AT E A GA0569-05065

Technology Development for Insect Control and Quality
Enhancement of Apples by Mild Heat Treatment
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SUMMARY

1. Title

Technology development for insect control and quality enhancement

of apples by mild heat treatment

II. Purpose and Importance

Apple is one of the major fruits in Korea. The production quantity was more than 0.5
million ton, but the consumption quantity of apple per capita is decreasing year by
year owing to increase of opportunity to take other fruits. For enhancement of apple
industry, quality improvement to meet demands of consumer in domestic and abroad is
very important. In domestic market, consumer has great concern on residual fungicide
and other contaminants of apple. To solve this problems, apple washed with water
have been appeared in market recently.

Export of apple is an other way to stabilized apple industry. For export of apple,
quality control is also an essential factor to satisfy the consumer’s need and the
quarantine guide-line of importing country. Quarantine treatment is a measure to
eliminate unacceptable pest found in the commodity. The quarantine treatments can be
divided into 4 categories; chemical, physical cultural and combined treatments. For
exporting of apple to Canada, cultural treatment system is employed. In spite of the
advantages, such as no environment contamination, no chemical residue, and no
commodity damage, this treatment is not easy to implement as a sole method to
provide the quarantine security. For USA, combined treatment, cold treatment plus
fumigation is employed. Apples are cold treated at 1.1 C for 40 days, and then
fumigated with methyl bromide. This treatment is also not favorable to implement in

the field because of impractical measure and unfavorable impact on the quality after



treatment. Futhermore use of methyl bromide for the treatment will be banned by
environmental pollution as ethylene dibromide was prohibited in the 1980s.

This research aimed to investigate possibility of mild heat treatment for quality
improvement and for replacement of the combined treatment for apple as a quarantine

treatment

M. Contents and Scope

To improve the quality and to control the microorganism and insect of apple,
critical mild heat treatment conditions were investigated, and response of
apples to heat treatment at the condition was measured in the aspect of
physiology and quality. The mild heat treatment effect on the reduction of
plant pathological microorganism and insect were also evaluated at the
condition. Effect of heat treatment method was investigated to enhance the
effectiveness of mild heat treatment. For improvement of quality of apple,
reduction of residual agricultural chemicals and contaminants on surface of
apple was carried out to get additional synergistic effects of mild hot water
treatment method.  Procedure for the treatment was optimized with the

results obtained from experiment.

IV. Results and Suggestion

To improve the quality and to control the microorganism and insect of Fuji
apple, critical mild heat treatment conditions were investigated at the range of
40~65C. The critical conditions without damage in peel and flesh of the
apple at 0C for 1 month after treatment were 180 min at 40C, 60min at 4
5C, 2omin at 50C, 3min at 55C, 1min at 60C and 20sec at 65T,

respectively. These conditions were slightly changed by harvesting year and



time and storage period of Fuji apple.

We have investigated whether heat treatment increases expressions of
proteins using SDS-PAGE. We could not see any differences in protein
profiles between heat treated apples and control apple. We also studied
whether heat treatments increase [—-1,3-glucanase that is a well known
defense protein in plants. It appeared that [i-1,3-glucanase activity were
present in small quantity compared to other plant tissues and decreased after
heat treatment, indicating that [i—1,3-glucanase is not involved in shelf-life

extension of fruit.

From market survey, maximal decay rate of Fuji apples by microorganism
was 24.7% and dominant microorganism found in the decayed apples was
Penicillium expansum. Occurring rate of insect in the apples was 8-20%
depending on survey period. The insects found from the survey were mites,
moths, scale insect and aphid. In the experiment for control of microorganism
in model system with mild hot water, growth of P. expansum was repressed
at 40~60TC. especially at 40C for 60min. and at 45C for 5-10 min. To
control the insect by mild heat treatment, the apples was inoculated with
mites, moths and aphid and kept at 40 and 45C air and 40-60C water. The
killing effect by mild hot water treatment was higher than by hot air
treatment. Survival rate of mites and aphid in the system was 0% at higher

than 45TC.

To make practical system for mild heat treatment, the velocity of heat
transfer was compared with air and water. Water was not only higher in the
velocity but also more effective in quality enhancement and in reducing
microorganism of apple than air during heat treatment. In cooling internal

temperature of apple treat with mild hot water, water is better than air for



cooling, and physiological damage was not developed by cooling velocity.

In comparison of the effectiveness of mild hot water treatment with other
anti-microbial treatments, the efffect of mild hot water treatment was
relatively superior to other treatments. Especially, pressured hot water
treatment was more effective in anti-microbial activity than hot water
immersion treatment within short time at high temperature. Combined
treatment with insoluble fine particles in hot water could enhance the
effectiveness of pressured water treatment only in surface cleaning. This
treatment was powerful measure for cleaning and elimination of remains

around stem end and calyx of apple.

From the result obtained through experiment, the effective condition for mild
heat treatment was immersion at 40-45C for apples somewhat severely
contaminated by insect and microorganism. For apples with low level of
contamination by insect and microorganism, the effective condition was 60T
mild hot water spray at 10kg/cw’ for 5 sec with insoluble fine particles in hot
water. The treatment systems to be implemented were designed according to

the above the condition.

Through 3 years experiment, fundamental information regarding mild heat
treatment was obtained to be applied for quality improvement and development of
technology to replace the combined treatment of apple as a quarantine treatment.
Provided with possible subsequent research grant, standard heat treatment process for
apple can be accomplished to operate on site in a local packinghouse through a

technology transfer to apple growers association and cooperatives in anticipation.
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The minimum absorbed dose of gamma irradiation shall be 250 Gray (25
krad), but shall not exceed 1000-gray (100 krad) limit imposed by Food

and Drug Administration regulations.

accompany the shipment.

Dose mapping is required for each commodity and/or size. Different configurations,

packaging, and /or mixed commodities should also be dose mapped.

Abiu, atemoya, carambola, longan, litchi, papaya, rambutan, sapodilla

These shipments must be accompanied by a limited permit (PPQ Form 530).

Mediterranean fruit fly, melon fly, Oriental fruit fly
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Target fruits
Target insects
Treatment
procedure
(T105-a-1)

*Treatment manual (APHIS, 2002)
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cuticular wax®] &§¥ HAAE AAH B

wgo]l WYt dig A AHAA e FHASA AT LA &gk

ol 38 Bvbe 9] $obd Ad H& oA AN TAZ AN oA

=9 =
el oid A ARl Zabs wiAlstal EAErE el Aol EaE Hol

ge FH wWe Wl MAYES fEat Zolt e waAw 9 AFS
Z

fr

, 1997). <
& polymers®] AAbe]t} phytoalexins®] ¥/, chitinase#o] 2%
e o] SR (biogenesis)ol & 52 Fute] &
Al WAYFo] Frdrh
A}}9] phytoalexinsA A 2o o] Aol 2AHAQ dady IHHE F 1A
Ao ARt AaE RYvh Fallike 39 &<F hot air 23 Golden
Delicious AFaoll Al olgat Aol &% ATk Aekstad ov Conway(US)E
A A8 & Galarl#oll A phytoalexinfr = A ES DA A E3h o] ¢

W W WA= TxRA dEFo] AAs 2L35a lignin



F-AYSHAl, citrus fruitsoll A ¢ A= A2 7F phytoalexin® AL FE3514
v Aoz e Ben-Yehoshua & (1998) %ok Fpado] o] xe] P
digitatum ° 23] HF AR &It hot air?} hot waterol] 9]t A=
o5 0 2 phytialexins scoparone®} scopoletin®] S FE3A v 2y

sta . I8 o= &8l UVEALE scoparoned scopoletin®] © 2

O::
O_|.4
o

Ho

=

A= AA e o] HFol vt dAY AAC o) lignin® EHo A
e FEHEA Fet oFA =¥ AEe o] LAAFd d= HALP
digitatum 2] T&S osln ol JA8H ZE Wo HAYZFY fXo &
A oltt thetA © & Porat (Israel; Porat et al, 2000)= brushingS o] &3+
hot water A&l %A & © & Star Ruby grapefruitel] 9= #HUd w3 dHE ok
A9l chitinase®} [-1,3 glucanase®] AEWAA(biogenesis)S FEHaL
Penicillium digitatum®] W&39rst q3dEx Fojstria A At ) o]
< A7 AelE commodityol = sk o] el st &ute WA A
o]t} (Rodovl).

A7t M gAE s CAAZI 2 & Ay #Has
2121 8 (Nevins, 2000; Shellie and Mangan, 2000), o2 WS =33 2]glHo]
wHdtol s d7%Ea Adrt. Conway (US; Leverentz et al, 2000)+=
Pseudomonas syringae?2 W ZadAe} 2ol 38TolA 4U3F Zo] A st

W GalarlZoll 9l Pseudomonas syringae’} 243 AAES HSth

Of

2. A et T A

dqE AdAE fs dAP dEE dmeo dAP AL I %= (Step
Function) =& F23] F7}8+= 2% (Ramp Function)® %5 o]¢lt}l. Ramped
Functionol| A =%x9] ¢ Wglo] st a5 WHg2 th=W heating rater® <
A¥ = AAES as ot dth (Neven, US; Neven, 2000). thddt d42 &

b aFel WAAdel dig Wst= HeY dAe dde] aEEo] oA &skth
30-42TC 9 2ol HFSs =FAIZIE A AR 2E(42T ool & Ad +
ATH



ol
fr

A %o =FA dF AAE F4L commodityd %7 dEst
ramped heating ©] WE2+E XAIES A AGA EsF= WA, Step Functionsel A
SHe data= o|® PFEHS] Ramp Functiono]= 5 AAb&e] i ALo=
282 4 9tk (Waddell (NZ), and Laidlaw (US); Waddell et al., 2000).
Waddell et al. (2000)= %33 heating dose’} o9 A =gstE=rte] EAHES
A &3] A3t Queensland fruit fly(Bactrocera tryoni)7} 32-42Col Al 2. &)

MEe 1e4E 46ToA LT 9901 waals 9la) dels Agto] Aoty o
Ade BEe o e FALRdA dA4e 54 AnHE frgow A

A9l stressE EWFSIE heating rate®] o 2ZHA A H Tl Step Functions
£33 g g ¥kE3tE modeling insect: load factor (heating rate) 2= A+
Tgle] owgr didEo] disiAE dAge] g AXES JdF
Conditioning == 9} XAFE%x 9] 3% o] modelol E3tAth whoF 3 ¢35}
Step Function data’} 83 A9 HAEY {835t oA Aws AHS
Al golm HEE & 4= 9lt) §4}8F modelling> G e Ao WA FA
o £ AFE-E AT (Raham et al., 2000).

Heat stressell 3+ Wk$- o0 2 & Fo] HSPsE AAZTE AMde e & Fo
adH A ot dfFe] AP shARl WHolA o] g HA ARl dFS AHE
1 1tk (Neven, 2000). ol thsh 5o W& A w83 A4 A
, Nl @, s whg, sEo Wt

shockell w=Z&gel o A2 W Wde] =24 d 5 oy AFE2 5ol

Y
o

=

KR
o

Conditioning®] G2 Al7to] zhol| whg} &AFI EAELE 223 dFAo]d
2Fol 7} gdth. 129 heat stressEFE H3d7] Y&l conditioningdt &
Queensland fruit flies+= 25504 10A]7F ¥ conditioning &9 80% & &%+
th( Waddell, New Zealand). o}®2.7}=¢] A9 #AF3F conditioning®] 15TColA 5
A7bA o]l HEEJAT Conditioning#-9] =%+ oA def= vh2xnk F3)
&9 & Aol F WA A3t glo] ddES WS Aststy]l 93 By e
29 A vebdTh

Commodity 2] g g]o] A& 5= medias HAEY WA slF XAFE 9
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¥3l9 forced airt A42HE A4 H2] heat dosesE A PS w] QAR F
o] W 0.9 CO; 53 fruit flyFr 2| Ab-& (hot water=® &g A o] XA}
o] =)ol AR Aoyt F 4 Utk Adge A e dAE e iy
Hojok st thE <xtolt} (Shellie (US); Shellie and Mangan, 2000). il
CAAH = aZFel F vjo stressE F#gth MATE =% g &4 &30l
S =t} (Neven, 2000).

A9E Sl dAgE HEA ] A4AELS olHg Ayt FgHeE a3t
A=A AFer] Al RE dads zhgojokwt st (Hallman, 2000) 43 &

= AAAQ @Al T A ol @ H ofoF Fht

1A g
A WP FHold Wdd JAlol Aoty o= FFo] xA9} HE
711 Wa7y A e ey A vpE o) AEF] A7] wiZolth
HNEBAE S8 ddE Wi de #BIFAE Fo7] 98 249 A% o
ol ZxolA @ H O Fobwh FAAst=d ol A4 tdES mWHW dA
g7t 757 wiEelvh B HAN Qs 50-60 T EollA 10-HE =&
s WAgol dou 2 2rolA F o FHe AEt =& A 7 T B2
HAHES 248 4 At} ( Barkai-Golan and Phillips, 1991). o]¢}= o %2 o
2 46ToM = 90w &7 4%

At E s Aol Al B8 ARl ofs AsteEv. wepA setEde] e
ok A ow FFolE AAFT F vk oA 53] I FFo] AR

thiabendazola ¢} imazalilS AF83F= citrus® A -$oA &34 o]tk ( McDonald
et al, 1991; Wild, 1993; Schirra and Mulas, 1995a,b). Alt}7}, GRAS3}EHE 9]
T3] WA aIE FAA7I7] Hd EFel AEEHA R ZA I a3t AA

= 9ltl. Sulfer dioxide, ethanol =¥ sodium% €99 dFAgE( 45 C)&



citrus fruitsoll A= green mold (Penicillium digitatum) G AE 98] A8 o
St (Smilanick er al, 1995, 1997). ©l&f3t s}t&2 QleHor HF3 vt
(fungus) SAZS el 25CY imazalil& Yo HAAs= AWFT a7 Ao
(Smilanick et al., 1995)

L dA Y Fabo] Ao Jits A shvk(Fallik er al, 1996a). ©|

AL W4ES brush roller2 oA A dAH tgor RENE E45 53

A7l 7l olth Brushes® £%¢ 55 #AMA7IE =S (nozzle)S W SHAF] o
o gFES 10-60% Bt e =EE F Atk B AcddE Y A H=
27k 50-70TCo] 7] wiitol Z=olA RAAX wAE 3 fFFe AEohA %3
t}. o] A& Wa(Prusky er al, 1997)¢} 33 (Fallik er al., 1996b) #-2 A=)
Aol EAstE HAES FAATIL A7) 8] AR E L vk o] et
Me 2ER ST obyg o3k e o 7[7]& Ab&sk=d gk =

< F A= AR H kT (Couey, 1989). E7F dF K O
2]

[e]
% ke AL

H
s dde] wwol ofd b Aol AHZ ieo] mstefof 7] wii
ojty. olfd A HAEL oY FTFH HWITHZFE v E B ofd
Hae A A TS gt FA A Fasge] AdE fa 50T

Bollde & 2 & Ad dt= Ade dEzAow 50T olstollAe 1AF &

Y. Vapor heat

Vapor heat™= Z3tst7] ol AAAHEZA dFe &3 F35& o7 Hd)
40-50CollA 5712 E3td 72 Jds dAgst= Witk (Animal and
Plant Health Inspection Service, 1985). dd &L AL HAFH A= ==
719 ol gt AFele FFel <k H A 2] Ao Al Mediterranean
(Ceratitis capitata Wiedemann) ¥} Mexican ( Anastrephaludens Loew) fruit

flyE Fol=d A5 Att (Hawkins, 1932; Baker, 1952). Z#4} ethylene

s



dibromide ¢} methyl bromide’} A &3t 3814 EZAZ AFE-E X HAA] vapor
heatx 8= Z=dE o} 1984d ethylene dibromide®l +X¢ t&Eo] 20104
methyl bromide®] A}-&F A7} vapor heatS thA] &7 #t}h ( Gaffney et al.,
1990). ¥y} vapor heat™ palletse §3l] %3+ forced airg& &WHsl 9]
= forced airg ®WHEIA] &= vapor heat®t} W] A ES 7F A7t} o]}
2 A WAy gpajop e ofdd] o] dia] oy uetelA AR A
2 o] &5 vl (Paull, 1994). H vhekst WEs25e A3 49 3§
ZAE 8 vapor =¥ moist forced aire] AFgo] s 77t 23 o gt
(Shellie and Mangan, 1993; Shellie et al., 1993; Shellie and Mangan, 1994b).

g 2]+ warming period, holding period, cooling down period® -4 & o] ¢t}
Warming periode Z-&°| thd tidE2] Wz xe ugt A& e 150z o
3t 2=71A =¥t 7|7Fe®  approach timeel#tiE T g o=
holding time<> A elstaLz}l afi= o] WH-2E7F s Fol7] 98 275
= AZEERE v g

710l ol A AAys= T =ol oal wmEA APH = sl ok

e @rlgel AR dANANel B ALE Po AaAY w2

3L
3
sl F7)|2 A A 24EHE forced hot airE #€3= WHolt)h B E

A SHolA HAst= WstE Asty] 918l ol &gttt (Klein and Lurie,
1991, 1992a).

T3y, forced hot airys AYGA 7|2 NEH A= (Gaffney and Armstrong,
1990) 15 & 7FA] o] f-+= vapor heat]9] %2 F7|7F W2 Ao 24

o] ghy o Lo forced hot air 2 A YA S =¥ ¥bH

gl

/6],

(>
o
rir
flo

=
T



rr

g MAS vrE 5 7] wiitolt. Ihutoko] A+ Mediterranean fruit fly,
melon fly, oriental fruit flyg ®d7] 98] & EFe 9gt 79 AHzHol
M=) o] gt} (Armstrong et al., 1989; Hansen et al, 1990). Forced hot air®
LAAFE AT W HHo] i E44S =] A AP & wME Yo 8
TF¥t} (Sharp and Gould, 1994; Sharp and McGuire, 1996). & o+ 3}3fofo]
gk A7t o] A5 olx] FeF shr]9la MEH skt (Armstrong et
al, 1995). o] Wy ¥ #2 2 gt diste] AFH ATt (Dentener et
al., 1996).

129 forced B+ static airdl =FFHWH FFolFo FHEE FFAgth Forced
airgle] ©<=3dk heating &2 % AlTol A= Botrytis cinerea®t Penicillium
expansum®| 9% A SS AAAZ 4 At (Fallik et al, 1996¢; Klein et al.,
1993). o] A% A}8H HEHL 38- 46 T 2%A 12- 96AIF AE=Z 1 A

0

[e)
o
2Agre] Aol ¢4 o

e WAy oms AGA ek el oy A
gAe wWolA ol FPe Fi FgomA wro] ofd FAld AFW BB
oFE WAGE Wyown ABAYWe] 2 FAPoE ste] JoRE A
guel a7t A% 9 Helt
4 AR HE F UG
48T & Qe TEL OB ABAY B34 FERY AGS wA e @
A AT Frheh o] ThE uAREN BAAAR Sl delA A
Aol Aok WA Atk AR FF F A G Loz AANE PRI 2

A HA WA forced vapor heatd EF 2o A& HE=S Fo)7] 93] ALE
Hojgkrh. solut &=l <ol i A= 42Colstell A B A= A g shA
U 46TCo] Ao 2 E7F A2 3t} (Animal and Plant Health Inspection
Service, 1992). & Aol o= ARELS AA ] &4 §lo] 47C9 FxeA 5
B Agstd AbE®Ect (Hansen et al, 1991) Hara et al. (1993)% bird of
paradise flowers®] ¢li= magnolia white scale (Pseudaulacaspic cockerelli

Cooley) - 49T1A 1087 Ae] A Adgomt chdsid ot Aol 4



Lo wep sl Mol FEe 19 == 2974 3

ol A= slFEol sl 49Tl A 5-12%3F A Al WA &
er al., 1997). 252 Ado ufgl Aol og &4

7b ol gk A AolE A A Y] Skl 39 To dgrolA 2-44]
2] 2] gt} (Hara er al., 1997).

e
off
2
£
=

A% FAWPL FoWPTS AAHI] U AR S Ak 40CZAANA
2 ONRES 952 AstE We WES WAS 98 Fbub), X, T HE

lo,
ui
it
A
fo
2

A g¥ o9kt (Gratwick and Southey, 1985). 50T e~ 30% &
AA e AwlE= Botrytis cinereay Aol &34 o]t} (Elad and Volpin,
1991). Botrytist HE3F A F-9lolA vtEH S of7|A71H 249 B4l hot
forced airg tE8H o=z HFoma AW BAES HAAIAY (hausbeck et
al., 1996a,b).

Forced vapor heat= HAZA<Ql a5 AAb&ol &%= AAzte] Aol
g v E FWAe FHE FaHAT Ao =3 G A HF 5=
AAs=d &2 ot} (Hansen er al, 1992). 3 2 429 A A Ex7 0

= e FA fodA dlsolu ol WS wEsy] s AT A

@

=
F-2% x3o] AEHa = A= #Zol FHoll dairE 72 Aol A&

qul R4 S 1= =
doh oy Aasks 2 WM FEE FANE e dAH
g A= i

6. dxele} BAde] F

U489 climactieric #49] %4& W&o Asjel G el wlg, Ao W,
SEE ogd Aol Fbol o8 1 4o JlEA ned wEE AL

olgfgt B4 F % sHA= Hadta o2 B Ui E Fvkdth 4 Al douss
olT gt ol#| Al AL A E A ¥ HARTE AT FHAA B
oh s vEbE W 20TolA AGE o5 FHel o LgEe X"
=3

A el o =4
o] At} 35-40C =9

© do] sAZERA 4TS VA wEol 47H

2l Abakel EvbEolM BOAIRE Fob olEdle] oA

3= %

e 12
Y

O



S A (Biggs er al, 1988; Klein, 1989). H]| & A 5% 2%oA HAS o
A5t FAFAY 25 ¢ FsA7E A ACCE JAAY (Klein, 1989;
Atta Aly, 1992), 35-38C ¢ =X+ o9zl Faet gEo] Alel EntExZ
o] endogenous ACCE =Z A1t} (Yu et al, 1980; Atta Aly, 1992). 42-46T <]
o] W A 7EEoF 2 %3 Ao A ACC oxidase acivity & wE £2o] dkAd
3t} (Chan, 1986a,b; Dunlap et al., 1990 Paull and Chen, 1990). o] # & X% o
2 3AFAHY =X9 ACC oxidase mRNAZ} & wj&olt} (Lurie et al,
1996b). thH-#9o] AT A= ACC synthase:x Foll €A Wl ACC oxidase
By del & wigketttar A1 skan ok (Klein, 1989; Att Aly, 1992). <2+ 3
Aol AAle ol dA A Al HW AFow IE¥ = (Field, 1984;
Biggs et al., 1988; Dunlap et al., 1990; Paull and Chen, 1990; Chan, 1991) &%
Hldx g 2o nlste] ded F5dE7t 2 At (Klein and Lurie, 1990;
Lurie and Klein, 1992b). o]& 3t 3] &S Tz A (Biggs et al, 1983)2 &7
3t mRNASH ACC oxidase®] ©¥d RF7} 38T 9 9F AgzHE A=
o ZHE S B (Lurie et al, 1996b).

A Feh Wi odal hgde] Asjd Rk ofyet o] ofdal AL A
3 #t} (Seymour et al,1987; Yanfg et al, 1990). o] A2 oj&all F=&A7 &4
HAY 544 Hi e sA4E fFishe 540 A2"Ee] g dolrt
24 HASS veERdh dol dig ol 8 v r

= gt 289y EvlE 54 genes expression®] Lo ol&] oA FH Lol &
2% ¢k} (Picton and Grierson, 1988). $A A A#Eo 9= 54 mRNAs
© 3BT dF5 Ageet Aetdel B om, dxe] AAel ofs) thr] et
Woh(Lurie et al., 1996b). ©] A& ACC oxidase, polygalacturonase, lycopene &
3 Aol 9l

38 = 40T €% Agd AAE FFT DAY FARY =g Azt v
= 50TCoNA 421752 hot forced air = 2| g Fae} dufoki= A2 & w

d

AstE F =A% (Shellie and Mangan, 1994a) €3 A 2]d Ao HAw=rt A&
el FAEHE AEFS wmelrh AF(Tsuji et al, 1984), ¥ (Manie et al., 1974),

ol B 7} = (Eaks, 1978), EvlE (Biggs et al,1983)+= 20T Xt 30 - 40TAFo] €]



)

oA A& o AZPS W Ayt =9 AP DAY @ HA e
st 20CE &AKS W SV oAds] A gl Heto] e g
Btk 0ColA 670L3t Asta 20T 743 A3 & X% 38T

3-49 Eb du Qg Abd= BjdA e A Hste 10N © west
(Porritt and Lidster, 1978; Kleinand Lurie, 1990; Klein et al., 1990, Sams et
al., 1993; Conway et al, 1994). A& & dF o=z AHgwH Al zFL& HdgE
Al HAI DA - FAQ HelA thE S Bl Compression testE A&

gt Conway et al.(1994) & €A ® HAo ¢ ddshs dxg wbdH, Lurie

2

Ky
oo

and Nussinovich(1996)= Instron compression 9} shearing measurements< ©|
&3to] dAg AbR7E v DAY AR R obAb A E S B Sl
Abkel AlEE Ao A= v dA Y FF ARG 4Y 5 38T Y EF ==
AZL AR B8 Fde] Ba 84 Hdo]l A5S RuHdH. oRE
uronic acid #3177} AHA S-S YEFATF(Klein et al, 1990; Ben-Shalom et
al, 1993, 1996). @2l d 42 F8&A Ad EAst= Zgel do]l A A
slo] wr} @ol EA5tH (Lurie and Klein, 1992a). ©13& Z#¥ Agstx
pectin esterase®] €4 wjZolth. T} AL} v EA
523 9] esterifications WEFHATH(Klein et al., 1995) €A
9} galactose ¥ -2 uronic acid ¢ W3t glo] At (Ben-Shalom et al.,
1993) <& @)% <t neutral suger? side chainse £4& FHex&E 322 7}alA

SES R A4EH A Fol Hhd @ BT Yelwh

ke

rr

%8

r

Ast& o] 7AE polygalacturonase? 2 A XEH E3 34 (Chen et al, 1981;
Yoshida et al., 1984; Lazan et al., 1989)¢} n-<9}i-galactosidase (Sozzi et al.,
1996)¢] S A&fslr] wlEoltl. EvlEE polygalacturonase © 3 mRNA
7 38TColA 1-3¥5et GAgEH A oA A=y, a2 A AA
Al Al s BE(Lurie et al, 1996b) HZ|A|ZH] wiet A2 H EvfEE H
dAe EvtEe 22 Ax AstH 7 (Lurie and Klein, 1992b). @3] 2] 3}~]
2 EvlEd v F ¢ wasiF ot (Mitcham and MCDonald, 1992).

-
&2

A= HY flavorol = FFS Tk 38TolA 3 e 49 & A9 At
Fo] b= HAadts W S84 1PEY] vEE TS A =0 (Liy,



1978; Porritt and Lidster, 1978; Klein and Lurie, 1990). 3lZ %= & $13l 41-4
6ColA 1-2¥7F hot forced air A2+ el (Lay-Yee and Rose, 1994)3} 4 &
WAE fs] 35, 45, 55CoA] 1583 Aol A3 E7](Garcia et al., 1995a)
NME ZE Fds HRth 3BTl 2-3dset dFo=E A EvE
(Lurie and Klein, 1991, 1992b; Lurie and Sabehat, 1997)¢} 43.5C oA 4547
¢t forced hot air® #2]3%t grapefruit (Miller and McDonald, 1992)¢] At%= 9} 4=
|4 1P E FFS dol| ot dFS A FUoh 2y bgE AFeA =
EulE 9} grapefruite] =7l 4% = A2 YERGY (Dhallewin et al., 1994;
Garcia et al., 1995b; Shellie and Mangan, 1996). o] 24 ¥Wle] Azrl U2 o]
fre A A9 Aolvk A FF ] Aol wiEolet of AXITh
HoodEd s EAY s Fof FFol nmpAd WFor JF et

JEM, MAAW B A2 AFsly] Mol 45TolA 3X7F Fek Ashd A

v g]gpdo] A dojib= sucrosed] €4S "2 4 Attt (Lingle er al,
1987). #59] sucrose e A Aol 30TelA &7l Wx|FozHn Frhed
T At} (Bycroft er a;. 1997). o84 €A d JFFSES &35 s 93
<+ 4 9E7 =2 Zom AdEY dAMgd EviEE dsddEe] Frh4
7 vEA " EnfES zpolrt gllont 38TolA 49 st A El® Golden
Delicious Ab¥h= Bl Al2] g ARG O opAAga o @1 HAA o=
e Ao FJrEJAT (Klein et al, 1997a). ©] 4§ @ube & ko] F7}
Bt Ao ZHa ol dth

L BAEE EF 42ToAM 602 st ol FA s Y 38TAAA 28 &<t
Foll ok Ao o dFS HS F Arvk (McDonald et al., 1996). Ak}
o e ATH S 38CTY EF Ayt AstHn A S A9
I %o v 3 &= (Fallik et al, 1997). ¥ 3#A4 AAEE ®HAggdAY. 4 %
71 Al (green stage)oll Al dA- 2 Hil 4 13T AR EvtEs 4%

EntE F 7R 3 AdE9 Btk (McDonald et al., 1996).

dA g = AFEY] degreening &% 7143} A7t} (Liu, 1978; Klein et al,, 1990).
Abah A3t vkl Ad) EntEe] dhule] Q1= chlorophyll3F &2 35-40C ]
A dFor A Et A (Seymour et al, 1987; Lurie and Klein, 1990,



1991). 45C¢ &5 HAste WS faurs 45T A 30 &<t forced
vapor heatx @3t A3} o] (Jacobi et al, 1996) 20|7} =& WS wA Fi
4 2t} (Chan and Linse, 1989). d}sofe] 3ty e} 380 MZAHII= 42T 9
Aol 3083 HAAF F 49TolA 90w Ao o3 JFS
Paull and Chen, 1990) ®}41}1}49] degreening < A=3t 22 A5 Ad= ¢
79 ¥y degreening o= BT IAH oA %dtd (Seymour er al., 1987).
43-55Col A 1027kA] B2 E 5o HAH =gA ®¥ste 21 AAA
Z 4 9t} (Forney, 1995; Tian et al., 1996, 1997). t}& thA&E<] Hk-3-x
Astel] FEFetr] fla M= Ba7F FA E oot st=A oldAE YERiTH
At2ke] 74§ chlorophyll ¢ #3}7F o]n] EA3t2 & carotenoids & *=gHHl-S

_>,L
rlr

o dth v g2 HA LS carotenoidse] TS L3t 42 5w, 38T o]
Aol dF e EnlEIA lycopened S AT (Cheng er al, 1988).
Lycopene?] &A= lycopened A &4o] tfdk mRNAS dALet A AR F

a7 @AY AA F 35S gAe] wZeltt (Lurie et al, 1996b). Hivut
o] A9 dAg 5t degreening ¢ A= 7 Aol 94+ chlorophyll ®=2o A}
£ 7}4 2+ chlorophyll oxidase &£49] Aol wjiEel Aoz Wt} (Blackbourn
er al., 1989).

TEE2 35-40TolA A 1 &= 29 &< d+= F7FE AW (Lurie and Klein,
1990, 1991) aL2ellA FAIzF 45 1 &8 7HAagith (Cheng et al, 1988;
Inaba and Chachin, 1989; Lurie and Klein, 1991). 35Col A g Al 7te] =7}3t
of we} cyanide insensitive pathwayZFEl¢l & v & o] #AXt} (Indaba and
Chachin, 1989). #}2o] Aoz EZolow FF TF2 HIX2 3 AR v
olxlt} (Klein and Lurie, 1990). %9 ==A17H H-H = A= AY$F
climacteric peaks A AA7IAY 492 = IS B ofyg o] peak% =7} =
= #aAlZ 4 9ot (Eaks, 1978; Klein and Lurie, 1990). st T g A A

= T
o Whge S Bz, dAEe Aesd S% wd Aun ex, o
]_

O>'
oX, rLi{lj

A2l

of AAYETH AZIA olsH=A HALE=IA olFH=A,

—|_I

b
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dA g7t odd FAgo A& AE¥s THste a4 53 2ol A &
A wskE dovl= MiIAYES gene expression¥t A gk o] Wshet
o] dth m2HF et A HA gene?l mRNA+E AFEFA]al heat shock
proteins (HSP)2] mRNA+= =39t} (Picton and Grierson, 1988; Lurie er et
al, 1996b). dw¥kHowm 35T o9 ol g FZAFQA w2
polyribosomes®] &2 ¢ FE A<l ribosomesE©°] HSPS mRNAZ $4xo7
A 7]1=  polyribosomes?] A AZto|th (Ferguson et al, 1994). o] WE&2
mRNA®] ZHAgle] normal @A S Asfstal HSPRAE-S Fx1gth. HSP
9] AL heat stressol] 3 ZE G749 wkgo gRolt} (Lindquist, 1936).
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webd, Gol BE A E wEe NAY WSS $HE Aotk AP B
o wzHE £xd A9HYG wF LEE HSPY @4E AAG6l FRah

MeE v mhAE ek 354009 SEAb o g
o

W 42T o]dell A= HSPe Aol ofafA| i

i)

AES 9 &42 B wo] B8 ZAolt} (Ferguson et al., 1994).

o

dE 2L HAT S AEAIE FoF 129 heat stressZH-E] tAFEo] £

= dstr]l f AR NAA1717] 918 heat stress wiZRAlS] A
o] o] & 5o grt. F WAl AX dF AWML 42Tl A 307 Ag F 49T
o ol A= WHom sutope] FHFUAE 98 AHAHATY (Couey and
Hayes, 1986). 3}ulofe] YEA HFE+& Paull 59 98] A4 E 2 A (Paull
et al, 1986; Paull and Chen, 1990). 38-42ColA] 1A]3tg ot W3k A2 49T
oA 7083 FAF  F damage’t TAITUE FAFS WHOR 46 T 47T 9]
oA Sl FHA Mol 37 =& 39CAA 3 conditioninge o} E.7}E <} Walo

tad}



rr

3k &4 =2t} (Joyce and Shorter, 1994; Jacobi er al., 1995a, b). ©]2]3k
conditioning®] ©]A & olH7}E= (Woolf and Lay-Yee, 1997)¢} 2.©] (Chan and
Linse, 1989)o A &= 53 &

HSPol W49 dadiAle B2 #F7IAdA o H< heat stresst
AEZA7E Aol WS 2t=s & F dvka weAa A Aol w=F57]
Aol 38-42TC 9] dgolAe] E AZF w=Fo] EvntE 2 (discs)(Salveit, 1991)7%
=1%ol wl= (Collins er al, 1993), 2ol 23 4 (Lafuente et al, 1991;
Jennings and Saltveit, 1994)¢] chilling sensitivityell &S =t} 38T ¢ &7]
2 2-397F EnfEo] dXg A AL W3 sensitivityZ} ZAE AT Falglo]
2CAA 1ME7NAE A=A (Lurie and Klein, 1991; Sabehat et al., 1996;
Lurie and Sabehat, 1997). A= “gefol st WA HSP| EAjol s-5-go] &
A=A}t (Lafuente et al., 1991; Sabehat er al, 1996). o}E7}% XA & 7}A il
g Aol Al Hoje] HSP AAES 38TolA 4A7F Fol #zE . a7t Ws)
2RE AP M558 £ (Florissen et al, 1996). ©]# 3 ¥ olH I} %=
(Woolf et al., 1995), citrus (Wild, 1993; Rodov et al., 1995, Schirra and Mulas,
1995a), 2°] (McCollum et al, 1995), W (McCollum et al, 1993), L3
(Mencarelli et al, 1993), Z+ (Burmeister et al, 1997, Lay-Yee et al., 1997;
Woolf et al., 1997), oj&5 (Wang, 19945 E33 thE o] eS|
A=A 28y 2 R AP E o] wkgo] EAZ FFolA Nt UET o
2 Whitaker (1994)& Rutgers tomato fruite]l A= o] H o] {1t}
Walol ok sensitivityE Foled @A a3 & o= Wl glo] I
d HFHESY olRIIEE HEEr] 98 A2 Age tEo] 38T d4F 2
2 12-18A17F I A 3= W ot} (sanxter et al., 1994; Nishijima et al., 1995).
A7t AdAAQ A o Fojd o Au FoEe AR gAd
o+ (Jessup, 1991).

Aol Waol ok sensitivity 2

 odArE AXY &g A

e ©A HSPY &4 wjiEo ofut). )
wolgl AJzbwojgkal (Lyons, 1973), 35-40C ¢

>



A= AETY MYPS op7|d Aotk 12(35-40T)S AELe FE& F
7}A1 714+ (Inaba and Chachin, 1988; Lurie and Klein, 1990, 1991) heat stress
AA A AEZEALS FJEHI FEE 20T BXH ZAA 2hHE =
77 8% @t (Lurie and Klein, 1990). Waloll thgk =4 <lz2 A A xLute]
% (memberane leakage)S ©]83F Saltveit (1991)& 37ColA 4AZF Tt
conditioningd+ EvtE 229 F&E o] Wil &xo] AFHUS W A
oh AR AlEEe] AW S AR A¥ BT TR 493 A s 470
4 ES 0CelA AL A4 & vdA g AR I3 Abge] Aike
37t = AxHAE woktt (Lurie et al, 1995). Al#te] &= Ao F&
Whitaker et al. (1997)% 43 Wyoz dxgy Ao Axd g3t o &
Ae oy Aate] =xs=rt o Bue S 2Asd. ols
conditioning %o =&EA]71 & I A xHo] ¢

HAI A4 Ao RFE FALAQ FEo] Ues oudith A d A o
gk o]z Wsk= A A 38T 9 hot air® 293F & 4

AR d-F EnfES 2TColA A3 Fo w3 #Fum o= Ao oigh
7ol wmFo] Aol g A AZAHS olF e AAY A=5T & Ank
(Lurie et al., 1997)

At debA o Ao WiZkelbAl @2 Aol AzZbE I AN 3o
EAXL WA Fue Ay AA Fooltt (Bramlage and Meir, 1990).
olAo] AH AWE oprATIE AbsHAgolw, Apdgpetrol SRl a
~farnesene®] 4F3}el AAAA 7} At (Huelin and Coggiola, 1970). A& A 3
8Tl 3-497 I8 A= 0Tl A 17192 5<F a-farnesene %2 A
of 4bst AAFE FHael oa] A2t gA Pk (Lurie et al, 1990). A
e oy E9AE ¢4 slo] 3-471Y 5k A HY (Lurie et al, 1990;
Combrink et al, 1994) a-farnesene®] HA A HAt ¢ 2 F3 dAHE
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o Ut} olel we} thtEel EXE FA FoWAME A W uAE Al
£ 7] 918 vk Aol sNEE vk dA Y Al B4 WA, 954
ow RHF A g g vk dnbdow oAl e Ao AW (Kerbel et
al.,, 1987; Klein and Lurie, 1992b; Shellie et al., 1993; Lay-Yee and Rose,
1994); Woolf and Laning, 1996), pitting ( Miller et al, 1988; Jacobi and
Gowanlock, 1995), o Z¥F(Jacobi et al., 1996)¢]t} 2©] (Chan and Linse, 1989)
2o 5P yellowingS 9 usit), Axjglo] o 2F o &4 HE AN
o] Z7} wj¥olt} (Jacobi and Wong, 1992; Jacobi et al., 1993; Lay-Yee and
Rose, 1994). WF-2Ql &4 359 Mo] vpmbA AU, w32l At W
T (cavity)el oE, HAANAHQA HAEREHe} e FAoltt (An and Paull,
1990; Jacobi and Wong, 1992; Mitchan and McDonald, 1993; Paull, 1995). ©]9]|
gate], Fde w=A dstd ¢ i Fso vE FEo] Aty = v Ay
= 9os] goldd R olg oz d3ldS Y 4 v} (Paull and Chen,
1990). ©+& Ao A Wi 42 gM et Rgote Hgo] HA He Y
% x33t} (Jacobi et al., 1993; Lay-Yee and Rose, 1994). w+oF b2 3} 227}
A F Aol AGRATH doll o3k &I FAo] Hl2d Yot EF
=

10. @A 71=9 A4

A R vAEAAS A ALY Ve 2 W2 i F5e uet g
Ag s ofopgel wet AAdS w=sks dels ofwel vk A % 4
Mgl dF F5e] B HEE flsto] o yehelM HE5 1
@ d83= e

T Abdleltt

el AFAQ dAe Alags BH dAAew A 8H S A8 747
U 22 AdE & 5 A 59 &3 dne 253 o 3l A7)
2t AP A 70014 9022 Mool A  td=E2 tiEf 46Tl W7
AP g 2x7F dee] AR( 26-27C)0 2 FZolrHAl sh7] 9@l 359 45
w Abel7b arE Y T A" Aast 45 AlAFEe 2EEa 9023 @ AP A
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of

gk 2] batch’} ¢F 900kg¥ 2 HA X o2+ oF 3200-3600 kg/h® . wakA] s
Foll 8AIZF Qkell XS 25600kge] FH i, 1¥99 12417 715 Al 45500kg©]
t}.
tJ¢kA el controlled atmosphere temperate treatment (CATT) Al 2~®-& forced
hot airg ©]8€3lH (Black, US; Nevens, US). Al&=Ho| 93] =AY = w7l
v 2= olEA, T frd, AAAs) oibste At xR A E A
°of T4 25 F467] fall AHEHM 2k 202TE 94 ¥EF 2HITH
Al Al 40C7HA] 7FE A7 20T 9] Wi EAbE 2 28 kilowatt/ hr/ton®2 8o
THEM W Al Ze ol "ol ¥ Eth 103 20ton chamberol] T g
Abake] A AIZEE HF2E7F 46T o5 W 7bA 12T/hre] 7HE S == 34
v Ayt & A7 A ZFE loading time¥} unloading time, purge times X3t
A7 4x 3ol Enk mhebA] 12A13F 2] Alell= Al W] A et 2443 A
Alel= 6W el AE7F 7hsstth CAE ZFel s AAet iAol Ay A}
COzell o3 x4t}
H Iy 7]&= (US; Tang et al, 2000)= Hot water?} hot airxz]e] a7
£ dde FIFERPA 8 FH = A2 E-g7lse] ATEI ATk o]
=S FEAE Al FHEAIY A Folil 23 WA AEH 0w
w

Yot At 3 o= 54TeA 2 23 Az 259 WA, e gt
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A14d 23 A=
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1 Abe] AEA g =0 2 FF=A

7h AP AR

BE A%l A 2002-20059 AR A FEI 27HF FFY AMRE e
of Ag A7A FAWsE A 0.0+05TE FAHE AAGaL
(KUC-SO50L, Kyungdong Co., Korea, 80+5% RH)eol B #alwHA HaA A4

F Abgsteln,

. Abste] dAE A ew 24}

D A el e Abh gve] @4t 54
AZE &= W9 45 50, 55 2 65ColA 7+ Al 7 10719 Abztel Hg H
ook b =9 RE BAS § Agds A §F ARE vusgit 79

< AAA(CR 200, Minolta Co., Japan)® Z4ste] #uje] WA Fw5 et
o

= 1=
32

2dA e kel mE ARG R AetH, A4 B4 4
O gl ibrks B Aavts FE 54
AR R0 Bk A Abavbs 9 o"HAlvs e A4S 915ke] Gas tight

syringe(MR-GT. SGE Co., Australia)E W7] oA Atze] Zukx]o = HE

F4 TN AYS T, olE FFow §7 WRTVE 200 uL sk
AR R B7E Falik 5o WEe wWHse SAsgid, Bzt

Tt A4S 9% GC (GC-14A, Shimazu, Japan)® #4%3H L column:
CRT-I(Alltech Co. USA), detector: TCD, column temp.: 35T, detector temp.:
60°C, carrier gas: He(50 mL/min)e]a, olgd#d =4S 93 GC(HP5890, HP
Co., USA)9] B4 z%HL column: HP-PLOT 5(HP Co., USA), detector: FID,



column temp.. 170TC, detector temp.: 210C, carrier gas : He(10 mL/min)
it Abx, Babts W odd hael ARe 2 BEAAE olgse] 4

FAe AP ol JFOR FES AEL

3) AR IAIGA Y 2% XA

dAe A =22 AMRE 4 2xelA AR A5 2 A F 14d AR
A A AL ajel Al o] AR k= Ao R At eith

AlE AALE+]ITE FA 5 (Water bath DW 101, =4 3}38})o]
AAZY A7EE T T 40, 45, 50, 55, 60 2 65ToA AAHA FAE=R
A3t 40T A7 AIZEE 60, 120, 180 2 24070l 45Tl A= 30,
60, 90 ¥ 120+, 50Tl A= 5, 15, 25, 35 E 4580t} 55TAA A2 A7
1, 3, 5 2 7%, 60CelA+= 1, 2, 3 ¥ 43, 65CAA= 10, 20, 30, 40 %
502tk Zhzte] oA Aeg Atds ARA IAZE XA F
E71E ol W S, AE 5 mm 27|19 7ol 5 ecmt4oe® W EFods=
A7 W ol 0.0+05C A-2AFare] R#sHA o ZApe] ARSI
AFIAAL Al FHIe AW BAFFE 5WY HiHd IgsiA  Sde=
HAgeon gxame dAgsA 4 AMRE ARl
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kol Aol A" dAxAAAN AdE AAE 5 ol ARstdA F2
of HHlE ZAMSFATE 77t 40, 45, 50, 55, 60, 65C+1= FAH= &
S g A= A% 60
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2) B8] A=

Abbel  mIE F¥E 15ecmx  15cmx  1.5cmEZ Awd  Al¥E Texture
Analyzer(TA-10, Stable Micro Systems Ltd)® ®233dth 4 748 25
mm/s2] £EN o, probe= 3mm 272 stainless steel probe, Load cell
25kgol Atk #3 o] AEE first bited) maximum peak¢l hardness® e
t}.

3) Fitst = =4
Abatel w3t us 2@ 5, 35 50g, ¥ 15gel wigrESs  7hete]

Blender(Jam-505, A|$¢-A2h &2 35S 18, #HyE= 28L&

A

L
rot
4
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rlo
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Y

o} o]= oAl 0.45me] syringe filter= o] #sto] SFHAZE ARG @4ts)
A= A& 20000 0.5mM-DPPH 1mlS 7}ste] 10%3F A esta, 1083

Fol 517nmel A FHEE S,

rE

olo

4) At 2531 339 €] Free phenol¥t & #4]

Abatel 53t s #Eg w, AS 50g, #¥] 15gel HEES 7heto]
Blender (Jam-505, Al-¢-AAhH)= 3§ 13, B9 284 = £38 5, 2004
12412 &3k 7H7zF 250mlat 100mlZ A -83F%) Whatman No.l.o2 o 33}
t} ol= thA] 0.45ume] syringe filter® o] ¥&lo] Z=AA T2 ALE3Fh Free
phenole] & EALS AFE  100wE  HEE 900wz FHAI  H,
Folin-Ciocalteu’s &< 500u0, 20% NaxCO; &< 25mE &3tsto] AR5t

dzoll Al 204 WA g F 735mel Al R EE SA s

5 A #5773 9] Bound phenold & 4]

Abate] g3 FulE 2Ele F, 35 50g, ] 15gel 1%HCl-H & &S 7hsto]
Blender (Jam-505, A|-¢-A2H= 252 11, #3 &= 2845 43 7, 82T oA
gFFEsa 2tz 250mlz 100ml2 4-&3te] Whatman No.l.o.2 of3}3} it
o]&= ©A]l 045mme] syringe filter® o35t SAHARE AFE3FA T Bound



phenol®] dF E& Azm 100E 1%HCI-WEHS 900ul= 3A3gk o,
Folin-Ciocalteu’s &< 50010, 20% Na;CO3; & 25mE &5tsle] YAl

FeelA 20 A H, 730melA FHE=E FA3ATH

Ax ol w2 Abzte] Hg e pH 2 7484 udE T HiE =48
EAANRE dRE S48 3 yvA A HHES mixer (Jam-505,

q
AFADE A F AIFS A e APAEE AR 10 gS
=

SHSF 20g o2 343 o 01 N NaOHZ 7}ste] pH 8271 € w7}~
2HlE &S malic acid= $A4bete] YERUQITE 78R Y E e =24
g =A (PR-32, Atago Co. Japan)® =7%3}e] °Brix® uYeEMHRAL, pHE pH

meter(MP-220, Metler Toledo Co., Switzerland)® =333 +=d, 2 359

33 W 2479 FEgez Jeuh

Fus
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N
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2. AA el whe el
hoAGAE B AR
AAste axe @
FANIE o 4749

A5 FAd MAL WaE wosle %ol e
Ae Y GATEANA Y] Agatao

the FAG F 4T AR HEo)
gese W G4t A 9L 2199
of AFESTE A7LE ALske] 7ol
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, 30 min A 3}°] heat treatment 3+ F

Baha s Agel Abgstelh

AN FYskel gt AnE

slicedlo] AlZbA= W3 F WE B

rL O

O 7|54 % #4S

dA g sk Atate] o 1A 754 &2 5 total phenolic compound, &4FsHE,
ACE Aslsd, ofdid &7 585 543817 gk 5942 Fig. 3-1-1%
2 o s Azxzete] APl AESHATH

Apple (10 g)

l
Ground in a blender with 30 mL of 80% ethanol for 10 min
l
Shaking at room temperature for 12 hr
l
Centrifuge at 5000 rpm for 10 min

l

Supernatant
l

Shaking with 30 mL of hexane for 3 times

l

Ethanol layer
l

Concentrated to 5.5 mL

Fig. 3-1-1. Extraction of phenolic compounds from apple.

O Total phenolic compounds

Total phenolic compounde Fig. 3-1-19] Wel| o AxH At F==9 100
pLol Z7F<4 900 pL, 2 N Folin-Ciocalteau reagent 500 pL, 20% Na:COz 2.5
mLE Yo & F A4 EHste] dS AN vs 25TolA 2083t
incubationA] 21 ¥ 735 nmolA §FE=E SAHSA

O Fitste =4
Fig. 3-1-19] #el] o9& Alzxzd A} FF9 200 pLet 100 mM Tris-HCI

oo



buffer (pH 7.4) 800 pLE &3 T 05 mM 1,1-diphenyl-2-picrylhydrazyl
(DPPH) 1 mLE %o #HF H%7F 025 mMo] HEE 3l o] nkgds
vortexing A7l b Aol A 207 AAAZL £ 517 nmoll A &3 =5 SAS

Atk

O Angiotensin I -converting enzyme (ACE) A3} 534
ACE #3242 Cushman$} Cheung®] WS Wste] A3t Ata 5

o 50 pwLol 300 mM NaClZ %3 100 mM sodium borate buffer (pH &8.3)
100 pLE ¥& w¥kgole] 718<¢ 5 mM Hippuryl-Histidyl-Leucine 50 pL2 41l
37Co A 10%3F pre-incubation A7l & ACE Z&49 100 pL S o] 37T
A1 30+% 7t incubation A1Zl th& 1 M HCl 200 pLE “o] ®gS

ethyl acetate 2 mLE Yo 15%3%} vortexingdtdth. Vortexingdr S 1,000

off

o,

A7 &

gus

ofy

rpmol Al 5%+ centrifugeff& % ethyl acetate®< 15 mL #H3to] £+ &9

goz 39Alzl & IN NaCl 1 mLE Y3 vortexingdle] 228 nmoll A EFEE

bMWY £ASHL Gray 5o YW ol gatel W@ A3 FH 500

pLet 1 mM NaNO; 1 mLE ¥ wkgde] 0.1 N HCl 88 mLE Yo 37Tl
oH

A 1A HESS A7l & dbg ol 1 mLol 2% acetic acid 4 mLE €o] WgS
FAAIZ & Griess reagent 400 pLE Yol A-2oAl 1583 ®ESAIZ & 520
nmoll A FFE=E F43A0

2) Exefel oF thAbH St FAL

O Atx wis}

AEE F437] 918te] mixerg ol&dte] A FFRE AL 0.IN NaOH

2 %3} HAste] NaOH 20 %2 Apahitoz gababo] yehigleh



=S AgFd o FEldS glucose equivalent® UHE

P,L‘
oo
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AN
o
s
rlo
el

O PAL(phenylalanine ammonia lyase) &4 W3}
A g Alze] PALS WstE dolry] 9t a9 Fig 3-1-29 2&
W o g Axste] Aol AFEEAT

Apple ‘L(IO g)

Ground in 30 mL of 0.5 M Na-phosphate (pH 6.8) containing 15
mM B-mercaptoethanol using a blender

I
Centrifuge at 23,000 Xg for 20 min
!
Supernatant
!
Dialysis against 0.1 M Tris—HCl (pH 8.0)
I
Centrifuge at 23,000 Xg for 20 min
!
Concentration
I

Crude enzymes

Fig. 3-1-2. Preparation of crude enzyme solution from apple.

PALEA S th59 WHES AFEstdt. g4 3 AtdgolA F59 &49 1
mLe] 0.05 M Sodium borate (pH 8) 2mLE 7}% 3 0.01 M phenylalanine 1
mLE ¥o] 37 Tl 3A1F wkeA21 - 6 N HCI 0.1 mLE 7}éte] wg& A
AN AT ol AMAE cinamic acidZ ethyl ether 5 mLE 7}slo] &£33 &
ether layerd] 744 F&& st¥ 2™ 005 M NaOH 4 mLol| £3]3te] 268 nm

o FHES P,

O dAg 7} Aol v A= FEFxAL

o2 7}A] stressFZsloll A 20 49 polyphenoloxidased] &

rlo
olN
)



st A Bt a8BEE dAert AR 43S ZAeAE BII9E A
HE 45T, 30min =<t heat treatment 3+ & Z7A3 thS slicedt i th. Heat
treatment A, 2% (0 hr), 1 hr ¥, 5 day ¥ Hunter valuesE ZA33J 1 Z+
Z}9] samplev}t} cutting 2%, 1 hr %, 3 hr ¥, 6 hr ¥, 24 hr % Hunter

valuesE =743}t

O ¥xg] & A|7to] W& Heat-shock protein 5 wulz vk 3}
« SDS-PAGE
A g gk Aol A Al7ko] wE heat-shock proteinZ H] £33 whulz wlg W3}

= 1] 938te] A3 SDS-PAGEX Laemmli® "ol o} 12.5% running
gel?} 5% stacking gelS #| Z3}e] A A5 o SDS-PAGEE A A3 % sliver
staining 3} t}h. Molecular massS =743}l7] ¢35t bovine n-lactalbumin (14.4
kDa), soybean trypsin inhibitor (20.5 kDa), carbonic anhydrase (30 kDa),
ovalbumin (45 kDa), bovine serum albumin (66 kDa), phosphorylase b (97.4
kDa)g& ZFEARE sho] AAs3lth

« Heat-shock protein®] Western blotting analysis

A= st Alol| A AJFFell wE heat-shock protein®] WIS H7] 9|5
heat-shock protein Fo|A Zo] AFH 1 ™A 7ho| conserved Ho] rta
&7 HSP70el thdk antibodyE TF+H38Fe] ©]& primary antibody® ©]-8 3}
Western blotting analysis® Ham %< Wil wel A|=38At}h 45TCoAA 30%
A gk Aol A e AS Ao whEl Al Zske] WS nitrocellulose
membrane (0.2 pm pore size)9l Bio-Rad Immuno-Blot kite] cassetteE ©]-& 3}
o] transferstit}h. Transfer & Blocking< 5% Bovine serum albumin & ol A]
30 min ¥<¢ AAFY L primary antibody= Monoclonal anti-heat shock
protein 70 (HSP 70) clone BRM-22(Sigma.USA) 1000H] 34 & A& A3}
Secondary antibody+ Anti-mouse IgG (whole molecule) alkaline phosphatase
conjugated (Sigma.USA) 20008 34 &A4S A&tk FAL alkaline
phosphatases ©]€3F NBT/BCIP developing system<= Ab&3to] &<13Fi .



+ [i-1,3-glucanase activity &4

fi-1,3-glucanasex= 2l &°] oe] 2EHA A 2dS F7HA7] = @A
dH AU} [-1,3-glucanase= A=A Wel tist AIAES SIIANATE
o R Wol Aol A F Aol F7HE olfrt EAE
& 2E# 2z 93 [-13-glucanaseZ o] F7FHER7] @A sk @
-1,3-glucanaseZ 4 & A8kt W2 Hame WS wsich dA2 & @

-1,3-glucanase& & 4 2] [-13-glucanase activityS Z43}7] 3 sho 714

i

%

1

m\l

< Jaminarin[l mg/ml in 50 mM sodium acetate (pH 5.2)]& A+&3ldct. 712
£ 05 mlol 49 H7Mske] 37C, 30 min 33 F FEE UGS
W o
H—

Somogyi—Nelson
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= stol Abste] Rsjgat el
#olahs WATY FRE 2ARAT FA AtE B FAE o) G A

< A GOl A% A A (FF FAE 3-43AY Fdste] AsR st

2) -9 MR el

Agael A4EA ATe] HE ARE o] HMELRE JU97FS Bolg)
Atk Aol A Mo Bk 431 4 m 2 Wwe 4 Awsd o

2=
el AR FAh A4S W
E dAugo dgsle] FAAE 7S water agar WA F 1000 HE
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Fig. 3-3-1. Appearance of Fuji apples by heat treatment condition, top, left:
non-treated, top, right: heat treated-sound, bottom, left: slightly browned in
peel, bottom, right: dark browned in peel

Fig. 3-3-2 Magnified peel appearance of Fuji apples.
top: heat treated-sound, bottom: heat treated—dark browned in peel
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Fig. 3-3-3. Peel color of Fuji apples by progress of heat treatment
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Fig. 3-3-4. Texture profile from peel to flesh of Fuji apples by progress of
heat treatment
% Black line: non-treated, blue line: under critical point, red line: upper critical point
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Fig. 3-3-5 Inner views and delta E value of Fuyi apples
* Photo top: apples treated with heat under critical condition, middle and bottom:
apples treated with heat upper critical conditions.

Fig. 3-3-6. Magnified views of flesh of Fuji apples treated with heat.
* A! under critical condition, B; critical condition, C; over critical condition.
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Fig. 3-3-7. Crude cell wall extracted from Fuj apples
*A! under critical condition, B: upper critical condition.
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Fig. 3-3-8. Spectrum of 85% ethanol extract from Fuj apples
* Fresh @ 254mm-1.93 282nm-2.31 325nm-1.72, browned : 253nm-4.93 283nm-2.18 325nm
-1.69).
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JHE 289 tH(Fig. 3-3-1~Fig. 3-3-4).
24 W 0, ¥5x Ag FF 40T, 45T, 50CAA F43] 223 F oA S7t
itk o] F A 7U7A 40T 3AI7F AE ALstaE Y dEHE FA5A
ok Wb 55T, 60T, 65Ce A Ad AFFH A% 74 F744 &8 HY A
HE fA89th dHE7F Abg 224 W) olgd Ao ouE JgFS n A =X
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i

S ZASE A AP HF A R oldale 40T, 45T, 50CAA w4
3] Asstatil A 1933 control, 55C, 60T, 65CHT @e vz Az

ot 55T, 60T, 65C A A% 14FFEH Aegda dsEqvzt A% 7
| #2E A (Fig. 3-3-9~Fig. 3-3-11).
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Fig.3-3-9. Effect of storage Fig.3-3-10. Effect of storage
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Fig. 3-3-11. Changes in ethylene concentration of heated Fuj/ apples during
storage.
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Table 3-3-1. Development of peel browning of Fuji apples during heat
treatment in water

Storage period

Temp. Time After
treatment 2days 4days Tdays 1month
1h - - - - -
. 2h - - - - -
40C
3h - - - - -
4h +++ +4+++ +4+++ +++++ +++++
30min - - - - -
. 60min* - - - - -
45C .
90min ++++ +4+++ +++++ +++++ +++++
120min +++++ +++++ +++++ +++++ +++++
Smin - - - - -
. 15min - - - - -
50C ,
25min* - - - - -
35min - - + +++ ++++
1min - - - - -
. 3min* - - - - -
55T .
S5min - - + + +
Tmin - et Faa— P e+
1minx* - - - - -
2min - - - ++ ++
60C .
3min + + o T T
4min + ++ +++ ++++ ++++
10sec - - - - -
. 20sec* - - - - -
65C
30sec - - - + ++
40sec - - - ++ +++

+ . Degree of peel browning #* : Selected condition for the further experiment



Table 3-3-2. Development of peel browning of Fuj apples during heat
treatment in air

Storage period

Temp. Time
tre?tfttrirent 2 days 4days Tdays
12h - - -
40C 24h - - -
48h - - -
3h - - -
. 6h - - -
45C
Sh + ++ +++ +4+++
12h ++ +4++ +++++ +++++
3h - - - -
6h + + ++ +++
50C
Sh +4++ ++++ ++++ +++++
12h +++++ +4++ +++++ +++++

oAlshe) SR 9 AR wE QA dAe LTy

dto] 7 xR AEE AME Aol AFstdA ¥ FAo WstE XAl
1B FtH(Table 3-3-3~Table 3-3-4).

7t 2moAe] FEAT ] wE QAEAY AFE HE7F ST E 9EHE
BES BT AHEE 0T AgstHA A7t e dAe] dA"E A}
stttk #E A= 11E5E MY 4o lem, 7 25

W oA 7dzE AgstHA @HEFA AAE Y ARt A7)k
wat = ZF xo e gAY AE ta dEEHE S med, A%
67019 F<1 2004 49ol= 40T A% 180E7HA thx9F Blaste] o]z}
glolen 45T, 50C, 55°C, 60°C, 65ClA 2zt 0

A AAl ]t tlzTeke] Apo] b M E A erokth

&
N
S
Az
o
Shs
—_
0)
o8]
Ar



Table 3-3-3. Critical heat treatment conditions of Fuji apples by harvesting
time

(Unit: min)
Temperature Premature Mature Over-mature
40C 200 180 180
45C 70 60 60
50C 50 45 45
55C 8 8 8
60C 4 3 3
65C 1 1 1

Table 3-3-4. Critical heat treatment conditions of Fuji apples by storing
period

(Unit: min)
Temperature Storage period, month

0 1 2 3 6
40C 180 180 180 180 180
45T 60 60 60 60 40
50T 45 45 25 15 5
55T 8 7 3 2 1.33
60T 3 2 1 1 0.5
65T 1 0.83 0.33 0.33 0.1
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Table 3-3-5. Critical heat treatment conditions of Fuji apples by harvesting
year

(Unit: min)
Temperature Experimental date
2003/4 2004/4 2005/
407 180 180 180
45 60 0 .
501 - - )
ot 3 1.33 1
ooc 1 05 0.33
65°C 0.25 01 o

250

200

a
o

Critical time(min)
>
o

o
o

30 40 50 60 70
Heating temperature(TC)

Fig. 3-3-12. Variation of critical conditions by harvesting season and year
and storing period of apple for mild hot water treatment
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Fig. 3-3-13. Range of critical conditions for mild hot water treatment of apple

Maximum: y = 905066e ***™ Minimum: y = 2E+07e “*7™
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Fig. 3-3-14. Changes in weight loss of mild hot water treated Fuj/ apples
during storage.
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Fig. 3-3-15. Changes in respiration rate of mild hot water treated Fujr
apples during storage.
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Fig. 3-3-16. Changes in exogenous ethylene of mild hot water treated Fuj/
apples during storage.
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Fig. 3-3-17. Changes in firmness of mild hot water treated Fuji apples
during storage.
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Fig. 3-3-18. L, a and b values of mild hot water treated
Fuji apple peel on different treatment after 60days.
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Fig. 3-3-19. Changes in degree of browning of mild hot water treated Fuji
apples during storage.
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Fig. 3-3-20. Changes in soluble solids content of mild hot water
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Fig. 3-3-21. Changes in pH of mild hot water treated Fuji apples during
storage.
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Fig. 3-3-22. Changes in titratable acidity of mild hot water treated Fuji
apples during storage.
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Fig. 3-3-23. Changes in electrolyte leakage of mild hot water treated Fuji
apples during storage.
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Fig. 3-3-26. Changes in weight loss of mild hot water treated apples during
storage.
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Fig. 3-3-27. Changes in respiration rate of mild hot water treated apples
during storage.
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Fig. 3-3-28. Changes in ethylene production rate of mild hot water treated
apples during storage.
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Fig. 3-3-29. Changes in soluble solids content, pH and titratable acidity of
mild hot water treated apples during storage.
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Fig. 3-3-30. Changes in degree of browning of mild hot water treated
apples during storage.
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Fig. 3-3-33. Changes in content of bound phenolic compounds of mild hot
water treated apples during storage.

O1D [E30D [E60D

Ascorbic acid (mg/100g)

Con 40C 45C 50C 55C 60C 65T
Treatment

Fig. 3-3-34. Changes in ascorbic acid content of mild hot water treated
apples during storage.
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Fig. 3-3-35. Changes in population of microorganisms of mild hot water
treated apples during storage.
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Table 3-3-6. Critical heat treatment conditions of Tsugaru apples by
harvesting time

(Unit: min)
Treatment 2003/8/ middle 2003/8/end
40T 420
45C 240 180
50C 65 65
55T 9 9
60T 2 1

65T 0.67 0.67
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Fig. 3-3-36. Changes in critical condition for heat treatment of 'Tsugaru
apple by harvesting time
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Fig. 3-3-37. Changes in weight loss of mild hot water treated Tsugaru
apples during storage.
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Fig. 3-3-38. Changes in respiration
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Fig. 3-3-40. Changes in soluble
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Fig. 3-3-39. Changes in ethylene
production rate of mild hot water
treated Tsugaru apple during storage
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Fig. 3-3-43. Changes in degree of
browning of mild hot water treated
Tsugaru apple during storage
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Fig.3-4-3. Changes of angiotensin Fig.3-4-4. Changes of nitrite-
[-converting enzyme (ACE) inhibition scavenging activity of heat—-shock
activity of heat-shock treated apple. treated apple.

«Fuji apple stored for four months was purchased and treated for 30 min at 4
5C. The heat-shock treated apple was stored at 4C before analysis.
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Fig.3-4-5. Changes in the titratable Fig.3-4-6. Changes of free sugar in
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Fig. 3-4-7. Changes of SDS-PAGE of heat-shock treated apple.

Fuji apple stored for four months was purchased and treated for 30 min at 45C.
The heat-shock treated apple was stored at 4C before analysis. Crude proteins
were extracted from heat-shock treated apples. SDS-PAGE of crude proteins
was performed by the method of Laemmli on 12.5% running gel and 5% stacking
gel. The proteins were stained with silver as described elsewhere. Molecular
mass standards are in lane 1 and were composed of phosphorylase b (97.4 kDa),
bovine serium albumin (66 kDa), ovalbumin (45 kDa), carbonic anhydrase (30
kDa), soybean trypsin inhibitor (20.5 kDa), and a-lactalbumin (14.4 kDa).
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Fig. 3-4-8. Changes of PAL activity Fig. 3-4-9. Changes of total phenolic
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Fig. 3-4-10. Changes of Fig.3-4-11. Changes of ACE
antioxidation activity in the inhibition activity in the heat-
heat-treated Tsugaru apples. treated Tsugaru apples

*The fresh Tsugaru apples were heat—treated at 45C for 3 hr, at 45C for 5 hr,
or at 60T for 1 min, respectively. The heat-treated apples were stored at 4T
before analysis.
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Fig.3-4-14. Changes of PAL
activity of heat—treated Fuji apples.
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Fig. 3-4-16. Changes of
antioxidation activity in the
heat-treated Fuji apples.
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Fig. 3-4-15. Changes of total phenolic
compounds in the heat-treated Fuji
apples.
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Fig. 3-4-17. Changes of angiotensin
ACE inhibition activity in the
heat-treated Fuji apples.

* The fresh Fuji apples were heat-treated at 45C for 3 hr, at 45C for 5 hr, or
at 60C for 1 min, respectively. The heat-treated apples were stored at 4T
before analysis.



Nitrite-scavenging activity (%)
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Fig.3-4-18. Changes of nitrite—
scavenging activity in the heat-
treated Fuji apples.
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Fig. 3-4-19. Changes of free sugar
in the heat—treated Fuji apples.
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Table 3-4-1. Hunter color index of sliced apple after heat treatment

before heat treatment after heat treatment (0 hr)
after cutting after cutting
L a b L a b
(0 hr) 70.0841.90 | -0.18+0.84 | 26.83+4.01 (0 hr) 69.51£2.87 | -1.44+1.34 | 24.64£4.06
1 hr 66.54+£3.55 | 1.17£1.47 | 26.39+2.48 1 hr 67.984+2.51 | -1.22+£1.91 | 25.33£2.92
3 hr 64.75%£5.75 | 0.50£1.30 | 26.66+2.32 3 hr 63.88+£3.95 | 0.58+1.70 | 26.95%4.43
6 hr 70.21£1.91 | -0.89+0.46 | 25.24+2.01 6 hr 66.32£8.14 | -0.09£2.44 | 25.14£4.21
24 hr 63.39£6.37 | -0.08+0.92 | 26.44+2.83 24 hr 66.31£2.28 | -1.18+1.22 | 25.58+3.47
after heat treatment (1 hr) after heat treatment (5 day)
after cutting after cutting
L a b L a b
(0 hr) 74.47£2.85 | -2.95+0.74 | 24.01+2.50 (Ohr) 75.9443.31 | -3.631£0.41 | 23.04£4.20
1 hr 67.83£3.87 | -0.18+1.81 | 26.64+3.82 lhr 69.624+3.77 | -0.51£1.47 | 25.16£2.71
3 hr 68.88+2.07 | -0.37+0.93 | 25.35+3.06 3hr 69.11£2.75 | -0.35£1.47 | 25.40£3.92
6 hr 67.82£3.65 | -0.78+0.98 | 25.86+3.30 6hr 68.48+2.84 | -0.82+0.78 | 25.58+2.25
24 hr 68.8843.43 | -1.20+0.82 | 23.81+2.08 24hr 67.2312.87 | -0.42+0.88 | 24.94£2.52

L: brightness, a: red saturation index, b: yellow saturation index

L dA g & Al7ro] & Heat-shock protein 5 oz w3 A3}

1) SDS-PAGE

2E AYA= heat-shocks WO heat-shock proteinsS o= A gt}
AtLE dA e SRS A TRle] vl d@E Fol EAst=TE &6 ¢
gto] FAALIE 45ColA 30 A el dtof AlZtel wE xdwAS FE
SDS-PAGEE F 33t th(Fig. 3-4-20). 1 A% o3dd A Ze A+
FA g Aol ol @ e el Wyt wolxE skrh. o A= e A%
g FAALI e el S A S et 22 AdE BolEd. aYy 2
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70 (HSP 70)e skl A AEE ©]&3te] ®E monoclonal anti-heat
shock protein 70(HSP 70) antibodyZE ©]-83}%] western blotting analysisE %
a wlas] ®okrh HSP 705 ¢ olf&= o] @doe] ofe] Ao ZAA wjg
conserved ¥°] 917] wiiEelth. 1 A3} Fig. 3-4-213 o] HlA 2|39k A g
T EE ok 95 kDa, 35 kDadE9 A oA anti-heat shock protein 70(HSP
70)antibody &} cross-reactst= THEl o] #TEHQITE o] & w2 FExjgo]
70 kDa 917} okyoix v w3 HSP 709 fARde] Jd& dwadd 47}
AL = HSP 70 #afjikEe] obdrh Akt a-id o] & dulde A
Tol= vett=d o] A A E sty Aol AR EE e W ®
dadv7l dAYE flal Ao A4S W TAIAR REs AT 0ol
obdZE Atk F O zlo] ' XA ol Folxef & Flojth. o] W A
o A= &M skA Rt Fig. 3-4-219] lane 4&5 5 €A g ¥ 30, 1

70 kDa F9°l anti-HSP 70 antibody$} cross-reactdl:= & n 3t W=7} Hol:=
bl olzle] AtdelA dA g F A= HSP 709 fAMeE @A g 7k A of
Atk

H

3) B-1,3-glucanase activity
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Fig. 3-4-20. SDS-PAGE of the crude proteins obtained from Fuji apple after
heat treatment at 45C for 30 min.

SDS-PAGE was performed by the method of Laemmli on 12.5% running gel and 5%
stacking gel. The proteins were stained with Comassie brilliant blue as described by
Ham et al. Molecular mass standards are in lane |1 and were composed of
phosphorylase b (97.4 kDa), bovine serium albumin (66 kDa), ovalbumin (45 kDa),
carbonic anhydrase (30 kDa), soybean trypsin inhibitor (20.5 kDa), and w-lactalbumin
(14.4 kDa).

lane 1: prestained protein standard, lane 2: before heat treatment, lane 3: 0 hr after
heat treatment, lane 4: 30 min after heat treatment, lane 5: 1 hr after heat treatment,
lane 6: 5 hr after heat treatment, lane 7: 24 hr after heat treatment, lane 8: 6 days
after heat treatment, lane 9: 13days after heat treatment
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Fig. 3-4-21. Western blotting analysis of crude proteins obtained from Fuji

apple after heat treatment.

Fuji apple was heat-treated at 45°C for 30 min and then proteins were extracted. The
proteins were separated by SDS-PAGE and analyzed using immunoblotting technique
after transferring to nylon membrane (0.2 pm pore size, Bio-Rad Co.) following the
procedures described by Ham et al. The primary antibody used was monoclonal
antibody raised against human heat shock protein 70 (HSP 70) using mouse cell.
Secondary antibody used was alkaline phosphatase-conjugated polyclonal antibody
raised against mouse immunoglobulin G. Both antibodies were purchased from Sigma
Co. (USA).

lane 1: prestained protein standard, lane 2: before heat treatment, lane 3: 0 hr after
heat treatment, lane 4: 30 min after heat treatment, lane 5: 1 hr after heat treatment
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Fig. 3-4-22. Changes of the [i-1,3-glucanase activity in Fuji apple after heat
treatment.

*Fuji apple was heat-treated at 45C for 30 min and then proteins were extracted. The [
-1,3-glucanase activity was determined by the procedures described by Ham et al.
Laminarin was used as substrate and reducing sugar was measured by Somogi-Nelson
method
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Atk A 717 WA ALY A2 g & et A WHElFe o
TS AA wenh Abde] WA T8 AHO
of o3t FEFHo|H I Botrytis cinerea®l| 93 A FFolHo] HiEo] Qo

W st 2 AoE deld o 4uAd v 43 % s Yo wa
A48 9 AES A Zely] AT PPoz AEAel ol L ALAGol
3 5 Aste] Raje] welalt VAR L AFF AoAw 7

24 R e golshe M gE 9
427t 2ol VR D HE Al

S F AREQ AR e Adsdh w14 24 49 2096l
12.6% %

%
L, 22 A 69 20¥ 9= 20%, 3xF FAFel 79 20¥ol = 227% 2 A
Ao wat 7 987 =7 sk (2™ 3-5-1)

Abpiisfo]  HojstE WATS  Penicillium expansum, P. crustosum, P.

l

aurantiogriseum, Penicillium sp., Botrytis cinerea, Botryosphaeria dothidea,
Alternaria sp. S°l¥e™ 1 % Penicillium ¢ 3317} 65~75%°] &3}
53] P. expansum®] 337} 743 AstATHEE 3-5-1, 19 3-5-2).
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O 2xpd % FAL
T8 T A AFFA AR Fo&S 12 AR 59 259 ZAFo A= 20%,
22k A1 69 26U ZAboA = 25% St Fo) WA ES Penicillium spp.7F 6
8~73%, Botrytis cinerea?t 9~12% 2™ 7]} wAEo] 15~23% % THE
3-5-2).
3E 3-5-2. AT AR Fai& B Fafjo] #ojde mAd=E
ZA} -3 S Hof nlAE ] e &(%)
ZAA7] Ab 4 Ab 4 %) — ,
M) M) Penicillium Botrytis 7] e}
5¢ 25¢ 250 51 20.4 68 9 23
6 254 230 57 24.7 73 12 15

19 3-5-3. Penicillium -}

19 3-5-4. Botrytis 9



¥ 3-5-3. Ab} F9 ®Hutel X B2 ¥ Penicillium spp.2] &3&

O

Penicillium
species 12H2AH(5/25) 22} 2 AH(6/25)
P. aurantiogriseum 2 5
P. brevicampactum 4 3
P. crustosum 4 3
P. expansum 18 23
P. solitum 10 8
P. spinulosum 2 3
Total 40 45

3 5 Aby BRujdo]| #old= Penicillium spp.o Edl&S Ao =3
Sy o] WS Aol A P, expansum, P. crustosum, P. brevicamapctum,

L

solitum, P. aurantiogriseum, P. sipcelosum S 6% 2| Penicillium®] &Y

2 U

o, 1 F P. expansum®] $8E& oA TH(E 3-5-3).

Abzkel wje] 48 & AqAFHe] FoJst=  PenicilliumSE f=o A= P
aurantiogriseum, P. brevicamapctum, P. crustosum, P. diversum, P.
expansum, P. funiclosum, P. puberulum, P. rugulosum, P. spinulosum, P.
verrucosum, P. viridicatum 5 11%F0°] H.11% o] 9l o1} (Rosenberger, 1990), ¥
AT E 6Fo] A=HAom P expansumeS A3 52L& FoAE Al

ol M FHze] Halot}

. Atz Bafjo] ol Penicillium® F59F 54
AL Bwjol #eE= Penicillium 2 6%0] RelEith o]F Iyl ®u
¥ AL P expansum®ol® 71E 559 Penicilliume FU HZz = Aba} Fgv]

agkek Ak Fsfol] $efdls 65 Penicillium® w34 54& 7]

o



O Penicillium spinulosum Thom(1¥ 3-5-5)

Bull. Bur. Anim. Ind. US Dep. Agic 118: 76 1910.

a9 3-5-5. Penicillium spinulosum. Colonies on CYA after 7days of
incubation: a) obverse, green; b) reverse, pale brown; c¢) to d) conidiophores and
conida

Wae A e 5T s 2-7 m A7, 37T A
A Stk MEA wijxoll A wtFe] 242 35-50 mmolw, ARl &
i, wAbE Aot #Fe FALS FEERGEHR 2
CYA wiA|el M mth vhe Ao x5 J4si, slue 2 2ot G25N
iAol At F o] A 16-20 molH, WAY S &5 A, wAkE S
AL, #Fo A CYA wiAll A9 vl szabn, side Folth EAAA S stipe
o  phialide’t ¥4 %= monoverticillateE  HAIEH,  stiped A=
100-150%2.5-3 yme]al, £ 2 7| At} phialide= ¥ZF oW stipeol 3-870 &4
i A7)E 7-9x2-3 molth, FAEA = FRYGoE A AL 3-4 m o]t



O Penicillium expansum Link(Z1¥ 3-5-6)

Obs. mycol. 1: 16, 1809

of

after 7days

on CYA

a9 3-5-6. Penicillium expansum. Colonies

incubation: a) obverse, green; b) reverse, yellowsh brown; c¢) to d) conidiophores and

conida
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T terverticillat penicilli® FA ™, A& ATt Stiped FHo] nj
metulaex 12-15x2-3 o] i 5-87§ A =] pialide’7} &4 At} phialide® Y59
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O Penicillium aruantiogriseum  Dierckx(1¥ 3-5-7)

Annls Soc. Sci. Brux. 25 83 1901.

9 3-5-7. Penicillium aurantiogriseum. Colonies on CYA after 7days of
incubation: a) obverse, green; b) reverse, pale yellow; c¢) to d) conidiophores and
conida
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terverticillate B=+= biverticillate penicilis EAI3FH, stipe= 200-400 m= ¥
& AFEY. Ramix 15-23x3-4 mmo]il, metulaex= Zo|7} 10-13 mZE 39
metulae®] 5-871¢] phialides AdstH FEZFo =2 9-10x2-3 molth. EAAER
< 73w A4 3-4 molth

O Penicillium crustosum Thom(1¥ 3-5-8)

Penicillia : 399, 1930

a9 3-5-8. Penicillium crustosum. Colonies on CYA after 7days of
incubation: a) obverse, green; b) reverse, pale; ¢) to d) conidiophores and conida
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a9 3-5-9. Penicillium brevicampactum. Colonies on CYA after 7days of
incubation: a) obverse, green; b) reverse, raddish brown; c¢) to d) conidiophores and
conida
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O Penicillium solitum Westling(ZZ¥ 3-5-10)
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9 3-5-10. Penicillium solitum. Colonies on CYA, 7days, 25C: a) obverse,
green; b) reverse, pale; ¢) to d) conidiophores and conida

45 me) #EE A4S, 3TCANE WS BTk MEA AN FEo
A74e 2530 molv #Fe mwe Wwam, AL fAolw, wEe AL
CYA WAdAe Walm, #&e AWe AR oA 2 e,

G25N wiA oA HF e A2 15-23 mol™ #Fe] A& CYA Hjx]ol A}

terverticillate peniciliE® ®EA3l™, F=2 terverticillate penicilis ¥A3tz FH
2 w1 H Y} metulaets 9EFOE 1 2
9-12x2-25 mmo|t}. BEAXEA+= TRUYO R AMSS A, FHL 3-4 moltt
(% 3-5-4).



3 3-5-4. Morphological and cultural characteristics descriptions of Penicillium species

Length(m)
Soec il NO. of
DECIES Penicillus rami o o Diameter Soluble
Metula Phialide Conidia Exudate Sulcate Reverse .
(mm) pigment

P. spinulosum Mono - 15730x475 7T79x273 374 35748 - + Brown -
P. expansum Ter 1 8712x272.5 8711x273 3 32744 - + Brown Yellow
P. aurantiogriseum Ter 172 12715%3 9710%273 374 30735 Yellow + Orange Brown
P. crustosum Ter 1 10712x272.5 8711x273 374%2.573 35744 Clear + Brown -
P. brevicampactum Ter 172 10715x374 679x3735 374 20725 Clear + Red Red
P. solitum Ter 1 10712x272.5 9712x2725 374 20730 - + Pale -

a

mono: monoverticillate; bi: biverticillate; ter: terverticillate



o} Atol A E& 3 Penicillium spp.2l YA HAA
Abato| A B2 3t Penicillium spp.2 WYX HAAELS AASAEH Penicillium
expansum®  WH4dol M A 1 ©F  Penicillium  spinulosum,
Penicillium  crustosum®  «ol9lew,  Penicillium solitum, Penicillium
aruantiogriseum® WYL ks ATHE 3-5-5).

Attel A o] Penicillium®] WA &4 o2 ZAol yuks A, FA 59
of AR} EAE FASIAHFig 3-5-11). Penicillium®] 93 HAo 5L
AHRH P, expansum-S 9 F-o] €L fio AAWMS HAsta AP
50-60 mn =T HHe] WFE= Ao w SR FA o] EASE LAE
Pt th(Fig 3-5-11). 53] o2 FT3 Aol d2> A H9] 9o W¥urs A}
£ Uet XA e BAAASS FAdste Aoldvk(Fig 3-5-11). P
crustosum< A7 20-40 me S0l T A YElugE Zawurs PAske L,
ALt P expansum BEtF €& Ao ¥AE FAFAHFig 3-5-11).
P. spinulosumd] 23+ Wuke 2 7Ago] 41-45 mm HEolH, §Fo] ZAHuS
PR S FAo xR} FAO V|FHALE AA AR FA AT
(Fig 3-5-11). P. solitume ol w& Wdde] ztol7}b thaFate] 10-
WHES Pt AA, SR wuks JAsta ARt 42 Ao ¥
Zpet @A #AFE A E AT (Fig 3-5-11). P. aurantiogriseumS 27
10-20 mm9] ®WHHS A3, 9% WAL 92 Penicillium® vI37HAZ2 7
Aol Wuks A EHA Zael ~xA ke Axg YWAS eyl

CHFig 3-5-11). 5 AARoln Lo xae w42 G

rEl
=
-z
=2,
rie
i
d
F

N



3 3-5-5. Pathogenicity of Penicillium spp. isolated from decayed fruits of
apples on apple fruits by artificial inoculation

Species Diameter of lesions (mm)*
P. expansum 524 + 287 a
P. crustosum 304 + 1.49 ¢
P. spinulosum 410 £ 1.89 b
P. solitum 212 £ 160 d
P. aruantiogriseum 146 + 257 d

? Measurement was made 7 days after inoculation of conidial suspension. Values in
column according to LSD at P=0.01

19 3-5-11. Pathogenicity of Penicillium spp. in apples. (a) External and
internal fruits symptoms of blue mold. (b) P. expansum. (c) P. crustosum, (d) P.
spinulosum, (e) P. aurantiogriseum, (f) P. solitum. (g) symptom of P. expansum, (h)
P. aurantiogriseum and (i) Penicillium spp.



2. AH 29 Fa mAES AoE 93 dA dAY

7}, F2FFo| W i (Penicillium expansum)® 4528 &3

O 1Ahd %= FA}

P. expansum® A FEAE 40~65Ce A A4 A FollA] AFEE A okt o
A7 Ao AF BWdwe zvEelE AAAT= &9t AT 53] 40~5

0CAHE ZZolM= Azt BAGlol 5 2443 §-2] wolso] 20%(18~

24%) A= vkokom 60CHE &=oAE A Azt wret wol o A& ato] 2t

o7} Aew 5% Ao AAEIArt 7HF Fskvh 2y 55T 66TCHY =

Lo A= ol A E Tt flATHEE 3-5-6).

P. expansum® EAEA A4y @3+ 45T, 20~3% A9k 60C 3%~30
A Frol A= ot &b glolon 45T el A 5, 101 A g F-oll A
Z7]otd Al E37F AT F 45TolA 52, 107 AT 45 2487 F9
wobgo] 9~11%= w9~ wokow Ajzko] A #ghe] uwhel wopgo] Ak 3] H 5
Ro 39 FoxE wolgo] 62~69%= THE AT 7] ol 100%°] H] sk

P

. A Zsto| W i (Botrytis cinerea)? | &3

B. cinerea® #AEAE= A GF A FtolA wopdAl W oAbE ZHIE AR
W, Ay 2% 9 ARl wEh Zpolrb dSlth 40T oA = 240% AP =
A7F ApEE g om 45T 9 50Tl s A AT, BB5TREAAME 3% o4,
0CoA = 2% oI, 65T = 50 oS Agaof xx7F AbEstATHEE
3-5-8).

o



3-5-6. P. expansum EAEAY in vitro S5 A&7t EAF wold m A=
Sk
(e}

of K

EA ol-&(%)

A A2 A2k
14 5 29 ¥ 54 ¥
40C 60 min 18 98 100
120 » 19 100 100
180 » 20 97 100
240 » 21 100 100
45T 30 min 20 100 100
60 » 20 99 100
90 » 22 100 100
120 » 21 99 100
50C 15 min 19 100 -
307 22 100 -
457 21 100 -
60 » 24 100 -
55T 1 min 98 100 -
37 97 100 -
S5 99 100 -
7 98 100 -
97 98 100 -
60C 1 min 98 100 100
27 40 97 100
37 15 65 100
4 - - -
57 0 98 100
65T 10 sec 100 - -
207 100 - -
307 100 - -
40 » 100 - -
50 » 100 - -

o) 100 100 100




# 3-5-7. FEFHFolY
%

ks

(P. expansum)

HAELAS in vitro @A g 7F EApEo}

A Fob-& (%)

A 2] A 2 A2k
14 5 39 5
45C 20 sec 98.3 100
40 sec 97.1 100
1 min 98.0 100
3 min 85.0 100
5 min 10.9 69.3
10 min 9.2 62.4
60C 3 sec 89.2 100
7 sec 90.1 100
10 sec 92.4 100
20 sec 91.7 100
30 sec 90.3 100
A g 95.8 100




¥ 3-5-8. Botrytis cinerea S XA in vitro @5 A7} A} Polof] wx=
B
. . EAF Fol& (%)
A e e 19 2 > 5 &
40°C 60 min 0 65 100
120 » 0 15 60
180 » 0 8 40
240 » 0 0 0
45T 30 min 0 0 0
60 » 0 0 0
90 » 0 0 0
120 » 0 0 0
50C 15 min 0 0 0
30 7 0 0 0
457 0 0 0
60 » 0 0 0
55T 1 min 0 87 100
37 0 0 0
57 0 0 0
7 0 0 0
9 0 0 0
60T 1 min 0 7 40
2 0 0 0
37 0 0 0
4 0 0 0
57 0 0 0
65T 10 sec 78 100 100
20 7 0 0 100
307 0 0 100
40 » 0 0 100
50 7 0 0 0

A 2 100 100 100




3. A deAEd o2 A oy oA g9
b A g A58 9 Penicillium -39 94 &3

O 1Ak FA}

FEHZOIHTE(P. expnasum)e Aol 1 FEFT ¥ 40~60T =% = 9ol A
d A 4 A AgTtelA 271 BH A7 IFHATE 40T I A
of a7t M mRom 53] 40CT-60% A ZH7F 7HE (1™ 3-5-12
3 19 3-5-13)

O 2xd & ZA}

FEF BT (P, expansum)= Aol Q1E HET F 40~60TC2% W9l olA
d Age A A AgFelA 271 # A7 JAA-FHJATH 40T E A
of a7t 7 wokow 53] 40C-60% A st 7Hg FeH(®E 3-5-9, 1
@ 3-5-14~719 3-5-16).

O 3abd® A}

FEFFOlP. expansum)< Aol JAEFHET F 45T 60CAA d+ A=
B AAg e 27 AR JAAHA Y 53] 45TelA 5%, 10+
Ak A 2HelAd g3t 7HE =gk 5 45T elA 5%, 108 A B¢
7Y Foll = FajEo] 7T~10%° EHsATHIE 3-5-10% 19 3-5-17).

E3D E7D @—O10D

Decay rate(%)

1 2 3 4 5 6 7 8 9 10 M
Treatment

29 3-5-12. FEwFol W (Penicillium)s EHEE Aol ZhE A4 A
73}

1; control, 2;40C-60min, 3; 40C-120min, 4; 40C-180min, 55 40T-240min, 6; 45T
—-60min, 7; 45°C-120min, 8; 50C -30min, 9; 50C -60min, 10; 55C -9min, 11; 60C-5min



a9 3-5-13. E4 A gk AR Penicillium 534 A E A, FH2]; BA40T

60+ A 1)

3ol ¥ (P. expansum)©l

RS g ARt ol £ (%)
2% (C) A ZHE) d5 445 8d§

40 60 0 0 10
120 0 10 45

45 60 0 20 90
120 11 23 100

50 30 0 27 95
60 0 35 100

55 9 0 42 100
60 5 0 50 100
=34 36 55 100




Fig 3-5-14. AF A2 Penicillium H3 A &3A, ¥4z B, 40T,
60+ 1)

Fig 3-5-15. A}%} 5489 Penicillium 53 A &3A, $432; B, 40C,
120831 2])



Fig 3-5-16. AF A2 Penicillium F3 A &3HA, T4z B, 45T,
6021 2)

==

3-5-10. F2FFo|HF(P. expansum)d ZAH Alzle] A8 a7

34 % 74 %
drer AN
WA A () FAE(%) WA A )  FHE(%)
45T 20 sec 3.9 40.0 24.3 86.7
40 sec 7.8 83.3 30.1 96.7
1 min 4.9 40.0 20.2 6.7
3 min 0.9 10.0 175 66.7
5 min 0 0 0.5 6.7
10 min 0.3 3.3 11 10.0
60C 3 sec 2.9 30.0 131 50.0
7 sec 6.9 66.7 24.7 76.7
10 sec 3.7 40.0 152 53.3
20 sec 1.8 26.7 174 70.0
30 sec 7.4 70.0 27.0 83.3

2 9.8 100 37.2 100




Y 3-5-17. At A8 Y Penicillium 53 A &3HA, 45C, 58 g; B,
F249)

. A} A=A 8 9] Botrytis F-o¥ oA &3

O 1xF2AH2004)
A g ol Wt (Botrytis cinerea)ol A E AlZte] daxE] a5 2AEAH
v deEA e 8le FalE SXAHT 40T deAgodAnt 2713A ] ofzt
AAHNE ¥ 7IeE A Aol Fa&o] FrstA = ol Abde

[e=]
=
FAE 7y FAol A3 B. cinerea®l At e FX1AE dEU= Aot

L

O

A ggolyytol AdE AHLE 45T 60T ol #H2 A A &
i oA &35 ZASIE W 45T Aol A Z7] wW JA a3 AL,
E3] 45TCoA 58 ~102 Hg3 45 713 237 =9k 28y 60T Al



=
it
q
—_
—_
=
NE
i
ofd
°
ok
£
&
Q

3 .
Q

R

X

SS
=2

Hdd Aol deAe 2

a4 1 2 AL F9)&(%)
S=(T) A ZH(E) 24 % 445 8L F
40 60 15 50 100
120 30 60 100
45 60 32 80 100
120 35 85 100
50 30 40 100 100
60 55 100 100
55 9 50 100 100
60 5 55 100 100
F-A 2 25 55 100
¥ 3-5-12. AL FFo) Wit (Botrytis cineriea)dl 7+gH Aty =38 &
59 79 ¥
dyes RE Rk
&%) BWHAZ@n FHE(%) HekE A ()
45C 20 sec 60 5.9 90 174
40 sec 67 1.6 50 59
1 min 80 9.2 93 199
3 min 40 2.3 93 25.7
5 min 53 1.5 60 6.4
10 min 27 1.2 43 3.8
60C 3 sec 100 21.9 100 40.2
7 sec 100 16.3 100 38.0
10 sec 97 13.3 97 30.0
20 sec 83 18.8 83 30.1
30 sec 83 21.8 100 41.2

42 100 216 100 43.2




= 40Tl

[e)
eKs

}

2] &l

W7} gt (29 3-5-18).

]

o
T dF x

}

3
s

AP AT YN S (B, dothidia) e 13 HE

B2

Al 2408 A7l o} 45Tl A 608 AT

E3D ME7D ©O10D

120

100

o o o o o

@ © < 8V
(%)eiel Aeoes(

9 10 11

8

Treatment

gy oA 5

=]
=

pul

sk A 3 e] B. dothidia
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=
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vl 7ol A

32

2003. 7. 18
Fsick. 4970

8.2%

[

2 Z2A}

H
=

23}

2003. 6. 12
20.4%

A Z A}
8.2%

5

2003. 5. 11

3-5-13. A Aol A
7zt

A& (%)

O 29zt A}
1A 5ol A T4

AL

o R
T AF
1l
Ll
a MNE
S W
B o
o]
K
R
&
ol
i

o
mr
rh
=
el
N
R
el =
Uo

T

il

e

Hlo
i
o))
£}
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B
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=
T <
do W
T
e IO

5

2004. 7. 16
17.6+4.7%

47

2004. 6. 18
24.1+5.3%

2004. 5. 14
13.5+£8.6%

27

2004. 4. 16
14.3+5.2%

2004. 3. 12
13.5+3.1%

3-5-14).
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5. Abake] A Aol o% sl AbE AE

7h Sofel AEE

O 19xF =A}

SANE HES ALY dFAEle A 40T AHue=E AQstal 45T =
ExddAe AAste Al So7t SAU "eolAle @3S Fdien, 4
0Ce] dFAgelA 123 AAE P& AFode oF 20%64 = AEES BIo
U 4BTCoAAE AEsts MAE Fots F gt =8 4HTole 2xdAs
BE o7t 25 AMgErth wheba] 45TCel A 18 oS Aok AFanrt
Agol A=At T3 dFABAHAA Al By HA] w9 2R
ol gk S o] A% tAl 2=k e GAehA BT 3-5-15).

¥ 3-5-15. €AY 59 HgGA e wE oo AEE

A= A g Azt A5 AEE(%)
40°C 1 min 23.3
3 min 6.7
5 min 6.7
10 min 6.7
30 min 0.0
45C 1 min 0.0
3 min 0.0
5 min 0.0
10 min 0.0
50C 1 min 0.0
3 min 0.0
5 min 0.0
10 min 0.0
55T 10 sec 0.0
1 min 0.0
60T 10 sec 0.0

65C 10 sec 0.0




O 2z ZA}
drAee & oo WEES A7) fste] SolE A% Fol dAvisiar
AT Abpel ZF 50mbE] A 1A o2 HES T 1AIRbEE AFsE Vv

¢

o Zp7he] 2%(40, 43, 45, 50, 53, 55, 60, 63, 65TC)ell e =ol 747 13, 3
i, 5, 104, 30:E(B5T olFolA e 102 F7hHhe 97k AW o §of9

T A SNE AR A D5A e AP 0T AULEE A9lsn 43C0]

o) eEzAGAE FASE SA St FAL WelAE A4S FAg
o, 40T AFANA 187 A WS Aol oF 2R AEES

H
2
X

Baou 43TolM = 38%= A&l F7hekdeh. 2=y 45T e =
b RS Abgsk T whebA 45TelA 1% oS APaof AFR

S IS = S B R R - B i e e s B B o i o R s e R R ol B

FE "ol quzt Sofel 49 vl 2evel= g FekA etk 3-5-16).

O 3Wdxaf xA}

13, 23] Az g wHor SolE HEd AlRE I A Ay
45T 20%&~10+, 60T 202 ~1029] AA g F3rel A Sof7t 7 Hoj o=
A HE F AEE 0%E YERNATHGE 3-5-17).

+

Az AEg

O 19} A}

ool W vV R AUES HESd A dFAL] A4S el AS
ol 40T AHYeEE Asta 45Co) e LuzAdME 0% Y=<

ERiom, 40T A5A A 308 o3 Aeeok 50% ool ARES #

N

;

ol

S

skt AEAAANA AAaIt B, BALRToRRE WoAzh
AR A v REgE ek etk webd] Abvhe] FEAle] ol
= Solh AR FS AEATEHE BTN 123 AFAAL 47
g Aoz AtsE (3 3-5-18).



# 3-5-16. A YA 2=k ARt ©mE Sojo] BEE
el A2 A ZE AT AEE(%)
40C 1 min 22.0
3 min 8.0
5 min 6.0
10 min 6.0
30 min 0.0
43C 1 min 38.0
3 min 30.0
5 min 16.0
10 min 2.0
45T 1 min 0.0
3 min 0.0
5 min 0.0
10 min 0.0
50C 1 min 0.0
3 min 0.0
5 min 0.0
10 min 0.0
53T 1 min 0.0
3 min 0.0
5 min 0.0
10 min 0.0
55T 10 sec 0.0
1 min 0.0
60T 10 sec 0.0
63T 10 sec 0.0

65T 10 sec 0.0




E 3517, 95 Aol e (ke ANH PF)S L % YF YES

N

ofy

Ae F AEE(%)

A= S E s " .
45C 20 sec 0 0
40 sec 0 0
1 min 0 0
3 min 0 0
5 min 0 0
10 min 0 0
60°C 20 sec 0 0
40 sec 0 0
1 min 0 0
3 min 0 0
5 min 0 0
10 min 0 0




O 29zt A}

oo ARy 43 wyor WuES JF AMAE EAY s
a5 Sofel Aok 2ol 40Tek 43Tl A3 AL Ale|dtars 45T )]
TR E 0% AEES HEH oW, 40T ZFodAs dFAA 308
olFE AgeloF 50% ol’del AMgES AUt EeA AN AL 29
g omA, AR RoezRy Wol4ut AnEe] 49 v REddE 43
A spgrd. meba Abghel 43l Rele ol AR 4ES APEA)
U= 45TolA 123 A7t Add Aow ARET(E 3-5-19)
F 3-5-18. A Al 2ok A A el mE Yz AEE
el A 2] Al 7t A F AEE(%)

40T 1 min 87.5

3 min 91.0

5 min 90.4

10 min 70.7

30 min 435

45T 1 min 0.0

3 min 0.0

5 min 0.0

10 min 0.0

50T 1 min 0.0

3 min 0.0

5 min 0.0

10 min 0.0

55T 10 sec 0.0

1 min 0.0

60T 10 sec 0.0

65T 10 sec 0.0




F 3-5-19. dFAYA 2=k AP ARt e WulEe] AEE
A e A2 A ZE e 5 BEE(%)
40C 1 min 86.0
3 min 88.0
5 min 86.0
10 min 74.0
30 min 46.0
43T 1 min 74.0
3 min 66.0
5 min 42.0
10 min 26.0
45T 1 min 0.0
3 min 0.0
5 min 0.0
10 min 0.0
50T 1 min 0.0
3 min 0.0
5 min 0.0
10 min 0.0
53T 1 min 0.0
3 min 0.0
5 min 0.0
10 min 0.0
55T 10 sec 0.0
1 min 0.0
60C 10 sec 0.0
60T 10 sec 0.0

65C 10 sec 0.0




O 3dxk FA}
3dal 2AF A= & 200049 Zo] 45T, 60Ce AA g F7holl A AE A=
o] AEE] 0%ATH(FE 3-5-20).
E 3-5-20. €5 AHYA 2=k AHgAtl W G E AT AEE
A ew AN A 2%:%(%)
45C 20 sec 0
40 sec 0
1 min 0
3 min 0
5 min 0
10 min 0
60C 20 sec 0
40 sec 0
1 min 0
3 min 0
5 min 0
10 min 0
O SR 3 AEEEAA 24D
S 578 BE A% 24 A9 4% 45C, 600 B A ToIA
Zo] AEELS 0%ATHE 3-5-21).



S O o o o O

Ae) T AE(%)

A 2] Al 7k
20 sec
40 sec
1 min
3 min
5 min
10 min

QA A SEsh Ae Azl e 5

A2
45C

3-5-21.
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B71F BHOoR FelE Abvbel AT F Ao 2ol Bl mfele el ¥
of T AR AFANAlE EAFSRIG 1 An Ak A el 44 0TR

Ag s w= 223 ol Ao 2t e, dAz 19 o] AY=
FAEe] B9 AEEo] 194%=2 UEEY] diel F5o] A dart gl
oowebd Az A Hofrt = 7HA7F At

$
o A% Ay UNNE A
o]

A7 AP oF st Aol ATH(E 3-5-23).

rr

glo] WHow oS Aol HEFI F 40, 43, 45, 50 55CEA] =gt
of Yol Fa Azhd AMGNASFE 2AEIAT. 1 Ay g AxA
A 40CE AUPL w= 247 ol Ashor ail Agler, AR 19
G AEL0) 194%2 LEbky] fite] 25| A¢
Fark ek weA dx Ao Ae HAT 244302 Agsford A A
A7b Abgatel FAIZE el sho st olel ol UTHE 3-5-24).

L
o
o,
N
L)
rir
—n
N
L)
1o,
ol
—o
k

F 3-5-23. AEATA ZEof AgAgte] mE ool HEE

A% A 2 Al 2k AT BEE(%)
40C 1 hr 80.0
2 hr 75.5
1 day 1.2
45T 1 hr 69.1
2 hr 38.3
1 day 0.0
50C 1 hr. 8.3
2 hr 6.7

1 day 0.0




#F 3-5-24. AxAYA =9 AARte M Sofo] BEE
A e A2 A ZE A Y=L (%)
40C 1 hr 86.0
2 hr 84.0
4 hr 76.0
8 hr 26.0
1 day 10.0
43C 1 hr 74.0
2 hr 80.0
4 hr 54.0
8 hr 12.0
1 day 0.0
45C 1 hr 66.0
2 hr 50.0
4 hr 8.0
8 hr 0.0
1 day 0.0
50C 1 hr 4.0
2 hr 6.0
4 hr 2.0
8 hr 0.0
1 day 0.0
55C 1 hr 6.0
2 hr 0.0
4 hr 0.0
8 hr 0.0

1 day 0.0




=
Sigel A9, 0T AdAE 247 oL Azslol wr} A
Col Ago Selsht Tel 1002 AelHE 80%HES] ARES BT
g A B RRE oAUt F 497 dRReldd. AxALY 4
e Sen Fejo] oA, AXF Fo Jadelt §& Aow

tH(E 3-5-25).

2

Sz Aol HF 5 1A ARAIZES 3140, 43, 45, 50 55T A A=
12l 174 Ao A= 2413t o] dE A s
oF 37F e, 45T 9 Ag-ol= Solisks 2 1Ak Agsie 80%4 =
of AMgES B I A a2 RE "o urt = A57F ol

o AxAde s ST stds o] "WolA, ARF o Asfdd=
3]

T 3505 AxALA LEe Az Aol WE o] AEE

el A 2 A ZE A5 AEE(%)
40C 1 hr 58.5
2 hr 55.6
1 day 1.2
45C 1 hr 11.0
2 hr 4.0
1 day 0.0
50C 1 hr 0.0
2 hr 0.0

1 day 0.0




3 3-5-26. AxAYA 2= AAte M Sofo] BEE
el A g Azt A5 AEE(%)
40°C 1 hr 62.0
2 hr 58.0
4 hr 54.0
8 hr 28.0
1 day 4.0
43T 1 hr 66.0
2 hr 48.0
4 hr 38.0
8 hr 10.0
1 day 0.0
45T 1 hr 12.0
2 hr 0.0
4 hr 2.0
8 hr 0.0
1 day 0.0
50T 1 hr 0.0
2 hr 0.0
4 hr 0.0
8 hr 0.0
1 day 0.0
55T 1 hr 0.0
2 hr 0.0
4 hr 0.0
8 hr 0.0
1 day 0.0




A6 Abake] Axe gy 2 A & AT

Abdte] dAelE 9 AT R dulAld mEe F20 defee Ay F
[e=]

1L dx g
AAe] WPATE AR A AuiAle] G2 Avte] FL WS 2Aste] A
g eE W A wE FL A5EES dAY F gl we Fo g
2 s 94 A A vl mE FS ASEE vas oo duAz
o2y 38 A8adn AR LR U Aztd B EL 4 SERAR 95
40T, 45T, 50°C, 55C, 60T, 65CE HAgatga ZHAE ol 449 2
exdAel AN, DEANE T, 45T Aeaden Fdo
WoEeo A7 AYemd £U¥ wq A F 2 vhx YA o
A2l F Wzl mE Al Feo WALE nug sdeke 24 a4 AR
@ A%e] s 2T W4 w7l BASEA Lxo MEE zAsh A
el dxel @ Axel ¥ W A A FLL 39 ol Ao FHFY
of At A, 14 F 2459=d 1 Ao Fig, 3-6-1~Fig. 3-6-63 2
o exel A% 2 ek Ad g 2 AoE wel BolA s @ W7k
Aol VR A i WA Aol wlete] WY Hm7h wakrh AL
WE By oby) Wolsh g FARE L AolT MW HYLErt ¥S5E ol
2 Aow Ut olgh 2 AdE AAANAL WY YelAE AgLE F
ge emolAq Azl Aol U)ol Fol Hue] FLd falas] fAH o] 2A
A mask woh FH4E & 9e Ao Bawn @: A AT YA

deo] #AE BlaLstel B Fig. 3-6-7~Fig. 3-6-90 A ¢ o] Aox #7333
& AsE Azl wiejA shekan, Wb kel mebd = A

AR e A7 BAE IAAA® Aol v Wi,
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Fig. 3-6-1. Changes in temperature of apple(A: under peel, B: middle) during
heating in water at 40C and cooling in air(left) and water(right) at 2C.
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Fig. 3-6-2 Changes in temperature of apple(A: under peel, B: middle) during
heating in water at 45C and cooling in air(left) and water(right) at 2C.

60 60
—e—temp.
50
o )
~ ~ 40
[} [}
5 5
© ® 30
@ @
Q Q
£ £ 20
[} [}
= =
10
o B e
0 50 100 150 0 50 100 150
Time (min) Time (min)

Fig. 3-6-3. Changes in temperature of apple(A: under peel, B: middle) during
heating in water at 50C and cooling in air(left) and water(right) at 2C.
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Fig. 3-6-4. Changes in temperature of apple(A: under peel, B: middle) during
heating in water at 55C and cooling in air(left) and water(right) at 2C.
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Fig. 3-6-5. Changes in temperature of apple(A: under peel, B: middle) during
heating in water at 60C and cooling in air(left) and water(right) at 2°C.
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Fig. 3-6-6. Changes in temperature of apple(A: under peel, B: middle) during
heating in water at 65°C and cooling in air(left) and water(right) at 2C.



45 45
40 40
—~ 35 ~ 35
o o
< 30 < 30
_325 225
©
o 20 o 20
[=} [}
E 15 E 15
() [
" 10 T
5 5
o M (o0 o Ml
0 100 200 300 400 500 0 100 200 300 400 500
Time(min) Time(min)

Fig. 3-6-7. Changes in temperature of apple (A: under peel, B: middle) during
heating in air at 40C and cooling in air(left) and water(right) at 2C.
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Fig. 3-6-8. Changes in temperature of apple(A: under peel, B: middle) during
heating in air at 45°C and cooling in air(left) and water (right) at 2C.
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Fig. 3-6-9. Changes in inner temperature (A: Center, B: middle) of cold
stored apple during mlid hot water treatment at 45 C and cooling at
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Fig. 3-6-10. Changes in inner temperature of apple (A: Center, B: middle)
during mild hot water treatment at 40C
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Fig. 3-6-11. Changes in weight loss of apple treated with different heating
methods in water during storage
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Fig. 3-6-12. Changes in browning of degree of apple treated with different
heating methods in water during storage
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Fig. 3-6-13. Effects of water circulation methods for heat treatment on
population of microorganism of apple

Table 3-6-1. Sensory quality of apple treated in mild hot water circulated by
different methods after 30 days

Treatment C;elzlr ’ %Zl;l; ’ Flavor Srvlveeses‘v Sourness  Texture (lezrh t?zﬂ
Control 4.6 ab 59 a 54 a 58 a 35 a 42 a 48 a
Static 3.8 ab 52 a 5.1a 55 a 31 a 46 a 50 a
Circulated 31D 54 a 46 a 56 a 28 a 39 a 45 a
Vibrated 51 a 50 a 52 a 43 a 3.6 a 41 a 49 a

a, b : Superscript letters indicate significant difference at p<0.05 by Duncan’s
multiple comparison.
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Fig. 3-6-14. Changes in inner temperature of apple (A: Center, B: middle)
during different heat treatment at 40C in air
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Fig. 3-6-16. Changes in degree of browning of apple treated with 40C hot
air at different conditions during storage
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Fig. 3-6-17. Population of microorganism of apple treated with 40°C hot air
at different conditions

Table 3-6-2. Sensory quality of apple treated with 40C hot air at different

conditions after 30 days

Treatment C;elzlr ’ %Oet); Flavor 51265657 Sourness Texture C;lei;}l
Control 4.6 ab 6.0 a 54 a 53D 44 a 47 a 4.8 ab
Static 36 b 53 a 58 a 45 b 34 a 39 a 39 b
Circulated 5.6a 58 a 52 a 6.3 a 34 a 47 a 51 a

a, b : Superscript letters indicate significant difference at p<0.05 by Duncan’s
multiple comparison.
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Fig. 3-6-21. Changes in ethylene production rate of apple stored at different
temperature and treated in water at 45C and then cooled at wvarious
conditions during storage
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Fig. 3-6-22. Changes in number of total microorganism of apple stored at
different temperature and treated in water at 45C and then cooled at
various conditions
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Fig. 3-6-26. Changes in firmness of apple stored at different temperature
and treated in water at 45C and then cooled at various conditions during
storage (peel)
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Fig. 3-6-32. Calcium content in flesh of Tsugaru and Fuji apple by calcium
chloride treatment in mild hot water.

6 6
. —0O—Con

_ —0—Con Fuji Heat Tsugaru
= —0—Heat =
o~ =
o —a&—Ca-R.T. o
< —0— Ca-Heat X
o S
o o
E £
* *.
« <
« o«

0 0

0 4 8 12 16 0 4 8 12 16
Storage period (day) Storage period (day)

Fig. 3-6-33. Changes in respiration rate of Tsugaru and Fuji apple by
calcium chloride treatment in mild hot water during storage.
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Fig. 3-6-35. Changes in degree of browning of Tsugaru and Fuji apple by
calcium chloride treatment in mild hot water during storage.
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Fig. 3-6-37. Changes in soluble solids of Tsugaru and Fuji apple by calcium
chloride treatment in mild hot water during storage.
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Table 3-6-3. A ejWRjol] W AHEH ] HFsof AAE

Captan(mg.kg) Tebufenpyrad(mg/kg)
N 2 A A& R AAE
A0 2.15 0 2.05 0

AT 0.19 91.2 1.83 10.7

ZERES) 0.17 92.1 1.78 13.2

A T@D 0.07 96.7 1.61 215

A8 T® 0.07 96.7 1.49 27.3
FhAQl ek A9 A TE xR vt 90% ol de] AAES HA
th IR wEbd AAES B AA2EoE okFAe] v &yt
=9l daAad g EAHS dlo] ZowA I AALS =Y 4 9L
Aoz FeH ek HFAvetol=e] Ao wE AA AT Ao 499
FAFSHAl UEtt = AAS AAl= Aol m XA Eepqdh o= o] F9F A
S §AA Astel qeA AmtERC Rl 9t AFE Al we S48

A7 WEel Ao 2 FAdH Ao (Fig. 3-6-38, Table 3-6-3).
AR A A Al EHA AHEsdd FoFe AARAI FFol Ak

Aol Hlate Eokou B agto R FARSIY Al FHstE A9l HlEhd

AN
4 K

d
NE Stk olE AT s vAE 2 s edwst 48 492 ko
A" 60T AFE 10 kg/em’e] FH& 7hake] 524 RAEAH vb Aol

Aol ghgt FEkA] mdeigi o, gy ge]l=e] A A A E o
67%7+ A FAE A FH 60T DFE 10 kg/em™e] ¢S 7hate] EAb A
Aol ES BAAA APsdd 45 vy-dvgto] =] AAE&LS 83%7HA &
&= A tH(Table 3-6-4).

o
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Table 3-6-4. A 2J¥Rjol] W& ALAFEHEE] HFsof AAS

i Captan(mg./kg) Tebufenpyrad(mg/kg)
A& 2 A A& (%) 7 A A& (%)
Y307 2.43 0 2.52 0
d A 0.01 99.5 0.82 67.3
78H A - 100 0.43 82.8
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3-6-39, Fig. 3-6-40).

Fig. 3-6-39. Filtered residue in waste water used for cleaning of apple
surface
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Fig. 3-6-40. Quality of waste water used for cleaning of apples purchased
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A Aot Belql Al 9o vy 2AE o] &3 AIREA R AHENRE
"l a5 4], Cellite, Zeolite, Baking soda & A1% HZAE o] &3 Aol A&
S ZASF T (Table 3-6-5).
A2 BEAE AMESHA e 219l 749 10, 20, 30%=3F A A
AIZFE R 010, 0.14, 0199 AH =S B AT CelliteS AFE3F Al H o A= 2 g
10%0] 7t HEoA 024-0.329) AHAEE BAT, B% 5%Hg 30%d 0.439]
AHEZS Bk whd, Zeolite®] 749 3% F% A 20%0] 0512 =2 AlH
L5 Rt} Sodium bicarbonatex 2] 9] ¢ 5% %L 30% Azl 0522 M3

s
fl
s
&
N

E

N

O A2t Al A B 5t

Z
2
g 2A2E o] &3 AHA U =2 AZHEE UENWE zeoliteA

S
Q

HE Ald REAE o] &3 HElolA zeolite A& Fd59 350
AAEES Bk AAHSFH 23)8 &d G5 g 4
AAEE B HTable 3-6-6).

O @At AHREAE o] &3 g A Atake] nAE -

Aele] a&S Hulstsly] ste], 9o A vdE Ao A7 =A e

A zeolite#] 2l oF DA, AAdAe, Bl AgE &3 A o1 aaE =

AbSERE v Fa Alo] SHoM e dgizeoliter LTt AFA ] 7E vl
T3 a3E welow, wFolAlel SHddM s A A g+t Th HlalA

THARI Ao w ey tH(Table 3-6-7, Fig. 3-6-43).



Table 3-6-5. Effects of type of insoluble material and concentration in
pressured water on degree of cleaning of apple

Treatment Concentration(%) Timetsec)
0 10 20 30
Water 0 0.10 0.14 0.19
1 0 0.32 0.41 0.41
Celite 3 0 0.24 0.30 0.40
5 0 0.27 0.43 0.43
1 0 0.26 0.29 0.33
Zeolite 3 0 0.23 0.51 0.50
5 0 0.50 0.51 0.55
1 0 0.20 0.27 0.33
Sodium bicarbonate 3 0 0.40 0.46 0.49
5 0 0.36 0.48 0.52

Table 3-6-6. Effects of cleaning treatment on population of microorganism in
stem end area of apple

(Unit: Log CFU/ea)

Treatment Total microorganism Mold

Control 4.92+0.63 5.83+0.11
Water 4.49+0.88 5.35+0.00
Pressured water, PW 3.51+0.72 3.46+0.51
Zelolite in PW 2.83+0.49 2.93+0.33
Chlorine 3.14+0.59 4.83+0.22
H202 3.61+0.61 4.04+0.66
Acidic water(pH2.3) 2.78+0.00 4.72+0.32
O3 4.31+0.43 4.79£0.11




Table 3-6-7. Effects of complex cleaning treatment on population of
microorganism in stem end area of apple
(Unit: Log CFU/ea)

Treatment Total microorganism Mold
Control 4.87+0.21 5.52+0.19
Water 4.26+0.12 5.35+0.08
Pressured water, PW 3.75£0.49 3.18£0.15
Zelolite in PW, ZPW 3.53+0.27 3.65£0.23
Acidic water(pH2.3), AW 3.69+0.16 3.91+0.80
Mild hot water, MH 2.75%0.38 3.49+0.22
Brushing, B 3.58+0.13 3.84+0.26
MH+AW 3.86+0.14 3.18+0.20
MH+B+PW 3.25+0.32 3.29+0.45
MH+ZPW 2.65+0.00 3.48+0.56
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Fig. 3-7-1. Schematic of typical unit operation in a mechanized packinghouse
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Immersion system

. Pre- .
— Sorti — re Nam High pressured Surface .
Apple washi ) cooling
ng ng water system drying

Pressured |
. + Low
water+fine |
. ipressured
particle !
1 water
system i

Fig. 3-7-2. Flow sheet of mild hot water treatment system for apple
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Fig. 3-7-4.Experimental apparatus of pressured mild hot water treatment
system for apple
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Fig. 3-7-5. Schematic of pressured mild hot water treatment system for apple
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Fig. 3-7-6. Schematic of conveyor in pressured mild hot water treatment
system for apple
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S oQek ol Ael wwe Abstel BA P BRR LAE LIS A0 9ol
A, 9EAEhE du §4E B FRRIE TPt BAHWel BAlshs
WA, MARAE BAND A5E A9 FIFRAE TP Bl B
WA, A mgade AAE A8 9FE Hde AN TP B
e PAsE a2 A5 vk Ae PHe 448 Awnw agrds
A st ol AW Avbel W5 B Aelshe] mel o BAL 14 AAT
5 42 ugr Addd A zAew 2o LEE 60TOH, Audde
10 kg/em?, A A7He 5xolth ojw Aol 1-3%9] B84 vYiAE @
AA AgEHE Aol ks A ske] dpololth A%He A el el e
AeAe] Eow Ash FEANL Aol ol §F AXAL AT F 9

=42
goz FAEtE =EFS SHSrh ouf 59 BAIRASE AHEYY
3kg/cm® A AIZFS 5xolw o] =71 Aldte] ®W el wak thE A A 83
= Aok Fig. 3-7-7).
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dAe WHS Fotetr] dol HAAGEA 40-50TCelA FF71E o] &3te] 3l
of &4 {FFS Fol7] s ATE tsEA el el o W 1900
9 Mediterranean (Ceratitis capitata Wiedemann)¥ Mexican (Anastrephalu-
dens Loew) ¥d 325 Fole=d AEY 7] Al #E th(Hawkins, 1932; Baker,
1952). L&} ethylene dibromide®t methyl bromide’} A @3+ 31824 EFA=
A& E Y AT A vapor heat#] 2]7F SR E AT 2y A AZRA 7] T FolA = o
TSATE A B el U g vH F glemz 19849 ethylene
dibromide® AF&S FXAIA L 2010 )= methyl bromided AFgo] X &=

=2 methyl bromide £5A & & AL = A= A 71& o] Qs



dddorw »i F£E58 Ao HA g E methyl bromides A&ld 4 Ak
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S Abhe] F-e] otd S WA 4 9tk weEkA methyl bromide &% A €
A + e AY VE2 A sl Al B84 HA oW (Gaffney et
al, 1990) %}t shopof e ofdd] Bl disf] o] vEtelA FdHom o
Al 7)ol o] &% i JtH(Paull, 1994).
HT g Hs =y A Qi sFHAE A FHA AT
S71A4E, 7tEE71E ol &dte EAY 2 dFE o] &3dh= dAE UH
of §& A7t APH vt HF L WAEAAE AT A & 2 U
Bol wpet chekatAl A& ojogtel wet AAEE =it dele

o]
HEo] gt} dAA W IdEA YA AHL A R 7Y AHEE HYste] o
N o)

il
Py
rlo

flo

mr om

=
o2 = Zh wiAel wE AEvle] dAde vaste Bul vleie =
7ol #5715 ol&shs Wl AEHAAT das ¥ 4 dEHET e

A Gop Aol FAjzte]l A8 E= diol vk THEETIE ol &ots WA A

O Mu)l= vlwEd 7has FHo

- ARG TR a4

X0
XN,
=
Wi
o ™
>,
)
o
wW
%
N
[@))
(@)
1o
rlo

dE Aol 2= Aol AnR

2h=3

dFAAAE = B A ERE F37IY 43R o 294 48 dAYAZ
T Ao A



r%o
m
r 4
_YH
_}L
oko
&
215
_EL
ruﬂ
to
L
oﬂ
[‘:1J
é
mlru
n%
é
_i
oko
215
_&
_>4|_vl
_ﬂi
1:op
_ﬂ
mlm
HF

m&

m4>

;2

rlr

= 7Fset vl A8 A]zke] #b= Aot (Table 3-7-1, Table 3-7-2).

Table 3-7-1. Estimated cost of postharvest alternatives for quarantine

treatment of apple Unit: US$/ton
Gamma Gamma
Treatment Methyl Irradiation Irradiation Controlled Cold storage
bromide (processor atmosphere
(port owner)
owner)
Apple 32.01 60.47 130.00 39.12 29.74

Table 3-7-2. General comparison of quarantine disinfestation treatments

Cost Effectiveness Tolerance of
Treatment Compe— on quarantine | Logistics host Residues
titiveness pest commodities
Irradiation, 1) Good Excellent Fair Very Good Nil
Vapour Heat Fair lf\l/ilél;nly fruit Fair Good Nil
Hot Air Fair | Mainly fruit Far | Good Nil
Hot Water Good | Mainly fruit Good | Good Nil
Cold Air, 2) Poor Good Good Fair Nil
Fumigation, 3) Good Good Very Good | Very Goods Yes

1): Only method available for mango seed weevil
2): Not applicable to many fruits
3): Depending on fumigant used
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(45C-157) x 2,210kg = 66,300 Kcal
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(Akhe] F2 15T, @AE Al F& 25 1T Wel, A7 §F A% A F2 A
3k 1T W], w7 HAF2:= 2T, Akt vlE 090)

(15C-2C) x 1,000kg x 09 = 11,700 Kcal

—meted A oux + WzkA Ele]u == 78000 Keal

Table 3-7-3. Energy and water needed for heat treatment of 1 tone of
apples

Treatment Dipping in mild hot | Spraying of pressured | Spraying of pressured
water mild hot water mild hot water with
insoluble particles

Energy,

155,700 78,900 78,000
Kcal

Water, ton 3 2.21 4.42
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7F 7HE v ge eI 7HEA ¥ E SEe A HE HA €S Ae
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gh AA dAe Hao F3hA

AskE Y 2 Lol WER HCelA FA AAS A Be B} FyEs
0396901 93 ol & e Wl ol F3} Al 9743%2 ZFrhekgom, Aketol

g ebS Aeg o= 99.32%7H 4] S 7Fsk vk (Table 3-7-5).

T3k Ao wE wAE WstE BY Ao #HFolMe Tt 217 log

CFU ©]AaL o] #HgE EeFol S4AZS wel= 201 log CFURE tha A

ston, ZFAe g Alel= 1.83 log CFU, microfiltration Alol= 1.67 log

CFU=R A8ttt o] Bxe] 42 2§59 Ankald(GEEgd wiA] WA
3 T e TAATS etk 1 mL/%F 100CFUE A

3-7-6).

Table 3-7-4. Characteristics of waste water after immersion heat treatment of
apples

Sample Transmittance ~ Non-soluble micr(;l(;?tgaa{nism Mold
(%) solid (log CFU) (log CFU)
A 93.96 0.00176 217 2.02
B 93.41 0.00965 2.36 1.80
C 92.75 0.01648 2.21 2.19

WA 97.01 0.00188 2.86 211




Table 3-7-5. Transmittance of waste water used for heat treatment of apples
by mediums for clarification

.. . Active carbon | Micrifiltration
Treatment Initial Sand, fine 100 mesh 045 /m
Transmittance(%5) 93.96 97.43 99.32 100

Table 3-7-6. Effect of mediums for clarification on total microbial count of
waste water used for heat treatment of apples

Treatment Total microorganism(log CFU/m{)
Non-treated 2.17
Sand. fine 2.01
Active carbon, 100mesh 1.83
Micrifiltration 0.45 1.67

nhoastd g A #Hge] 54 8 AskA g

Atatel wAE 9 s FAlolE S A" W T a2 d5AE Al(High
Temperature Short Time Treatmnet, HTST) Al#S d A7 L2
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Table 3-7-7. Transmittance of waste water used for heat treatment of apples
by mediums for clarification

.\ . Active carbon Microfilter
Treatment Initial Sand, fine
100 mesh 0.45 um
Transmittance(%) 84.72 95.32 98.25 100

Table 3-6-8. Effect of mediums for clarification on total microbial count of
waste water used for heat treatment of apples

Treatment Total microbial count(log CFU/m{)
Non-treated 2.32
Sand. fine 2.38
Active carbon, 100mesh 2.12
Microfilter 0.45 1.98

¥} T AolE  Holx] Rtom, AR AP Ade 212 log CFU,
microfiltration Ao+ 1.98 log CFUZE 7438} tH(Table 3-6-8).
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FIRST WRITTEN SUBMISSION

INTRODUCTION

1. On December 10, 2003, the Dispute Settlement Body (“DSB”) adopted its
recommendations and rulings in Japan - Measures Affecting the Importation of Apples. The
DSB found that Japan’s phytosanitary measure on imported U.S. apples was inconsistent with
Articles 2.2 and 5.1 of the Agreement on the Application of Sanitary and Phytosanitary
Measures (“SPS Agreement”). Central to these findings were two sets of conclusions about the
scientific evidence. The first set of conclusions is that the scientific evidence does not establish

that mature, symptomless apple fruit:

a) will be infected by fire blight;

b) harbor endophytic populations of the fire blight-causing bacteria, Erwinia
amylovora; or

c) harbor epiphytic populations of bacteria capable of transmitting fire blight.

2. The second set of conclusions is that the scientific evidence does not establish that apple
fruit — whether mature or immature — would serve as a means or pathway of introduction of fire
blight to a fire blight-free area.

3. Although the reasonable period of time for Japan to comply with its obligations expired
on June 30, 2004, Japan has not brought its phytosanitary measure into conformity with the
DSB’s recommendations and rulings. To the contrary, Japan issued a set of phytosanitary
measures remarkably similar to the elements of its previous WTO-inconsistent apple import
regime. To address Japan’s continuing breach of its SPS Agreement obligations, the United
States requested that this Panel be convened pursuant to Article 21.5 of the Understanding on
Rules and Procedures Governing the Settlement of Disputes (“DSU”).

JAPAN’S REVISED MEASURES

4, On June 30, 2004, the date the reasonable period of time expired in this matter, Japan
amended one of the measures establishing its import regime for U.S. apple fruit, entitled “The
Detailed Rules for Plant Quarantine Enforcement Regulation Concerning Fresh Fruit of Apple
Produced in the United States of America” (“Detailed Rules”). The Detailed Rules are one of
four measures comprising Japan’s import tegime for U.S. apple fruit. The remaining three
measures are unchanged.

A. Elements of Japan’s Revised Measures

5. Japan’s revised measures impose several restrictions on imported U.S. apple fruit in
connection with fire blight or the disease-causing bacteria, E. amylovora. First, fruit must be
produced in fire blight-free orchards designated by the United States Department of Agriculture
(“USDA™). Designation may only be made for orchards in the U.S. States of Washington and
Oregon; Second, each export orchard must be free of trees infected with fire blight; Third, the
fire blight-free orchard must be surrounded by a 10-meter buffer zone that is also free of fire
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blight; Fourth, export orchards and buffer zones must be inspected at least once a year, at the
early fruitlet stage, for the presence of fire blight; Any detection of fire blight in an export
orchard or buffer zone will disqualify the orchard from exporting its apple fruit to Japan; Fifth,
harvested apple fruit must be treated with a surface disinfectant; Sixth, the interior of the packing
facility must be disinfected with a chlorine treatment; Seventh, fruit intended for export to Japan
must be kept separated post-harvest from other fruit; Eighth, U.S. plant protection officials must
certify or declare that apple fruit is free of quarantine pests, not infected or infested with fire
blight, and has been treated with chlorine; Ninth, Japanese officials must confirm that U.S.
officials have made the necessary certifications and that chlorine treatments and orchard
designations were made properly. Japanese officials also inspect the disinfestation and packing
facilities as well as each shipment of apple fruit on entry into Japan.

B. Comparison Between Japan’s Original Measure and Its Revised Measures

6. Japan’s original, WTO-inconsistent measure consisted of 10 elements. Instead of opting
to bring its measure into conformity with the DSB’s recommendations and rulings, Japan merely
chose to alter certain restrictions and eliminate only one of the measure’s several elements.

LEGAL ARGUMENTS

7. The fact that this Panel has been established under Article 21.5 of the DSU carries with it
certain consequences. Of most immediate relevance to the legal arguments of the parties is the
consequence that, as the Appellate Body has made clear, an Article 21.5 panel “conduct[s] its
work against the background of the original proceedings, and with full cognizance of the reasons
provided by the original panel. The original determination and original panel proceedings, as
well as the redetermination and the panel proceedings under Article 21.5, form part of a
continuum of events .” It is well established that adopted panel and Appellate Body reports “are
treated as a final resolution to a dispute between the parties to that dispute.”

A, Japan’s Revised Measures Are Maintained Without Sufficient Scientific
Evidence in Breach of Article 2.2 of the SPS Agreement

8. The United States is unaware of any scientific evidence regarding apple fruit and fire
blight that contradicts, draws into question or in any way alters the evidence examined by the
panel two years ago, or the conclusions drawn from that evidence. That evidence and those
conclusions remain equally valid in this proceeding. As before, the scientific evidence does not
establish that mature, symptomless apple fruit will either be infected with or harbor endophytic
populations of E. amylovora, nor does it establish that mature, symptomless apple fruit will be
epiphytically infested with populations of E. amylovora bacteria capable of transmitting fire
blight. Further, the scientific evidence does not establish that apple fruit would serve as a
pathway for introduction of fire blight into Japan. To the contrary, despite the billions of apple
fruit shipped internationally (the vast majority of which were shipped without SPS measures for
fire blight) there is no evidence of apple fruit baving introduced fire blight into a fire blight-free
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area. Accordingly, the panel’s findings are as sound today as they were almost two years ago.

9, In making its findings, the panel analyzed the scientific evidence relating to apple fruit
and fire blight. Its analysis was based in part on the written and oral statements of a panel of
scientific experts on the scientific evidence on fire blight and apple fruit. The scientific experts
concluded that: there is no scientific evidence that mature apple fruit harbor endophytic
populations of fire blight bacteria or that E. amylovora occurs as an endophyte in healthy-
looking fruit; scientific evidence does not establish that a mature apple fruit could be infected
with fire blight; scientific evidence demonstrates that even apple fruit that were harvested very
close to sources of inoculum were not infested with significant populations of epiphytic bacteria;
there is no scientific evidence that, in the rare event that a mature fruit is infested with bacteria in
the calyx that the inside of the apple fruit will subsequently be infected; there is no scientific
evidence that calyx-infested apple fruit will transmit fire blight; there is no scientific evidence
that mature apple fruit has ever been the means of introduction of fire blight into an area free of
the disease; and the scientific evidence does not establish that any pathway for introduction of
fire blight via apple fruit, whether mature or immature, will be completed.

10.  Japan’s new measures subject imported U.S. apple fruit to numerous restrictive
conditions in order to be eligible for import into Japan. Each of these restrictions is maintained
without sufficient scientific evidence because there is no rational relationship between each
restriction and the scientific evidence, i.e., that mature, symptomless apple fruit will not harbor
populations of E. amylovora bacteria capable of transmitting fire blight or serve as a pathway for
introduction of fire blight. Therefore, each of these measures is maintained in violation of

Article 2.2.

11, There is no new scientific evidence that would in any way affect the panel’s findings

since it and the experts examined the relevant scientific data and studies. Examined in light of
those findings, Japan’s revised measures, as described in paragraph 5 above, fail to implement
the DSB’s recommendations and rulings and remain inconsistent with Japan’s SPS Agreement

obligations.

B. Japan’s Revised Measures Are Inconsistent With Article 5.6 of the SPS
Agreement Because They Are More Trade-Restrictive Than Required to
Achieve Japan’s Appropriate Level of Protection

12.  Japan’s fire blight measures are more trade-restrictive than required to achieve its
appropriate level of protection. An alternative measure exists that is significantly less trade-
restrictive than the nine measures currently applied by Japan on imported U.S. apple fruit, is
reasonably available taking into account technical and economic feasibility, and achieves Japan’s
appropriate level of protection: the restriction of imports to mature apple fruit. In light of the
existence of this less trade-restrictive alternative, Japan maintains its current import regime in

breach of Article 5.6 of the SPS Agreement.
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13.  First, a measure restricting imports to Japan to mature U.S. apple fruit is reasonably
available taking into account technical and economic feasibility. The U.S. apple industry already
employs a series of quality controls on apple fruit that ensure their maturity in order to meet the
requirements of U.S. laws and regulations, as well as to meet the demanding standards of export
markets, Because these measures are already in effect and regularly applied to U.S. apple fruit
exports, a measure restricting exports to mature fruit is reasonably available and technically and

economically feasible.

14, Second, a measure restricting apple fruit imports to mature U.S. apple fruit more than
achieves Japan'’s appropriate level of protection because, as the panel has found, scientific
evidence does not establish that mature, symptomless apple fruit would be infected with or
harbor endophytic populations of E. amylovora; that mature, symptomless apple fruit would be
infested with epiphytic populations of E. amylovora capable of transmitting fire blight; or that
apple fruit, regardless of its maturity, would serve as a pathway for the introduction of fire blight
into Japan.' Therefore, a measure requiring shipments be mature U.S. apple fruit would meet
Japan’s appropriate level of protection,

15.  Third, a restriction of imports to mature U.S. apple fruit would be significantly less trade-
restrictive than the nine-measure import regime currently maintained by Japan. Under the
proposed alternative of restricting trade to mature U.S. apple fruit, entire orchards will no longer
be disqualified for discovery of a single fire blight strike on a tree or in a buffer zone, and all
mature apple fruit would be eligible for export to Japan. If imports were restricted to mature
apple fruit, American apple growers would financially be able to compete to fill orders for export
to Japan. The fact that Japan’s fire blight measures are more trade-restrictive than required is
further evidenced by the range of alternative measures that are both less trade-restrictive and
would more than achieve Japan's appropriate level of protection. For example, Japan might
require the import of mature apple fruit coupled with a phytosanitary certificate or mature fruit
coupled with a chlorine dip.

C. Japan’s Revised Measures on Imported U.S. Apple Fruit Are Inconsistent
With Article 5.1 of the SPS Agreement Because They Are Not Based on a
Risk Assessment .

16.  Inaddition to breaching Articles 2.2 and 5.6 of the SPS Agreement, Japan’s measures on
imported U.S. apple fruit are not based on a risk assessment, and are therefore maintained in
violation of Article 5.1 of the SPS Agreement. The panel found, and the Appellate Body upheld
the panel’s findings, that Japan’s 1999 Pest Risk Analysis (“PRA”) was not a risk assessment
within the meaning of Article 5.1 of the SPS Agreement, and that Japan’s measures were
therefore not based on a risk assessment. Japan has not conducted any new risk assessments
relating to fire blight and apple fruit that the United States is aware of, and continues to base its

! Japan’s appropriate level of protection is the level of protection that would allow Japan to prevent the
introduction of fire blight and maintain its fire blight-free status.
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measures on the 1999 PRA; which does not satisfy the definition of a risk assessment for
purposes of the SPS Agreement. Accordingly, Japan’s revised measures violate Article 5.1
because they are not based on a risk assessment,

17.  The panel found, and Appellate Body confirmed, that Japan’s 1999 PRA is not a risk
assessment for purposes of Article 5.1 and paragraph 4 of Annex A because, inter alia, it fails to
evaluate the likelihood of introduction of fire blight in Japan and it fails to evaluate the
likelihood of introduction of fire blight in Japan according to measures that might be applied.
Because Japan has not produced — nor, in light of the absence of scientific evidence of any risk
from mature fruit, could Japan produce — any new, appropriate analysis of the risk of
introduction of fire blight into Japan via apple fruit, Japan’s revised measures are not based on a
risk assessment as required by Article 5.1 of the SPS Agreement.

D. Japan’s SPS Measures Are Non-Tariff Barriers Maintained in Breach of
Article XTI of GATT 1994 and Article 4.2 of the Agreement on Agriculture

18.  Finally, Japan’s measures are not legitimate SPS measures. Instead, they are non-tariff
trade barriers in breach of Article X1 of the General Agreement on Tariffs and Trade 1994
(“GATT 1994”) and Article 4.2 of the Agreement on Agriculture.

CONCLUSION

19, The United States respectfully requests that the Panel find that Japan has acted
inconsistently with its obligations under Articles 2.2, 5.1, and 5.6 of the SPS Agreement, Article
X1 of GATT 1994 and Article 4.2 of the Agreement on Agriculture. The United States further
requests that the Panel recommend that Japan bring its measures into conformity with its
obligations under the SPS Agreement and the recommendations and rulings of the DSB.

PRELIMINARY RULING REQUEST

L Introduction

L, Japan’s Operational Criteria are not within the Panel’s terms of reference for several
reasons. First, they are not a measure — they are at most a proposed measure not yet in effect;
“Japan intends to adopt” them. Moreover, since the Criteria are not currently in effect, they were
not “taken” by the time of the establishment of the Panel and so could not be within the Panel’s

terms of reference.

IL The Operational Criteria Are Not a Measure Taken to Comply and Are Therefore
Not Within the Terms of Reference of the Panel in This DSU Article 21.5

Proceeding
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2. The DSU provides a means to resolve disputes arising from “measures taken by another
Member.” More particularly, Article 21.5 proceedings are to address “disagreement[s] as to the
existence or consistency of measures taken to comply with the recommendations and rulings [of
the DSB].” No GATT or WTO panel, or the Appellate Body, has ever issued findings on a
proposed measure, nor, under the DSU, is there any authority for a panel to make such “advisory
rulings”. As the panel in United States - Lumber Preliminary Determinations stated with respect
to a request to make findings on an event which had yet to occur, “The WTO dispute settlement
system allows a Member to challenge a law as such or its actual application in a particular case,
but not its possible future application,”

3. The Criteria were not among the “measures taken to comply with the recommendations
and rulings” which Japan notified to the WTO, nor did Japan refer to them in its July 29 request
for arbitration under Article 22.6 of the DSU nor in its July 30 DSB statement. Notwithstanding
that Japan apparently intended to discuss and agree to the Criteria with the United States, it did
not do so, and the United States first learned of the Criteria when it received Japan’s first
submission. Further, Japan presently only “intends to adopt” the Operational Criteria.

III. Conclusion

4. The purpose of this proceeding is not to consider whether potential future measures
might comply with Japan’s WTO obligations; it is to determine whether the measures Japan has
already taken to comply - as set forth in the U.S. panel request, are consistent with the provisions
of the WTO Agreement cited in that request. Therefore, the United States requests that the Panel
find that the Operational Criteria are not a measure subject to dispute settlement, and are not
within the terms of reference of the Panel in this Article 21.5 proceeding,

SECOND WRITTEN SUBMISSION

L INTRODUCTION

L. Japan’s first written submission narrows the focus of this dispute. In its attempt to justify
its revised measures on U.S. apple fruit in that submission, Japan relies entirely on new
“evidence” relating to apple fruit and fire blight. Japan’s failure to draw support for its measures
from the substantial record of scientific evidence in the original proceeding and the original
panel findings on that evidence reinforces the argument set out by the United States at the outset
of this proceeding - Japan’s measures are not based on the scientific evidence relating to apple
fruit and fire blight.

2, Japan’s failure to find support for its measures in the scientific evidence and the original
panel’s findings is not surprising given the nature of those findings, in particular that the
scientific evidence does not establish that mature, and therefore symptomless, apple fruit will be
infected with or harbor endophytic populations of E. amylovora; that mature, and therefore
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symptomless, apple fruit will harbor epiphytic populations of E. amylovora capable of
transmitting fire blight; or that apple fruit would serve as the pathway for introduction of fire

blight into Japan.

3. In its attempt to construct a justification for its revised measures, Japan again posits a
theory that there exists such a thing as a “mature, symptomless yet latently infected apple fruit.”
Yet the original panel considered this argument, and rejected it. Japan also has failed to identify
any new scientific evidence that alters the scientific record on fire blight and apple fruit or that
undermines the clear findings by the original panel on that scientific evidence. Japan has
similarly failed to cast any doubt on the fact that there is no scientific evidence that, despite the
billions of apple fruit shipped world-wide (the vast number of which were shipped without SPS
measures for fire blight) apple fruit have ever introduced fire blight into a fire blight-free area.

4, Instead, Japan has submitted four new studies and a September 2004 Pest Risk Analysis
(2004 PRA”) revised on the basis of those studies in its attempt to demonstrate that the science
relating to apple fruit and fire blight has changed. However, the studies contain no new
scientific evidence — at most repeating 50-year old results achieved under artificial conditions —
and are no more supportive of Japan’s revised measure than the already extensive scientific

record examined by the original panel.

5. In sum, despite Japan’s attempts to prove otherwise, the scientific evidence relating to
apple fruit and fire blight does, in fact, remain unchanged. Japan’s revised measures therefore
continue to be unsupported by that scientific evidence, and thus fail to comply with the
recommendations and rulings of the Dispute Settlement Body (“DSB”) and with Japan’s
obligations under the SPS Agreement.

1L JAPAN’S REVISED MEASURES

6. For the reasons set forth in the U.S. preliminary ruling request of September 27, 2004, the
Operational Criteria which Japan submitted for the first time with its first written submission are
not a measure within the terms of reference of this dispute, and should be disregarded. However,
even were the Panel to consider the Operational Criteria, it would not change the analysis of
Japan’s measures. Notwithstanding Japan’s argument that the Operational Criteria are designed
to prevent exportation from a “severely-blighted orchard,” they in fact enforce “fire blight-
freedom,” the requirement set forth in the June 30, 2004 Detailed Rules.

7. Further, the United States notes that Japan has presented its revised measures as
consisting of only six elements: “(i) designation of an export orchard (I1(I)A), (if) a 10-meter
border zone surrounding the orchard (1(1)B), (iii) one annual inspection of the orchard and the
border zone, (iv) surface sterilization (5(1)C), (v) sterilization of packing facilities (3(2)) and (vi)
sampling and export/import inspection (4(1), 5(2)B, 5(3), 8(1)).” Japan’s assessment of the
number of elements of the measure at issue in this proceeding is inconsistent with the actual
amendments it has made to its import regime for U.S. apple fruit, and noticeably fails to include
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the requirement that apple fruit destined for Japan be segregated from other fruit post-harvest.
The only element that has been entirely eliminated from Japan’s original import regime is the
requirement that packing materials be sterilized, thereby leaving nine of the ten elements of the
original measure in place. And, by failing to address post-harvest separation of apple fruit in its
submission, Japan has failed to rebut the prima facie case raised by the United States that the
post-harvest separation requirement is maintained without sufficient scientific evidence for
purposes of Article 2.2 of the SPS Agreement.

III. LEGAL ARGUMENTS

A. Japan’s Revised Measures Are Maintained Without Sufficient Scientific
Evidence in Breach of Article 2.2 of the SPS Agreement

8. As noted by the United States in its first written submission, Japan’s revised measures are
maintained without sufficient scientific evidence in breach of Article 2.2 of the SPS Agreement.
Each of the restrictions comprising Japan’s import regime for U.S. apples is maintained without
sufficient scientific evidence because there is no rational or objective relationship between each
restriction and the scientific evidence.

1. Japan’s New Studies Do Not Change the Scientific Evidence Relating to Fire
Blight and Mature, Symptomless Apple Fruit

9. Japan’s first written submission is useful in confirming that its original and revised
measures were not and are not supported by the scientific evidence as evaluated by the original -
panel; Japan does not attempt to justify its measures based on the panel findings and the '
scientific evidence in the original panel proceeding. Rather, Japan relies on “new evidence” in
the form of new studies in an attempt to show that its import regime for U.S. apple fruit is
rationally or objectively related to the scientific evidence.

10.  Japan attempts to contradict the clear findings of the original panel and the long history
of scientific study of fire blight and apple fruit by arguing that certain new “evidence”
supplementing, and purportedly changing, the scientific cv1dence originally exammed by the
panel “has a rational relationship with the new measure.”

11.  Inconducting new studies on the scientific issues in this dispute, Japan appears to have
directed its efforts at supporting a conclusion, rather than drawing a conclusion from its research.
The conclusion Japan seeks to support, as noted above, is that apple fruit should not be exported
from severely blighted orchards. Japan refers to statements by some of the experts as “advising”
this result, ignoring the very same views of those experts on the scientific evidence, and the
ultimate panel findings on that evidence.

12.  Inthe absence of any existing scientific evidence supporting its “severely blighted
orchard” rationale, Japan submits four new studies on apple fruit and fire blight in its first
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written submission. Based on these studies, Japan has revised its 1999 Pest Risk Analysis
(“1999 PRA”) as recently as September 2004, The linchpins to the new, intertwined studies are
the following concepts: (1) mature, symptomless apple fruit can be latently infected with
Erwinia amylovora, and (2) a potential pathway exists for introduction of fire blight into Japan
from this latently-infected apple fruit.

13.  However, the new studies fail to contradict or amend the reams of peer-reviewed and
time-tested science on apple fruit and fire blight, As a result, they also fail to establish that there
is such a thing as a mature, symptomless yet latently infected apple fruit or that a pathway for the
introduction of fire blight via apple fruit exists; fail to demonstrate that Japan’s revised measures
are not maintained without sufficient scientific evidence; and fail to alter in any way the
scientific evidence and previous findings on that evidence in this proceeding.

A. The Process of Fruit Infection Japan Describes Does Not and Would Not
Occur In Nature, and Japan’s Studies Do Not Demonstrate Otherwise

14.  The Azegami et al. study accomplishes nothing more than to repeat a stab-inoculation
study conducted over fifty years ago, in which E. amylovora bacteria were artificially introduced
into wounded fruit.?> Yet Japan relies on the Azegami et al. paper to support the hypothesis that a
previously undiscovered commodity — mature, symptomless, yet latently infected fruit — exists.
However, Japan itself is careful not to claim that such a commodity has ever been observed in
nature; it states, “the risk of latent infection of ‘mature, symptomless’ apple fruit through
pedicels is not theoretical but real, af least under the experimental conditions.” In fact, the
Azegami study appears to confirm that it is only under the experimental conditions of the study
that E. amylovora bacteria can be isolated inside apple fruit, and that the original panel was
correct in finding that this will not occur in mature, symptomless apples grown, harvested and
packed under real-world conditions.

15.  Central to the Azegami study, and its shortcomings, is its treatment of the apple pedicel
(stem) and the pedicel’s abscission layer, which is located at the tip of the stem where it is
attached to the fruiting spur (a short branch of the tree that flowers and produces fruit) and which
acts as a natural barrier to desiccation (drying up) and invasion of apple fruit by microorganisms.
The fundamental flaw of the Azegami paper is its assertion that the results of the experiment
demonstrate that E. amylovora would invade and colonize mature apple fruit. Yet, according to
its own data, the Azegami study instead demonstrates that inoculation of (a) fruit pedicels that
were cut (wounded) more than four days after harvest, or (b) fruit-bearing twigs with mature
fruit still attached, and therefore having uninjured fruit pedicels, did not result in the movement
of E. amylovora into the stems or fruit cortex of mature apples. Only by removing the abscission

2 See Anderson, H.W., “Maintaining Virulent Cultures of Erwinia Amylovora and Suggestion of
Overwinter Survival in Mummied Fruit”, Plant Disease Reporter, Vol. 36, No. 7 (July 15, 1952) (Exhibit USA-18)
(demonstrating that under artificial experimental conditions (i.e., stab-inoculating pears with high concentrations of
E. amylovora) it is possible to infect pear fruit).
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layer from the distal end (situated at the furthest point of the pedicel from the apple fruit) of fruit
pedicels and then placing high levels of inoculum on the cut end of the pedicel were the
researchers able to demonstrate bioluminescence, and therefore the presence of the marked strain
of E. amylovora, within the stem and fruit.

16.  The abscission layer acts as a natural barrier to desiccation and invasion of the fruit by
microorganisms. The effectiveness of the abscission layer as a barrier is demonstrated in the
“Results and Discussion” sections of the Azegami paper, where it is reported that, for the 60 fruit
still attached to the (wound inoculated) fruiting spurs, “a luminous area was observed on the
abscission layer of one fruit eight days after inoculation (Fig. 1F) but not on any fruit” and that
“pathogen progress stopped at this layer in the experiment.” One can only conclude from these
results that, because the apple fruit were mature with intact abscission layers, the abscission zone
acted as a physical barrier to the movement of E. amylovora into the apple fruit. Inexplicably,
however, the paper concludes that “the possibility that the pathogen may pass through the layer
cannot be excluded,” a conclusion contradicted by the study’s own data.

17.  Further, the Azegami paper purports to demonstrate (as a consequence of artificial
wounding of apple fruit and application of high levels of inoculum to those wounds) the
“invasion” of fire blight bacteria into the fruit. The paper overstates this fundamental conclusion
because, in fact, rather than the apple fruit having been actively invaded by bacteria through the
cut pedicels, it is just as likely that the bacterial inoculum deposited on the cut pedicel was
drawn into the vascular elements of the stem and then distributed within the fruit by
transpiration. To illustrate this point, U.S. researchers deposited dye on a cut-pedicel (as
inoculum was similarly placed on a cut-pedicel in Azegami et al.). The dye, which contains no
active bacteria capable of “invading” fruit, spread into apple fruit in an identical fashion to the
bioluminescence in Azegami, thereby demonstrating that spread of either bioluminescence or
dye into apple fruit is as likely a consequence of the cut-pedicel method and transpu'atlon asa
result of active colonization and invasion by bacteria.

18.  The Tsukamoto (I) study is a derivative of Azegami et al., in that it employs the cut-
pedicel method to inoculate apple fruit. Although it cites Azegami et al. in support of its
findings and conclusions, Tsukamoto (I) makes repeated reference to the inoculum being
deposited on the fruit pedicel in the Azegami study without referencing the fact that the
abscission layer of the pedicel had been artificially removed. Accordingly, Tsukamoto (I)’s
conclusion that “[t]his investigation showed that E. amylovora can infect mature apple fruit from
pedicels and can survive more than six months at 5C” is a misstatement, as is evident from a
review of the Azegami study, which only succeeded in “demonstrating” bioluminescence inside
apple fruit by removing the abscission layer from the distal end of the pedicel and subsequently
inoculating the fruit with a high level of bacteria.

-234 -

FOHSTOIAC SH2 JIaHY / sae

|' 0I|



Japan ~ Measures Affecting the Importation of Apples (WT/DS245) U.S. Executive Summary
Recourse by the United States to Article 21.5 of the DSU November 15, 2004 ~ Page 11

B. The New Studies Attempt to Demonstrate a Process For the Spread of Fire
Blight That Does Not and Would Not Occur In Nature

19, The Tsukamoto (II) paper entitled “Transmission of Erwinia amylovora from blighted
matirre apple fruit to host plants via flies” does not succeed in demonstrating the very
phenomenon advertised in its title because it fails to employ an experimental protocol that
evaluates if flies will sequentially visit apple fruit infected with fire blight, acquire the bacteria
and transmit the bacteria to a host, and whether fire blight infection will result. Instead, the
authors succeed in demonstrating that: (1) they can contaminate flies by: (2) sedating them with
CO, and then soaking them in a very heavy suspension of E. amylovora; or (b) putting the flies
in a beaker (the volume of which is not recorded) for six hours with an apple fruit infected with
fire blight; and (2) that flies contaminated by method (1)(a) (but not (1)(b)) transferred the
bacterium to host tissues, resulting in fire blight disease when both (a) the host tissues were
mechanically wounded with needles or the fruit had been peeled and (b) the flies and the host
tissues were forced to cohabit a small plastic enclosure.

20.  Tsukamoto (II) fails to demonstrate that: (1) greenbottle flies acquired cells of .
amylovora from infected fruit of their own volition, i.e., that they acquire bacteria when not
artificially forced to associate with infected apple fruit; (2) the flies directly or indirectly
vectored E. amylovora from the infected fruit to the susceptible host material; and (3) infection
and disease development was a result of a natural interaction between the flies and the host
material (i.e., feeding injury), and was not dependent on artificial mechanical injury. In short, as
noted above, there is a stark disparity between what the authors purport to accomplish in the title
and introduction of the study, and what was actually accomplished in the study. The methods
employed in the study are so far removed from what might actually take place under production
orchard conditions that the resulting data is not useful in assessing the risk of transmission of fire
blight or determining a probabilistic estimate of a real world event.

21,  The Kimura study on long-distance dissemination of disease purports to refute the
scientific evidence and findings of the original panel as they relate to the long-distance spread of
fire blight. However, the Kimura paper is only able to reach a conclusion that apple fruit pose a
risk of introducing fire blight into Japan by mischaracterizing previous studies and relying on the
Azegami and Tsukamoto studies discussed above. In particular, the Kimura study characterizes
Azegami’s work as demonstrating that mature fruit are easily infected through a “small bruise”
or “minute scars” on the fruit as well as “the possibility of infection of fruit from pedicels
through fruit bearing branches.” In fact, Azegami’s method was to either cut off the abscission
layer of the apple fruit pedicel or to make multiple wounds (10 and 2) on the shoulder or calyx in
the presence of high inoculum doses. Further, the Kimura paper concludes that “even at a stage
where apple fruit get ripe, it is likely enough that E. amylovora in fruit bearing branches will
infect the inside of apples.” This conclusion clearly assumes that infection is occurring through
the tissues of the pedicel. As noted above, the Azegami paper did not demonstrate that such
infection (through the pedicel/abscission layer of a mature apple fruit) is possible. In fact, the
Azegami study appears to demonstrate just the opposite by noting that bioluminescence did not
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penetrate the pedicels of mature apple fruit.

22.  Further, Kimura et al. cites Tsukamoto (II) for the proposition that E. amylovora was
recovered from the “flesh” of apple fruit and not from the core, alleging that previous studies
(e.g., Roberts et al. (1989)) only sampled core tissues and therefore failed to identify E.
amylovora in the apple fruit. However, it is an anatomical fact that the vascular bundles in
which E. amylovora was detected in the Tsukamoto (II) study are contiguous with the vascular
tissues of the apple fruit core.. Furthermore, Kimura ef al. mischaracterizes the results of
previous studies, as Roberts et al. (1989) in fact reported that “/c/ore and cortex [i.e.,
{flesh]tissues, including the stem, if present, and the entire calyx were removed by passing an
ethanol-flamed cork borer through the vertical axis of each fruit.” Therefore, the studies
described in Roberts et al. (1989) examined a portion of the apple fruit that includes the “flesh”
discussed in Azegami, Tsukamoto, and Kimura. The reason that E. amylovora was not detected
in the Roberts study is that it was not present in the apple fruit. As noted above, the results
presented in Roberts et al. (1989), i.e., that E. amylovora was not present in mature apple fruit
even when harvested from branches or fruiting spurs with fire blight disease, is unequivocally
supported by the results in Azegami et al., which demonstrated that E. amylovora did not move
into mature apple fruit if the abscission layer of the pedicel was left intact (not cut off).

23.  Interestingly, by arguing that previous studies have failed to identify E. amylovora in
apple fruit because it was, according to Japan, in fact located in vascular bundles, or “flesh”
rather than apple cores, the Kimura study contradicts its own findings. In fact, the Kimura study
argues that the pathway for introduction of fire blight will consist of either discarded apple cores
or apple peels because Japanese consumers consume the flesh (cortex) of the apple fruit.
However, Japan acknowledges that E. amylovora will not be isolated in the cores of mature,

symptomless apple fruit,

24.  Further, Kimura et al. mischaracterizes the results of Tsukamoto (II) by stating that ,
greenbottle flies “gathered” to blighted fruit. Rather, according to the methodology described in
Tsukamoto (II), flies were imprisoned with blighted fruit inside a small enclosure, and were not
allowed to forage freely. Kimura et al. forther mischaracterizes the Tsukamoto (II) study by
noting that the greenbottle flies “feasted” on infected apple fruit and then flew to pear fruitlets.
Instead, greenbottle flies were sedated and immersed in a suspension of inoculum before being
exposed to wounded pear fruitlets. Moreover, the flies that were trapped in an enclosed space
with infected fruit did not transfer bacteria to host tissue.

25.  In addition, Kimura’s high probability estimate of introduction of fire blight by apple
fruit (once every 565 years) reflects the unrealistic and unsupported assumptions on which his
analysis is based, such as the assumed infection rate of imported apple fruit (100%), to the
number of apple cores discarded out of doors by Japanese families (according to the study, 10%
of the total household garbage in Japan that is thrown out of doors consists of apple cores — this
seems to be a very high estimate for a commodity that is not a staple of the Japanese diet, but is
instead considered a specialty item).
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26.  The results of the Kimura analysis also appear to suggest that apple fruit now pose a
much greater risk of introducing fire blight than nursery stock (historically recognized as a
potential pathway for the disease). Kimura et al. estimates the risk of nursery/root stock
introducing fire blight into Japan at once every 1,898 years, once every 1,781 years in scions or
buds, and “once every 565 years or so in fruit.” Not only does this probability estimate attempt
to demonstrate that apple fruit presents approximately four times the risk of introducing fire
blight as nursery stock, it contradicts the study’s own conclusion that “[aJccording to our
estimation of probabilities of establishment of fire blight, the descending order of magnitude is
as follows. Nursery stock and/or rootstocks > Scions and/or buds > Fruit.”

2, Japan’s Revised Measures Impose Restrictions Unsupported By
Scientific Evidence

27.  Japan provides several explanations for its measures in an attempt to refute the arguments
set out in the first written submission of the United States. As demonstrated below, none of
Japan’s explanations or arguments finds support in the scientific evidence at issue in this dispute
or the original panel’s findings on that evidence. Therefore, Japan has not successfully rebutted
the U.S. arguments regarding Japan’s revised measures.

A. Prohibition of Fruit From Orchards in Which Fire Blight is
Detected

28.  Japan has attempted to include in its revised measures certain Operational Criteria which
ostensibly amend Japan’s “fire blight-free orchard” requirement to one of disqualification of an
export orchard if a severely blighted tree is identified in a visual inspection. As noted by the
United States, the Operational Criteria are not a part of the measure properly before the Panel in
this proceeding. However, even were the Panel to consider the Operational Criteria, it would not
change the analysis of Japan’s measure because the inspection requirement set out by the Criteria
effects nothing less than a requirement of a fire blight-free orchard.

29.  Inits first written submission, the United States demonstrated that, because the scientific
evidence relating to fire blight and apple fruit does not establish that mature, symptomless fruit
will be infected with, harbor endophytically, or be epiphytically-infested with populations of E.
amylovora capable of transmitting fire blight and because that same evidence does not establish
that apple fruit will act as a pathway for introduction of fire blight, the requirement of a fire
blight-free orchard is maintained without sufficient scientific evidence within the meaning of
Article 2.2 of the SPS Agreement. Japan has not raised any new scientific evidence on apple
fruit and fire blight that in any way alters this conclusion.

30.  Further, the same scientific evidence that does not support a requirement of fire blight-
freedom in orchards does not support a measure restricting fruit from severely blighted orchards.
For example, even if, on a rare occasion, an apple fruit harvested from a severely blighted
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orchard possesses epiphytic bacteria in its calyx, the scientific evidence does not establish that
those bacteria will be present in populations capable of transmitting fire blight. Similarly,
because the apple fruit harvested from the orchard will be mature, symptomless fruit, the
scientific evidence does not establish that they will be infected with or harbor endophytic
populations of E. amylovora.

B.  Prohibition of Fruit From Orchards in Which Fire Blight is
Detected in a 10-Meter Buffer Zone Surrounding the Orchard

31.  Asnoted in the first written submission of the United States, a measure requiring a fire
blight-free buffer/border zone (or any border zone at all for that matter) bears no rational or
objective relationship to the scientific evidence relating to apple fruit and fire blight.
Nevertheless, Japan’s revised measures include a requirement that every export orchard be
surrounded by a ten-meter wide, fire blight-free, buffer zone. The requirement of a fire blight-
frée buffer zone appears to contradict Japan’s subsequent argument that export orchards be
inspected for severe or heavy blight. While the United States does not intend to suggest that the
scientific evidence justifies either requirement, it notes that it is impossible for the scientific
evidence to support both propositions, by permitting a certain amount of fire blight in an export
orchard, yet none in the zone surrounding the orchard.

32.  Japan’s argument fails to rebut the prima facie case established by the United States that
a fire blight-free buffer/border zone requirement is not rationally related to the scientific
evidence, because it disregards the scientific evidence relating to fire blight and apple fruit,
which does not establish that mature, symptomless fruit will be infected with, harbor
endophytically, or be epiphytically-infested with populations of E. amylovora capable of
transmitting fire blight and because that same evidence does not establish that apple fruit will act
as a pathway for introduction of fire blight.

C. Requirement That Surface of Apple Fruit be Disinfested with
Sodium Hypochlorite (Chlorine)

33.  Japan argues that surface disinfestation of apple fruit is necessary to eliminate the
incidence of epiphytic bacteria on apple fruit, and deactivate the bacteria in the washing process.
As noted in the first written submission of the United States, the scientific evidence does not
establish that mature, symptomless apple fruit will harbor epiphytic populations of fire blight-
causing bacteria capable of transmitting the disease. Further, Japan has failed to raise any
arguments that contradict the scientific evidence relating to mature apple fruit and epiphytic
populations of E. amylovora. Therefore, there is no need to disinfest the surface of apple fruit to
mitigate the hypothetical risk of exported apple fruit harboring epiphytic populations of fire
blight-causing bacteria capable of disseminating the disease.

D. Prohibition of Imported Apple Fruit From U.S. States Other Than
Washington and Oregon
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34.  Japan’s measure restricting eligible apple fruit to fruit produced in orchards in
Washington and Oregon States is maintained without sufficient scientific evidence within the
meaning of Article 2.2 of the SPS Agreement. In its first written submission, Japan argues that
its geographical restriction on U.S. apple exports is consistent with the SPS Agreement because
it is “based on a procedural requirement” and that “[a]s long as the United States provides
appropriate documentation of other quarantine pests and diseases” for other U.S. States, those
States may begin exporting apple fruit to Japan. However, Japan’s rebuttal fails to address the
U.S. argument regarding the restriction of eligible apple fruit to fruit from Oregon and
Washington States premised on hypothetical fire blight concerns. The need for paperwork on
other pests or diseases does not support or justify a fire blight-specific measure that restricts
eligibility to apple growers from Washington and Oregon.

35.  Insofar as Japan’s measure purports to mitigate hypothetical fire blight concerns, it must,
in light of the scientific evidence, permit apple growers from every apple-producing State to
export mature, symptomless apple fruit to Japan. By failing to demonstrate that the scientific
evidence on apple fruit and fire blight rationally or objectively relates to a measure
geographically-restricting eligible growers to Washington and Oregon States, Japan has failed to
rebut the United States’ prima facie case that such a restriction is maintained in breach of Article
2.2 of the SPS Agreement.

E. Prohibition of Imported Apples Untess Other Production,
Harvesting, and Importation Requirements Are Met

36.  Japan argues that various post-harvest measures, namely sterilization of packing facilities
handling apples for export to Japan, and export and import inspection are consistent with Article
2.2 of the SPS Agreement based on the fact that the original panel did not reach an analysis of
these measures due to its exercise of judicial economy. The absence of a finding by the panel on
Japan’s post-harvest measures does not, ipso facto, mean that the measures are maintained with
sufficient scientific evidence within the meaning of Article 2.2 of the SPS Agreement, and only
highlight the need — recognized by Japan — for ﬁndmgs on each of the specific elements of
Japan’s import regime for U.S. apple fruit at issue in this proceeding.

37.  Inaddition, Japan attempts to rebut U.S. arguments that certain of the post-harvest
measures are maintained without sufficient scientific evidence by noting that one measure,
sterilization of packing facilities, is a “normal requirement in any process” that “can be easily
met,” and that another measure, export and import inspection, is “procedural in nature.”
Regardless of whether facility sterilization is or is not a “normal requirement”, at issue in this
proceeding is whether or not facility sterilization premised on fire blight concerns is a
requirement that bears a rational or objective relationship to the scientific evidence regarding fire
blight and apple fruit. As noted in detail in the first submission of the United States, it does not.
Similarly, a measure requiring import and export inspections must bear a rational relationship to
the same scientific evidence, and may not be premised on an assertion that it is merely

“procedural in nature.”
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B. Japan’s Revised Measures Are Inconsistent With Article 5.6 of the SPS
Agreement Because They Are More Trade-Restrictive Than Required to
Achieve Japan’s Appropriate Level of Protection

38.  Japan argues that the United States has failed to establish a prima facie case of
inconsistency of Japan'’s revised measures with Article 5.6 of the SPS Agreement. However,
Japan appears to address only one element of the U.S. claim — whether the U.S.-proposed
alternative measure meets Japan’s appropriate level of protection — and then does so only by
mischaracterizing the U.S.-proposed alternative measure in an effort to address its own

argument, rather than the actual U.S. argument.

39.  Japan begins its cursory analysis by asserting that the U.S. does not clearly define what it
proposes as the alternative measure. It then ignores the U.S.-defined alternative measure —a
Japanese “restriction of imports to mature apple fruit” — and focuses instead on only one of
several elements of the U.S. argument as to why the alternative measure meets the requirements
of Article 5.6; namely, the fact that U.S. export standards require that fruit at least meet “US No.
1 Grade.” This is not the U.S. proposed alternative measure. The proposed alternative measure
in an Article 5.6 argument is by necessity a measure to be implemented by the responding party
due to the fact that the WTO-consistency of the responding party’s original measure is being
challenged. As noted, the United States proposed the very measure — a Japanese measure
requiring that imported apple fruit be mature, and therefore symptomless — that is supported by
both the original panel’s findings and the voluminous scientific evidence on fire blight and apple
fruit,

40,  The application of U.S. Federal Grade standards is only one of the numerous layers of
industry and regulatory practices and requirements which U.S. growers apply when growing,
harvesting, packing and exporting apple fruit. These practices and requirements have assured
that exported fruit is mature — and, contrary to Japan’s suggestion in paragraph 83 of its
submission that there could be sorting errors — there is no evidence that U.S. growers have ever
shipped anything other than mature, symptomless apple fruit. Indeed, there is no evidence that
the billions of apple fruit shipped internationally (a vast number of which were shipped without
SPS measures for fire blight) have ever introduced fire blight into a fire blight-free area.

41.  Japan also suggests that the U.S. relies entirely on the original panel’s finding that the
scientific evidence does not establish that the pathway will be completed in support of its
Article 5.6 argument, This is not correct. As already explained, there is no evidence that the
United States has ever exported anything other than mature, symptomless apple fruit, and there
are numerous requirements and practices in place which assure this. This is the reason to
conclude that the alternative measure is technically feasible. To be clear, the U.S. statements
referred to by Japan are only for the purpose of making the point that, even if immature fruit
were soméhow, hypothetically exported, the scientific evidence does not establish that the
pathway would be completed. This only provides additional assurances against a hypothetical
scenario.

- 240 -

NEEM: AL =E0Z HESLHA SAMES /I SA2TNAHY SXHel s/ s8R



Japan — Measures Affecting the Importation of Apples (WT/DS245) U.S. Executive Summary
Recourse by the United States to Article 21.5 of the DSU November 15, 2004 — Page 17

C. Japan’s Revised Measures Are Inconsistent With Article 5.1 of the SPS
Agreement Because They Are Not Based on a Risk Assessment

42,  Asnoted in the first written submission of the United States, Japan’s revised measures on
imported U.S. apple fruit are not based on a valid risk assessment, and are therefore maintained
in breach of Article 5.1 of the SPS Agreement. Japan has submitted a revised PRA, dated this
month, September 2004, in support of its measures, implemented three months ago, and in an
attempt to rebut the Article 5.1 arguments set out by the United States in its first written
submission one month ago, Revisions of the PRA are ostensibly based on the four new studies
put forward by Japan in its first written submission. In fact, the first step in Japan’s revised
pathway assumes the harvest of “[m]ature, apparently healthy apple fruit which have fire blight
bacteria inside,” and that the “latently infected” fruit are then sold on the Japanese market. As
already demonstrated in detail by the United States, the four studies do not alter in any way the
original panel’s clear findings and the scientific evidence on apple fruit and fire blight. The
studies do not establish that such a thing as a latently-infected mature fruit exists in nature or that
a vector exists to complete the pathway. In short, the studies and, as a result the 2004 PRA, do
_not establish that a pathway for introduction of fire blight from mature apple fruit exists.

43.  Accordingly, Japan’s revised measures cannot be “based on” its September 2004 PRA
within the meaning of Article 5.1, Measures premised on the existence of “mature, symptomless
but latently infected apples” and a non-existent pathway for introduction, establishment and
spread of fire blight do not rationally relate to a risk assessment that fails to identify any
scientific evidence that such a commodity has ever been found in nature or could exist in nature,
or that the pathway would be completed. In the absence of any scientific evidence of a fire
blight-risk posed by mature, symptomless apple fruit, any risk analysis which concludes
otherwise will not “take into account available scientific evidence,” and will not meet the
requirements for a risk assessment under Article 5.1. Therefore, despite Japan’s attempt to
validate its revised measures through the production of this new PRA, it fails to do so, thus its
revised measures are not based on a risk assessment and are maintained in breach of Article 5.1
of the SPS Agreement,

44,  Inaddition, Japan’s September 2004 PRA does not meet the requirements of Article 5.1
for many of the same reasons identified by the original panel. For example, the original panel
found that Japan’s PRA failed to evaluate the likelihood of introduction of fire blight in Japan. It
reached this conclusion in part because Japan’s 1999 PRA was “not sufficiently specific to the
matter at issue” in failing to examine the risk from apple fruit. Japan’s September 2004 PRA
suffers from the same flaw by failing to address the commodity actually exported by the United
States — mature, symptomless apple fruit — and instead relying on the existence of a commodity
that does not exist in nature — mature, symptomless, yet latently infected apple fruit. In fact, if
anything, the 2004 PRA recognizes that mature, symptomless fruit do not pose a risk of
introducing fire blight. Because Japan appears to recognize that mature, symptomless apple fruit
do not pose a risk of introducing fire blight, the revised 2004 PRA instead examines the risk
from a non-existent commodity — mature, symptomless, but latently infected fruit — relying on

- 241 -

ol

NEEXM AL =E0HZ HELMA SAMLS /& A2MAL EHel Il / =388

i



Japan — Measures Affecting the Importation of Apples (WT/DS245) U.S. Executive Summary
Recourse by the United States to Article 21.5 of the DSU November 15, 2004 — Page 18

the contention that “[o]n the other hand”, Azegami er a/. (and a recurring reference to the late
September van der Zwet el al. fruit which in fact does little more than reiterate that nearly
mature apple fruit can be epiphytically-infested with insignificant populations of E. amylovora)
somehow refutes the scientific evidence on apple fruit and fire blight that has come before it.
The Azegami study does not succeed in doing so. As a result, the 2004 PRA fails to examine the
actual risk — as established by the scientific evidence — from mature, symptomless apple fruit.

45, Japan’s 2004 PRA attempts to address the shortcomings of the original PRA, particularly
those concerning the pathway for introduction of fire blight into Japan via apple fruit, by relying
on the four flawed scientific studies discussed in detail above. As a result, the 2004 PRA fails to
provide any (new) evidence that the hypothetical pathway will be completed. The missing
elements of the pathway (e.g., non-existence of infected mature apple fruit, failure to
demonstrate that fire blight would be transmitted from infected fruit by some kind of vector)
remain unaddressed in Japan’s 2004 PRA insofar as Japan relies on the laboratory results
generated in the Azegami, Tsukamoto (I), Tsukamoto (II) and Kimura studies to demonstrate its
new pathway and presents these studies’ results as being typical of events in U.S. apple
production areas. Although Azegami ef al. purports to demonstrate the existence of a mature,
symptomless, yet latently infected fruit, it fails to establish that such a thing exists. Similarly,
while Tsukamoto (II) concludes that flies are a vector of E. amylovora, it only achieves this
result by failing to address real world, and real orchard, conditions; in fact, the flies inoculated
with E. amylovora as a result of entrapment with blighted fruit failed to vector the inoculum to
host plants. Further, although Kimura et al. purports to illustrate the probability of introduction
of fire blight via apple fruit, it can only do so by relying on the Azegami and Tsukamoto studies,
and even then its results contradict its conclusions. In short, Japan cannot prove that the
hypothetical pathway will be completed by relying on its new studies which, as demonstrated by
the United States do not augment or change in any way the conclusions of existing scientific
evidence on fire blight and apple fruit.

D. Japan’s SPS Measures Are Non-Tariff Barriers Maintained in Breach of
Article XTI of GATT 1994 and Article 4.2 of the Agreement on Agriculture

46.  Japan’s only rebuttal to the U.S. claims with respect to Article XI of the GATT 1994 and
Article 4.2 of the Agreement on Agriculture is that Japan’s revised measures are consistent with
the SPS Agreement. Because they are not, and for the reasons set forth in the U.S. first written
submission, Japan’s revised measures are inconsistent with GATT 1994 Article XI and
Agriculture Agreement Article 4.2.

IV. SCIENTIFIC EXPERTS
47.  Asnoted in detail in the U.S. discussion of Japan’s four new studies relating to apple fruit
and fire blight, the studies fail to introduce any new scientific evidence relating to either fire

blight disease or the commodity at issue in this proceeding - mature, symptomless apple fruit
exported from the United States. Because Japan'’s studies do not support the central
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assumptions on which Japan’s revised PRA and measures are based, and do not amend, clarify or
alter the scientific evidence at issue in this dispute, there is no need to re-consult experts.
However, in the event that the Panel were to decide to consult experts in this proceeding, any
such consultation should be limited to an evaluation of Japan’s new studies rather than a
reevaluation of science previously reviewed. As noted by the United States, Japan’s argument
hinges entirely on this new “science” rather than seeking support for its revised measures in the
already extensive scientific record and the original panel’s findings on that evidence.

V. CONCLUSION

48.  The United States respectfully requests that the Panel find that Japan has acted
inconsistently with its obligations under Articles 2.2, 5.1, and 5.6 of the SPS Agreement, Article
XTI of GATT 1994 and Article 4.2 of the Agreement on Agriculture. The United States further
requests that the Panel recommend that Japan bring its measures into conformity with its
obligations under the SPS Agreement and the recommendations and rulings of the DSB.

ORAL STATEMENTS

49.  Despite Japan’s attempts to develop scientific studies during the course of this Article
21.5 proceeding, Japan has failed to present any new scientific evidence that affects or augments
the discussion of and findings on the real world biology and epidemiology of fire blight and
apple fruit set out by the original panel in its report. Put simply, as was the case two years ago,
the scientific evidence does not establish that mature apple fruit will introduce fire blight into a

fire blight-free area.

50.  Japan’s revised measures are premised solely on its new studies, and not on the decades-
worth of studies originally examined by the panel. Those earlier studies fail to establish that
mature, symptomless apple fruit will endophytically harbor let alone be infected with fire blight,
or that the pathway for introduction of fire blight via apple fruit will be completed; rather, they
strongly support the opposite conclusions.  Japan does not contest the evidence in those studies,
but is suggesting that its new studies somehow change the conclusion that its revised measures —
which are little different from the original measures — are maintained without sufficient scientific
evidence. Thus, the scientific focus of this dispute is narrow, and the question is simply whether
Japan’s new studies require that the DSB’s ruling that Japan’s measure does not rationally relate
to the scientific evidence be revisited.

51.  Asdemonstrated by the United States in its second submission, Japan’s studies fail to
demonstrate anything “new” regarding fire blight and apple fruit in two respects. They fail to
present results that have any bearing on the real world study of the epidemiology and biology of
fire blight and apple fruit. They also fail to demonstrate anything new in the laboratory. The
infection study in particular merely demonstrates a proposition that scientists have been aware of
since 1923 — that by artificially wounding or stab-inoculating apple fruit, you can infect the fruit
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with fire blight and later recover bacteria from the infected fruit. Further, in several instances
that will be highlighted in this statement, Japan’s studies simply do not contain the results
necessary to support Japan's conclusions drawn from the studies.

Article 2.2

52.  First, Japan’s revised measures continue to be maintained without sufficient scientific
evidence in breach of Article 2.2 of the SPS Agreement. Except for previously discredited
arguments on the van der Zwet study, Japan does not seek support for its revised measures in the
decades-worth of scientific literature and experiments reviewed by the original panel. Instead,
Japan puts forward four “new” studies. Unfortunately, these studies do not accomplish anything
“new” that in any way affects or augments previous findings on the real world epidemiology and
biology of fire blight and apple fruit. As before, the scientific evidence fails to establish that
mature apple fruit will endophytically harbor let alone be infected with fire blight, that such fruit
will be infested with epiphytic bacteria in populations capable of initiating the disease, or that a
vector exists to transmit bacteria from apple fruit to host materials.

53.  Japan suggests that, “[c]learly, the new evidence casts fresh, different light on the
issues.” Japan argues that its new studies point to a “real risk” of introduction of fire blight into
Japan, and that as a result its revised measures are no longer maintained without sufficient
scientific evidence within the meaning of Article 2.2. In fact, Japan’s studies fail to demonstrate
the central themes they set out to establish — that mature apple fruit will be infected with fire
blight or that the pathway for introduction of fire blight into Japan from a hypothetically infected
fruit will be completed.

54.  We do not discount the Japanese results because they are experimental, as Japan
suggests; rather, we discount the conclusions to be drawn from these very artificial experiments
because one cannot extrapolate from them conclusions regarding the real world biology and
epidemiology of fire blight.

55.  The first study is the Azegami study, through which Japan hopes to demonstrate that
mature, symptomless apple fruit can be latently infected by the flow of bacterium through an
apple fruit’s pedicel or through wound-inoculating the fruit. Without this, the first step in
Japan’s proposed pathway — the presence of a mature, symptomless yet hypothetically infected
apple fruit in Japan — fails. However, the Azegami study only succeeds in introducing bacteria
into the fruit by artificially cutting the pedicel off the fruit and by artificially wounding the fruit
in several places and then placing a suspension of Erwinia amylovora on the various wounds or

cut pedicel.

56.  In fact, this concept was introduced vis-a-vis apple fruit in the 1920s by the Canadian
scientist McLarty, who stab-inoculated mature apple fruit and later recovered bacteria from the
fruit, What can be artificially accomplished in the laboratory, however, does not demonstrate, in
the case of fire blight and apple fruit, what occurs in the orchard or under real world conditions.
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57.  Despite the more than eighty years that have passed between when McLarty first
demonstrated that it was possible to artificially wound inoculate a fruit and when Azegami
confirmed McLarty’s findings in its own artificial wound inoculation study, not a single
experiment has isolated fire blight bacteria from the internal tissues of mature, symptomless
apple fruit in the orchard — even when those fruit are harvested from a severely blighted tree. In
fact, Japan itself appears to acknowledge that latently-infected mature apple fruit are a product of
the laboratory and not nature, stating that “a latently infected mature fruit is found only under

experimental conditions.”

58.  Japan presented the results of just such a cut-pedicel study at the meeting with the experts
in the original panel proceeding. The experts unanimously dismissed the study because it was
irrelevant to an analysis of fire blight and apple fruit. They concluded this because the pedicels
had been artificially removed and a suspension of bacteria placed directly on the cut surface of
the pedicel, whereas in nature the pedicels would be intact.

59.  Contrary to Japan’s intent, the Azegami study’s results bolster the United States’
argument and previous scientific findings that mature, symptomless apple fruit will not
endophytically harbor, let alone be internally infected with fire blight. As noted by Dr. Smith,
results demonstrating infection caused by fire blight bacteria passing into an apple fruit through
an intact pedicel attached to a branch or stem would come closer to approximating real orchard
conditions. Yet the Azegami study’s results clearly indicate that fire blight bacteria did not pass
through the pedicels of mature fruit with intact pedicels (that is, pedicels still attached to the
branch) — as apple fruit would be found in an actual orchard. Thus, Japan’s conclusion that
mature apple fruit “can be easily infected through pedicels” is not even factually supported by
the Azegami study’s results,

60.  Japan also appears to offer the undemonstrated supposition that bacterium could enter
apple fruit prior to maturity and prior to the full development of the abscission layer in the
pedicel, and that those bacteria would then remain in the apple fruit throughout the maturation
process. However, Japan’s study does not demonstrate that this phenomenon could occur, and
of greater significance is the fact that no study, other than artificial wound inoculation studies
such as Azegami and its predecessor McLarty, has isolated Erwinia amylovora from the inside of
mature, symptomless apple fruit, even those fruit harvested directly from heavily-blighted trees.

61.  Japan asserts that previous studies failed to isolate intemal bacteria because they didn’t
examine the part of the fruit where the bacteria were hidden, the flesh. However, earlier studies,
including Roberts (1989), examined the “core and cortex [i.e., flesh] tissues, including the stem,
if present, and the entire calyx” of apple fruit harvested from and near severely blighted trees,
and failed to recover any Erwinia amylovora. Similarly, the 1974 Dueck study, which found that
Erwinia amylovora is not internally-isolated in mature apple fruit, even when harvested from
severely infected trees, sampled the internal and external parts of 60 mature apples from three
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severely blighted trees. This included three cylinders “from the cortex [i.e., flesh] of each
apple”, the stem, the calyx and the core.

62.  Further, we note that Japan’s Tsukamoto infection experiment, an off-shoot of the
Azegami study, does nothing more than demonstrate that fire blight bacteria can be isolated from
artificially, wound-inoculated fruit after a period of storage. For these reasons, Japan fails to
demonstrate that the first step of its proposed pathway exists — that is, that “Mature, apparently
healthy apple fruit which have fire blight bacteria inside are harvested in the United States” —
making its proposed pathway nothing more than a hypothetical one.

63.  The second study central to Japan's argument is the Tsukamoto greenbottle fly vector
study, which purports to complete the sixth part of Japan’s hypothetical pathway by
demonstrating that a fly will transmit fire blight bacteria from an infected fruit to susceptible
host material. Like Azegami, the Tsukamoto study fails to demonstrate that such an event could
actually occur, demonstrating instead infection of host materials only under the most artificial of
conditions. As with Azegami, Tsukamoto only bolsters the U.S. argument that Japan’s measures
are maintained without sufficient scientific evidence, and that Japan’s proposed pathway is
nothing more than hypothetical because the study fails to demonstrate that flies that obtain
bacteria from infected fruit in fact transfer the bacteria to host materials. Japan itself recognizes
this significant shortcoming, noting in its second submission that “the flies contaminated in a
beaker (in other words, the flies exposed to infected fruit) did not directly become the source of
infection of the pear fruit observed.”

64.  Despite this disconnect in the study, Japan draws the following conclusion from the
study’s results: “it is only logical to conclude” that the experiment’s results demonstrate that
there is a risk of completion of the pathway, and that the study demonstrates that “under
plausible ecological conditions, the pathway of the disease will be completed.”

65.  Japan defends the artificial conditions and results of the vector study. In support of its
methodology, Japan asserts that the United States failed to identify any other study whose
methods better represent natural or real world conditions. To the contrary, the United States
referenced a recent study by Taylor ez al. as an example of how an experiment can seek to realize
real world conditions and, by contrast, how Japan’s greenbottle fly vector study fails to do so. A
1996 study by Hale er al. further highlights the artificial construct of Japan’s vector study.

66.  However, Tsukamoto’s paper suffers from a more fundamental flaw. It fails to present
any evidence that a vector exists that would transfer fire blight bacteria from apple fruit to host
materials not only under real world or orchard conditions but also in the contrived, artificial
setting of the laboratory. It fails to accomplish the very feat described in its title - “Transmission
of Erwinia amylovora from blighted mature fruit to host plants via flies”, Therefore, there is no
scientific evidence that a critical element of the sixth step of Japan’s hypothetical pathway will
be completed, .e., that a vector exists to introduce fire blight from apple fruit to host materials.
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67.  The discussion of hypothetical vectors for fire blight is not complete, however, without
addressing two other vectors proposed by Japan in its Pest Risk Analysis — crows and “jungle
crows.” It is unclear from the PRA whether these crows are one and the same or two separate
species. Together or apart, however, Japan neither produces nor cites any scientific evidence to
support its conclusions that the crows will feed on and disperse infected apple fruit from garbage
dumps or that “jungle crows” will peck through garbage bags to pull out infected fruit because
they are attracted to the color red, the color of many (but not all) apple peels.

68.  Insum, Japan's new studies do not affect the analysis of how fire blight and apple fruit
interact in a real world environment. Japan’s revised measures therefore continue to be
maintained without sufficient science within the meaning of Article 2.2 of the SPS Agreement.

69.  Japan’s Operational Criteria propose nothing new at all vis-a-vis the level of fire blight
that is necessary to disqualify an orchard, retaining in effect a fire-blight-free inspection
requirement. This point can be illustrated by comparing Japan’s description of the new “heavily
blighted” requirement to the statements of the two MAFF officials who inspected orchards under
a fire blight-free regime. Japan’s PRA describes the Operational Criteria’s new, severe blight
inspection program as being “conducted from the officials in the inspecting car; a tree will be
presumed to be ‘(severely) infected’ when readily observable symptoms are found on the tree
exterior, as seen from the officials in the inspecting car.”

Article 5.1

70.  Japan also purports to have fixed the flaws in its Pest Risk Analysis. Japan claims that
the United States has failed to demonstrate shortcomings in the PRA’s methodology, and as a
result has failed to demonstrate that Japan’s measures are not based on a proper risk assessment
for purposes of Article 5.1 of the SPS Agreement. However, constructing a framework of a risk
analysis that touches on the benchmarks and deficiencies highlighted by the original panel and
the experts, does not, in and of itself, mean that Japan has completed a risk analysis that
evaluates the likelihood of entry, establishment, or spread of a pest or disease within Japan’s
territory within the meaning of Article 5.1 and Annex A of the SPS Agreement. As noted by the
Appellate Body in EC ~ Hormones, for measures to be “based on” a risk assessment, the risk
assessment “must sufficiently warrant — that is to say, reasonably support — the SPS measure.”
Further, a risk assessment must evaluate the “Jikelihood” of introduction of fire blight via mature
apple fruit, thereby requiring that there be a “probability” of entry, establishment or spread of the
disease, not a mere “possibility.”

71.  However, in this instance, the probability of introduction of fire blight via imported
mature U.S. apple fruit is essentially zero because the scientific evidence does not demonstrate
that mature, symptomless apple fruit have ever introduced fire blight into a fire blight free area,
despite, in many cases, unrestricted trade in apple fruit. Neither does the evidence establish that
mature apple fruit will harbor endophytic populations of fire blight bacterium or be infected by
fire blight, or that mature apple fruit will harbor epiphytic populations of bacteria capable of
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initiating the disease. When, as is the case with mature apple fruit and fire blight, the scientific
evidence confirms that imported U.S. apple fruit do not pose a risk to plant life or health in
Japan, and when that scientific evidence fails to demonstrate a likelihood or probability of
introduction of fire blight via mature apple fruit, the result of the risk assessment cannot
reasonably support, or sufficiently warrant, Japan’s revised fire blight measures.

72.  Inits second submission, Japan asserts that its PRA does not merely address the risk
posed by latently infected mature fruit but that it also addresses the risk inherent in the
hypothetical failure of U.S. quality controls, leading to “erroneous shipment{s] of infected apple
fruit.” Japan then attempts to meet its burden of demonstrating that such an “erroneous”
shipment may occur by claiming that the United States has failed to demonstrate how it could

prevent such an occurrence.

73.  There is no evidence that the United States has ever exported anything other than mature,
symptomless apple fruit. To the contrary, the United States has reviewed relevant databases and
confirmed with relevant officials that no shipments of U.S. apple fruit have been rejected by
foreign importers due to either immaturity or symptoms of fire blight. Specifically, we
performed a search of the Foreign Notification of Non-compliance database, containing non-
compliance statements collected by the United States Department of Agriculture from IPPC
contact points, and checked with Federal, State and industry representatives responsible for
overseeing apple export programs. Further, Japan has been unable to present any evidence of the
failure of U.S. quality controls on apple fruit and fire blight, as even the Appellate Body noted.

74.  Itis Japan that has failed to present any evidence that an “erroneous shipment” has or
will occur. Japan apparently rests its argument on the Panel’s statement that errors of handling
or illegal actions are risks that “may be, in principle, legitimately considered by Japan,”
improperly inferring that this statement grants Japan a free pass to assume that U.S. quality
controls would and will fail. In noting that it is a risk that may be considered, however, neither
the original panel nor the Appellate Body absolved Japan from its obligation to present evidence
that the risk of failure of U.S. apple fruit quality controls is more than just hypothetical. In fact,
the Appellate Body was careful to observe that the original panel’s and experts’ discussion of
export controls was a discussion of those controls “in general,” rather than an evaluation of the
specific controls for apple fruit in place in the United States.

75.  Japan’s Pest Risk Analysis gives, at best, short shrift to U.S. quality controls in its
analysis, ignoring for the most part U.S. pre-harvest and post-harvest procedures. The PRA
summarizes the controls as follows: “as apples are generally judged ‘mature’ or ‘symptomless’
by visual sorting, there is always a risk that something other than mature, symptomless apple
fruit may be . . . present in the shipment.” By failing to address actual U.S. practices and to -
dispute the effectiveness of those practices, Japan has failed to take into account, pursuant to
International Standards for Phytosanitary Measures (“ISPM”) Number 11.

Article 5.6
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76.  Because the scientific evidence relating to fire blight and mature apple fruit remains
unchanged since that evidence was originally examined by the panel two years ago, there is a
measure that is not more trade restrictive than required in achieving Japan’s appropriate level of
protection — a Japanese measure restricting imported U.S. apple fruit to mature apple fruit.

77.  Japan argues that the United States has failed to “define its alternative measure,” and that
it does not provide “the specifics of the ‘mature, symptomless’ specifications.” This ignores our
explanation that the alternative measure is precisely what we stated, a requirerent that apple
fruit imported into Japan be mature and therefore symptomless. Further, while Japan pays lip
service to the fact the original panel found, based in part on the OECD specifications and the
clear views of the experts, that maturity is an objective concept, it ignores the fact that this is the
specification for determining fruit maturity.

Conclusion

78.  The United States requests that the Panel find that Japan’s revised measures are
inconsistent with its WTO obligations under the SPS Agreement, the Agreement on Agriculture
and the GATT 1994. Further, we reiterate our request that, pursuant to our preliminary ruling
request, the Panel find that Japan’s Operational Criteria are not a measure subject to dispute
settlement, and are not within the terms of reference of the Panel in this Article 21.5 proceeding.

79. On a procedural note, Japan has indicated that it intends to submit new evidence

in its answers to Panel questions. The United States is surprised that Japan intends to provide
evidence at this late date. The Working Procedures are clear that evidence should be provided
no later than during the substantive meeting. We are also surprised that Japan would submit its
new scientific evidence in response to questions that do not yet exist. Responses to questions do
not grant Japan carte blanche to provide new evidence. Japan should appreciate the Working
Procedures in this context.
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