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Technology Development for Maintaining Citrus Fruits of High Quality
during Storage and Distribution by Using Mild Heat Treatment
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SUMMARY

1. Title

Technology development for maintaining citrus fruits of high quality during storage and

distribution by using mild heat treatment

II. Purpose and Importance

Among the fruit cultivars of citrus grown in Korea, Satsuma mandarin has the greatest
cultivating area and the highest production amount. However, market environments of the fruit
such as opening the domestic market to other countries and consumer demands for good quality
have led to research on developing or improving pre-storage treatments to keep the postharvest
quality of the commodity during storage and marketing periods. Public concerns with fungicide
residues on the fruit and the development of fungicide tolerance in pathogen populations have
increased the needs for managing fresh agricultural produce in environmentally friendly ways.
Recently, heat treatments are attracting interests as a promising alternative to replace or to reduce
the use of chemical treatments during postharvest storage and distribution. Treatments in the form
of hot water, hot air, or heated vapor have been tried to control postharvest decay and insect
infestations in a wide rang of fresh produce in some foreign countries including Israel and USA.
This study aimed to investigate the effects of mild heat treatment on quality characteristics of
citrus fruits in order to develop a novel postharvest handling technology for the local citrus
produced in Cheju island, Korea as an environmentally benign pre-treatment to maintain the

commodity of high quality during distribution and marketing periods.



[I. Contents and Scope

The content and scope of this study included installing laboratory-scale system for heat
treatments, examining physiological and quality characteristics of citrus fruits as influenced by
heat treatment methods and conditions, heat treatment effects on the fruits of different harvesting
seasons and varieties, combined effects of heat treatment and chemicals on the fruits, combined
effects of heat treatment and packaging on the fruits, feasibility test of heat treatment application to
citrus fruits on site, setup of PCR-DGGE for citrus microorganisms, detection and identification of

the microorganisms, and data-base formation to scan microbial flora in heat-treated citrus fruits.

IV. Results and Suggestion

Citrus fruits, including Satsuma mandarin(Citrus unshiu) of different harvesting seasons,
Shiranuhi((Citrus unshiu X sinensis) % Citrus reticulata)), and Kyomi(Citrus unshiu X sinensis),
grown in Cheju island were treated with hot air or hot water at various conditions and stored at 5°C
for 3 weeks and additional one week at 18°C (simulated shelf-life) in order to examine the effect of
mild heat treatment on the storage quality of the fruits. Quality attributes of the sample fruits
evaluated during the storage period included the respiration rate, internal gas composition, pH,
titratable acidity, soluble solids content, flesh weight loss, firmness, peel color, decay ratio, and
sensory properties. The initial respiration rates, just after heat treatment, were significantly higher
in the heat-treated fruits compared to the untreated. However, during storage at 5°C, the respiration
rates showed a similar level in all treatments. Internal gas composition exhibited no significant
difference between the heat-treated and untreated samples. Heat treatment also exerted no
significant effects on the pH, titratable acidity, soluble solid contents, flesh weight loss, firmness,
and peel color of the fruits during the whole storage period. The decay ratio of stem-end rot, mold
occurrence, and black rot was manifestly lower in the heat-treated fruits than the untreated. For
sensory attributes related with organoleptic quality, no significant difference was observed among

sample fruits. In the case of visual quality, however, the fruits treated with hot water dip were



scored better than the other samples. Experimental results suggested that mild heat treatment with
hot air at 45°C for 4-6 hours as well as hot water at 52°C for 2 min or 60°C for 20 sec could be
used as an effective preconditioning or pretreatment method to keep the postharvest quality of the

citrus fruits by reducing the decay incidence remarkably during storage.

Early harvested Satsuma mandarin(Citrus unshiu) grown in Cheju island was treated
with hot water and chemicals including sodium acetate, sodium citrate, hydrogen peroxide, and
EDTA in combination at 52°C for 2 min and stored at 5°C for 3 weeks and additional one week at
18°C in order to investigate the combined effect of mild heat treatment and the preservatives on
the storage quality of the fruits. No adverse effects were observed on physicochemical and sensory
properties of the fruits by the combined treatment with hot water and chemicals. The incidence of
stem-end rot, mold occurrence, and black rot was significantly lower in the treated fruits than the
untreated. Early harvested Satsuma mandarin was also treated with hot water at 52°C for 2 min and
various packaging methods such as perforated packaging, MAP, and active packaging and stored
at 5°C for 3 weeks and additional one week at 18°C in order to investigate the combined effect of
mild heat treatment and packaging on the storage stability of the fruits. Seal packaging with
polyethylene films of different thickness produced the modified atmospheres in the packages with
rendering the treated fruits with better visual quality and more stable physicochemical properties
during storage, but causing serious off-flavors on the fruits when opening the packages. However,
perforated packaging with the same polyethylene films obviously reduced the decay ratio and
retained good visual and organoleptic quality in the heat-treated fruits. Besides the experimental
results above, a feasibility test on the heat treatment application to green-house grown Satsuma
mandarin(Citrus unshiu) on site confirmed its potential effectiveness as a promising pretreatment

to maintain the commodity of high quality during distribution and marketing periods.

As an efficient method permitting the rapid detection of molds and bacteria from citrus
fruits, the polymerase chain reaction (PCR) combined with denaturing gradient gel electrophoresis
(DGGE) was evaluated. The results showed that this technique was efficient at amplifying the
conserved regions of fungal 18S rRNA genes and bacterial 16S rRNA genes with universal

primers. 18S ribosomal DNA fragments (approximately 530 bp) for mold detection were amplified



with EF4f/F5r primers and analyzed by DGGE. Four species of molds from the decayed fruits
(Penicillium italicum, Botrytis cinerea, Glomerella cingulata, and Penicillium digitatum) were
examined. For bacteria detection, 341 GCf/534r primers were selected and confirmed with ten pure
cultured bacteria (E. coli O157, Listeria monocytogenes, Staphylococcus aureus, Bacillus subtilis,
Samonella typhimurium, Shigella sonnei, Bacillus cereus, Vibrio parahaemolyticus, and
Psedomonas aureuginosa) whether 240 bp fragments were amplified in PCR and the fragments
were separated in a sequence-specific manner in DGGE. PCR products of the same length from
ten different species showed good separation upon DGGE. However, no bacteria were detected
from fresh citrus fruit skins. It seemed that the initial amount of bacteria on the citrus fruit skin
was under the detection limits (total viable cell count < 10° CFU/g). During the storage of citrus
fruits after mild heat treatment with hot water at 52°C for 2 min, no significant mold species

change was found in this study.

Based on the results from this study, fundamental information regarding the mild heat
treatment effect on citrus fruits was obtained to keep the postharvest quality of the fruits. Provided
with a possible subsequent research grant, standard heat treatment process for citrus fruits can be
established to operate on site in a local packaging house through a technology transfer to farmers

associations and cooperations in anticipation.
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M2 & =ue ZlsHd

il
ot

2 Z EAALE WA 98l A8 & e FHAF AAY % F
JuEA A2 o) o] FEWRL it AR dAe) W e AR o) E4EA
M9 ol Hawel L =23} 4]

el mAES AP A o2 AN F UL 545 Bol 78S AFA 7= HHO R U
A3 ) tH(Wilson and Ghaouth, 1994; Schirra and Ben-Yehoshua, 1999). 53} heat shock protein
(HSP) A8 3} A 32 &S WA sk &4 wh-g-of o g AWl WA star, 2 =49 A2 <l
Hh-g-of It A4S AAAN7IH, 58 AENA = A28l ol tigh A3 S dejFo
EFAAEE A AAZ 4 AvH(Wild and Hood, 1989; Mcdonald et al., 1991; Ferguson and
Ben-Yehoshua, 2000; Porat and Daus, 2000; Saltveit, 2000).

AdH A2 Fel F2 AHgE= @ AEviAl= S 7](vapor heat), €5 (hot air), B

(hot water)7} 21 2.1 (Lurie, 1998), 7] 28] 40-50C 9] 57| 2 X 3ld 7| E o] &34

SAHEO €& lele RO R 53] 259 dolu S AMEAA BEHE WA
A HH o g2 ARREH o] gkth. olof Rlal AF M= 7tE® AL Stol sAES ¥ AY
AL F7E Bolge] FE W oRE dFy SUIARY =g A ZFEEH AT IV &
Stelo] 27 G5 718l & 5 Adow 2o tig A EA 9 wE-S AFsted E3] A
HATH g 5 A= 9 VAES dAE] fal 2ole WH o R B, AR &
Aot 53 el FAj Ao m EX et gl £Abel o3 L dS WAE & Jv R
o] Y, AHAaF= 50-60Coll A 1023 A st &= 22 a7t dojubA] gfom dA = 5
U3t 2= A o #H2 AIZE Ul iR rAAES AEAZE 5 S tH(Barkei-Golan and

Phillips, 1991).
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2

et al., 1999; Porat and Daus, 2000). $+H Y o] &4 HAF = 123 o o3l PEFS A =

= A FA, S5, A5 A3}, A T8 AL A dAL F718E A, 7 oA el
% BT (Paull and Chen, 2000). 53] €* 2]+ £33 3H&(skin pitting), 9] 2 25 29
water-soaking 59| A 2gaE &7 02 AT 4= glom, o] A oA P HE= A
© O2 FAAE 71 HSP7F @A 2] & Aol A A= o] gl A Aol o) =2 % 3
A4S A EtE A0 ® KW QT Woolf and Ferguson, 2000). A3+ Q] 2ol )3k 1A
TR FAGA 71FS FEE] f8] AR Tl A o] F o AFES FE HSP AA,
g spehEdo] 28l B Al A A tiA SOl #al o] Folx kth(Lurie, 1998;
Ferguson et al., 2000).

A Fol gt & 2] -2 Baker ef al.(1939, 1952)0] &7 B vtg] & A Aslel &
202 AAIG o] F 700d o] A& Holsith aEu H Eo] A FAkE] A5}
=T B AT S AASY] A FEF Ao g T Aol AEA
FEE7) AZSIG =, ol FEF A4S BAE ] flete] Aol W itk g8tk
Al e A7} 7Fef A AL AW AFEE SHetebA] X2 E ARl = F Ao whet H b s}shef
A o] AHE-S A E b A 22 ito] A E 7] wj o]t}

dA ol At 2 AF a7t QAR AFAgdd A dx g g ol Ful & x|
U T A3 AL otvth oW Aole A7 238 A& sEZE A7 AS F
Ao B 7 oy AF 35 A7) A3l MEEE GHEEHS ZE

J

2
ol
of
=5
N
B
=
>
>
ofr
=5
rr
kl
rfo
X

o

E°] 3575 3 (climacteric) #4 9] 45 AAA TN ALY, #YL 9

e BN F FEFS FUAA ZE Y 9uks S AW, At A F 2 DA §)
+ superficial scald®} 2 A7} ofEd] T FoAlA dojvh= A2 E 3}

A TH(Lurie, 1998). FAHES A7g3st7] Mol A= o Z2A = 16-25TC Y =0l tf 7]

2% o]gloll A YA T G A2l ss AL ovlshe), oln g7k o]Fte &

@ Hojx At doid & e 5-12C o] 49 REE I o 2Ae 2EE A8

of utel 2ebd = Qe ol Y3 2 A E A, Pk, P 2L o) FZ AGH M,
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A A (Fallik, 1996a, 1999;

J
=

&4

A=
=

Ea

]

O o
R

2] Al 2= H)

A

]

Prusky ef al., 1997)7} At} E¢-&4

ste @A 2= A 500 @ 2t Fatopel] AL

J2](Akamine and Arisumi, 1953)9} o] AE -

&

<)
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3 2
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7 ol AA B3 ol Ao AL8H okAlS) AL HETG A FE ASAUNE FAIT AT
FHE AS 2 9 Hol AFHOo = A 4= I H(Cabras et al.,
1993). AA2 RH o] Ao} A AE BE At s o AdA Y AHg o] Fo
T O agE A s Bo 52 A5 & F ARG dE S Esole A=
H2o}= 2 ,6-dichloro-4-nitroaniline(DCNA)7F H 719 51.5C< & 7t
S ul €4 = DCNAT @502 AHIPdS v o Fo&o] a380 2 JAHUL,
51.5CellA 225 mg/L 5= 9 DCNAR A 23t & o] Folle {24 900
mg/L DCNAE AHE RS o) Y& IFF vl 598 498 5 AAtH(Wells and
Harvey, 1970). =23+ & 9] -9l = 50C ol A 250-1500 mg/L &%= 2] imazalil (IMZ)o]] 3%
7 ZAABAE W 20C oA A2s v Bk IMZO] R o] 450 =2 A& & 5 AU
o H&S thA] 50°Coll A 250 mg/L IMZoll A8 F-9- 20T ol A 1500 mg/Le] T =2 A &
S w9} HIS=SHA penicilliumol] 2] Huj7} JA == AS A 4= A TH(Schirra et
al., 1996). ©] &} FrA3H A3} thiabendazole (TBZ) A &) ol A & B2 5 =0 3132FA] & A}
S0l 2 W EAYE A7 A &2 Aol e a2 A E T
ANIL, o= A= Qleto] Fdo] oAl FAEAES ¥ Bol F53 °F ATFHA
Th(Schirra ef al., 1998).

AR Ad dA ot stetofA] B e = ALY TR FFol wek 1 At o
EA YetYA T it 2 22X A S w ofAe] IFFo] wobA| L, ofA
ARG Eol ZolET T E O Ade HISE & F AT A vlFeE FER 54
o) = A A3}7] $138F4] ortho-phenyl phenate, imazali, thiabendazole 5 2] WA & A}-&-3}
aglon, & 52 d5A e A A =HA Y ey o] 3 ek Al = AR
a Ei

fr
P

_/r:

o] gFAH o WA} AT E HEI}E A FHEAEY FHE WA
l2ta B7] of gt wpebA] 833 FE o g SAHEA 7L ojw] & g A

A7 2 A= 318t ekA] e A AFAE WA g2l o] &3l= W

S MEA A3 ) TH(Smilanick et al., 1995).

tobAlE dx g9 W&o 2 ARFE T TAHE FHE JA S}

A FEAE Aty AsiM e FAH R ofE gtetefA| S AHEE 5 eAd uE A

R7 B3t} dubd o g2 23E 3 714 = GRAS(Generally Recognized As Safe) 55 2] &3}

et
4
0
rr
oz
'

O

3
K
d
(|
=2
Y

riot
o,
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ot
»
r o
ot
_IO"
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FAZA o] LUFL AHEH o] Wk oleh 1 S Ao hE BAHE 2 vetso]
7] W] g GA el H e ALgehen bR dPEo] gty BeHTh
e AF W A} A2 B0l 1AM Jbs Aol B APH I g EHQ 5}

A S 4 X, sodium carbonate, acetic acid, citric acid, benzoic acid, sorbic acid, ammonium
molybdate, hydrogen peroxide 5 2.2 ul]-¢- t}eFs}o}.
A =, sodium carbonate (NayCO;, SC)2} sodium bicarbonate (NaHCOs, SBC)+= T}k
@ SER AMSHE AFAARRA AFe) Frl pH 24, A% B3} A7 ALY
SFG AN, FAFY A HALEAE AL E T A THCorral ef al., 1988). 0] &S R ] =
Zhll A A S AL iR ¢Far Qo] 1 AL 97} Y& A o] tH(Smilanick et al., 1999). 7] =
o] A9 FDA+ sodium bicarbonateE GRAS 550 2 B F3}1 931 EPAAA = & F4tF
=9 A7 ARELAZRE AdE A= A8t vk 3 USDACI A= SC9 SBCE
Fr71%E AFo A e 7= E AL 3 SCo SBCE A FH 7= A5
A &t7] 8 AH83L7]1 = 3k SBCE 1928 Bargeroll 2] &)
ol th gk o Al 2Fgo] WA o] F2 WAl borex thAl AHEE o]
A& A A s 222 SC= AT V= Californiadl A 229 423 &
7 $18) ALEH T AT o) 5 WAk Ao ARET £ AT 5 9o
% 53] ek
SHIAEEREH FHAA S A& F UATH(Palou et al., 2001).
= Ay R Alsh A vlZahe A oAl 2ol T A2,
Bt a9t o 2 o2 g# A ) th(Porate et

JF o
_g’:’ ol
W
T3

Jl
o
okl r
” T
T =

i

%

K
4
>
r vl
)
Hz
o

2 e e
R
s
N
o

ol 3T
B 4%

i

A
e
2
(b
ox
tlo
N
N,

2
=
ol
e
o
=
2
T
r o
)
ox,
2
=
g
i
)
o
4%
2

al., 2002). & & HES & 27-40C <) SCS SBC &)

=
15287 AAAAL W F 74 25 o] Hol Haggo] RS WA Ad) A8H

_|>J

potassium carbonate, potassium bicarbonate, ammonium bicarbonate ® t} E 2} 9] 5248 § 3%
© 2 745 A) 7 2. (Smilanick et al., 1999), SCE A A| Q1 imazalil¥} H] 1l 5} =
Y-S 90%0] 4 AANA| A A FFolo ts) vlstAY 38 o] =2 daads

=0
=

>
W
o

—_

sl o
e}

B 48A417F0] At FH ol APl E vl & 32 e 9 oh(Smilanick er
al., 1997). =23+ SC} SBC A 2l= WA 54& AT & # Ao &S FAY o

iy

Zh-goll S FA e Ao Z G A e, HES 40T oA SCE A stz 74
A A P. digitatumS QA AZ 4= = phloroglucinol-positive compound 4] 0] 4 &S
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2] 9k 9k TH(Smilanick et al., 1999). =3, a3 QA X o] SBCE 2] & wf Lo A 2-4%
SBC &0 15023+ WA F 49 54 F330]7} 60% o4 A AT SBCE A& A
Aglsted], ol 99 2=7F eprtA &9 pH7L FolA WA CO7F A= 7] W F o]
t}. SC$} SBCo F@o = FE2 UEF gl 93 Aoz dHA Jrth(Wells and
Harvey, 1970). SBC &4 TR M e B ol My nEFZE o) )
0] ATPaseE AF=38te] 4hsh4 144381342 uncoupling 8= 5 o 8 7FA] WH-g-& 53}

u] Ay &g 4t 3} Smilanick ef al(1999) A HFo]E AT & = FEFHEDS0)S

o
T
5 W
o
=
o
ruz

™

¢

dolr 7] 98] Ags Ay, SCE 5.0 mM(pH 11.0), SBCE 14.1 mM(pH 8.4), potassium
carbonatex™ 6.2 mM, ammonium bicarbonate™ 16.4 mM, potassium bicarbonatex 33.4 mM=Z
AYTE T SCO ED50 ¥ol 7 A& A2 & 4 UM 2y sCY =430] /M =&
W el SC, SBCY] #FFo] AA A= AL HlSz3te] SCoF SBC] 4t & 7= SC2} SBCY
pHY ZA4 A E(ED50)0l &3 o] obd EF ol 93 AdS & 4 A 22y sC
9} SBCE 38ttt A 71 obd A F 3 7FEolghe s &0l 2 a3 = 7] Adade) 1
231 A RE 8} 8H kA 9F o] Aoloj A FAstE EAE AT A Kate GRS 7R AL
Atk wWEkA SC, SBCO] A aHE £ol7] #l8] F3Aly A AE HretAY A2
e A8 S HEste Wol 37 Al=Ha 9t} SCeF SBCY] H3f A 8
H F9o] EAste 99 S Hu o PR, dRShe A Atolo| A Y] A ERkS-of wet ok
2A vebdth mhebA ofA o] JRES Eo
ok B o] FFuith Mz o] ok ek YRkA o7 7E 7o) [l ggolo F 2
FHZO1E 90% ©1’F AAAZE F e EFHE SC, SBC H 2712 40-50C 2 3-4% SC,
SBC &l 1.5-27F I A et= AR e A Ath(Palou et al., 2002). =54 FF 0] F A
A 7171 93 A 2718 40.6-43.3C oA
(Smilanick ef al., 1997). A&l A @o] WA al= FEFF0] Y AL 45T o A 3-4% SC & A
o 150%7F HA3FAS wf 90% ©]/do] 7HA ] ATH(Schirra et al., 1998). ¥+ SC, SBC, 7]E}
2 AAZHE A FERT Ao 2%
of o3 JFS 2ol = Ao = 818 H th(Hwang and Klotz, 1988). 2 & 2| & 420l A 150
271 3-4% SC &Nl FASH 52 AHPS o Bop F2FF0] 9] dA&0] 20-30%= S
o}l 0w, 45 Coll A 6037 3-4% SC &Holl F A g 73 9-ol &= 20-25%= HI =3 Y &S
B o] 28 FolH X YAHS GEAZ F ATk M At 2 Rof A an=

o

rl

=

£ E3 79

% o
QL
®
Y

iy

1
5
o
oF
o
oE
o
¢
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K
0

-6%2] SC &-dof 287+ HARA 7= Aot}

kv

ol
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257t =555 o FFEUAT F, 45T A 6029 1503 2 2] 3E] ko] 7k 20°Coll A 60
o} 150% A &) zke] zto] ¢} vlarste] o ZA UEyth LA AE F713F A3t A] ¢
3 C,SBCY] ##o] AAAH}Z AHE A7, 45C S5 7F20C G- 2ol
H 3 FEFFo] HAS R A 02 AR5 L, 45T A kA H-& A 25 Zlo] A4
T ARG FEFFo|Y TS EHF 0 E FHAA A TH(Palou e al., 2001). 270 L X+ A7
3 3 F 2o WA S-S SBCOA 38%, SCAlA 56%, DA 2l A 76%°] AL, 44
Fole 747t 32,22, 60% ATt A Fgo) 7} FEFFo] o Hl3| A A = ] o] AA =

lom 1 Zpol& sCuk @0l HIsl SBC7F 7HE A o] SBC7} 54 g0 o FEF 0]

(Homma et al., 1981).

A Zo] dutxog ol HEA Y WHEEL oF3l F7]2FS F acetic, lactic, benzoic,
sorbic acid 5 °] UATh °]E F71AHe v E, 8, FFolo F4S A5, 53] sorbic
acid= AR} w30 AAA R F2 ARSI At} F71te] dFade= AXUE 99
a2 5 A Fe A Expe] 2o 93 2 © & (Brul and Coote, 1999), Y RFA 0 & ko pH A
oA sl g] = x] %o A BEx7F Al EF 2 (plasma membrane)S £ 331e] F4 pHE Al
¥ A (cytoplasm) QFoll A s 2] H W 0] &5 A SHA At M EF Yo F40]20]
A7) A AeE A EFo] abgdstE o] MEd W] AL G WA HaL f
FAgoll #ddte aaAEo] AsfHo] HAE FAo] Ay
(Stratford and Anslow, 1998). We}A] f7]4HS 8B o] pHY} S48 JF AT/} H7] W&
o AH& pH W 917} a8kt zt7] H o 24 pH7E Gl A ATt 4k (acetic acid)2 W] =0l A
GRASE FIutgtom 2350 HEA, HdshAl, FrA= &3] AHE-HaL v} Fd e
S ¥ & = pH ¥ FHU pH 45011, 0.1% 322 VA ES] L Foly 2219 F415

oL

o
of

(<3
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WA A g HA e B A= 03% sEAAM 5427 F3olo] S-S AT

T Ut} wlZE2h(benzoic acid)> A7, Al oA A o2 HAYEH AFo) FolA|, Gt
A, REAZ ARSI v @A AFolA e ARE 5872 0.1%1t A Fdadt=
pH 2.5-4.001 4 YelH FFolBet ARy Ald Ao ¥ afZolth HEF o Fef

Hl 2L Eo & &3E R o] & A= AFE-E I ) &R 4K (sorbic acid) &
| FEAZ AL EH 53] Al Boh ER U Fgo] JAlo B &A1, G-l o4k

I 2 A xd g3 SR04 A Hste o] Fol BlalF £ pH JEj ol A = Al 25

o2 A F2tE S 9o W pH HA(HU pH 6.5 A & & 3E EFA O(Stratford

and Anslow, 1998). o] &t f7]4HS Erol H7tste] ALEF o2 A F4bE9 B A&
=]
=

>

o

= A4S 4 A A HPalou et al., 2002). Potassium sorbate, sodium benzoate, ©] & EFE2
T2 A3 FUo A FaFgo] A -Eo] 75% o3 A 2™ o] = sodium carbonate
1} calcium polysulphide 2 * 2] g)-& wf £} H] =3+ == o]t} T3 sodium benzoate, potassium
sorbate, ammonium molybdateS 7}t 3¢ QLA A| o) A FFo] e FEFFo| A&
FAg diz2Tol Hlal 50% o]/ 743 T Sodium molybdate®} ammonium molybdate S
A7 & o A =R TO= 0] B & 43S v X =), 22 FE9 sodium molybdate
S AME S EEE 20C T 40C ol M A o] F& FFo|7t A3 o2 st

Ammonium molybdate™ Y FAbE0l AFEEH I v FXTAZA HT i gEol
AE8H A28 FAAAD = = Ao Z IR T o & 59 ammonium molybdateE
Candida sake®| H7}st& W Aol wijol| A WA H = FEFF0] 9] JA&o] Hopxth
Al A A= FEFFo| 9} A FFolE A ASY] 93] ammonium molybdateE
AL&sk Ad 15 mM %2 P. expansum, B. cinerea, R. stolonifer®] A5 3 A4S 447}
84%, 88%, 100%% ZHAAIZ 3L 1°Coll AZ3F F-o = P. expansum, B. cinerea®] Ay o] = A
0159 HLFo FagA] o] &72 o] tH(Nunes et al., 2001).

Hrrstrie A FY WA, Al A, FAA R FE AR EHH, FAfF EHA 29
HuAEE F0]7] A3 HAHCEE AL HER 59| Faff A, MA A HA, A=
& AL F AVt FY BEAZ AREH AL T v 59 B9 A= A Zol AHREHE €

3, ST AE, AT dxFd FAsFAE HUMe RS shstal o, ¥
AR A SRR T AHEE 4 Al F8STh g A F] Wil A E 95| AHE-E T

= s AEES] 0 9e WAHY] AN ASHh BAGSELIL EAE AEAT)E
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7122 sk EARE Aol e AT 3ol DNAG 45 e o2 4eA
ATHBrul and Coote, 1999). 20|, =4 ¥, T8 55 5-10% FAspgFigo 28 o7 3
A3tH ARG WAL F AJA, HE HYFFFS 5% FAsFAFE AP S o
A 7FA] o] = A tH(Gerald et al., 1998). 38 A 7}gF 2] B$ Hqbslg24 A7 o
g AHEY EA A, A, suk v 2ol X e HAkst A
T& 90%7HA A2 = Ao A aF)7E 4TCellA 5L ASH AT =5 =7,
At ERtEE 1.5% lactic acid®F 1.5% HAbstaapoll 1527 A PES v H o] a3

oz ZAAsgY FAEE EAZ 22T Y 1.5% lactic acide} 2% A8t A5 5827¢

(

2 A W3} §lo] E coli O157:H7, Samonella enteritidis, Listeria monocytogenes
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polygalacturonase(PG) 28-S HA|3te] B E WS F7FA 1t (Luna-Guzman et al., 1999).
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710 &= mE 7S B2 A A pectic acidS A 3H=H, o 719l Ca’* o] 0] M7} pectic
acid®] 712 B2 7)o A sl 4 EZF S TS wHEtH(Belitz and Grosch, 1986; Stanley
et al., 1995). 78 T WFal o} Tl & WA st7] g o w gy a5 HPAYE o
B3, AAaFol H85 A T

1972), 31.3(Mohanmmed et al., 1991), AF3H(Lurie and Klein, 1992) 5ol €8 & 2538 S
st o] des A Bl & FA T F AATh EFF Cantaloupes T 7FEF5 60T 9
2.5% CaCly & o] 173 I A% & 5CollA 129 &< A As o 32 B=7F 2 {4
= ¢ tH(Luna-Guzman et al., 1999). -8 CaCl,2] 292 3| 23} 7] $13} calcium lactate = T A
7Fed S &1 23, 60°C 9 2.5% calcium lactateol] 1387F A 3F & 5Tl A 12 A3}
G u CaCl, 2t} A=} =4 F-AH A2 Fv) = S35 tH(Luna-Guzman and Barrett,

A a¥E 4S5 4 AN=dl, - AHHoff and Bartolome,
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potassium sorbate, ammonium molybdate, sodium benzoate, sodium acetate(SA), sodium
citrate(SC), EDTA, hydrogen peroxide 5 2] 3} 8}<FA] (Sigma Chem. Co.)& Y74 FX(0.1% SA,
0.05% SC, 0.1% EDTA, 0.05% H,0»)=Z 27} &3|A17] § s &<l 283 &5 A
of @XEE AAstATh A 4EE AES 5T A2 A 343 A& F73]

TS EoEd gF xR FUEVE AASAY A2TEE FEANRE 57148 AF
(® 5 mm) LDPE ¥ &5-5(30 x 50 cm)ol] 253 (F A s}+= 102hA o} £33 &
718 8kaL, ek upgry ol B o] HAA FA Fe v ARG A

FA B 2R ol wE A AP B¢ 52T fFAHE &
shof A4 C A2 A 3A T A= &3] Y2t +F
HMEZ RAE7)E AT O, AEstanat e 2349 AN S 2l st A g

TEAT FetaEH I 2AANZE 5714 HE(@ 5 mm,

He
B

i

AN, 5

CO, F5A, oI ehg WAbA) sachet 2H2} 71eke] 0B Tk T4 el FER P
NRE 8 BEBEE0 x 50 om)l] 25744 g

gl Yol o] HAA A HE v AFAZ ket

-

|

o 555 U A% ¥ (Hong and Kim, 2001)0] & Aste] 248ttt =, A
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2 Aol A& F2 7109 DWWl A A He 12 A= EFA A5 (F84=: 57, o
2 8719 7]
A 24 S GC(Shimadzu, GC-14A, Japan)Z 43t 0, 714 2 CO, T TFEEE A

AAE: 25, o 500 9 B0 DRH F 4 AF L] HustuA ZAHO

AbslE ). o] GC] E24Z 72 detector: TCD, column: Alltech CTR I, column temp.: 35°C,
injection temp.: 60°C, detector temp.: 60°C, carrier gas: 50 mL He/min®] 1 th. 34 Y H o] 7]A)
Z/J & gas-tight syringe(Hamilton, #1001, USA)E o] &3l A H 3 E F3| WEIAE
53] 200 uLA A H S F GColl FU3IAL, o]2HEH 2 AZvfEIH O Z VA XS
A8t AT

. pH, b=, 7H8-43 1

AT 279 oA Zh2 s hEs RS E Addste] HSsRnrs 727
(Braun, MR-430, Spain)°ll Y3 ¢+ 3] v}l 253k & pH meter( Mettler-Toledo, model
420, UK)E ©|-&3le] 59 pHE AT A== 25 H 20 mLE 0.IN NaOH-E < &
Z pH 82744 A A3t AnlE &0 %S citric acid %2 $4+ste] TASIA T 7H8A 11
i TSSO A FETE FAYE A s S duste A&EE Ve A5 &

refractometer(Atago, N-1E, Japan)Z 7 3} 4] °Brix 2 WEFY A THAOAC, 2000).
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A2+ 9] flat probe”} 2% rheometer(Sun Co., CR-200D, Japan)E ©] &3} 7+g <] &
A B7 AH oz FEE o] F AN o] L UhS 1.0 mm/se] SEE 1 kg2l Fo) 2

) 7} 2] A ko] o] 53 A2 (mm)E 3 A3 THZhou et al., 2002).

)
Ty AN a9 Ao} g H ALo] 7Fe-H F-91 5 A A Al (Minolta, CR-200, Japan)

o] F A F-Eol RHAA ST F L, a%, b* FOoE FASIAT. WA RFEW(LH=

d
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97.75, a*=-0.49, b*= 1.96)S AL-&-3to] AMAAE BT & A ZA o o] &3ttt BE A
7, o8l A Fd B A TEE HA 33 o] (VA ERA, pH, AtE, A T3
3], 7H8 R 53], A, 9] A 1038)) vHE %—Xé%}%iztﬂ,é_l?ﬂ A= Fapd 2F
QA2 e AT

LI S B
AR o AT 270 o) A0l thsl £ A #5-(stem-end rot), = F°] A
S (black rot) A 5O 2 Hu A (FAFHAT A, 2004)S FES AA AE A8 S

1

H
i)
o

Jfa
B
o

FTHE A5 A Y 109 o s e WA AE, 3 5o o HE

FAEE 59 AFFE & sl 97 HE x}o]
AALS A A SFal(Kader et al., 1973), 2 A3S ANOVA(Duncan's test) 2 54| 3] 2] 5}o] 2]
ZH(p<0.05)5 HS AT

)
M

4. vAE F4

e B AR 2

H

e 2] Al DNAS FE37] 915t F-3 22310l A 0.8% NaCl 84 225 mL o} Bl
AW 72 A 25 g& A B Holl ¥ 287t stomacherZ vt £ EH EF Ao
ZRE 1HES A A7) A8l 5,000x goll A 1587 DA E 23 T A5 AS ThA] 15,000%
goll A 1583 A4l el etal, AW ES DNA FE Y02 ARSI Th Al Al d79F 10%
chelex solution(Takara co.) 100 pLE- 1.5 mL micro-tubeo| A ¥ EF3F & 99T A A 5527+
7t 3 ok 187F F38 3T ©] = 80,000-90,000% goll A 177+ ARt A5
DNA Z A}8-3} 91 Th(Niannian et al., 2004). ZHg 3 Al @2} Bl sl 7] 95le] 2o ALE-=
T F+= MI(E.coli 0157-H7, Listeria monocytogenes KCTC 3710, Staphylococcus aureus ATCC
65389, Bacillus subtilis ATCC 51189, Salmonella typhimurium KCTC 2878), M2(E.coli ATCC
8739, Shigella sonnei ATCC 29930, Bacillus cereus ATCC 11778, Vibrio parahaemolyticus,
Psedomonas aureuginosa ATCC 9027)Z &5 Atk
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FEota T A7 Fof Wik 295 H A pasteur pipette
= AFg3te] 9utd o 2 Tl o] malt extract(Difco Lab.) SHHu] 2] 9ol &2 F 11 28C ol
A 2347wkt 5 =g E8sh7] AAs f1ek 2ol i dE FAE 0.02% Tween
05 M T SFA(pH 4.8)°] A7 3, HAED vjsle] EHLSS

g ARE Aoz FAHt. v
dextrose broth(Difco Lab.) B X]ol] ¥ 31 25 C ol A 4-5€7F vl ¥+ T2, 1.5 mL micro-tube]|
Hl ¥l 1 mLE& ¥ o] DNA 3902 ARSIt Al & A FH Al A @& F3°] DNA 5
Z 9ol 50 mM EDTA 293 uLS ¥ A o, Al 282 o 7] 93l 37°C ol A 30-60
F-7F vl 3 3 80,000-90,000% goll A 2% F ot A4 E2]5lar G5 d S WA ]9 Nuclei

[e]

==

G FFo] YFE potato

Lysis Solution(Nucleogen, No 1521) 300 uLS 2 I cell pellet?} 7] 3] =]

t}, Protein Precipitation Solution(Nucleogen, No 1521) 100 pLS ¥ 31 20%3F A E 3} A| wwt
Sk 2 80,000-90,000% goll Al 33 F<t YA T SHATE DNAZE £3HE S A9

isopropanol 300 pL7} £ %)= 1.5 mL micro-tubedl] %7 ¥ i1, A 2 2] DNA 7IgE0°] B
o w712 FstE 58] FAFoAFHA EFS F thA] 80,000-90,000% goll A 2
E3dth FoE 7129 A5 AS il T5 A 9 micro-tubeES P ojEol Yz A&
A AT T2, A0l A 70% ol §F2 300 pL& 231 A3 o] Woll AA tubeE A3IE H
HojFHaA E3ste] DNA pelleto 25 o|E2dS AAT & UEE AHstaL, tA
80,000-90,000x goll A 23 <t A4 FEdte] ZAEHA BE oe-&S 37 FTollA A A
3} At} Rehydration Solution(Nucleogen, No 1521) 50 uL3 RNase 1.5 pLE # 2] ¥ DNAC] ¥

1Z27F 2HE3 & DNA+ 2-8C ol A A AstH A AM&3Q[ T 2= 1 3 o] ¢ v w3}
7] Y& FFo] dFZM Glomerlla cingulata(KACC 40573), Penicillium italicum(KACC

01'_1.4

40826), Penicillium digitatum(KACC 40824), Botrytis cinerea(KACC 40573)Z A& o] A}-&-3}
AT

Y. % DNA &% 54

ot 22 BF & AA T3 DNAY 55 dolr 7] 913 242+ DNA Al5E 50094
A& 3] 43} UV-spectrophotometerS: ©]-8-3}] 260 nm<} 280 nmo| A SF =S =43}
1 F¥E HE et
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t}. 5% DNA®| PCR T %

AlTte] 168 tRNAE codingdl= DNATHS Mg H oz FE37] 3] £ AFox=
universal primer2A] 341fGC/534rS A3} th(Kazuya et al., 2001). ©] primer set(forward
primer, 341fGC: GC clamp-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG
GGG GCC TAC GGG AGG CAG CAG - Backward primer, 534r: ATT ACC GCG GCT GCT
GG)= 4719 Al 1051, M2)oll thall A 240 bp2] DNA ZZ+S A A g}, o]l primer<]
PCR 8 2712 Table 1] "3k Al ® A8t}

Table 1. PCR condition of the primers to identify bacteria and fungi from citrus fruits

. . Primer PCR condition(‘C/min) Time
Classification . .
(amp. base pair) . preheating | Denaturing | Annealing | Polymerization | Stabilization | required

. . 94/0.5 56/0.5 72/1

Citrus bacteria: 341fGC/534r 94/2 72/10 2h10m
(163 IRNA) (240 bp) 30 cycles
Citrus fungi EF41/F5r 94/3 94/1 48/1 22 72/10 4h10m
(18S rRNA) (530 bp) 40 cycles

St F330]2] 18S rRNAE codingdl= DNARHS: Hdeld o2 ZE3517] A= 4714
primer sets [set A: EF4f-EF3r (1,540 bp), set B: EF4f-F5r (530 bp), set C: EF4f-NS2r (340
bp), set D: NS2f-F5r (230 bp)]|S AH&-3} AT} ©] & primer set> Smith ef al.(1999)°] ]3] 4=
3 & Ribosomal Database Project(RDP)2] database®l] 31+ & %°] DNA<}2] A3} simulationS
ol AdE HEH QA FFo] primersE, M A A3 e FW F3o] AELOEE
primer set B(EF4f: GGA AGG GAT GTA TTT ATT AG - F5r: GTA AAA GTC CTG GTT CCC)
7} A3 Aoz AuE At} o] primer setS ©]-83+] PCRS =331 530 bpe] 5-0] 4

DNA ZZ}o] A4 =™ primerol] 2 PCR 43 =712 Table 191 AHA|5HA A sFA T

2} PCR 2H= 9] 1A= 89l

£ primer setsE 7} % 1L PCRS 2

02‘:,"
o
o

=23 Z7]9] DNA Z7}o] A HA=AE
olH 7] £13l 1.5% agarose geldll Al 71958 33t ATh 19 laneol|= 100 bp =7]2]

markerZ- loading3} 91 3L 2 laneF-E] &= 1x loading dye 1 uL¥} PCR 2H& 1uLE 49 ¢] loading

=2 71
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3ked 100 V A el A 15208 A% A7) 95 S 5359tk D795 3 50 pg/ul EBr 3

E7F 93 o3 TAE 95 0 2 208-7F 24 51o] UV trans-illuminator 2 2213} T}

vl PCR 4F= 9] DGGE +4

Acrylamide gel®] WA A5 =2 15-80%2 HHEHA u] AP S 5
40-60%, =F°] 2] 75 40-50%=2 M F] HA =5 AGsA
9] T E2]3} A} 3t base pair 7)ol whgt GEA B Z o 0] AP S T Al FF

o] B5 8%= A4t DGGEE 43 3}7] 93] PCR A= 20 uL< geldl] loading3t .M
TA A AP zHC R AT PCR AHE S DGGES A& 60°C, 200 Vol A 158, o] 5 70 Vel

D>

crylamide gel A}

+30°] PCR 2FHZ 2] DGGE A= 200 VoIl A 158, ©]F 70
Vol A 14417t B9t 79 5S 33ttt A719%5 3 50 ug/ul EBrZ 387 A48 o

< TAE &5 0 2 2057 €43} UV trans-illuminator2 2213} 31t}

H}. RDP(Ribosomal Database Project) 44
DGGE geloll A 2] & Z} lane2] A2 TOE X o] = bandsE Ef AH Q] HEd 2 3
gk ZA Zebd F, micro-tubeol] ¥l ZHA FH AT 229 tubeol] At T/ 20 pL
Ag Qi T2 AES 3 WS oS 80,000% g2 ALY G AS AL, ol F
ANAME B4 9FeHch 28 7 A5 47149 Rt o 739 47147t
A S 8137 93ke] A F simulation(NCBI Blast site)2 ©]-8-3F3th 249 47

YL AE AL AH B E FHFES st

2
e
tlo
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A3d AT RS R A

1. 7] €4 A28 74
4B GAY A=A P A 4P FE I 83 2%
x2.5m, &5 ZAWS]: 20-55C) D AR(2H A 27 F2, YL 40x30x30 em’, 2%

ZAHY:20-90C) A AR = A 2E

7he AgA

of

(A) (B)

Fig. 1. Appearance of heat treating systems used for citrus fruits in this study.
(A): hot air treatment in a heating room, (B): hot water treatment in a water bath.

2. 942 W B 230 whE g o] e 54 vfsAL
HEe S5 A, FrEAgolA Fal A B kA FA 2] oA s A7) Hske
B3R AA WPz A AP 7|Ee] A& e dS FAstaA}, AF MAE
S FEe] s ExE WH € 20 2 74EFo IFE, UY
71AZ2A 5o A5 WEE AT S5 2= 45T llA 2, 4, 6413 &< L=
5ol
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)\]-%
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=77} 3.58 mL Oykgh, 3.76 mL CO./kghQld ¥l &%

Oy/kgh, 4.35-4.65 mL COx/kghS YERN O] G Al7tel| whe} EFEo] Moz Z71s
A ThFig. 2). L&} o] F 214zE 5Tl A & thA] SH S X a9
2] hZ7-9] 3.55 mL Oy/kgh, 3.35 mL COykgho} #A3F =521
3.18-3.57 mL COxkghs YEIH o A2 F A9 S FEO|
o2 Ak 3 A5 Y AdE AEY] TFES EXYAF FH Y 27t
3.57 mL Oykgh, 3.46 mL COz/kgho] gl vl&)] 5A 2+ t m

W
N
N

(Fig. 3). L&} o] 2147 5C Al A A 43t
FEC HIET FEORE AT A EA Y TR €AY AF S FE S EH E
T U] EAFAE 3 5A7] 7] g Aol 7RI A Y Z& f7)4k AL S 3
7] JEoZ 4 A thLurie and Klein, 1990). &, 25450 wel F3Ado] AR
tonoplast 2-& F 3 D4k(malic acid)©] fr Y = ™ malate decarboxylase &3 ] St = o] CO,
A eFo] Z71etar Ak 71 o] o & H W CO, A Fol ZAasHA Ao AAZ F A
A SEFATRQE L1 oS Ueti o 35319 A-247 $-ol = 0.88-0.94
© 7 7+ 4319 th(Fig. 2).
2o & o2 AYSA JAZA FEWT A2 EYE SAHG 23, EdF 2 e A9
off #AIgle] 0,9 CO, 257 AlFF3Ee] 2] &<l Aol & 7

Z HAWE CO, FE7F 0.72% 4 091-1.19%Z thAa 7134 th(Fig. 4 & 5). L8y
5T 18T MA A/ Folle AT =ko] glo] A9 FU +7< 0,91 CO, &
T2 etk A 219 o] F AFLx o AT 18T )7 I Fujjy} whayo) uja}
AAFH o7 FARE] 0= A4 COvFEHEHAY T2 A e 555
2 Q& HAWH 0, T4 B CO, F7He 7IHstA o fo A9l el & 28 4 flA
T, ol £ AT AL E 2 2F0E Y A WA A9 FAVF 21403 mmE o
E A2l vlsf w9 gFe HololA] &R 7] fFE Yol vy A& A 713 A
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(A)

- 1.0

- 0.5

Respiration rate (mL/kgh)
N
I
\'
-
N\
=
N\
Respiratory quotient

—— O, (B)
Co,

61 ¢ RQ

- 1.0
o o o

- 0.5

Respiration rate (mL/kgh)
i
N
Respiratory quotient

0 I I I 0-0
Control 45C(2h) 45C(4h) 45C(6h)

Treatment

Fig. 2. Changes in respiration rate of early harvested Satsuma mandarin treated with hot air at 45°C
during storage at 5°C for 21 days.
(A): measured just after heat treatment, (B): measured after storage of 21 days at 5C.
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Fig. 3. Changes in respiration rate of early harvested Satsuma mandarin treated with hot water at
varied temperatures during storage at 5°C for 21 days.
(A): measured just after heat treatment, (B): measured after storage of 21 days at 5C.

=49 -



25

<
X 1
N B o W
g ¥
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z
&, 151
g O  Control
[>) v 45°C(2h)
2 10 O  45°C(4h)
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E
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g
= o,
0 T T T
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Storage time (days)

Fig. 4. Changes in internal gas composition of early harvested Satsuma mandarin treated with hot
air at 45°C during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 5. Changes in internal gas composition of early harvested Satsuma mandarin treated with hot
water at varied temperatures during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 6. Changes in pH, titratable acidity, and soluble solids content of early harvested Satsuma
mandarin treated with hot air at 45°C during storage at 5°C for 21 days and at 18°C for additional
7 days.
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Fig. 7. Changes in SSC/acidity, flesh weight loss, and firmness of early harvested Satsuma
mandarin treated with hot air at 45°C during storage at 5°C for 21 days and at 18°C for additional

7 days.
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Table 2. Changes in sensory scores” of early harvested Satsuma mandarin treated with hot air at 45°C during storage at 5°C for 21 days and at 18°C for additional 7
days

Storage Visual attribute Organoleptic attribute
time Treatment o 1 o 1
(days) Discoloration ~ Wilting Gloss vera Firmness Peelability Sourness Sweetness Texture Juiciness vera
quality quality
Control 3.5° 2.3° 5.1° 5.6" 6.0° 3.1° 4.3 5.4° 6.0° 5.5° 6.4°
0 45°C (2h) 3.0° 2.6 5.0° 5.8° 4.3% 3.7 3.9° 5.5° 5.5° 5.7° 6.0°
45°C (4h) 3.4° 3.1% 4.2 5.4° 4.2% 4.1 4.0" 5.1° 5.5° 6.4% 6.2°
45°C (6h) 3.3° 3.8° 3.8° 53" 2.8 3.8° 3.7 5.9° 5.7° 6.9" 6.0"
Control 4.9 3.8 4.4 49" 4.7 4.3 5.4° 4.1 5.2° 5.4° 4.9
. 45°C (2h) 4.4 3.2° 5.0° 5.9° 4.0" 4.8 49" 4.8 5.9° 6.1° 6.1°
45°C (4h) 3.9° 4.1 4.4 5.4° 4.1 5.0° 4.8 4.9* 5.4° 5.8° 5.5°
45°C(6h) 3.8° 3.4° 4.4 5.4° 3.4° 4.7 4.7 5.3 5.8 6.2° 5.5°
Control 47" 3.9° 4.3 5.2° 4.5 4.5 5.1° 3.7 5.1° 4.6° 4.8
4 45C@n 4.7* 5.0° 4.0" 5.1° 4.9" 4.7* 45" 4.9* 53" 5.5% 5.5°
45°C (4h) 43" 4.4 4.0° 48 3.9° 4.7 4.5 43" 5.6" 6.2° 5.9°
45°C(6h) 5.5° 5.5° 3.1° 43" 4.0° 5.4° 3.3° 4.4 5.4° 6.0" 5.1°
Control 4.6° 4.1° 5.0° 5.0° 43" 4.7 4.2° 4.1° 5.0° 4.6" 4.7
. 45°C(2h) 4.1° 43" 4.7 5.5° 4.6" 4.3° 4.3° 4.9° 5.0° 5.0° 5.7
45°C (4h) 4.5 4.4 4.9 53" 2.9 5.4° 4.1 4.6" 49" 5.0° 4.8
45°C (6h) 4.6" 4.4 4.7 49" 3.9° 5.8° 43" 4.5 5.6° 5.3 5.4°
Control 5.0° 5.0° 4.5° 43"
45°C (2h) 4.9 5.8° 4.6" 4.6"
28 (4h) 45 S o 340 4l N.D N.D N.D N.D N.D N.D N.D
45°C (6h) 5.1° 5.6° 4.0" 43"

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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Fig. 11. Changes in pH, titratable acidity, and soluble solids content of early harvested Satsuma
mandarin treated with hot water at varied temperatures during storage at 5°C for 21 days and at
18°C for additional 7 days.
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Fig. 12. Changes in SSC/acidity, flesh weight loss, and firmness of early harvested Satsuma
mandarin treated with hot water at varied temperatures during storage at 5°C for 21 days and at
18°C for additional 7 days.
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Fig. 13. Changes in fruit skin and peel of early harvested Satsuma mandarin treated with hot water
at 52°C for 2 min. Upper: untreated control, lower: heat-treated sample.
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Fig. 14. Changes in peel color of early harvested Satsuma mandarin treated with hot water at
varied temperatures during storage at 5°C for 21 days and at 18°C for additional 7 days.

- 66 -



4 . ﬁ

:'F'i'

: : " z ol water Croalmend
" redalmen
Hot watcr Adler 3 weeks ol 51T

After 3 weeks al 5T v el At HHY

Fig. 15. Changes in appearance of early harvested Satsuma mandarin treated with hot water at
varied temperatures during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 16. Changes in decay ratio of early harvested Satsuma mandarin treated with hot water at
varied temperatures during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Table 3. Changes in sensory scores') of early harvested Satsuma mandarin treated with hot water at varied temperatures during storage at 5°C for 21 days and at 18°C
for additional 7 days

Storage Visual attribute Organoleptic attribute
time Treatment o 1 o 1
(days) Discoloration ~ Wilting Gloss vera Firmness Peelability Sourness Sweetness Texture Juiciness vera
quality quality
Control 5.0° 4.2° 4.6" 5.0" 6.2° 3.7 4.4% 5.1° 5.5° 5.5" 5.9°
0 52°C(2m) 3.8% 3.2° 5.3° 6.4° 4.6% 3.8 3.6° 5.2° 6.2 6.5 6.3
55C(1m) 4.0" 3.0° 5.1° 5.8° 3.9 42 5.6° 4.1 53" 5.9° 5.3°
60°C (20s) 3.1° 4.0° 5.2° 5.7 4.9% 3.9 41" 4.7 5.8° 5.5° 5.2°
Control 5.7° 4.9 3.3¢ 3.7° 5.3° 3.6° 5.0° 5.0° 6.0" 5.0° 5.3°
. 52°C(2m) 49" 43 3.8% 45" 4.1% 4.6" 3.0° 5.1° 53" 5.5° 5.2°
55°C(1m) 42 3.5° 5.0% 5.0 3.5° 5.5° 3.9% 4.7* 5.6° 5.5° 5.7
60°C (20s) 4.0" 3.6° 5.4° 5.8° 3.9% 42" 45" 4.0° 4.9* 5.6° 5.2°
Control 4.7° 4.0° 3.8 4.1° 4.1° 4.7 45" 4.6° 5.1° 6.0° 4.8
4 52Cem) 3.2° 3.8 4.8 5.2% 3.0° 5.5° 4.2 5.0° 53" 5.2° 5.4°
55°C(1m) 2.7° 2.5 5.2° 6.1° 3.5" 5.3 4.2 4.7 5.5 6.1° 5.5°
60°C (20s) 3.6 3.6 5.3° 5.5% 4.7 4.1 42" 5.3° 5.8° 5.6° 5.4°
Control 5.0" 5.3 4.3 4.5° 3.3 5.9° 3.8° 5.4° 5.0° 5.0° 5.3
51 52°C(2m) 5.1° 4.3 4.0° 4.7 4.1 5.6 3.4 4.8 43" 4.9 4.5
55C(1m) 5.0° 4.5% 4.1° 4.4 4.2° 59" 42° 4.9 5.0° 5.3" 5.6"
60°C (20s) 4.2° 3.2° 5.1° 6.1° 4.8° 5.1° 4.9° 4.9° 5.4° 5.9° 5.4°
Control 4.6° 4.9% 4.9° 4.7 3.4° 6.2°
52°C(2m) 6.2° 6.1° 3.4° 3.7° 3.6" 4.7
28 55°C(1m) 5.7 5.5 42 3.9° 4.7* 4.6" N.D N.D N.D ND ND
60°C (20s) 4.3° 42° 4.9 5.3 4.1 4.8

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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Fig. 17. Changes in respiration rate of late harvested Satsuma mandarin treated with hot air at
varied temperatures during storage at 5°C for 21 days.
(A): measured just after heat treatment, (B): measured after storage of 21 days at 5C.
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Fig. 18. Changes in internal gas composition of late harvested Satsuma mandarin treated with hot
air at varied temperatures during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 19. Changes in pH, titratable acidity, and soluble solids content of late harvested Satsuma
mandarin treated with hot air at varied temperatures during storage at 5°C for 21 days and at 18°C
for additional 7 days.
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Fig. 20. Changes in SSC/acidity, flesh weight loss, and firmness of late harvested Satsuma
mandarin treated with hot air at varied temperatures during storage at 5°C for 21 days and at 18°C

for additional 7 days.
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Fig. 21. Changes in peel color of late harvested Satsuma mandarin treated with hot air at varied
temperatures during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 22. Changes in appearance of late harvested Satsuma mandarin treated with hot air at varied
temperatures during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 23. Changes in decay ratio of late harvested Satsuma mandarin treated with hot air at varied
temperatures during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Table 4. Changes in sensory scores” of late harvested Satsuma mandarin treated with hot air at varied temperatures during storage at 5°C for 21 days and at 18°C for
additional 7 days

Storage Visual attribute Organoleptic attribute
time Treatment o 1 o 1
(days) Discoloration ~ Wilting Gloss vera Firmness Peelability Sourness Sweetness Texture Juiciness vera
quality quality
Control 3.6" 3.7 5.0° 5.6" 4.6" 5.7° 6.0" 4.2° 5.3 4.9 5.0°
0 40°C (4h) 4.9 4.8% 3.8% 4.3 4.9* 4.5 4.9 4.1 5.0° 4.6" 5.2°
45°C (4h) 43" 5.1° 41" 44" 4.7 49 4.9 4.3 43" 4.4 4.6"
50°C (4h) 49" 5.6" 2.8 3.9° 1.9 7.6" 5.0° 3.5° 49" 5.6° 43"
Control 5.4° 4.9 4.0° 4.1° 4.4 4.9° 6.0" 4.0° 4.6° 4.8 4.8
. 40°C (4h) 4.5 4.6" 3.3 4.4 5.1° 4.5° 4.6 5.1° 5.6" 5.0° 5.0°
45°C (4h) 4.9° 5.0° 3.8 43" 4.4 5.0° 3.9 4.5 5.0° 5.5° 5.6"
50°C (4h) 4.7 4.7 3.7 4.7 3.9° 5.6" 4.8% 4.7" 5.1° 4.8 4.4
Control 5.0° 4.9® 3.7 4.6" 4.3 4.2° 6.0° 4.7* 5.1° 5.1° 4.9
4 40C(4h) 3.8 3.7 5.7 5.7 5.3° 5.0° 4.8 3.4° 4.2 4.7* 43"
45°C (4h) 47" 49" 5.0° 5.0° 3.1° 6.5 4.9 4.1° 4.8 5.7 4.1
50°C (4h) 6.0° 6.0° 3.2° 3.2° 4.1% 5.5% 4.6" 4.5 4.4 5.1° 4.6"
Control 4.6° 43" 5.3 5.8 3.0° 6.9° 5.5° 4.4° 5.5° 5.3 5.4°
. 40°C (4h) 5.4° 5.5° 3.2° 3.9 3.9° 6.0° 5.5° 4.1° 5.4° 5.5" 4.9°
45°C (4h) 5.8° 5.0° 42" 4.2° 4.4 5.0° 4.6" 4.2 4.0* 4.6" 4.4
50°C (4h) 5.3° 5.9° 3.3 3.7 4.0* 5.6° 4.9 5.0° 53" 5.5° 5.4°
Control 3.9 4.1° 43" 4.6" 3.4° 5.8
40°C (4h) 6.1° 5.6" 2.9° 3.5% 3.6" 4.9
28 45°C (4h) 4.9* 6.0° 3.3° 2.7 4.2 5.4° N.D N.D N.D ND ND
50°C (4h) 3.9° 47" 4.5 43" 4.0* 6.0"

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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Fig. 24. Changes in respiration rate of late harvested Satsuma mandarin treated with hot water at
52°C during storage at 5°C for 21 days.
(A): measured just after heat treatment, (B): measured after storage of 21 days at 5C.
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Fig. 25. Changes in internal gas composition of late harvested Satsuma mandarin treated with hot
water at 52°C during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 26. Changes in pH, titratable acidity, and soluble solids content of late harvested Satsuma
mandarin treated with hot water at 52°C during storage at 5°C for 21 days and at 18°C for
additional 7 days.
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Fig. 27. Changes in SSC/acidity, flesh weight loss, and firmness of late harvested Satsuma
mandarin treated with hot water at 52°C during storage at 5°C for 21 days and at 18°C for
additional 7 days.
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Fig. 29. Changes in appearance of late harvested Satsuma mandarin treated with hot water at 52°C
during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Table 5. Changes in sensory scores” of late harvested Satsuma mandarin treated with hot water at 52°C during storage at 5°C for 21 days and at 18°C for additional 7
days

Storage Visual attribute Organoleptic attribute
time Treatment o 1 o 1
(days) Discoloration ~ Wilting Gloss vera Firmness Peelability Sourness Sweetness Texture Juiciness vera
quality quality
Control 4.9 4.4 3.7 4.2° 4.9° 4.8% 5.0° 5.0" 4.6° 4.2° 43"
0 52°C(30s) 3.8 3.9% 4.9° 5.1° 4.6° 5.0° 4.1° 5.8 5.3 5.8 5.3°
52°C(1m) 3.0° 2.5 5.2° 5.6° 3.6" 5.7° 4.3 5.3 5.2° 5.6" 5.0°
52°C(2m) 4.4 4.1% 4.5 5.1° 4.7 3.3 4.5 5.1° 4.0° 3.7 5.2°
Control 49" 4.4 3.7 42" 4.9% 48 5.2° 5.0° 4.6" 4.2° 43"
. 52°C(30s) 3.7° 4.6" 4.9 5.2° 4.7 53" 4.8 3.9% 4.3 4.4% 4.6"
52°C(1m) 2.7° 3.7 5.3° 5.8° 3.1° 6.3" 5.7 3.4° 4.7* 4.8 5.0°
52°C(2m) 43" 5.0 4.6" 4.5 5.4 4.7* 5.4° 4.4 5.3° 5.5° 5.3
Control 5.0° 4.9® 3.7 4.6" 4.3 4.2° 4.8 47" 5.1° 5.1° 4.1
4 52C@0s) 3.8 3.7 5.7 5.7 5.3° 5.0° 6.0° 3.4° 4.2 4.7* 43"
52°C(1m) 47" 49" 4.2° 5.0° 3.1° 6.5 4.9 4.1 4.8 5.7 4.9
52°C(2m) 6.0° 6.0° 2.8 4.2° 4.1% 5.5% 4.6" 4.5 4.4 5.1° 4.6"
Control 4.5 3.9° 4.5 3.8 4.2% 5.6% 5.0° 5.1° 5.0° 5.5° 3.5
51 52°C(30s) 5.4° 5.5° 3.6° 4.5 3.9% 5.0° 3.7 5.1° 4.3 4.4 4.6™
52°C(1m) 5.3 4.5 5.0" 5.1° 5.0° 4.5 5.9° 4.2° 4.0° 4.1° 5.3°
52°C(2m) 5.7 5.8 42 4.1 3.0° 6.9 4.7% 5.0° 4.3 4.8 41"
Control 5.8" 5.8" 3.3 3.4° 3.6" 6.1°
52°C(30s) 5.0" 4.6° 3.6" 4.1 3.2° 6.7"
28 52°C(1m) 4.7 3.9° 4.5 4.8 3.8° 5.5° ND ND ND ND ND
52°C(2m) 5.3 5.0 3.3 3.8 3.8 5.7°

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.

-90 -



E e Exgax vl

o

5. %

Aol me A=
Fod 45 C ol A 441 7F ==

S

tel &

J

ER

A

RS
b, DA

3

il

Ko

K

52Co M 28 ==

p
R

5Coll A 3A1%F W2zt

o
=]

k)
pul

!

7}

To-

60°CellA 20

)

2}
2

o

=K

Ko

18] 277} 3.75 mL Oykgh, 3.94 mL CO»/kghold] H

2= 247} 4.05-4.27 mL Oy/kgh, 3.92-4.06 mL COxkgh 0.2

=
T

—

pelll

=3
o

Q)
=

} 9 Th(Fig. 31). ZL#u STl A 21

S

O 2R&0] b F7}

F7ER| 2 A

=
gl

7+2 o A 9} v

of A glo] A%

B
!

Sk

k<3
T

silem, A% 214 °]

b QA H 0.2 FAW ) 0,9 €O,

S|

= 0,9} CO,

o] AF(S5CT—-18C)oN = B

oz

| &= A2 YehstthFig. 32).

=174

o
=

00

ol

Ar
el
!
i

A

A3 23] pH, 44 BE, 7184

= =
o &

]

3.5-3.9 H Y A A A

ok
2

el glel
7] °F 0.80-0.90%°1 A A4 27] F 0.72-0.77% <

Aol

=

A7HA 2 A el T2

-4

pH= 25220l A e} v}

_04

el A e kth(Fig. 33). $-A3F 72 9]

= 1
L T

Gl o

ol

AN

g, °]

L
.

14.0-16.1 °Brix H ¢ oA FX=

21 10.1-12.0 °Brix®l H]

~

]_
AN Z17.0-192 52 &

4

3)

|

1 =7t

3|

A= TH7F XA

A

5194 th(Fig. 34).

SREELTE RN

[e]
=

I

H

}‘\l,

o}

HZFM@5C, 4A17H AT AR 4F

FS et o1, 45Cell A 8AI17HE

ﬁo

A

[¢]

A

A A 717F 59 7.4-7.6%7HA)

-91 -



7
b0
o
53

&% 245 JE

E 2.1%2] A=

5
i f2) 2 02 =7 §2 5 A h(Fig. 34). ©]

SEEE
ol 8] 3|

w8 5@
4 F e A

?l_

2]

1

SERES

ST
o

pelll

?_}__

3|
=

9

A

HAl dofst7] w o] At

S

o] dA

g 289 34

Fol vl §- mlv)

HA 2 A7 F Al T2 T2 ghol A9 27

qul

HA 4]

S|

=

ol A 9} v}
7]l Tk

1

=yl

Heit A

H

HA R H 3 o] 7 srobA]

271 A

K4

&

o

AN

i

"

=y
=

%

=]
T

&

Az 27

o, 4

FA = A=

=l

s Axe) o) wAgle] A UF

tethe A4S el Ao 238 9] Yol Al &) Sl 2

7
No
F
™

] o2& =] A th(Fig. 35 & 36).

A

o
=

E=AZHS5CT—187)

ol

= A 3F7A A T

REREEEEE

2
e

)

x| 5}

UERLEA] 3t

lo

o] FE# A A YEloH, ol A 4530 A2l upet

20
A

Hol7] Az}

S o
o=

2R =gA Fort AP AT & 5 e, o=

[e)

AR 125 ol A 4

e

1sich. 2

J]

30-70% =74 A BHAY

ol Bl

A7}

)
a-

©
L

A 5% 8 2

3]

obd 7k A1 Yol A Al =]
2 97 g & 715k e

o|)

© 2 et th(Fig. 37).

& A s}l

o %

3} Bl Mg

IR

A
-

R R e

SEEERES B

L=
>~
oF

1A

AL o

o 71<1

=
]

A ot e) A

DELE

=
218 APl wE 235}

o]

)

) Aol

[

ol o

-92 -



il T

2] =T Bl

2 32 oA 7

Eas

A

3

SEE

o
T

4

2ol of s o

*

=
T

(Table 6). 22 A ] 273

A =

7HE A

3

L

QH{FAL EFAYTFAA FAHOZE ¥ =A

Bl FEAQ

E

A

FAE A7l et §214 2ol 7} ol

&l 37} 5o

A gl <

g g o)A o 24 et
A AR BeEe) o & WAL

B8

=7 9

o we} 7))

60C, 20

-03 -



(A)

- 0.5

Respiration rate (mL/kgh)
H
N\
}—i
N
}—i
\
}—i
\g
‘_¢
N
Respiratory quotient

—— O, (B)
Co,

61 ¢ RQ

o - 1.0

o IS LO lo
4 - l%i ; 7 o

- 0.5

Respiration rate (mL/kgh)
Respiratory quotient

U ! ! ! ! 0 . 0
(30““0;10@“2 QCOQS\ASC&A‘(\\ASC@X\\

Treatment

Fig. 31. Changes in respiration rate of Shiranuhi citrus fruits treated with hot water and hot air at
varied conditions during storage at 5°C for 21 days.
(A): measured just after heat treatment, (B): measured after storage of 21 days at 5C.

-94 -



25

15 1
O  Control
v 52°C(2m)
10 O  60°C(20s)
O 45°C(4h)
A 45°C(8h)
5 i

Internal gas composition (%)

Storage time (days)

Fig. 32. Changes in internal gas composition of Shiranuhi citrus fruits treated with hot water and
hot air at varied conditions during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 33. Changes in pH, titratable acidity, and soluble solids content of Shiranuhi citrus fruits
treated with hot water and hot air at varied conditions during storage at 5°C for 21 days and at 18°C
for additional 7 days.
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Fig. 34. Changes in SSC/acidity, flesh weight loss, and firmness of Shiranuhi citrus fruits treated
with hot water and hot air at varied conditions during storage at 5°C for 21 days and at 18°C for
additional 7 days.
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Fig. 35. Changes in peel color of Shiranuhi citrus fruits treated with hot water and hot air at varied
conditions during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 36. Changes in appearance of Shiranuhi citrus fruits treated with hot water and hot air at
varied conditions during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 37. Changes in decay ratio of Shiranuhi citrus fruits treated with hot water and hot air at varied
conditions during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Table 6. Changes in sensory scores” of Shiranuhi citrus fruits treated with hot water and hot air at varied conditions during storage at 5°C for 21 days and at 18°C for
additional 7 days

Storage Visual attribute Organoleptic attribute
time Treatment o 1 o 1
(days) Discoloration ~ Wilting Gloss vera Firmness Peelability Sourness Sweetness Texture Juiciness vera
quality quality
Control 3.3 2.1° 42% 5.8" 57 3.9° 42" 5.9° 6.6" 6.4" 6.6"
52°C(2m) 3.2° 1.9° 5.5° 6.3" 5.3 4.1° 5.3° 5.3° 6.1° 5.9° 6.1°
0 60°C (20s) 3.0° 2.5% 5.6" 6.1° 52° 4.4° 4.9% 6.4" 6.8" 5.8 6.6"
45°C (4h) 4.1° 3.4% 4.9% 6.2° 4.4 4.5 4.2% 6.0" 6.4° 6.7° 6.7
45°C (8h) 4.5 3.6° 3.6° 5.2° 3.8 5.3° 3.5 5.6° 6.0° 5.7 5.5°
Control 42" 3.3° 42" 5.7 4.5 3.5° 4.1° 5.3 5.7° 5.6" 5.2%
52°C(2m) 41" 3.8 42" 5.9% 43" 3.9° 4.5 5.1° 5.5° 5.4° 5.6
7 60°C (20s) 3.5° 3.1° 4.9° 6.1° 4.8° 3.7 3.8 6.4" 6.5" 6.0° 6.5
45°C (4h) 4.4 3.0° 3.7 48" 5.6° 4.1 4.0" 5.3° 5.7 5.4° 5.5
45°C (8h) 3.9° 4.0° 3.4° 4.2° 42 4.4 43" 5.4° 5.0° 4.9* 4.5
Control 3.2° 3.4° 43" 5.4% 3.9° 4.9 3.6" 5.7° 5.3% 52" 5.0°
52°C(2m) 4.0 3.3 4.8 5.6 4.7 4.3 4.0" 5.2° 5.9° 5.8° 5.9°
14 60°C (20s) 4.4 3.3 4.4 5.9° 53" 4.3 4.8 5.7 5.9° 5.7 5.4°
45°C (4h) 5.1° 3.8 3.4° 4.4° 49" 4.9 4.1 5.5° 5.3 5.1% 5.3°
45°C (8h) 6.3 6.1° 1.9° 2.7° 3.8 47" 4.4 5.0° 4.3° 4.3 4.7
Control 4.5 4.1 4.6" 5.4° 42° 4.5 4.2% 5.8% 5.0° 4.7" 5.6"
52C(2m) 3.3¢ 3.3¢ 5.0° 5.4° 49 4.3 5.0° 6.4° 5.4° 5.3 5.7°
21 60°C (20s) 3.9° 3.6° 4.6" 5.5° 5.4 4.5 3.8 5.0 5.8° 5.5° 5.7°
45°C (4h) 5.4° 5.6 3.1° 3.8 4.3 4.4 2.7° 5.3 5.4° 4.6" 4.8
45°C (8h) 7.4° 6.6° 1.8° 2.3¢ 4.4 5.1° 2.7° 3.8° 3.9° 4.5 3.1°
Control 5.7° 5.8" 2.5 3.4° 4.7 4.0° 4.0° 5.9° 4.8" 4.4 4.3
52°C(2m) 3.6° 3.6° 4.7 5.3° 4.5 3.9° 3.3° 5.5° 5.6 5.2° 5.6°
28 60°C (20s) 5.2% 4.4® 4.7 4.7 43 4.1 3.8 5.5° 6.0° 5.4° 5.5
45°C (4h) 57 5.6° 3.1° 3.2° 4.4 4.9 3.6° 49" 5.4 4.9 4.5
45°C (8h) 6.1° 5.1% 3.3% 3.8% 3.7 5.0° 2.6" 3.6° 4.1° 4.6" 3.9

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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Fig. 38. Changes in respiration rate of Kyomi citrus fruits treated with hot water and hot air at
varied conditions during storage at 5°C for 21 days.
(A): measured just after heat treatment, (B): measured after storage of 21 days at 5C.
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Fig. 39. Changes in pH, titratable acidity, and soluble solids content of Kyomi citrus fruits treated
with hot water and hot air at varied conditions during storage at 5°C for 21 days and at 18°C for
additional 7 days.
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Fig. 40. Changes in SSC/acidity, flesh weight loss, and firmness of Kyomi citrus fruits treated with
hot water and hot air at varied conditions during storage at 5°C for 21 days and at 18°C for
additional 7 days.

- 107 -



75

Lightness (L¥)

60

30

~~
*
[a5]
N
w2
w2
O
..g O  Control
2 I51 v s52°c(2m)
B 60°C(20s)
o0 |, @ 4scEn
A 45°C(8h)
0
75
—~
*
e
N
W
w2
(]
<
3
2
©
>~

55

0 5 10 15 20 25 30

Storage time (days)

Fig. 41. Changes in peel color of Kyomi citrus fruits treated with hot water and hot air at varied
conditions during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Table 7. Changes in sensory scores') of Kyomi citrus fruits treated with hot water and hot air at varied conditions during storage at 5°C for 21 days and at 18°C for
additional 7 days

Storage Visual attribute Organoleptic attribute
time Treatment o 1 o 1
(days) Discoloration ~ Wilting Gloss vera Firmness Peelability Sourness Sweetness Texture Juiciness vera
quality quality
Control 4.2% 2.7 4.5 5.8 6.8" 3.0° 6.8" 4.0° 5.6% 6.7" 5.6"
52C(2m) 2.8 2.8° 6.3" 6.9" 6.7° 2.4° 5.5° 5.2% 6.6" 6.7" 5.9°
0 60°C (20s) 2.6° 2.1° 5.6% 6.9" 6.7° 3.0° 5.7 5.6" 6.4™ 7.0° 6.6"
45°C (4h) 2.8 2.9° 5.0% 6.2° 5.6% 3.0° 5.5° 4.6 5.5% 6.2° 5.0°
45°C(8h) 4.8 4.1° 3.4° 5.0° 4.5 4.2° 5.5° 5.1% 5.1° 6.9° 5.3°
Control 3.6° 3.0 4.6" 5.4° 5.2° 4.1 5.1° 4.7 5.1° 5.0° 5.1°
52°C(2m) 4.6" 3.4% 4.9 5.5° 5.4° 2.7 5.2° 5.3° 5.4 5.6 5.6°
7 60°C (20s) 34° 2.2° 6.1° 6.7" 5.3° 4.2° 5.5° 5.8° 6.4" 6.5 6.0°
45°C (4h) 4.9° 4.3° 4.2° 4.9° 5.0° 3.9° 5.3° 6.0° 5.4 6.2° 5.6"
45°C (8h) 4.4 3.7 42" 49" 53" 3.9° 5.8° 5.1° 6.1 6.3 6.0"
Control 5.5° 5.2° 3.2° 3.7 4.6" 4.0° 5.2° 43" 5.0° 5.2° 4.7
52C(2m) 3.9% 31° 5.9° 6.4" 5.3° 3.7 3.9° 5.1° 5.2° 5.8 5.3
14 60°C (20s) 4.9* 3.3% 3.9° 5.1% 5.4° 4.0° 5.2° 5.1° 5.4° 5.9° 5.2°
45°C (4h) 3.5 4.2 42" 4.7° 5.0° 4.5 4.6" 5.3° 5.6° 6.0° 5.4°
45°C (8h) 4.6" 5.0 3.4° 4.0° 4.8 4.5 4.6" 4.7 4.6" 5.6° 5.0°
Control 4.2% 3.9° 4.1° 3.8 4.7 3.4° 4.5 3.2° 4.8 4.6" 4.2°
52°C(2m) 3.4° 3.2° 4.9 5.4° 4.5 4.5 3.8° 4.5 5.0° 5.3 5.0°
21 60°C (20s) 4.4 3.4 43" 4.8 5.4 3.4° 43" 5.4° 5.5° 5.6" 5.9°
45°C (4h) 5.9° 4.6™ 2.9° 3.8° 4.6" 4.5 4.5 5.1° 5.0° 5.8 5.3
45°C (8h) 5.8° 5.4° 3.0° 3.7 4.8 4.2 4.8 5.1° 5.2° 5.8 5.2
Control 6.4° 5.0° 2.5° 2.9 4.7 3.0° 3.6" 3.9° 4.9° 4.5° 4.2°
52°C(2m) 5.6° 4.5 3.5 4.0° 43 4.0° 4.8 4.8 5.6" 5.9% 5.3°
28 60°C (20s) 4.8 4.3° 4.0° 4.9° 5.0° 4.0° 4.0° 4.5° 4.7° 6.2° 5.1°
45°C (4h) 55° 43 3.1° 4.2° 3.8 4.4 42" 5.2° 6.6° 5.5% 5.3°
45°C (8h) 6.0° 5.3° 3.2° 4.0° 48 4.0° 4.5 5.1° 5.7 5.0 4.6™

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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Fig. 43. Changes in respiration rate of green-house grown Satsuma mandarin treated with hot water
and hot air at varied conditions during storage at 5°C for 21 days.
(A): measured just after heat treatment, (B): measured after storage of 21 days at 5C.
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Fig. 44. Changes in internal gas composition of green-house grown Satsuma mandarin treated with
hot water and hot air at varied conditions during storage at 5°C for 21 days and at 18°C for
additional 7 days.
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Fig. 45. Changes in pH, titratable acidity, and soluble solids content of green-house grown
Satsuma mandarin treated with hot water and hot air at varied conditions during storage at 5°C for
21 days and at 18°C for additional 7 days.
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Fig. 46. Changes in SSC/acidity, flesh weight loss, and firmness of green-house grown Satsuma
mandarin treated with hot water and hot air at varied conditions during storage at 5°C for 21 days
and at 18°C for additional 7 days.

-117 -



80
~
*
—
N
)
%]
[}
[=]
b=
<
on
.5
65
25
O  Control
20 v 52°C(2m)
O  60°C(20s)
~~
%iq 15 <& 45°C(4h)
~ A 45°C(8h)
)
%]
[}
=]
9
[P}
~

55

Yellowness (b*)

45 w w ‘ ‘ ‘
0 5 10 15 20 25 30

Storage time (days)

Fig. 47. Changes in peel color of green-house grown Satsuma mandarin treated with hot water and
hot air at varied conditions during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 48. Changes in appearance of green-house grown Satsuma mandarin treated with hot water
and hot air at varied conditions during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 49. Changes in decay ratio of green-house grown Satsuma mandarin treated with hot water
and hot air at varied conditions during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Table 8. Changes in sensory scores') of green-house grown Satsuma mandarin treated with hot water and hot air at varied conditions during storage at 5°C for 21 days
and at 18°C for additional 7 days

Storage Visual attribute Organoleptic attribute
time Treatment o 1 o 1
(days) Discoloration ~ Wilting Gloss vera Firmness Peelability Sourness Sweetness Texture Juiciness vera
quality quality
Control 4.1° 3.3 5.0° 5.8 4.5 3.7° 3.1° 3.9° 4.9° 6.1° 4.6°
52°C(2m) 3.2% 2.6° 55° 6.2° 6.6" 3.7 42" 5.3° 6.2° 6.1° 6.2"
0 60C (20s) 3.7% 2.8° 5.5" 6.0" 5.7% 4.0° 4.0® 4.8 6.1° 6.1° 6.0°
45°C (4h) 4.7 3.0° 3.8 5.1° 4.5 3.6" 5.5° 4.0° 5.4° 6.1° 5.0°
45°C (8h) 2.6° 3.8° 3.9° 5.5° 4.0° 4.7 4.1* 4.5 5.7 6.2° 6.1
Control 43" 3.7 4.0" 4.8 6.1* 2.7° 49" 49" 5.4% 6.1° 5.2°
52°C(2m) 43" 3.4% 44" 49" 4.8% 3.9% 5.7 5.8° 5.7 6.2° 53"
7 60°C (20s) 4.0" 2.8 4.8 5.2° 4.5 45" 4.4 4.4 4.8 5.4° 5.1°
45°C (4h) 4.0" 3.9% 3.6 45" 4.1° 4.7 4.6" 5.2° 5.4% 5.9° 5.4°
45°C (8h) 3.7 4.7 2.9° 42" 5.6 2.6° 5.6° 4.8 6.4 5.5 5.7
Control 4.6" 4.1° 3.9° 4.2° 4.0° 5.5° 4.6" 4.6" 5.0° 6.2" 4.7
52C(2m) 3.9° 3.6" 5.2° 5.7 5.8° 4.1° 3.5° 5.9° 5.8% 6.1° 5.8
14 60°C (20s) 3.9° 2.9° 43" 5.3° 5.2° 4.6" 3.7 4.1° 4.8 5.6" 4.5°
45°C (4h) 4.5 3.8 4.6" 5.5° 5.2° 3.9° 45 4.8 6.7" 5.9° 6.0°
45°C(8h) 3.9° 4.4° 5.1° 5.4° 4.0° 5.0° 310 5.2° 6.1° 5.8° 5.1°
Control 4.1° 4.2° 3.8 4.2° 42° 5.0° 4.4 5.0° 5.5° 5.8 5.0°
52C(2m) 5.3 4.3 4.4 4.8% 5.1° 4.3 3.8 5.4° 5.6" 5.8 5.8
21 60°C (20s) 43" 3.0° 5.5° 6.3 4.5 4.0° 4.4 4.3 5.6" 5.4° 5.1°
45°C (4h) 4.4 4.5 3.9° 4.5° 4.7 4.9° 5.0° 4.9° 4.9° 5.0° 5.0°
45°C(8h) 4.1° 4.2° 4.6" 5.0° 3.8° 5.6" 4.3 5.3 5.7° 5.4° 5.7°
Control 5.0° 4.5° 2.9 3.5° 5.1° 3.8
52C(2m) 3.4° 3.0° 5.3 5.9° 4.4 5.0°
28 60°C (20s) 4.0" 3.6° 3.8% 4.8% 3.8 4.4 N.D N.D N.D N.D N.D
45°C (4h) 5.0° 4.0° 3.9% 45" 4.20° 4.9
45°C(8h) 43" 3.8 4.0 5.3 43" 5.0°

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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Z2 AT T Tl A 2 AEA ALE st daA e B AHEE
= Tk w20 ofel 714l oblv} 247 b
Aol 2 2FAES A A IA A F B FEAE NS E FHOEZ HE
gadsE APt B Ao A AFE-H 38 eFA| = sodium carbonate, calcium chloride,
potassium sorbate, sodium benzoate, ammonium molybdate, sodium acetate, sodium citrate,
ethylene diamine tetraacetic acid(EDTA), hydrogen peroxide 5 2.2 dWHH o 7 A Fo] v &
oA JAE BH o2 AF AHE3AVHGRAS 5F) @A 1 AME e AS EEE] et
I de 2SS AFE st AAsHAH.
TA X O Z o] 5 A 9] EAF ALE o & AR A th33} 2t} Sodium carbonate(SC) 5=
+ sodium bicarbonate(SBC)T TSt £ = 2 ALE-H & AEHVIEZEZA AF9 Fv], pH =
, AFY B ARS v AY S/ A, dAFY AHASAE AREEHL A
(Corral et al., 1988). SC9} SBC] At & 3= vk WA o} A9 v]S2ahy At A g4l 2~
ol t& AW 50 @HHGAETHA HETG A7 F2 Ao e
A3 A th(Porate ef al., 2002). Bl FAFFo] g5 AAF S Z HEF F 27-40C 9
SC&} SBC & o)l 1.5-2327F I AA RS Wl 7 7FA] B o] Aol 4 3Fgo] F-3) & A3}
7] 913l A}-8-% potassium carbonate, potassium bicarbonate, ammonium bicarbonate}e. T} 3 2}-2]
SAS aHBH 07 A A7) S W (Smilanick ef al., 1999), SCE A1 A 91 imazalilZ} H] 22 5} o]
T S FFo] TS 90% o] AAAA A FFolol ) Hlszst AL 2388 o 2
P aHE YA, #FHE § 48 7F0] A Fol| A= ¥l a3E vERY
1 BH(Smilanick et al., 1997). T3k, a3 Q@A SBCE A& uff /20l A 2-4% SBC &
Kol 15027 A G B9 =24 F F0]7160% ©] % A= AT
T T HFa o FalE WA s g o E e dF HAAYE 5 H4, A
S

B
Ao A& A7 FAHAN AHE S 5 A=, ZAH(Hoff and Bartolome, 1972), 11

Ni

(Mohanmmed et al., 1991), AF&}(Lurie and Klein, 1992) 5o 488 2428 S 8 %
o] g2 B E WA 4 ATt E3F Cantaloupes HL7HEFES 60T 2.5%
CaCl, & Mol 127 I AG F5ColA 129 &< At s o A4 B=7 & FAH AT
(Luna-Guzman et al., 1999). 3+ CaCl,] £&9-2 3 235}17] 913l calcium lactate 2 o 2| 7}5 A
2 3kel3t A3} 60°C 9 2.5% calcium lactate®l] 12 7F A A8 3 5T A 12 A A39S o)
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o] Atk ol & A7 WA E, &R, FFol F4& A5, 53] sorbic acide & X9
=3o] AAAZE FZ AL o) Acetic acidE V|0 A GRASE 51kt on A%
o HEA, AH38HA, TR AE &3] AFEH A Aok FHaHE EpH HYE Hu
pH 4.5°]™,0.1% =& HA =9 L dolvt £249] S45 WA F AL 2= A G
BE M= 03% oA 5428 FEF0]Y S-S JAE + A Benzoic acide X}—,—, A

oA Ao w APHH AF] FuA, FEA, REAZ ARSI vk @A A F)
Al ALg B3 0.1%0]th Ht) 5 E I pH 254001 4] e Eoluct B
Al Al o EfH ot HEF @ FH Y WA S & S HE R o] 2]F
A =E AV E AL ot E3] AFEE = 3t A 7H2- ) sorbic acide 53] Ald Btk &R
T3go] Al o A, GurAQl ity ge] AlExd vt SR A4 31354
o] Fol HlaL 2] =& pH el A= Al Z2 ko 2 HA S4ke 4= 2lo] B2 pH H 9 (H
pH 6.5)0l A & & 75 e t(Stratford and Anslow, 1998). ©] 2138+ #7148 G400 7}
stod AME 3o 2 A FAFE S By WA EHE A& 4 A ATh(Palou ef al., 2002). Potassium
sorbate, sodium benzoate, 0| & EFTE L A5 E X3 oA A FFo] WA E-0] 75%
o] Z+A 3} 9 2.1 o] = sodium carbonatel} calcium polysulphide 2 *] 2] 3} & uj 9} H] =3k 4=
°

o]t} HE 3 sodium benzoate, potassium sorbate, ammonium molybdate S 3 7}3F 739~ 2 &l X

o %4 ol sk FEFFo| W&o FA e th2Tol 8} 50% o FasHeich,

.
AE8A APAES I F A= o2 W AT ol & E©] ammonium molybdate S
Candida sake®| F7}8t Q& W) AMke} ol A A B &= FEFF 0] JA| o] Fobxoh
Aol A WAl et FEFFo| ot HA FgolE A ASH] $13F ammonium molybdateS
AL&-5t A3} 15 mM =2 P. expansum, B. cinerea, R. stolonifer2] A58 A4S 247} 84%,
88%, 100%2] ZHAAZ AL 1°Coll AT Fol| %= P. expansum, B. cinerea®] 2 o] 2 A = 0]
Eo] A F o] Rujutx] o &332 o] tH(Nunes et al., 2001).

Hitstr e AF BWA, As/EAA, FaA R FE AR EY, 327 2 o
H =S F0]7] A3 HHCEE AL HER 59| Faff A, MA A HA, del=
& A F AYTLEFY REAZE AREH I ot 20, 54 99, 54 55 5-10% 4
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shrdnapel 24 o FAA S AFARE WAL 5 AN, WE AYTMTFS 5% H4F
strasE A s o Aol 3= A th(Gerald et al., 1998). SH H o 7F3F 2] 74
Hitstr g A7 dag AHEG a3 el lar, WA, sut Bl M= Atstaa
< 28] £ Pseudomonas Al TS 90%7HA] ZHAAZ 4= Ao A a7t 4Coll A 5Lt
A& Ak T QA A, AL, ERFEE 1.5% lactic acid9} 1.5% b8l g2 d=ol] 1587 3
AP W PAddo] aHA O R N4 FEFE FARE 22T 1.5% lactic acid$} 2%
HAbslp ol SEZF HASHA o 2 A W} glo] E. coli 0157:H7, Samonella enteritidis,

Listeria monocytogeness 3202 ZHAA A Y. 23U lactic acidE A&+ F ¢ o] 39}
ol 7} WA s 7] W Zoll A2l E WE&E A, iceberg FFF HO7MEEFS 50T Y 2%
HFstr il 6023 FAYES W B
0157:H73} Salmonella enteritidis= 4 log ©]¢ Z+A % 3L Listeria monocytogenes= 3 log ©|
A 72 E kAl S oH(Lin et al., 2002).

2 AFdAe A A7 EE TFH R HESH 3184 FEE 0.25-1.0%(20-90

2 st FaaHst FAE O E coli

mM) sodium carbonate, 0.1-0.5%(10-50 mM) calcium chloride, 0.2-0.8%(10-50 mM) potassium
sorbate, 0.2-0.8%(10-60 mM) sodium benzoate, 0.0075-0.03%(0.06-0.24 mM) ammonium
molybdate, 0.1-0.5%(12-60 mM) sodium acetate, 0.1-0.5%(3.4-17 mM) sodium citrate, 0.1-3.0%
(30-880 mM) hydrogen peroxide, 0.05-0.2% (1.3-5.3 mM) EDTAZ 243} Z}Zteo] =8-d &
52C= 714

&
E A" ZFES 18CAA 847 A &, 29 39, A&

59 #5385 i
Felo] A daeA g o) Aoz G E R om AJY T 7k sodium citrate #] 2]
T7F 7F A E 9 0 1Y, sodium acetate 2} EDTAE A 2] 3F A| 85 A9 J3FS whA] gkl

hydrogen peroxide ] 2] 7+ # &5 =7t Fold 5 Fd o] i TAasAnh Al &
ANe 52 A F7F At d4 HEA ol o FaFS whA] 2oy hydrogen
peroxide -85 =7} oA WA A A G TFS vIXE AoE et =Y 4
== A o3 Adtd o g Frlsle S B0, E3] calcium chloride * &+

F7hE HAS 5 ATh T EW Asle] A9 ThE A 7ol
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5 & AE7t AsA vebsth &9 oA AeE ZE Y ol F e} ojn] A o R ALE-H
kA o] T/ A& et 2 A YEts =, 3184 o] H 9 7§ sodium carbonate,
potassium sorbate, sodium benzoate, ammonium molybdate, sodium acetate, EDTA *] 2] 7+ 5l
A AFEEE AYPS o vl A4 FEoE HASIAIL oju = wIEAIR sodium
carbonate, potassium sorbate, sodium benzoate, ammonium molybdate *] 2]+ 5ol 4] &<35}1A)
AL Aok 02 setobA o A4 W EH el B B, AR} 9 A, B

Argte] oA SHollM e T A ARE 7 = Ao 548 o] F 9} o] v] LA o

potassium sorbate, sodium benzoate, ammonium molybdate 52 A 2]l AgtetA] e
2 Ao E AAEHS I, calcium chloride®] 7% A= 2 A7 7o &340l F o
Aol = 2oHA] F g AH/E 71 = ok A=A

o]’ }e] duEYFS Tt S BWEA O A se=E
sodium citrate(SC), hydrogen peroxide(HP), EDTA 5 2] 7H&9l tgt H 4 2 & T =& g3}
1A FE HAE 2Ed N ofA FE8HE 52CE 78 & HES 287 of
Aot A HEAZE AR AABEA T o] of o] A elE ES 18C el 10€3T A d3stH
A A A, T B T o uEE FEH A E, w4, 51814 o] A, Al w@hul, 24
# EFAYE 5o AFFEE FEol el Aol HALE A IS T(Table 10). 5 A
Ao el B9 2] 0.05-0.25% sodium acetate, 0.025-0.1% sodium citrate, 0.025-0.1%
hydrogen peroxide®} B W& A2 A] Al & St wret A T 24 257029 #

2 A% FAGE 2o} 4249l 2ol B THY 4 glo] ¥ AAEARE FNY 4 AL

_ﬁ
)
D

ofr
ol
£

g

o} 284 0.01-0.05% EDTAE & &3+ ¢ T2 kA A g9} vjz7iA =2 FA g 25 2
= A glo) vlE] Be A EZo] v F FxHd Wl g By A= FEI
AHEAEF YA AL FEE L2 54 22 D7 USS 2T
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Table 9. Sensory scores' of early harvested Satsuma mandarin treated with hot water at 52°C for 2 min and various chemicals in combination after storage of 8 days

at 18C
Attributes
Treatment Concentration " "
Chemical Chemical
(%, W/V) e ~
Gross Wilting Hardness Burning off-flavor off-taste

Control - --- + N.D. N.D. N.D.
HWT (52°C, 2 min) + - ++ N.D. N.D. N.D.
Sodium carbonate 0.25% (20 mM) + + + ND. ++ +
(Na;COs, Mw: 106.0)

0.5% (50 mM) + + + N.D. +++ +

1.0% (90 mM) + + + N.D. A+ ++
Calcium chloride 0.1% (10 mM) + + o+ ND. ND. ND.
(CaCl, My: 111.0)

0.25% (20 mM) + + +++ N.D. + N.D.

0.5% (50 mM) + + -+ N.D. ++ +
Potassium sorbate 0.2% (10 mM) + + ++ N.D. o+ N.D.
(C¢H702K, My: 150.22)

0.4% (30 mM) + + ++ N.D. ++++ +

0.8% (50 mM) + + ++ N.D. Ft+ -+
Sodium benzoate 0.2% (10 mM) - + ++ N.D. ++ N.D.
(C7H502Na, Mw: 144.1)

0.4% (30 mM) + + ++ N.D. ++ +

0.8% (60 mM) + + ++ N.D. 4+ ++
Ammonium molybdate 0.0075% (0.06 mM) + + + N.D. N.D. N.D.
((NH4)6M07024'4H20, o
My: 1235.86) 0.015% (0.12 mM) + + ++ N.D. -+ +

0.03% (0.24 mM) + + +++ N.D. -+ ++

U+ not changed, - : reduced(1-5), + : increased(1-5), N.D.: not detected.
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(continued)

Attributes
Treatment Concentration
(%, wiv or v/v) Gross Wilting Hardness Burning Chemical Chemical
off-flavor off-taste
Sodium acetate 0.1% (12 mM) + + + N.D. + N.D.
(C2H302Na, Mw: 8203)
0.25% (30 mM) + + + N.D. +++ N.D.
0.5% (60 mM) + + ++ N.D. +H++ +
Sodium citrate 0.1% (3.4 mM) ++ + ++ N.D. N.D N.D.
(C6H507Na3-2H20, o
My: 294.1) 0.25% (8.5 mM) ++ + ++ N.D. + N.D.
0.5% (17 mM) ++ + ++ N.D. ++ ++
Hydrogen peroxide 0.1% (30 mM) + + ++ N.D. N.D. N.D.
(HzOz, Mw: 34)
0.25% (75 mM) + + ++ N.D. N.D. N.D.
0.5% (150 mM) . - + + N.D. N.D.
0.75% (220 mM) . - + -+ N.D. N.D.
1.5% (440 mM) - -- + A+ N.D. N.D.
3.0% (880 mM) - --- - -+ N.D. N.D.
EDTA(ethylene diamine 0.05% (1.3 mM) + + + N.D. N.D. N.D.
tetraacetic acid, .
CroH1aN:05CaNa, 0.1% (2.6 mM) + + + N.D. ++ N.D.
Mw: 374.3) 0.2% (5.3 mM) + + ++ N.D. o+ ++

D+ not changed, - : reduced(1-5), + : increased(1-5), N.D.:

not detected.
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Table 10-1. Changes in sensory scores" of early harvested Satsuma mandarin treated with hot water and a preservative chemical (sodium acetate) of varied
concentrations in combination during storage at 18°C for 10 days

Storage Visual attribute Organoleptic attribute
time Treatment . .

Dis- iy Overall - ... Chemical . Overall
(days) coloration Wilting Gloss quality Firmness Peelability off-flavor Sourness Sweetness Texture  Juiciness quality
Control 2.6° 2.0° 5.5° 6.3° 5.0° 43 2.0° 3.6° 4.0 5.1° 5.3° 49°
HWT(52C) 2.4 2.0° 5.5° 6.4" 5.0° 5.0° 1.8° 4.3 43% 54° 5.8° 5.4°
0 SA(0.05%) 3.1° 2.6° 5.6" 6.5 5.4° 4.3° 2.2° 4.4 4.6% 5.3 5.9° 5.1°
SA(0.1%) 3.0° 3.2° 4.9° 5.8° 4.0° 43 1.9° 3.6° 5.5° 5.2° 6.1° 49°
SA(0.25%) 2.9° 2.2° 54° 6.7° 5.3° 3.8° 1.7° 4.3 3.8" 5.2° 5.5° 4.8
Control 3.6" 3.6" 54° 4.8 4.9° 3.8° 2.4° 4.8 3.9° 5.6" 5.2° 5.2°
HWT(52C) 3.7° 3.0° 5.2° 5.1° 5.5° 3.0° 1.9° 3.1° 5.4° 51 5.4° 5.5°
5  SA(0.05%) 3.6" 2.6" 5.6" 6.5 4.9° 41° 1.9° 5.0° 4.9° 5.4 5.3° 5.8°
SA(0.1%) 3.3° 3.0° 5.4° 5.3 5.3 45° 3.0° 41% 4.0° 5.2% 5.6 4.8
SA(0.25%) 3.1° 3.1° 5.9° 5.7 5.5° 4.4° 2.1° 3.6" 49 4.4° 5.0° 5.0°
Control 49° 4.3° 5.7° 5.3 4.4° 4.7 1.9° 3.8° 3.0° 3.8° 45° 3.2°
HWT(52°C) 4.4 4.2° 4.6™ 4.7° 5.3 3.6" 1.8° 48 45 4.7 5.3% 46"
10 SA(0.05%) 3.5° 3.1° 51 4.7° 5.3 4.6 3.1° 3.9° 4.3 4.2 4.7° 3.2°
SA(0.1%) 3.9° 3.6" 5.5 5.0° 3.9° 4.8 1.8° 4.1° 5.1° 4.9% 6.2° 4.20%
SA(0.25%) 3.8° 4.8 3.7° 45° 4.0° 41° 1.4° 4.3 43" 5.5° 5.7 4.8

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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Table 10-2. Changes in sensory scores" of early harvested Satsuma mandarin treated with hot water and a preservative chemical (sodium citrate) of varied
concentrations in combination during storage at 18°C for 10 days

Storage Visual attribute Organoleptic attribute

((tilzrlr}llz) freatment collo)ris;ion Wilting Gloss gxgﬁg Firmness Peelability Ef};_eg:\fgi Sourness Sweetness Texture  Juiciness gxgﬁy
Control 2.6° 2.0° 5.5 6.3 5.0° 43° 2.0° 3.6° 4.0° 5.1° 5.3° 49°
HWT(52C) 2.4° 2.0° 5.5 6.4° 5.0° 5.0° 1.8 43 43 5.4° 5.8° 5.4°

0 SC(0.025%) 2.7° 2.5° 5.3° 6.6° 5.6° 5.0° 2.0° 45° 3.9° 5.8° 5.9° 5.6°
SC(0.05%) 2.3° 2.2° 5.8° 7.0° 4.7 41° 2.2° 41° 3.9° 5.3° 5.5 49°
SC(0.1%) 3.1° 3.1° 46 5.8 4.7 46" 1.9° 42 5.0° 49° 5.8° 55°
Control 3.6° 3.6° 5.4° 48 49° 3.8° 2.4° 48" 3.9° 5.6° 5.2° 5.2°
HWT(52C) 3.7 3.0° 5.2° 5.1° 55° 3.0° 1.9° 3.1° 5.4° 5.1° 5.4° 55°

5 SC(0.025%) 3.6° 2.4° 4.7 5.2° 5.1° 41° 2.6° 43 5.1° 5.2° 5.7 5.1°
SC(0.05%) 4.0° 3.6° 47 42° 47 49° 1.8° 3.6™ 46° 5.2° 5.1° 5.2°
SC(0.1%) 3.5° 3.3° 5.0° 4.7 49° 43° 2.6° 5.1° 49° 5.4° 5.6° 5.7
Control 49 43° 5.7 5.3° 4.4 4.7% 1.9° 3.8 3.0° 3.8° 45° 3.2°
HWT(52°C) 4.4 4.2° 4.6° 4.7° 5.3 3.6 1.8° 48 45° 4.7° 5.3% 46"

10 SC(0.025%) 3.6° 44 4.4 43 3.7° 5.3 2.6° 3.3° 5.0° 5.0° 5.5 4.2
SC(0.05%) 3.7 3.5° 5.1° 5.3° 43° 5.7 2.4° 41° 45° 4.2° 5.1 4.7°
SC(0.1%) 3.0° 3.6" 4.4 5.0° 4.8 4.5% 1.9° 4.8 4.0® 5.2° 6.2° 5.3

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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Table 10-3. Changes in sensory scores" of early harvested Satsuma mandarin treated with hot water and a preservative chemical (hydrogen peroxide) of varied
concentrations in combination during storage at 18°C for 10 days

Storage Visual attribute Organoleptic attribute
time Treatment . .
(days) D1s—. Wilting Gloss Ovepall Firmness Peelability Chemical Sourness Sweetness Texture  Juiciness Over.all
coloration quality off-flavor quality
5.9%°
Control 2.8 3.0° 5.6 5.7% 7.1° 2.9° 23° 5.0 41° o3 4.7° 5.2°
HWT(52C) 3.5% 2.6° 5.5 6.1 5.7° 46™ 2.3° 5.0° 43 5'7ab 5.5% 5.1°
0 HP(0.025%) 3.2° 3.0° 6.3 5.7% 41° 43" 2.4° 5.8° 44° 6'43 6.2° 5.3°
HP(0.05%) 2.6° 2.2° 5.9° 6.4° 6.1° 3.8%° 2.8 5.8° 4.4° 5.0" 5.9° 5.7°
HP(0.1%) 2.7 3.1° 5.0° 6.3 6.1° 5.2° 3.0° 447 43 ’ 5.7% 4.8
Control 2.9° 2.9 5.4° 6.0 4.7 44° 3.3 47 45 5.1° 5.3° 48°
HWT(52°C) 41° 3.6° 5.6 45" 5.1° 5.1 25° 3.1%® 5.1° 43" 5.0° 45°
5 HP(0.025%) 2.4° 2.6 5.1° 5.8° 6.1° 40" 2.3 3.9% 43° 5.5° 5.9° 5.2°
HP(0.05%) 2.9° 3.0° 4.2° 5.0° 4.3 49° 3.1° 2.6° 5.0° 48 48° 49°
HP(0.1%) 3.3° 3.7° 4.6° 5.5° 48° 447 2.0° 471%™ 3.9° 5.2° 5.1 4.7°
Control 5.0° 45 4.6° 45° 45° 3.9 2.4° 44° 46° 3.7° 49° 3.0°
HWT(52°C) 38" 4.2 4.9° 4.7° 43 45° 2.0° 4.4 5.0° 5.0° 4.7° 4.2
10 HP(0.025%) 2.4° 2.4° 5.8 6.4 4.6° 45 1.9° 46 5.0° 5.9° 6.3 5.7°
HP(0.05%) 4.7 31 5.2° 4.6" 6.5° 3.0° 2.1° 5.6" 45° 5.7° 5.0 5.0°
HP(0.1%) 3.4 3.9 3.4° 4.8 54 3.9° 1.7° 3.7° 4.6° 5.6" 5.7° 49°

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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Table 10-4. Changes in sensory scores" of early harvested Satsuma mandarin treated with hot water and a preservative chemical (ethylene diamine tetraacetic acid) of
varied concentrations in combination during storage at 18°C for 10 days

Storage Visual attribute Organoleptic attribute
time Treatment . .
(days) D1s—. Wilting Gloss Ovepall Firmness Peelability Chemical Sourness Sweetness Texture  Juiciness Over.all
coloration quality off-flavor quality
Control 2.8 3.0° 5.6° 5.7° 7.1° 2.9 2.3° 5.0° 41° 5.9° 4.7° 5.2°
HWT(52C) 3.5° 2.6° 5.5° 6.1° 5.7% 46" 2.3° 5.0° 43" 6.3° 5.5% 5.1°
0  EDTA(0.01%) 31° 25° 5.8° 5.5° 4.6° 43" 2.9° 45° 4.7 5.0° 6.0° 45°
EDTA(0.025%) 2.8° 2.0° 6.0° 6.7° 45° 5.0° 3.2° 3.7° 5.6° 5.1° 6.2° 5.0°
EDTA(0.05%) 3.0° 2.7° 5.8 6.3° 6.1 3.7 2.4° 49° 5.3 5.9° 6.2° 5.2°
Control 2.9° 2.9° 5.4° 6.0° 4.7° 4.4 3.3° 4.7% 45° 5.1% 5.3° 4.8°
HWT(52°C) 41° 3.6° 5.6" 45° 5.1° 51° 25° 3.1° 51° 43° 5.0° 45°
5 EDTA(0.01%) 3.4° 3.7° 4.6" 5.4° 4.0° 4.7 3.0° 3.2° 5.0° 5.0" 5.3° 4.3
EDTA(0.025%) 4.0° 3.7° 4.7° 49° 5.5° 4.0° 1.9° 45" 5.5° 5.6" 6.0° 5.2°
EDTA(0.05%) 2.7° 34° 4.7° 5.6" 4.7° 41° 2.8 5.3° 5.0° 54 5.5° 45°
Control 5.0° 45° 46 45° 45° 3.9° 2.4° 4.4 46 3.7° 49° 3.0°
HWT(52°C) 3.8° 4.2° 4.9° 4.7 43° 45° 2.0 4.4 5.0° 5.0° 47 42°
10 EDTA(0.01%) 5.1° 3.8° 3.7° 4.7 5.0 4.0° 1.8 3.3° 45° 4.8 6.4° 4.4°
EDTA(0.025%) 3.2° 3.5° 4.3° 5.2° 6.0° 4.6° 1.6° 4.6° 51° 6.4° 6.3° 5.9°
EDTA(0.05%) 4.0° 3.0° 4.7° 5.0° 51 42° 1.6° 2.9° 4.8° 5.5% 5.6™ 45°

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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Fig. 50. Changes in respiration rate of early harvested Satsuma mandarin treated with hot water
and preservative chemicals in combination during storage at 5°C for 21 days.
(A): measured just after heat treatment, (B): measured after storage of 21 days at 5C.
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Fig. 51. Changes in internal gas composition of early harvested Satsuma mandarin treated with hot
water and preservative chemicals in combination during storage at 5°C for 21 days and at 18°C for
additional 7 days.
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Fig. 52. Changes in pH, titratable acidity, and soluble solids content of early harvested Satsuma
mandarin treated with hot water and preservative chemicals in combination during storage at 5°C
for 21 days and at 18°C for additional 7 days.
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Fig. 53. Changes in SSC/acidity, flesh weight loss, and firmness of early harvested Satsuma
mandarin treated with hot water and preservative chemicals in combination during storage at 5°C
for 21 days and at 18°C for additional 7 days.
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Fig. 54. Changes in peel color of early harvested Satsuma mandarin treated with hot water and
preservative chemicals in combination during storage at 5°C for 21 days and at 18°C for additional
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Fig. 55. Changes in appearance of early harvested Satsuma mandarin treated with hot water and
preservative chemicals in combination during storage at 5°C for 21 days and at 18°C for additional
7 days.
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Fig. 56. Changes in decay ratio of early harvested Satsuma mandarin treated with hot water and
preservative chemicals in combination during storage at 5°C for 21 days and at 18°C for additional
7 days.
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Table 11. Changes in sensory scores' of early harvested Satsuma mandarin treated with hot water and preservative chemicals in combination during storage at 5°C for
(days)

21 days and at 18°C for additional 7 days
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" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,

the intensity of sensory characteristics increases.
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Fig. 57. Changes in respiration rate of early harvested Satsuma mandarin treated with hot water
and different packaging films in combination during storage at 5°C for 21 days.

(A): measured after storage of 21 days at 5°C, (B): measured after storage of 21 days at 5°C and
additional 7 days at 18°C.
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Fig. 58. Changes in package gas composition of early harvested Satsuma mandarin treated with hot
water and different packaging films in combination during storage at 5°C for 21 days and at 18°C
for additional 7 days.
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Fig. 59. Changes in internal gas composition of early harvested Satsuma mandarin treated with hot
water and different packaging films in combination during storage at 5°C for 21 days and at 18°C
for additional 7 days.
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Fig. 60. Changes in pH, titratable acidity, and soluble solids content of early harvested Satsuma
mandarin treated with hot water and different packaging films in combination during storage at 5°C
for 21 days and at 18°C for additional 7 days.
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Fig. 61. Changes in SSC/acidity, flesh weight loss, and firmness of early harvested Satsuma
mandarin treated with hot water and different packaging films in combination during storage at 5C
for 21 days and at 18°C for additional 7 days.
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Fig. 62. Changes in peel color of early harvested Satsuma mandarin treated with hot water and
different packaging films in combination during storage at 5°C for 21 days and at 18°C for
additional 7 days.
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Fig. 63. Changes in decay ratio of early harvested Satsuma mandarin treated with hot water and
different packaging films in combination during storage at 5°C for 21 days and at 18°C for
additional 7 days.
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Table 12. Changes in sensory scores') of early harvested Satsuma mandarin treated with hot water and different packaging films in combination during storage at 5°C
for 21 days and at 18°C for additional 7 days

Storage Visual attribute Organoleptic attribute
time Treatment o 1 o 1
(days) Discoloration ~ Wilting Gloss vera Firmness Peelability Sourness Sweetness Texture Juiciness vera
quality quality
Control 3.8 3.9° 5.4° 5.0° 2.8 6.3 4.1° 5.9° 5.1° 6.0 6.0
Perforated 2.7° 2.6" 4.4° 6.6" 4.3 5.1° 4.5 5.1° 5.9° 6.3 6.4"
0 PE50 2.7° 2.6° 4.4° 6.6" 4.3 5.1° 4.5 5.1° 5.9° 6.3 6.4"
PE100 2.7° 2.6" 4.4° 6.6" 4.3 5.1° 4.5 5.1° 5.9° 6.3 6.4"
Micro-P 2.7° 2.6" 4.4° 6.6" 4.3 5.1° 4.5 5.1° 5.9° 6.3 6.4"
Control 4.0° 4.9° 3.9° 4.5 4.2° 5.4° 4.7 5.0° 5.1° 5.7 4.7
Perforated 3.6° 4.5 42° 4.1 3.5° 5.4° 4.2° 4.6° 4.6° 5.8 4.4°
7 PE50 3.4° 2.9° 5.7 5.1° 3.4° 5.7 4.9° 5.4 4.7 5.7 4.6"
PE100 3.4° 3.5° 5.4° 5.3 3.6" 6.8 4.0° 5.0° 4.8 6.1° 4.5
Micro-P 3.2° 3.4° 5.3 5.7 4.3 6.3 4.4° 4.7 5.3 6.2 4.7
Control 4.4° 5.6" 3.4° 3.4° 3.9% 5.9° 3.8 4.1° 4.5° 5.1° 4.2°
Perforated 3.6° 4.0° 4.6% 5.0° 5.1° 5.5° 4.5 4.0° 4.8 5.6" 4.0°
14 PE50 3.7° 4.1 4.0% 4.0™ 3.7% 6.7" 4.2° 4.9° 4.4° 5.0° 3.9°
PE100 3.4° 4.0° 5.0° 5.0° 3.0° 6.5 4.4° 4.1° 4.0° 5.5° 3.6"
Micro-P 4.3 4.8 4.8 4.5% 3.2° 6.5 4.2° 3.6° 4.1° 5.7° 3.8
Control 6.1° 7.0° 3.0° 3.1° 4.1° 5.4°
Perforated 5.9° 6.2 3.7° 3.7% 4.3 6.2
21  PE50 6.1° 5.3 3.5° 3.0° 3.0° 7.7 N.D. N.D. N.D. N.D. N.D.
PE100 5.0° 49° 5.0° 4.7 3.8 7.4
Micro-P 6.2° 5.7 3.7° 3.9° 3.5° 7.1°
Control 5.6° 7.3 3.0° 3.5
Perforated 5.8 6.0™ 3.9° 4.1%
28  PE50 6.2° 5.7 3.8 3.2° N.D. N.D. N.D. N.D. N.D. N.D. N.D.
PE100 6.2° 4.8° 4.3 5.0°
Micro-P 5.3 5.9 4.0° 3.1°

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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Fig. 64. Changes in respiration rate of early harvested Satsuma mandarin treated with hot water
and different packaging methods in combination during storage at 5°C for 21 days.

(A): measured after storage of 21 days at 5°C, (B): measured after storage of 21 days at 5°C and
additional 7 days at 18°C.
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Fig. 65. Changes in package gas composition of early harvested Satsuma mandarin treated with hot
water and different packaging methods in combination during storage at 5°C for 21 days and at
18°C for additional 7 days.
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Fig. 66. Changes in internal gas composition of early harvested Satsuma mandarin treated with hot
water and different packaging methods in combination during storage at 5°C for 21 days and at
18°C for additional 7 days.
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Fig. 67. Changes in pH, titratable acidity, and soluble solids content of early harvested Satsuma
mandarin treated with hot water and different packaging methods in combination during storage at
5°C for 21 days and at 18°C for additional 7 days.
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Fig. 68. Changes in SSC/acidity, flesh weight loss, and firmness of early harvested Satsuma
mandarin treated with hot water and different packaging methods in combination during storage at
5°C for 21 days and at 18°C for additional 7 days.
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Fig. 69. Changes in peel color of early harvested Satsuma mandarin treated with hot water and
different packaging methods in combination during storage at 5°C for 21 days and at 18°C for

additional 7 days.
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Fig. 70. Appearance of early harvested Satsuma mandarin treated with hot water and different
packaging methods in combination after storage at 5°C for 21 days and at 18°C for additional 7
days.
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Fig. 71. Changes in decay ratio of early harvested Satsuma mandarin treated with hot water and
different packaging methods in combination during storage at 5°C for 21 days and at 18°C for
additional 7 days.
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Table 13. Changes in sensory scores') of early harvested Satsuma mandarin treated with hot water and different packaging methods in combination during storage at
5C for 21 days and at 18°C for additional 7 days

Storage Visual attribute Organoleptic attribute
time Treatment Overall Overall
(days) Discoloration ~ Wilting Gloss ql\llglietly Firmness Peelability Sourness Sweetness Texture Juiciness q1\1/:1ia‘:y
Control 4.3 3.3° 4.2° 6.0 45" 5.5° 5.3 5.1° 5.1° 5.4° 5.0°
Perforated 4.2° 4.3 4.7 6.0 3.4° 6.3 4.1 5.0° 5.1° 5.8° 4.6°
0 PE50 42° 43 4.7 6.0 3.4° 6.3 4.1 5.0° 5.1° 5.8° 46"
AP(-C,H,) 42° 43 4.7° 6.0 3.4° 6.3 4.1° 5.2° 5.1° 5.8° 4.6°
AP(-COy) 4.2° 4.3 4.7 6.0 3.4° 6.3 4.1 5.0° 5.1° 5.8° 4.6°
AP(+EtOH) 42° 43 4.7 6.0 3.4° 6.3 4.1 5.0° 5.1° 5.8 46"
Control 5.1° 5.7 3.3° 4.2° 4.9° 4.7° 4.5° 3.9° 4.3 5.0° 4.0°
Perforated 43 4.9% 3.9 4.9° 43" 5.5% 4.0° 4.5 4.5° 5.6" 47"
7 PE50 3.6° 4.6% 4.8% 5.4° 43" 6.0™ 43 4.4° 4.2 5.0° 4.1°
AP(-C,H,) 3.8 3.8"b 4.432 5.4 4.3 6.3*‘: 4.9 4.9" 4.4 5.6" 4.1°
AP(-CO») 4.7 4.9% 4.3 4.5 3.6" 5.9° 42° 4.8 4.7 5.3° 45"
AP(+EtOH) 43 4.0° 5.3 5.0° 3.6" 6.6" 4.0° 4.1 4.2 5.2° 3.7
Control 5.2° 5.7 3.8° 3.7 2.8 5.9% 3.6° 4.4 4.0° 4.7 4.3
Perforated 4.7 5.1° 4.4° 4.0° 4.7"b 5.51’b 3.5° 4.4° 43" 5.6° 4.8"
14 PESO 4.9° 5.0° 4.8 4.5° 3.5 6.3 4.4° 4.7° 4.6" 5.4° 45"
AP(-C,Hy) 4.4° 4.6° 4.8 4.8 3.6 6.8" 4.6° 4.3 4.5° 5.4° 4.5
AP(-COy) 45" 5.1° 4.1° 4.1° 3.7 6.9 4.0° 43 4.2 5.1° 40"
AP(+EtOH 4.8 5.0° 3.9° 3.6" 3.1 7.3 3.5° 3.7 3.8 4.6" 4.0°
Cor(ltrol : 73! 6.7° 2.5"b 2.3° 3.9% s.sbb
Perforated 5.6 X 5.5° 3.6‘2‘b 3.9‘"1b 4.8: 6.5"
PE50 5.8° 6.3 3.3 3.6° 2.8 8.0°
21 AP(—C2H4) 6.6Zb 6‘2a 3'1ai 3.635 3‘5aE 7.531’ N.D. N.D. N.D. N.D. N.D.
AP(-COy) 52 5.4° 3.7 3.5° 3.5° 7.8
AP(+EtOH) 5.3 5.9° 4.5" 3.1% 3.9% 7.7
Control 6.6" 6.2° 3.433 3.1°
Perforated 5.0° 5.5° 4. lab 3.9°
PE50 6.0 6.2° 3.7 3.4°
28 AP(-CoH,) P e iy 130 N.D. N.D. N.D. N.D. N.D. N.D. N.D.
AP(-COy) 6.3 6.5 4.0° 3.2°
AP(+EtOH) 5.8" 6.8" 2.8 2.8°

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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Fig. 72. Field test of hot water washing and brushing treatment for green-house grown Satsuma
mandarin on site at the packing house in Jeju island.
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Fig. 73. Changes in respiration rate of green-house grown Satsuma mandarin treated with hot water
and brushing in combination during storage at 5°C for 21 days.
(A): measured after heat treatment, (B): measured after storage of 21 days at 5°C.
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Fig. 74. Changes in pH, titratable acidity, and soluble solids content of green-house grown
Satsuma mandarin treated with hot water and brushing in combination during storage at 5°C for 21
days and at 18°C for additional 7 days.
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Fig. 75. Changes in SSC/acidity, flesh weight loss, and firmness of green-house grown Satsuma
mandarin treated with hot water and brushing in combination during storage at 5°C for 21 days and

at 18°C for additional 7 days.
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Fig. 76. Changes in peel color of green-house grown Satsuma mandarin treated with hot water and
brushing in combination during storage at 5°C for 21 days and at 18°C for additional 7 days.

-173 -



Control
Hot water treatment

'._1|. Irjl 1I._ e ‘I .-- I
Alter weeks at ol 00408/ 24

=

. = %

After 3 weeks at 5T

4 el 4t 18T
1l week at 181 SeSAIRT 8

Fig. 77. Changes in appearance of green-house grown Satsuma mandarin treated with hot water
and brushing in combination during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Fig. 78. Changes in decay ratio of green-house grown Satsuma mandarin treated with hot water
and brushing in combination during storage at 5°C for 21 days and at 18°C for additional 7 days.
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Table 14. Changes in sensory scores” of green-house grown Satsuma mandarin treated with hot water and brushing in combination (field test) during storage at 5°C for
21 days and at 18C for additional 7 days

Visual attribute Organoleptic attribute
Storage

time Treatment o 1 0 I

(days) Discoloration ~ Wilting Gloss veta Firmness Peelability Sourness Sweetness Texture  Juiciness vera
quality quality

0 Control 1.4° 1.9% 4.6° 6.8" 5.1° 5.3 5.2° 5.9 6.0° 6.8" 6.2°

HWT L1* 1.4° 6.3 7.5° 5.9° 5.6" 4.7° 6.2" 6.9" 7.1 7.2

7 Control 1.9°% 1.8° 6.4" 7.1° 4.5" 5.9° 4.4° 5.8° 5.4° 6.4" 5.7°

HWT 2.4° 1.6" 6.7° 7.5 4.6" 6.0 3.9° 5.6" 5.3" 6.9 6.5

14 Control 2.9 3.1° 3.2° 5.4° 4.6" 42" 4.4 5.5 5.7 6.2" 6.3"

HWT 1.6" 2.3 3.9° 6.6" 5.1° 5.1° 5.2° 6.1° 6.3 6.6" 7.2°

. Control 2.3° 2.3 5.0° 6.5° 3.1° 54° 5.1° 4.5" 5.0° 5.4° 5.8°

HWT 3.1 2.6" 5.7° 6.8 4.1° 4.6" 4.4° 6.0° 5.2° 6.4" 6.0"

28 Control 3.7% 3.3% 3.4 5.2° 3.6° 5.9 3.1° 6.4° 5.1° 5.1° 5.6

HWT 3.1° 2.9 4.4° 5.7 3.9° 4.7 3.8° 5.8" 5.6" 5.9 5.9

" The values are means of ten replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9,
the intensity of sensory characteristics increases.
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9. 7+& 9] v A& 728 PCR-DGGE 71 49

AERF EH Adete R v ES A&, AGEA AA ] A8 AR ES A f-A
Z} finger-printing 7] 91 PCR-DGGE %S g €3t A th. 74 2?1 PCR- DGGE 71 9] A&
A A= 41 3T A E S DNAS %33, 18S-rRNA coding f+ A A& PCRE ©]

&3] %8 Thg, DGGES & 44} finger-printing & 58] PCR 28-& 2 413}e] 14
=3 54% = A= AP

Ao ¥ EAsts P8 =EFEH DNASE 5% &
V-spectrophotometerE ©]-8-3}4 260 nm<} 280 nmol| A &%

s
T3 Az gl Ao} Hmo QFH A e =53 DNAY B¢

1
B Ao A= Al DNAS] S35+ 1.90 W], ¥3°] DNAS S3 =+ 1.82 =7 U}
5 = AAZ Ao E AGE AT} =3 DNA 5 % PCR 33 9]

8IS} ALA}Y, Geotrichum candidum™} Trichoderma viride 3% ©]
= controlZ AFE-3lo] DNA &3 PCR ¥4 S A2} A A]5FS T} Primer set B(EF4f-F5r) &
o] &3l G. candidum™} T. viride -3 °]o| ts] PCRS A 33} H S | 530 bp2] DNA =7}
o] A HE = A AR A, B AFANAME G. candidum, T. viride, &% 5
(G. candidum + T. viride) 2 72 3% FF 0| A DNAS FZ3}3L 4572 TE primer set
£ o] 83} PCRS A3 3 F agarose gelol| A 21 7]9 5= A A8 th(Fig. 79).
A719 %5 ZHANA G candidum, T. viride 2 &3 2] 7% primer set Bol| 2] 3} 47} 530
bp.°4 DNA Z7Z}o] AZH O Z A, B A3 o 285 DNA FZ0°|1} PCR 3] Z 7o EA47}
ol SN &A 2 2H T80l Y 4-¢ primer set A9 Boll A} DNA Z7}to] 4
25 S U primer set C2} DA = DNA ZZbo] A3 &5 A &L, primer set A2] 739
Nx= =3 H 1,540 bp 27+ 2]l 2F 1,800 bpe] DNA Z7Z}o] oA} vholl HZ 5 o] specific
primer2 4 A7} HAE Atk 2 Y primer set B <=3 W 530 bpe] DNA ZZ}vto] 7
Z5o] AxpFow 7+E FFo| HEE primerE A EF4f-F5r(EF4f: GGA AGG GAT GTA
TTT ATT AG - F5r: GTA AAA GTC CTG GTT CCC)& A&} A = Aok
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(@) (b)
2000 bp 600 bp
1500 bp 500 bp

(a) 1.0% agarose gel (b) 1.5% agarose gel

EF4f-EF3r(set A, 1540bp) EF4f-F5r (set B, 530bp) EF4f-NS2r (set C, 340bp) NS2f-F5r (set D, 230bp)
2: Geotrichum candidum, 2: Citrus Fungi Sampke 6: Citrus Fungi Sample 10: Citrus Fungi Sample
3. Trichoderma viride 3: Geotrichum candidum 7: Geotrichum candidum 11: Geotrichum candidum
4 G. candidum + T. viride 4: Trichoderma viride 8: Trichoderma viride 12: Trichoderma viride
5: Citrus Fungi Sample 5. G. candidum + T. viride 9 G. candidum + T. viride 13: G. candidum + T. viride
6: (-) negative 14: (-) negative

Fig. 79. Verification of PCR results by running electrophoresis on agarose gel with 4 types of
primer sets.
(a) primer set A (on 1% agarose gel), (b) primer set B, C, and D (on 1.5% agarose gel).
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ATolX DGGE A3 o] ¢datA AFHAZTS AT &+ ANt 34 7= 59 F
Fol(4¥ )Y B AZ HE T/ DNA 27to] 37| A= HJ B2 37HA & T/
o7 EATE & F Ao, o5 HFg F30] 54 DGGEERFH ¥
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548 4 ek,
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)

primer set> Z}7] 341fGC/534r(Kazuya et al., 2001), 27F/PRUN518R(Kim et al., 2003),
DG74/RWO01(Greisen et al., 1994)°] 1 2.1 ©] 58 0|83}l PCR A& 33t 1 4
3} 341fGC/534rS A 2] 3F Y =] 270 9] primer set> 3 2] Al 57 A= smearing &3} &7
2EsgHo AstES ¢ 4 AA=, 23 GC clamp”ZF @8 U= primers AF8-3FedoF A
94 LEsdS S/ Aol SRIEHAT dRbH o AFo] A8t 1059 Al
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U X3l AL Z A B Ao A 4=3) 3 bacterial DNA FZ 34 o]y PCR A3 27 o] ¥t}
2 AL S-S dSste Ahs et ddEn.
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Fig. 80. DGGE separation of fungi DNA fragments generated with EF4{-F5r primers.
(Lane 1: Geotrichum candidum, L 2: Trichoderma viride, L 3: G. candidum + T. viride,
L 4: citrus fungi sample)

(a) (b)

Fig. 81. Specificity and sensitivity by 341fGC-534r on 1.5% agarose gel to (a) amplified PCR
products from 10 species for identification ladders (b) amplified PCR products from citrus
fruits.

(a) M: 100 bp marker, L 1-10: 10 species (see the text), L 11: negative control

(b) M: 100 bp marker, L 1: 3N, L 2: 3H, L 3: 3N, L 4: 3H, L 5: 3N, L 6: 3H, L 7: negative
control, where N and H stand for the untreated and heat-treated fruits.

- 180 -



o

11. 7+2 9] AR v| A ST data-bases} P 2] g A4 v|AE AsHE 2
A2 HEFY FTHEE AF F WA A Ad AE |stE dotr 7] #8)
25 AdEste] 52TColAM 283 I A 23 § 7L F2olM A%
st5 A2 ¥ 270 9] markerE ©]-8-3ko] F215} A th(Fig. 82). L& | A
B %o] = MI markerol] 5F2] Al (Ml: E. coli 0157-H7, Listeria monocytogenes KCTC

-\k‘l

O

3710, Staphylococcus aureus ATCC 65389, Bacillus subtilis ATCC 51189, Salmonella
typhimurium KCTC 2878)% %= M2 markero] Th2 5% Al#(M2: E. coli ATCC 8739,
Shigella sonnei ATCC 29930, Bacillus cereus ATCC 11778, Vibrio parahaemolyticus ATCC
17802, Psedomonas aureuginosa ATCC 9027), 5 10F 2] &ut Al wFo s 27|95
A A, 24 2Ee] Janeol| A AW S MIER ZelH = S st 2u o] #F
FTHE A Y F 2ol AstaA 3, 7L A A Bl AHG AT ArFdE 2
= 670 AR 257 SAT AR AR EE AT ol B ATl AR

© markerZ g1 F A= 10709 it AlFHe= AT 2po] & Ho|BE M8 O & T/
o] Aftolgtr #GE T I F markerZ AFH 10719] TF71 AA| g Wl S48}
% FEA BAE FF AEHol e} dEj A S AREske] 2
1 A3} PCR-DGGE®N A 9t vERI7FAI 2 E. coli 0157, W74 +t, T
Salmonella, Listeria, 328 X EA1F, Bacillus cereus 5 752 AldS &4 3514
T ARk mEkA g Al F el A F1E DNAES A &stA 54 317] Y8t 971
A 2AS e, @71 E 4 A= Table 159 2Uth 248 4714 A
ribosomal database?} matchingAl A R YY), 6718 = EF 100%2] FA oA
E A Q= A (Panax ginseng chloroplast)?] A 0.2 AUt} o] = 7HE 2] LA HTS
A o A7 7 RS g B 2= F= 29 DNAZ primerel] ]38 A H
Aoz ola|fiT. ma 7+ HHA BAR 5 e A Aol A} v § e
(T4 71 10° CFU/g ©]&})o] B 2 PCR-DGGE W& o] &3l 7+& W Al 7S HZ&38)
7] Sl A= DNA 2 doll AldS B2 vjdste] SFA1Z da7 ok & A3olA
AFE-&F primerol] ]3| 53F == DNA £740] 240 bpo] A A o= 22 7fo|n g 534

SRR A9 23 7hs el v d Eoh mEbA A717F T 2 DNA 2205 W 9l
A

Y

fr
>
ek
o
of

fo
o
o

&

Y
)
1>

e Hog e
52
o
i
i)

_] \
o
ofr

o=
T=

o

piy

&2

o
=

o

X

14
s

1>

il

hd

T2 primers A& a7} o, Ui Z7|7} & DNA 2718 YHE+= primere Al

o) £AY FE9 F§o| JolX L DNA 22| 2718 H 3P Best Ak dRHO

- 181 -



3 2 e A% s AT F e U S’-EH PCR-DGGEz}H= A4+

7] &l DNA 2 o] @l v ¢S T3l Al AAE SFA12 a7k QlaL, 3 PCRS
TS W A2 g2 A= =4 DNAE SFHHEE A5 EHGA N H3 A

A AT Bart k.

72 WA Aehe 23} FBol2 AARLA, Lol AFFA gFL BHN F
ERo] A 459 BHolE £5 FelSHA. o2 Rl FHlE ¢ B WY
3lo] DNAE F&3192.1, o]5 DNAY A FFo] A& primerZ A& H EF4f/F5r

e
primerE ©]-83}o] PCR-E 3] 3F U} agarose gel 2 71953 DGGES 4! 3] 3} 9 th(Fig. 83).
A719F AR A Bzo] 49] 3ol 5 oS W 530 bpe] DNA X7}0] HE 5]
©] DNA FZ#A o] 1 PCR 73 X7 0] ob 774 glo] A HASS & T AT o5 F
25 #F30o] DNA 2718 U2 2 DGGE M 7955 Adst A, 459 Fgold 3l
T E 3A8 4= A tH(Fig. 84a). F 33 FHo] 3L 3t 4

:

714g B8 433 & ribosomal database©l| 4] AR A S A A 5]'9?\1513], 95-99%2] &
o

B eFgE RS RY TR wf Lok T 39 2 el
2 EAo) whet 7 A3 A3 972 3HKo and Kim, 1996)2t = D 2] 3tk 38 E 38
e 3H FFolE AEstnA 2F4ES 52T oA 281 A8t EA- s o
S 2xa g2t 94872 Yo PCR-DGGE W< o] 4314
S} A TH(Fig. 84b). LH A HZo] 45 9] %] marker”} agarose gel -9 A= &
A A MES et ATk 28y A iE E A 8Y A79E 2H= Al
2t marker®] YA ol FHE=TF A SHA] FobeH], Wb Bk A eg BE 915H]
Q71 E A4S 433 2 ribosomal database} Bl AES] B QkT}. Table 169 YERH B
of Zo] FA ] x2FU E-YF A S BF EG T
AERom, AapH oz B AFo|A A &3 52T, 289 €A== 28 19 F%50]9

A% Wart 8E A FETHE ALS HAT 5 AT

hvA ey =
29 wFolE AE

5
Y

¢

¢
of
il

lr

W
il

o

o) Q1 Penicillium verruculosum 2. = &}

-182 -



(b)

Fig. 82. DGGE analysis of the 16S rDNA amplicons generated by PCR (a) from 10 species (see
below the legends) used for the construction of the DGGE identification ladders M1 and M2 (b)
from citrus fruits which were untreated and heat-treated.

(a) Lane 1: M1(mixed 2-6 lane samples), L 2: E. coli, L 3: Listeria monocytogenes, L 4:
Staphylococcus aureus, L 5: Bacillus subtilis, L 6: Salmonella typhimurium, L 7: E. coli, L 8:
Shigella sonnei, L 9: Bacillus cereus, L 10: Vibrio parahaemolyticus, L 11: Psedomonas
aureuginosa, L 13: M2(mixed 7-11 lane samples), L 14: negative control

(b) Lane 1: ON, L 2: O3H, L 3: O7H, L 4: BN, L 5: B3H, L 6: B7H, L 7: negative control, L 8:
MI(5 strains, artifactual marker 1), L 9: M2(5 strains, artifactual marker 2), where O(Satsuma
mandarin): lane 1-3, B(Shiranuhi citrus fruit): lane 4-6, N: untreated fruits, H: heat-treated fruits.
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Table 15. Results of BLAST analysis on sequences obtained from the selected bands excised
from DGGE

Lane number Sequence BLAST Microoreanism
on DGGE gel length (bp) homology % £
| 98 95 Panax ginseng
chloroplast
) 220 9 Panax ginseng
chloroplast
3 223 93 Panax ginseng
chloroplast
4 223 93 Panax ginseng
chloroplast
5 293 93 Panax ginseng
chloroplast
6 730 96 Panax ginseng
chloroplast

* Lane numbers refer to figures, except band 8 which was obtained from denaturing gel of fungi isolated
from citrus fruits (see details in Fig. 82b).

(a) (b)

Fig. 83. EF41/F5r primer specificities of (a) 4 fungi expected and 2 fungi from the untreated and
heat-treated citrus fruits on 1.5% agarose gel.

(a) Lane 1: 100 bp marker, L 2: negative control, L 3: Glomerella cingulata, L 4: Penicillium
italicum, L 5: Penicillium digitatum, L 6: Botrytis cinerea

(b) Lane 1: 100 bp marker, L 2: negative control, L 3: untreated fruits, L 4: heat-treated fruits
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(a) (b)

Fig. 84. Separation of amplicons generated with the EF4{-F5r primers and genomic DNA of
selected fungi via DGGE. The gel contained 8% polyacrylamide and 40-50% denaturants. Gel
was run for up to 15 min at 200 V and 14 h at 70 V (60C).

(a) Lane 1: artifactual marker (mixed), L 2: Glomerella cingulata, L 3: Penicillium italicum, L 4:
Penicillum digitatum, L 5: Botrytis cinerea, L 6: negative control

(b) Lane 1: artifactual marker, L 2: from the untreated fruits after 7 days storage, L 3: from the
heat-treated fruits, L 4: negative control

Table 16. Results of BLAST analysis on sequences obtained from the selected bands excised
from DGGE

Lane number Sequence BLAST

on DGGE gel length (bp) homology (%) Microorganism
2 495 93 Penicillium
verru;qusum
3 477 90 Penicillium
verruculosum

* Lane numbers refer to figures, except band 8 which was obtained from denaturing gel of fungi isolated
from citrus fruits (see details in Fig. 84b).

- 185 -



ofoll o 7| =

jijd

el
oK
LH
X0
|l

EE

F2

M4 Z

T
I
wed i
WD oF oF i
CRURN B B i
i 3
ZBS
o Sy
me@ S o o
i g8 8 o =
<3 g g E & &8 & g
B oF ]
H_l . oo H_l o
T5E |2 3w }
S B A
e A T R oA
X N B En Mo U|o 2 ) ﬂ i
M = 7o Mo x° X X B i X
N N o e - S i s
5 (g T W e | N R
K = B mﬁ S I
yw R -
i R g o®x W|®m o
ﬂm 2 W M B B R o mm
B O : S
i g0 o R B ﬂ
B N AR 2 5| -
i * OB BN T WA
» 63 ~ ) LS~
ﬁ@ﬁm S R Wmuuwma
oo7u T W T R ma}u;]uxl
O (@] O @) (@] ° ﬁl i @.E
N L 0 o
TS T 3 >
- % S % & o
X X 8 v
‘;IA%

B

b AT

B A7EA) 9

A2

ol ==
=0

=

ks
gl

stach 1 A7 A

wehe 24}

To-

R

-
ol
o)
o

—~
o

2EE

g

A8, %

4

FHEF

24, B, A A F 8

- 186 -



Ashgich. A o} 8ok

tol 29 4]

J]

Ay T8

F3 A} sodium acetate, sodium citrate, hydrogen

S

T AR HE

peroxide, EDTA

Jo

N

A
el

7K

e

)
iy
o))
ToH

el

s & 5 AAgT AT DA 7]

= &3

T

i

—_—
o

o

el

Ko
Jo
e

AN

o

veel

X

0
o

el

g7t v

Fod f- X2} finger-printing 71 Q1 PCR-DGGE #

37) 18

FA A A
21 Geotrichum candidum} Trichoderma viride, ©|

N
B

—_—
o

3]
pul

to] PCRS A A|

J

o] 2 58] DNAE F2 311 4% F 9] primer setZ o] &

N
e

4% A& primer 2 A EF4f-F5r< A &3}tk
o] DNA %7t#} 37 DGGEZ A 7|9 % EA13F0 2 A z+z}

3

He 53

9] PCR &7+&

Ea

Atz AH

=
L

TEOE

o))

10° CFU/g ©]3}2] ot

PR T 22y g E A Ald&

Q13

2?1 PCR-DGGE WH 2. 2 4134 317 DNA

A

R

i -l 2ol A

3]

5

27} 99tk PCR-DGGE 7| <&

3 3
=2 =

I g E A& 5%

£ 3]

o
=

A F3gol), Glomerella

o), Botrytis cinerea(3)

y

o

Penicillium italicum(F-2& &

Zol=

ar
=]

%

T

>

il

o

53U

o 47HA 2 7

o) %

)

-
A 53

o), Penicillium digitatum(=

3

o

cingulata(Z2 &

BN

il
=]
Hr

Gl

B/

—_—

0

oo
o
N

o2 7l =E

el
—

+

Aell 2A 714

s
e

- 187 -



o
=
090
Tofl
ol
=
T
il

T

o}

A5 E

pul

HEEEERENCE

el A

434

Bl

AFNES T

£

g o gX 47

!
0

=
ﬁo
ol
BN

ol

o

B )

3

5

el
Hlo

oA F x5

o
o

el

e

el

el

Hip

—_—
o

o

31 Al dA e

wl

A2k A

1:(7)]_

o

=& a4

o))

ol

AA 2141719 F =

7]

ATIA

=
=

7)< know-how

;OL

-
hin

X

- 188 -



M 6 & AFMLnt™olM =&et of 21t

h2

ZledE

- Postharvest Heat Treatments Related Current Projects in Volcani Center

o Development of method for cleaning and disinfecting agricultural fresh produce using a short
hot water rinsing and brushing technique

o Development of sensory analysis for evaluation the taste and smell in fresh harvested produce

o Postharvest physical treatments for prevention of pathogen infection and its mode of action

o Postharvest heat treatments for disinfestation and quality maintenance of citrus fruits

o The involvement of heat shock proteins in protecting fruit against low temperature injury

o Genetic alteration of plants increase tolerance to temperature extremes

o Controlled and modified atmosphere storage of stone fruits

o Ripeness parameters of grapes. Non-chemical methods to prevent decay in grapes

- Dept of Postharvest Science of Fresh Produce, Institute for Technology & Storage of Agricultural
Products, Agricultural Research Organization, Ministry of Agriculture and Rural Development,
State of Israel

T s SR TV = 1— 1.—.-:rr-— :a-: : b

Siman Lurs

- 189 -



- USDA, ARS. Agriculture Handbook No. 66 (2004)

Temperature Preconditioning

Susain Lurie! and Joshua D, Klein® .
'D&p:ﬂnwm of Postharvest Science mud “Department of Fireld Crops
Violean Center, Bet-Dagan. Israel

Intreduction: Temperatare precosdizomng of fruns and vegetables has been practiced for more than 70
w1, smee Baker (19305, 1957) desenbed heat treatments for dismfestatvon of fnut flies in comas. Thers is
renewed intersst m high temperatnre o a postharesst treatment for cantrol of both imsect pects and fungal
pathogens in fresh produce. In pan. this i becanse of the devegastration of o sumber of componads tha
bve until recently been wsed for effective control of postharvess disorders. Tn addition. there is increased
comsinmner demand for produce that has had mmamal, or wdeally no, chenneal trealmen.

Heat has fungacedal as weell as msecticidal actson, but heat regemes that are optimal for insect control
may oot be optrmal for disease control; in some cases they may even be detrmmental. A thermal treatment
that 15 developed for fingus or insect control shonbd not damage the commedsty bemg trearsd

I fact, in mamy cases high temperare manipualation before stornge may have beneficial effects oo the
commesdaty treated.  These benefits mehasde slowmg the npemng of chimactenc frat and vegetables,
enhancing sweelness of produce by meressing the mnount of sugars or decreasmg acadiey, and prevention
of storage disorders such au superficial scald on apples and challmg soqury on subtropical frusts and
vegetables (Lune, 1998}

Tempernoare conditiondng before stormge may also mean an incubation period speat at eitser ambient
eemperatare of 16 to 23 °C (about 61 to 77 *F) or at » cemperahore bebow ambient, but above that whach
aaght pradiece clallusg ngury, we., 310 12 5C (aboat 41 1o 34 °F), depending on commedary.  Thas type of
reinperace manpalaion 15 often referred te as 8 a “cunig’ period, aod ar 15 vsed with evops such as
potatoes, omons and carrobs. Ity purpose i gensmlly to snhance resistance of the commodaty to pathogen
mvasion, although 1t may also enhamce resistance o low temperahare myury 1o citms.

In this chapter we discuss temperanire precondstioning creamsents according 1o thegr purpose, =,
pathogen, insect of chilling ingury contral. Moest of the methods listed here, however, are still experimsmtal,
and have et o be socepied fof rostime oomapercial practice.

Commercial Treatmemts: The preatest nmmbsr of temperanire mmampalatons wsed comomerceally are
based on lngh temperature weatments (vapor heat or hot forced-aar) for msect dismfestation. Temperature
regumes are developed specifically fior each commedaty and msect pest. The accepted procedures for
prochace emtering the U5 are desenbed m the USDA-APHIS Plant Protection and Chaarantine Treatmert
Mamaal, whech is rowhmely wpdated (Amimal and Plant Protechion S=race, 1998) The latest aditson of the
enasneal slyoald be consalied for approved meatments for parmicals commmiedaties of pests.

An exsvple of commercial temperanire condinonmg for pest conrol is Mexscan-grown mangos,
winch may be miested wath a vanery of fruat fly larvae or eggs. Offically authonzed treatments are
high-temperanme, forced-ar (HAT) or a hot water dip treacmest (HWT) befors siorape and shapment. In
HAT, frunt are heated uniil thesr center reaches 48 *C (118 “F). HWT condinons depend on finut size and
vary from 45 to S0 muin m water, where tse i intersor reaches 46.1 °C (115 °F)

Virpor heat (VHT) daffers from lsigh-tesaperaruge, forced-nir in that spowsture accumntlates oo cthe
surface of the fuat. The water droplets transfer beat move efficeently tham aar, allowmg the frune to heas
quackiy, bat there may alse be mereased physacal myury 1o the frunt. Papavas grown in Hawan are vapor
beat-treated before export to lapan.

Citmus can be dismfested by HAT at 44 “C (111 “F}) for 100 mun, wrth an addinional 90 mm spent
rassang ilve vemperamare 10 4H4°C. The nsual dismfestanon metbod, however, is s hald tbve froin an bow
temperatre of 0 1o 2.2 %C (32 4o 36 °F) for 10 to 15 days. befors raismg the temperature to ihe mormal
starngs temperatare of G to 11°C (43 w0 52 °F), depending on coltivar. Since citris i sensitive oo chilling,
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finain are gemerally bield ar 20 5C (68 “F)or 16 °C 061 °F) for 3 o 5 days before placing a1 low winperanege.
Thas cunng trestment decreases frun susceptibaliny to chulbing igury resultng fom the subsequent
disinfessnmen weaent

Toseer Disinfestarian: The develepment and implemenratson of hear meanments for msect disinfesaneon
bsave been revaewed therouaghly (Couey, 1980 Paill, 19933 The b« below meliades westnent regimes that
biee been repomed i the pass 10 veags (Table 1), More than half the sreanments are designed w0 kil fner fly
ezes of larvae, sinee thear presence requares seriel guaranime i most frug-moporing countnes. The maos
recently developed metheds e lnde hear reatments in combmarion witl low Oy or bigh OO0y ammespheres

Antifungal Treatments: Cunng is wsed conmsrcially oo increrse fesiamance 1o patlogesn vasacn
Potacoes are cured at 12 50 (54 °F) for 10 to 12 days before storage at 4 to @ °C (35 1o 48 °F), dependmg on
culeivar asd whecher they are desigated for induscry or bome consumgtion. Swest potatoss are alse cuped
at 30 °C (86 °F) for 5 days, before storage at 12 °C (534 *F). Inboth cases the cunng perod allows for wound
hzalimng and depossnon of cell wall masenial o crease s phivsical barmer 1o pathogens, Kiwifnaic alse bepefin
from a curing persed. If beld at 10 °C (30 °F) befors stomge at low temperare, they develop fewer rots
after sicrage. Onsons can be siored longer if held a1 28 5C (B2 “F) for 3 days before sicrape

The two conumesrcial apphications of hagh temperature antifongal treatments are HW'T for papayas
(Akamine and Arisami, 1953), which has been used for almost 30 v, and a bhot water bnsh treatment that
was antroduced farky recently (Fallik, 19%6n, 1599 Poosky ecal, 19973 The brush sysiemn s im wse on
packeng lines for export of com, mangos, peppers and some coiras from Tarael. The machene sprays kot
water & 5010 65 °C (122 w 149 °F) on produoce as o moves along oo bmosh rollers. The major benefit
appears to be remonal of spores and dirt, altbough hot waser combaned wich brushing also canses surface
cracks 1o e filled wn by the panaral wax of the commodiny. as well a5 elicinmg resistance e pathogpens in
SOiNE CAasER

Thie srase of empemnre comdisoming Wwearments agamst fangal pathogens was reviewed by
Barkai-Gelan and Phillips (1991} and Coates and Johnsen (1993), The majerity of the reginees listed in
Table 2 wene developsd wmothe past 5 vears. Dips in bot fisngicade soluticn bave been used sanee the 1950k
for pathogen control. As vanows fangicides bose thewr regastration or as pathogens develop resstance, thers
w5 increased inrerest in hear-treatng prodoce @ combanation with comgpounds that sre penemily recopmzed
ns safe (GRAS), such as CaCly or sodnem carbomase (Table 23

Physinlogical Benefits of Conditioning Treatments: Most thermal treatments have been developed as
leihal regumes for msects or fimg1 Some of these regimes, bowever, also have prophylscc effects agains
physaplogical disorders soch as chilling oy (CT).  Preventson of C1 allows the commodity to be stored
konger at lower tempematures, winch m nem permits export m shaps mther than meare costly ar-frewght. In
addshon, a pre-shepping heat treatment can allow for bow temperatare disindeststions of conmsodinies soch as
catras, by ooproving the respstance of frmt to Cl gemerally mouned dunng thas weatment.

Ckilver heat treatments bance been developsd specifically o mamtaan postharvest quality, such as
mereased finnness of apples or decreased yellowing of booccol, or to protect agmmst other koot siresses,
such as rmadishon dssinfestation treatmends (Table 3} The physaologcal mechamsms of these treatments
was previously reviewed by Luree (1958).
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Table 2. Thermal treatment of horticulural comenodites for eraducation of and protection from fagal pathogens.
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Tabde 3. Plorsiclogical benefics of thermal meatments for hommicndneal crops.
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