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ABSTRACT: The paper aims to study the inhibitory effects of 1-MCP and clove essential oil on the main decaying strains
of postharvest apples, Alternaria alternata and Aspergillus in vitro and in vivo conditions. “Hanfu” apple was used as
experimental material to isolate and purify the rot and clove essential oil apples, and then in vitro experiments and apple
inoculation experiments were carried out. Two genera were isolated from the rot and clove essential oil apples: Alternaria
and Aspergillus. The ability to cause rot decreased from Aspergillus and Alternaria. Under in vitro conditions, 1-MCP and

clove essential oil had significant inhibitory effects on the tested strains. The minimum inhibitory concentration of 1-MCP
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against Alternaria alternata and Aspergillus were 8 uL/L and 9 pL/L respectively. The minimum inhibitory concentration

of clove essential oil on Alternaria alternata and Aspergillus were 5 uL/L and 7 pL/L respectively. In the in vivo experi-

ment, 5 uL / L 1-MCP treatment had the most significant effect on the control of the diameter expansion of apple fruit.

The inhibition rate against Alternaria was 18.17% at the 6'" day, and that against Aspergillus reached 27.31% at the 6™

day. The optimal inhibitory concentration of clove clove essential oil 12 pL/L. At the 6 day, the inhibition rate against

Alternaria was 79.36%, and that against Aspergillus was 34.82%. In this experiment, the optimal concentration of 1-MCP

is 5 uL/L, and that of the essential oil of clove is 12 pL/L.1-MCP has a significant inhibitory effect on Aspergillus, while

clove essential oil has a better inhibitory effect on Alternaria.
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4.8, 5.4 pL ZEIRK 500 A% 7E PDA S HFE L, 1B
XA, UAERKFESUKENEESDT 5 0
UE UL A BT B 2 R A oA R 25 W ) B KA R
(MIC) o,
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W (1-MCP {5 543518 70, 210, 350, 490, 700
ul ), [FmE, A 70, 210, 350, 490, 700 pL JiH
KAERZS AR, T 25 C T 24 h J5, #5952
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Tab.1 Characteristics of mold colonies
Mk i P TE R A RHIE
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Bemfmle, mgkAe e, BKE6, BTERA, H

WA R, TR, ZHEEDE

VA IR, A IR, T 22 ] DUBE R AR

BT BERS 0 A T P R AE S 70 A A TR A
Fig.1 Colony characteristics and conidial characteristics
of Alternaria

B2 ihE 0 ISR IE RO A 10 4R
Fig.2 Colony characteristics and conidial characteristics
of Aspergillus

2.2

HE 3 (F—dr, NFEFREFRRZE T B
(P<0.05)) AT, 422704 760 70 i 25 (%) J€ 5 S 2R %
BE AR T 2 mm, AN S M S,
FhEERE AT, TE2 2 d B JE 5 SR A BE 15728 T 3k 5
5.10 mm, 7645 4 d i 8.28 mm, 745 6 d I ik 5] 12.21
mm, RPN IEE SRS 6 d BF, RBEEAE ]
iKF 53.59 mm. &R EWT, 7E 2 d Rt
FEE A BE B AR P = T A A 1 Y JE
R (P<0.05), UBLHA IR XT 7€ & S R BUE )
F TR

2.3 1-MCP

mEk 2 iR, 5 CK ML, 1-MCP AL fifi &
(3 pl/L) X3RRI LT A ME e, m
I-MCP &K 5 pL/L Al 7 pL/L AR50 8
15.14%F11 64.90%, R ATHI 1-MCP &5 AN [7] % 3 R
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Fig. 3 Comparison of causality of Alternaria and Aspergillus
causing pathogenic bacteria of “Hanfu” apples

9 uL/L) B AT SE il R E AR, BT RL B SS
K, 1-MCP W3- HLEERE 0 A S AT i & F24 8 uL/L.

mz 2 iR, 5 CK ML, 1-MCP AR fli &
It (3 uL/L ) XSS ER 4 A AR /N, il 1-MCP
5 pL/L F 7 pL/L BRI 24535128 70.00%
1 77.14%, AT HUARR] S 5 1-MCP XSS i & 4
A —E R AR, HEERYS 1-MCP &
WIE . RTH 2 d&EMET, 1-MCP &4 8
uL/L RIS 2N 95.38%, 1 1-MCP &l 9 uL/L
A SE AP R AR K . WNBHRZS SRR E, 1-MCP
X 3 S i B ) SR IR i % R 9 L/l

24 1-MCP

M 4 T, 5 puL/L 1-MCP Ab B 45 173
SRR AR B EAR YR, 6 d e, XTI AR
BEEAAE] 17.10 mm, 76 1-MCP &4 1,3, 5 uL/L
W, B 1-MCP & &b, Bt EAR Y s,
5 uL/L 1-MCP 4bH B 5420 14.54 mm. 4
1-MCP &0 7, 10 pL/L B, FEE R AR
BN TR L, KPR RSB B Ae . It
bh, BERPEEARHILE 2, 4, 6d )5, 5 uL/L 1-MCP Ab#
H B IR AR BLAR M 3.83, 6.32, 14.54 mm, X
HE4H 5500 6.50, 11.75, 17.10 mm, 1 uL /L 1-MCP
AL FRZH A SRS ) 5.56, 10.54, 16.08 mm, 3 pL/L



F40E FH1 M RN

1-MCP FIT 75 K08 377 SR A TR 25 40 1 1 52 i +21-

1-MCP 4B [ 5525058 4.00, 8.04, 15.25 mm,
e 30, B AR A EER: , 1-MCP X% A% 96 A4 110 18
FAT T, & EMW0r, &0 R ER A7 B 2
PEZE S, TEAWAIBE 5 uL/L 1-MCP Ab B (40 %44
Sy, A5 H 5 uL /L 1-MCP Ab BE3 5 B 5o AR 71
MR BE H AP R A B HIER- . 78 1-MCP &
H/NTF S uL/L I, MESCRS SR, H2 7,

10 pL/L B 1-MCP Zb¥ M4 S 8UE i3 m, X
5%/ TR 1-MCP N 21 35 R b i i
AR —E

H LS FTLUE Y, 5 B B4R Bl 4P st [ i)
WA KA, R 1-MCP Ak 34 A 2 31 40 i 1
FH FEFEFR 2 d J7 1-MCP Ah 3552 /9% B AR ™
J&, 76 1-MCP &H0 1, 3, 5 pL/L BHAZAL T3 R

2 1-MCP
Tab.2 Effects of different concentrations of 1-MCP on colony diameter and antibacterial rate of Alternaria and Aspergillus
1-MCP % #/(uL-L ™) A e
- o ‘ I o o P o
e 75 1% fmm W% i 1% fmm HEH/%
0(CK) 47.6+0.52¢ 0+0.28¢ 90.0+0.01? 0+0.22f
3 45.9+0.23b 4.09+0.234 57.5+0.22b 38.69+0.15¢
5 41.3+0.51¢ 15.14£0.15¢ 31.2+0.13¢ 70.00+0.314
7 20.6+0.264 64.90+0.15° 25.2+0.194 77.14£0.64¢
8 0 100+0.28% 8.2+0.01¢ 97.38+0.54°
9 0 100£0.26* 0 100+0.38%
T AT 8RS NS FREAE #2253 % (P<0.05)
20 90
18 @CK @l @3 ®S m7 mIO . go | BCK @l B3 @85 ®7 ®I0 :
16
14
g
E 12 E
& &
E 10 im
5 s =
E . [
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2
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2 4 6
FEANE T A)/d HeRh i 1al/d
B4 1-MCP 95 3 Y55 SR H BE 1 P2 10 70 S 1-MCP 95 By 55 0 BE ELA 1 B

Fig.4 Effects of I-MCP on diameter of Alternaria in posthar-
vest Hanfu apple

Fig.5 Effects of 1-MCP on diameter of Aspergillus in post-
harvest Hanfu apple

3 1-MCP
Tab.3 Effects of different concentrations of 1-MCP on antibacterial rate of Alternaria and Aspergillus
- 1-MCP % #/ T /%
(uL-L7h 2d 4d 6d
1 26.95 +5¢ 13.794+0.13¢ 7.25+0.27¢
3 71.33+£3°% 42.37+0.23° 13.12 £0.04°
HEA 5 76.29+32 62.10+0.18¢ 18.17+0.18%
7 —29.2440.11¢ —1.98+0.144 —2.53 £0.184
10 —18.81+0.16¢ —10.48+0.13¢ —5.44+8¢°
1 28.31+0.73¢ 11.32+0.544 24.67+0.39°
3 30.20+0.88° 12.20+0.584 25.66+0.46°
HHEE 32.06+0.69° 29.16+0.62° 27.31£1.00°
7 6.85+0.954 21.14+0.72¢ 16.28+1.13¢
10 5.79+0.584 27.84+0.16° —11.30+0.90¢

e RS dEE NS FREAE S 257 3 (P<0.05)
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2,10 pL /L AbBRAL$ERP 6 d J5 i BE H 42353 80 mm),
PR B ELAR R T X BRI S, S IR A i AN 7B
HeAh 4dm, ABYAEIEEARY /N TR, A1
6dJ5 7,10 pL/L AbFRLA AR BHE HFAR KT 1,3, 5 ul/L
ABRZ, A AbERL )25 Sk B L [RIR AR 3 R,
5 pL/L 1Y 1-MCP Kb 35 5 3 5 1 i 25 0 31 0 26 i
B, 6 d IEAR] 27.31%, 5 1-MCP XFEEHS f Y
YEFIRCRARTE, 24 1-MCP & KT 5 plL/L i, B
% 1-MCP &HITHE, 1-MCP %7€ 5 3 5 th 5 a0
FRWEM ETHEHE . 24 1-MCP & &R T 5 uL/L
W, IR TR, Ui 1-MCP (i & A H I 5,
TN 5 uL/L B I S AR i R A A R SOR B

2.5

PRSI AR RN (W 4), 5 CKAMLIL, T

4

TR IR & (1 pl/L ) X S SR A A Y 10 T
AN 7.20%, 1 3 pL/L T FRE AL FE A I RN
65%, PHI AT HIAS[R] 55 5 T A o 0 S R A e T A —
SEFEFERMRISCR , HAMSIVERS T FR i & e
Foo T3 AERHBE (5, 7, 8ul/L) BHIERN
100%, AT 5E il HEE A K . MBS SRR E ,
T ARG IO SE S BEAR AR A S AP ) 55 50 5 ul/L.

HRSEE LSRRI (LR 4), 5 CKRAMLE, T
TG S8 (1 ul/L ) RF30 50 ih B 10 0 %
AN 53.81%, T 3, 5 uL/L T A Ak B 40 5 2% 43
7] 68.69%F1 80.71%. FHILTIHI, ANI[EF & T & hH i
Ab B SESRE R AR A — S IR ROR , BAHIVE S
THEEMETERIEL. KTW 2 AFEHE (7, 8
uL/L) I RN 100%, 7] 56 24 08 e 10 A=
BRSSO E, T 7K X 358 il B A S I o1 5
4 7 ul/L,

Tab.4 Effects of different concentrations of clove essential oil on colony diameter and antibacterial rate of
Alternaria and Aspergillus

TR H/ (L1 —— FEAHS — —— s —

I 7% H A /mm VA 2/% W 7% H A% /mm P Z/%
0(CK) 46.3£0.36° 0+0.21¢ 90+0.55° 0+0.61¢
1 43.4+0.45b 7.20£0.55¢ 44.8+0.46b 53.81+0.314
3 22.1+0.67¢ 65+0.79° 32.3+0.23¢ 68.69+0.21¢
5 0 100+0.26° 22.2+12¢ 80.71+12°
7 0 100+0.19? 0 100+0.25°
8 0 100+0.242 0 10040.312

I R8s NS PR R 25 3% (P<0.05),

2.6

Ml 6. 2% 5 TLIE Y, b R0 4% 5 R 00
T I AN B 52 4 0 ) B0 R 7R R 5 SR B AR
Koo $eM a0 AR BE BAS— EOR TAL PR, 228

18

BCK  @SuLL  O7ulL &
B9u/L 210 u/L @12l [

P AR /mm

P I /d

P6 T i 98 i SR 5 B A BE AR A5
Fig.6 Effects of clove oil on diameter of Alternaria
in postharvest Hanfu apple

EVEHT R, 45 AL B X R Ao A
(P<0.05), UdH T 7545 1 E A 400 ] 59 2R 20 i
., 528 R —5, fE—ETEEN,
OO RO LS . FE5S 6 d i, 12 pL/L BT
BN T A BT A A A I TR R AT 5K 79.63%.

I 7. 35T, RfE MGG EL, 58

80
70 L BCK B5ul/L @7 ul/L a
60 - B9ul/L @10 pl/L @12 ul/L :
d
E 50 g 0l
v .
5 o ’
.
Esm ce . f
T oL o .
i o o .
10 - O i o .
i o i ok .
0 o
2 4 6
HR AT E)/d

K7 T RO J8 5 SRR B BRE AR B4 R
Fig.7 Effects of clove oil on diameter of Aspergillus
in postharvest Hanfu apple
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Tab.5 Effects of different concentrations of clove essential oil on antibacterial rate of Alternaria and Aspergillus
i TR A A L) UL
2d 4d 6d
5 15.95+0.13¢ 36.97+12¢ 43.68+0.454
7 29.79+0.024 27.45+12¢ 38.97+0.15¢
HEMS £t 9 33.07+0.24° 40.99+0.34° 45.28+0.24°
10 312+0.11¢ 33.64+0.134 52.58+0.14°
12 47.17+0.142 60.63+0.192 79.36+7*
5 18.01+1.01¢ 29.48+0.61¢ 5.82+0.50¢
23.51+0.264 30.78+0.504 17.59+0.734
A 83.61%0.16¢ 48.63+8P 28.32+0.13¢
10 85.66+0.53b 47.87+0.04¢ 31.55+0.49°
12 94.73+1.03%2 57.32+0.35? 34.82+0.70?

e R38R NS P REAF S 257 B (P<0.05)

B BE B AR S AR TR A R R R A
PR RERaS, FERP S 2 d B, T RS I A0 30 B R
F & R R ETE, 12 pL/L A BEZH AY4 R #R
IKF 94.73%. FESE 6 d BF, 12 pL/L b FEZE % il B 1)
IMERICH 34.82%, (AAhm THAAN IR, 20 3%
PEOTHT AT SN, A5 AL B2 R) 22 S P B 2 . UERH T A T
X FEw R M A B A MRIEN, BAE—E LN &=
7 RO ol 2 P 410 ) AR e

3

URSERSE SRS, AR R 0% 2R 10 () w5
FAEAIE YOS, Z 2 i UeE R Y, sl
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