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Combination of Bacillomycin D and Chitosan for Microbial Inhibition
and Freshness Preservation of Sugar Orange

SUN Jing, LIU Yujuan, LUO Xiaojiao, ZHANG Moran, HUANG Junkai, DAI Yongjin, LU Yingjian"

(College of Food Science and Engineering, Nanjing University of Finance and Economics/The Jiangsu Province Center

of Cooperative Innovation for Modern Grain Circulation and Security, Nanjing 210023, China)

Abstract: Objective: Based on the inhibitory effect of bacillomycin D (BD) and chitosan (CTS) on Penicillium digitatum,
the effect of BD and CTS combination on post-harvest disease control and freshness preservation of sugar oranges was
investigated. Method: Sugar oranges as the research object, mold strains were screened in the moldy sugar oranges for
identification, and the minimum inhibitory concentration and FIC index of BD and CTS against P. digitatum were
determined by the checkerboard microdilution method. Finally, treated sugar oranges with BD and CTS were stored and
preserved under the conditions of 28 °C and 90% relative humidity, and the changes of morbidity, weight loss, hardness,
soluble solids, enzyme activity and other indicators were determined. Result: The isolated and purified fungus from the
sugar orange was identified as P. digitatum and named P. digitatum strain L6. The minimum inhibitory concentrations of
BD and CTS for P. digitatum were 42.19 and 62.5 mg/L, respectively, and the FIC index was 0.75, indicating that the
inhibition of BD and CTS on P. digitatum was cumulative. The storage and preservation results showed that after 15 days of
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storage, the weight loss rates of BD, CTS, and BD+CTS treated sugar oranges were 0.99%, 1.62%, and 1.09%, respectively,
which were 66.44%, 45.08%, and 63.05% lower compared to the control groups. In addition, the results of changes in

titratable acidity, soluble solids, ascorbic acid, and plant-related enzyme activities also indicated that BD, CTS, and

BD+CTS combination treatments had good preservation effects on sugar oranges, with the BD+CTS combination treatment

group having the best results. Conclusion: Both BD and CTS had significant inhibition effect on P. digitatum, which could

be used for storage and preservation of sugar orange to extend the shelf life. The combination of the two could not only

enhance the preservation effect, but also the low price of CTS could reduce the use of BD and save the cost.

Key words: bacillomycin Dj chitosan; sugar orange; antifungal; retain freshness
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PRFNERERAT 3 A2 N B, 38 BRI R S5 B B
PRIEAIRER, SHAMNE CTS SRR, AN AT LAY K
PO E R, B MGk B R ER R, 38 AT DAREAIR A FH Ak
A, BF5E BD Fl CTS XS B0 b A 2728 B 0 i i il
RO, BRI 20t BD Fl CTS AL e fef ok f b
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[# Sigma-Aldrich 2\ &l VKR BThr TG R
H; PLIRIMR (ASA) | A LYEALE(SOD) | 48
bWt (POD) . M EALREF (PPO) KA &
LR RGAE M TR ST T; BCA 5 P e BE 2 i) &
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5.25 mg/L, CTS LU 5351128 8000, 4000, 2000,
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1 CTS X8 W IAH B AE MY, FE0E MIC 1 Ll
b, BEEESSIHREEBY BD Al CTS BYIR & (2 MIC.
MIC. 1/2 MIC. 1/4 MIC. 1/8 MIC. 1/16 MIC), 5331
FEALE X fhF0 Y flihn A 100 pL BD FI CTS BIIRS
W, PDB B5 32 AE X B, FEA N FLAR A 10 pL
fJ 10° cfw/mL il V7, 28 °C IFH 48 h, M H
PRZE R AB O, 15 TC B R AR K BRI 1 2 FIC 38
B (FICT)

— 2H A MIC bacillomycinD . 2HAMIC Chitosan

BMMIC bacillomycinD ~ #.fiMIC Chitosan

i i FICI {HiFff BD 1 CTS -5 X & HA/EH
B RZ I . FICI< 0.5 % X N Pr[Rl 845, 0.5<FICI <
1.0 & BN, 1.0<FICI < 4.0 & X NG
3, FICI>4.0 % SChHSHEH
1.2.5 BD Fil CTS XJ&E W W EHZMHIRCEE TR
5% BD & CTS X448 04 B M GIVE T, ZERbPEAEG R
1 X3 FE 5 mm FERFTFLART— 5 0, R 1%
FINA 10 uL B9 10° cfu/mL FYFETFEIF0, =R T
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CTS(62.5 mg/L) . BD+CTS(10.55 mg/L+31.75 mg/L)
F{R2 1 min JEEU T, BALEE 10 P47, BE
JEAE 28 °C. AHXTIBEE 90% Y S1F i E 72 h, WL
SRR B AR TR
1.2.6 BD Fil CTS X ebPitEis S oertpgdile  1ewd
WA AR X A 5 mm JCEFT LA T— M0 A,
S¥HIAA 50 uL BD(42.19 mg/L) . CTS(62.5 mg/L)
F1 BD+CTS( 10.55 mg/L+31.75 mg/L) , JG I 7K
(pH5.6) VB % IR, AR Ab B 3 AP AT, B FAT
10 DaBEHE . WiR FARFE 36 h Jm, 7EHi T 2 mm 4b
FHFT— M, A 10 pL 10° cfu/mL BYHIL T2 7%
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THEARPBERE ) R I
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(10.55 mg/L+31.75 mg/L) 2L 1 min J& B H B
T, SRR S 0 =, DB E T 28 °C L AEXT
MR 90% WL 15 d, B — RE—KAE, M AR
EfE
1.2.7.1 RER  FETFLRIEHTIN E B WA 1
A, ARG BIER A 3. 6.9, 12, 15 d AFBURERR
&, RERITEAXANT:
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1.2.7.2 JERER 3 KRB — UL, B 2
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S, TESRIE RSN, RS R
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1.2.7.3 HHEEE  SRITESPIPEN EAL S5 T 0. 3.
6.9. 12, 15 d B BRI WA 2R B FRAE, DU 254
N L EAR 6 mm, IRE 8 mm, FEHIEEEE N 1 mm/s,
LLZERISREE g Sy BN I ARG S SR
1.2.7.4 WIEHERDEYI &R 435 0.3.6. 9., 12,
15 d HORE, SRR ug S 8 8 33Tl
R, FELL 10 AT, LIZEIEAK AT B8, 052 b SR
SN AT SR ST 00 S a
1.2.7.5 WAIWEERR  ALHRE 2 s, 2% Akbudak
SEU [ 7 I S MR v R R R 1 ae, AR IS
TR AR, G5 SR LA TR B BN .
1.2.7.6 PR MBR & I HPUIR MR EXT 0.
3.6.9. 12, 15 d bG8 T g R C &
O TINE, AR 3 K.
1.2.7.7 #HBEAYELEE(SOD) it SOD MEik
TR I 5 A [T e TR AR SR 5 P9 R S b b
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Tt g, R U8 S BT SOD WMk, A E
3.
1.2.7.8 H&EAWER(POD) fHiH POD ikl &
Xt 0.3.6.9. 12 Fl 15 d AORMHERE i 08 P 9 4
AL G PEEA I A2, B IIRE 3 R
1.2.7.9 ZWEALBEE(PPO)  fdiH PPO Ml 25 &
ME 0.3, 6.9. 12 F1 15 d BhHERG R ITIER P2
SEART TG, AR IE 3 K.
1.3 HEAIE

DL R FshRE FH Excel B 7RIS, i@
i SPSS 16.0 #478dE 5317, & Duncan 5 i 2
P (P<0.05), HJ5 >R Origin 8.0 A7
2 GBR5HH
21 BEMNEE5LTE

For s A AbPERG RS 1% 18S tDNA )T, 3R
155 R 5 3 593 I EE, 4127 515 A National
Center for Biotechnology Information(NCBI) X3 i
4T BLAST FeX), K MEGA 11 M R 58 A B,
i e (e XA SRS B R NSV E NP 2 S W A = Wi £}
B L6, K 1 iR, Ratk e Le S5l
e TE AK4(P. digitatum strain AK4)TE[R]—3Z, #iE
L6 NG S R, Fmr 44~ P. digitatum strain L6,
2.2 s/MIETKE (MIC) X FIC #88 (FICI) AYHE

SRR BR S 3aE BD A1 CTS X2t
5 L6 BIFNHIRCR, #i5E MIC, 455201 BD 1 CTS
Xt L6 ) MIC 43 51 A 42.19 mg/L 1 62.50 mg/L.
Bt i , 3 AR A AORR B 2 BD RN CTS X85 B 19
AEAE, anse 1 PR, s 2 BT, BD 9Esin
HeEANA 10.54 mg/mL, CS FUESIIIREE M 62.50 mg/L
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MK736896.1 Penicillium digitatum strain AK4

AB479307.1 Penicillium digitatum

100 | OW983106.1 Penicillium digitatum

0.0010
46

100

MK450692.1 Penicillium digitatum strain CMV010G4
— | KF367511.1 Penicillium sp. 13 BRO-2013
MF568039.1 Penicillium digitatum strain 74

AY373910.1 Penicillium digitatum strain FRR 1313

MH427069.1 Penicillium digitatum strain OR5

JQ724524.1 Penicillium digitatum isolate DBOF164

HQ850929.1 Penicillium digitatum strain M2

MKS878440.1 Penicillium digitatum strain PU10

97 'MH427068.1 Penicillium digitatum strain OR4
K1 RoraEh
Fig.1 Phylogenetic tree

FRAKE] 31.25 me/L, Hi¥E FICI {HITA 4550 BD
1 CTS XF Lo ffihil/E & —Fh S Iz n, B3
G L6 ISR T 4f, HAS H B ik
ARG, i/ T BD O AL, R T A .

# 1 BD M CTS XF##&4#%E: L6 A MIC & FICI

Table 1 Effects of BD and CTS on MIC and FICI
of P. digitatum strain L6
MIC(mg/L)
Btk FICI AHEAEH
BD CTS BD+CTS
L6 42.19 62.50 10.54+31.25 0.75 e

2.3 BD 0 CTS X EEEZEMHIHIZIR

IMERF LT EIE 72 h e, WSSO 19 K%
FREE, WNE 2 fro, X RELH IRDHIAE A Rt ., JLT-
LIRRVREAR A A H AR AR R R O P, 4Rt
BD. CTS U4 X BD Fil CTS & & 4b B i b i #1 7E
—ERRE FIRE| TSR, Horh BD f1 CTS 46
Kb FR AT B AR A AR

‘EAITITIY XL

12 BD Al CTS MBI A A AR
Fig.2 Inhibitory effect of BD and CTS on incidence
of sugar orange
F: A: X HRZH (JETE7K )5 B: BD; C: CTS; D: BD+CTS.

2.4 BD # CTS MEHEGIRIMEIE SR

HURAL TS SN T AL T URSERE IR 72 h A, 0
SLHPMIRG I AG 38, InIK] 3 i, 45 SR IR geab
PR BERG AE S MR T a1 R IR 3 iR 83.3%, 4T
T BRI Ak B S ARA 43 S AEAS AR B i 1 85 bRl
AR, BRAK T &R, Hodr BD Fil CTS &R AEICR
BT, RIFEEARZE 50.4%. 340, BD 1 CTS Bl
A AT 5 ARG AR D LR BRI G, BRI 1 55
JEZ, XU BD il CTS XSG EA — 2 bk
ESEM .

100-
b
T
801 [T
a
© a T
< 604 T T ?
3 1 i
L
&
20
Control BD CTS  BD+CTS

K13 BD F1 CTS X WPHERGHIEE S H91EH
Fig.3 Effects of BD and CTS on the induction of resistance
in sugar orange

AN NG R R R 2 (7] 25 57 W3 (P<0.05) .

2.5 BD 70 CTS X#bHERBR LA ER R FIZERAIZMN

i & g BsF [A] 1 A8 A, K SR 7K A& e AN T
FE Sz, i@ E AR R RIBFTE X A 7K 45 A5 B8
B, WnE 4A B, WRRRS )R A, RhEAE 1 K 45
EERAIG, SRS . TP FIAL BRI S B
SRALLE T B 2H AOAIG, 238 15 d /&, BD. CTS Fil BD+
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CTS WS RN 0.99% . 1.62% Fl 1.09%, 5 X 6007 ) Gontrol
BELHAH L, 23 BB T 66.44% . 45.08% F1 63.05%. 500 258 TS s
Horpr BD 1 BD+CTS &2 e i R0 R B 45, P fif 2800R c 4oo-lL E 28 2.
H MV o P(
o % 300-
A 4 =
1 =3 Control 8 & 2004
C=BD
E=CTS 8 100-
31 mmBD+CTS J[
S 0+
< . 0 3 6 9 12 15
@ 27 el s I i) (d)
X g7 = Bl S NIl Ah BRI 5391 ) 2 A
Fig.5 Changes in firmness of sugar oranges during storage
in different treatment groups

W ) (d)

I Control
401 mmBD
354 EmCTS

~ 30 EmBD+CTS

10
5- H I I
0 T T T

0 3 6 9 12 15
I3 6] (d)
K4 [R)Ab B R I ] 2K B (A) F
JiEREE(B) A1k
Fig.4 Changes in weight loss rate (A) and decay incidence (B)
of sugar orange during storage in different treatment groups
T K5 B AR R Ak B AN [R5 (8] i) Sl 2B 2 5, /N
B REARERAN TR Ak B [R) I 18] 19 25 14 22 5+, P<0.05;
P&l 5~[%1 9 [A].

AR AE IR R P i &) 2 B\ IR A A= gy
B RS, Sl A e i BB R . il 4B Jir
7N, X HRZHNES 6 d IR B2, HLBE e R Gl e &,
F| 15 d BFE Sk 40%. SR, 450 ERLH (1B ks sz
B TR ARE RN, Hod CTS ZBERLZH (YRR DA
559 d IFHRIERE, B) 15 d BB RN 20%; BD AbH
ZHIFREE] 15 d B A FFARIEES; i BD+CTS & lcab#1
ZHAE 15 d AU a1 B L . Xt iE—25E
BT BD+CTS & B et i s i
2.6 BD 1 CTS sibHERGRSLEE RS20

7 H [ SR S el i o A 52 S R B 3, Hovpox)
REZH IR o S, T AR L R RIEAS R R R T 2B 2%
TR AR (B 5) . CTS AhBRAYIRSIAE 3~6 d
il )& As A e /e, M 427.30+£24.45 g T [ %] 350.44+
14.76 g, Ifii BD #l BD+CTS & BAMF A SRETE 6~9 d
A B S 25 R B (P<0.05) o HIPREHT fa] # ik 15 d
J&, BD #1 BD+CTS & B Ab B R0 R A, S5X%F R84
HH B, B EE R IE LR BEAINT 33.92% Fl 34.69%. BD
FI BD+CTS & oAb ¥R 230, (A2 5 BD
PRt i D, AT TR EROCR, R T A

2.7 BD # CTS *#b¥ERRSTRLAM BR800 52 00
ik ot R v, OB ARG SR S A WP A I S 3 W
FERTEPERESEA VLY, 1Al n] M BT 98 50 i U
/o il 6 Uras, BEE TR (8] i R, BB PN T
VT BT Y 0 & s R e, HLRT 3 d T RE RN R
o ASACFERSERE P9 T EDR Y S T R
20, JUHJE: BD+CTS AbFRZH a] M T 9 i & AE

W58 15 d J5 BEAS 4EFFTE 11.93%, 35 & T X Re 4
(P<0.05),

C_1Control

—BD

AT A R (%)

] 0 3 6 9 12 15
P ] (d)
P 6 N[ A BRZE WO HEARG I HC (0] AT v P T 2 1
Fig.6 Changes in soluble solids of sugar orange during storage
in different treatment groups

2.8 BD # CTS M HEER S ALEERR RIS

Fh IR TR B9 SE K, R o B 2 R, SRS
PN AT SE TR St R I, I 7 oS, Bl I gt g [a]
AR, RS R v s R VAR S B R A,
{8 T A Ak B ZH BB ARG Hh R i A e e e R
2H., Hirp, BD+CTS & B A #E4H AT i 2 lR o i F [
2%, HRIAEIY 1.48% FEAINE] 1.09%, 25 T X I
ZH (P<0.05) . 4559328, BD Fl CTS HyAbFH AT LA
FRE AR SRS AR B, SEZ SL ST S IUL, W 2 A T
PR I
2.9 BD 70 CTS x#VHER R STHUIAMESR & 2895200

PoIR g R e 2 C PP by, i3k
KR AT, HAEIOK R b g 2R ¢ SR
DA, R R IR A fef b, diE2E 2R C SR I RE S
WA AniEl 8 Wi, RS Wb TRl SR, RbH
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1Control
—=BD
1.6 EmCTS
= EmBD-+CTS
= 1.2
&1
hS
=L (.81
H
E
= 0.4

0 3 6 9 12
TSI TH] (d)
P 7 AT Ak R ZE I R 1) i S TR 5 922
Fig.7 Changes in the titratable acid content of sugar orange
during storage in different treatment groups

15

FG TR PTCIR ILAR 55 3B W T R o ALFRZH R BEARG N PTIR
I PR r t AHEC REZH T B kadi oz, Horpr BD+CTS
A B A0 B AR T R I R e A A L At 2H A dp
TERL B K, Wi 15 d )5, PRI ER & 5404 vl 4k +5
28.42+3.85 ng/mL, 5% HRZHAHEL, 3205 T 25.36%.

1 Control
D

55 104

0 3 6 9 12 15
IS 6] (d)
P8 N[ Ab FRZE WO MEAG I ECY ] BN LR 25 e 22
Fig.8 Changes in ascorbic acid content of sugar orange during
storage in different treatment groups

2.10 BD F CTS XHbHEER KRG B E RS20

MO HTRPIAGTE BD 1 CTS AP SRR
FHEEEE PRI AR AL, ¥EHCT SOD. POD #l PPO =~
SHURAH SR EITIFSE . WEl 9A TR, SOD 11
TEPEZE e A B AR 2 IS S R REa#as, 78
25 9 d B}, SOD ¥ P ik £l fe i, Hidh BD+CTS Ab i
ZHi SOD J& ik 129.33 U/mL., £&id BD. CTS
LI BD+CTS ALHEEFEE o SOD iy M 25 5
TXFTHRLH (P<0.05) . BfEZE AT EILES, 5] 9B IR
PG AL SR POD A Pt S RS LTS R RE
AT FEES 9 d WM, B S IV R R, 42 BD A
CTS AFHARPBERG SR SE Y POD PR T X g, H
1, 55 9 d LS RN B35, BD. CTS LI & BD+CTS
LIRS HEE . HIE 9C AT AN, FEN 58 0~6 d
B PPO 193&E MRS B b T4, 6~9 d G R, 78
9~15 d PPO My i& Tk b -2 . Hor, BD 1 BD+
CTS EHLAYSRIId PPO Y I 5238 s T X BB 4L
CTS A-¥EZH (P<0.05) . H LA BIOZE RATHEWTHY, =
P AL T T Z AR LR BD+CTS>BD>CTS, Rli3
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1EmCTS -

HmBD+CTS o A
1201 -
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Fig.9 Changes in defense-related enzyme activity of sugar
orange during storage in different treatment groups
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