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Effect of Tea Tree Oil on the Physiological Function of Botrytis cinerea
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Abstract: To investigate a new biological control method and reveal the anti-microbial mechanism of tea tree oil (TTO) against Botrytis
cinerea in postharvest fruits and vegetables, the fungal mycelium grown in-liquid medium was collected as test material, and then treated with
twice MIC (minimum inhibitory concentration) of TTO. Fluorescence electron microscopy. (FEM), scanning electron microscopy (SEM), and
transmission electron microscopy (TEM) were used to study the-effects of the treatment on the membrane permeability, mycelial morphology,
and ultrastructure, respectively. Additionally, the accumulationof reactive oxygen species (ROS), changes in enzyme activity, and contents of the
substances in mycelia during TTO treatment were explored. The results indicated that after TTO treatment, the fluorescence intensity of the
treated group was higher than that of the control, indicating that TTO-can increase the cell membrane permeability by destroying its integrity.
Additionally, several hyphae were shriveled and dry; their cytoplasm was disintegrated and contained debris-like material. TTO led to the
accumulation of hydrogen peroxide (H,0O,) in the mycelium and induced higher superoxide dismutase (SOD) and catalase (CAT) activities, as
well as ascorbate-glutathione (AsA-GSH).cycle metabolism, in the treatment group than in the control, suggesting that the anti-bacterial activity
of TTO is achieved by increasing cell membrane permeability, destroying cell structures, and inducing high ROS production.

Key words: tea tree oil; Botrytis cinerea; cell membrane; hydrogen peroxide

KA % 1% (Botrytis Cinerea) 3| & HIKEER 2
IERCEE . R BREERR Fohn. AT EERECR SR
R BRI . AR AR A F R 3
FB, BRFEIER H 28, SECTE A 2,
SRR BN i 2 4255, I LR SR AR TN D2 4K
X N FRANR G 224 (1) 7 ok B AREEH 7 B AL
B TR, MG IE R IR SR R 2
ks EHA: 2015-08-15
EETH: ERAARFES (31371860); INTARHT AN AMR
IIE (2013032094); TEmRLATSLRIKTE (2014050084); T3
KFE K IIEHEPEFREE (xkzsc1527)
fEZEN: A (1989-), &, MMz, FEMRR=mIESNT
BIVEE: BRsE (1980-), 5B, i+, BIZUR, MiAM: RamlEReE

56

IREE AU B A B T 2 F SR B 1R G o 3
P, (ERRRRE A, AR wAs RIS bR
R EA BE M EIREFRUR

ZehbkEih(Tea Tree Oil, TTO)/Z HRIMBk & IR
(Myrtaceae) [T /2@ (Melaleuca) # A #4 il B M- (4 T
JZ(Meloleuca alternifolia) i1 i 22K 28 28 T4
FN 5B R, BARG N AAMER K & 7.
Szczerbanik 2 75 L TTO %f B. Cinerea 2% fh:¢
7 JE R T 2S5 SR B S e T AA A T 0 PR A e 5
E eI AR R A 2 B KA Tk, R T
FEFIERIOPHAEE, AT, TTO FrA& MR
AT SRR E L. (H2HT TTO 82, HytHE
MR v TP B, B RSBl



MR BRI

Modern Food Science and Technology

2016, Vol.32, No.6

Frdt—DI . H TR B RSN B Al R g
G ) {of 5 T 400 L PR 70 R RS A P 15 YA S B T
BRAANE, RSPl B. Cinerea BB I
%, KATOCEME (FEM) 4% (SEM. TEM)
FARST TTO X b 22 0 M a1 Pk T 22 T2 R
SERCI, RSB AR N B ROS—id S Ak &

(H,0) MR RSN, A B e (SOD).
AL A B (CAT) . BUk i B - & bt H Bk

(AsA-GSH) T3 36 12240, DA IF s
TTO X B. Cinerea =¥ IHRERI T4, A TTO TERFK
Je A B AR R S LR A

1 MR5RE

11 K5 OE

TTO RN SE SRR A R A FHREE, 756
ISO 4730 HiE (FAVHF-4-BE>30%; 1,8-F¢M % <5%),
#&—F GRAS (generally recognized as safe) #JJii, W
MFaiATk; K% % (B. Cinerea) W H F [EHL
APPSR A FEEEAE (potato dextrose
agar, PDA) }i7rdk. Jo/KwE&IbE. S AL, nhik-80.
1E P AR A oA at, W B E 25 A2
FIEBR AT, WfkERE (PD MY Sigma; 2.5%)X.2
[ 2 0 B AT R AE R A BR A 7 5

AL204 HL7 R, HEREE-ER 2GR TR A A
HWS-328 {E IR 1H M55 2 58, T IIL RIS ]
LDZX-30KBS Y7 Ak /287K B, Lg% RyT
AP XMTD-8222 AR ks 77 sei s & A TR A
Al SW-CI-1F i LIRS, TN R SHEAARA
Fl; JB-3 Wi 1piEEAy, LR HXER R s
UV-1600 AUEEARRT W 0 eRE T, RilgSE ik A A
FRAF]; QHZ-12A A & S UAEIRR 55 7540, LA
KT HEFEAAAES] ;. H2500R-2 HY 3 VA v 25 s
Bl, KIDPMES DU AR 2 R Rims:, HA
B HRAR]; HCP-2 A ML, HAHSZ; 20
nm E-1010 378 7k S 8 & HL, HAH 57
S-3400N 7 5E:, HAH; JEM-1230 %4}
B, HAHS.

12 LB

121 HoeiliE

B. cinerea AP EIH LG, FhiET PDA B3Rt
25°CH:3% 3d, Mo AE B E KV T, fEBhi ekt
HOR T & 2.5%10" MmL. #E 1 mL 787207,
TINEIE4 150 mL PDB (& ZEapimis) B9

FEHE, 25 °C 150 r/min $ERIGFE 72 h, T
4000 r/min 250> 10 min, F:H 4 CRERRZME(PBS,
0.1 M, pH=7.4)jf ¥ = J5 U 1S 2 B A A5 H

FRARATHARISEIRA 7T, 16 SRkl A2,
AN 2 MIC [ TTO 438 2 h, % B. cinerea /=4E B &
[PEZ .. SEGH, EEEAIA 150 mL % 2MIC ¥
JE(5 p/mL)TTO 1) 19%JC kI #3-80 K H, LA 1% 1A
MR KCANHIRA, SAMEFE (TTO) FIXHIE (CK) 4H
W E =ANEH, 25 C 150 r/min #2AEE:3: 2 h )5,
A LSRR, T2t BB A LB UL

AR _FiA AR5 5] B cinerea A, T
TSR 2R B A0 I 150, mL 2 Ac LT
K12 2 MIC K% TTO 1) 1% Lt iEK . PL 1%
H- R K AT HEAE, BN FR AN BRI 5 B = AN,
25 “C 150 rimin K78 2h, 4h, 6h f18h 5, A
AP EAR RS, 40 C FRAE, AT
H,0, S ARSI 57 IR € -
122 A& A FEM ILEK

B 22448 2 MIC (I TTO ALFE 2 h Ji5, BRI 4
ROERI/DEH 2T PBS (0.1 M, pH=7.2) iyt 2
W, FFK5 mine 02 PBS, HIAUKTRA 70%Z,
B#4 °CFEE 1 h, FHPBS¥E2 %, &X5 min.
k& 2z PBS J&, AN 1 mL 50 ug/mL i Pl H4ii, 4 “Ciit
36 30min. WL, F PBS ¥t 2 IRFR 22 4L
W PRUE R THEI T B, 5 Emsy, POLE
s T ik K BP 546/12 nm, & 5K LP 590 nm)
MEFHIR . A E T ISR HH A PAT TSR
1.2.3 Hfou#hl &R SEM LI

B 224K28 2 MIC [ TTO 403 2 h &, BEEUHEZH
AbERAH /DR B 22T 2.5% (1) e[ e i, E 4°C
SE2 hBLE. BRG] 0.1 M HIBERRZEM R ML 3 1K,
BHK 15 min, JF&RY|8E RN 30%- 50%.
70%-. 80%. 90%-. 100%) ZZKPEWLFES, BHRIAINGE
10 min. TS TKOEHEZ 1:30 11, 3:1 B
FEf, BRR 10 min, FARCT BEVEML 1 k. FEdT
. ORERE. HERET S-3400N i FL 1 S A %,
HHR, AN S RO A AT TSR
1.24 HH1& A TEM ILEK

S8 Zhou 25770, HLL4KZ 2 MIC 19 TTO
RAFE 20 5, PRECEHEZL. AbHEZL/ DS 22T 2.5%0
IR E R, IRIETEE 2 h Lk A 01 M
PBS(pH=7.4)%% 3 X, K 15 min, FH 194k 5
SE 2 h, 0.1 M BERRZZ M e 3 UK, B 15 min,
JGARH CIE (RN 30%. 50%. 70%. 90%)
BMK . SR IS 90% P AREM 1 V%, o K A

57



MR BRI

Modern Food Science and Technology

2016, Vol.32, No.6

Vet 3 VK, ARK 15 mine LIRS RERRER B i
FERE LLIR A IERIEREG 1 h, T AR S e a i,
BE37 C 24h)5E, N 45CERE 24 h 54N 60 C
AR FFE S EBERE F RO, FBYWEs,
MU e R M) . M. XU, T
JEM-1230 BYiZE S HIgE MAEE, falle, N EE St
BHAPAT AT SR
1.25 Hy0p BAMRBHAR K 4/ Fulile 2 69 ) 52

H,O, & FE5E « FREX 1g ¥R B 22 &, i s mL
0.05 M PBS (pH=7.0, % 3% PVP), B HE#E 15 min
J& 4 °C. 1500 r/min B> 10 min, SR RHBR .
FH A B A TR T T Ho0, il &l 5 o

SOD JEMHME : AHEFR AIFRER] HO, M,
A R AR T2 72 BT SOD R S 5E

CAT JEMEME: FREL L g F£dh, /05 mL 0.05 M
PBS(pH=7.5, ¥ 1 mmol/L Na,EDTA), A ##% 15 min
J& 4 °C. 1500 r/min 50 10 min. 3 mL R R K
N 26 mL 005 M PBS(pH=75, & 1 mmol/L
Na,;EDTA). 0.2 mL 0.75% H,0,. 0.2 mL E#, 240 nm
TR OGIE 30 s WIHARL . LAREZM B ODagg (721K
0.01 —/MEgRE AL U

AsA FEE : FREX 1 g £, i 5 mL 5% TCA
TR, FEFERERE 15 min J5 4 °C. 1500 r/min 550> 10
min, HC IS AR 5 mL REETPEIA 1mL
IR BE® . 1 mL 5% TCA Al 1 mL J/K R

(CH3CH,OH), #&21J5, FKIZUMA 05 mL 0.4%

HsPO,-CH;CH,OH. 1 mL 0.5% BP- CH;CH,OH #1 0.5
mL 0.03% Fecl>- CHsCH,0H;. 30 ‘C %)% 90 min Ji5ill
5E ODsgy 18 . FCfHIEN 0. 0.2, 0.4, 0.6, 0.8, 1.0 mg/L
AsA FRETI, 1% EIRTTEM e O el LA ASA &5
VEREAAKR, Z:thlbriE il 2.

GSH (HPEH SrsillE: #RE3 g Fad,
5 mL 5% TCA (&5 mM Na,EDTA), HHRLHE 15
min J54°C . 1500 r/min 25.0>10 min, BU_EiE AHHBRR .
1.5 mL M AHE 100 uk MHEFA . 1.3 mL 150 mM
PBS(pH=7.7),0.1 mL 5 mM DTNB, =i %3 30 min,
W32 ODg120

APX I E : FHE A AN o 3.4 mL B
& F44 0.05 M PBS (pH=7.0), 3 Mm Fidi Iz,
0.1 mL B, LA 0.5 Mm H,0, B3N . 4 2 min
N ODago 117254k, LA ODogo 284K 0.01 S 1 ANE 14 5
£ U,

GR (B H MR R v e FHERR 2
] HoO, MI5E o P B AR T AR L FT GR 716
W5E o

58

1.26 #IBLIT 5

FrA I E T =K, KA excel KbEREHE (AR,
EED, A MERZ . EdREE A Origin Pro 8.0 22
il (Microcal AR, SED. KA SPSS 17 #ff (3
D one-way ANOVA HRX[H 2 H 4L (Duncan’s
multiple range tests) (p=0.05)iE47 2 4204

2 ZR5WL

2.1 TTO 422 3t 40 i i % My 59
iIIIIIIIIIIIIII

E 1 RABHE TELTSL
Fig.1 Visualization of hyphae under FEM

E: AT 2, BaIEE 2 (A: Controlled hyphae; B:
treated hyphae )

TTO AbFE 2 h JGHIR224K, 22 P14, FEM M
SR 1 Fs. BOGYEL PLZ—FHA X DNA Jeta )
Az At tGR], PLASREEI IR AR, HARES T
AR A AR T 0 A% Gt I S AR T IEAEAE T
) OBEEEIESR) MR &, R EBTO0
BT, o0 i RS EE A R L P T AL i B p B AR
FHEHAL, B 1A A HRZE B 2 A IR T 41t
9t RFAWDEME L ZIHS G, £—FIERT
ARG HE 1B FRLROEHIR T, ZH0R 2k
HEIMHTOCIMR . X—45RY, TTO HEmIA 1
B. Cinerea AN, 5l ECAfEEIERI N, PI 4
BREE N AZ IR e s At RS ) 1S Ik, 1
R 2N, 51 RANHIZET . Shao 2L L TTO
U7 B. Cinerea JIRITRRIALY, FEUAIAEEFRERK
260 nm WG AL G2 |- T} Carson % P TTO /b
PR EE B O BT PR A A E R RAE 260 nm ALK
BRI R, IXELSs RERR W], KEaens BB EH T
AR, BRI AR S5 AL | S I AnREE rEE
AN PRI B 2R AN IR B, RS
HIAET: .

22 TTOXEME£HATA



MR BRI

2016, Vol.32, No.6

XTHEZH B. Cinerea FRITEAS W] 2A, B 22 JEAS 13
RINBE), SCIEE, WREWT, BE2BEBNIR;
B. Cinerea %2 TTO Ab¥ 2 h )5, WHLL3EH P ™ Hi
FA44E . BRI TR0 FREAT . BRI
BIEIR (& 2B). 1X3W], TTO ALEEXS B. Cinerea
FEA TR E RO, IR 2 R A T K . SRS
%. Shao ZECUERTHIBT AL T 2RI R, XA
T UCHT B T A B A TR R I RS AT
FHSEHIT - Soylu ZEVF 7825 2 kSl B. Cinerea 41
BRI IS R PRAC R B 22 R B s Ak . 4546 VAR
SR o Ve E S B R I R+ SRR A (VIV,
4:1) BEREIATRIRTE B A MRS 1 SE BV, 14 0 2 s
EVE. WRTHTR, YRR A LA
EIAFIRTE ORI E T, BRI ZE ), TR
KE7KFBRR L, FBAREE, SRR RKEN
RYIHRR, SRS,

[ 2 IHEB R TELRSTW
Fig.2 Change of mycelial morphologies under SEM
JE: ARTRRE 2 (x2000) ; B:ALZEH £ (x2000).

2.3 TTO AL Z i AR 2 A0 2 A

3 ZH ] TEM % B. Cinerea ZH b st t 347
%2, B. Cinerea X H&ZH i 24l iR i35, 2 U0HEEE,
SENITEMT, MUANCINEYD;. AR R hEcs . R
1. BN sekE; nHuiReRE: AL s), difuds
FE TR, NI %A R LR N J5i [ S5 T m T
T, (& 3A). 48 TTO Kb 5 [HpR 22, At HBE H AT,
R T 1) JOREE 3 A ARG A, A AR Y A
JRAE, YUMAR 2 R BL, B T A B 2 s el A A

(3B). £x& SEM 25 R &I, TTO XI B. Cinerea [
FIE FH B S e T B, (58 2 i Radids e,
TTO HENZMMRE S| L N AN, FEXT Py iR 4n % &
FARA , WIS AL 1) A B R . Carson 25V TTO
R B S T -4-IE (40RE 97%) AbFR & 0 (0 4
EREGANAL, FEBILE B A0 1 o A B A T U2
R, HANMNAFERFITCE T, HAEINE R
N T AR TN K — R A RS 4T B. Cinerea
AR FH FR 5 SR AR 2R B RS el A 3 s 200 o B S2 437 Lot
Hhigiihn, NPANRRSst S SRR, A s .

3 IESTRR TR MBI
Fig.3 Change of cell ultrastructure under TEM

E: ARTEE 2 (x25000) ; BAEF,

2.4 TTO 4 ¥ 3t H,0, 4B th 2

100

=+ CK
= sol - TTO
o
£
2 60t
£
= 40r
S,
== 20+
— - -
0 2 4 6 8

ALFRRSE] / b
4 TTO Xt B. Cinerea W0, ZE IS

Fig.4 Effect of TTO on the H,O, content of B. cinerea

ROS RAMpiA N — KA B 7R 5, B
RPN T (0. H0, BZEA (O, A
HAE(OH). FEIEH T, 4N ROS S5 HIERR
RGP, EXBEE . MRS
FOASENERS, F2AER ROS HILERR KRG EE ST, B
2 FHROS K FTHE, SIEEAMIA DNAL HEE .
REFREFAEM R 45, RIAEALR. 7Eisia ™
LR 2 A IR ERIEM . H,0, 1E N —Fh
ROS, AfbPEIRSR, 1 FAEMMH FgET ik 1
KAREH], BT DU B )P 2R Ccysteine, -SH)
R (methionine residues, -SCH3) #&:, ik
AR AT B E R R 2 —. i H, HO, A LAZ
A psE E EERIR 2 )N, St Fenton e NAT
Weiss e AR TR R F500 BE 9K OH ) 3 ZRIA .
4 WY TTO KEFEXT B. cinerea B 2248 HO, &
EFA . 48 TTO AL 2 h J5 H,0, & X IEANY 4
%, BENE T4 (p<0.05), i ELEEE i E 3
SRS FA. A3 6h B, H,O, SN e
(K] 9.7 f%, XARER BT TTO /E NMHAIREE{E 4Lk
R S8, =48 T B2 ROS, MIfifi H0, &
BTt E . EIRER H0, SR AL N I EAL L 2%
PR S PR B ARSI B R Ho0,, I8 HT
18 U R I S AR B BB B SR R A, T —

59



MR BRI

Modern Food Science and Technology

2016, Vol.32, No.6

DI FEERATI R, IR 5 AL 1. Tian
SV ot R IR 35 ik 6 51 S i B kL A Th e A2
HidEE ROS HIAR R, SRV R 1A AR 1 A4
PIHT

25 TTO 43 xt SOD. CAT & 4ty % v

a 140

= CK
1301 «TTO
T 120F
=
en 110
£
S 100f
é 90
»n 80
70+
60 L L 1 1
2 4 6 8
AL FEIR ] / 1
b sor .k
g} =TIO
=
g,
w30+
£
=]
= 20+
3
10+
D Il 1 1 1
2 4 6 8

ALFERS ] / b
[E 5 TT0 Xt B Cinerea SOD jEM (A) F0 CAT jE M (B) A2
Fig.5 Effect of TTO on the activities of SOD (A) and CAT(B) of
B. cinerea
5 Je it TTO AbFEXT B. cinerea SOD 3514 (a)#l!
CAT & PE(D) 520 . SOD & ROS jF k& B H 2 —A
RIEVERIHUEAEE, ARET e KEgiiEn .
B REA A B T R AR S N AR HL0, AT
S AT FP08 O, & B A i . EAETHRR O
FIFEIR P22 HyQ,p, IXEIREW AR 40 H0, ST
R B — o SOD. HITEVEGRSS DL E 1 AUHL ) 2 4 fs
[, fEOR B R AL Tk Db, B 5A FTLLE
t TTO ALFR)S , /B I E] 139 0 SOD ¥ =2 2e T
JE K, 7E 2 h i ARERH A R A 25 7, X2
T TTO 7E 2 hf SOD FRIE I A WO A3 40 52
i Bl EAIRSZ A E N — A NEUR T SOD i
PERITHE, 22 6 hiAZ|iEfE. 6 h f5 SOD W& NI,
ARERHT TTO MFEH, 13 B S 4nfpsitg ez
W, BUEMANYIBTRER T A0 B R s, B
AR N B
H1 [ 5B 7T WL, H,0, AbER B #5155 5 1 CAT [Tt s,
TEACERZE SR LA X HRZA R 10 fi. CAT 2—Fh e

60

BRNNRICINE, AR T E A AR . 3

BiR, MUK CAT isPEIGsR, T HO, 7
FK, W% HO, Fride sttt i e it ¢
ERAO R B TR R IO S IELIPR B ATV FH N B,

LIS R R BRI AL T, IR IR LN CAT BEIE 12>

Ellbay <L
a 2500
S00r o ok
_ 2000} *TIO
2
2
en L
@ 1500
)
=3
= 1000}
<
< 500t
0 4 6 8
AL EIE] /b
b 100
0r ok
~ sl - TTO
e
[=1
260
=1
E
= 4ot
wl
1G]
20+
0 4 6 8
ARERIF[E] / b
C 301 = CK
-+ TTO
T 251
&
g
5 20¢
z
2 15t
]O 1 1 1 1
2 4 6 8
ALFRRSIE] / b
d soor = CK
- TTO
400 -
Bl
o 300
E
2 200}
&
100 -
0 4 6 8
ARERIF[E] / b

& 6 TTOXt B Cinerea AsA-GSH fEEMX AV
Fig.6 Effect of TTO on the AsA-GSH cycle metabolism of B.

cinerea



MR BRI

Modern Food Science and Technology

2016, Vol.32, No.6

2.6 TTO 4 7 % AsA-GSH &y & v

Kl 6 (av by cv d) 7l BF)Z TTO AbFEXT
B. cinerea AsA ¥ . GSH &5 &. APXiEME. GRIF
PERISEI . BT AsA-GSH 1E3F R GE2EHL
PRHRAR S e () SR BB R GE,  (EXT i R R
o, ReEBhEAEh RS BT B SNSRI
SR IIGTE . WfE ROS BAN, MaifkS
ASA-GSH TEF 75 Hy00. AsA EHEYIIAR N ik 17
TERIFTAMNT, W EEEEREAYE T, H2 AsA 1E
OREFH PR AN . TTO AbFEZH H,0, FRE,
FRAHMA AsA IR 2h BEtC & 2
71%, FHENRIAIEIN, AsA SERFEERN (K 6a).
GSH /& AsA-GSH ¥ H i EE FIHTE M 2
—, TEHRAEALAAR P R i T A B A,
TTO KbFRAIF) GSH yE e RS (K 6b), X th
A5 A S DA MR LA GSH NI i) AsA 45 &
FHiE. APX ST ESAR AR U, A BRI AL
ASA I1IBE ST, R R HL0, R, W& 6c FR,
APX 1E TTO MIHEIREE R, 1G58 . 170 XS HEZH APX
FRIETE S PRI« GR /& AsA-GSH Z 45 1) B BEAH R T
4%, HOEVEPRHIE AsA-GSH 1B RS IEATHZ .
M 6d AT%0, B4R L TTO ALFEIIN T GR &M, —
JidEs T AsA-GSH B RGNS TS, F—=77
TR AT DR R 1K) GSH 1 GSSG CEALAIAS ik H kD,
AFT AsA B4, FTHUE ROS i Buridi i -

3 Zhip

TTO X B AN EH LB T A TP B, B
AT 2 A PR T T 200 P R s o B ARSI
ISR TE 45 SRR, TTO AbEE B. cinerea B 24145,
P VR I O P 325 1 () 16 M. TR 22 A PR S T ey
TR R . RIS, H0, K ER R
AAa, 155 HE TR R R & 2 AEEE
ST R . (2, H.0. 1 R & O el bl
RANNEREE ) ERAEY R T4, G R
MovETs. BN TTO @it H2 = B. Cinerea 41 il is 4 .
IR ERLERIFNIES ROS 1k 25 S E 4Nt T MM
IEBFNE N E 0. XA HEINRE TR A G
IRy ORI, A4 it — R T

B I AR

[1] Feng W, Zheng X. Essential oils to control Alternaria
alternatain vitro and in vivo [J]. Food Control, 2007, 18 (9):
1126-1130

(2]

(3]

(4]

(5]

(6]

[7]

(8l

(9]

[10]

(1]

W I8 55, v 0, PRV %, A6 AR Vil R 6 < R ARG g O
SR [I] I Q& R, 2012,10:1281-1284

ZENG Xiao-fang, GAO Su-jian, LIN Yan-zong, et al.
Preservation effect of cinnamon essential oil on Zijin sweet
orange [J]. Modern Food Science and Technology, 2012, 10:
1281-1284

Gutierrez J, Bourke P, Lonchamp J, et al. Impact of plant
essential oils on microbiological, organoleptic and quality
markers of minimally processed .vegetables [J]. Innovative
Food Science & Emerging Technologies, 2009, 10 (2): 195-
202

Szczerbanik M, Jobling J, Morris/S, et-al.. Essential oil
vapours control some common postharvest fungal pathogens
[J]. Australian Journal of Experimental Agriculture, 2007, 47
(1): 103-109

BinIL AR 4T, XIS, & AR AT T LA AR B B AR
it e 1 18 9] AR Ml A 541, 2009,25(06):280-284
ZHONG Ye-jun, LIU Wei, LIU Cheng-mei, et al. Application
of emulsify tea tree oil'on banana fresh-keeping under natural
conditions. [J]. Transactions of the CSAE, 2009, 25(06):
280-284

Shao X'F, Chen S, Wang H F, et al. The possible mechanism
of -antifungal action of tea tree oil on Botrytis cinerea [J].
Journal of Applied Microbiology, 2013, 114(6): 1642-1649
Zhou H, Tao N, Jia L. Antifungal activity of citral, octanal
and o-terpineol against Geotrichum citri-aurantii [J]. Food
Control, 2014, 37: 277-283

Pinto E, Gonglves M J, Hrimpeng K, et al. Antifungal
activity of the essential oil of Thymus villosus subsp.
lusitanicus against Candida, Cryptococcus, Aspergillus and
Dermatophyte species [J]. Industrial Crops and Products,
2013, 51: 93-99

Carson C F, Mee B J, Riley T V. Mechanism of action of
Melaleuca alternifolia (tea tree) oil on Staphylococcus aureus
determined by time-Kkill, lysis, leakage, and salt tolerance
assays and electron microscopy [J]. Antimicrobial Agents and
Chemotherapy, 2002, 46(6): 1914-1920

Soylu E M, Kurt S, Soylu S. In vitro and in vivo antifungal
activities of the essential oils of various plants against tomato
grey mould disease agent Botrytis cinerea [J]. International
Journal of Food Microbiology, 2010, 143(3): 183-189

Ve e [, BN LR S AT IR S TR G 0 F IR 75
R 3] B R il AH, 2015,31(6):73-77

TAO Neng-guo, DUAN Xiao-fang, FAN Feng, et al.
Inhibitory effects of citral and octanal mixture on Penicillium

61



MR BRI

Modern Food Science and Technology

2016, Vol.32, No.6

[12]

[13]

62

digitatum [J]. Modern Food Science and Technology, 2015,
31(6): 73-77

TH AR BR B 2R AN SR R B AR T S0,
IR 5% AN S E T AT L[] & b ok BHEE,2015, 30(6):
153-156

DING Yue, YE Ren-feng, OU Chang-rong, et al. Study on
extraction of essential oil from Solidago Canadensis L. and
its antifungal activity on Botrytis cinerea [J]. Science and
Technology of Food Industry, 2015, 30(6): 153-156

Young T A, Cunningham C C, Bailey S M. Reactive oxygen
species production by the mitochondrial respiratory chain in
isolated rat hepatocytes and liver mitochondria: studies using
myxothiazol [J]. Archives of Biochemistry and Biophysics,
2002, 405(1): 65-72

[14]

[15]

[16]

Tian J, Ban X, Zeng H, et al. The mechanism of antifungal
action of essential oil from dill (Anethum graveolens L.) on
Aspergillus flavus [J]. PloS one, 2012, 7(1): e30147

I S (AR TR R RN 2 SR B EL R VA F SR fR
TREECRAT FE[D] AR HE 5 R 2,2013

LIU Shu-yu. Effect of Trichoderma viride fermentation broth
on inhibition against Colletotrichum gloeosporioides and
preservation of mango fruit [D]. Fujian: Jimei University,
2013

Wu X, He J, Ding H, et al. Modulation of zinc-induced
oxidative damage in". Solanum _ melongena by
6-benzylaminopurine involves ascorbate—glutathione  cycle
metabolism [J].-Environmental and Experimental Botany,

2015, 116: 1-11



