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Abstract: [Background] Catechol siderophore play an important role in the growth and metabolism of
gastrointestinal flora. [Objective] To study various digestive enzymes of four bacteria producing catechol
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siderophores isolated from healthy adult feces, and to study their probiotic potential. [Methods] Activities of
protease, amylase, lipase, cellulase, phytase, lactase and B-glucosidase were analyzed; The number of live
bacteria were counted after culturing four strains in simulated gastric and intestinal juice; and then
self-agglutination rate, adhesion rate and surface hydrophobicity of four strains were detected; At lost, for
intake safety evaluation different dose of four strains were administrated to mice for 7 days, to observe and
record the general signs of mice, to calculate the organ index of mice, and conduct bacterial translocation.
[Results] E. coli Gut 07 and E. coli Gut 12 didn’t show protease and lipase activity, B. cereus Gut 16 showed
no lactase activity, and E. coli Gut 20 was without protease activity. All the enzymes in this study were
detectable in the four selected strains. Regard with the probiotic property, the survival rate of the four strains
after 6 hours of simulated gastric juice culture was more than 60%, and the number of live bacteria after
24 hours of simulated intestinal juice culture was greater than the initial colony number. Analysis of
self-agglutination rate, adhesion rate and surface hydrophobicity showed that the four strains can adhesion
and colonization on the gastrointestinal tract (GIT). For safety evaluation, strains were not tolerant to most of
the antibiotics. Intragastric administration (4.5X1011 CFU/mL, 20 mL/kg-bw) didn’t show acute toxicity to
mice and no translocation of positive strains. [Conclusion] These four bacteria have the potential as
probiotics and need further studying on detail function to human diet and safety assessment after that of acute

toxicity.

Keywords: Catechol siderophore, Gastrointestinal tract, Digestive enzyme, Probiotic properties, Safety
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1 AR5
1.1 #8

L M KRR A S 7 Wbk E. coli Gut 07,
E. coli Gut 12, B. cereus Gut 16, E. coli Gut 20 (Fl]
F Rioux 5 5 M JLAS Wy 28 2k 8 A 7 A Tk
H . 66.48+0.10 . 58.89+0.48 . 94.75+0.40 .
49.45+0.10 pmol/L; GenBank H¥) 16S rRNA LK
P 31 % S5 Kk KU156684 . KU156685 |
KU156688 F1 KU156689), 41525628 A Ad B i A
FRE s g2,

MEEMEN, et BEZRE YRR
Al PR, UM ARA T fEIRRESR
. RRIRGREIK, FHEREEIESARA R BEbs
1%, BioTek 2\,

MRS AR RS2 3Gk 7], N T B (& &
FIi 0.3%, pH 2.0). (T IBE: 0.3%, B 0.1%,
pH 7.5 2% 3CHR[8], AN, Jalill. wErmE. £F
LR . FEIRNG . FUNHRG | B-A A WE T e A R IRk
ZHEHR[9-14], BEFRA TR A(g/L): EAM 10.0,
4K 3.0, NaCl5.0, pH 7.0,
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1.2 4¥kErFEENECEEES T
1.2.1  FAEEREIE

W 4 MRILAS T SRR R ™ B bR 2 B b T
MRS WA FR%E, 37°C, 150 r/min JE% 5555 18 h,
B2 mL A MR 100 mL WEARE . 1€
fit . NN, LF4ERN . MERAG . FLUHEG . B4
WEHF I R ks e, 37 °C. 150 r/min JR3% 8555
3d, B2 mL ZREEF a0 H, 12 000 r/min
B0 15 min,  HUOH: 35 B A A L, AR A
1.2.2 SHKESEMNE

(1) B FEE I E

K FAARARIREIAE 4 BREATAY & RSP &
R IE JE h: 37°C 4046 F, 1 mL & AL
T K ST B U RE = A 1 g R T o ()
i, BICH 1 AN FEHE 15 (U/mL).

(2) TEM S I

KH 3,5- A A KR AN 4 MR TE
s e TERERLLIE 1 O 40 °C AT,
1 mL JE 8 BRH R A A T V5 1 U 2 43 R T
1 mg WA JFRE R, B4 1 ANEEE 57 (U/mL).

(3) s Tl A )

A e R T A 35 2R 1 A% A R I (p-NPP) 2%
SE 4 RRER IR WSRO RS S B E X
M 40°C 5T, 1 mL A8 BEEHLEER A5 AP iL R
1 pumol X il R e i ZE AR, Bk 1 AR )
P (U/mL).,

(4) LF4E R MBS TN

LY R 3 FPAL sy, RS MELL EE
AHIFFE R R F LT 4k 22 1 (CMC-Na) 1 5 2 4k
Rl N YDA RGP o 2T 4 R TS ) R
ESCH: 40°C £MFF, 1| mL 24k R M B AR
BREEAR BT 1 mg W RBRFTRT (B, RO 1 AN
6 1 547(U/MmL).

(5) AR FREEE I E

FRAEA- SRR G 2 4 R TA AORR S 1EL
FHBRBEEEE PN E L. 37 °C. pH 5.5 AT,
1 mL AH GRS e R 3 BB 1 pmol TCAILI

PG, RISA 1 AMERRERS 1 500(U/mL).

(6) FLH S I

FI IR HE 2K - B-D-~F FUAE T (ONPG) I I 2
4 BRI VETS S UG S o R
37 °C 444 F, | mL AHBHA R 50Kf# 1 pmol 4BAH
B EEE, RIS 1 NS 77 502(U/mL).

(7) B~ 0 17 RS 1 0

R X ALK 5 -B-D A AR VA I A2 4 BREA 1Y
P-4 2 A TS MUY - A R I L3 T X
e 45 °C SR, 1 mL B2 0T R P R 43
BRAEALAE R 1 pumol XA IS T 75 (i, RIh
1A -2 T IS 77 567 (U/mL)
123 BEEEITE

fitf U IE J1(UMmL)=XxN/(Vxt). Hip, X i
FrifE M it AR R R 5 i N OB R
G VR BRR AT ;s ¢ BRSOV ]
1.3 EYRBITER T AB 2L 68 1 0 4

SR E TP gk, RN TS . B
WELEFRING 4 PRI RR I AR ER AR 7.
4 BRILAS T ZS BRI 2 7™ TRTRR 23 SR 21 10 mL
& MRS 35k, 37 °C. 180 r/min R HE3%
15h, F MRS PRI E & WE (T ), ek
Noo BU1 mL BRI S 9 mL A5E40L B s 3R 5k,
T 37 °C. 180 r/min JRi7¥EFE, WAL
WA E SR 3. 6 h (ISEEL iIch N B
TBREFE 6 h BT 1 mL M3 9 mL B NA WS
Federh, 37 °C. 180 r/min Y% IEFE, A IITERE
F% 3. 6., 18, 24 h W, RIEEHHEEITE/ Mg
AN R TR A (TG TR, 120 Nio

BIRRAETE H(%)=N/Nox 100, H:rh, Ny ARG
PR N R B SR AN ) 15 35 0 8] P 38 TR 2
1.4 EHRAHIEE S BI 47
1.41 B

22 M Grigoryan 2PV I M E 4 BREY A B
£, BS mL T 37 °C. 180 r/min JR¥GHE S 1Y
B, 5000 r/min 250> 10 min WA FATEE, HG
PBS il (pH 7.4) VR RARTTNE 2 Ik, WY
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B HAE 600 nm ALMWSEEN 0.8-1.0, idH
Ao BU10 mL R T 15 mLiREh, EiR T 05
FRE 1. 4, 20 h, & B2 600 nm &b
T, 188 4o BBRABHERITE AR
IR A B (%)=(4o—A)/Aex100
Hr, Ao N =0 BHUROEE; 400 =1, 4.
20 h BHIAS A OEAE .
142 FEEMMEE
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B 7. Jonsson ZEPAIFSY K P3E 3 7E 40 T AR K 1 55
FEHIMACKE R A B E A, KR
MAFFERE N T AN S R &5 A s e . ik, iR
B I ATRETE AL 5 Y 4 MR LS I 284k A R 7 TR AR
TEUINA 0.1% 118 5 RS 2 11 075 95 R 15 57 2
W37 °C 555 24 h, DIMESRESAE T, HFIRE0R
BRHE . 11] 96 FLARHERIN 150 uL ARG EE VAR
(100 pg/L HIKSEHET 50 mmol/L Nay,CO;, pH
9.7), 4°CH#fk 16 h, A PBST (1%Mi-20, pH
7 WHFE 1 h, FJ PBST (0.05%0t7R-20; pH
THEMWWYE 2 K, BV HBRE 405 N
0.5£0.02, iCH Ago MIALBERLAGFLH AR 100 pL B
B, HAEFETIHE 1 h, BUKE)SH) PBST U
WAL 3-5 IRABR ARG 4B, B T)s, G
FRGAE Asos(H, 0N Ay, BHEE 3 MELE.

AR (%)=41/40% 100, HH, Ao FPRG R RTINS
(IMEAE s Ay A RIS A I (o
1.4.3 FRERKM4E

SRR AL A P (MATH)YI GE 4 kK& 77 T bk
(e B K HERY B 37 °C. 180 r/min IR 555
24 h BB 5 mL, 5 000 r/min 25.0> 10 min J53 b
i, FH PBS &M pEIRAIADINE 2 Ik, L PBS &
MR RS FIXT IR, P AR E Asgo A 0.8+0.1,
IEH 4o BU1 mL —HZ | ZMROHR . —FA P bl
W, 5315 3 mL FEWRIRA, WHE2 min, =i
B 30 min 432, BUKAHME 580 nm ZbEG(E, id
SN A, VL PBS RN S FIXTRE

4 T 2% 1A 55 7K 3R (CSH%)=(40—A)/A40%x100,
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AP E R ARG 4 REPiER
fif 32k FrAdiAER: HER0 IU), RIEPEHk
(1 pg), ZEVEAR0 pg), RIEHFHEZA00 pg),
SUVER (100 pg), Sk Z K G0 ng), k76wt
(30 ng), KAHIEBO pg), KATKE30 ng), ki
fib BE (30 pg), Sk =30 pg), =k LUK M
(30 pg), FPRRA(30 pg), PRKEZR(120 pg), K
MRER GO pg), FE RGO pg), MRG0 pg), £
PEIRZE (30 pg), KiIFHZE B0 pg), LIFR(S pg)-
B30 uL WRISSIRATE MRS [BAREFEIE E,
PrAE R R R R, BAiAER 3 AP
17, B ARFRETA R E BT, 37 °C
FRERIE 24 h, MR RE ER.
.52 2MsHERE

¥ #8 GB15193.3-2003 5% [ (Korbor)7E 5T 4 £k
R/ R 1 A M) B 52 1L SPF 4% ICR
INBLOHE:ME=1:1, K 20-25 g)BEHL 9 1341, iR
B B 4 MR 45x10" | 4.5x107
4.5x107 CFU/mL 3 Il e,
4 20 mL/kg, XJREZH/INERHE 15 S5 2R FREK
BERAFEIBRGELRHEE 1 A, WEFFid /Nl A
RIERAEN . RER . REEIRS.

PHYEAN S B AR . F e — R 18 45 3 Xt
NS 18 h, K/ N RURRIRFR B 5 e TAE &
/N B IEZERIEBUAL 100 pL, SAEFRE K& HIR
BN MR s BRI, TRER S pL /NRATZUR
FOCH A B KRR R 40 f5 MAHLURAES ; BV
S R E AR S, , BT 200 pL Jop A HE K
HFE IR AT R LA AR o K/ NI . 1
WORNIR L A5 R S A T MRS [ AR 32 3 e i
37 °C ¥59% 24 h, WESHEFRIER A TCILA B 28k
AR AR AR, A RIS A K UL R &
A BAVER RS AL, 22 Ui R A0 o
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BN
HRPRE, TR

JIE e E =2 5 /N R ER
1.6 HFLESSH

FH SPSS 19.0 3k FiE1 7 ANOVA BN E T £4
115387, FHH Duncan Kok ifzs 5 g 250 #r
Bt AT 25 SR DO B EEAR MR 25 (X +SD)FEoR,
P<0.05 F/nEHF T,

2 HRE4W
2.1 GHLERTEM

4 R TE P BE 43006 B A AN [R] A 2 A I 1k
ity , X AL ] W A 0 O A T R Y B
PERIZH2A4E . 2538 1 Fis, B. cereus Gut 16
bR T RESTI 4 RRTRI = A OTERI I . £F4E R, HE
FRIGAN B-H A WAL, i R 43-Wh A 1 G AR
iy, FLUE A3 Tl 0 2T 248 25 Tl 0 100 5 o 1 LAt 7 ke
(P<0.05); E. coli Gut 20 WIRES I8 Ny AN FL b

L, R AL B

R1 ARSFEERAHE LTS

fitg, LA D7 T 1 2 T s — Ak B U S
Y1 B. cereus Gut 16 (P<0.05), FUBHERIS T B2 5
T B PIRR R FUBERRETER) E. coli Gut 07 Fl E. coli
Gut 12 (P<0.05); E. coli Gut 07 1 E. coli Gut 12 43
WA RIS T AL, (ELAS ] 1 30 b T il % A
%25 5(P<0.05).,
22 IHEHMH
2.2.1 THERTAB 2L BE 0

4 BRILAST SR A R 7 PR ZE N T RS W
AN TALEI A AR R4, 255 0L 1. 7€ pH 2.0
PN TAHLE W, 4 PRIAATTE B8R B 2 R AIX
(P<0.05), JEZHFE 6 h i HAFTE RITE 60%LA I,
E. coli Gut 12 FIAFIE R A5 55 (80.00%+1.12%) ;4 Bk
B TE N AU A A K22, ELERF% 24 h
J5 4 PRIEIE WACE YR iG w &, Hod E. coli
Gut 12 FITETE BRI (114.70%+2.59%) . AFFEAL
WEBHIZ 4 R HA SR i BRI ARERRE 1, i FLXF
A, A AR N 52

Table 1 The enzyme activities of 4 high-yeild strains of catechol siderophore (U/mL)

[ 78 1 il TEN il i H T EARE TR FLAH -] 2 Ml i
Strains Protease Amylase Lipase Cellulase Phytase Lactase B-Glucosidase
E. coli Gut 07 = 1.19+£0.06b  — 0.95+0.06¢ 5.64+0.28a 0.50+0.03b 1.20+0.02¢
E. coli Gut 12 = 0.87+0.15¢  — 1.14+0.03b 3.61+0.12b 0.55+0.03b 1.05+0.07d
B. cereus Gut 16 6.46+0.59 2.30+0.25a  2.54+0.10b 1.514+0.10a 1.2240.54¢ = 1.34+0.02b
E. coli Gut 20 = 0.66+0.06c  2.85+0.05a 1.06+0.09bc  5.20+0.26a 0.87+0.03a 1.48+0.08a

T - TCIHARREG I (R —80 N S AR 7B R B #5425 5:(P<0.05).

Note: —: No digestive enzyme activity; There were significant differences in data with different superscripts in the same column (P<0.05).

A nor - E. coli Gut 07
—&-E. coli Gut 12
—A— B. cereus Gut 16
100

—¥—E. coli Gut 20
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Survival rate (%)
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S

40 1 1 1 J
Culture time (h)
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100!
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&
g 60k -@— E. coli Gut 07
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0 1 | 1 1 1 |

1 1
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E1 4%SEEREATELSRA, pH2.00f187:&B, pH 7.5 BILRE 0.3%)FHEER

Figure 1 Survival rate of four strains with high-yeild catechol siderophore in artificial gastric juice (A, pH 2.0) and

intestinal juice (B, Bile salinity 0.3%)
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222 BHRER. HEEMMERMRERKE

e AR A T AT (0 7E 4 AR TR 7E 18 i B BR B v
FE B, P A SEGE, [ A]7E i 1 R B
RIEIE W — 2O B R, S o ieE Y e il
Xt 2 A T 5 A TR I R A HA VRO, 4 vk
E.coli Gut 07, E. coli Gut 12, B. cereus Gut 16, E.
coli Gut 20 [ FBEAEA I 2 /R, BlE IR 4E
K, 4 BRI A SRR AT, 20 h B B. cereus
Gut 16 FEEER K (92.93%+1.14%).

4 #RH E. coli Gut 07, E. coli Gut 12, B. cereus
Gut 16, E. coli Gut 20 %58 PR 2E53 51
34.61%+0.90% . 26.20%+1.12% . 56.67%+1.81% .
34.15%%1.20%, B. cereus Gut 16 FUBEEE IR
fim, T HADR 3 MR (P<0.05),

MATH 752 DARUE P56t B K A6 RS B g
TR TR R TSR BB RO S8 hn . 4 BRI
2R, =FEWEE. CIROTR 3 FiA HLE R B 2R 10 i
KA 2 fis o WA HERAERE ], ik 2 7]
1 B. cereus Gut 16 X —HIZE R R HIBT/KEE 1 Fek

E. coli Gut 20
B. cereus Gut 16

E. coli Gut 12

E. coli Gut 07

0 20 40 60 80 100

Autoaggregation (%)
2 AMRETFERBRER

Figure 2 The autoaggregation of high-yeilding strains of
catechol siderophore

R2 ARSFERHRARKEESEHRERE, %)

(57.68%+0.98%), ‘b = THA 3 PRI (P<0.05), i
A 4 36 T W P 5 AR R PR AR L 1 o A S iR
P AR KA ek 5 = & e Ry B H T
ZURHEHLIER], 4 MRE = S0 Be i 2 B 7K R
BIRT 30%, Jol #1257 (P>0.05), K] 4 Bk
PR R T LIRSy A4 s 2R TR Ry B M H
THHAH WA, E. coli Gut 07, E. coli Gut 12 Fll
E. coli Gut 20 X} R .M HAT B iR TH B K %
(42.16%—55.18%), J@ TR T2,
23 w&H
231 MEZEMZME

TERTE Y 20 B FBLA= 2 1, E. coli Gut 07,
E. coli Gut 12, E. coli Gut 20 ¥ JE Pk, ZRmepg
ML DURRER | ZTEREMOEE LA ZME, X
b 15 RS A R IIBUR; B. cereus Gut 16 XK
HER. PDRRE . WML EE A2,
XFHAD 16 FipiA: R BUSK . 4RI 3,
232 2MEM

VYR 7 o =TI RN (A Bt N 26D AN
HEHEE 1 )G, SAUNRBIAE | B I
ZEUBANE 4 R, B4/ EEEBLR, #
. POKFHESE—DIESR , BEIER, KAkl
RAF, ARHBETS . P st s, &mad
555t B2/ N BUAR T B 25 5, AW 4 Bk
BN BRI K TE B 5 O IEHE B RB S S e
ANEREPPARAERROIRDL , FFVE . PO ARORGLNE Ay 1k P o
i EEHE R Y, LS R AR ThBEAS S WU S TR Ak
AR DT IR A R B RS IR E RO L B

Table 2 The hydrophobicity of high-yeilding strains of catechol siderophore ( X +SD, %)

LS TR =G P LR
Strains Cngo CHC13 CH3COOC2H5
E. coli Gut 07 8.88+0.76" 39.26+0.57%* 42.16+0.71**
E. coli Gut 12 6.73+0.32® 46.78+1.00°* 55.18+0.71**
B. cereus Gut 16 57.68+0.98%* 31.65+0.49° 21.79+0.76°®
E. coli Gut 20 5.72+0.49® 37.29+0.74 47.87+0.23**

W4T AR NG F R A B 525 57(P<0.05); [Al—81 8 R [FKE R B A B 2354425 5(P<0.05).
Note: Lowercase indicated that there were significant differences in data with different superscripts in the same line (P<0.05). Uppercase
indicated that there were significant differences in data with different superscripts in the same column (P<0.05).
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R3 I)LFBERKBASTARREZTZ S

Table 3 The antibiotic resistance of high-yeilding strains of catechol siderophore

AR E. coli E. coli B. cereus E. coli ;T}TEE%% E. coli E. coli B. cereus E. coli
Antibiotic Gut 07 Gut 12 Gut16  Gut 20 ‘Antibiotic Gut 07 Gut 12 Gut16  Gut20
PRy N = = e k7 = e+ it e+ S
Penicillin (10 IU) Ceftriaxone (30 pg)

P NN = = HHE = %%@mﬂﬁ]ﬁ] HE HHE Aot et
Oxacillin (1 pg) Cefoperazone (30 pg)

Bl ST N Aot et et et [ et ++ - +
Ampicillin (10 pg) ‘Amikacin (30 pg)

RYEHER AHHE HHEE = 4 F)Ej(&?% SHE 4 AHHHE ++
Carbenicillin (100 pg) Gentamicin (120 pg)

ST EE T +++ +++ +HH+ St s 1Ek 1 SRR ++
Chlorthalidone (100 pg) EKanamycin (30 pg)

SR ++ ++ ++ +++ ?ﬁ%? ++ ++ ++ ++
Cephalexin (30 pg) Neomycin (30 pg)

Sk 7o me AHHE AHsE HE IR JUIEZSS = = = =E
Cefazolin (30 pg) ETetracycline (30 ng)

SLAHLE et et ++ ++ igfﬁ% = - - et -
Cefradine (30 pg) Doxycycline (30 pg)

Sk ++ +H+ ot bt DRI 2 + + + +
Cefuroxime (30 pg) ;Minocycline (30 pg)

KA AbE +H+ ++ + A LLRR - - - -
Ceftazidime (30 pg) Erythromycin (15 pg)

e - WA EAR 0-0.5cm, M32; +: MAERER 0.5-1.0 cm, ik ++: MEEER 1.0-1.5cm, i +++: MEREER
1.5-2.0 cm, @=H; ++++ MEEERZRKRT 2.0 cm, HREL

Note: —: The diameter of bacteriostatic circle is 0—0.5 cm, resistance; +: The diameter of bacteriostatic circle is 0.5—1.0 cm, low sensitivity;
++: The diameter of bacteriostatic circle is 1.0—1.5 cm, intermediate; +++: The diameter of bacteriostatic circle is 1.5—2.0 cm, susceptible;
++++: The diameter of bacteriostatic circle is greater than 2.0 cm, extreme sensitivity.

R4 I)LFEBMEKBASFARTRFIRAEN DRI MF RN E
Table 4 The toxicity test of 4 high-yeild strains in different doses to mice

[E5E7/S bl REHE SR ER PP A% Organ index( X +SD)

Strain Dose Weight gain  Total food ,p i Heart JLIE Spleen FFIE Liver B JE Kidney
(CFU/mL) (g/mice) intake (g)

Normal control 0 3.3440.17"  162.7 0.006 1+0.000 7*  0.004 7+0.000 9*  0.052 2+0.003 4*  0.016 5+0.001 7*

E. coli Gut 07 45x10"  3.73+0.10° 152.3 0.007 1£0.001 0°  0.009 0+0.004 9"  0.054 2+0.002 8"  0.016 4+0.003 9*
4.5x10°  3.03:0.49° 146.6 0.006 7+0.001 4*  0.005 3+0.001 3*  0.053 0+0.000 6° 0.016 5+0.002 7°
45x10"  3.38+0.84" 156.8 0.007 0+0.001 0"  0.008 3+0.006 1*  0.053 9+0.004 2*  0.017 8+0.003 1*

E. coli Gut 12 45x10"  3.35£0.26" 147.4 0.006 1£0.001 2*  0.006 3+0.001 2*  0.054 8+0.007 3*  0.016 7+0.002 8"
45x10°  3.33+0.54* 1553 0.006 3+0.000 8"  0.005 2+0.001 7*  0.054 3+0.002 9°  0.016 4+0.002 0"
45x107  3.28+0.59° 148.0 0.006 5+0.000 7*  0.009 6+0.005 0*  0.058 1+0.003 1*  0.015 7+0.002 9*

B. cereus Gut 16~ 4.5x10""  3.40+0.22° 157.9 0.007 5+0.001 0"  0.005 6+0.001 1*  0.059 7+0.003 5*  0.016 8+0.003 0*
45%x10°  3.25+0.47° 1612 0.006 6+0.000 6°  0.010 3+0.010 2"  0.051 9+0.006 8"  0.016 2+0.001 5*
45x107  3.10+0.18" 156.6 0.006 5+0.001 1*  0.005 9+0.001 9*  0.056 5+0.004 0°  0.016 6+0.003 3"

E. coli Gut 20 45x10"  3.18+0.29" 159.5 0.007 2+0.001 1*  0.005 7+0.001 2*  0.056 6+0.001 6°  0.016 5+0.001 9*
45x10°  3.03£0.19° 170.1 0.006 1£0.001 1*  0.006 1+0.003 3*  0.057 4+0.002 6°  0.017 4+0.003 7*
45%x10"  3.20+0.56" 1622 0.006 1+£0.001 0"  0.005 2+0.000 6"  0.050 7+0.002 9°  0.016 1+0.003 3*

e SRR S XTI T B 22 57(P>0.05) 5 [R]—FIAHIRLING FHE 208 J0 1 34 122 57 (P>0.05).
Note: There were no significant differences between the control group and the groups fed with different concentrations of test bacterial
strains (P>0.05). There were no significant differences in data with same superscripts in the same column (P>0.05).
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PE2E 5(P>0.05), UiBT 4 BREEXS /NS &R T
PEo AL/ IR . 2 2UR0RT bk B 45 5 v 2
KBV, BIARA I B AL, A
SR, U] 4 BRLAS IR B R T RN 2
PUARHAB B B A . 255K, 4 bR
BIRRTE MR T 4.5x10" CFU/mML . #8574 H
20 mL/kg WX /N RG22k
3 WikE48

ARBEFE Y 4 ¥R B W8 T LAS B 2 Bk 44k
T TR R T R T A B AT R DA K e 2 A5
B 1 R A O B PR TR R R T =
(15 umol/L)™™, Ky A RIS s, HAA
AL, WA, ATRUSA D SO & L B
ey as e TGV, REHAEE SR . IR EFRIER .

NFIFLEh P b5 B - i R 5, B miE
T P TRRE RE A2 431 Z R 5 B W18 TR AL A DG 1Y
iy, ARG, AR . JEMM. BV, fH
M . B-H R, ARG 4 HRLZR 2Rk
MR T BRI AR A I B A T AR, AR
[F) TR R 10 7 Wl S PR A B 25 5, AR BE WA
FRHE, AP TR AR A R R AL

g 2E TR AR )RRV R AR R
fif FR i IH AR BB 7 . RGP EFERE T . A= ERESE H
Xt S 4PN

FEMS AR AR ER KT Hr, ABFFER 4 BRIETEA T
Bl B L SR 6 h TG HAFTE RIYTE 60%L
b TENTEGRGESIGFR 24 h 5, 4 BRIAIYIE
RACR LI AR TR, ARG R, 5 HAbT
BRI ABER DT TR 4 RO, 4 ML B 2R Bk iAcrs
7R A TR TR i JIEL R e ) B

Xof g A= DAY B R BB RE T AW SR AN AR TR
EYFRE AR AR, PR R A BEE . B
P RS B R 2 1T K P R T R R R R B, P
R A R R R 1T B A3 B LB LT D, AR
T 58 7AW F T AR 3 TR 7 R HLAS P 5 AR A ke
oAt PROHRT T W R AR TE 15 i 1 P Y

KGR PERED ) [ B SR EE B P RS R AE 1Ak
B. cereus Gut 16 FKILH T3 0m R E K ERE, H
LA 00 AT R ) 19 B 2 L R AR RN B 23 RN 3R THT
IKFEEA TFM KN, 5 Feng Z80F 11 bRas A4 B TH
FE BT ge 4t RO — 2 SR IB TS S 2Ry
1R Rl B 2L R A KT 0N T R T e RORS B R
35.2%, SARWIGEH 3K E. coli TIPS AT,
{BRFMET B. cereus Gut 16%, N\ B B WA= 4
XTEGE AR ONER B A R 5
PR 0] B8 TR RO IR AN ] o 25 28 TR 78 15 3 8 RS
B BELENT , 1 ST g R S T R A R B A
Wi b Rz RS2, LA 2 3 Ry S R B
B R R0 2R 5 E M T g0 R T 7 R R
AP R T UE— S 0 5 TR R T b R 20 i A R R
P, W Caco-2 #AMISF, A REMS T 0 S MR R
TE B W TE PR 5T P R B 2 A R

AR AR T S B 22 1) ' 1A
Tt Wy BT 265 0 PO, N 2K i i S A R AT
24 55 N2 I rp 2 B T A R T 3 B AR B )
FEPE . 5 3k S I T A 56 11 3 S b 2 e AT eT LA
WP 2GS RS A BOR AN TR . 18 W IR BT R 3L
s TR R W WAL 24 35 TR I X I 22 i e A 07 ok e
AR T i, 7 R T A 25 2L TR
WA HeB A R 2 A TR WA . AT
b 4 BRILZE BBk BRI K 2 8 A
EANHAmWZM, B 20 mLkg # B F =
(4.5x10"" CFU/mL) Fxt/hRC &tk dett, Hel
e BREN L AR AR AR A AT L Y N LA B
B, ATRI R TN — 25T

AR 4 BRI RENSTE B Wil TP AFiE e s, Xt
KEbid ZRNEMZ B XarkdsrE, Z2F™
it 75 1k 2% W LA g T A R T R A
W, TRV AE 2 AL TR Tl — 2 IR AR .

REFERENCES

[1] Golonka R, Yeoh BS, Vijay-Kumar M. The iron tug-of-war
between bacterial siderophores and innate immunity[J].
Journal of Innate Immunity, 2019, 11(3): 249-262

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BCTAATAE: DU LS B S BB A 7 B T P T 1 B L 4 A AR 1815

[2] Aguilera L, Toloza L, Giménez R, et al. Proteomic analysis
of outer membrane vesicles from the probiotic strain
Escherichia coli Nissle 1917[J]. Proteomics, 2014, 14(2/3):
222-229

[3] Liu DH, Sun BL. Research on the correlation between
gastrointestinal microbiota and human gastrointestinal
system diseases[J]. Journal of Biology, 2019, 36(4): 1-6 (in
Chinese)

XA IhEAR. B IERE RS R THL R G
AR ST R SR (0], AEW2R24RE, 2019, 36(4): 1-6

[4] Tan SD, Guo YX. Research progress on the relationship
between inflammatory bowel disease and intestinal
microecology[J]. Chinese Youjiang Medical Journal, 2019,
47(1): 73-76 (in Chinese)

WEP P, ShEiE. RIEVEGE 5B A SRR WATR
HERE[T]. ATTEE#, 2019, 47(1): 73-76

[5] Shi YD, Ren Y, Sun H. Probiotics potential safety and
countermeasures[J]. Feed Review, 2018(5): 43-46,49 (in
Chinese)

B 2%, T30, PNEE. 254 TR TS A0 Stk B AR B X 3K [I].

TR S, 2018(5): 43-46,49

[6] Gong Q, Zhang XC. Screening, identification of catechol
siderophore-producing bacteria from human gastrointestinal
tract[J]. Current Biotechnology, 2019, 9(1): 62-68 (in
Chinese)
SR, KA. A B W TR L W S Bk B A A B Y O
WS YED]. AYHORBE, 2019, 9(1): 62-68

[7] Liu SJ. Experimental Technology of Food Microbiology[M].

Beijing: China Agricultural Science and Technology Press,
2000: 15-17(in Chinese)
XA, MY ELRERM]. st o ERL R
e A, 2000: 15-17

[8] National Pharmacopoeia Committee. Clinical Medication
Instructions of Pharmacopoeia of the People’s Republic of
China: Volume of Chemical Drugs and Biological Products
(2005 Edition)[M]. Beijing: People’s Health Press, 2005 (in
Chinese)

E RN M G2, pAe AR LA 25 Ml IR T 25 20
225 P 5 5 (2005 AERDIM]. JbaT AR T
AL, 2005

[91 Sun YH, Zhou KY, Xiong Z. Screening and identification of

protease-producing bacterium from intestinal canal of
Dendrolimu and liquid culture studies[J]. Chinese
Agricultural Science Bulletin, 2012, 28(14): 18-21 (in
Chinese)
IMERE, JEITTHE, BB, FAG U IE 7 48 1 Ak A4 7 i
B RIEFR AR ] hEARFE R, 2012, 28(14):
18-21

[10] Liu Z, Zhang YG, Zhang WW, et al. Screening of

amylase-producing bacteria and optimization of the
condition for enzyme production[J]. Feed Industry, 2012,
33(23): 27-30 (in Chinese)
XURZ, SKAHR, TR, 5. TERY S o 00 ORI 2 I A%
PREPEALT]. AL Tk, 2012, 33(23): 27-30

[11] Zhao W, Wang LQ, Zheng J, et al. Isolation, identification
of lipase production strain and optimization of the
fermentation condition[J]. Journal of Natural Science of
Hunan Normal University, 2010, 33(3): 88-92 (in Chinese)
AR, B, FBH, SF. P IRN B E R S B . S K
H AR HUAR . IR ITVE 22 A SRR 2440, 2010,
33(3): 88-92

[12] Lei ZY, He L, Wang ZY, et al. Study on isolation of
cellulase-production strains from the digestive tract of grass
carp and the conditions for cellulase production[J]. Journal
of Microbiology, 2007, 27(4): 54-57 (in Chinese)
TIEE, flF1, FWC, & SR =24 R Rk
5 35 B 7 Wl 2 A O BF SR (3], Sl 24 2% a8, 2007, 27(4):
54-57

[13] Huang CC. Screening of high yield strain of phytase and
optimizating of its fermentation conditions[D]. Jinan:
Master’s Thesis of Shandong Institute of Light Industry,
2011 (in Chinese)
BARAR. AR S T R L R A R AR [D].
Prmg: WARER Dol A Be i 242153, 2011

[14] Xu JL. Genetic engineering of lactoase production yeast
strain and the production of lactoase by fermentation[D].
Qingdao: Doctoral Dissertation of Ocean University of
China, 2012 (in Chinese)
AR 77 LB R L LA AR 193815 ok RN LB R 04 & 1
A7P[D]. F i PRI LB AL, 2012

[15] Wang BH, Wang JG, Lei CL. Inquisition of the midgut
digestive enzyme activity difference between lab reared and
feral Periplaneta americana[J]. Chinese Journal of Vector
Biology and Control, 2007, 18(2): 95-97 (in Chinese)
FAOME, FARRI RIS, A TR I A 5 U
B T 22 BT ST D). T A e 2 B R 2435, 2007,
18(2): 95-97

[16] Winkler UK, Stuckmann M. Glycogen, hyaluronate, and
some other polysaccharides greatly enhance the formation
of exolipase by Serratia marcescens[J]. Journal of
Bacteriology, 1979, 138(3): 663-670

[17] Tsang PWK, Fong WP, Samaranayake LP. Candida
albicans orf19.3727 encodes phytase activity and is
essential for human tissue damage[J]. PLoS One, 2017,
12(12): e0189219

[18] Igbal S, Nguyen TH, Nguyen HA, et al. Characterization of
a heterodimeric GH2 f-galactosidase from Lactobacillus
sakei Lb790 and prebiotic
galacto-oligosaccharides[J]. Journal of Agricultural and

formation of

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1816 A

Microbiol. China

Food Chemistry, 2011, 59(8): 3803-3811

[19] Bagewadi ZK, Mulla SI, Ninnekar HZ. Purification and
characterization of endo  B-1,4-p-glucanase  from
Trichoderma harzianum strain HZN11 and its application in
production of bioethanol from sweet sorghum bagasse[J]. 3
Biotech, 2016, 6(1): 101

[20] Wang F, Liu L, Li HT, et al. Screening for potential
probiotics based on high a-glucosidase inhibitory activity[J].
Food Science, 2018, 39(16): 192-200 (in Chinese)
I, XV, Y, & BA o B0 RV 25
A T O S SOREPE AR BT (D] B AR RR 2, 2018, 39(16):
192-200

[21] Grigoryan S, Bazukyan I, Trchounian A. Aggregation and
adhesion activity of Lactobacilli isolated from fermented
products in vitro and in vivo: a potential probiotic strain[J].
Probiotics and Antimicrobial Proteins, 2018, 10(2): 269-276

[22] Jonsson H, Strom E, Roos S. Addition of mucin to the
growth medium triggers mucus-binding activity in different
strains of Lactobacillus reuteri in vitro[J]. FEMS
Microbiology Letters, 2001, 204(1): 19-22

[23] Jin CJ. Screening, identification and surface hydrophobic
properties of high adhesive Lactobacillu[D]. Yangzhou:
Master’s Thesis of Yangzhou University, 2013 (in Chinese)
HIRIA. ORI FLRR I I | S RO T K R
BISEID). Bl MK LR 3, 2013

[24] Yu XF, Chen ZQ, Dang XT, et al. Surface hydrophobicity
and coherency of three stranis of Lactobacillus[J]. Journal
of Anhui Agricultural Sciences, 2017, 45(22): 55-57 (in
Chinese)
TN, DRSS, SN, 4. 3 BRILFF R R H A PE K
BERVEDIIE[T]. ZRURALAFL, 2017, 45(22): 55-57

[25] Procedures for toxicological assessment of food,
Standardization Administration of China. GB 15193.1-2003
Procedures for toxicological assessment of food[S]. Beijing:
China Standard Press, 2004 (in Chinese)
HAe N RALFIE TAEFR, o B E AR A 2 B 2
GB15193.1-2003 £ /i % &M B H 22 RN P [S]. dbat:
Hh[E bR H AL, 2004

[26] Tuo YF, Yu HL, Ai LZ, et al. Aggregation and adhesion
properties of 22 Lactobacillus strains[J]. Journal of Dairy
Science, 2013, 96(7): 4252-4257

[27] Liu Y, Zhang Y, Zhang HP. Evaluating methods of
probiotic’s safety in the world[J]. Journal of Chinese
Institute of Food Science and Technology, 2011, 11(6):
141-151 (in Chinese)
XG5k, KA. AR AR B T T IE ] R
£ 27, 2011, 11(6): 141-151

[28] Zhao X, Chen SX, Xie ZX, et al. Isolation, identification

and over-siderophores production of Pseudomonas
fluorescens sp-f[J]. Acta Microbiologica Sinica, 2006, 46(5):
691-695 (in Chinese)
XA, PREAS, WARME, . E T EREIA SR IR B R
Pseudomonas fluorescens sp-f B B 45 & S HAR iR AR
WE[I]. AR, 2006, 46(5): 691-695

[29] Zheng T. Characterization and application to pig feedstuff
of the enzymes from Aspergillus niger[D]. Nanjing:

Doctoral Dissertation of Nanjing Agricultural University,
2006 (in Chinese)
HOW. PR B B A 5 % LR 50 £ A DR T (1 1
D). Bt Bt R 2 E AESC, 2006

[30] Zhao F, Li YQ, Li BC. Screening of probiotic Lactobacillus
in simulated gastrointestinal environment[J]. Microbiology
China, 2016, 43(6): 1396-1403 (in Chinese)
BT, HIEE, AR, BB B B 5 A 5L
FFE[I). A 2E 4, 2016, 43(6): 1396-1403

[31] FAO/WHO. Guidelines for the evaluation of probiotics in
food[R]. London Ontario, Canada: FAO/WHO, 2002

[32] Shi XM, Chen JG, Li SY, et al. Mutation breeding of
Lactobacillus plantarum CICC 6238 for y-aminobutyric

acid production and analysis of probiotic properties[J]. Food
and Fermentation Industries, 2018, 44(8): 71-77 (in Chinese)
B, MR, BER, &7 - A ETRARE
CICC 6238 H)FEAEILH Mag AR FRPEMT[I]. Frah 5 A
Tk, 2018, 44(8): 71-77

[33] Rokana N, Singh BP, Thakur N, et al. Screening of cell
surface properties of potential probiotic Lactobacilli isolated
from human milk[J]. Journal of Dairy Research, 2018, 85(3):
347-354

[34] Feng YY, Qiao L, Liu R, et al. Potential probiotic properties
of lactic acid bacteria isolated from the intestinal mucosa of
healthy piglets[J]. Annals of Microbiology, 2017, 67(3):
239-253

[35] Rinkinen M, Westermarck E, Salminen S, et al. Absence of
host specificity for in vitro adhesion of probiotic lactic acid
bacteria to intestinal mucus[J]. Veterinary Microbiology,
2003, 97(1/2): 55-61

[36] Fang ZG, Wang JL, Cheng M. Distribution and drug
resistance of 855 isolated gram-negative bacilli[J]. Journal
of Bengbu Medical College, 2010, 35(8): 823-825 (in
Chinese)
J5 B, WA, BREL 855 MR ZBAVES EAT A K
T 25 P 3 HT (], B 38 BR 27 e 2241, 2010, 35(8): 823-825

[37] Mathur S, Singh R. Antibiotic resistance in food lactic acid

bacteria — a review[J]. International Journal of Food
Microbiology, 2005, 105(3): 281-295

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



