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Dynamic changes in culturable Bacillus-like species populations in the process of sugar—refinery filtering
mud composting fermentation to produce bio—organic fertilizers
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Abstract: The aim of this study is to determine dynamic changes in Bacillus—like species population in the process of sugar—refinery filter-

ing mud composting fermentation to produce bio—organic fertilizers. The Bacillus-like species in the samples at different composting and
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processing stages were isolated and identified to analyze the dynamic changes in their population size and structure during the process, and

to reveal their relationship with the indigenous Bacillus—like species. The results indicated that the Bacillus—like species were enriched in
the process of sugar—refinery filtering mud composting fermentation. A total of 64 strains, belonging to 27 species within 7 genera, were iso-
lated from 6 samples at different composting and processing stages. Among them, the genus Bacillus, including 16 species, was the absolute-
ly dominant population. Furthermore, 6 species were Bacillus—like new record species in China, including B. glycinifermentans (FJAT-
47935, FJAT-47944, and FJAT-47907), B. hisashii (FJAT-47926), Bhargavaea cecembensis (FJAT—47948), Lysinibacillus acetophenoni
(FJAT-47912, FJAT-47934, and FJAT-47919), Ornithinibacillus bavariensis (FJAT-47915), and Ornithinibacillus scapharcae (FJAT—-
47951). There were significant differences in the Bacillus—like species population size and structure during different composting and pro-
cessing stages, with a size variation range from —80% to +100% and a species variety rate from 62% to 84%. The content of the Bacillus—
like species populations was 1.14x10°, 2.37x10° cfu+ g™ and 3.76x10° cfu- g™ at the early (1 d), middle(30 d), and later(60 d) stages, re-
spectively, of composting fermentation, and that was 4.3X10° cfu-g™ after the production process. The indigenous Bacillus—like species had
less influence on composting fermentation of the sugar—refinery filtering muds; the introduced Bacillus—like species during composting fer-
mentation were mainly brought by the sugar-refinery filtering muds themselves. Therefore, the self-brought Bacillus-like species could fully
develop their actions during the sugar—refinery filtering mud composting fermentation, although any additional Bacillus—like inoculation

agent was not used. In conclusion, the Bacillus—like species are rich and their population size and structure are significantly different in the

rocess of sugar—refinery filtering mud composting and processing.
tal tal
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T8 7R HERE A 7 A= WA HUIE i G A Py R A2 1 B
AEEE L XTH RV YA HLUIEHENE & W
PRI AU TR A2 A S AR B BIFFE R WARGE

Vi R IR NE & e 7 1, 20k B4 R I, I 1
XPHET IRV AR L R 2 K A IR il
NEA RS K kU v ey s Tt A Lt BT AR % B A 55
VoA B 0T Rt R U HENE & A LA )
AHUIE , TR RS Ml B3 AT 55 i SR IE A
BB R TR IS e IE A B AR WA P A
PR R P Y 2R AT TR AR S A R A
. alidl S X T TSR

| RS

1.1 %4
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FHE A0 Ve HE LS 1.5 m JIE 98 4 m K 182 m 9K
SIEHESE 294 3 d FHBHEHLBIL 1k, & A
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X #§ : UVP GelDoc—It TS Imaging System BE e A% AN
TR B TAUASA PR F] Tpersonal Biometra 7 & PCR A
PowerPac Basic BIO-RAD HLJK X . & 0> HL (Eppendorf
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1.2 R HE
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Table 1 Information of the samples in the process of sugar—refinery filtering mud composting fermentation to produce bio—organic fertilizers

Qb3 P (R iPLN T VACH R[]
Treatments Number Sample description Sampling position Sampling time
KRN AUG-L, BT VAL R I 1 d, SRR 1 KA A DA FRL w] HENERE 1 2017-07-13
rhok AUG-M BET DRV HENE K T 30 d, HENE R R AL 5l 2 KAFAEWAHNEABRA w2 2017-08-12
RN AUG-H WET IR VR HENE T8 60 d, iF A Bk R E KA WA HUIEA PR v 2 b J5ORHEE 2017-09-11
s AUG-F1 A A HORL S B U0 , vl 4 L KA HUEA R /7 A4 2017-09-13
TR AUG-F2 IR NERE BT UG e , WL 7 b KR YA HUICAT B w7 5 2 B 2017-09-14
PRI 1R AUG-E )7 R KA LEPAHUA FRA MERL S PR 1 2017-09-15
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4°CF 13 000 g 5.0 5 min LA A HUA 4385 1 KM,
160 wL B TR 1.5 mL EP & .
40 wL TE 2 o 2 EP 4 v, 11100 nL &G IR 5,4 C
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pL; PCR P36 25 7F : 94 CHIAEYE 5 min; 94 CAEHE 30
5,55 CiR k60 s,72 CHEA 90 s, 3 30 DMEI s fe i
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B BAR R GE AR S5 A o I A HE A i 1 T
PCR 7 W% 2 51 1 A W0 B A BR 2 /) A7 )
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SO HT A (2) 0 Brbl T g U HE N8 & e 2 A 45 By
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HA (%) (45 1 — i B [0 28 (4 A Bz B B Rl 26
BB Gt W B A B B R RN 28 ZEHL R
PR AZ SRR OO, A SR Be B By B ] R A~ 2
Z 8 HARGAR , S, 3 M R A A A Y
JE o (3) M) &g 00 2K 1 S 3t ) At 1 38 0 88 1) 2 AT
PR AN SR uE Ve b o B IR T HUARR, S A
DEVEHENE S e ol B2 20 FAT B9 AR L 2R AP IR DG AR o

2 HRESH

2.1 WEIRRHIEABIREFATEMELTE

T 0 U8 HE NE e T A 7 AR AT IS 2 1 6
ASFE A R AL B 3 64 MREZF AT I (R 2) , 20 s T 74
J& , 27 i, FErb ZE AR R 8 (Bacillus) 16 R A% FLIG
[ (Bhargavaea) 1 27 4 2E A 1 & (Gracilibacil-
lus) 1 B §61 28 R 25 AT TR & (Lysinibacillus ) 1 Fl R
AU & (Oceanobacillus ) 3 Tl | & 22 1R 2F F T 147 &
(Ornithinibacillus )2 F R ZEHIFFEE (Paenibacillus ) 2
Tl A ZEHAE R (Virgibacillus) 1 R o 2EAFF# 8 5
Y
22 HEIREEEABIENFAAEMNXRZL
BRPEMERMOELH

FENE) U8 Ve HENE & e 13 2 v 43 85 1) 2 AUAT
W AR 4 (IR 1) 505 1 28 F R LU 2R Al
FEA B RS 05 T 18 A 5 2 28 R
N R PO 8 5 2 R 2F A s B AT A
JRARNZE A5 T 6 R 26 3 28 TR M IR 2
JFF IR E RN AL 1ARD 2 4 28 FEO AT
HR RN 5 2Rl Hoh A 6 R 2 AT I 7E
R DL , S Fe EBT 40 s BT T2 (1) RELK %
2F HUFF B Bacillus glycinifermentans (FJAT - 47935,
FJAT-47944 FJAT-47907) , (2) S i 2F 4T 24 Ba-
cillus hisashii(FJAT-47926) , (3 )BHIF A0 A% FL EC A
Bhargavaea cecembensis (FJAT-47948) (J& T ZE T
H SRR A PLIRER ) , (4) 4 S 2 1R 2F
WA A Lysinibacillus acetophenoni (FJAT - 47912,
FJAT-47934 .FJAT-47919), (5) ELARFI &% 272 2F £
FFH Ornithinibacillus bavariensis(FJAT-47915), (6) 5
Wi 9, 1R 2E AT 18 (Ornithinibacillus scapharcae FJAT-
47951) .
23 BEIIREEEABRIEPFATERES M
HEUHEE

W U8 U8 HENE e ool P 2 A T iR 1 3 A8
16, DL 20 TEME IR VR A [8) A I n T B, AT B 5
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fermentation to produce bio—organic fertilizers

Table 2 Isolation and identification of the Bacillus—like species from the samples in the process of sugar—refinery filtering mud composting

Btk G5 B A SRR AR
Strain Standard strain Chinese name Similarity/%
FJAT-47963 .FJAT-47970 Bacillus altitudinis 41KF2b" i L ZEFLFT I 100
FJAT-47965 Bacillus cereus ATCC 14579" R SRR AT TR 100
FJAT-47924 Bacillus circulans ATCC 4513" TR 2T 1T 100
FJAT-47917 Bacillus farraginis TR ZEAAT I8 97.96
FJAT-47923 Bacillus fortis R—6514" s ZEAAT TR 99.72
FJAT-47937 .FJAT-47962 .FIAT-47969 Bacillus galactosidilyticus LMG 17892" fifet FUBETT 2R AT 18 99.93
FJAT-47935 FJAT-47944 .FIAT-47907 Bacillus glycinifermentans GO~13" KR W2 AR TR 100
FJAT-47926 Bacillus hisashii N=11" G 1 ZE AT TR 99.93
FJAT-47916 .FJAT-47967 Bacillus megaterium NBRC 15308" EL R ZF AR b 100
FJAT-47966 .FIAT-47968 Bacillus pumilus ATCC 7061 F/NZEAUAT T 99.86
FJAT-47930 Bacillus selenatarsenatis SF—1" Tl 25 F AT B 99.64
FJAT-47927 .FJAT-47940 .FIAT-47950 Bacillus siamensis KCTC 13613" B AR 99.93
FJAT-47910 . FJAT-47938 .FIAT-47971 Bacillus subtilis subsp. Subtilis NCIB 3610" B R R 99.93
?ﬁ;&i‘t@‘fg ?ﬁ:ﬁgﬁa\FFJJ/;TT__ZZZSS ‘ ?ﬁg:ff; 620‘ Bacillus tequilensis KCTC 13622 PR SETAT T 99.93
HA[_4;?&?4]7/;41;5_??;;?7@;;?;193;2%547936 ) Bacillus thermotolerans SGZ—-8" i Vi ZE AT 99.86
FJAT-47964 Bacillus thioparans BMP—1" PR 2 AAT T 99.79
FJAT-479438 Bhargavaea cecembensis DSE10" B0 RE A8 PUEG T 99.72
FJAT-47949 Gracilibacillus dipsosauri DD1" W5 £ AN 2R AT B 99.37
FJAT-47912 FJAT-47934 FJAT-47919 Lysinibacillus acetophenoni JC23" IR LTS R 2 AT P 99.72
FJAT-47909 .FIAT-47911 . FJAT-47928 .FJAT-47929 ,
FJAT-47941 FJAT-47952 FJAT-47954 FJAT-47955 Oceanobacillus caeni S—11" WA KT AT A 98.47
FJAT-47957
FJAT-47931 Oceanobacillus halophilum GDO1" B RVE 2 HUFT 1A 99.39
FJAT-47932 FJAT-47947 Oceanobacillus polygoni SA9" SR AT A 99.58
FJAT-47915 Ornithinibacillus bavariensis WSBC 24001 LA FIE 15 42 R 2 04T 14 99.79
FJAT-47951 Ornithinibacillus scapharcae TW25" Fo i & R 2 AT 99.58
FJAT-47953 Paenibacillus harenae B519" VYRV AT TR 95.28
FJAT-47918 Paenibacillus residui MC—246" BRI AT I 99.93
FJAT-47939 Virgibacillus oceani MY 11" TR SRR T 99.79

ZERUAT B B 22 5 2 (P<0.01%%) AT uE e s iE &
FER) G B B (AUG-L, ¥R R BE, 1 d) ZFAEAT IR S & &
1147 cfu-g ™' B A B R AR dE A & B 3 (AUG-M,
thRRE,30 d), SR BT T 107.89%, 2 237 J5 cfu-
g“-ﬁﬁ%ﬂﬁﬂ;ﬁ%tﬁﬂlﬂﬁi@%ﬁ“‘a AR R BERT B, 5

TN T 84.13%, 4 37.6 7 cfu-g™'; JE BB IR

{ﬁf?ﬁ[lﬂﬁﬂﬁ(r% J& AT RGP [l T, S
15277 cfu-g™ s b (A B35BT, 77 at v i 2 FOAT
PABCR KR E TR 2143 77 cfu-g '

T U M A & T 2ok B vh ZE R TR R R 4 A 3l
DA UL 3. BH UE U HENE K ) bR B BE (AUG—

LA, 1 d)or 30 8 R 2F AT T, B8 B 1147
cfu « g, L B FP K Bacillus glycinifermentans FJAT-
47935 (K W& B 2R FFF 1) (36 T3 cfu-g™') I Bacillus
tequilensis FYJAT—47943 (FEFIEH7 ZF AT & ) (25 77 cfu -
o) s Ho, Bacillus glycinifermentans FJAT-47935 Jy 3%
FEBr e %A
BT U8 HENE K 1 b T B (AUG-M, R I8

30 d), HESRAE 30 d, 53 B2 10 Bl 2F AT IR, S
1237 x 10* cfu- g™, L 3FN A Oceanobacillus polygoni
FIAT-47932 (B W KV 2 AT 1) (128 J7 cfu-g ™)
Oceanobacillus halophilum FJAT-47931 (W8 £k K ¥ 2%
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82 Bacillus siamensis FIAT-47927
77| " Bacillus siamensis KCTC 13613"
99| Bacillus subtilis subsp. Subtilis FJAT-47910
Bacillus subtilis subsp. subtilis NCIB 3610"
99| 72|, Bacillus tequilensis FIAT-47908
28 Bacillus tequilensis KCTC 13622"

99 Bacillus glycinifermentans FJAT-47907

79

77

54
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Figure 1 Phylogenetic tree of the Bacillus—like species from the samples in the process of sugar—refinery filtering mud composting

fermentation to produce bio—organic fertilizers based on the 16S rRNA gene sequences
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Figure 2 Dynamic changes in population quantity of the Bacillus—

like species in the samples in the process of sugar-refinery

filtering mud composting fermentation
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Figure 3 Dynamic changes in population structure of the
Bacillus—like species in the samples in the process of sugar—

refinery filtering mud composting fermentation
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Table 3 Isolation and identification of the Bacillus—like species in the soil samples around

the sugar—refinery filtering mud composting fermentation yard

RS BT SCRA, B o T FRI0 g
Soil number Latin name of the Bacillus-like species Strain number Latin name of the Bacillus—like species Population quantity
AUG-E P18 -3¢ Bacillus altitudinis FJAT-47963 1 UL ZF AT 36
Bacillus thioparans FJAT-47964 PRI ST 22
Bacillus cereus FJAT-47965 EREZEALFT I 12
Bacillus pumilus FJAT-47966 SN ZEAT 65
Bacillus megaterium FJAT-47967 ERAFF 36
Bacillus galactosidilyticus FJAT-47969 fi U 2R AT TR 41
Bacillus subtilis FIAT-47971 B 2F FRT TR 3

Rt

215

LR TH ABOS Bl RME A0S 3 H, 2RI
SNEIGR B 5 AR BT IR U8 X 2 w1 FH LAk
WBCEA B I . S 22 PHE T A TR
]IV B AR A AL AL IR IE A 2R 7
st A FH I SRAF I ORI IR Je A RE KA S A
PLI B4 i AR B T scg Je CREIK) TR AL
AR BB UE W], X AR A YA 47 OR , E RS Y
REA R . SRTIT, BE) DR VR HENE A e Ak 7 T AE )
NE I AR 25 AT RS A S A RO BIF ST R IR IS

BT UE VN K 1 A AR A LI i AR rh 2R A
MR R W T o AWTTE 0B 2 7 )8 27 Fh2F A4
PR, FE 3K S8 ZE A B, & 306 i ] PN A DL 3E ) 2
fFFIE , B A& . (1) Bacillus glycinifermentans FJAT-
47935 . FIAT-47944 FJAT-47907 (K 5. % [ 2F fL FF
T ), R 22 Kim S50 RS ) vh 0 25 1 2F
TR B RN s (2) Bacillus hisashii FIAT-47926 (48 14
ZEAIFF ) , i H AR SF 3 Nishida 250" AIRCED 5 TR HEE
R YR TG TR B W 23 1 Y 2 A R
(3) Bhargavaea cecembensis FJAT-47948 (Bt H 0 1
M PLIGTA ) , B[ 2735 Manorama 5512 A [T EE V45
Wi =P 52 AR T IF IS TR 5904 m PLFLY) 43 15 1 W5 A% BL
FGTR B Al & T 28 AT i H  ShER AL 5 (4) Lysini-
bacillus acetophenoni FJAT — 47912, FJAT-47934
FJAT-47919 (G 51 221 2F AT 177 ) , HH Azmatunni-
sa S AT HILVE TR 2 T vh 43 8 1) ot 2 T 2 AT T
Fihh s (5) Ornithinibacillus bavariensis FJAT-47915 (&
AN 5 2 R 2 A A 141D, AR R 72 Mayr S50 AT
A S O 2 ER B A W b o0, S S SR 2
FF 5 8T & 8L Rl 5 (6) Ornithinibacillus scapharcae
FJAT-47951 (455 5 15 24 W 2F fUFF IROBT ) | oh i [ 22

Shin ZE A FE R 43 25 Y 1Y) 5 22 W2 25 F AT 1 I i A
IXBEZE A TR O TR 2 A T 4 SR

W08 U8 HENE & I B 28 A A R sh S ny oF
R B UB VR HENE K ERI A, A 2 ST
PR RPRE , GLAG T 8 Fh ZF AR I, BE K 114 7 cfu-
g IR EHE MR R K o 20t 30 d R, A A
Wik ETHAE R e, M N 6 Bl BR T Bacillus si-
amensis FIAT-47940 5 i — W A BEAH [ A, AR TRt
ANA), Fh AR B AR 83% ; 1 1 5 HENE A W) 9 1 T
1 107.89%, 1% 237 T3 cfu- g Zid 60 d HEAE T2, 2F
TR R0 MR R B, S AT — R AR b, B T
W& T 84.13%, 4 37.6 3 cfu- g, BUARKURE F W, (L Fh
K ETFH 10 R, B T Oceanobacillus caeni FJAT —
47952 . Oceanobacillus polygoni FJAT —47947 | Bacillus
siamensis FJAT-47950 A7 R #h , HAYFP AR [R] , Fl 2 AR
AR T0% , PPN B B 5 b —HE AT AN 5 O
B B T IALIEBY B B InALIE B N P2 K=15%:
5% 8% , IR IALIESS | 7= bR T f2 TP AE iR &
RS NAFI 1~2 d, U, 2 AT i R A BT [l T,
TN 152 5 cfu- g B2 BT NI, 8 Fp, Horp R T
Oceanobacillus caeni FJAT —47911 . Bacillus tequilensis
FJAT -47913 . Bacillus thermotolerans FJAT -47914 L4
Hb, HARFZRANIR] , Bl S8 B 385K 629% s E AR F 38k
W B IR G YR 2 (B kL, M R S T AR
HR i, MR, 2 A T R R T R, B
43 J1 cfu-g™, K 850, 58 T Bacillus thermotolerans
FJAT-47921 | Lysinibacillus endophyticus FJAT-47919 |
Bacillus tequilensis FJAT—47925 41 , AR AT , Fh
RAZHRN 62% .

VEE T B /R T RS BV HENE A 19 AR WA BLIE
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