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Abstract: To overcome the restricted bioactivity of konjac glucomannan (KGM) caused by its high molecular weight,
KGM-degrading bacteria were isolated from konjac cultivation soil, diseased konjac tubers, and liquor fermentation sys-
tems. The probiotic potential of these strains was assessed based on acid and bile salt tolerance, resistance to simulated gas-
trointestinal fluids, and safety evaluations. It was found that all four isolated strains exhibited excellent KGM-degrading ca-
pability, along with high tolerance to acidic conditions, bile salts, and simulated digestive fluids, a safe profile, antibiotic
sensitivity, antibacterial activity, and strong adhesion capability to human colon cancer Caco-2 cells. Through morphologi-
cal and 16S rDNA analyses, strain JQ4 was identified as Bacillus halotolerans, whereas strains JZ6 and JZ8 were classified
as Bacillus paralicheniforms, and RF8 was confirmed as Bacillus licheniforms. Notably, Bacillus licheniformis RF8 exhibit-
ed f-mannanase activity of 49.92+0.06 U/mL, demonstrated survival rates of 96.57%+0.27% and 82.22%+0.48% after 3 h
in simulated gastric fluid (pH2.0) and 6 h in simulated intestinal fluid (pHS.0), respectively, and showed a high adhesion ca-
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pability to human colon cancer Caco-2 cells of 362.76+4.31 CFU/cell. In conclusion, four Bacillus strains with both effi-

cient KGM-degrading capacity and promising probiotic characteristics were successfully obtained. These findings provide

valuable microbial resources and a theoretical foundation for the development of functional oligosaccharides and novel pro-

biotic formulations.
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JiE =48 H B ¥¥ (konjac glucomannan, KGM) &
— PP A BEFE B ZE R I BAT PR | P LS R
A BRI BE A 4T (200~2000 kDa) 16 P4 Z2 pE 21,
R, # B 5r T EIIN T KGM 125 8] 3 BHALN,
R R B 1 A g R R R RN A B P A RUR
P, BEIL KGM 43 F 338 Ik 2B B2 H
(R Z ¥ (konjac oligoglucomannan, KOGM) YEJH 15 17
BRSPS Rt DL T I R S T
I T oS A B ED T VR BE A
577, KOGM Al 38 8 18775 75 Ak P 2 B S i R
Ik, R R AR KACEAHE T KGM Xt Bl 2H 42 7+
4~5 f5™, FEPiEACER I 7 TH, KOGM A] 38 1 it 1) Vi
BRidPEA 3 H 2, W R A AT i 2 ol S A
ARG R e H AR S AL W Bl g A iE ™. T HL,
KOGM i Al 36 S-1FUBE T B gm D L 8 2= 1k, hne
SRR IR A A Gt BETT G L ASTIRAERE AR,

I KOGM il g5 B A, 1B ke fir v B G
SR AR L IR S e = LA ST A U R B
EOFAON . HETRIE A KGM [ E K249 T il
IR GEESEEIEHC, Xk R B SR
SR ZZHEREMRRE ), (AR RRE 553555 T 5l R IR
RIGHE S, & e FEARER EREER . AHRM
T, AN AR PR PR A R A A R e R
Wi HICH R G, 7R . RS R ettt
SRR R R N RN

TE ARG L, B2 450 45 125 258 02 S P S 20
TREIOCEE . KGM 1ER—Fh I Zr ZMl, FLRE A7
THRRE G R S CUHE M, A gebEp L el o — IR
TREXE LAV R SO AR S P I e R R 10 PR, iRER
MR RE 1 25 78 B35 v 0 08 1 2 B A KGML I BRI AR -
JEEHEFIE L EVE N KGM AR & A= 385400, HolvRRix
VR PR AR AT - G (AR i Ak T X KGM
FARE SRR AT R, TR B I S ERZE Y &
WS KGM A, BREEFR IS = m] 330 I
VH p-H 2 BEBERE L R AL SR MG 5R X% KGM (/i
HEJ1, TE AL KGM SRS fram gt '™, eah, LN
2 R BB AR R, JERY . SFYER A YE RS
ZHERST S KGM ga5# h B HAT B-1,4-F 15k, il
FEAEBETT K R O] = A KGM, H/ N2 dnfifieE 2
PSS KGM T8E4h M AR, FE M i nT fei5 5
T SR K SR R, TR M RE R KGM 3
A

PRI, ASBIFST MBE 2P 458 | S E T BREE X
BRI A& AR 22 Hh 43 B i e KGM [ B, il BRI V& TE

2O e = 3N o VA X 7 [ o3 N )V ) Bsae e s - o e o S| E YA N e
BV, R HS e A eE . AR
KGM L4 [P LR AR B4R, [RIT R P LR v
525 AR DI RE M BEARGTUR, ShIT & MR —ak A )
fets A AR L A A, HESIAE AR SRR
PV 3E AT -

1 #MR5RE

1.1 MRS5S

JEAERPAE T SRR I BREE SRAE
VAT A HISHAR 17 52 24 DX R 2= i Bk ks Y79 i | Y%
SRAE AW ALA BNV A R A H 428 KGM &
A S A2 W BR T3 A2 5l s KIG AT (Escherichia
coli) . 4O ZERE (Staphylococcus aureus) . V%
ITECH (Salmonella) AT AL TRE KF# A
GEIRTIT K SR P S 25 3,5- AN IR KA IR ] (4
frali AR)  JINAN B2 RBHE L E] MR (Gt 4l
AR) R BOE2E A BRA F]; 2R ARER (53HT
4li AR) bR ERSEERHEARAF; AR 25
JREPEMRALC T F PR T2 AR YR AT BR A

YXQ-LS-50SII 37 0 JI 2873 K e dR REET
LW AT RS 7] B31606 i B0l i
BLOHIARAT 5 T BRSNS Bl OPTEC XL H A4 i idi

R PR G2EAG AT B Hl PHST-4F /520 pH I
AR AR AT B W] (R G o
1.2 KWHE
1.2.1 EFRFMELH] RIS EREFEEE(g/L): KGM
20.0 g, BEREIRE 6.0 g, IREE IR 5.0 g, NaCl 5.0 g,
pH H#X, 121 °C KA 20 min,

] 44 75 328 3% 37 2k (g/L) : KGM 15.0 g, MgSO,-
7H,0 1.0 g, NaCl 5.0 g, FeSO,-7H,0 0.01 g, NaNO,
3.0 g, JRE I 5.0 g, K,HPO, 1.0 g, BifIg 18.0 g,
pH H#R, 121 °C KB 20 min,

Wik R lEFE R (g/L): KGM 10.0 g, I RHE S
5.0 g, MgS0O,-7H,0 1.0 g, NaCl 5.0 g, FeSO,-7H,0O
0.01 g, NaNO, 3.0 g, K,HPO, 1.0 g, pH H#%, 121 C
K 20 min,

LB B4R FEIE(g/L): AR PR 10.0 g, FERER
# 5.0 g, NaCl 10.0 g, B/l 18.0 g, pH H 4K, 121 C
KB 20 min.

1.2.2 JEEY SR A A A 11 4 B i 158 SO A2 0
g% WU 10 g JBEAERhAE 4 | R AT OB 00 BE 2 BR
ZE VAR L B R S A R T 90 mL JCRE AR BEER K R,
FEATTRSI I BAE B . B 2 mL A S BT
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90 mL AR B K33 A, 37 °C. 180 r/min % 3#
48 ho HFFELH S HE L 10 f5806 BERG B, 43 ) W B
1073~107° F BEBE YLK 100 ul 354 T+ B4 075 1k 455
FEHL, 37 °C 157 48 ho PR EMAGRE s I5 3L v iy pa
RVE e T A s e i e kb, 37 °C 180 r/min B
F£ 24 h, 4 °C. 6000 r/min B5.0» 10 min, WA AT
DE TN AR 22 1 i A T 15 4% F B i A0 07 Pl A
W HU 15 pL )07 B AR S 3 T AT e s 3 3k v,
37 C }53% 48 ho S B HAMEERY JrihmsAEiE L, im it
175 BH Pl B A% 5 0 V8 B4R LU A (D/d) P Hr B8 RR 95 i
KGM REJ1. ¥ D/d B BRI T A4 & 1 5%
FrHEr, 37 °C . 180 r/min $%53% 24 h, 4 °C . 6000 r/min
B0 10 min, DS RIAHHBERR . ZS%2(L057 1Y
J72, SR DNS 753647 BEARBEE 77 i, Horb it
WG 1B ON: A IRV AR, A1 % 546
HERYE AR, AR50 BE 1 pmol AH24T D-H &2k
PRI OB T A A B A — RS B2 (U) , B )
F=X (1)
. AXN
fitf % 71(U/mL) = RIRAY A (D

o A S H PR ERTZh ODgyg o TELITXT
B B H i (mg ) s N O AR B 545 0.18 2
D-H #8845 A T (mg/pumol) s T 29 S 3 s [E] (min)
V APFH A 1) S Ak (mL) o

SR LB S AR: 35 B 1 55 19 KGM [
BRI TRIZR 41k, 37 °C 153% 48 h, 45O HEIES
S L QYL S5 L, AT A AR A AN S S
FEE
1.2.3 HEWIHIA  PEE 1.2.2 FEEE TS
WRREER T LB Bl@m iR sLdh, 37 °C. 180 r/min %
FE 24 h, ELALAR 3 IR, IR BINEAL R . TS IL BT
T 4 °C. 6000 r/min 25.0> 10 min J5 I EARDTHE,
FHR TR EL 22 v 7850 VR BEAAS 2~3 UK, U815 TR AR
JEZ 1.0x10° CFU/mL(ODgg 1, =1.0) o
1.2.4 PEERMHER . M ARERRE IR FAARBUM L 3%
BB WP T ASFIRILE pH(1.5, 2.5, 3.5, 4.5, 5.5)
A LB Rz EE3RHREF, 37 °C . 180 r/min 1%53% 24 h, 43
B FE S pH Z51F F R ODygp pme 25 FAXTHE A
FRARFLSTEL 3% BB AEFP T A4k pH W LB A
D REFR I P I B U, $20(2) THIR PR AR FEAS [l 4
pH FIAFIE 3,

OD x 100

PIRAT IR (%) = oD

i ODg AN FEIANHRS B ODyggo s ODy M
RAAEFRI B ODgo0 o

FARFEL 3% WU A T AN R ISR ik B
(0.1%. 0.3%. 0.5%. 0.7% w/v) #J LB A7 ;37 3L,
37 °C. 180 r/min ¥%3% 24 h, 43500 52 45 IH EL 1k 57 4%
R WY ODygg yme 25 FA X BB A7 - FAR B4 50
3% HUAERAEA T A LR A LB iR =3 i

&

PR, 42050 (2) TH 33 B AR TE AN [R) IR SR ¥ B T i A7
W
1.2.5 pEkRIZ N TS imwaeime AN T8 mmw
A4 C o) % 1t A7 PR a6 2 B HOU 4531 il LIU 45124
FFIEmLAb. B 1 mL EERKS 9 mL AT Bk
T E I FE IR A5, 37 °C. 180 t/min 1535 3 h,
Sy R)FE 0 h A1 3 h J5EH ODygp pme 25 FXTHE R
N T B WA PRI, #C(2O)HHRER G N T H
ARSI R

B ERS AN T B AT 3 h 5 E # 1 mL
5 9omL A T FilE iR &35, 37 C.
180 r/min 3% 3¢ 6 h, 43 Sl #E 0 h 1 6 h il & H:
ODyyo e FE D BRMRBEE 3 AT, el HLHL
SEEME A5 AXTRE AR Z N T IR AN FRA PR, 34
)RR E N T IR A FR)S BTG 2R
1.2.6 REREE MM E KRB IER T 58 5%
MY EHAE L MBS SFAR |, 37 °C £53% 24 h, 5
FRah e WS T 7 S B2 75 R (0 Y (o4
1ML ) % TG €7, 375 BH FE] (B-VA UML) , 5 A< HE B DU A Ay HOAS L
A IME(HFR p-1F 1), A4 B (A A BR A A X HE
[E5L 7 S
1.2.7 16S rDNA JEFEWNF & Rg kBRIt K
WALIE AR REAR T 4 °C. 6000 1r/min B5.0» 10 min
JE AR TR DTVE 1% B A RHA TR A (-
MF) VLT 16S rDNA FE PR HIM 5, 5 5 435 R4 5
2 35 [ E KA YR AE B A 0 (national center of
biotechnology information, NCBI) Hi4 7 [a] JEU1H: Fb X
50T, R MEGA11 AR R G R T .
1.2.8 BRI FEBUSMEN G S EER
BomAEH, SRHACUR D BOE AR PR AR P LA R AR
PE. HL 100 pL BEERIISIERAT T LB BARERILER
H, P E 8RR PUMER | RRE RS 12 Fibid R
AR R CE TR SR EE 0, 37 °C H53%F 24 h, WiER
ProA: 22 25 054C A JE A T PR R S0 5 45 ) 4T e el
HAE.
1.2.9 FEAFRIMBERE I IIE  PRELZAlB: 7 03 /N
(CKIGFTR . B A ERR . VDI T ERERD SRR, 3%
Fh T J0 PR AR BRER 2K, VR 4R R B PR AR R B
1.0x10* CFU/mL(ODyy,, ,,.,=1.0), FIFHLEH HrZ
EERRATINIEBE S . B 100 pL $8 715 1 B B 4 5]
AT T LB BRI b, Bl s, 25 1124
HACR A TR TR, WL 15 pL B, 18
WA ZS 2 R4C Pk, 37 °C 1537 24 h, H9R45 0
JE M E AN B BB BAR . A I RE A IR 15 pl JoRZK
S e DNl = 233 O al RE O = s 3 L T
1.2.10 PAMRAKLBREE I
1.2.10.1 HEERBEHIWE SHRRIEERBSE ik
InLMES, AT RRR A EEREEIIE . KIS TR
T 4 °C. 6000 r/min B5.0> 10 min J5EEBEADTTE,
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B PR R 22 ph il FE 5305 2~3 WK, T B IS T
ODg0 nm 15 E! 0.4+0.05, MI5E BT B ODgog nm M
VAW CREAEIC N Age BEIBEIR IR T 37 C K
WREREIE 20 4. 6 F1 24 h 5, 50500 5E H ODgyg o
FEER A7 (3)THA:

N & 3

K A WEHERFERT 37 C FiaERs
F£ 2. 4. 6 Fll 24 h 51 ODgyg nms Ay BRI EE 1
OD600 nm?©®
1.2.10.2 RIEH/KAEESIE S EEEPS Jrikn
DB, DA TR R I K GE SIS o KRGS B
WTF 4 °C. 6000 r/min &5.0> 10 min J& WA BT,
JHBE R EL 2% vh i FE4r PRI 2~3 WK, T IR IR IR
OD¢ nm 15 2l 0.420.05, I 22 Ik B BRI 1 ODigog i
SHATREWRGREIEIC N Age WX 3 mL PR TG IR
BHHES 1 mL P R 28R A HRIREIR A 5 min
J&, B TR IR 30 min, BR/KAH S A AT S
W2, TE ke H AL RIS Mt S e, e B )2
KA AEH: ODgo pme BACTEFEZ(4) 314

A
a&%zw@:@__ﬁxmo
0

A 4D

K PE(%) = (1 - %)x 100

K A A SHE VAT 5SS E, TEER
A HLF- B38BT 1 BT S R 2K AH I ODygog s Ag N
PRI ODgog e
1.2.10.3 EEERXT Caco-2 4HAEEHIGEE ST =HR
2 BRI D7 DB, I E PR B AR XT Caco-2 4H
HIFEIBES1 . #F 100 puL 1.0x10° CFU/mML(ODqo =
1.0) I B 5 4 V5 B2 7E 80% 2247114 Caco-2 4l
MR 2 h J&, FH W5 e £k 27 v i35 W 78 49 TR Ak
2~3 WK, YT ZRBR AR B 4B o I 0.25% FRT
THACAN I, 5 40 B A B0 BE R B I R A1 T 1A,
TCSEAIIES, VTP PRRRI RGN RE ST . PRIRRZLFAHE
F1¥=(5) T

%W%ﬁ@ﬂﬂwm:%

. C, HFBHAHEELG C) A Caco-2 AHfif%L -
1.3 HIELIE

HHIRI S 3 U, B L EEb R 2B 2
35, RJH SPSS21 Hl Origin2024 #HATEHR43H7 %
2K, ¢H [A] 22 55 Kk FH Duncan £ & LRI, DL P<
0.05 1E R Geit2# W 2 B{E, I MEGAT11 14
HERGELEW
2 HERESHh
2.1 BEFEHEREEFERRNS St RESENE

A JEE IR 3 | AR 1) JBE Y BR2E KR &
BEIAR Z= T 43 B 3RAS 38 MREEML KGM A i, 28 MR
LLgeaykwIbH, Forh 18 BREBME AR iE WK firtkel . 45

A (3

SR 1 s, RFS, JQ4. JZ8 %5 10 R #&1 D/d
(B T, 220 3R 10 BRERRXT KGM i RE&AfE
LT AR, 1250 A48 1) KGM . [
RE 1. #E—2EXT IR 10 BREERIE TRk alifk, 2L+
HEEARUERTZR (y=0.7988x+0.0388, R?>=0.9971), &

MR JI4E RBanEE 2 s, RF8. JZ6. JZ8. JQ4 M JZ1
PRI 7 B ey TP K01, 3R B 5 BRTRRRAE L
KGM 7K fif Az A IR R TSR . 2R-G /K i el 3=

HI(FE 1) MFHEPE(ZE 2), RF8. JZ6. JZ8. JQ4 Fl1JZ1
Y BRI KGM REMRRE 1 A s A3, I
7= - H g SPERRE O T HAL R . B SRR,

AN ZEAIFT B HKS018 HATRGR S-H R RMH GG
P, FCWERE 7k 38.36 U/mL, 249k BB i 4% HKS016
(2.67 U/mL) ¥ 14.4 5P, A B 5% i 16 R 45 1Y
RF8 1£ p-H E& B IE M S o8, LAY 4 BRTAAR
PRI 7 S B v AT B AT B HKS018, 3X

Ui AT SR I e DRAS U TRIMRAE KGM [F /e 1 3

HA W AT G SRR A4 B 3 s ek

e, DUBERIERBE R 2L rh o B TR R DR U Ab 1

FREE KGM IRER 5T B-H 8 SN il 3L ] vd 2
55 TR TFPRPE & PR 2R 1A PR AR e B B30 N R 3

1k, JTE T 584519 KGM [T 555

T AHERENIE I

Table 1 Transparent zone sizes of various strains
[GL7E e D/d(cm) [EL7E s D/d(cm)
JQ1 1.56+0.04 MT1 1.42+0.07
JQ3 1.41+0.08 MT2 1.24+0.06
JQ4 2.43+0.03 MT3 1.2240.19
JQ9 1.84+0.03 MTS5 1.47+0.03
JZ1 1.73+0.03 MT7 1.68+0.05
Jz4 1.44+0.02 RF2 1.85+0.07
JZ5 1.29+0.08 RF3 1.26+0.07
JZ6 1.85+0.03 RF5 1.66+0.02
JZ8 1.95+0.02 RF8 2.56+0.07

2 AHEREEE TR/

Table 2 Enzyme activity of each strain

[ER7E s Bl /1 (U/mL) [ Rl /3 (U/mL)
JQ4 36.190.05 1z8 37.42+0.35
JQ9 18.3140.04 MT7 17.64+0.15
1z1 32.9240.04 RF2 18.310.02
z3 22.43+0.04 RFS 18.23+0.04
1z6 38.36+0.03 RF8 49.9240.06

JZ1. JQ4. JZ6. JZ8 T RF8 I 1k B V5 L &= i
K 1R, 5 BREMRE TE S IRl @ RiEH . IR
VTR | R mi T okhe Hah ZRRs 4 . £ 22 QYL
o5 2 BRPERERR, 456 IAAS IR R G dl i 2= 01
ot ZEHIAT PR AR, w125 A E X 5 R R AR Y S
F RS o
2.2 EEMKTHERTTABEL 45 1%

15 2B B RE TS FE AR Y R FE 2 A TR, R T
HIET5 ELA i 52 B PR TR E A i IR R AR i e
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BT SRR LB BRI LRI A
Fig.l1 Colony morphology of each strain on LB solid medium

J1o B, ASWFFE T 5 BREE R UES TN iR 55 it IE R BE
JIMSE, S5RANE 2, K 3 iR SRR S
TP — AN R, (SR PR A 3 25 5
(P<0.05). 24 pH N 1.5 B, BTG BAR 0Y 1715 R4
I, 1 RF8 HAA &5 BTG 3R 15.11%+0.56%, i35
T HAB PR (P<0.05), HAFTE & T KIM 2552 47
i A R ZE R FLAT B pH O 2.5 B, JQ4. JZ8 FiI
RF8 A7 R 28%, T BUSEP i ik (A4

JpHL.5 tpH2.5 mmpH3.5

pH4.5 =pHS5.5
100 4

NN

[T

WBRAAE A (%)
5 8 &
o

[33
(=]
L

171 176 JZ8 RF
RS
K2 AWHRIEAE pH T IFETEH
Fig.2 Survival rates of each strain at different pH
VE: AR pH Z81F R, A [F) SB: 3R AN ) B RR (9 7730 38 22 5
#(P<0.05).

o0

COHER I 0.1% COHERHREE 0.3%

120 ARV 0.5% 222 IER Rk I 0.7%
b
_100{kd ¢ be b fla
X d I
v 4 e
ki 80
& 60 e
=
= -
%E[ 40 a
20 b c c
d
JQ4 JZ1  Jz6  JZ8  RF8
Wbk

K3 B RRTEA R IHERR R A7 G 45
Fig.3 Survival rates of each strain at different bile salt
concentrations
T FHIFIIEER VR BE ST, AN [R) 7 B A ) TR A A 106 4 22
5% (P<0.05).

FLAT s pH N 3.5 B, B JZ1 &b, HAD B RR AR TS 5
¥J=46%;pH K 4.5 B, IZ8 BITFHEZR 96.40%+0.33%,
B EA T HAY R (P<0.05) . ZEHEER TS24I <
R RHER A B 122 T, A R BRI R T
Fkad . (HSARERMR I R 0.3%HHT, RFS BUAFIT 3
ik 114.77%+0.21%, XFh 555 ISR T 68 5 RS
MM S 2 . EER K g i A S 0 I 2 SV A S HE
B AW FESHERYLHAG P, AR O ET
PRI R I T RRYGUE, $87 ZF AT PR B 78 0.3% iR
TR R, Al RS AR ER K ST ATP 45 & ik
BB AR, Lot SR R ED

FET AKE W pH o [F . HALE &Y BB AERT ]
LA Kz iz 38 PN RHER ¢ 3 9 61 (0.03%~0.3% ), AT 53 0
BEARASIY 5 MREAARIS R a0 HH 4500t i M 792« T LR 1
(BRI Rk Z A E 25 570 X — T 3222 5 T RE &
JEAEAE SRR T R A . B8 PR R 1Y
JZ8 F1 JQ4, R 105 phy & I A B 1k K A= 6
BT, AR HE R AT B 12 it AR R A5
L JZ1 B RR P ERP A R, (] R FERF R sa 4
AR BEFE Sl B R B IR R A A%, L =2
PRI ES; S0 B TS ERZE Y RFS, FEAEYRELR
A N E ISRy, b aRE s R E
P2, A HCEL A B oy W S AT R . R ISR PR3
23 EHE AL iR

SRS P i HE o S 6 30 A AL e 1R A v IE ER 4%
AR BRI AZ PEEA TITA, (SR AR B I 25 5
52 2%, AR S AR T i AT S A A AR s
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Fig.4 Survival rate of each strains treated with artificial
gastrointestinal fluid
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Table 4 Antibacterial capabilities of each strain
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