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A ESE SOCHKAHE S min WASIERLXEOHENRELIFAREN. TERTER,
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Abstract

This paper explores the potentials of using ultrasonic waves to preserve fruits after harvest. By
using Ya pear as the material, the effects of ultrasound freatment, ultrasound combined with salicylic
acid treatment or ultrasound plus heat treatment on postharvest disease of Ya pear had been researched.
Also we evaluated the effect of these treatments on the edible property of Ya pear. This is a pioneering
effort in using ultrasound and ultrasound combined with other preservation methods to treat fruits
after harvest.

It showed that there wasn’t any difference between the ¥z pear treated by ultrasound at frequency
40-60KHz and contro} fruit in fruit firmness, in soluble solid content and in titratable acidity during
storage at room temperature. There was no difference of lesion diameter size in ultrasound treated
fruit and in control fruit.

Treatment with ultrasound combined with i mM and 5 mM salicylic acid for 15 to 20 minutes
respectively could distinctly reduce incidence of the disease penicillim expansum and the lesion area
by inoculation and increased the activity of peroxidase. And the effect of inhibition increased with
increasing the time of treatment with ultrasound in combination with salicylic acid. No significant
difference appears between the Ya pear treated by ultrasound combined with salicylic acid and the
control one in fruit firmness and in the content of soluble solids and titratable acid during storage at
room temperature.

Ultrasound combined with heat at 50+2°C for 5 mins had good effects on inhibiting the
development of the disease caused by Pemicillim expansum or Alternaria alternate. It was far more
effective than heat treatment alone. The lesion incidence and lesion diameter could be decreased
significantly and POD or PPO activity was enhanced by ultrasound combined with heat treatment. It
was able to control the pathogen and prevent the formation of lesions before infection has occurred and
stop the spread of lesions after infection has occurred.

Ultrasound combined with S0°C hot water treatment neither caused surface damage to fruits nor
impaired quality parameters of fruit. It increased the ratio between soluble solids and titratable acid and

the edibility of the fruit by storing under room temperature without changing the normal ripening of the
fruit.

Key words: Ultrasound, Salicylic acid, Heat, ¥a pear, Disease
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7 HRELE, WEANEE.

MR ET B RS RE2 S B W (Penicullium expansum ) 54878 (Alternaria alternata)
TRRMEYNRSE, WEXEWMAEAEH R E N, mIMNEE. KRS AT
AL BRIEFFE YT RBIEE., BTttt ExH TR RER GRS R A
FATREBERT™ I, R0, K0 43 A 4h 2 500 5 B0 7= 25 A 2 RE R T b5 20 70 B O o
R, IR bR R R AR AL S 2 T AR 2 A B L B B B I B A 2
AR MIHBGERAUHENER, SHARRIET A AT RN 5 PR RS
EHACEERREN, Bk, FHIERT SRR AR RS WS RN E .

BATEMAMFR T E SR PEESYEN. hF0. LB aeRERa
HxtmEERRNETAEA" T Y. KB Salicylic Acid), TFR SA, LR AHRABEETR,
BRI RRF LR ERERLAY. SA IMEFETESEY T, HEE—TFE
PINTEER, GRELEH SA TTUURFIES RE A &t B e e miost, 5
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FH BT (BESGKAERANREN) EA N EEHEEE LB ERO R —,
ERTH 2 M, BN R — M BIR R SR E MO, 80T A X AN i R B
TRIRE T FRBR KR, R e th I 5o T3 S5 04 2 sk e R e B A A e
B eE A

AER, ARG R DL PRAEEE SR TR P E & EONA. MR
ERA. R TEIRNREHASBELERARARBABRATH IR, BEES
A TR EE G B R EMNAEE. I TMEMEY, BEHRARNH R 5
B PR R X 8 SRS R BRI, AR A R PR
2 v e PR TR AR R A B U8(20- 100 KHZ)ZE 25 4L B2 B ) 7 3 6 P A 0 o
RESFIT I E WSS R IF HLS R B ), BRVRIE . SR A B R b P A 1 ER B iy
FA. VIHUHRBRERR, FTUAD R RSN AR M, 70 R R OB N T LAS R st o
B SRR R A T CLAE AR M A M
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FR S DL R ISR R I B, A AR R RS S AR EARE KRR ERE R AT
HUIF SR PR AT 5.

1.2 EARSPMRRIK
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RIS AT LA S A AT R, KERE R TR SR SRS m .

TRIRE AR Ll MHz 8L, MR REAPRIE (<1 WemD), ZEf5#idEd
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1.2.2.1 ThEBENEA T A

ThAR B8 A B VAT R SRR P DR R S 0T R P 0 2 0 e i (R A R 1 2 K R 88
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TR B HE B RO AN RS 3T 4 = A VA A 2 M, e e i 4 A TR A
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BEoh, HF RS RIEA R, RS, (R EE R THE R IR
FAFTRRFERAEEE, KBRS R O L R R 2R e g
RET M RERE. TRUIFURERBM, 7B LT R T T RS U TR A 4R
R R, BHATREREKEN, UBBSREARRE. SRETER, RHXH
TR A BT RS T KERSCR R . BERAY 0.7 Wiem® MR S E K
REETERTHAT 10 04008, S RIRRE 30%. BB N R SMTFE T
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KR, HEAERMR e — B A TR MRV, AT RRER SR
BHEAREREN R &P ETURN, S FARNEL SRR ERIEEARN. £k
BRI L ST AR R R S ORI, T BT LA B S R BT AN R R
REARP . FRMHFERETED, EARRRERSATHEEEMMERMALENE
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A S 2 R SR kAL, A HBE IS R R EE, B SRKE S LB A
BAKRGERHOAEEEVRRE, SR BB E SR RS g™,

RGN B R BT & S h B R IR i, R R
HER T E FRRR A A B YRR R DR R R . AR E R BRBAR P —,
BEREB A A MR M ST A R Rt amE 59, ARR T hERG T N,

TR P U P 2% o 1 P R B 0 B 5 MR SR TERG A, {2, 0 SRR S A
BHREREURAFNREBRESN, FHE RSO TH. BT FERANY R
ARG M, MARSEEPEESEESH., &, TEAHSESEHEY, BAREORAR.
A RN REG S RAE S A I &SP . RS R R R B R
ARBAR, 3 EARKCTERER A8 BRI HI 3R . A AR th R 4 ) 24 B (U MLER A 8 2 B Ordonez
FEI9SAFHUARER, MM BT RF20KHzZ, 160WHIHE A I 454 5~62 CRIB T &4 HHT 2R %
EHREKE, RIMAFES TR M TR 8 F 2 AR R A b 2 R B I A R i 4
HE LR,

B S A B H S G BRI T H5 & S o RO L 3B H 1R £ . Wrigley & Llorca (1992)
W T A RS S A B P95 BEFRL. IS B IS, Dophimuriumfi 2 K 3 RPY,
Munkacsi & Elhami (1976)57 5% T B i ab B B S I £ S UV AR BT 44 b KR B R R B
B3, Manas® (20002) 9T 7 AT S 45 S AR MBI TRBIIEERDY. HREXTHE
FRARERARGRFRETDOHEPY, =EmE™ Y, 25 "“emaiE.

1.2.2.3 SE WSS VL7 T RIS

AR EMABOEE, TG asMemsrGtt. SRRM, UREELEY, &
20 KHz BAWRHERT, FERECIRYPR o -REOMNERET 2 . XHEEERm
PR B P B RN A R A 2 T Y R L R W B B A, B (20 Kz
10 W) AILAMET HEEE v B 45 FCRERHAE BRI BRI 1 £ LA E™Y; 1982 4F yoshio Z5EHI#I%E 20
KHZ, FI0# 15 W, I 15h SRHUHMR A M EmEeme, 127 7T8r-%, BR%iE. 3amn
LA UK A A B T BT P RB A S A =7, 0 PR A i AT o - AT (L R S8
i IFUKRERE PR R A R S i A TR {8 0 B 57 33 SR B A M R B K MR P R 2 T . |4
BRARHRATRMBEEEANES.

Wiltshire ¥t @ b8 (KT HRFE P X EMALE. SPEETHRABTFTIES
sigma-P8000 JF T 0.1 M. 20 'C. pH 7.0 (BB E D, bt 20 KHz AR 3 4,
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KR, AR AR L A R

1.2.2.4 S HBIEN

RIS, HSIRIREYENRELEE AN, BT MASERS. R
P T (LN P YOO ORI AR, B8 vl i B 0 L v B DTS A
BRI e AT LA b gt AR IR F R LR S PR G R, esb, th TR B bR th (48
MR .

RS D SRR T RN R RISy, T E A A SR AR A AR AL R
WIOTEN, G AEEARAE N, TR AREEMSN . Fii. ARARICES
K EER 10 min HAIRETHREN 3 h MRMREE P, AP kP gus T, A HREL 10
min RBEEZER 50 min AR M SRR, T H R SOBHK DA T iR,

HeAh, HEFERETUIR S DY PR E, AEEES. ESrs T iE
e, RAREEARAEATHATUE S RALEAREAEYHERR, NTRED
PR e S o S A R R P R PR o B 3 BT SR S 3 20 %1,

1.2.2.5 M iR 2k 1 H i o

A R A R B T LR B b o B AR . Al v 37T, FUR s
B R AR E AT LA BAAMTTERS . FATTADIIE AR S E, MR BLRERY,
WREATER, ERMESN®, (RO A B ARSI R R, TR m K,
FAEHE  ER, R SER™S. ERBITT, SHASETEML, EEETUES
RRRRASNETRER, FIR T A LR R A SRS s, sk
R T RGBT BT SRR, HERATIEMNNSELST S, %58 T HHm
is7

ABFEPOEREM N~ F . SRR RN L RCRAE, RELRE. {2
BRI,

1.2.2.6 HAhF T RIS 1+ 48 52

TEABI RS LA, AR LU TR ARNURET 4, SRS MR 48 2 4) ok,
INANKEE, ERBLARER, B2 EANRET SN RABARTLF. S5 o4
AL (40KHz, 2 Wem®) 2h WPLEGHAMEH B Reynolds % (1983) FIiEF b abm
KRR R DR 7 AR R TR RO R R AT

EMBVAE BT, HAKEYSEEENSRER, BRSRTE, BREKII DR
PG IRAE TR B OE R DU R TR, kRS M R Mk
B, ERRRFLET A MR BT U RS SR R, T R AR R,
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b, EAHBEIER BN AR M Tk, AT HR O, R SR I R

F5h. HHEERERE S g TERATRE T, BTHSEEES, BERE S EY.
A EAAL,

HUEN, BEEENTEREMNEARRT 7 LRGE, sHMEEHBERER T H%
Rih7E. BFBARE. B 40, AETIBS TS THAAAH. RERSHEAW %
TR, REMTHE. §iTAEE RN S T B8, BERISIE A RaE,
SRR LR T3S . HARERRBERTEREN, MHTIWE M8
Bl e RIAE, WA SR R T LU BE & s A TR

BUYR, AR R RSN WA £ R TR WM, AT 44
TR, BUOMREUTE. EAMTFRTOEDS S A B & DA I A EOR R R UK £E Th
FERTER AL RS, BARHREaN THRES RS R RS &8k & 53R
LA —FF B i PR L RE A, BT R A AT R BN R
HDREMN, HHAREKRREETE SRR T et . RHADRMEEANSE, LR
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RE BRKESAKHRLEMERRBERRBE U mR
AT

ARG R PERYZP expansum . A alternata™w BREDHE L, BERSMR
TR T — AL 2, MR, AR AR AT AR R B R s R R
AT, WA RME L 22 20 R BN B P AL (R PR TS 2B AR S R BT A A
RN A L2 AR A 25 7 SR _E VR T 1 0 T BRI ARG, 1L2E 2R Adk Y
BEOBRBZIELMINE, AEANEIRELLEANREIRIIAR. KB (Salicylic
Acid), TFFSA, WELHIREFVE, L —HHPEARRS-ENE LB L0 BEE
TREEYT, HEF-HFOEDAEEE, ARE LRASATRIES B8 85~ £
FESCEYR BT, MERBERER, HRZAT —EMREEH.

BT R RERFER R, SAF=LRFRMERH, KSUIRTESHARE & KGR LT
PEZUR o R B A BL R X BRI T S R A 2.

2.1 BR RGBSR R IEIE RS

2.1.1 BE RS SRR RIS
2L MRS

2.1.1.1.1 #48

AR AER: HAEERE SK8200H B ( LB IBAUBRERAE, TIEHX 59
KHz, #HFETIER 500 W, PR 50X30X 15cm, SMBR 51X32X31em, A& 22.5L.

HESL (Ya-pear) 2003 4F 11 AMF LR RE, wHEOE, MYT—8, TIHRLG
FIRRERLEER.

Penicillium expansum 3B Sith R BB AL, 2L ENEESRE, EFMER
HIRL TR AT T AL TR 7 Bk P expanswm, PRI SIS BRI K338 (EIRERN 27 C,
SiALEF M T2 PDA b 4 CREERD.
2.1.1.1.2 ¥

MABg. BEEAETE

KRBT 4 TR, OXM: BTEADRMN, QEARGE (US): #HHiET
HAPRITEERLATE. @KAR (SA) L. BREKGMERT. QAkEREEEEL
B (US+SA): SHAEACHRREE T e BTAE R, LHZEARET, 20 CHRE,

Rt

B ER R T 48 h T TR B .
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PERRT, BLZE 27 CAME T3 14 K PDA FAR P, expansum B, ATEKER 1004
fF/mL HIFRF B CLERH-SRTED.

b, SALMPERLTH 70 %R T REERNER, XA (Ef 3 mm) FAHE
LA 4D R4 mm, FE3 mm), FRBSTE, BMBBHEBMEEA 10 oL RFE
. FLPRARTGEASEME, 420 CTHRE GMEBRBEE). EUHNMERE
FACRAB IR L. 08 18R, ERK, T =AM,

(52 77 8

WEHAME. ERENRREER

R R ANEET R AR =1 mm, ENECARRRSH.

EMRERE (%) = (REARBILL/EEZENBILED X100%

RLFHEER (mm?) =7 X (4/2) 2

(HER

JH EXCEL B 8, ohSARHERIFHIE, SPSS AR A Duncan £ E itk
TEFHAT.

2,112 R 554

2.1.1.2.1 FBE RS S 7K R A0 T8 St 35000 S o TR S B T AR R 2 g B

2.1 kGHEFRREEGBAEELERGRERRTHRHERMH R

Table 2-1 Changes of lesion area in pear fruits inoculated with P, expansum by SA combined with US treatment

it B (mm?)
EREH IR BHEES X EREETX
foji] 19.4d 86.8d 146.1¢
us 18.4d 85.3d 144.6¢
1 mM SA 15.1¢ 76.8¢ 128.9b
1 mM SA+US 13.1ab 67.3ab 114.8a
5 mM SA 13.6b 69.4b 117.6a
5 mM SA+US 12.2a 63.7a 110.4a
SLBE @A 20 min

WIS P expansum 5, REHRBERRAET K. SHBEL, ELEHGEANRRT
B, 291 SA U EMET RERGEFHPEIE. SA LR SA+US L Ix dm sy g
AR IEE CEREABINHAREANE. WR 21, BHESI RN, 5mM SA b
TRREARIET 1 mM SA SRS 10 % (P=0.05), FEEANRFLRPEAGIT L5040,

SA+US (945 & A BN EIRLEE B ERLE SA MR A R4 0, EF0 28 3 KB, 1 mM SAUS



e EA e o i BT HANASKERMAENMAREVEMAENSRANEH
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Sh3 REHEBEEALL 1 mM SA AR EME 13.2 % (P=0.05); 5 mM SA+US b3 L RBE IR
fit-T 5 mM SA 4 R TR B 10 % (P=0.05), EMEMH 5 KEERFRTXHESE.

Hesh, B 2-1 TLAEH: 1 mM SA+US MR BEHT ImM SA 43, HHME S s mMSA
SRR RKCEA Y. 5 mM SA +US JEAEb R AR TR RIS R R AT AT,

R 22 ) BARREHESUE AR RETEMR L HERMNT

Table 2-2 Effects of SA combined with US treatments on disease incidence of pear fruits inoculated with P expansum

% B ENERE (%)
BEMEHIR ERERTR
R 95.8d 100
us 96.8d 100
1 mM SA ' 92.7c 100
1 mM SA+US 84.3b 100
5 mM SA 84.3b 100
5 mM SA+US 77.0a 100
SLI2RY B % 20 min

TRERKY, ERFVIY, B sA ABENRELRRENESETHMES, 3
SA+US AR BAF . INE 2-2 PR, BMEE 3 K, 5 mM SA+US B BEELHEREL 5 mM
SA B RELREI 8.7 %, W BREMK 20 %. HERFBER, LhBEAERRL, EHEEH
7 KEFREH 100 %.
2.1.1.22 EFEEAAERBRAR L ER ERHR G B R R R E IR

FEE AR R, KIERALHE LU R A GBRLS A48 75 o b B M AU BE T AU A
B 2-1AEH, #WEEH S K, SA+US 4 25 min KIFRTEIRE SA+US 42 15 min 95
REHTH D 4 %, H SA+US 263 5 min /D 15 %, HAHEBAD 32.4 % (P=0.05), SA 43 25 min
(R PLET AR L SA SE 15 min i/ 20 %, EL SA 2078 5 min /) 25 %, ELH IR 30 % (P=0.05).

R, SA+US 4P R SARBEEARAT I BN T 00 SA BHLAbBRS., BHE s F
M, SA+US & 15 min HL SA SCFE 15 min AAERHEBEAT 19 % (P=0.05), BHES 8
KIX PR FAIRRHF.

S5t ERRREREAARLL AEEBARUIRMRAN T, SA+US 4432 15 min H SA 4030
25 min FTARHAIEIE T 40 %. SOERCERERIEL, SA+US M SA LIRS S4B
EREHGD, R ELRAGLEBEAD, EHFTHE.



o E AR R R S R BoR BHARSGKEREENMER SR SRR W

55 B2 Control BUS BSA OSAUS

# B A Lesion area(mm?®)

4 HE] Treatment time(min)

2-1 KAHBRES S MR T R TR R TR IR IR Penicillim expansum IS ERFE (A) FHERSEN
X (B) HREMBEANIIE.CBRERE 1mM)
Figure 2-1 Effccts of different treatment time of SA combined with US on lesion area of inoculated with
spores of Penicillium expansum in Ya pear at 5 days inoculation(A) and 8 days inoculation(B) respectively

B rh B A RFFEIR. Bar indicated standard error

2.1.2 BEREGSKIGERLIEN IS LT RN
2,121 M5 FE

212.1.1 5%

MRETERR P, expansum F53 8. AALFRFIRE 2.1.1.1.1
2.1.2.1.2 ik

KBRS &BFEAE % BERA 1 mM SRS RN TR A S A3 15
min, R RLHASE R EER: | mM HKEBRIFHIZ AL 15 mins B9 A AT 15 min
B, ANREAAEGHEE QKT 20 CTFHRE 48h.

OB HHER.

Fl 211129 @ Hik

(MBI

RELEME, BRI, WRATALRARL (BFEHN 12 om £4), Bk
IR BRI 36 N AR SRR RN BUHASS A AR E B BRIES, 20
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o B R A F A AL I 3 BT A A KRR A IR IR R R T A SR
S e e ————————————

CFRERH.

(HPOD BEMIREL RIS R E

AR (POD) iEHERIE

5.0 g Bk S, A 2 ml 100 mM, pH 5.5 FIEERR M (4 8 % (w/V) PVPP, 1 mM
B2 F 6000, 1 mM FFRBEBEE (PMSF) F 0.01 % (v/v) Triton X-100) KB EA F R4
WA, RET 4T, 12,000 Xg B 30 min, HedE Fig# ¥ POD EHENIE.

£ Lurie % (1997) FEMHE POD i Bt SRR M 2.5 mi 25 mM RAIARE
# (F 50 mM. pH 5.5 AYBERGZE MORHER) . 0.2 ml 250 mM H,O0 M1 0.5 ml BEEZE . MAn
EEHE 1 min FFOGRF 60 R ARRAE 470 nm (IR AR, HEMSE 4 min. BHEHETY
AODgymin™g” H#E. FH 3 W,

2.1.2.2 B R L4

P 2-2 Fram, EEMUEHE 3 K, % SA+US 4bH M3k POD #EH#EIH B 14N, thxt B RS0 POD
B E T 34 % (P=0.05), Ik SA &M A POD FHHIRE T 20 %; ERFS 6K, ALLELY,
4 ML) POD I M. SA+US RLER 09 POD E M B T A 2. R
M, XER US # R 8) POD FHTEY, X EHEER,

OControl BUS
1oMSA OO 1mMSA+US

L. g'FW)

B PEEY POD activity

(AO 01 0D470 min
P
[m} n
R A A ——

3 6
EFS K3 Days after inoculation

B 22 BFERSAKERLRNRAGRNEBHATIALDEEETHMER
(RLERF (€] 15min)
Figure 2-2 Eifects of SA combined with US treatment for | Smins on peroxidase (POD) activity

of Yua pear inoculated with P, expansum.

2.1.3 ¥#ie

WSS R, B T 3 A I A AN R RS R R O b P expansumZHE %, FHRBEHAR
FFMPODIGHE M Bk, HASIRWARI R R HRETL. RSBAEES TR, MuT
B, BF TESEWRALTHNAS LR RAIAR, XM REERLEEALT, B
PR KL BRI R — & BRI R P4 R % RN, QL AR F 33 F o

i1



T ER KFFI A B BB BERESABRIL BN YELRIE RN E RS R
——————————————————————————————————————————————————

HER R ARBERER. REQERILBR, SRR ENSHRNME RN ERENTRA
i Mo BT SR B A8 R Se P At A AL IR AN E SR . R SUV-CRSTS IR ML R
[RHEAHE.

BRIVEHES RS GRAE AR U] BIRAMAGUHELE, WD TIRGEME expanswnif B
RITAR, PRET AR, W BIRE T IURECETEPODNEM . KAME — MMkl =4E M
FERBMAELSY, FEFMHNEDRERER, R RTRA AR ESHAS
PR R RO TR M . SRIG AR MR B AT LA SRR o e, Sp g aute,
BRI, ROBREEE. ARRIIAAN, NRAREERKERE RIS —E
TR L R R 9T R S i im PR RRRUR T 2, B /Kot I i R FEE A0 90 R0 A 8 B ) 9 3 46 5 B
TRY AR PR A SR, T WX 5K RR R 5 R I8 % A TS AL sk 3R I 1
ARG, KGR &SRR, AR B4 S A R AR P B A Ak
H, EMRREEREER, ATEXGRERE TS A RSN TS R AN RS,
T2 T SRR AR . -7 T/KBRRICEACE. MR, SIS PR R AL 20 5 A (st
BORHEYF. Seymour (2002) BFRAIES FNAK T MABE AR 48 B 01 2004 K AR L
AR, g (2003) TREYW, HARSEONSESLBYEHSE “E29” st
REE ) b 79 T S M FE AR RO 4 &,

Grl, A AE S B B EEE A IIE MR, R PSIRARE Mg 0 h. T
PR ORI APUR R R B

2.2 BEEGHAKGRAEN R EEERFRNEE

221 MRS A#*
2.2.1.0 #Hk

MR (Ya-pear) 2003 4F 10 AR AT HRAE, EIEEE, Pt hms, R
BENWBR AN E R L&A,

22.12 5

22120 B8 | 2100207
22122 Mz

RCTEME: REWEH HG-12 RIRTEE R (LER 8 mm)

RS TR REURHERBYSERN WYT BT 5T,

WHERTE: BREREE. LR (1992) FESedt. RWKIUES S BR
HIHER 5.0 g, BIKR TTHEA%E 20 (10,000 Xg, 10min), B3 mL Ei&#, S 2 mL
ARTEAKA 1 1 %BRGR R, FI0.0IM NaOH #E., RETHEMEEUERR (FERECY
0.067) #HiTiHH. SL4EERME 100 BE, BEF 3K, HEHHE:

12



o7 B Al KSR A X BOE BEEEAORERE BT ER RN ERS AN

AIHEER (%) = RIEDHR X NaOH JEEEET X NaOH IRE X0.067X100) / (BAE
B X R AED

2228RE5 54

A e S 7K R A EE R G2 i B PR

MACKEUERERL . T E RS EUETRERS B2 FHTREA. diE 2-3 aTil
T, AR 45 RNZRCEER D, US 48 SA+US A REWERE, TRlEEYS
BRTHERSESNENEEEENELR.

7.0 1
6.5 r
6.0 r
5.5
50 r

4.5 1

4,0 + —®—Control
—o—15

8.5 I .-oa-- 5MSAUS

P Firmness (Kg/em?)

HENEEYSE

Total soluble solid (%)

0.25 r

=

%)

=3
T

THEREE
Titratable acidity (%)

=

—_

1<)
T

0.05 - : l
8 16 24 32 45
IR K Days of storage

B 23 FARRELA S AR AR 20 CREIE DA (A). TREERY B). TRE
BE® (C) M%M (SCIZES9H 15min)
Figure 2-3 Effects of SA combined with US treatment for 15mins on the firmness (A)- total soluble
solid (B). titratable acidity (C) of Ya pear during storage at 20°C
BB RFRIR. Bar indicated standard error



P 3 Mo A" 'a BEoE BERS A KGRI G B T R R
. . . . .. ]
22318

SRR, PRGSO RS MA R E . Wy RS R AT M
FRIAMN, MREEARFRAEAEN. Seymour (2002) MIFRAPERYE, BHEBKEE
AR AN E RN IUL. ¥ b, BR. BORSREERS FEE. ZHAR
FRE B MRS A 8 P BN PR NA &5 R A — & RN RAL S R .

KRB RED - OREER, BRRE B ARET, SATLER13 CTFHRH
20 CTRABAATIG [KFEEIS, ek R UISA R ESRLEIE IR EAEAN
KB EE R RN P IR RMAEE . TR ERIRTTHERS BN BT
o FEHRE BT ABBRAERT “[E7” R, RARKESRRS, BB BT,
AR AR RS B W RN, 5 RTY E . KTl TR RR WAL pH R
IRl 3 R SA ) R N AN ] B Y o
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o e b AR A e 3 BRI A AR IR SRR RS TR
D S e e e e

H=F BREEEEHRGIEXRE RS E IR R R

RJG AR BIR 2 Frae R R AR T HRE. AR REENLRRE
P9 Y PSS SRR QURATR S2 59 K22 RIS RULE RIS . SEE IR
BT R A AR NRCE AR R E YR LR, (SR RER R AR E N SR
e B RS BT R R R R B AL R R R R S, AW AER R
APRBE R B MRS ARG AR, MR AR AR B R G ety
e B S B, Bk, RIS T R AR e SR RIS R R AT
RN AT RERERACES WRAER. R, HAAN0ER, BirEAIMT
ATHOESBRFEEIWER. LF0. EWES NG RRR A S HEE RN
RBUAET . RS AT T7 TR 0 A A S RIS S A P BT T R k2 . B T sy
B2, REHGE (BERKEBMARY) B SRR, SRR ER
ERRIAT AT, TR A B R R 40 R B R i R A AR
AL e A BRI PRSI RAE ], (B R MRICR BT A28 e (o) Fag e,

MAEAGE P B HEARAE R U B U, R B e A Y B T i
ERRROTE, & -SERnTIM S SRAERRRMREEYS KR ER, Bhks
ERSEEABIARA SR T AR DR, BRSSO, 24
TR B A A OB RO R 0B b R 1 P B 4 A AU B R e B R
AR TR . — A L R IR T R P et A RO EE LAY TR R R & A R R
HEMER 2, .

FEUEFVHCB LM, PBURLMMEME LERREMED AR, Wit THRRS
PR SE SRS S ET IR T RERENRR, T, BN F 4
T A 7 o B

3.1 REBA RS S AN LSBT BRE RN NN

3.1.1 FEIBBAE K AR & EEEH 20
EARNE 28N ity r:

3.LLLL A

WA (Ya-pear) 2004 12 9 HRMTILHUAER Rin, 6%, RSB, THWEGE
AR ERLTEZA.

Penicillivm expansum ®) Alternaria alternata BIFIRIE 2 DI B, Sl AT EM B ERHE
KRR RIIR AL, SRR MEREER T, EH AR AR BT R S Penicillium
expansum M Alternaria alternata, BRELBETEREMT AHFH GESREMN 27 C, HiLFHOE

5



FERA R L AR HEE HEE AR ISR R S R R
L e —————— — ]

T #E PDA L 4 CRFMH.
JLL12 B

(DI

BT, BUTE 27°C 44 FI%3% 14 K PDA AR Penicillium expansum ) Alternaria alternata
W, PR RS L E AR 10° ME/ml B Penicillim expansum HTF B33
Alternaria alternata B (BRSO

WALy B, S BT R MR SRR . R, AR 70 Sl T R T
HHERE, HKEE (ER 3 mm) FRE&T 4 D GF 4mm, BHS 3 mm), HHLKTRE,
HEEBRREREGTIEN 10 oL AFEEHE. SATHAKTERABHMNE, #25 CTIR
B 12h GHFREHERE) BHEAHTLHE,

OREHEBEE R AT A E

R IR AT ST OXH: A, ORBRARE (US): Bmas
THAR BT EA AR, @it BREQTTRENRANNKD. QBSERE SR
Cheat + US): BREAHKTFIMITEAWLE. BHRLHANSRRES GBI 3
). MEFEORET, 25 THE. S48 16 MRS, EEFHK, JBHITH LR,

()] 52 77 ¥

WHERUE. +EENE#EHREER: RBLRRER (mm» =1 X W2) 2

KW B ANETT BN =1 mm, RS BMERE (%) = (B
R SABURTHEMBILED X100%

HAARBR: ACELESY, #MRLHRRRANBRRESAT 10mm B, BIgHY
RHR. BREFE (%) = (ARKHREEMBREMER) X100%

OBIR

H EXCEL SR {F S B A 4R, A EERMERIEHIE, SPSS #R41F] Duncan % B ek ikt
frEREHT.

L1228 R59

3.1.1.2.1 77 B0 M AL ] e T P AL B P S R S T AR AR R B R B

160 [ O Control BUS10min O US30min

140
<120
% g 100 |
EE af
£ 8§ 60t
& awf
20 |

0

5 10
MG FEH Days after treatment
3-1 MBAE T EIREE B (8 S EHRAS 2 A.alternata BISHIEROE M
Figure 3-1 The effects on lesion area of different treatment time of ultrasound after inoculation of ¥u pear fruit
with A alternata. Fruits were evaluated for lesion diameter after 5 and 10 days at 20°C,
B B8R FERIR. Bar indicated standard error
16



e el 1 e A7

B=% HARE SRR F RS FER NI

AR S A IR R R B e RS it BRI, 3 L B A iy S g b ) K DR B
TR B orde., i 3-1, BT 10 min FIA75 J40TE 30 min ER L EHITRFHE
TR HLH B EN, 5iE/KEH 20 min 4B ELREARCRBERTLELHERER

(P=0.05).

% 3-1 FRUEHS R ALTER B M RUR R A alternata RERRERN

Table 3-1 Effects of different ultrasound treatment time on fruit incidence of inoculation with A, aliernata

B

AT A 28
A 10 min
T 30 min

BEREERE (%)

EHERS R EREF 0K
100 100
100 100
98 100

& 3-1, ROTEMRNBEARESMF R AMAEEIFRIRRAERL: EHERAE
8 SR B 7 e A T I TR) A 38 B PR ARG
3.1.1.2.2 SR SR R IR i R SRR 1R 5 R B R R AR R 10 W
3.1.1.2.2.1 US+S0'C AN [ b 7 Bof [7) 3 W B4R 1742 T DI T B0 3 22 ) S )

100

%

g 80

5\§ 70

3« 60
BOg

B g 50

% 40

- 30

20

10

. 100
&

W 3 80
£ 3

® g 60
xF 8

® 8 g
3

20

0

B Control B50°CUS O50C
A

il

3 5

AEEBITIE] Treatment time (min)

140
120
100
80
60
40
20
0
100

80

60

40

20

0

B 3-2 BA RS AR R T E M SRR Aalternate BRHMERAMEHENEN

Figure 3-2 The cffects on lesion area or lesion incidence of different treatment time of heat combined with

ultrasound(50°C US) or heat(50°C) afier inoculation of ¥a pear fruit with A .alternaia. Fruits were evaluated for
lesion area after 5(A) and 10 days (B}.Lesion incidence was determined after 5(C) and 10 days (D) at 20°C.
ER L FIF MR, Bar indicated standard error



gt ARk R S e o F=E RENE SRR R RLE BRI R R A

PR A alternata J5, REHBTBLWAT K, HRIERES 50 CRAM R
B, HREEAEAD, AR EZ R A 324 BEREE 5 R, 8RS C#EE S min
MR R PR, MBS &H A 3 min TSR 17.1 mm’, 8 H.3HIE 79 %,
B 3-2B HMEH 10 K, ARESLE Smin WARES 3 min 23 EERHREED 99 %,
MA#EE 3 min AR RLHERARSHESTHEER.

RACIER BIASER, RERGEMEHEPHLEERE. B 32C, BHERES K, HARESS
43 3 min RIMIRFE 52 %, LETRPRIE T 48 %, BB KL S HAH 5 min TEFBRL,
Bl 3-2D, EMER 10K, #EEEGSHAE S min REEFR LI 90 %, HHEERES
FALHE 3 min (& 55 %.
3.1,1.2.2.2 USH44°C I [ 4k B B [ X 5 L4445 4 e 8 0 AR 0 4 9 S (1 ST

90 B Control B44°CUS E344°C 140
4 g b A 120
B E 100
x
E g 07 80
wHoe
£ 5 e | 80 I
-g 40 -
[=
& 50 F
K 20 -
40 - 0
100 r
C
80 f
£ 80
% g
% ;- 40
x 2
#® g 20 |
Ed
- 0
5 15 5 15

SZEIBETE Treatment time Cmin)

3-3 BARES A ETEAEMEMEINRITRM L alternotn BRMERNEFREHYH
Figure 3-3 The effects on lesion area or lesion incidence of different treatment time of heat combined with
ultrasound(44‘CUS) or heat(44C) after inoculation of Yz pear fruit with A.alternata. Fruits were evaluated for
lesion area after 5(A) and 10 days (B).Lesion incidence was determined afier 5(C) and 10 days (D) at 20°C,
IR RIFAIR. Bar indicated standard error

WAURGI R A, alternata J5, SUBBSIEEES 44 CRAEE BT ERF K 7% % 0 BT,
HBIE N RS R I A, AREREE. AE 334 TR, BRGS 5 RAwDS
B, A G A 5 min RBEEAR G MK T 40 %, T8R4 A Ab3 15 min 105
SR AHPERE. B 3-3B BHEE 10 Kit, BEKE SRR 15 min RLBEER LD
PG HALE S min R 95 %.
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op (B R RS2 ST B=F BN SHERMAYS E0E5 RN
—————————————————————————

BANERRS RO GEH, REMUTEMNERRHERK. K330, BEfEEsS X, BFNgs
BSEHE S min BIERFEN 80 %, HLATHE 20 %, AP S HEHE 15 min 1R H B L,
B 33D, EFES 10 R, BAEHSAHAE 15 min REERED 15 %, BHEESILE
5 min R RBEN 70 %, XTI 85 %.

330020101 A T s iR A T e (R o] O B4R £ 0 DR T AR R 99 B (M R T

3.2 FREBE R ML E MR EURMSEN P opensum RLHBIEIRNR & EHZ N
Table 3-2 Effects of different treatment time of heat combined with ultrasound on lesion area or frvit incidence of

inoculation with P expansum

g FHEEE (mm’) FHE (%)
b ] 408f 92e
Heat+US Smin 1194 65¢
Heat+US 10min 33a 47a
Heat Smin 243e 83d
Heat 10min 82¢ 38b
Heat 20min 68b 50a

SEFEE 14 KAEN

WA AR P expansum J5, BB W44 B b T 1 B3 (R BE TR A R 3
RS, FF BRBTmE AR R T R ATAE KRR e B3 3-2 hATR, IRIRAER 20 min
J&r P expansum A£MA LS RAIBBIRAE BRE, AT, SMMGHE S min, SMMLE
10 min J5 R EAR T AR T 83 %. 40 %F1 17 % (P=0.05). A ML A AT 10 min 5
PEMAR LS AN T 87%, A IR A& HAEE 5 min FREHBNR/D T 55 %.

FFET LRI, B4 E 10 min hACTEAPRLR BT H S WAL T 20 min (R BEET
Bh22 %, BARFREHRMEREE. MAIR R MMAE 20 min EHBERTLH, W
HAERSE AT 10 min /5 HIRRUR S kAT AR AT AT L.
3.1.1.2.3 B A A R R AL EE B
3.1.1.23.1 AL &N A AL BR B P AR A R P expansum FEHRRHERA RE RN

IR ST P expansum IR FH X EE RBERNHBEBINE 34 Fir, SHE
AL, HAALIE LR 30 & B A i AR B 7 SN AR AL L2 B AR T St iR AL R 5 i e sy
MREEA KD, B 3-4A, B4RH, SHRELRFEEN 100 %L, BEELES 50 TH
SEMRERAEHL 0, HERES 44 CHROBRTERENN 8%; 5 8 R R imEmAitg
. BREFRZRE, BEEEE 50 CHRAHEN B R KRR 08 %, MEKES 44
CHAHM AL RREDERT IR 79 %.

BERSEAEEARRRT R RELARHER. M348, THMEE X, ik
T WCAREREMABEAETXE 08 %, MHAFHES 50 CROERTEART BRK.

MRS S0 CRAEBLREFNES 44 CHubEE 4 by AR BESR R 330438 S 3
FRWEE. WHEES (P<0.05) HFEHBPIBRT X BH, MAENES 50 CALEYEE
AR THRARGS 44 CHbH,
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o [ ol K S 2R AR S BT REKGESROENERNENEEL EERTR
B e

100 r o B Control T

fet B 50°CLS5min g
0O 50Coein i
B 44CUSt5min |
B 44C1b6nin

80 r

A
Lesion incidence (%)

B AR
Lesion area (mm?)

4 8

MG R Days after inoculation
34 BERESTRAMERE WIS EURTIEM Penicillim expansum J& ZIRE (A) FAFEHE
Wi (B) A%

Figure 3-4 The effects on lesion incidence (A) and lesion area (B) of different treatment temperature
of heat combined with ultrasound after inoculation of Ya pear fruit with Pexpansum. Fruit were
evaluated at 20°C.

Eth BE A FIFHIR. Bar indicated standard error

3.1.1.2.3.2 BANE S A RAGER WA B A aternaa ERBERMER R LB

WIS dlternaria alternata HBEFFHFRAAEG, HREHY SR .
SxTAREL, HAbER L RO SR R AR TR R b 08 B R T iR R AR 5
RBEAA D & 3-5A iR, €5 4K, BAEEES 50 CROIE BT R BmRIL T
R 96 %, BARSEE 44 CRABRTE 01 %; 58 K, BAESSMAENHRER
B, B8 EATHE (P<0.05).

A SIS B T R B R ERE. B 3-5B I, ERMHES 4K,
HAREE 50 CRABRERMENL 40 %, HITERIET 60 %; BAKES 44 THREHT
FRFFEN 59 %, LWHERET 41%. 58RI, EHEHES 50 CAMEES R R
1821 %; HBEHEEE 4 CHRLERTRBELIEEET 10 %.

WMERTR, RIS, SEERRSESLBNREREER. RREYEE AT 80
AL IRARETE AR .
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G S e VA s BT @A RAEMNEARENLHERERNUR
s g g —————————— et et et

140 B Control
B 50 CUS5nin
120 O 50°Comin
~ | B44°CUS15min
NE 100 B44Clomin
E 5 80
=l
I g 60 |
14
& a 40
2
g 20
0
100
—_ 80
3
# 8 60
B3
gig 40
¥ g
%20
A
0

RS XK ¥ Days after inoculation
3-5 HE RS TEMALIEE X MEGRFER Alternaria atternara IETEPIRTER (A) fSEE
(B) W%

Figure 3-5 The effects on lesion area (A) and lesion incidence (B) of different treatment temperature of

heat combined with ultrasound after inoculation of Ya pear fruit with A.aiternata, Fruit were evaluated at
20C. EHBHRFIRMAIR. Bar indicated standard error

3.01.24 ARG REERTRE ARKLERARRNOTE
% 33 RERSAPLEHRREARERHEROER

Table 3-3 Effects of ultrasound combined with heat treatments on naturally infected, unwounded pears at 20 °C

FER (R A BREEREE ()
45 b it e
50 THUEE 5 min 3w
S 50 THALM 5 mip 292
60 X 83c
50 CHAEE 5 min 50b
FHARES 50CHLR 5 min 40a

*HIRMRRSHREMOEERREE: BN (emaria alternate) I REH (Penicillium expansum), 5 33URMAI R %
BB, HEN.
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o ARk KT i BEH AW ST RSB E R B A
e ts——————————————— S ——————————————— e ————————

ERERW, THRELLHE 20 °C £ THEZREVERORARKEERERZRE
TSEAL B, R 3-3 FiR, HARASHAGCEBRETMRRAENARERE, KK
R ME 60 K, HARE S RAEREN ARERENNL 40 %, LEMMLIRT 20 %,
EESTHEAR 52 %.

3.1.1.3 ifig

Bruzesy, TORUR hH R S S T 308 7 i A B R WS AL S 1) R 2 B R RS R T WL
T, BT A 75 I S A B A () e A R W BRI AR M R A R BT AL . (X
RO AL TR R RE RS EER T WAL KEHEHER . ARSI e
BHMAREYTHAEY, FHRERY, BERFRLCETET RN Lmonocytogenes '™,
AP AN IS P B R, X A R Sabmonella RAZEME M ER™., F 20K Hz #8553 5 AL
# Lmonocytogenes. S.typhinurium 1 E.coli KEH, WRBEFLAEARF, dr5E i
TR Saccharomyces cerevisiae WER TR, A — L FRARAL T LRI M
BB EYHFIRIE. Ince Fl Belen (2001) "R TLAI 20KHz P b TE K T B8 K Y3 SR 4b 28 Bt
[V A0 KR B PR . Scherba et al™BFA PRI, FRBEHBEMNAR LB EX P
aeruginosa. B. subtilis, S. aureus BAT A FFRFE AIMHIRCE.

AR A, are kg MR BT YRR BT IR, ATHT
VEZY, WEBERAR. AE, EABEABIIN. IR, BE. BENER. B
AR, AER MR, SORMHEAENE LR, BARRHA LRSS A
HHRBSE, ARAMENEYN TESENREETEEAR, BAREMENMED
MBI AR, BEEAEHNRRNR. AETFHEREEE T LR, 2
PR SR A e A SR, T BT SR A A IR AR, e e,
AHERSREE T TUSEARAIECTS, RS0 i g F A SIS LS
FEAEEAT B, R A5 B el I RrE L.

RAERRLEA RO TRAZHER, WU ARESUR, ALRh R Ml s
FURSE BT RARRR T E A RO, BRI AR R RE, REE
RAEREERBEATLHEER, XFHEREAMNSSREFLHEMRE. By, 8
BALFE 25, 3240, 62-70KHz X THERIFE LMW AEMNHLERTRNEEw, Ml
R ITHWRWAEART A, XA S RS, KR, BERNS
PRI AR R 223 2 B AR A 3.

Bk, SERPRMEREERGERNRRA T SOMARSE, RIERERR NS
EAEAFN . FERFRE, FHARMEIET B EBHREOROESRERENARER
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MIRERE, MRLBA. SMRERT WM. BE%E SR TGN, L5
I [B] () BREAEG A6 45 7= i o R A9 ) 7 it 0801,
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Figure 3-6 The effects on lesion area(A. B) and lesion incidence(C. D) of heat combined with
ultrasound treatment for Smins, applied at various times after inoculation of ¥a pear fruit with 2
expansum. Fruit were evaluated after 6 and 9 days inoculation at 20°C,

B R e RAR IR, Bar indicated standard error
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Figure 3-7 The effects on lesion area(A. B) and lesion incidence(C. D) of heat combined with ultrasound
treatment for 5mins, applied at various times after inoculation of Ya pear fruit with 4. alternata. Fruits were
evaluated after 6 and 9 days inoculation at 20°C.

R ENBIRAIR. Bar indicated standard error
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Figure 3-8 Effect of heat combined with ultrasound prestorage treatment for Smins on lesion

area of fiuit inoculated with spores of Pexponsum (A) and A.alternata (B) respectively.
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Figure 3-9 The effects on fruit lesion area (A) and lesion incidence (B) of heat combined
with ultrasound treatment for 5mins on P. expansum spore suspend before the inoculation.
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Figure 3-10 The effects on fiuit lesion diameter (A) and lesion incidence (B) of heat
combined with ultrasound treatment for Smins on A.alfernata spore suspend before the

inoculation.
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B2 8] Y5 Smin)
Figure 3-11 Effects of heat combined with ultrasound treatment for Smins on peroxidase (POD)

activity of Ya pear inoculated with spores of P expansum
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Figure 3-12 Effects of heat combined with ultrasound treatment for Smins on polyphenol

oxidase (PPO) activity of ¥a pear inoculated with spores of P expansum
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Figure 3-13 Effects of heat combined with ultrasound on the firmness (A}, total soluble solid (B). titratable
acidity (C) of Ya pear fruit during storage at 20°C.
2 85 MR Bar indicated standard error of mean (0=3).
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Figure 3-14 Effect of heat combined with ultrasound on respiratory rate at 20+1°C.
B REF IR Bar indicated standard error of mean (n=3).
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