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Isolation and identification of pitaya spoilage fungi and the
measures of biological antagonistic anticorrosion
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Abstract: [Background] The scales of red-hearted dragon fruit appear yellowing, wilting and moldy
stalks when storing at room temperature for 3 days. The fruit rot rate is higher than 55% for 8 days, as well
as 95.5% for 16 days. [Objective] To isolate and identify the main spoilage microorganisms and screen the
antagonistic strains with the best antiseptic effect of red-hearted dragon fruit. [Methods] The spoilage
microorganisms of red-hearted dragon fruit were isolated by pure culture. The dominant spoilage bacteria
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inoculated into dragon fruit were identified based on physiological and biochemical characteristics
combined with sequences analysis of bacterial 16S rRNA gene, fungal rDNA ITS and bioinformatic
analysis. 11 Bacillus subtilis strains as the tested antagonistic strains were used as biological antisepsis for
dragon fruit. [Results] A total of 60 spoilage bacteria were isolated from naturally decomposed red-heart
dragon fruit, of which bacteria accounted for 38.33% and fungi accounted for 61.67%. All of them were
inoculated into red-hearted dragon fruit, and then 2 spoilage bacteria causing 100% rotten were found
when storing at room temperature for 27 days. The two spoilage bacteria were identified as P. expansum
named BP15 and E. nigrum named BP25. The plate antagonism test showed that the inhibitory rate of
Bacillus amyloliquefaciens 10075 to the BP15 and BP25 strains was the most significant, which reached
60.59% and 84.73%, respectively. The 10075 filtered sterile supernatant with a concentration of 90% was
used to inhibit BP15 and BP25, of which the inhibitory rate were 54.32% and 90.00%, respectively.
However, heat treatment of the supernatant resulted in the inhibitory rate of BP15 and BP25 decreasing by
1.30% and 12.43%, respectively. With 90% 10075 filter sterilization supernatant spraying on dragon fruit,
the biological antisepsis characteristic was higher than 30% after 10 days’ treatment. The research
provides an effective biological antisepsis method for storage and preservation of dragon fruit.
[Conclusion] Dragon fruit has extremely high economic value, nutritional value and medicinal value,
however it is easy to rot at room temperature. The research can provide an effective biological antisepsis
method for the storage and preservation of dragon fruit at room temperature.

Keywords: red-hearted dragon fruit, spoilage fungi, isolation and identification, biological antagonism
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Figure 1 The dragon fruit after 27 days of storage and the microscope image of the infection strains of dragon fruit (100x)
{E: A-O: BUBHERIIMAIER; a—o: BUHHEBIAII. A, a: Ftk BP14; B, b: Fitk BP33; C, c: Witk PB5; D. d: 1tk BP26;
E. e: HFkBPI8; F. f: Itk PBS; G. g: W#k BP34; H. h: [tk BP16; 1. i: R#k PB10; J. j: Fkk BP1; K. k: Rtk PBI;
L. l: &# PBB1; M. m: Ktk BP15; N, n: &tk BP25; O, o: Xfff

Note: A—O: Dragon fruit infested by spoilage fungi; a—o: Microscope image of spoilage fungi. A, a: strain BP14; B, b: strain BP33; C, c:
strain PB5; D, d: strain BP26; E, e: strain BP18; F, f: strain PB8; G, g: strain BP34; H, h: strain BP16; L, i: strain PB10; J, j: strain BP1; K, k:
strain PB1; L, 1: strain PBB1; M, m: strain BP15; N, n: strain BP25; O, o: Control
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B2 FEH BP15 EEHRSHMEHEH

Figure 2 Colony morphology and microstructure of strain BP15

I: A. Al: BP157EPDA RRYIET . JZifi; B. Bl: BP157E CA EYIEM ., SZi; C. D: BP157EPDA. CA iy Sk
Note: A, Al: Front and back of BP15 on PDA; B, B1: Front and back of BP15 on CA; C, D: Microstructure of BP15 on PDA, CA

3 E#k BP25 MEER S M
Figure 3 Colony morphology and microstructure of strain BP25

T¥: A, Al: BP257E PDA FHYIET . SMi; B. Bl: BP257E CA FAYIET . /H; C. D: BP257E PDA. CA LAY BiM&sH
Note: A, Al: Front and back of BP25 on PDA; B, B1: Front and back of BP25 on CA; C, D: Microstructure of BP25 on PDA, CA

232 HFEE . ¥ BP15 A1 BP25 Hiik >y BH Pk ) 5 20 o ks ik

28 V%I IR P BERC KR IS I BPIS R iyl e, o DI 45 42 20 F GenBank , il i
BP25 (ALK ZH PCR, B EV% PCR, AR,  BLAST WG RAMBEEWERZEEETWN, I
PCR #4347 500-750 bp, S HUHM - Be K/hv— [ 4 F1A 5,
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BP15 (MW534382)

100

99 Penicillium expansum isolate G10 (KX243326.1)

100 Penicillium griseofulvum strain NRRL 5256 (DQ339557.1)

Penicillium palitans strain DTO 235D6 (KJ775649.1)
99

Penicillium freii isolate B22 (KY921949.1)

99 Penicillium thymicola strain CBS 111225 (KJ834518.1)

99

Penicillium verrucosum strain H09-121 (KC009830.1)

—— Penicillium paneum strain NRRL 25159 (DQ339554.1)

Penicillium psychrosexualis strain CBS 128136 (HQ442351.1)

99

99 Penicillium roqueforti genomic DNA (LT558901.1)
99

Penicillium carneum strain NRRL 25168 (DQ339564.1)

—
0.005

4 ETEF BP15 rDNAITS IR RS 4 B i

Figure 4 Phylogenetic tree based on the rDNA ITS sequence of strain BP15

S PEUE R GenBank BT A SAMFREAA ARME; ARR 0.005 fAFRZITREE; TR

Note: Numbers in parentheses are GenBank accession numbers; The bootstrap values are shown at the nods; The scale bar indicates 0.005
substitutions per nucleotide position. The same below

97| Epicoccum camelliae voucher LC:4858 (KY742091.1)

97 Epicoccum camelliae voucher 1L.C:4862 (KY742092.1)

Epicoccum latusicollum voucher L.C:5124 (KY742103.1)

97 97

—— Epicoccum latusicollum voucher L.C:8153 (KY742105.1)

Epicoccum duchesneae voucher LC:5139 (KY742095.1)
99 —i
99

Epicoccum duchesneae voucher LC:8147 (KY742096.1)

99 Epicoccum hordei voucher LC:8148 (KY742097.1)
9

9
Epicoccum hordei voucher LC:8149 (KY742098.1)
Epicoccum pimprinum strain PD 77 (F1427050.1)

100] Epicoccum italicum voucher LC:8150 (KY742099.1)

| Epicoccum italicum voucher LC:8151 (KY742100.1)

100 Epicoccum nigrum voucher NWUSeq46 (MK841458.1)

100 Epicoccum nigrum isolate HLJ 9 (JN088232.1)

1001 Bpos (Mw494654)

0.005

5 ETFHE# BP25 rDNAITS FHIM ARG 4 &R
Figure 5 Phylogenetic tree based on the rDNA ITS sequence of strain BP25
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FOFF R FIRG B 2EFOAE TR BI3-2 XAk BP15 A%

BHEEWE 6B, 6H. 6D), MHilZ5151H 58.06%
40.42% ., 38.10%, MIHEEZSHIA 2.18. 3.10,
3.22 cm; ARSI 255 s T 5
Xif FRZH A A& BP1S I 5420 5.20 em (& 61),
242 AEFEAFEELKL BP2S RFETIRK

7£ PDA “F-# ip g2 Fh BP2S, DU R RS B
DIASISEHUR X B, e i e P pk, LAl
7B 7 FTAL fRVER ZEEAT TR 10075 XS TPk BP25S
AN R R B (& TA), MHEA 84.73%, A
P AN 092 cm; HUCEAH A H B16 %
Bk BP25 MyHNl 5 B2 (B TB), RN
83.30%, MFEBEAHK 1.00 cm; i HALRTEE
PRI A 55 s el s X R Bk BP25 1)
B EA2 N 6.00 cm (& 7L).

Bl 6 Etk BP15 SRR EAFE AT

Figure 6 Antagonistic test between strain BP15 and different Bacillus
TE: A REEM AT 100755 B: AHEZFAUFTIE B16; C: AHHZFAUATIN BJ1-3; D: MiREZFAUFFR BI3-2; E: AHEZFAUATIA 168;
F: AiRZEAUAT R RH35195 G: AREZFALFT R WBS00; H: IEZFAIFTEE; 1. X

Note: A: Bacillus amyloliquefaciens 10075; B: Bacillus subtilis B16; C: Bacillus subtilis BJ1-3; D: Bacillus subtilis BJ3-2; E: Bacillus
subtilis 168; F: Bacillus subtilis RH3519; G: Bacillus subtilis WB800; H: Bacillus natto; I. Control
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7 E# BP25 SAEZFEFERFERIALE

Figure 7 Antagonistic test between strain BP25 and different Bacillus
TE: A MEUER AT 100755 B: REBEZFAFTIR B16; C: AHEZFAUFF I BI1-3; D: AHECZFALFF R BI3-2; E: AHEZFAIFF R 1A75;
F: MWisiZFfUFFi 1685 G: RN ZFAIAT IR RH3519; H: RSHZFAIFT IR WB600; 1. Alisi 2EfFT 1 WB800; J: A& 2R T 1A Z2Y4-5;

K: PSR L XM

Note: A: Bacillus amyloliquefaciens 10075; B: Bacillus subtilis B16; C: Bacillus subtilis BJ1-3; D: Bacillus subtilis BJ3-2; E: Bacillus
subtilis 1A75; F: Bacillus subtilis 168; G: Bacillus subtilis RH3519; H: Bacillus subtilis WB600; 1. Bacillus subtilis WB800; J: Bacillus

subtilis ZY4-5; K: Bacillus natto; L: Control

HIE 6 FIE 7 BRI IS AT A1, % BP15
Al BP25 AYFE BRI Fe AR B 2 0 i D B ZE 1A I
10075,
243 ARIKEBREMFETE 10075 LEFRTE
¥ BP15 BY820m

AN EE ) 10075 AR PR | 375 7 ANt iERR T L
THWT BN HERE BP1S TS EZE R B3, Wk
1 FNER 2. fH3R 1 AR 2 WA, 10075 s ERRTA_HIE
WX TR BP15 PSR A 228 54.32% . MR H
%4 0.62 cm, i 10075 PALIE [ IE AT BP15 B
FEHIR K 53.02% . IE B EAEM 0.82 cm.
244 ARIKERRIEMFATE 10075 LiFRME
% BP25 BYE20E

ARV BE R 10075 FAb B i A i BRI

TR BT FERE BP2S RUMETEE 2 R B, Wk
3R 4. R 3 A 4 ATHL, 10075 1 UERREE i
WX MR BP25 ISR AERIHI 3 90.00% . 1 TR7 Rl .
24 0.40 cm, 1] 10075 $AKbI FIFH BP25 M
FEIHI A 77.57% . SR B ELAE R 0.90 em,
1, # 2, £ 3ME 48, FBKEN
90%1] 10075 2L JEBRTA _FIf %t BP15 F1 BP25 4]
(B ESTIEN
245 KERBEREMRE
FESPAHURTIR R IR LA b, e B B R 90%
[ 10075 1 YEBRTE I WO Ak BP1S Fl BP25 i
K e AL, AbBEEHESN 3. 5. 8. 10d.
TR PR BB A ORI R IR R R B A8k, DL
F5. fhiER s AT, R 3 d, AL SO Ry
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R 1 AEREBTHMFATE 10075 H4IE HERXS
E ¥k BP15 By

Table 1 Inhibitory effect of different concentrations of
heat-treated supernatant of B. subtilis 10075 on strain BP15

F 3 AEIRERTHFHEITE 10075 H4E HERXT
E ¥k BP25 By =

Table 3 Inhibitory effect of different concentrations of
heat-treated supernatant of B. subtilis 10075 on strain BP25

10075 heat treatment (%) Diameter (cm) Inhibition rate (%) 10075 heat treatment (%) Diameter (cm) Inhibition rate (%)
15 1.82+0.46Aa  0.34+20.76Ab 15 2.80+0.03Aa  29.98+1.13Ee
30 1.45+0.26Aab  17.17+14.27Aab 30 2.33+0.02Bb  41.65+0.63Dd
45 1.53+0.15Aab  13.34+3.98Aab 45 2.28+0.06Bb  42.94+0.82Dd
60 1.47+0.19Aab  14.59+16.44Aab 60 1.85+0.09Cc  53.74+2.27Cc
75 0.88+0.04Ab  49.21+5.48Aa 75 1.45+0.08Dd  63.77+1.66Bb
90 0.82+0.02Ab  53.02+4.89Aa 90 0.90+0.16Ee  77.57+3.80Aa

R BUE P EEARER , AFRVNE FEFR AR
T2 57 (P<0.05) , AN AR B F R A [RIAL 2R A .
FE k25 (P<0.01)

Note: The values in the table are average values + standard errors.
Different lowercase letters indicate significant differences under
different treatments (P<0.05), and different capital letters indicate

extremely significant differences under different treatments
(P<0.01)

R 2 ARIREREMZFETE 10075 JIERE LFR
Xt E#k BP15 B9 R
Table 2 Inhibitory effect of different concentrations of

filtration supernatant of B. subtilis 10075 on the strain BP15
10075 filter sterilization (%) Diameter (cm) Inhibition rate (%)

15 1.63+£0.12Aab  5.86+12.09Ab
30 1.80+0.28Aa  4.55+20.82Ab
45 1.58+0.12ABab 10.19+3.03Aab
60 1.55+0.13ABab 12.20+3.42Aab
75 0.70£0.13Bc  53.21+12.02Aa

90 0.62+0.03ABbc 54.32+5.11Aab

R BUE P EEARER , AFRVNE FEFR AR
TR 2 5(P<0.05), AR S FRFOR A FIAL BT Bk 2.
EEFEF(P<0.01)

Note: The values in the table are average valueststandard errors.
Different lowercase letters indicate significant differences under
different treatments (P<0.05), and different capital letters indicate

extremely significant differences under different treatments
(P<0.01)

x5 AERBHREMAEER

Table 5 The results of in vitro inoculation test of dragon fruit

T RPEUE FIER R, ARG FEEFR AN A b 3
YR 2 5 (P<0.05) , AR KT RN AN [FIAR BT A%
FEE2E R (P<0.01)

Note: The values in the table are average values + standard errors.
Different lowercase letters indicate significant differences under

different treatments (P<0.05), and different capital letters indicate
extremely significant differences under different treatments (P<0.01)

R 4 FRIREMRTHMFHEITE 10075 SERE LER
S E#E BP25 HNE| =

Table 4 Inhibitory effect of different concentrations of
filtration supernatant of B. subtilis 10075 on the strain BP25

10075 filter sterilization (%) Diameter (cm) Inhibition rate (%)

15 2.87+0.04Aa  28.34+0.36Ee
30 2.35+0.03Bb  41.25+0.38Dd
45 1.78+£0.04Cc  55.38+1.62Cc
60 1.75+£0.00Cc  56.24+0.54Cc
75 1.03+0.12Dd  74.10+3.16Bb
90 0.40+0.00Ee  90.00+£0.12Aa

TF: RPNEE R P EARUER , AR/NG FRER AN R AL AT
TR S(P<0.05), ARIRE FRER R FAL BT B9 2
FhE2EF(P<0.01)

Note: The values in the table are average values + standard errors.
Different lowercase letters indicate significant differences under

different treatments (P<0.05), and different capital letters indicate
extremely significant differences under different treatments (P<0.01)

Deal with 3d 5d 8d 10d
Disease Control Disease Control Disease Control Disease Control
index (%) effect (%) index (%) effect (%) index (%) effect (%) index (%) effect (%)
BP15-control group 0 - 20.00 - 56.00 - 80.00 -
BP15-10075 0 0 20.00 0 28.00 50.00 52.00 35.00
BP25-control group 0 - 40.00 - 64.00 - 84.00 -
BP25-10075 0 0 20.00 50.00 32.00 50.00 52.00 38.10

e —: TBFIAECE; BP15-control group 1 BP25-control group 41 4% A4, BP15-10075 il BP25-10075 14 i i 40
Note: —: No control effect; BP15-control group and BP25-control group are both control groups, BP15-10075 and BP25-10075 are both

experimental groups
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TR S s Wk 5 d, Xt BRZH SRR 5
BIAMIET 20%, B 1 48 B AR Mt 20%, XF
BP25 (BT AR T BP15 Hi 50%; 7K 8 d,
XF R SO R B TE TR B T 55%, B TE
FEESIARM T 32%, BIARCRIIAMET 50%; T
10 d, *fHRZH KOle R B0 ik 80%, 1%
WE TS B AT 52%, BIASCRY AT 30%. AT
L, Bt g 18] F) 44, BBk Bk 90% 119 10075
1 E R T I WO BP1S A1 BP25 BB 1A RCR B i
REAR,  HE 0 AT BB PR R IS R4 T, oA IR
TUE Wt s Bl 2 B kO SRR, T3 Ak
RFEAL,
3 WihE4gR
AAHSCHIFTE A , 3 A D o ) T2 A
HRBRNE, W CHETEMTE . R SRR Bk
TR LA R S A5 o R IR b T LAy i E R Y
W1 SR 5T R PR R S s R E YR
TFEE, [T SARRERTA AT 2 Yk SR 5 AR
SEE S R I B R D2 T R e SR AR B ) 2
TRIREO ABFFE N AR T 2 AR LT K
s alifet 60 SREUBTA, 405 47 38.33%,
FLR 1 61.67%. HorP A 2 MRS B2 S BUOE RS
FE R M EL Y, AR TR N IR 27 d 3R E] 100%.
XX 2 MEEUB TR TR . T AEYE . A
B MBILEER, R BPI5S 25 &EE
(Penicillium)" W ¥ J& R (P. expansum). BP25 &
K ER &8 (Epicoccum) T i) BA R ER 6 (E. nigrum).
FERERBIA I, E AN AR .
A2 s, SR SRS A B A T 4
P B ATEAC R R A A, A 2
KHEYIR B . e 11 SRS, 2P
FEPURE B os HA R TER ZHEAF A 10075 X BP15
1 BP25 (B SCR AT . # 10075 IR 4L ug
R TR AN AL RS 23 I BC il A [FTR BE 1Y PDA K593
B, FREURREE 22 PDA I, 28R kI
DRI TR i VR 07 ORI B, i m R A

b S S B R P 2R R kAT
Asb, i PG R B RS BES AT R T BE R IR
JRPUA 2R . AN TR 2RI AN L RE R B S s B o
{AEARBHEALEA FEE— 0T

R 459 R v B I B R, B o R R
WEBE R 90%11 10075 2 8 B B 1% W me v kR 2R
10d, Z5RE/RPRERCRY ST 30%, xR
(AP T 8 BIEA Ak 80% o PRI, FIKE i BV 2 A 90%
) 10075 E 8RR B Ly MM B2 1+ kO R 2%
T, A KOEFRAN | 32 i A e S5 S A
PRAL T RAE . BB RIE, XTI R SR
PAFER | P R A = Al i 25 HAT — 2 (1 B
TR
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