i)
3 3o 3 KA T 8 AR R i 2 A S TG ) 5 )
YR ERES ., BRI T AR RGN
It SBOS A 24y i 5 %] 7K A4 200 T A 75 52 Wil 14 B 52 ik
FHXTEL D P, A SER R A i Y SBOS
B AR A X AR ) 2R P R G K o DL e R S A 1Y)
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R, DIIRE SR B A& 5F a8y e, I A
W A ARG 3R 5%

1 MRS TE

S HITE K ) 4 B (AR) W T [ 24 4 141 Ak °7
WA RA A . HALE: (99.8%) WA T L2 vo bk
AAEBHE A RA ) . SBOS (BR) T 1 ifg A=
PR RA T

1.1 SEIEE It

S UG 5 M VT 2 BE A i Ak 27 2% BE KA B4 ik
FEIIHRG 20 1 IKARZE TR 80 L 1y 3% B &1 v itk
7o SEHLL 100% % B (glucose, GLU) xiid,
SCH LN 2.5%. 5.0%. 7.5%. 10.0% [ SBOS %5
Eb 9 AR 8 B VE B R, B3 1 X BR 4L 4
ANSZEGA, 43 HC N GLU, SBOS-2.5. SBOS-5.0,
SBOS-7.5 #1 SBOS-10.0, #4l 4 NHEKE . LK bk
90 100 U 08 2 Bt A 37 3 K A SRy S B Kk A4, ik h
FA (NH,-N) &84 0.03mg/L, WASEAZA (NO, -N)
FEN 0.03 mg/L, HAZ (NO;-N) & &N 1.39
mg/L, HAE (TN) &N 148 mg/L, M#E (TP) &
oM 0.31 mg/L., BATIELAN 80 L #iAK, IEL
FAACEAE AV, HHE Avnimelech™ (1) 28 2L JH &
C/N LER 15 = 1, [IBSE i) S B0 ART s i 45t (A
AT T (B. subtilis) {2 iF 225k, W0 1.54%10°
CFU/mL B 10 mL =S5 K AR, 45 K K
W TR B R 1.9%10° CFU/mLP Y, it H OB AT
AL ) 120 BB 12 h BE . LKA
20234F 3 H 3 HIFGR, 2202344 /1 1 HE
JEIIA 28 do

1.2 K&

H A YSI Pro Plus i 4 38 £ 2 HOK Bk
WA R KA R i) pH, K I LA f# 4 (DO), 7
SCERE 0. 3. 7. 14, 21, 28 K4rHIHL 100 mL 7K
20t 0.45 pm PR U85 1 H QC8500 i 2 i 5
TR B 2 /K AR NH, N, NO, -N, NO; -N
TN i, 38k e 78 AR A8 I A W R A Y
AR, HL1 000 mL /KFE, TEZKSF- 618 b5 Y
B RHETE A T H AR DU 30 min J5 i s 2R B 1A
R wiw430 PR {SOR I K A g v e B, i
FHE R (GB 11901—89) il /K A Hh i [ 25 B vF
Y (TSS) BYHEEE, ¥ 100 mL /K AEE# i3 0.45 pm FY
VBN , BB 4RAE 105 °C MEAR b Tk 2 fE H
FrEiE,
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1.3 WEYEESEHSH

ST R HA 14, 28 K BORE L HEAT AR
FEASLERHETE 100 mL /KFE, 28 0.22 um JE B4 I8
EL R UE MR A B G, K D R T T B
LT, BT 80 °C AR vKAH AR A7 o 43 i L
GLU. SBOS-2.5 5 SBOS-10.0 ZH kLS, L
KHAEYEGRHEABRA FRH 16S RNA (&
WP AR SATHE D Z R T, DATT L JE . #
{4325 ¥ 5T (operational taxonomic units, OTU) —
AIKFHAT 8T . Al 2B i Chao $550FT Ace
FEEORMr &, MAEMAEBWEFH, Chao F1 Ace
(AR 23 AH N 3G I . 40 B R 9 19 2 FE P38 5 Shan-
non T8 BORM &, 7716 S 2 AN [R A S 10 40 I
Shannon F8EUE 214N

15 -e- GLU
s -m- SBOS-2.5
25 —&- SBOS-5.0
gz 10} ~¥- SBOS-7.5
= 3 ~o- SBOS-10.0
w2
25
K% S
X =
Z
0 3 7 14 21 28
i Ti)/d
time
(@)
2.0 -o- GLU
-m SBOS-2.5
1.5 ~&- SB0OS-5.0
-¥- SBOS-7.5
~o- SBOS-10.0

AR E/ (mg/L)
NO;-N concentration
>

0 3 7 14 21 28
B (al/d
time

(©

1.4 BIES

% ] IBM SPSS Statistics 26.0 4¢ i+, fifi
FH BN & J7 22 70 BT (ANOVA) HE 47 838 43 17 .
P<0.05 FRsERAA BEER ., LR
(A2 (meansSD) IE UK R o X o 3 7230
FH A, KA Kruskal-Wallis kR 56 71T
AL, Hop P<0.05 FoRdln 2 5 1A B,
P<0.01 R/ A 2= 5 BA D 1

2 4

2.1 XK

SRR KA pH 7.75+0.08, TR (24.03+
0.26) °C, HMA SN (6.29+0.46) mg/L, A
RE TGS (8 1-a), IFHAT 3 R ERHEFET,

0.25 ¢
-e- GLU
= g 0.20 -® SBOS-2.5
%0 5 —&- SBOS-5.0
= g 0.15 -¥- SBOS-7.5
pid g ~o- SBOS-10.0
%’ 3 0.10
& .
w
g S 0.5
0 3 7 14 21 28
T /d
time
(b)
20
-e- GLU
-m SBOS-2.5
15 —&- SBOS-5.0
-¥- SBOS-7.5

- SBOS-10.0

BRAKE /(mg/L)
TN concentration
=

W
T

0 3 7 14 21 28
A1) /d
time

(d)

1 58 @), THESE b)), WER(© 28 @) RETHER
GLU Jy¥s I & B (% HRZH,  SBOS-2.5 24 2.5% K ELAK A8 & A H A MR L5024, SBOS-5.0 Jy 5.0% K 741 5 0 25 1K1 45 8 1 52 56 41
SBOS-7.5 ¥ 7.5% K G 0 5 AC 8 A MO SR 6 2, SBOS-10.0 24 10.0% K G 8B B AC R A M i se e 2, Rl
Fig. 1 Concentration changes of NH,"-N (a), NO, -N (b), NO;-N (¢) and TN (d)

GLU is the control group with added glucose, SBOS-2.5 is the experimental group with glucose replaced with 2.5% SBOS, SBOS-5.0 is the experi-
mental group with glucose replaced with 5.0% SBOS, SBOS-7.5 is the experimental group with glucose replaced with 7.5% SBOS, SBOS-10.0 is the

experimental group with glucose replaced with 10.0% SBOS; the same below.
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K 1 AR T B 2 BE AR (P<0.05), £ S
Xof B ZH A L 2 BUK P TE B 3 25 5 (P>0.05), £ 5E
Y520 2 (B AH L 25 58 W3 (P>0.05) WA A A
R 2B T R R A % (B 1-b), SBOS-7.5
HAE 14 d B RS A AU i 0 IR 2 5 At S0 5
4, BIXEFEXER P>0.05), MERSAAZEL
AL (Bl 1-c), Bk 2 T REEH, £4Ah73d
SRR BEIGER FRAIG, 3~14 d M2 RE%, 14~28d X
AL (& 1-d). BAOKRE, K30kl 55 Ml
EA. PSR, MR . BANEEAL

T A AR o
22 EMRARBRFBRYISEDN

RS SRR AR AR B, 558
Fim, 5 TRRE, JETE 21 diAFIEE (B 2-a, b)), 52
g FE b ke AR A 2 B MR BE L, W B TR K Mh
4/, SBOS-10.0 Ay 7E 21 d AHERE T H Ay 58
BG4 MO IR B, (BTG W 22 5 (P>0.05),
TSS Fr MR RIS LTS TR, LTS TR
ke, Lh14d A—1 (B 2-0).

. 4'+GLU 20 ¢ —e- GLU
= o -® SBOS-2.5 @ SBOS-2.5
@ g 3| -4 SBOS-5.0 15} -4 SBOS-5.0
=R -¥- SBOS-7.5 E o -¥- SBOS-7.5
= - ]
2 SB0S-10.0 Z3 19 SBOS-10.0
& 2 i
= A =
g 1t 51
u( e}
0 3 4 14 21 28 0 3 7 14 21 28
B () /d i fal/d
time time
(a) (b)
-e- GLU
300 B SBOS-2.5
. —&- SBOS-5.0
=3 - SBOS-7.5
%n'g SBOS-10.0
£2 200 |
R o
= 9
]
< 2z 100 |
=
MR
0 3 7 14 21 28
B a/d
time

(©

B2 ZEMEE (a), BE b)), REFEZYEE o) WELER
Fig. 2 Changes of floc volume (a), turbidity (b) and total suspended solids (c)

23 EURARGHEVESHEMLRFRE

FESCHY 14 d 5 28 d SREEFEAS, I FH =38
FEARKI 38T RGN IR S5 2R, £
FEPEFE RS W% 1. TR L, 14d W GLU 4
K Hy 20 AN4H T T, SBOS-2.5 £ 20 N4AEE ],
SBOS-10.0 20 19 M4 FET; 28 d ) GLU 2H kil
H 22 AN, SBOS-2.5 4 20 N4 ], SBOS-
10.0 41 19 A4 e 1T JE/KF L, 14 d ) GLU 4
Kl 274 N4 R, SBOS-2.5 41 251 A4 & ,
SBOS-10.0 41 242 M4 & ; 28 d 1Y GLU Za A5
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228 N A B, SBOS-2.5 4 193 N 41 1 &
SBOS-10.0 41 195 4l J& . M e 5,
14 dif, SBOS-2.5 5 SBOS-10.0 i) OTU {1 %
X RRLLEAR, (HIF TR E 2R (P>0.05), MH A
ZREVERS BT, A5 SE U0 AL AH 3 X B4 4 B AR
MAY 2R EL, AR AZ M 2ZERARE
(P>0.05). 28 d B, SLEZ S5XF AL E Y 24
PETC B3 22 5 (P>0.05), 1405 14d 2L, T REE
ST R R, BEE ST, ARl S5 X
HEZH A A BETE S W /D, £ BB REAIG (81 3),
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Fz1 EMEAPRENLSHESFEE
Tab.1 Microbial diversity and abundance in bioflocs
Eg:'f?lé d gérﬂofgs Lﬂfﬁi %ﬁf OTU Ace Chao Shannon
numbers numbers
14 GLU-1 20 274 596 772.40+£36.41 746.60+24.53 3.39+0.31
SBOS-1-2.5 20 251 515 613.70+46.20 596.00+48.88 3.20+0.41
SBOS-1-10.0 19 242 469 574.30+49.30 563.00+£51.05 3.04+0.32
28 GLU-2 22 228 449 556.50+41.30 552.90+29.72 3.11+0.54
SBOS-2-2.5 20 193 358 472.50+20.25 466.90+29.92 2.06+0.42
SBOS-2-10.0 19 195 372 494.10+92.61 484.00+73.77 2.49+0.46

##: GLU-1414 dxi841, SBOS-1-2.5J914 d SBOS-2.55: 4040, SBOS-1-10.0414 d SBOS-10.05£564; GLU-2428 dXfH4l, SBOS-2-2.5H

28 d SBOS-2.55:56 41, SBOS-2-10.0428 d SBOS-10.05404H, .

Notes: GLU-1 is the 14 d control group, SBOS-1-2.5 is the 14 d SBOS-2.5 experimental group, and SBOS-1-10.0 is the 14 d SBOS-10.0 experimental
group ; GLU-2 is 28 d control group, SBOS-2-2.5 is 28 d SBOS-2.5 experimental group, SBOS-2-10.0 is 28 d SBOS-10.0 experimental group, the same below.

GLU-1 SBOS-1-2.5

SBOS-1-10.0
(@

GLU-2 SBOS-2-2.5

SBOS-2-10.0
(b)

3 KA OTU Bh4E B &

Fig.3 Venn diagram of microbial OTU in water

24 EYEHAD@EEEER

308 3 % R S0 TR 4 R AT R W e e
AT . TESCES 14 d B, TT7KSF R (RS2 06 20 Fxt i
Hrp, HEART S ML R AR RS IEETT (Pro-
teobacteria) . Jil Z& i I'] (Actinobacteriota) . P fill
I'] (Verrucomicrobiota) . A #T &[] (Bacteroidota) Fll
JEREF ] (Firmicutes) (K] 4-a), 28T 1 E44H
PIRBRMS, FERm, &4 5 SBOS-
2.5>GLU>SBOS-10.0, % 5% 5 2 15 X i 21 ikt 4 1A
ITHEBEE AL, PERLE T THE SBOS-10.0 41 1Y
FEHTHALHHA SR, B LB EES
(P>0.05) FUFFRRI T THE A SC I 40 5 % R ZH 2 [R] 1)
FREEAML, FH 28 dBF, 1K L (& 4-b) HE#
HI S SR A PR AEFF A T] . TR . K
R T] . PETUR T TN Patescibacteria, FUFFE[] 5
LR TR 28 d LI PR ABATT, 25 4 b Uk 1A
TR B AR A [RIFR B b3, SBOS-2.5 ey 5

[ K P2 2% 2: 3275 sponsored by China Society of Fisheries

IETE T R PR . JBAKE b, 14 d BFHE
FAAT 5 O B B R T B 8 (Microbacterium)
Elstera. norank f SM2D12. Terrimicrobium Fl ¥&
¥ ®# J& (Flavobacterium) (€l 5-a). SBOS-2.5 # kb
SBOS-10.0 5 X} H& 41 norank_f SM2D12 1 3 FE
&, SBOS-10.0 5 %} M40 Fl SBOS-2.5 #H [¥ Terri-
microbium F=FERIXI R o 28 d BFHEA T 5 B3
WHENEF WS . AT RS . Terrimicrobium .. 41
AT H T K4 W& (norank _f norank_o_Rhodos-
pirillales) F1 norank_f SM2D12 (€| 5-b), SBOS-2.5
BT R R A 2 B 2 T X 4 S SBOS-10.0
(P<0.05).

25 HYERFRGHHEREEER

FETREA TR E B, XA LA S X
MRS T 8 E 2 R 0. ALE 14d 5 28d
TETTKE R A2 0300 3% 22 5% (P>0.05). 45
SCU A SRR B, ZEAUAT B R B R R S T
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[P B RREVE 5 T 49 He /%

percent of community abundance on phylum level

FI7KF ERIEEE A0 L /%

percent of community abundance on phylum level

B %I 1] Proteobacteria

B U 1] Bacteroidota

[ JEEER ] Firmicutes

[ KB Myxococcota

5T 7] Chloroflexi
0 HAth others

il
groups

(a)
B AT Bacteroidota

[ Patescibacteria

B K] Myxococcota
B JZEET Firmicutes

I JtAt others

5

groups

(b)
B4 [IKFEERGMETLE

0 %4k # 1] Actinobacteriota
B JEiE 1] Verrucomicrobiota

B #5907 Bdellovibrionota
W AT ] Desulfobacterota

[ #ZJE 1T Proteobacteria
B 41 Actinobacteriota
B JcE 1] Verrucomicrobiota

M unclassified k norank_d_ Bacteria

B #9017 Bdellovibrionota
[ BT ] Desulfobacterota

unclassified_k__norank d__Bacteria

1. 14 d ¥ B4 GLU-1, 2. 14 d SBOS-2.5 52541 SBOS-1-2.5, 3. 14 d SBOS-10.0 524 40 SBOS-1-10.0; 4.28 d X} 4 GLU-2, 5.28 d SBOS-
2.5 2620 SBOS-2-2.5, 6.28 d SBOS-10.0 52541 SBOS-2-10.0. KA.

Fig. 4 Horizontal community structure histogram

1. 14-day control group GLU-1, 2. 14-day SBOS-2.5 experimental group SBOS-1-2.5, 3. 14-day SBOS-10.0 experimental group SBOS-1-10.0; 4. 28-day
control group GLU-2, 5. 28-day SBOS-2.5 experimental group SBOS-2-2.5, 6. 28-day SBOS-10.0 experimental group SBOS-2-10.0, the same below.
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B SBOS-1-10
B GLU-1
B SBOS-1-2.5

le+4 E

2e+3
2873

- det2
groups

unclassified_f Enterobacteriaceae

unclassified_o_Micavibrionales
6e+1 -~
letl
2e+0

norank_f norank_o_Micavibrionales
norank_f 37-13

KW R Asticcacaulis

C39

norank_f norank_o_Rhodospirillales
2R 8 Azospirillum
WitF & & Caulobacter
SEAFREIE  Mycobacterium

L RE)E  Brevundimonas
ZWANTIE)E  Polynucleobacter
norank_f” Microscillaceae

WA & Microbacterium

Elstera

norank_f” SM2D12

Terrimicrobium

WO EE  Xanthobacter
WAFHE  Flavobacterium

Anaerosinus

(2)

W SBOS-2-2.5
= 5505 E
B SBOS-2-10.0

et4

l §e+3 norank_f norank_o_0319-6G20
{ AS‘ZI% B BEIAJE  Sphingomonas
7e+0 THFTE R Pedobacter
ler0 P E Brevundimonas
WXFFFHEJE  Dyadobacter

unclassified_c_Alphaproteobacteria

Luteolibacter

norank_f Microscillaceae
Emticicia

HEFHIE  Xanthobacter
Elstera

WSS & Bdellovibrio
AFEEE R Asticcacaulis
T™M7a

norank_f norank_o_Saccharimonadales
WATHEJE  Flavobacterium
AT R Microbacterium

Terrimicrobium

norank_f norank_o_Rhodospirillales
norank_f SM2D12

43

groups
(b)
El5 BKFRESHRE

Fig.5 Heatmap of community structure at genus level

& (P<0.05), SBOS-2.5 i F i m A MATWEN  BIEF TR KNIE (unclassified f Aeromon-
FFE (P<0.01) (K] 6-a), SBOS-2.5 SXIHALIMLL, X adaceae)) F & i 25 B& A% (P<0.01), SBOS-10.0
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Lt AU, AR R T AR 20 JE 0
B AR (P<0.05) (K] 6-b), 525 28 d, SBOS-2.5
5 SBOS-10.0 A Lt, #EFFFA R B9 F BEAR 3 5
(P<0.01), SXTHELAILL, &AM F 5 B E T
T (P<0.05) (] 6-¢), SBOS-2.5 5 SBOS-10.0 5%
WAL M He 4 B AT 18 & (Chryseobacterium) B F 1
W i 5 FEA% (P<0.01) (8] 6-d). @1t PCoA [&l 1
74387, 14 dmF, SBOS-10.0 5 SBOS-2.5 Flxf
HAFE A, (HIREER (P>0.05), 28d

k%

T

0.004 —‘7

0.006

FP L i T/ %
proportion of sequence abundance
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Fig. 6 Differences of bacterial community at genus level
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Effect of replacing glucose with soybean oligosaccharides on
microbial community structure in biofloc system

ZHOU Hangxian >, TAO Mingwei "**,  WEI Jie "*’, ZHAO Jianhua ", XU Qiyou "**

(1. School of Life Science, 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: The study investigated the effects of soybean oligosaccharides (SBOS) on the microbial community
structure within a biofloc system and identified the optimal concentration. The control group utilized glucose as
carbon source, whereas experimental groups replaced it with 2.5%, 5.0%, 7.5%, and 10.0% SBOS, respectively.
Ammonium chloride served as the nitrogen source with C/N ratio of 15, and Bacillus subtilis was introduced to
establish the biofloc system. The results indicated that total nitrogen, ammonia nitrogen, nitrite nitrogen, and
nitrate nitrogen concentrations in the water were reduced, with no significant differences observed among all
groups (P>0.05). High-throughput 16S rRNA sequencing revealed that Proteobacteria was the dominant phylum at
14 days in both experimental and control groups. By 28 days, Proteobacteria and Bacteroidota proportions
were similar. At the genus level, Bacillus abundance significantly increased in the SBOS-2.5 and SBOS-10.0
groups at 14 days (P<0.05), while Aderomonadaceae abundance significantly decreased (P<0.05). At day 28, Fla-
vobacterium abundance significantly increased in the SBOS-2.5 and SBOS-10.0 groups compared to the control
group (P<0.05). Additionally, Chryseobacterium abundance in all experimental groups was significantly lower
than control group (P<0.05). Some bacteria may be crucial in the nitrification and denitrification of nitrogen in
water, according to a correlation analysis between bacterial composition and environmental conditions. In conclu-
sion, substituting glucose with 2.5% and 10.0% SBOS as the carbon source in bioflocs effectively enhanced the
abundance of beneficial bacteria and reduced that of harmful bacteria, thus promoting the stability of bacterial
communities in water. Considering experimental outcomes and application costs, a 2.5% SBOS replacement ratio
for glucose is recommended. This study provides a foundation for the practical application of SBOS as a carbon

source in the biofloc systems and offers insights for future research.
Key words: biofloc; soybean oligosaccharide; carbon source; flora structure
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