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Isolation, identification, and fermentation condition
optimization for antimicrobial activity of an endophytic
bacterial strain Z10 from lemon

QIAN Cheng, YE Jing, Khadija EI Galai, ZHANG Qin*, GAO Mengdie, YANG Xinyu,
YU Yanling, TANG Song

College of Biological and Food Engineering, Anhui Polytechnic University, Wuhu 241000, Anhui, China

Abstract: [Background] In recent years, mining antimicrobial components from the
fermentation products of endophytes has become an important way to discover new bioactive
components. [Objective] To find new endophytes with high antimicrobial activity, explore the
optimum fermentation conditions for the production of bioactive components, and decipher their
antimicrobial mechanisms. [Methods] The endophytes were isolated from lemon peels and
seeds by tissue culture and streaking method. The strains with strong inhibitory effects on
pathogenic microorganisms were screened by filter paper and Oxford cup methods and then
identified by morphological observation and 16S rRNA gene sequencing. The antimicrobial
effect of the fermentation liquid extract (B02c) of the active strain was examined by the
microplate method. Single factor tests and response surface experiment were carried out to
optimize the fermentation conditions. Propidium iodide/SYTO-9 probe marking combined with
flow cytometry were employed to measure the effect of BO2c on the cell membrane of the tested
strains. [Results] A strain Z10 with significant inhibitory effect on Staphylococcus aureus was
isolated from lemon seeds and identified as Bacillus sp. The optimal fermentation conditions of
strain Z10 were as follows: addition of orange peel residue at 1.6 g/100 mL, pH 6.8, inoculum
amount of 10.0%, rotation speed of 172 r/min, and culture for 36 h. After optimization, the
obtained B02c showed the inhibition rate reaching 84.36%, increased by 16.36% compared with
that of the fermentation liquid obtained at the original conditions. BO2¢ showed the MIC of
3.125 mg/mL against S. aureus and destroyed the cell membrane integrity of S. aureus at this
dose. [Conclusion] B02c of the lemon endophyte Z10 under optimized fermentation conditions
demonstrates a strong inhibitory effect on S aureus, serving the screening and industrial
production of new and efficient natural bioactive substances.

Keywords: isolation and identification; Bacillus sp.; endophyte; antimicrobial mechanism;
fermentation condition optimization
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FYEFTBE R B AFEAS), ERAFAETHY
BRI B AR, P A R B A2 S 5 o
i TR, MO R AT KRS &
W = E B B R, SRR R
RACE YIRS AR 22 P A W #8 BL A T A 45 B 40
TP, TR DA AR 2R R R A% T 4 B A5 2]
PN LE AR P RE B AT S U R AR i . AR
FIAITE A A5G AT N A TR BT+ o f 2, A
v By s A R A v e O 22k BT AR
JIEL [ A5 R o e B T RN FLIBR T A 5 Kaur 0 A
B A e R SRR R, BOA AP
AT A AL R DR B 7 7 o i DL AT A%
G A AE TR AT S A TR 9 R A AL A 1 A
KARIE o NI, 73 BT A B o 5 A T PR
DAL TG ™ A 1) R TR 2R, R RS 6%
PREITE A AN STV AR 3 R H 2T X

AR B AR D AR I Tl i) 32 228
ORI AP YER . ST R, R LT
WA R, BB A A M E,
(EHCA) AR AN TS Qe PR S5 TR A H 45 2R
8y B AR A 77l R 2 ke i 32 R it
FURT, AR B it i 25345 M BE 2 A0 1) F B — 1

PR T BRI B, IR AEE T B A K 1y I
PRI LR, A5 54 4[] o ik 2 S BO0E

TR SR AN EREE V5 Y2 A W AL R — R R 4 U X
VRO A A B i A BT 2K, AN OUREA AR A B
T A R, i RT L E  E A AT 2 A
TP A R ST TR AEE B

AW TE AT R B S A% SR R, A
B 306 X UL L PR AT 5 DT T A A A A R
P8 [ B PR 5 905 P PR A T 8 e DI A T 2% 1, ik
— 2B A [ ¥ J3E 1) R T 9 B BBCIROXT i i T 44
PRSI RE I, LA S g i 400 R L 0 T 5 B
PESCEAR R, IR AL L R AR R T M S
SR AL IEAL o

P

1.1 #8
1.1.1 H&

BRI I T TR R TT MAE
#: 60 °C N HETAE K (T LB TR R T I
SR EEAAR S K M 3 40-80 H i & FH ;
485 {0 75) % BR 18 (Staphylococcus aureus) . Kz
¥ #i (Escherichia coli) . % F # %5 Bk &
(Saphylococcus epidermidis) CICC 24067 FilH
{4, 7% 2k 1 (Candida albicans) CMCC 98001 %
BT R 2= T A W) S 5 2 DR
1.1.2 EHE

LB }iffbk(g/L): REEFIHR 10.0, BERER B
5.0, NaCl 10.0, pH 7.5, BilE¥ 15.0,

UIRICHE IR A (g/L): HAIHE 40.0, M
10.0, ZHEH 15.0,

VIR IR E R R (NA, g/L):
A NE 3.0, REMAM 10.0, S4kih 5.0, pH 7.5,
IEM 15.05 EEREE IR R A i1 95 2L (YPD,
g/L): MWEBEH 10.0, &K 20.0, H4ghE 20.0,
pH HR, LAEK 15.0; DA bR IR
(PDA, g/L): 442 200.0, #ZjHE 20.0, g
15.0, pH HER; g BRI I
FEHUK 100 mL (5.0 g FrE Rz VI#E, Jil 100 mL
47K 96 20 min), FIN4KZE 1000 mL, g
¥ 15.0 g, pH HAR, 110 °CKTH 30 min; F745
FHRBORIEFRHE : ARG 100 mL (5.0 g #7°
BEAFEEAN, I 100 mL £ii7K &3 20 min), #RA0
47K 2 1 000 mL, BifE#r 15.0 g, pH A 4K, 110 °C
K 30 min,

A R B BBCHR A2 0 5 5 ik ARG B SR IO
100 mL (5.0 g #H4% Bz VI# , Jin 100 mL £ 7K 2 336
20 min), ZA04E7K % 1000 mL, FIEH 15.0 g,
pH B4, 110 °CK# 30 min.

Fl PR F2 3L (g/L) : HHAG B 5.0, %
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¥%20.0, 4-RE 5.0, E[M 10.0, NaCl 5.0,
KH,PO, 0.5, MgS04-7H,0 1.0, pH 7.5, 121 °C
K 20 min,

KEERARRE I (g/L): MG H 20.0,
itk 10.0, 4RE 5.0, EAM 10.0, NaCl 5.0,
KH,PO,4 0.5, MgS0,-7H,0 1.0, pH 7.5, 121 °C
K 20 min,
1.1.3  EZE RTINS

Ezup HEUANE RN 240 DNA fiidH &,
A TAY TR RMARAF; JoK R,
WHEIRMN . S ke, ETE., 2ROl —
FLAE A (DMSO) | LAk 5 i (propidium lodide, PI)
M SYTO-9, b itk AEALRH A BR A F] . &
23R 12 SR o3 B

SR R ZEVROK AR, I L BT AR
I B TAES, Wi EEITRHE A RA
H P XU R P A . B3R AR TR, |k
N RPHA RA ] S Aha] WA eI
MbRAL, SRR A PR A w3 PCR I
HLUKAX, AR R AR iy B 27 b (H i) B BRA W 5
BELOHL, IR WS I A AR T A PR 5
WA REAY, DL w2 R R AR R A W
1.2 FE
121 REEWNSBESEL

SR FHA gy i 85 vk U i o AR R
TP e o BRI K s e R 1 2 min J5 A
SRIT . TEREG TAE & PRI 75% CBErs i
FI 3% R B VRN Ay A SR SR A 7 3R T K T
FHATEHE A PR 3-5 W, BURJa— R E e
PR TRARAE R 28 FO B R FHJC R B i SR
KYIH(S mmx5 mm), FICHEWE AT
IYRREE, A3 RI#ER T NA. PDA. YPD FIFy#E
B CFE) B BB AR R R R0, NA IEFRET
28 °ClE#mE #: 2-3 d, PDA il YPD i3kt
37 °CIHIEE;FE(24+2) h, FFETEK G, P

TR, LARNZ Sy Bk 4R 2 A A B $ U A2 T
BegRdk, 37 °CHHIRREFE 1824 h, 4lifk/res 34X
KU b, 13RS R TE 4 CCOYE & .
122 REREZRHIE

WA WO AR . KM R ISR B %
BRIEHF T LB MUARG SRR I, K6
SR TR R EA S R R E L, &
SIPEEBCA T Y5 BE AT 50 mL X B VAR B 5
F, 7E 37 °C., 180 r/min fH i K H 55 57 2 X 5L
(25 12-14 h)J5 , 4 000 r/min 2.0 20 min Y5
PR TOUE o VB AAR 3% 3% 25 0 719 TR AR ok B2 24 hy
1.5x107 CFU/mL, RVl 4599 i B PR =0, 45 o
123 AERELERREIEB2c)RIHI &

2 B NS IR RS AR il . PRER
T AR 10 PN A 200 TR BT 5 42 o T R A 8 5
F, 37 °C, 180 r/min Je%HHEFRL) 12 h, ODggo
290 1.2 PE—47 10% % F R T A2 B
A8 35 25100 mL/250 mL), 37 °C. 160 r/min
P HE9529 24 h JE¥ LW 4 000 r/min 5.0
20 min, B EIEWR BN SERBAIE T BE%
WGEH kT 3-5 min) A 3 I, GIFFEBOR,
T 60 °CU W 45 = T 44, 1 2 mL DMSO % fi#,
RI75 B02c. H4AES T 0.22 pum JE M g 4 1 5
BT 4 CUREE R
1.2.4 HIESEMIRLE

SR FH g 4% R 2 R0 2R AR A2 P AR i T e
B02c MBS o JEACH 1S K6 JCH 6 mm
T UE4C 7 43 3 B F O L JERR B 1) B02c A
DMSO %W, 4 “CRMR; & HBUH AR
Ha X, IO B e BUXCT J5 I AR
L R A W 7 i 75y W ) R N T A 2
B FR o AR AR AUZ AR E S 28 SCR[ 17140 4% - Ak
FRZH A HEPR A AN A 200 L B02¢, 1EE IR,
JFLISE i DMSO Sh2s FIXF R, 78 37 °ClE B
FATERESE 240 5, WEHMESCR, A+
TR S E A P ELAR IR SR
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B X B TR RO S AR 1) P9 A TR R A LR 3
o W T TR T 2 - e 4 B (5 A BK T (S aureus)
RGN, B 180 pL 1.2.2 4 T B IR M 2
96 FLAR A ERE— AL, FHIRER 18 pl BO2¢ A
FiR&FLH, 37 °C. 180 v/min JRHHEFE 1824 h
Jei M %€ ODgao W IGAE o LA DMSO A Sk BAH: XF BR .
T 3 BRSO 5E 620 nm Ab B9 GAE , 0 s AL
ODgyo, FFHAAMERI,

e o BRAEAHODIE
i E@(/“)_[l ~ BIMERIROD I
SEMERNEE

TEARS Y - R AR A0 R 0 R 8K 0
PER PRI T AR R R, FRRK R
Je B TR VE T SRR I AT 00 20 FI 0T, BREGE
b J5 B BRL T 5 AT R 2 PR 0 7E 2 B B
AT SR 24-48 h JE TR VE UEAT B OB S REIE
IS

Oy F AW S X TR T T i 1 R A
AT F 258 , K FH Ezup #2040 18 R K1 41 DNA
42 &R LS DNA, L) 27F (5'-AGAGTTT
GATCCTGGCTCAG-3")Hl1 1492R (5'-TACGGYT
ACCTTGTTACGACTT-3") 5%, PCR [k
(25 pL): 2xTaq Plus PCR Master Mix 12.5 L,
. U I#(10 pmol/L)4 1 uL, ik DNA
(88.8 ng/uL) 1 pL, /il ddH,0 #M% 25 pL., PCR
FE 4 95 °C 5 min; 94°C30s, 57°C60s,
72°C90's, 30 ME¥; 72 °C 10 min, PCR §"3
PR A T AR T AR B A BR A w1

jxlOOO

1.2.5

=1 AR EERKFIRIT
Table 1

Factors and levels of response surface design

W4 B0 4 77 51 78 NCBI Al EzBioCloud 34 %2
HWERIXT, THAAREERTFS], 7 MEGA
7.0 B AR A NJ #:(neighbor-joining method)if
PRI, R G L B WL TRl S e
1.2.6 EEEZHMK

Wik 96 FHFLAR AT I A ] K e 25 T T
Mk &k B R BOR AT S aureus I 2, B4
ERAE RS (1) Mg g . LW
KRR BLRE 43 0B AN [ o vk B 1)
M B2 0.0.10.0.20.0.30.0,40.0 1 50.0 g/L,
160 r/min (100 mL/250 mL)}5 %% 24 h, & &
MIAE RN (2) PIkh pH H: PR IR
¥k pH {H 4510 4.0, 5.0, 6.0, 7.0, 8.0 1 9.0,
160 r/min 3555 24 h, #iE it pH {H; (3) Bfh
B BRI BILL 2.5% . 5.0% . 7.5%. 10.0%.
12.5%F1 15.0% (IR0 A KRG TR,
160 r/min £53% 24 h, #EmAEEME; @) K
BfTE . A3 5% 12, 24, 36, 48, 60 Fll 72 h )5,
KRR BR AT EAGE A TS 8L, 96 TlFLk
PO PGV, B e dE R BRI (5) B
WERRRREH 5 90, 120, 150, 180, 210
F1 240 r/min, VI#fE AR T .
1.2.7 Mo Rz @R 4 36

HR B PR R0 25 A, BEIUM AR R i v ot
pH. AP RFEHCAAZ, DL B02c X4 i (A4
ZIERTA IR R BiAE, >R H Design-Expert 12
A4 Box-Behnken DIHERETT U R 2 = /KM i/
AT, PRI 1,

% Factors

K- Levels
-1 0 1

A M Bz WS & Addition of orange peel residue (g/100 mL)

B pH
C ##F & Inoculum amount (%)

D %3 Rotation speed (r/min)

0.0 1.0 2.0
5.0 7.0 9.0
5.0 10.0 15.0
120 180 240
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1.2.8 HIEIGUEIKLE

LA o) 7 T 3 56 AR A5 1) o & I A AR A T
WIIERE, EE 5 K, B s
PR S B R T A, I 5 R AT B e b B
FRFAF AT AL IE
1.2.9 &/ IHRE RN E

SR F AR B PO S B AR Z10 1 BO2c
Xt S aureus 4 F /MR JE (minimum  inhibitory
concentration, MIC).7£ 96 fLAx H 5 A 100 pL
LB W33 5E, 4 100 pl & JEH 200 mg/mL 1Y
B02c #BOMALE 1 FLH WA TIR AT FFHL 100 pL
A 2 4L, RREE, HEAE— LIRS
JEWEI 100 pL AR5, FEEAALH 4 A A
100 uL A= KXHEC ) S aureus AR, AL
B 4H Y FE >4 100.000—0.781 mg/mL, LA 100 uL LB
MR ES IR IENE R B XT B, A 37 cCHE AL EE TR
FEXESE 24 h, FHBEAR G 5 3L ODgoo, PABE I
A B IR B Wk BE A MIC
1.2.10 EE]-4 K& B9 E

2 B8 7 3 2 A POV i [ - A ] il 2
FE T H1.2.2 il £ 19 S, aureus B AR 100 pL
H5WE N 1 MIC, 2 MIC /) B02c 7£ 96 fLA
FUWBIRG, MZKEH 0.5 MIC fl 1 MIC,
PUBA B 5 o AR LR K 45 100 pL /E R 2s X
BE, 37 °C. 180 r/min %55 24 h, AR 2 h il
JE—IK ODgoo, FHZIHTRI-AE R 2K
1.2.11 B02c WME&EHBEEKEMAMETEERN
Al

ZRPEEEP PT Yk TR VE B .
0.9% 4 PR /K 43 B1Ks BO2c e i & vk i
4 MIC, 2 MIC Fl 1 MIC W)W, H1He
500 uL H5XPHAERKMA S aureus FEIRTE
2 mL B EOEPERBURS, SR BURA K
JE R 2 MIC., 1 MIC A1 0.5 MIC, LIA=#ERK
E 2 AXT R, 37 °CIEIRESIE 4 ho BRI T

4 000 r/min &0 15 min J53 B3, H 0.9%4 F
HOKEBVE 3 R BIE, BT mE
TRVLVES A PI AT SYTO-9 Lkt 100 uL, &
515 4 CCREEHFE 30 min, HEJ5H A G
BAEEIMES, FERT ARG8T
1.3 #HIERLIE

AT 3 IKEKR, >R Excel 2022
XA IS BRI T4 B, R A Origin 2022 il /£ &
%, K IBM SPSS 27 xR0 Bl vET 403
2 51 FE T

2 BRS04

21 ITEAEENS SSIEEMERN

A e A ) SRS B R A rp 43 B 9 A B
83 Kk, FLrFPNARANTE 54 k. PARELE 29 Kk,
MR TEAS RIS R IR AT i . A R TE AT I
RE A8 Ry i %, %5k P1-P48, TMTE
FAAZ (35 BRYyh i, S5 21-235. L4
WOMARE . RIAFR . A SR E MR
BB ERTA IR /N, 18 2 U8 AR A T2 R 2R HEAR AL
JE AL IR FE 20 B B AL A 45 PN A TR R IR TR B B
W(BO2C) LRGP . 45BN, —HRNF
FFAZ 43 B B N AE A 210 1) BO2c¢ 1 BR 4 R fie
B3, IFHEXT 4 Rk A M E A 1A),
SF 22 [P B S epidermidis #1 S aureus 1)
FIRORBE, Hdh X S aureus (930 1R B

mEl 1B, 1C Fin, SXFIAMHE, 4
AR R G 0 S I A R S, B
B02c TEHUR R IR AL A RAFM ¥ wlrE, e
A SMH S aureus 4K, T EA N
(18.21+0.36) mm, HMEHFELH 65.59%, Ktk
# S aureus WEEFRE AT E Lk, -2
PRITHRR Z10 M9 B8 5 14
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A 21¢
a
18 =
EI5t
B b
212} -
]
N & 2
g of -
2
£ of
3 -
S. aureus E.coli  C. albicans S. epidermidis

Pathogenic bacteria

1 JEMEK 210 WIERR A Btk 210
XF 4 T st M. AN FRER R 22
53 2 (P<0.05). F[A]. Bl C:Z10 X4 B (0,45 %
ERTE ) AF HEAR AR AR A, CK 28 P X

Figure 1 The inhibitory effect of active strain Z10.
A: The inhibitory effect of active strain Z10 on four
pathogens. Different lowercase letters indicate
significant difference (P<0.05). The same below. B

and C: Oxford cup and filter paper test for Z10
against S aureus. CK is a blank control.

2.2 GEME Z10 WEELER

i 2A Fis, SRR AR 210 76 LB [R5
FIE BRI 240 )5, WikRAOG, FE. &%
. RETERAESE . DEAEF . NEW,
il 2B PR, g 22 [R YLt Ba ke 3, Rk 210
SEEEMR, TEBRR 210 S 2% FCRHE TR .

B ERR 210 19 16S rRNA B[R F4348 &
NCBI #0452, 158 565 4 OR056372, i —
AT 08, R MEGA 7.0 340175

2 E Z10 S EFHE  A: LB HigRdk b
MEVEIES. B: X RPEOIES
Figure 2 Morphological characteristics of strain

Z10. A: Colony morphology on LB culture medium.
B: Gram staining morphology.

RO PO R G AT W 3), g5RE
B, Wbk 210 B 16S rRNA JE:[H F %1 5 Bacillus
subtilis strain SCZ30 (MW391600.1)#1 Bacillus
subtilis strain WCM6 (0Q747983. 1)1 AHLYE N
99% HA F[fl— 432 . &5 BB SFEM 16S
rRNA EEH P51, #Embk 210 2 A
(Bacillus sp.).
23 AEEHMUER

P4 Bz B TETE PE R AR 210 R el fEp B
A ELEMEN, AMUSRE KA KR 4taE R,
BB LA S NG A W i e A . KL 4A
Fiw, MG B # S LA 0.0 g/100 mL 3|
1.0 g/100 mL, BO2c M %A BT, i
AN IR ARG e s A8 ) T4 s P o 0 7 A 5 24
RHHEEE L 1.0 g/100 mL B, SE R FFIGEREAR,
A RE A DR i R AR e v Jo e Wk B 4 T, T
WA FER eI | AR A, BEAS T AR A
K B T P0G . HZ5 185 SCER[24]719
ZEVEARL . TR 1.0 g/100 mL B ik
e, N 72.5%+0.83%. HNAUHIAE Bz i
findE k1.0 g/100 mL .,

WKl 4B Fros, BEEWILG pH T, S
RIS FFHE TR S, ATREEH T pH (E
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DUaAlll £11V \\WINVJIVUD [ L. 1)

54 ‘ Bacillus nematotocita strain B-16 (AY820954.1)

| 96— Bacillus xiamenensis strain HYC-10 (AMSH01000114.1)

/R o R
i L Bacillus pumilus ATCC 7061 (ABRX01000007.1)

Bacillus paralicheniformis strain KJ-16 (KY694465.1)
Bacillus haikouensis strain C-89 (KJ868191.1)

0.005

3 Kk Z10 T 16S rRNA EEFIMEMARSGAER 155 M E/R GenBank %575 ; Bootstrap
BEE N 1000; 43375 FAYEUT- RN bootstrap IS F5%; AR FER 0.005 1Y 751 22 57

Figure 3 Phylogenetic tree construction based on 16S rRNA gene sequence of strain Z10. The parentheses
represent the GenBank accession number; Bootstrap times are set to 1 000; The numbers on the branch points
indicate the support rate for bootstrap; Ruler represents 0.005 of sequence.

A gor B 80, C go:
£ a a
=70 b < 70t be [ b 70 be [ 2
g = g be el | By o € 5 :
360t £ g 605 ¢ o o360y ¢
s e 8 s
R ERI 59
5 40} S 40t E 40}
= = =
= 30t — 30r = 30r
20 20 == : ! : : : 20
00 1.0 20 3.0 40 5.0 40 50 6.0 7.0 80 9.0 25 50 7.5 100 12.5 15.0
Addition of orange peel residue (g/100 mL) pH Inoculum amount (%)
D gor E gor
a b ab a

=707 be be . = 70 b

g g be

° 60r d P 60 - c c

e e

2 .2

R ank B ant

) B s S B 1 i i i i I B
12 24 36 48 60 72 90 120 150 180 210 240
Time (h) Rotation speed (r/min)

4 TEXRBEFZFE BO2c MMERMFE A ML EEE. B: pH. C: $F&. D: KB E:
31

Figure 4 The effect of different fermentation conditions on the antimicrobial activity of B02c. A: Addition
of orange peel residue. B: pH. C: Inoculum amount. D: Fermentation time. E: Rotation speed.
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) A A S 0 A A AR e R R S T 12 1
Ak, Mith pH 7.0 B, M RE R, U
W% pH BN B PR Z10 ffl 248 K pH. BV E
LWL pHE R 7.0.

P i B T BO2¢ IR R . 4Nl
Bl 4C Fon: YR E/NT 10.0%E, B02c 1Y
MR REAL, TReEFE M RSN, S8k
MEgZIg | R, MBI 0 A AR AR
RPN 10.0% 0 410 TE 5 0 i 5 2 T AR R
KT 10.0%E, PR 22 TG KRk
Fffe oo B AR S AR A R PR, BE R A

JESEIN, i A AN L o RO E B 1 A
4 10.0%.

H & 4D, 4E A[ 1. 36 h NESEHMNE
AN TG B e SRR, Rk
BERTIE] R 36 h; 4553 A 180 r/min A, I %
ik, A DU AR H4A 1 O 180 r/min.
2.4 MRz mEiR I 4 R

MR B E R Z10 59 B02¢ B &,
F|F Box-Behnken i1 Xt ik H 1) 4 NIAER

PEfTiAl, R KA IR LR 2. S RE L
EVEEYEE S 2 el CI = oy
I (%)=86.58+11.65A-0.79B+0.059 2C—

0.913 3D-0.392 5AB+0.58 AC-0.2AD+0.05BC+
1.43BD+0.387 5CD-24.56A>-8.97B°~14.78C>9.04D>,

MR 3 ATLUE H, BAI F{EN 77.59, P
{E/NTF 0.000 1, % RGBT S B2 R
T P=0.219 6>0.05, ViR LITE A B 2%
(), AT RABCF M AL R B0 e . AR AR A DG R 4K
RP=0.987 3, Raq=0.974 5, FWIHLTIAH X FE R
G, xhmm N A R BLE BB R, i H R AR
R QU VR (= LRty AR <2 Iy 1 =3 s o V) ST
175 Kz 35 T8I0 (P<0.000 1) K41 i S8 5% 0 1 25

LS AT, SE R B IERIEDE, W
BEANHRZAN S EA AR, 2R

*®2 MNERERTREGR

Table 2 Design and results of response surface test

Test K2 K Factor levels I ES
No. A #iEGE B C #fE D il Inhibition

#BRME  pH Inoculum  Rotation  rate (%)

Addition of amount (%) speed

orange peel (r/min)

residue

(g/100 mL)
1 0.0 5.0 10.0 180 41.08
2 2.0 5.0 10.0 180 63.47
3 0.0 9.0 10.0 180 40.41
4 2.0 9.0 10.0 180 61.23
5 1.0 7.0 5.0 120 62.26
6 1.0 7.0 15.0 120 63.37
7 1.0 7.0 5.0 240 58.38
8 1.0 7.0 15.0 240 61.04
9 0.0 7.0 10.0 120 40.97
10 2.0 7.0 10.0 120 65.72
11 0.0 7.0 10.0 240 39.58
12 2.0 7.0 10.0 240 63.53
13 1.0 5.0 5.0 180 64.28
14 1.0 9.0 5.0 180 61.01
15 1.0 5.0 15.0 180 63.48
16 1.0 9.0 15.0 180 60.41
17 0.0 7.0 5.0 180 38.27
18 2.0 7.0 5.0 180 61.06
19 0.0 7.0 15.0 180 36.28
20 2.0 7.0 15.0 180 61.39
21 1.0 5.0 10.0 120 72.37
22 1.0 9.0 10.0 120 69.40
23 1.0 5.0 10.0 240 68.93
24 1.0 9.0 10.0 240 71.67
25 1.0 7.0 10.0 180 85.75
26 1.0 7.0 10.0 180 84.26
27 1.0 7.0 10.0 180 87.58
28 1.0 7.0 10.0 180 88.83
29 1.0 7.0 10.0 180 86.46

SEHARINS =2 T P R B H e R (R A AR
o, HEE pH. MBS AN . 2eRh i
AR, WEARE I EIHE T B
WAL AR TN R F (AT, 25 R R
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Table 3 Analysis of variance of regression model

P 3 -5 A A ¥y FH P1{H i
Source Sum of squares Degree of freedom  Mean square F value P value Significance
7 Model 6 353.720 0 14 453.840 0 77.590 0 <0.000 1 Significant
A 1 628.900 0 1 1 628.900 0 278.470 0 <0.000 1 ok

B 7.490 0 1 7.490 0 1.280 0 0.276 9

C 0.042 0 1 0.042 0 0.007 2 0.933 7

D 10.010 0 1 10.010 0 1.710 0 0.2119

AB 0.616 2 1 0.616 2 0.1053 0.750 3

AC 1.350 0 1 1.3500 0.2300 0.638 9

AD 0.160 0 1 0.160 0 0.027 4 0.8710

BC 0.0100 1 0.0100 0.001 7 0.967 6

BD 8.150 0 1 8.150 0 1.390 0 0.257 5

CD 0.600 6 1 0.600 6 0.102 7 0.753 4

A2 3913.8300 1 3913.8300 669.090 0 <0.000 1 ok

B2 521.9200 1 521.920 0 89.220 0 <0.000 1 ok

c: 1417.700 0 1 1417.700 0 242.360 0 <0.000 1 ok

D2 529.510 0 1 529.510 0 90.520 0 <0.000 1 ok

5% 2= Residual 81.890 0 14 5.8500

KU Lack of fit  69.750 0 10 6.970 0 2.3000 0.219 6 Not significant
4l 2= Pure error  12.150 0 4 3.0400

LA Total 6 435.610 0 28

**: P<0.01.

PRS2 ) /NI Ay = AR 2 8 WS o £ (A>T ikt
(D)>pH (B)>#&F#(C), 5 AL R HrA—E.

A T 455 SEPRERAE S IR
YA R S5 U0 AR 20 51 o M A R s n
1.6 g/100 mL., pH 6.8, P& 10.0% %% i
172 v/min, M55 NP E R A FIBE Y 84.81%.
Sk BN 7 [ T T AR A R A AT AR, 6T S IR
e T2 E 5, BT A5 0 5 2 52 bR fE ol
84.36%, SHSMEMXTIRZEMN 0.53%, N
AT, I FLAE 04k 5 Y BO2c X 4 9 0 4 25 BR
PRI R R IR 16.36%. 1E i TE BH (AR 76 mT
FHIFE 210 (1) B02c I HE R 1 & B SRk .
2.5 K Z10 B9 B02c X & E B EETKE MIC
A E 45 SR

R A T2 A BTk B 200 mg/mL

9 BO2¢ J5UR o S/ MR B AT LU e BO2¢ X 4
B (O R A BR A PO PRV 1, BO2¢ WA TS5 F
1.563 mg/mL B, W& M, S aureus £ A4
K4 YW S Tel% T 3.125 mg/mL BHEIA
WG, S aureus R ILAEK, IR Z10 79 BO2c
Xof 4 B {0 A 2 BRI 9 MIC #5E 9 3.125 mg/mL.,
2.6 EHRZIOBIBO2c &R EBEERESE
pNEES A EA

WE 6 /R, 50 B02c s A Xt BEALAR EE
0.5 MIC. 1 MIC By#kJE A HEXT S aureus YA i)
Tl LS e AR M . 7 0.5 MIC Ab P4
B02c Ml B 4EZE T S aureus HYA: K MUE; T
1 MIC £ 320 ) 58 240 T S aureus A4 K %
L AEF 24 h )5 S aureus 4b T4 KA PIR S
ODgo0 5 0 h AH L IEAPRFFAAE
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Figure 5 The effect of factors interaction on the antimicrobial activity of B02c. A: pH and addition of
orange peel residue response surface. B: Inoculum amount and addition of orange peel residue response
surface. C: Rotation speed and addition of orange peel residue response surface. D: Inoculum amount and pH

response surface. E: Rotation speed and pH response surface. F: Rotation speed and inoculum amount
response surface.
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Figure 6 Inhibition curve of B02c¢ of strain Z10
against Staphylococcus aureus.

SYTO-9
. -

2.7 BEHRZ10 B9 B02c X & H BB EIKE 4
FRRSEE MR I LE R

W 7 fis, REHEIBOR AL PR X B4 5
MK EGEATOE, JLFAT LA @Es, K
YIRS SRR, AR I . 0.5 MIC Ab FHRZH 1 4
hAgk el &, /bR REREMAME; 1 MIC
ACFRLA LT . SRR T, B AE vk
FEALHER 5P —2F 00 S aureus 4 i IR IR
MR R 2 MIC B, R LLL 65k 3,
FWA LA, FRHUEWKET S aureus 4
if0 A 7 EE IR

Sy — Ui B02¢ XF S aureus 2 fitd JiE )
WedR, )R 3 2 A A el 240 6 58 475 2 i A7
EENT. WE 8 FiR, KRZABEMXT A

Pl Merged

7 Bk 210 B B02c WM& H BB EIKE MR TE N
Figure 7 Effect of B02c of strain Z10 on cell membrane integrity of Saphylococcus aureus.
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Figure 8 Flow cytometry analysis of the effect of B02c of strain Z10 on the cell membrane of

Saphylococcus aureus. A: Control. B: 0.5 MIC. C: 1 MIC. D: 2 MIC.
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0070 78 3K T A R 2R AR TR o AN TG Hh
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TR P 08 A AR 1 52 B 15 97 25 1R 1 52
Wi, 38 B A 35 SR A 1 R AS D 2 R R A AR
PR R PO (B AN TR S B A AT R
WyBe v I Tk Y OGS R I SR AR AE 25 5o i,
I RE ZEIAT B BCCY-22B iy S H i i [N 25 2 15
FRHAIUG pH, pH {HHE 5 W f2E P 41 B Hh 1 Tk
T PR A 0 A0 R S B A, DA B B SR L
R T LA R R [ AR 0 A s b
K EFAIHFF TR FA6 F125 4 2F 1A 7 E2030 By SCHE
S [R] 28 43 ) e A ol B i 24 AR g
R AR Bz 8 S I X B RR Z10 7740 A e T 0 2k L
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BIEMTETERVEN, — 8 e iR A B v 2 B
Pyar LA F LA R KB ke B T
W B2 A B M R AR, B8 AR WS e i e
KR BER FR R I, 45 R oK, REINE A
) 5 7 AHATR B2 3 1 R T B R SR O T 4 s
JRIE B TCMBEVE T o 5 AR U A A% Rz s i %) B
AL, MG B RIS N 1.6 g¢/100 mL B,
R Z10 & T i H2 IO i 300 A 0 1 I 42
Fto FEX R E AR — 7 A
FESAHFEEMH ., AR, CN HYR 3657,
Al DL A W R AR i v S T TR B RE AR L
TREAK . AT HS SR IACE ™Y 7

— 5 T AR Z10 XA B i v A RO o3 A T
TAE Ak, 38 3 i A A0 A P 52 i A ) 3
VB A i, DN 8 B v 3 e ™ A B
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WA T ARG B i SR DR R . SR, e T
PRIRE Z10 X FH A Bz s 0 AR BLT i AN B, A
frit—2 5T

IEASR IR e 9E 2 R ZKF 1y —Fh
Wt ik, BEEHIWT S R Z R s HAERT,
HFE AR Z, LIS AR
T 0 o7 18 38 36 18 1 A A 20 3 56 YR B A O
T ARBIEW . RS e e 1 R & 2 R
() A e LAl o iz i 1T P AT AR S U R 4%
2% Z B A EAEH RS, SmLmiy
RAT LA BH 5 4 TR 2 22 i) 58 ELAE A i 5 070
A 5 30 2k B DR 2R A e T 1 T
Pe, W TIRPE Z10 WU RBES A . ARG R
AN 1.6 /100 mL, pH 6.8, % 10.0%
(100 mL/250 mL)., ¥ 172 r/min, &[]
36 ho X5 5K 2RSSR A BN H 2R AT CS,7
M A RS . KRB 32 °C, St
50 mL/250 mL, ffEHRI I 10.0%, PI4H pH 7.0
L5 T 4R, ¥ Z2BEF PR 5%
5 5 50 kA5 POV G A R 2 SR
LC1-1 M b AR 5 A & e 254 pH 5.5
KR 34 °C. 2 20% . % 180 r/min.
it 2.0% . KEEFIH 20 h 7L, PI4R pH.
KRR . AR W A L R, A
JRH AT RE B R LC1-1 20 FHIgTE, TS
IR SECR BN E S . EFE R B02c
Xof 4 v ORI BRI A R R AT B 84.36%, K
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