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W EAWHSEER T READNERERARIRE ZEHANRER, AFLRAARAT TAMLA (H,0,) £
A — A AR GEF 3T SRR K OR BT R A G A IA . F B HA 2N SFIHN KT ORGTME AT
KF #AFHE (Bacillus aryabhattai) , #X R¥HA &% %8 H,0, 3 B. aryabhattai 43 ¥7# B £ 42 (Inhibition zone
diameter, 1ZD) . #& /) #P& K& (Minimum inhibitory concentration, MIC) . s /)FH K E (Minimum bactericidal
concentration, MBC) #o4 K th & &9 % a it 4T 9 A7; Bl B 3H4T 9 8 HLH] K 3 WK H,0, *F B. aryabhattai %) 28 FLAE |
mpREE G B IRAE Bl BB AR R A 095, 2R &, % H,0, AW 250 pg/mL #2% £ 1000 pg/mL, 1ZD ¥ KT 8 mm,
H,0, # MIC #= MBC 3% 250 pg/mL. #@id 4 K& A A Y H,0, K& & T 250 ug/mL BF A8 A& 24 h A 2 &4 HI4E
mE AR, WANFKRER HO, WKL ERSHR LFRFPHER, £aMeEE (P<0.05) , R
BIRT B. aryabhattai W9t Pa 5 Febn JRE 4 M), F BB ER B (Alkaline phosphatase, AKP) #= p-F $L#E3FEE (-
Galactosidase, B-GAL) #FE2|mpnsh, H 5 H,0, 2 RERMME. Bk, 250 ug/mL H,0, A4 A B in &l 8£ 8 4 &
P B B. aryabhattaic AAF T A SR KA RIPE R, TR RS — 2 L RIRFA L Z 85
KR SRS, TRAE, IR A A, W H F W, A
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Antibacterial Activity and Mechanism of Hydrogen Peroxide against
the Dominant Strain Bacillus aryabhattai in Fresh and Wet Vermicelli

JIN Lu, WU Yue, CHEN Zhigang’

(College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: To inhibit microbial spoilage in fresh and wet vermicelli and explore green and efficient preservatives, this study
systematically investigated the antibacterial mechanism of hydrogen peroxide (H,0,), a green preservative, against the
predominant spoilage bacteria in fresh and wet vermicelli. Firstly, the predominant spoilage bacteria in fresh and wet
vermicelli were identified as Bacillus aryabhattai through high-throughput sequencing. Then, the influence of H,0, on the
inhibition zone diameter (IZD), the minimum inhibitory concentration (MIC), the minimum bactericidal concentration
(MBC) and the growth curve of B. aryabhattai were analyzed through antibacterial activity assays. Simultaneously, the
mechanism of antibacterial action experiments was conducted to observe the effects of H,O, on the disruption of cell
membrane and cell wall of B. aryabhattai, as well as the leakage of intracellular functional components. The results showed
that increasing the concentration of H,O, from 250 pg/mL to 1000 ng/mL resulted in an 8§ mm increased IZD. Additionally,
MIC and MBC of H,0, were both 250 pg/mL. The growth curve analysis revealed that bacterial growth was completely
inhibited within 24 hours when the concentration of H,O, was higher than 250 pg/mL. The mechanism of antibacterial
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action experiments indicated that increasing concentrations of H,O, significantly raised the concentrations of nucleic acids

and proteins in the supernatant of the bacterial liquid (P<0.05), while also disrupting the cell wall and membrane structure
of B. aryabhattai, leading to the leakage of alkaline phosphatase (AKP) and f-galactosidase (5-GAL) outside the cells, and
it exhibited a concentration-dependent relationship with H,O,. Therefore, H,0, at 250 ng/mL effectively inhibited the

activity of B. aryabhattai in fresh and wet vermicelli. This study provides a theoretical basis and production guidance for

extending the shelf life and increasing the market value of fresh and wet vermicelli.

Key words: fresh and wet vermicelli; hydrogen peroxide; Bacillus aryabhattai; bacteriostatic activity; bacteriostatic
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EENR R SRR IS K, DR, H R 4
JIR, 3 Fic Z2 Fh R RORE, SZ S )T R A RN ),
HA P~ ICTAERE T, T2 70% BEJR, 759G & ms
(A=l TR, SR AR = ey OTERR s
L PR AR A . Bt R S A A5 B ER AN IR, MR A i s
B A, At e il .

o EALE (H,0,) S — Pl 2. AT R f 1 10 B
771, GB 2760-2014 & B INFHE FHbRHE Y & HonT
DAIVE A o T BRI in ) & i b, (Rl P
MEREBINF B MR &, GB 5009.226-2016(E 5
s ST SR B R I )R HLE B AR B
RT3 mg/ke™™. H,O, HAT ) 1% o 20 i) K
MR, Bl S SRR HyO Fl O, X 3REE
ToE, JE—Fp st i K EFIIO, H,0, oG
Bk, HarHAE B s P (i S AR v p e SR AR
B AR AR B S KA P U A i ek
PE U BAR FRT H,0, B2l FHAE R Z 45080, 4
B At L BRI RSO, AFUE G H,0, X
AW HARYE P LIRS 8 A . BT H,0, MIF
FEHLER = BAEAEPARSE, U H,0, SRR MR

AT L, AR AR R, T DG T HL,O, X 4H ALY
AR GG PR R FE R e DR

EEVRMY SR R K 53 B e, S A S AR I, 1T
ZE AT B & (Bacillus) J2: 6 1 K5 25 b 19 32 22 4%k
YU, G AR S E A R am v AL AR,
LT ok KA, X REEEA K Sl R
PR IS, AR B E IR MM E S BB K
PIZEGTE, R4t 3 AR Bf Q2R T
B (Bacillus aryabhattai) J& T 20T )&, HIAE&BR
Y47 oA, AR 3R 1 = B AR AR T g & B . B.
aryabhattai AR MIPTHEPE, HIER4 AR H OB
T — RN TEE R R 520, HAl, e TEHRp &
e A B B s e M PR A APF 5, 3 v 3 I T
DIXHEE A S A B M B EEA T4 ATV, 35 B R
N GG AR S T R B R R, DT A HL,O, FEEER
Wy 25 P R D HER AL 4R S

AT E LA VM 2% A IR X 42, X Ee AR RN
H,O, ZHFIE I 0.25%0 . 0.5%o0 . 1%o(w/w)H,0, £ 11
TR P A S, TR BRI RRR B. aryabhattai,
P2 FZ B MRAE M FE /R R T HL,0, P B 7G4
FHM B ML B 5Y o I 3F — 25 38 o 90 o Bl B AR

( Inhibition zone diameter, 1ZD) . Hx /) #ll 5 ¢ &
(Minimum inhibitory concentration, MIC) . /AR
e )E (Minimum bactericidal concentration, MBC) . #Ji
AR 2k AT H,0, X HARBERAIM RTE M 7
X HAX TR . &5 10T . B PR i ( Alkaline phospha-
tase, AKP) 1 g->} FL ¥ & [ ( f-Galactosidase, S-
GAL) it &% & 4790 a2 , 38 i3 49 4 H 8% ( Scanning
electron microscope, SEM) Fili% ] B 4% ( Transmission
electron microscope, TEM) XI5 AN [] ¥ BE 19 H,O,
Xt B. aryabhattai WZHMIEERNZHMIRESSAA RS2 . A%
HFFEXT H,O, SR 45 P UL S PRAR 030 B A LB 3
17T B Em s, A0 H,0, IEKIRATER I
il S BT AN T (R A —E ORI A 7 e St
1 #REE%E
1.1 MREEE

Bl FCZFHUAT IR P AR RS2 A7) e 48 8% HH Il
B BRAF AT RS 4 o B TR, &2 N
BT EC2E AT B4, S50 10 1 (v)IRAAAET—80 °C
AR VA s H R OK S 13.51%, K51 0.15%,
AR 0.10%, FEEER 25.2%) ZHRET/\BE
A BT B (NaClh) b E SRV AE AT BRI
TEAA(35%) &Mk, M FEA T A RA RS
T SR MER R (1000 pg/mL)  dbatiE AR
ABRAFL Z WA REU (100 mg/mL)  FIEFBUR
A2 A BRAS 7 Dl i 6. B E R

MFERFIG et @Y TRREFEIT; B-2FF LB
B PRI G G i A AR BRI RO R T

IR BB (Nutrient agar, NA) | & 3% A 1 ( Nutrient
broth, NB) . “FAi235E (Plate count agar, PCA)
AW

SUB010 FHfiH T Wisi HASH L 7] DW-
HL678 AR vkFE  SE2EA W)=Y ; LCSH-150C 8
IRIEFEFE B B R 2R ER A BR 4 |l H1650-
W G m R ML R VDHEASCES MU ES A BR
/N7l BioscreenC 4 H TR AR KAY B IHERE
A RA PR Fl; H7650 BT F i i%s HAH
SLON ] SHZ-82A R EIR IR a3 RHITIX
#+A F22 ] NanoDrop2000 2571 A] IL4-6o Rt
K EFEERCHIRBH A F]; SW-CJ-ID B S L T AE
G IRNEARA Fl; SHX-250B AEfRERFRAE WM
FEALZRHITE A FRAF] S
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1.2.1 SRR ARMHIAES A SO R S5 a4 I
A7, I R A AR A BRA F R A 7=, BRI
PR R Ry 75 kgo T AErE AU, JEURMA
IR —FT ] VA - B as 75— 1%
H e =R IR e KP4 -4
P, HALERILE 1,

X BRZA A (CKO ZETRIVE R R HP AN 5%0 (w/w,
TEDEEL, H0, 4 5% EELFIT 0.25%0. 0.5%0. 1%0
H,0,. ALBRJE, BEESHTE 28+1 °C (Y55 348 HH it
90 d.

1.2.2 BREEEOTHT AERERIVEET— S N M s
90 d PN AR — JEI X BB VR TR, FR IR PG S AR i
(GB 4789.2-2022) i 5 P, W £ Y0 21 285 U8 By A
(25 @) IMA 0.85% (w/w) LA BEER /K (225 mL) o,
REYS) . EICHAEEL K PSSR (107'~107°)
J&, B 1 mL MREREFRN ] PCA B3R5k, SPARTE
37 °C WFE 48+2 h LAMME B4 A B 1 144 (Total aero-
bic viable count, TAVC).

1.2.3 @y Y AR S an L 5 1g
CFU/g(MR Y453 7% i A= bR vl GB 2713-2015) 2,
LR AR RIS SRR i e i3 AR Y R 2R
A R A AT H DNA A9 $2 B R 55 388 £ 5 1
fEo RH 16S rRNA FLH V3-V4 S48 X G B 14,
338F(5’-ACTCCTACGGGAGGCAGCA-3) il 806R
(5-GGACTACHVGGGTWTCTAAT-3") #47 PCR
P35 20 pL VAR FR: Mix 10 L., 514745 0.8 L.
54 0.8 pL, dd H,O #h & 20 nL., PCR JZ W & 14
95 °C 3 min; 95 °C 30's, 54 °C 30's, 72 °C 45 5,30 >
EER; 72 °C FEAH 10 min. PCR F=#)T 2% FUIERE%EE
JiE LGRS, PCR 7=4) B 5% K/ INIERf, e i
J5 {8 i NEXTFLEX Rapid DNA-Seq Kit #E4T & 2,
FIFH Ilumina 23 &) Miseq PE300 SF-&l))32

1.2.4 H,O, ZREEHIME MG CE L 2SR
#E Bih i S SR B 2000 E ) (GB 5009.226-

k]

ek

| g‘_l ;

ik

ki it

2016) FERER L (7RIl a2 R 25 H,0, IIFRE

HP

1.2.5 LR R EE  ARYE 1.2.3 B s
S pE g P d 0 HAREERE S B. aryabhattai, ¥
Ay B AT LE U B AR 28 °C 1537 24 h S5 4R R
FER PP R ER SR, BREW S H 1 1(vv) R AE
TE—80 °C VKA P o N T IR SLS2 G i, K5 B A
TRHIE 1%o(v/v)IIIA NB 153558701 28 °C, 180 r/min
PR EEFE 18~24 h AR A KW B

1.2.6 H,O0, X| B. aryabhattai WK

1.2.6.1 MIC F1 MBC il xz  MRYF Cui &P 1977
VEBEFT MIC AU RE . B 1.2.5 BB S, SRS
TR AR REIAAE 96 FLA T AT MIC mllE, 3555
F 28 C H#HEETFE 1 d, BUE 5 SRR L H A iy v
TR, R R e R VB T VRAARF LT et IOz 1 4100 R TR e
S MIC. BHPEXT REUIN TR, B M%) BE i NB 8%
FEHL,

B T A5ETF MIC A9FLIAMH 100 pl WHT
Y5 AR IR A 7 NA P |, 76 28 C ¥ H 24 h
J&, A AN K i 2 o MBCP,
1.2.6.2 fIEE B E R FHBZ 5 FTFLIETEAL
H,0, Xt B. aryabhattai W Bl /N SE PO,
1.2.5 [ PR VRORR BE B I Y BEFE 600 nm &bk 0.5 A2
FBFHE 1% Nt NB EAR: 23607 (A 2% g
NB WAARETFRIL) o 72 A — 2 ie B gR 3k, B
%1 J5 B AR AR, SRR I BRI Y NB . [E A 7334
SRETF A AR o 58 [ B AR AR, [
AL FLIF S s n 200 pL FPEEW, Z 5 BT 4 °C 1K
A 4 h PECHD B L SRS TICE T 28 C BEFRAA
18~24 h Ji Uk R REBUN R B RN EE 3 kY
A AEEAEH, A 120008 I A T IE D o BT
HEZH M O AR BEER K, BEPET RELH SRR .
PR R MR MPTRERCER S5 1071,
1.2.6.3 AR ihe AR H 4 A B K
RALMEURSE Sy 4xMIC, 2xMIC ., 1xMIC, 1/2xMIC .

A&
3 IO B4R 3102 i N <l U B

Fig.1 Production process of fresh and wet vermicelli on industrial scale
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Table 1  Antibacterial judgment criteria
T H R B 4% 1ZD(mm) Fl e AR
<7 JCHEEH
>7 AIEEH
7<1ZD<10 Bl
10<1ZD<20 g
>20 P

1/4xMIC 1% H,O, B 77 358 H B AR i A= R 2k
PR R I, A SC 1A 9 Y I S (] B 30 min, 1% 357 Ast[R]
24 h, IREE 28 °C, e BRE h—k, YR o s
10 s FFME 600 nm LW S CEEME . FFF i E
AT, BAPEXT BELHAIN NB . MR 3R G R (bR
() AR AR B W PR AR AR R A L

1.2.7 H,0, Xt B. aryabhattai B3INEEHLH

1.2.7.1 DRPEBRRRE I E  [HH AKP 5 Sl
% B. aryabhattai TE % 2xMIC. 1xMIC. 1/2xMIC
[ HyO, Ab R 8 h 5 il 15 ik 6 1 ¥ L 37 W v 114
AKP ftE . A X OB HTE 37 C 53
JFRAEA 15 min P24 1 mg B8 14 K87, B
7.14 U/L,

1.2.7.2 B-PELVETEEAINIE  B-GAL VE 4R
SEEEVER— D RFEPE, [ S-GAL & PRI 2 125
& XF B. aryabhattai TE4: 2xMIC, 1xMIC, 1/2xMIC
) H,O, AR 8 h Ji 41 AL 451 B il 2 i W v iy -
GAL AR TG o 1 PTG P A (U) 2 L
2 37 C. pH7.0 454, B:43 8P A2 B 1 pmol X il
FEW T T B i

1.2.7.3 M N AR AN E  BERE 2 h BURE 250
(3000 r/min, 10 min), BUE _FiE®US, FH 0.22 pm A9
Bt 3 2k pE AR L B S FH S8 A o6 BE T e LA E
260 nm bR G E, BB —IRECEIE,

1.2.7.4 MINFEATTIMNENE 450 2 h BRSO 05
AT IR, FH SR P e e 3R Al e AR P
T, B 10 pL FESL R ANARAERE, DA 250 pl 19 °T-
YEWR, IR51J5 T 37 C 7K Hi#A 30 min, 7 562 nm
A L SR E, 2 e BRI S Ui B A5 104551
BERP SR EHE (ug/mL) o

1.2.7.5 B. aryabhattai WHORZEAIIIE B 1.2.5 B
PR R R O A BB AK, A2k JE S 0xMIC Fl
1xMIC B H,0,, 7£ 28 °C, 180 r/min 5514 FALHE 4 h
J5i, 4 °C. 5000 r/min Z5fF T &0 10 min, 255 @
T2 £k 2% v RIS Ve — IR, —&R43 T 2.5% 14 10 g ]
R, G LPERBEE VRS, B8O ITUE I AR I A —E
PP P S L TRAATR S0 Je D U VT PR RO A E AR A 482
J& b, BT M i P i s SR M Ay . o —
F A3 AE AR S8 TR UTUE S A 2.5% )3 [
R, ik BaE . A, U K ge et B, s
b A7 S F AT LTI I P R A AR
1.3 #HiE4E
Py SR Ee Y ve e 3 N E A, BPE A SPSS 18.0
BEAT B ZE M (One-way ANOVA), DL P<0.05 1
2 S I TR R, R gt R LA (R 25
(Standard deviation, SD) &7~ f#i /] Origin 2021 i
AEEL
2 FBR55H
2.1 AREHKE H,0, XTSRS0
ARESINAFNGS N HyO, WY SR 55 73 0 BEA 71070
WIS, AR T A K L e HL,0, 5% B Rl SR L3R 2.
XFHEZATE 3 d WAAEEIAR BT, 1T H,O, ZH7E 90 d 11
Ve i 1Y PN A ARG 00 8 T WO AR P i A A o TR ) X B
ZH N H,0, 2H 0985 5B ST XT e (B 2A~2D), A
LLE F 1%0 HyO, ZHFLIRAEZ (15l 2D), 1Mj 0.25%o0F11
0.5%0 H,O, ZH 1 G Jo W AL o 78 )= 22
F 2 R[FEHREE H,0, W SR A A A A0 B A K A
(Ig CFU/g) M AR F
Table 2 Effects of different concentrations of H,0O, on bacterial

growth during the storage period of fresh and wet vermicelli
(1g CFU/g) and its residual levels

hBE: R H,0,5% B it (mg/kg)
3 90
CK 5.56+0.05 - <3
0.25%0 H,0, <1 <1 <3
0.50%0 H,0, <1 <1 <3
1.00%0 H,0, <1 <1 <3

TE: <17 SRBIZURMSE Fr g iR P R AG I B BRI s 7 SR AT e 3
Fl, Z A3 “<3™KHEGB 5009.226-2016 A5k ER He (2 3k 1 58 1 FR
3 mg/kg.

P2 SRR AR X b
Fig.2 Comparison of the fresh and wet vermicelli samples
TE: A~D 43124 CK., 0.25%0. 0.5%o. 1%oiod AL VAL K H R RO Bl L A
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R 1%0 H,O, ZH G 25 H B RLLY, ZHER G545
IR, BMed S d FH H,0, Xy 4501 7 ARt
A IEPE 0.25%0F1 0.5%o 1 H B, {HLH T X6 AR 7 i Aot
BIZ AR AIARUIERY, FE SR HL 0.5%0f1 H,O, . [RIR
T GB 5009.226-2016"! Xt H,0, 21114 H,0, FR &
HEATINRE, A BRFR B BERAG H, 77 G GB 2760-2014
X HAR B B S SR IELR™ . BB H,O, X
W3 SRA ARG REAS SR BRI RO, HLICHS NG R .
22 EEEMEPEREEENS

Xof B Ay 2% (0 %8 REZH R AT 4 B 1) v S U
ZERINE 3A. 3B s X HEZH AN PR AE 8 /K- LY
FEASHETS L R S5 P S5 SR AR 3A T, ZRIEFT IR TR
(Bacillus) JEXF B I 20, U228 AT
W J& ( Paenibacillus) . 18 2L ¥ & J& ( Sporolacto-
bacillus) . ¥ ¥ 4 J& (Pedobacter) . T W )E
(Achromobacter) . Bacillus Z>1E 5 K ETEM UL
GEAVEY AT, i Bl LG 2E AU AT B (Bacillus aryab-
hattai) W)J2 ZF AT R TP AOC B AR b =2 B e i B R
¥rR(E 3B), W5 IEEFE B. aryabhattai VE R NTEALER
ISR . B. aryabhattai 53 AR5, TEFR E 3= 22
A TA HAIERAR PP, HORYE AT L1 vERy IS0k}
isde, FEFLLEHEZE, AHFETE L B. arvabhattai
SRS RE T H,0, FHTEEHLELAAFST o
2.3 H,0, Xt B. aryabhattai BIHIER

Fe/ NI BRI HR B e S W B 24 00 T P g

EPRE. ANFEIMEZER) H,O0, YEH T B. aryabhattai 15

FEIIEEBEANER 3 IR, 24 H,0, MIHRBETE 250 pg/
mL M VL _EBFRESE Nl B. aryabhattai 94+, FL
AR & Vs, MM EEAE 125 pg/mL B, FLIFE 46 7%
M, IFAEZ S AR A BE R RS VE R LI . BB T
MIC ) %2 S AR P8 FLIFA 7E 18~24 h J& Ay ph B e 2
Y, BT LIARYEZE 3 45 2RvT LIKIAE 250 png/mL “4 H,O,
B MIC., TAEZJEBF 1xMIC e BE M LI EiR g fL

A B
1.0 1.0
I 4chromobacter
B Bacillus
Georgenia
0.8 F Glutamicibacter 0.8
Oceanobacillus
Paenibacillus
Pedobacter
= 0.6 B Pseudomonas 0.6
H B Sporolactobacillus -
= Bl 7hermobifida =
= Il Others =
04 0.4
02 0.2
0
CK 0

£ 3  RIEWREE H,0, XF B. aryabhattai () MIC

Table 3 MIC of different concentrations of H,0,
against B. aryabhattai

H,0,%E (ng/mL) B, aryabhattai H,0,% % (ug/mL)  p, aryabhattai

1000.00 - 31.25 +

500.00 - 15.63 +

250.00 - 7.81 +

125.00 + PR HE +

62.50 + iR opi -
RIS B aryabhattai AR “+7 B, aryabhattaitt A TN, 5

Feaerih; B BN 5 INB S FEIE, IMex T PRAL K oo B T2

T P AR FURAT TS, R IR B AR,

MIC ¥ B R 5 MBC ¥k 3£, Bl 250 pg/mL J2& H,O0,
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Fig.3 Distribution of the control group bacteria
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0 0* 0 ot
250 13.73£0.47° 250 21.72+0.68"
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500 18.53+0.44° 500 28.66+0.39
1000 21.73+0.70° 1000 31.700.63°
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(%E(P;0.0S), KRE FRFRRE N B R A AW Z A 322
P<0.05),
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4 H,0, MEREEEX B. aryabhattai B FE 1510
Fig4 Effects of H,0, and ampicillin on the inhibition zone
diameter of B. aryabhattai
1 A. 1000 pg/mL H,0,; B. 500 pg/mL H,0,; C. 250 pg/mL
H,0,; D. 1000 pg/mL ¥ 158 %; E. 500 pg/mL % 5% %;

F.250 pg/mL 2 F &8 & (D, E, F J2FHPEXTHR) .
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A R A R o
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A 2T S W A B 3 32207 S T8 T i
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Bk 24 h NI AERIE O, 45 R anIE 5 s o R
H,O, MXTIEZHTE 24 h NI KEAE S BUAERiZk,
VLB AR H,O, AN B. aryabhattai WG MLIE
W, HAE R 4 h 53 AXTEUAE R, 14 h 5T AR
A AERF R . NE S Pl IE AEAERK 140
B, X B8 ZH ODgog o 1H 43 01 S22 H,O, 26 ¥ B2 Ry
1/4xMIC( 62.5 ug/mL) Fl1 1/2xMIC( 125 png/mL) {4
ODyy nm TELHY 2.75 f55F11 8.68 1%, Uit W 4 B L3014 <
S B AN [RIRR B, ST R AR 5, A=Kk
FEUE I 5 %) BRZH A .25 DX (P>0.05), B IRk
B H,O, 3mdifE R EZEA/EAH TammaT A, A
IR AR PR PR A= R P BT E] - SR, WS H,O, 24k
JE A 1xMIC(250 pg/mL), 2xMIC( 500 pg/mL) Fl
4xMIC(1000 pg/mL) A= IR ZemT A, 76 2977 H,0,
WREE R B. aryabhattai 7F 24 h PNIEAE 2R, R4
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Fig.5 Effects of different concentrations of H,O, on the growth
curve of B. aryabhattai
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Fig.8 Morphology and internal structure of B. aryabhattai observed by SEM and TEM
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