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EEFHBRRANE, FihkSHaEHmIreH. [FE] v R EFEREHREHA, KR4
LB AREKERN . BEAFLETH TS 57 FRESH R EERE EZH AR AT B R LE
., RIEEFREZIEZHRAMNE, FEGHRIM RN KB RATE O SEDIFA. [LR]T AR
EFREFESBLELE SHRERE, 55 AT T LE=F0H (Lasodiplodia rubropurpurea). & 4 |
¥ 7.1/ (Colletotrichum fructicola). A4k 77 H (Fusarium equiseti). )~ Ja#. % % £.30(Pestalotiopsis
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IR XIEE R A CA TvAB L3842 3 50k 5248 /% (hardness) T I, BAR KRB 69 £ R,
FE Z 09 3R BR (vitamin C, V)A= 7] i £ BA (titratable acid, TA)% %, f4&{% % =& (malondialdehyde,
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Isolation and identification of pathogens from post-harvest fruits of
Syzygium samarangense and screening of effective inhibitors

YAO Huange!, HU Yuxin!, HUI Xinyu', NIU Xiaomin!, SHAO Yuanzhi"?

1 School of Food Science and Engineering, Hainan University, Haikou 570228, Hainan, China
2 Sanya Institute of Breeding and Multiplication, Hainan University, Sanya 572025, Hainan, China

Abstract: [Background] Post-harvest diseases are a major factor restricting the industrialization
of tropical fruit commodities. [Objective] To screen efficient biological inhibitors for
maintaining the post-harvest storage quality of Syzygium samarangense by identifying the
post-harvest rot-causing pathogens. [Methods] The main pathogens on the fruit surface of
S samarangense ‘Daye’ were isolated by the tissue isolation and identified by Koch’s
postulates, morphological observation and ITS sequence homology analysis. The efficient
inhibitors against the pathogens were screened by in vitro and in vivo experiments. [Results]
Five species of pathogenic fungi were isolated and identified as Lasiodiplodia rubropurpurea,
Colletotrichum fructicola, Fusarium equiseti, Pestalotiopsis microspora, and Neopestalotiopsis
clavispora, respectively. F. equiseti was discovered to cause fruit rot in Syzygium
samarangense. The results of in vitro experiments showed that 0.3 g/L caffeic acid (CA) had the
highest inhibition rates on the five species of pathogenic fungi, followed by salicylic acid, and
p-coumaric acid had the weakest inhibitory effects. The results of in vivo experiments showed
that the treatment with CA maintained the hardness, retarded the decomposition of flocculent
soft matter, maintained high content of vitamin C and titratable acid, and decreased the
accumulation rate of malondialdehyde in the fruits of S samarangense ‘Daye’. In addition, CA
reduced the cell membrane permeability and delayed the membrane lipid peroxidation, being
conducive to maintaining the storage quality of post-harvest fruits of S samarangense ‘Daye’.
[Conclusion] Five species of pathogens were isolated and identified from the post-harvest fruits
of S samarangense ‘Daye’, and the biological inhibitors were screened out. The results
provide a theoretical basis for the biocontrol of diseases affecting the post-harvest fruits of
S samarangense.

Keywords: Syzygium samarangense fruits; pathogen; isolation and identification; biological
inhibitors

3% %5 [Syzygium samarangense (Blume) Merr.
et Perry], /& TRk AL BEE . X4 Bk
JHESH L . A S, AEPRIRER R TR |
PUACR, HHBMEZ . ERFEE, ’2H
el E ", EER IR T R R
By, ST 17 g5 AFRIEFE, HAT7ER
EEE . M. AR SR AT X

SCPL T R R B S RS R — R A
50-100 g Z[al, FIERSRIZIE B IE , TER A
JRACE PO, et R A 2 A @ik,
FrE 2, JLFRraRsa Al M, HFHES
ZFE SR, BATRGE B2 TR S e, A
SEAE [ PRl 2 T S HA T R R e B R
T, BT 5 RS SNl SR . R
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BRI, LA S 2 e i g, K
T ORI BT R, ™ 4 e T SR I AR
TE 25 WS SR E AR S (E D

HAT, Kbk, BE5HENRIE %N
TR AEF AT N EN FE S E R,
W24 75 R i T 8 PR 25 43 2
— BRI R, S B R A A
(Colletotrichum fructicola) L% 5 15 99.7%. B
Ml SV T R IR BOR 5 38 55 K B 1499 5t T
1B Ji8 7% 9 B (Col letotrichum gloeosporioides)
7 g 5 A SV T 3 55 PR RS o i T 5 T R Bk
1 (Lasiodiplodia theobromae) 3% % X % & ik
99%. WAh, FES RS E LA
% T fllJE (Pestalotiopsis) 5 #LY, f14% 5 (iU
% Effl(Pestal otiopsis sversicolor) . /MLl i 2 &
fti(Pestalotiopsis microspora)., #8352 B
I (Pestalotiopsis guepinii)®, Pt , %3555 H 52
KI5 3 A W R AT s 4 e IR i AT B
G, R HOR S R T S T AR
SR R B A B R

AR, BEE AR AL 2 IR R A T
Pewmr, SRR, &, JoE. LF. LemE
WYIBiIG I B O T R B B 1E . I BRVE N
AR ERAE Py v B2 B A B80T P Ay, DA AR
ZF . WHFE . s0Z 4 Bk A SO Rk
K59 I A AR P R A B AR A, T2
T RGCR G FEBRNY . ik, AP &
S N S IR AT AR, AR AR
TEA T, BEE M R YR IG 1) F 2 R, i
— 25 30 2ok T 1 R A5 A o RN S 55 R S e
HATRR, DUHHIR IR G 55 n & L H iR
RO S %

i R

1.1 H&

R FESE HESR A W R A8 BT T 3 55
FEIEHE, 24Kz Bl R R R Sl
PR 1L Ad R TCAILAR A 7 H 9 HL 3 R A — 2y

IRSAF LT (1.0£0.5) °CH H o
1.2 EHxE

Ty % 248 ) M B8 (potato  dextrose agar,
PDA)i IR AL, T & R B Tl bl Vg 1A e R
HIRAH],
1.3 FERAFIFNF

T HE R 2] DNA $& G £, g 0t i e ok
EY R R A PR A E] 5 BHERR (caffeic acid,
CA). /K ¥ B (salicylic acid, SA)FIX} % & 2
(p-coumaric acid, PCA), bR JEM A4 PR A R
TR

A AR PR BEZE s i b1 45 (O ) A R
O8] R K A B TR A R A
B gRfE, iR S0V BRA R ETFBRT;
1B R, JEBAEALC ) A BRA 5 BiA Y,
iR R RA AR BRI, R
I HL R A AR A A R A H
14 REEMNSS4EL

K204 4 Bk IR 8 8RR 0 3 25 R 51
5 R AT 40 B, B 4 mmx4 mm 995 {EE 52 Ak
RAHL, H 75%LBERE 30 s, TLRIELRT
SRR 1% IR AR 30 s, TLHKIEDE
2-3 WK, JCTRUE AR T4 R Ak F A 1 2R 1R 4 4
FlhF PDA BigEREiEh s, 28 °CHEHIER R, fF
A R 23 em 220, Bl SR 2 4
AW PDA R FR B rh Rk s %, A BiRHRAE
A5 B 44 I TR
1.5 RIEEBBRMEE

R 4 s s 72 D) [l B i o o R RO /N —
. BTG RS RIS, H 75% 0 BT T
PEROHEE, R AKIEVE TR )G, el e
PR DR =5 AL, TR RE R KN — 2
FIJCRR RS TR IEAE X RE, 7RI 28 °C. JBJE N
90% 1 45 14 T R KR 3%, X A RE IR E AT L8R
sk B4 4 M T PDA R dt, #F—
AR R R R T A B B R
1.6 HWEREMESEELEE

W 4l Ak I 099 B TR 2 R T PDA KSR 5L I,
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i 28 °CHHIRIE IR 2775 , R B Mg
IRCEETE . B AEZESEH, 2R
CHEPI SR TR 27 ) A TS0 o
1.7 JREEAI rDNA-ITS Y5 &% %
BW O

PG 5 1 IR R T 2 RO R,
WARGR RIS ik AR, 2 BN 3 1 24 DNA
P& B0 ) & U B 5 $E Bos R i 1) DNA, LLidE
5197 ITS1 (5'-TCCGTAGGTGAACCTGCGC-3")#
ITS4 (5'-TCCTCCGCTTATTGATATGC-3") ¥ 17
PCR §" 3§ . PCR Wi #A& £ (50 pL): 2xRapid Taq
Master Mix 25 uL, ddH,O 19 uL, DNA Fif
(40 ng/uL) 2 pL, . FHHIHA0 pmol/L)%
2 uL. PCR W 4F: 95°C 5min; 94°C30s,
55°C 30s,72 °C 2 min, 35 ¥ ; 72 °C 5 min,
4 °CIR-AF S

PCR 7= ¥yi%k 2 1 LB A RH A R W
PEATIN R, P45 R AE NCBI 0ds PEE 2 A 7
BLAST 43#rbbxf, R MEGA 11 H{FHE &R
BREW.
1.8 HIE 7 X [ B R AR SN DR R

2 BB PLAE 5 03 3 0 e 9 It 1 T 24
AR, THERR R 22 B KR, XA R A
R ROR AT o K IMERR . KA R X B
ST A 100 mL ) PDA B3R h 5] &
WP 0.3 g/L, BEFHGRIEE 3 AT, 1§
M HE, F 6 mm 4T fLEREUE UFE T PDA
SR b, R BSOS I R0 4 23 R Rk
M, i a8 URIE RV BRI R A
KD EMEZE,

22 KA 2 (%)=
X BB TR AR K E AR - PR VE HA

X R YE AR - WD EAR
1.9  WNMHERS X & Z R KK fE mm RAVEN

WEHOCHEH RN —3, g —n
Ry R 2 A, IR AL 3 (CA)FIX REZH
(control, CK): i Ab ¥ 5 ()34 25 S 5012 il F
0.3 /L MIMERRIAT , 20 min J5 854, BT A

x100 (1)

PREEAS S, WT 25 °C . 1B BE R 90% A i 15
IR CK4: B FIREK, Hi#E/ES CcA
HARIA

RRAHWEE 3T, 0lfE0, 2. 4. 6.
8 & 10 d EATHUEE, W T-80 °CykAf 5 ,
HEAT I SEAR AR AE o
1.9.1 RTEEHNE

K B RAASCIN 7 2 55 AL SR B, AR S rh
TRERE 2 AN R SR SR R RS TN, A Ak
PRAFRIAE 3 AR, BOFIE, oSk T
H(N), HE 3K,
1.9.2 ZREBRAHBINE

Z B WRATSE 0 Ty gk ) U) I35 55 L 5
43 ) I 3 55 SR S AT T T AR 2R 4 R A
BN TH TR, HEBUIR 4R PSS LL BUIR 4R e
LRI THT TR A 38 55 S ST 1w 1E R Y
eflFR, WARK(Q2):
NI & i1 /At
%ﬁﬁﬁ%ﬂmrﬁgﬁiﬁwﬁﬁﬂ
1.9.3 IIFIMES (vitamin C, Vo) 2 ERINE

3 90 BRAS [] Ak FL 2 S [ 0 B[] £74) 32 25 SR
S5 g, SMRTEMRAESE ik, e 25 R st
PR E &, LA mg/100 g Koo
1.9.4 T ;& EEL (titratable acid, TA)S &
7Y XE

2 B R R U D& e, R
BRIHE N E TA S BUS ¢ MBI ARAR
AFARET 50 mL ZEIR/K R, 2405, ## 20 min
JG T 4°C. 10 000 r/min B.0> 10 min, WHE EF
¥ 10 mL, LA 2 7 1%B3ERES 725570, i 0.05 mol/L
) NaOH W AT € , 281 /KAVE R 23 FOoof BE
SER ISR R TP
1.9.5 A Z [ (malondialdehyde, MDA) &
= N E

Z WK E A E I, SR AR
AR B B2 R VA I A N I
1.9.6 4HAEERIZIE AN E

HR A R U o B e, FREL 2 ¢

)

o
2

x100 (2)
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VEZE LR A 20 mL ZE187KIZ 9 Pk 10 min
Ja FHE S AT 58 1 R 2R 2E (1) o T E
SEHUE B 100 °Clli /K i H &3 15 min,
FEAHE AT 2 i SR E (12), BHOBRL
MEER 3 K, MARARG)HHE AT,
. TSRO B 52 ()

S O S Rt R B SR
1.10 FHiEAIE

FIFH Excel 2021 AbIRFNZr 1 5cdE, R
GraphPad Prism 9.5.0 #K{AER], FFRH tf 5
K EBENER, P<0.05 BRESEE, H
IR, P<0.01 KR ZEFWEE, kR,
RAWE 3 NEL, B HAREZE(SD)
FoRo

2 ERE54M

21 EEXREREENSTELESER
211 FEESESHFEHEMNELR

A 5595 fil 52 b 2L 3 2545 3] 5 FIB AR
F R ERR, Al YI-Y5, Hk Y1 H7%
RO, S RE, Bk Y2 RYEHT
e, JEECRIKGE; WAk Y3 YIS,
JE R 0 RRR Y4, Y5 RYEEIE 50,
b Bk FQ 7k DK 4l A Je () B DR R B 3E 15 1
SO WER RIRREAR . TRBE Y1 RIRREAR : i S e
TR R B IR . KBER, R, fEkE
FHRIKO TR 22, Y51 5 R TR AR R
TGRS WPk Y2 WK IR G E 2, o
WIR AT W /MR BE, WERMIRE, 5 R BT L
P BERCIRAE AT BRBR Y3 SREEASELI,
F AR 55 S B A (o, R R 22004
JE MATE R UG, TEK A B R R
PR Y4 F1YS B9 ESAER AL, Wb YA A
FE0A, W Y4 FIRWERm K TR
o/ NREE, FEMEE, J5 AR BRI, R
HUE R R NS, REE, ik YS W&
AR FELER, WA LRI D X mE

J& W D T PR A T AL 2o B, BT AR B 95 i
5 R RIE S — 3
212 HEEFEEHER

FPk Y1 7E PDA B30k ErgIE S anEl 1 i
N, WKIEARNEDE, FrHE 2 re, m)E
FIPRE, 3d KWikigRdk; i 5 d e
“HBOORNE, RUWBRE, KAWL RN
KA BERE B AR, MRy K, 845
B AR S R, JHERE R/ R4 o
ARFRTCEAEY, FENARAARKER
ROR, WBIEE L EENEEA ZME
(Lasiodiplodia).

Pk Y2 7E PDA F5 380k Fan e, B
WL K AE, BREBREH%, AA
DL, JEMARENIEE, B, S
TN EAR N (o 0 o (A RS A (e mc Y 4
PR, BB, RIERE . ARSI
Y2 55 I i J& (Colletotrichum) AR

WPk Y3 7E PDA 35770k FRE S HEE
KT8, EMAER228 RGN AEK,
T TH A A FR L, BEgR s a1
Fadesr, RKIHMHEIRE QOSIRE AR E, N
A Hop Al AR S i, PR AR
BRI Wk, AR, R AL
I by Sk 71 T e (Fusarium) o

WPk Y4 75 PDA 35 5 FRVE S A A2
WL ar, AW KR, HRATm
WSAHIROK 0 3555 J5 W 22 R 80E K
G0 R AR B A, e D Y 43 AR A
Ay A fil AR, SRR, A 5 ATk,
thEl 3 AR A EE, A 2 MEERIR,
Hapitafik, Tma 2-3 WILaEHIE
2z, R 1 /NS R 22, OB AR
1E 5 2 i 18 19 Pl 5% £ € 11 )& (Pestal otiopsis) #
AR

PR Y5 75 PDA 3555 56 1RV 2 B oI []
D BEMEL, IEHw2Z A AE, muEy e, &
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1 EERIHFEEER, BL. B FESHFEMEELRER

A-D Itk Y15 E-H NItk Y2;

I-L HEME Y3; M=P NEFE Y4; Q-T Itk Y5, MNAERASN 0B B2 IEw . 6. T8

FESAREAR o
Figure 1

Morphological characteristics of the pathogen colonies, mycelium, and spores of Syzygium

samarangense, and the disease symptoms. A—D for strain Y1, E-H for strain Y2, I-L for strain Y3, A-D for
strain Y4, Q-T for strain Y5. From the left to right was front and back of the mycelium, the spore

morphology and the disease symptoms.

WK AR, SIEFRRMM, HeE5mEez
(AR IR S ) 0 5500 5 e TR 22 R A R Y
M/, WA ANEE, HEPIRRE, e B 1 4
AT, HAYV RS Y4 KL, AREESWAE
Y5 W2 1 JE (Pestal otiopsis)

2.1.3 JHIEE rDNA-ITS FHIMAEZ . B
THER

PAIFEZS RIL 5 MR I AL 2H DNA gt
Me, RAITS1 1 ITS4 A5kt ryi, 135
247k 500-750 bp 1Y PCR F=¥(K 2), fFGHH
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ITS DX RE . FH 715 8] e R ITS 341
i 3 38 B AR Y HORE B P (NCB Y
BLAST 7EZF- & #6475 40 Rl I et 437, I
K FH4B 4472 (neighbor-joining method)#4) & 22 4t
REM . SR 3 Fin, Hitk Y1 (GenBank
ks PQ517009) 5 B & (Lasiodiplodia)
b TF [ —43 37 |, Hidr 5 L. rubropurpurea f [
VEMER R, MR RE 99%, JESEmEA
il i (Lasiodiplodia Brasiliense)fla] A Bk —1fl

2 FRIRE PCR #1840 58 B R Ik B e s o
Figure 2 Gel electrophoresis of PCR amplification (+I:as odiplodia theObromae)gE BRI 100% 0:;
products of isolated pathogens. Ak Y2 (GenBank % 5%*5 PQ517012) 5 R JH 1A

3 ETITS FIMER 5 REMRMARLER 5 TP S8 GenBank Bx5; 703 B
Ber W EERE s FRR 0.05 M RGEK T WY E IR .

Figure 3 Phylogenetic tree of five strains constructed based on ITS sequences. The serial number in bracket
is the GenBank accession number; Numbers on branch points is the self expanding value; The scale 0.05 is
the genetic distance of the phylogenetic tree.
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Ja& F6) SR A 31 4% 48 14 (Col letotrichum fructicola)
Wb TRl —4r 3 b, RIS 90%, 456 HIE
AL, HEMIZE RN C. fructicola, HHk Y3
(GenBank % 3% 5 PQ517013) 5 4 JJ i J&
(Fusarium) A7 48 i 19 [F] 95404, AL ik 100%,
GG HOL BRI TR E  HEMN B bR Y3 R
Wk J] T (Fusarium equiseti), EFE Y4 (GenBank
BT PQS17014)FIT KR YS (GenBank %565
PQ517015)7E [ —4r 32 I, Wtk Y4 5HIE L E
fflJ& (Pestalotiopsis) £ [f]— ™ 32 |, 5/l
#+ % & ffl(Pestal otiopsis microspora) EL. A4 %5 & 11
FIVRPE, HARRUE Mk 97%, Bvk Y5 H5HEq
) #% £ B 9 17 (Neopestalotiopsis clavispora) 4
R, SRR ONE, MRUE &S
100%. kR Y4 F1 Y5 (AEIME S L 100%, B
AFHERS A S22 5, ATREN R @ o e i . (R
IR AR S RIELE G o, Wk Y1, Y2,
Y3, Y4 FI Y5 o %5 S Rl n] B
(Lasiodiplodia rubropurpurea). 5 4: i 4% 1 5
(Colletotrichum fructicola) . AN## /] 1 (Fusarium
equiseti) . /) 1l #l & £ £ 1l (Pestalotiopsis
microspora) Fl il 4 2 € i i (Neopestal otiopsis
clavispora). it — 5K [B] 42 1 9 S 20 2L 3R 1HT 11
W AT oy B aliAl, SR B2 DNA

PG ) & %G JF T DNA BEAT R, i 1TS
PyE, 2 1% 38 W BE I H Dk R I % B
5 BRI ITS B BER/N R 500-750 bp /2
Ho F—%at BLAST 7ELNT I, 5455 1Kk
ERELY IR
22 HEFIFEES
&M
221 FIMIEHR
FEAIEGEAS [ P a1 7500 68 34 25995 Dt o] 00 o 20 S
SER R, R PRONMERR . X SRR KA R S
5 DT B 22 R K E M RIVE R (GR 1) H
MIMERR G IR Y2, Y3. Y4 FYS (s R
BUF(P<0.05), T EAAFHNE RS 52 4.9 cm
(29.02%). 4.2 cm (38.31%). 4.7 cm (38.59%)F/l
5.1 cm (27.35%) ZKAGERXTIR IR Y1 PR
BAF(P<0.05), R EAAFINEF 5% 3.3 cm
1 55.40% XA SRR X 5 Al T B ()4 i R AR
A, HAP SR R Y S BRSO 2 7.36% .
A, anlE 4 pros, 43902k A 0.3 g/L (AR |
IKAG R B 5ot 52 TR ok i i 3 25 SR S A P B
CK X EIRAL FRLL 43 ITE 4 d 1), %55 3%
R PG BE, FRREE R A AR K, BB
Ko FEWRUG I, 7K A% ER Ak fR A 3 20 SR 5K
FERZ BT BE, b P 7 Acb R A SR S 3% s B

EmREREINE

R 1 SRR E SRR E R E 2 £ KHH =R

Table 1 Inhibition rates of mycelial growth of the Syzygium samarangense pathogen by three types of

inhibitors

EiEgnS  WIMERR Caffeic acid Xt 7 B2 p-coumaric acid KR Salicylic acid

Strain No. gy pi W B % B A B
Colony diameter  Inhibition rate Colony diameter  Inhibition rate ~ Colony diameter Inhibition rate
(cm) (%) (cm) (%0) (cm) (%)

Y1 3.60+0.20b 49.97 4.20+0.12a 42.37 3.30+0.12¢ 55.40

Y2 4.90+0.12a 29.02 5.20+0.00a 24.72 5.00£0.20a 27.94

Y3 4.20+0.32b 38.31 5.60+0.23a 13.33 4.70+0.12b 31.09

Y4 4.70+0.31b 38.59 6.20+0.12a 22.76 4.90+0.42b 35.63

Y5 5.10+£0.23c¢ 27.35 6.40+£0.12a 7.36 5.50+0.00b 22.09

2 BUE VI B bR v 22 (n=3) %R

o M R AT NS TR EAT B3 25 5(P<0.05).

The values in the table are expressed as mean+SD (n=3), and different lowercase within the same row letters indicate

significant differences (P<0.05).
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xR

p-coumaric acid |§

ks [

Salicylic acid |i§

/117
Caffeic acid |

cK |

B i e

CK Caffeic acid

0d .,m g T S | 8 e

K i

Salicylic acid

XA R

p-coumaric acid

W e v :, ‘

El4 0.3 g/LEMIMEES . KRR ESTERNZESHREEELE KQFRIRE MRSIEB)
Figure 4 The effects of 0.3 g/L caffeic acid, salicylic acid and p-coumaric acid on the growth rate of
pathogenic fungus (A) and sensory quality (B) of Syzygium samarangense.

FREH SN KR FEE ., 25, 03 gL
AT P P2 Ak AN ST AT LA o) 32 55 SR S0 Dt 7 A
BHEHE A, 0] DLYERE R 5 Y 55 R ST i It
AT, PR, SRR 0.3 o/L HmIMERR /E
R, X R L TR
2.2.2 WNMEER XY R EEE RL M FRAIF M
i 7 2 ) DRI R S 8 28 Rt S 1) S B i B
Z—, MK S5A FIH, REET TR, P
IS B A S B R R A, FEIERCER 2 R
M i Ak P 2H SRS B AT X e, {4 fR) 22 5
ANEE; FEWE 4 d S O ERR A A Y 8

2 T BRZH (P<0.05) , 15 FF B i Ak #RH (
HELSR T 3 55 S SR R 0T B

ZUR A O 55 R SR — R AR
5, SR W 55 TS AE I L R P A B
FEEIRZ — . EFRLRALE, HREH
P B AN TR AW N Ty NI & S5 MUY
TR & 5B AT, Wi Ak 3 R B2 AE
SR S WS ] 2R AR AR R B0 & R H AR
SEBURNE BE LTF R i HERR A B A AE IR S
4 RHE 8 REXT IR 22 54 B 2 (P<0.01), FF
AL L ) 2R 2 3K R R AR T B
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Figure 5 The effects of caffeic acid on the quality of wax apple fruit under room temperature conditions. A:
Hardness; B: Cottony softening extent; C: Vitamin C content; D: Titratable acid content; E: Cell membrane
permeability; F: Malondialdehyde content. *: P<0.05; **: P<0.01.

UK I R S — PP b B AL TG PED BT, XA
AR ER T EAEZEER. bUR s &k,
TEIV T 8] £ By /D # . B & 5C mIAT, ok
i b B ZH G B2 TR Il R B S AR AR T
Meie BT, ZJa R BAGE TRk sh, It
WEEE 2 K, W RR AL PR A BT I R 7 i
W T XTREA, WALTESS 4 RIGRE) T/ KME,
394 2.52 mg/100 g F1 2.1 mg/100 g, TEN K

A, o RR b PR AR LR 1 AR R
FRI7KSF- T8 B R A M) T4 5 2 R SR
IR AR, PREF IR T

T A TR 2 5 M 7R XU it S 9 45 s 2
—, AU TRSEMIRIR . TR A E S R
VEIBRFSE A AR, AT R S v R R PR AR S 0H
#, SEOLEREAWEAU, & 5D R, 7R
HEANIE R ], Ak 3 ZH A0 R 2 2R S A R
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MR o A I R B A A S, A L X R
WA R A P2 ()T R A A LU B R o R I
(), A P Ak FER 2 Py PTG TR i 380 0 5 1 Tt
HEZH(P<0.05), HA%E 2 A 10 Kor5HIE%T Y
AR 1.29 A5 1.45 £, 28 bl g, mimHERR AL 34
ZH AT DA I f 30 5 - M 9T 2% 5 2% SR S AT i RE
R T 1 T R

H1 &l SE FI& SF Al 51, w4k 34 2H A
2 A0 20 B s P T S e Y R T
Ja TRy, JH A 20 i R T AR IR
%2 RiFEIRKME, ZEHREE TR, W
B S AR S 4 R2ZE SRR (P<0.01)F 153
KA (4.127 nmol/g), ZJ5 LI E R T .
MR b BRI T 40 MBS B YE N MDA
B BT, FEHIR 2T XTREAL, 150 B e R 4
e TR e e e, R T g R S AE IR
SO 1) it o 2%
3 Wik

SR TP . PG RR KR, IR
oK, AL, IR, fEiskmETh
W 5 52 BN AU O Sos I i 2k =t gy, AT
WRCR G F o A58 DA 3% 55 R S {52 A
Ab Iy B MEE 1Y 5 MR, Y1 Rl B
f B (L. rubropurpurea) . Y2 k5 ) 5 A o
(C. fructicola). Y3 F AW I TH(F. equiseti) .
Y4 N/ 2 T H41(P. microspora)fll Y5 A
140 % £ - #9 1# (Neopestal otiopsis clavispora).

Lasiodiplodia rubropurpurea , X %
Botryodiplodia theobroma, J& T % 45 i &
(Botryosphaeriaceae), J&—Fp#iy Fgk # WL
HPER IR R, 2B 2 EEATTRAEY &
TR FEIRIREZ —, o) A S
SRR DR 5 38 %5 SR S b 4 B —Hk g
SR R R A L. rubropur purea,
ZEER Y Ko SR 4510 = BEARAL

BRAIR A DR R , FEE R 5
%, PEGEIES SRIEF(C. samense)n] SEEIAERK

JEE, MRS AGHTR(C. gloeosporioides)ts, &
SR AR BERG T 1 L e I R AR 28 2 JH
G BRI . AW AEE S E R
W — R, ALV RECRSE e i, - HAE
AR AR R BT, % ST
7 SR 55 v 43 25 45 B B e T 9 e i TR —
#H, & THREREFEAEC. fructicola).

AR W5 0 DA AE AN R AR RR b 2 B[R] A o
F . EHTE M5 GE AR R ) T R s
FARTEE . AR RN . R,
ARG e BRIZ TR T 3 55 SR SR S R —E 1Y
WREM, ZEIeRVES R IGHE HZ /A
e T A o BRI, T ff TR A S5 40 1 2 e
X R S S St AT A R

HR A TR A FRIE AN I (R 3 31 v R [ 4l 5 22 B 4
&4 A2 1) (Petalotiopsis) . Bl i £ &
1 J& (Neopestalotiopsis) Fll iz #1 # £ & i J&
(Pesudopestalotiopsis)?) =2, Ho2# WA HE Yo
B, AT5ERMBR . S5 . SRR L R
S T L L2 e ) W s EN 20001 £ N 11
B, BN Z EAEERED| &S R
W, BRI, RRREREERY, %
RECR IR FEMERE SR, W02 R 5
P — R VET, AT BIOR S0 A8 IR

T M 3 R 4 B R S (R — KR

R R, HACR SR W E BIG )k £

BRG], AN BRZE A 2RI 2R
[ I NN ESSRCE S 7S R R 117 DN N R 2
S99 iy LA 4 4 B PR A B R S R AR A
PR 2R T ORI, ZEASAHE S o LA <minmMERR |
IK B BRFIRT A R 3 AN [] Ay 13 1R 43 1) Ak 34
VEFE RS RE (Y1-Y5), 45 0R0, kg
BRI , X 5 FhAS [R]85 i 0 R AR A
I, KBBRIRZ, MEEBRMESCRRZEGE |
K 4A), BFFERB], nrERR o] LU G il /N2
My X K %5 1 (Trichoderma harzianum) | & 173 5
JK %5 1 (Botrytis cinerea) ) & Kk 7] T (Fusarium
sp.), AR EIHHEAR, FEAURE LA RD
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AT AR Bt (] S AR B G, 8RB R
THABALFRA . BT A PFE, CA AP DUITE
24 h P, 38 AT AT TR R A e it TR R Ry
[ (Sporisorium scitamineum) i 4 1/ & K, 4t
SRR YL L FEPY ) AU R B, i i
BHEEFD CA F1Y 5 & B (Penicillium expansum)
ol F B TR WG, A B AR R R o 2
R, 28 b, CA AbBETT BB A 78 Ay HH 30 i 32
S5 IR LA A &, 555 R SR AR

S R R R T e N — KR
ebn, TEARMZE T, 0.3 g/L RIIHEERR il DL 2
eI PUR S5t R ) I S e W N
PR, R AP R S 2 R 2% DAY SE 282 SR 52 48 4 R
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LU, - -L-Mi 2 1R T LA 3E 1 4 45 3%
S5 SRR IR | BRI RS, i i
TPl o A, 0.3 g/L A MR Ak B ) 3
FERSEFEY, W TA . Al FTE Y (total
soluble solids, TSS) Vc i1 #EH % W H AL,
Cheng 25U R, Ve & s 5 Rt Afk
KA, SRISIRES & 8 % 2 fil #F 16 (Bacillus
siamensis) N-1 AbHAT D4k R5E3% 25 5 S50 19
Ve &, gEfeEmmbiafene )y, sEmiaaE R
SEHUIG JT o A M R AR P AR S U P B 5
—iAPi4k, Lin SRR, JBIRESE MDA
K B, -2 FEAEEA Lz, RA
TR AR A i, TEARFSE T CA AHE )
FESF IS MDA FIAH A BEE 75 1 FEAR, SRR YE
PR R poRi i, R ORI, 5 CK ZHAH
e, A3 RS SR AR IR 2 10 do

4 Zi

TEABTE R, MR A 55 RS h o B 2
5 RO, FF A MR 1 R
750 o CA Ab B — 75 THT RE 08 18 1 410 ] 3% 25 R S
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