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Abstract: The effects of umbelliferone on controlling Penicillium expansum growth (in vitro) and on
regulating the quality and disease resistance to P. expansum in kiwifruit (Actinidia deliciosa ‘Bruno’ ) were
investigated. The results showed that, as compared with control, the spore germination and colony
diameter of P. expansum were significantly reduced on potato dextrose broth(PDB) or potato dextrose agar

(PDA) containing 0.5 or 1.0 mg - mL"" umbelliferone. Moreover, 0.5 mg - mL™" umbelliferone treatment
slowed the decreases in titratable acid (TA)and vitamin C content, and the increase in soluble solid content
(SSC), and reduced the natural decay incidence of kiwifruit during storage. Also, 0.5 mg - mL™

umbelliferone treatment significantly inhibited the progress of rot and patulin accumulation caused by P.
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expansum, and induced increases in the activities of chitinase (CHT), p-1,3-glucanase (GLU),
phenylalanine ammonialyase (PAL), and up-regulated the expression of these defense-related enzymes in
kiwifruit after inoculation of P. expansum suspension. Thus, it was suggested that the umbelliferone
treatment could benefit the fruit quality and improved the disease resistance in kiwifruit against P.
expansum during postharvest.
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BRAEAR ST HL TR R P B AR R S, SRS AR, 0 B A A 4R 3 s PR T 2 R SR S
KA EZ RN (Chan & Tian, 2005; Song etal., 2009). ¥ &% (Penicillium expansum) 7555 M
TRESEAT 1 B A5 JE R e m AR N, T R IR I s PR B A Dk SR S A 5 B2 P expansum W23, KA
T A7 (Sommer etal., 1983; Huretal., 2005). P expansum AMUFERSLE L, 10 H =4 2w 5
F— R E R fE i 24 (Nerietal., 2010). K 4 Bl P expansum WAFEEF R B Bk,
A BRERERI AR A RS, R IR LETR R REE 5 T A RS S H AR I R R . Reddy 4%

(20100 WHFUKINFER 10 B P expansum Wik, #FEC T BN S ELsMpsth s 2R R B,
hy T ORI SR it R i ) R ) 24, A B RN T B AR I R B AR T SRR W o

PIRAANBEN A 7 - RIEFRGER, E—MWESEZRNEY, BT Z2mMEWm. HIMAEKIN,
P IEAE N BT BRI T . RSAE LI B . SR AR T o BRI IEL o TR P AR K S R E T,
T /NI (The minimum inhibition concentration, MIC) 43 %14 250+ 500 1 000 A1 2 000 pg - mL™

(SR 45, 2012). BESF (20120 KN, I BHR T8 A i) 3 A R 2505 1t 40 ot A< T A Y
WA TSy, B R B I R R R R 22 AR TS 4t . R, By 2R G 4 Ab PR AR 2L
FEHISERR S5 S P expansum P93 FFFE 8 2 1FR 2 (Sanzani et al.,, 2009). T (2015) KL
Z W MAEYIRE N P expansum "EACHI 5547 — @ AHEIAE FH o H ET MG 240 5t e 15 22 R Bk R S
T A0 4 T R IR o 5T T A P T A T B SR S ot SR RS A PR s ), R A1) ke SR S
HRh P expansum JEHURTERIFEW, DU BRGRER 5 A 58 ot PRI 2500 S5 4 il A R AR 40
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FEMRBRIERE A& ST 2015 4F 10 H 27 HRFHRT AT i 20 EL 3k 4 b A 1 4B
PEPE LR . fEAE I 160 d KA K/ RS SEAA ], oW, ARG R L, HRaEm|
BOMSEE = (KL 6h) o

SRS S FH I K O IO RN TEAE I 186 0.5 mg - mL ™ (245385 M 0.0.5.1.0.1.5 12.0 mg - mL™
e A B S, B AR BRI S TRTR TR A A, AR 99%) R 10 min, HARKT
JE A BIBON CAE VRN 7 T R v, 4ME F 0.05 mm RIS, REO, 81 Qox1)C
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1.2.1 AHILABEXT P expansum 38T 87 X AR By 700 69

SR EMELE (2015) 771014 1.8 x 10° CFU - mL™ 1] P expansum 812370451 o

L7 A 0 5E < B9 A 150 mL HETEI, 34N 12043 13 21, 43 508 0 I8 . 0.5 F11.0 mg - mL™!
A PRV PDB 85 775, S 100 mL o AR AN 1 mL 878378, 16 25 ‘C41F K 100 1 - min™
PeHREFE 16 h, SRIGLERMEE FUEE, Sl iR,

RANETEY e . 4803 121 ‘CKBE ) PDA Bige b #1492 45~ 55 Cla, BIANBIEE VI, AR
20 mL. FFvAHIEERE S50 I 200 uL 357K (RIED. 0.5 il 1.0 mg - mL™ <AL BSR4
A, RPN EAS 1 em RTEIEAC, FHAE LTI 200 uL (7 BV7, 75 28 C&A T
Bigt. THiFE 3. 5. TdWH TR AN WY ER, 5415 A PRIEN S IREHR .
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PR B VR T e R (TA) &, 2,6 - —SMdemy e e giE R C &8, A6 3 Ik
G-}
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XTHEFIALBEZH % 16 2, RNE 48 h G, SMUREHESE (2015) 55 KR ERET 71 R 5L
FRIETBALR] A 3 mm x 3 mm (K455, R 15 ul 1.8 x 10°CFU - mL™ () P. expansum 15537 W,
ARBEIC (20 + 1) °C, ARJERE 2 d WE 1 YR FERh SR S R0 B0 T A7 RS PR B A G R M PR A2 4k
125 RAFHEGERGNE

I3 BV 5.0 g JE s SR AR 2000 B BB 5 ~ 15 mm KRR BRI, 5% Sanzani 2% (2009) Al
REMESE (2015) Y7 V2000 7 JEg 0 TR PR RH R J6 42 SR DR P e i 5 35 o
1.2.6 R R\ 45 BF & SR A8 K B M 69 M) 2
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AHGT - 80 CLRAF&H

CHT HI5E: B4 g RIERLHEA, 7510 mL 0.1 mol - L' Z/— L B4R I MR (5 4%11)
PVP, 1 mmol - L' {15 2~ 6000, 1 mmol- L[] EDTA, 0.05%[% Triton X-100 F1 5 mmol - L [{
B - IO, pH 5.2) HHUKIRHEE AT, SRIGAE4°C, 10000 x g 444 &0 20 min, HU_ LW
BTG, FHATEEEERDIE (Boller, 1983), LUBAAL IS [a] By S AR o i B 40 A IR LT
A2 1 pmol N - LBEAIZTHENEAE A 1 ANBIE T ERA

GLU e : M1 g REERA, 765 mL A R— R A — 22 rhis i (pH 5.0) TP okt iE
A1, 4 °C, 8000 x g 444 N &0 30 min, MU EVEWE TGS, HTEEETHERNE (Abeles &
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12 000 x g &A1 200 30 min, B EEWE T+, B TEESERN e CHEE 2, 2007), LA
BRI TE] S FRAR  ZH SA RS S AR AR IBOE AL N 0.01 2 1 A PAL 3 1 A
1.2.7 R EBAG AT S Sum A8 X B AL B A A 6 52

RNA #2300 B2 g RN, 2% Zhu 55 (2013) 17T BRERE AL A S RNA $2HL.

Wi 585 : H SuperScript™ I1I First-Strand Synthesis Super Mix #EA7 100 4% 53056

Real-time PCR il FH 2 HSEI 580 € 7 PCR SGHATY 38, I NER 1, § ISR RA
20 uL, f3% 8 uL SDW, 10 uL Power SYBR" Green Master Mix, 0.5 puL Forward Primer(10 pmol - L™),
0.5 uL Reverse Primer (10 pmol - L™) F1 1 pL ¢cDNA; KMN4E: 95 C 1 min; 40 MEFF (95 °C 155,
63 C 25s, WEEHE): 55~95 Chrilizk.

&1 EEPCRIWMFINREYE

Table 1 Real-time PCR primers and conditions

LA
B4 S (53 R M
Gene Primer sequence Size nnealing
temperature

CHT F: GGCACCATCGGCACAGTTGA 155 63

R: GGGGCACATGGGTAGTCAGTT
GLU F: GCTGTCCCGTCTTGGAGAAATC 91 63

R: GTTAAAGCCCGTGCCTCGTAC
PAL F: GCCATGGCTGCTTATTGCTCTGA 82 63

R: GGTTGTGTTGCTCGGCACTTTG
Actinidia 18S F; GCCCTATCAACTTTCGATGGTAGGA 113 63
(2 Reference) R: CCTTGGATGTGGTAGCCGTTTCTCA

K H Origin 9.0 F1 SPSS 21.0 H G v 4 A X8 15 IR 2 L EE AT S 1T 40, P <0.05,

2 R
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Fig. 1 Effects of umbelliferone on spore germination rate of Penicillium expansum on PDB (A) and its colony diameter on PDA (B)
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Fig. 2 Effects of umbelliferone treatment on the contents of soluble solids (A), titratable acid (B),

and vitamin C (C) in kiwifruit during storage
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Fig.3 Effects of umbelliferone treatment on decay incidence (A) and lesion diameter (B)
in kiwifruit with inoculation of Penicillium expansum during storage
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Fig. 4 Effects of umbelliferone treatment on patulin accumulated of rotten part (A) and non-decayed part (B)

in kiwifruit with inoculation of Penicillium expansum during storage
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Fig. 5  Effects of umbelliferone treatment on activities (left) and relative gene expression level (right) of CHT, GLU and PAL in the flesh

of kiwifruit with inoculation of Penicillium expansum during storage
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WL R TS T S o SR SR P A, MR 2 C i R SRS

it BT B AR . AR RIS, T4 P IR AL BEAT M T ARk S T T A ey
T ERPEC, A TORFREAE SR Co RWITE AL A IEAL BEAT B TR FRBR A BE SR SR 5 1R 700 5T
5y 400 S5 AR R vh R L IR B AR P, BATHUSEARAE T, iy AR 22995 5t v A A B v
(Mahmoudi et al., 2016). AIXEZ5F KB 0.5 F1 1.0 mg - mL™ P TEAE N BEE 8305 T P expansum
B RAEEY T [, 0.5 mg - mL" G EAE Py BE AL 5 25 BRAR T BRIERE RS2 S s, skl
T TN P expansum J5 1 IR JE  F W TEAE W IR REE AT RN P expansum %555 JR B A,
M AR B SR G 5%, 1X 5 Sanzani 25 (2009) 7EEH AT 45 R —20.
Wit B 2w AR — B B R LR X BRI, EE M E SRR (Penicillium) . 224K % &
(Byssochlamys) W# )& (Aspergillus) FZFEE"E (Ciegler, 1978). JELERAMEIERS
HAN G AR BRI, LAARBEY RAHDC . AR R IR R SR P expansum
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3dJE, RESRBEY RS R A R S = S E SR, 15 d ERBEAEY R, (s RS
AL S5E KD, B P expansum 12 G4 52 )5 F07= 868 ) AT REFE TR BUR . 7 d I B
M2 2R R T BE 2 B BRI R S T P expansum )77 530K 5 R PIFBERON, 9 d I X380
Al R AR M = RN . W] B il B R T DO SRR R B A P R R A RO R

(Bandoh et al., 2009), i sEH4EA: 38 C FIBREEI G G P00 H w3 B — € W B i B 4R H

(Neri et al., 2010) . A5 PRI : BRGEREAR I 2 R NTERR P expansum 5 d BRI 2] 148 s 5,
ERERrs ) & o v vy o a0 S8 S K SR N el = C = B S S Ve DN ¢ 7397 <8 ST 9 A K
{RAER S s SR A v SRR BB AN B AR, A2 DR R s 1 8 38 ) B R S R R A ORI, e 2 R
dEAE R C AR R RN, XEFT P05, A4h, BFh P expansum 5, TEALNBEALHLR
SRR AR T B S dEEMR T, £9 d B EEE TR, SH<EAN bR
PRI P expansum 12 4 Ja ai I r=8E 68 )1, Gefidhe thas =40 BN b BRI IE #E

)52 20903 B TR As2 G I 77 A2 — SO R AH O 1 R HoE — 2P (P 4, Horp CHT M GLU 224
R LR OCE 1, AR DU I R b R PR T AR I o R A CHTT R 8% B A K 22 2500 I BT 11 40 i ke,
HAAHBZMIMEER (i & Kue, 1996; Mauch etal., 1988); GLU RN B ff J5 14 B 22 41 i B 111
B-1,3 - FEpE, MR BIHORIEA (Ward et al., 1991). PAL & N LA IR AR (1 S5k 2 —,
XA R R E A E EEN/EH (Wilson, 1998). SxJHEAILL, AL N AL #2455
TEMBRERE AT e BSIRGEEA Poexpansum J5 9 A CHT GLU 1 PAL 5309 AH S BEG M
HIERA SRR . U< TR E N BRAE O 15 S8 R SRR BRI B SR S0 P expansum (P30, 35 1 41
TSR IR
h T B T A N R AL PR AR R R S s R R I N, A DR T P R A EEOGE Ak SR s

K5 F B BN, LA LR e A 5 ek S5 Rk i i SR SR i ORI 2 PR AR FH AL
W Tk — A
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