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Abstract To maintain the quality of sweet persimmon during
storage, the samples were treated with a combination of 50 ppm
ClO, and 0.1% fumaric acid after harvest, packaged with low
density polyethylene film, and stored at 1+1°C for 35 days. The
combined treatment reduced the populations of total aerobic
bacteria, yeast and molds by 1.82 and 2.07 log CFU/g, respectively,
compared to the control. During storage, hardness of all samples
decreased, but total soluble solids and weight loss were not
significantly different among treatments. In addition, high-quality
dehydrated sweet persimmon was prepared using red algae extract
as a dehydrating agent. The rehydration ratio and vitamin C
content of red algae extract-treated sample were greater than those
of hot-air dried sample. These results suggest that the combined
treatment of ClO, and fumaric acid can be useful for maintaining
microbiological safety of sweet persimmon during storage and
dehydration of sweet persimmon slices using red algae extract is
an efficient drying method for the preparation of high-quality
dehydrated sweet persimmon.
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A 8

X (Diospyros kaki Thunb.)2 HIEF, @&54 T o]
3, 3] A% g e gASke aapt e Ao
&84 JtH(George2} Redpath, 2008; Gu 5, 2008). 22
T2 78§ F2 A3 do] wEA JHe wA-E
oA AT FHE A B A7t A} E AT Pesis
5, 1986; Ben-Arie 5, 1991). 53], Tarutani 5(1965) low density
polyethylene (LDPE) filmS %-8-3F modified atmosphere #]<-
A7 wHo] whgre] MmfRX]ef 7P a3 el2tal Harsteiar,
T3 A AL o] AXMEE ) AEHAFITI A
ATHLee, 2004; Caleb 5, 2012).

Tl A s = T Ae, AMEE EFo]7] 93
polyethylene film 52 &3 AL A2 HAASIL Jou,
A= 2 A 34 glo] viE &M|RelA] F8= 3L o
A1(Shin &, 2001), AA A F o] FH A3t EAET
ot ¥ I F wAF LFEOE HAE ego] BT vt
0] =u. w8 & mAETE dAd SRE 93t
kel AlE AE|7h Qs

A FAFe 2 Ak Haslela vAEEE k] &
HE 98l ¥71d Aelio] AR e, AReld 2 dARpA
AL, A, 714, 94, o ikslEAag AlE 5o Wigo] ot
(Kim 5, 2011). 53] o Xslgade 71& FAhur =2 A4qd
S 7= 5 Aol Bol A1 IRl vEEE oA g
ZFloflA gy] ARE-EtHKim 5, 2009¢; Vandekinderen 5, 2009).
T3k f7Ee o) x4 W] pHE W vjAE A8S
A 3=t (Comes2} Beelman, 2002; Kondo 5, 2006), T2 H]7}
g Aot HEAY Al 2 27 ASETHKIm 5, 2009d).

e A olue}) Az FEHE AEE 4 7] gE
of xFH Ax wxre] At ety Axe APEE =
ol AE HE WY F 3 E(Krokida®l Marinos-Kouris,
2003), thEAQ ¥ A= Hgo] A¥sta o] 412 A4

o T
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o] Jovt 1x & FH At =3 (Simal 5, 2000), ¥
T FE olgsl RS A AREHER 9 g
F&o] HojAE wdo] Atk(Singh &, 2008). wHH, A
2 ANFY Algrt F 8388 ARl AEd Al 9ty
Aol 2 GeAlT)e EAYEES e ARtz A
1 84 AT Y sl ARezRR aFeR
S AAT & JdE wHeEA 2 B At oFoHY

(Kim 5, 2008; Kim &, 2009b). £3], $%7 FEES 3=
FEFE Fo] X Ax T F&F FAEEZNEH doAe A
2~

024, 7| maltodextrin 53} 7 27t EFEAE YA &
J= A2 A7t Aol 7o EAEETHel dS &iA
& 4 TH(Wang 5, 2009; 2011; Song 5, 2013).

mebd B AFolM s Tite] mAEEHE ki SRE 9
g g = A7 FHOR ol Istdiget FrkEAks Wit A
39 LDPE filme2 ¥As & A AF & 4 W=
BABIAL, ek S2F FEES Wik ¥ X Az
AlA IFE x9S Akstarat s

Az By

a

Ag AE 2 AF A, B A7l AR 9 Ad A
ol 20139 3R Hf FEOR, FA 170£10 go] &
ol gl 4 Axrt FYe Aoz AdHsle] AMg-sISt
@4e Ald g § LDPE film bag (55x15.5cm, 55 pum
thickness, 4100mL Oym?-24h-atm at 24°C, Duksung, Korea)
off 7 W3t 1x1°ClA 35 B3t AT EA=
A ol TXF FEES /KIS S 1:20 (wiw) H
EE S F 20% oHEAS FTiele] Ees AASKAL 2
NZF FeF 120000 &3 T BAHAZ7|(FD-5508, llshin
Lab, Korea)s ©]-&3t] ZA=3IHTHKim &, 2013).

MY A2 24. 9 7 e SRS E= 50 ppm o4t
stAAet 0.1% FrIEAF Bxe] &l ZHzt 107 X
gk & clean benchollX 90%7F A=A oAbt H A=
chlorine dioxide generator system (CH,O Inc, USA)S ©]-&3}

FE7F 50 ppmo] EHEE A|Z3I3ATE

HAE A 3. 3 AlFY A4E 10gd 0.1% B AESF
90mLE H bagdll ¥ stomacher (MIX 2, AES Laboratoire,
France)& ©]-83}o] 387F #dsA AT #23F H Al5e
0.1% Bt A=FE 10 A% FHeo, F 3714 Al
plate count agar (PCA, Difco, USAYS AME-3te] 37°CollA] 48
AIZE e, 5 2 FFo]E potato dextrose agar (PDA,
Difco, USA)E AME-3l] 25°CollA 78A17F viFst & A=
colonyE A3t Kang 5, 2012). AEH "L = AR

A

g3 colony forming unit (CFU)Z YERISL 33] Wk Z2d3)9ict

3=, Az ¥ L 3. I AR d=e AR &
%S AAYEA (PR-101a, ATAGO, Japan)E ©]&3le] 53] wk
E 24 ¥ Brix® YEMIT Axe 1x1em®] €8% =27]
= texture analyzer (TA-XT2, Stable Microsystem, UK)E ©]
&3t A7 5mme] probeE Smm/se] £EE IS T
60% Zo7kA] g wf 42 FHUlZhES hardness ()=
BT &3 AR AR T SEULES AR 2T
= 348 ¥ AN T $F AolE 27T diE i

E(%)= YERAIT

Ag Az 2 2] 8 &F 34, 97 29 20000
Heo] Tx2F FE2ES 30% WwE F7F3 T shaking
incubatorS ©]&35j¢] 25°CollA] 4A17F BRF BTt g &
AlE FH Joldle mEe] Tx2F FEES AA] Sl
FRTE A ™R TS AASAF 25°CHIA 2417
WAEIAT. @ dEE AR 200 g EF71271(C-DO, Chang
Shin Scientific, KoreayS AR&-3te] 60°ColA 24A17F AZSHS
o S AlEe] 27| FEFHE 105°CAA 24X AR &
A, el 7] FEEE2 84.55 /100 gol ATt

F 598 34, dx = 1g& S/ 100 mLell A
3 25°ColA 10, 20, 30, 40, 50, 605 7FAO® Aol R
7] AA & FAE SHEA, AFL 33 w7}

g O~

TH & A diF] AE dE FA(geE Y

BN oXt

32 g ool 2

£
|
o
flo

. A== ARA(CR-300 Minolta Camera,
Japany= AF310] Hunter L*, a*, b*3kS 7 Al59] Ul ¥HS
St 5 Htto® VERITH ARG EF wiee]
L*, a*, b* k2 Z}2} L*=96.59, a*=-0.12, b*=2.08°]|3]T}.

Az F ¥l C F 4. Dinitrophenylhydrazine WH-S
ol g3l kel HEN! C TS 43I H(Terada 5, 1978).
5 g2 5% metaphosphoric acidZ 587+ 3
Z3th = T 208 B9 5000 rppmeZ U4 EaEske] A+
S 2mLS FHsl, 50pule] 2, 6-dichlorophenol-indophenol
S 7K 2% thiourea®} 2, 4-dinitrophenylhydrazineS =3¢
Aom Zgate] 37°ColA 3A1ZF REEAIFTE 327§ 85%
i smLE A7l 308 59t A2 ®X|gE & spectrophotometer
g o83 S40nmellM FFEES 33 wkE AT 5%
metaphosphoric acidll =<1 ascorbic acidE ZTEHOZ 3l
HE C S AlLlsIe™, mg/100 g fresh weight (FW)E
FAIBIATE

FAAR. RE d32 H4& 33 o) whEsie] SAGEIAL, 2
s PR dAE Hepde A4 242 SAS
(Statistical Analysis System version 8.1, SAS Institute Inc,
USA) ZZ2 738 0|83} p<0.05 5=<=4] Duncan’s multiple
range test WS ARl AAEA

23 ¢ 13&

HAE & &Y. 78 T I ARE SRHT AlE = okt
Faget FulEAF Wik et & LDPE filme =2 E7ste]
1£1°CollA 3597 AstaA wdE F5 9% A3, A%
Z U272 F 37143 Ald = 3.54 log CFU/gIR AL, 557
F2 AHE 4$ 308 log CFU/g, M Ha T+ 1.72 log
CFU/ge 2 ¢}t vwgds of 22t 046, 1.82 log CFU/gS]
2 @3 YERISK(Table 1). ©]213F A¥k= Kim 5(2009¢c)°]
alfalfa2} clover sprouts®ll 50 ppm ©]AFS} A9} 0.5% FrlE
2 BEAR 1087 A7) § oot vlasle], F 5719 Al
o] 3.18 log CFU/g 7HAgiths Bl fARSE A=, B
27F MAESE QbR el Hrh G349l WhEdS HoE
th H7kE WA = el B 3714 Alstell tigh 2+t &
e AR Fol= FAEFM=, A 359 F 27T 494
log CFU/g?l Wha, Wekxg]e] 7 3.55 log CFU/gS JERY
o] 1.39 log CFU/gd] VA& F+ 742 A% 2719 vdlE
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Table 1 Change in the populations (log CFU/g) of microorganisms in sweet persimmon during storage at 1°C
. . Storage time (day)
Microorganism Treatment
0 14 21 28 35
Control 3.54£0.06*% 4.93+0.044° 5.27+0.134 5.00+£0.254° 4,940,094
Total aerobic bacteria Water 3.08+0.07%¢ 3.99+0.615° 4.91+0.19" 4.92+0.05% 4.51+0.085%®
Combined"” 1.7240.17¢ 2.63+0.10° 3.35+0.28% 3.29+0.0282 3.55+0.38%
Control 3.22+0.314° 4.76+0.08"2 4.77+0.10% 4.7240.0242 4.65+0.16%*
Yeast and molds Water 2.97+0.10"° 3.99+0.538 3.94+0.128 4.37+0.05" 4.40+0.05%
Combined 1.15£0.21%° 1.85+£0.21< 1.7440.06% 1.78+0.04< 1.93+0.13%

DCombined: treated with 50 ppm aqueous C10,/0.1% fumaric acid.

DAny means in the same column (A-C) or row (a-c) followed by different letters are significantly (p <0.05) different by Duncan’s multiple range test.
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Fig. 1 Change in total soluble solids content of sweet persimmon during

storage at 1°C. @: control, A: water washing, ll: 50 ppm Cl0,/0.1%
fumaric acid treatment. Bars represent standard errors (n =3).

sl AL}
FF a8 9 ¥l £ T IV Al 4
Fo} v)s3k A YeREd(Table 1), A% = 272
FR 2 Fgo] 7} 322 log CFU/K! wHA), WE Agte
1.15 log CFU/ge2 thZ7¢} H|23E W 2.07 log CFU/gS]
uAE 4 A G35 B o]ygh A= broccoli sprouts
o] 587+ 50 ppm oA AT} 0.5% FrkEak ¥ Ag] &
7o}l Hlwslel A % FFo] FolM 246 log CFU/ge]
7242 Bl AFKim 5, 20094}t GAE Aog & 514
Al opuel 3R gl Figolo] oAk M7t WekA g
7 aEYAL AR A7 35U F oo v 9 3%
o] & 465 log CFU/gS UERd wkdo), wgAg]e] 2%
1.93 log CFU/g& 272 log CFU/gd] #AS Ho AR =
o= 7t EIpt RS IRIT 5 AUTh wERA 2 AT
AFZHE H7HE WAL A T dre] nAEsH <
273 gheol| gxpAolgtal e
AR F FA43} &Y. e I A T AF Al ut
2 oA AolE HolA] ek, BE A A% =
13.83°BrixollA] 15°Brix =2 Tk 7169 tkFig. 1). o=
An 5(2001)°] LLDPE filme& -5 ©7ks £33 5 95¢
7FAZ AgERE W B a7 Al gAY ok St
ste A BEivhe Bael fARE Aitolth

Q
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Fig. 2 Change in hardness of sweet persimmon during storage at 1°C.@ :
control, A: water washing, Hl: 50 ppm ClO,/0.1% fumaric acid
treatment. Bars represent standard errors (n=3).

Tk Axes A% & 2,084 gl A 359 3 9F 1,200
i RE A7t AAFoR IhdleE FHAS BUTHFig. 2).
o83t A3 Chung 5(2013)°] ©he 2%, PE & 7]
A filmeg sl 22olA 877 AeHAM HEE &
AL Wl AR 7|7te] ZUNESE ALyt gaAdtE 2ast
FARE A2, AE Za d AR 5 2AS ofjddlef] <
3 EAEo] &3} o] AlxHe] Wb dojitr] wFoelzt
3 FAEtKFisher2t Bennett, 1991).

FTHLHALEE FAF] T2 4 oA Fag ME=E
2AAA VIARRE, AR 25, §% 5ol dFS /X
&2 A% 717 F% BE A fo18 Abelrt giith
(data not shown). A7 354 T TGS & 0.1%=2 AT
z2719} vaste] FaEFo] A sk ¥skedl, ol#s Ag=
2 AFA DS 121°C] A2A AFsle] F4b 2ol
vrol & &4o] A7 wiiEolgtal ATt Kim 5(2003)
2 FAFe T4 AEL 2ot AedgE moAH, 8
o] F7Rl 8 EHEo] Fof FRko| Fagay Bargt up

Az, 78 5 wghe] A AMEe F4
< A SEA=
S F AL Ak
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45 Table 2 Hunter color values of hot-air dried and red algae extract-treated
sweet persimmon
aor Color parameter
Sample

__35¢F L* Q% b*
(22}
2 a0l Control 57.22+1.14AD 5.17+0.388 25.38+0.40"
% ' Hot-air dried 32.74+0.16¢ 8.50+0.32" 15.27+0.65¢
S 25f RAE-treated 41.22+0.458 4.98+0.18" 20.67+0.318
g 20 YMeans in the same column followed by different letters are significantly
%‘ adl (p <0.05) different by Duncan’s multiple range test.
(14

151

Table 3 Vitamin C content of hot-air dried and red algae extract-treated
1ol sweet persimmon
Sample Vitamin C (mg/ 100 g FW)
05 . . . . . ) .
0 10 20 30 40 50 60 70 Control 219.7442.114D
Rehydration time (min) Hot-air dried 109.63+0.60¢
RAE-treated 183.28+4.30°

Fig. 3 Rehydration ratio of dried sweet persimmon. O: hot-air dried, @:
red algae extract-treated. Bars represent standard errors (n=3).

71&% ozt AWl FFWs} Kim 5(2013)¢] 97 Hol wh
, 60% TZF %%ﬁ olgsle] omz Ax Al H @
T};ﬁ Holu} theke] e Arlek= \:Wo] I3 20% A
8o Ae U2 grass E°l71 o), EEsE B3 T
Al 7BAA ZHE IHPS w enx ARE fEiMe =
BOEZE 40% /\}»301 = 51 %':EE}E’_ Byg vp 9o, o]gh
TX}%T%—%¢%%°W Frel FHE Ve A7 By
(Chun %5, 2012; Kim 5, 2013)9} Wt du A niEto g,
52 o] 83 ko] Axe} 7PY dwrAe

TER FEES ARl A
Rl G¥dxete] avks vl —‘%410}71 fste], & AN
= 9rad SUs IeA ARRE sl AR HH &
Z2F F2EY FEE 30% (w/w)i ARt

TFD Ax W AS 99 VI 2ATEA e @
glalo] Az Axd et o] 5988 ST dA(Fig
3), 9¥ A= 2 FTXF FEE AU wE Ax 93 &
A& 5 N B AR 4T HeR FIsiE),

R
@
k
e

= ﬂﬂQ‘r %E?ﬁi e & < .3
o] 11.099} 525 g/gS VERA O&%L_H_LQ} AR A9=, $x
Az Ayuc Az dgte] Bgo

==11

7 FE= AL €%
ZE8 HolFE EO], S 2R AzxTe 94¥4
AlzzZo] fHEe] F& ASTTE gty A et
(Vega-Galvez 5, 2008), 01316} olffE dIFx A7t ¥=x
F FEE AR EY80] ¢ w2 Aoz v
ZAxd e Ang 243 A5, g2 Hunter L*, a*,
b* ko] ZkzF 5722, 5.17, 25382 7Y B4, TFRF FEE
7"4?4'3'] 745 tizol g o w2 ke E‘Riour & Aol
& HolX& ZUTHTable 2). ©1H ¢ A3+= Kim 5(2009a)°]
IGEAZ 2 maltodextring X gjdle] Ax 3 AMeE =
< o, I:HJZ—:rLfﬂr H]5te] maltodextrin *12] 7L-4 A B
Hunter elA qu] z2lo]E Holz] dthe AR
Ak T R, Az Ag 97 ZE Hunter 3f
°ﬂ’\1 PO EEN X]'O] Uehlii=d), Krokida 5(2001)

33 i o Ay
¥ 2

YMeans in the same column followed by different letters are significantly
(p <0.05) different by Duncan’s multiple range test.

o] v}, B, A 9 Al A3z Xif'l] S AsE S
Aste] 2Tl HwgS W] 2E Hunter 3ol 2 Zol&
Btk Aol AR weEbi Az ‘i]r ro] B9 & A
T fA UM, T2F FEES AMET FAREES W

01 AEFAZ Aerot o Agsicta Adgd
«1 Az 5= F4 H7E Sl HIEP“‘ C oFs SAst
E} Leet Kader(2000y2 A4k 7+¢] 7$- nlgh] C 3hgo)
Ok 210 mg/100 golgkx B, 2 é_‘véoﬂ AREE et
739 BlE] C gEo] 219mg/100 g0 2 FARE he et
Wolth €% 1zt xR FEE A dx 93] B
C 2 7H2} 109, 183 mg/100 g& 2, A3 gzto] us) 2zt
7} 110, 36 mg/100 g2 A4S HTHTable 3). o123 A=
Kim 5(2009a)°] 7l & Z‘l_% 2 80% maltodextrin A 2|3}
of A% ¥ HgH C % S SAAS o, 79} Hlaste]
71z} 146, 65 mg/lOOg -6'}9 Th= Halsh fARsksinh 2
Fodx A HERD C S A 9 e Adx exst A
Z 5 SR o5 é El%ﬂ(Demlray 5, 2013), 9=4
Zo] A9 AHEE A% 257t &) 9ol HEN co It
A7t GA =] Tx2F %gg Ag)Bot Hg C ghegol
O Bol Zawckay Adtdnt w2 A5 A3, A9
FARl T2F FEES o838 Hx Mt ¥z 9
s 71—0—*3 *év‘i'— ‘;‘ =7 JM:E_'— A;@W T UL A e
A5 fFAsk ek Adx ot Al

z =

T & o] vAEEE PddS EHE] 918 50 ppm ©]
AT} 0.1% FrtE4t “‘é}ﬂiﬂoh_ LDPE fime& 3
ek & A W =4 9‘4~ 25N g & &
7178 Aldat a2 2 F3o] = WEH7F iR} vl
Z}7} 1.82, 2.07 log CFU/g¢ ﬂ# 2IE JEien olzist
= A 359 B¢ AERY 9] AEE BE A
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T A T Ak FAE Boy dEs S ES
A 3597 2 WskE HolA] §sith B3 TxF FEES
olg3sto] Axg Wi AL dFUxol Hls) %:%% 5988
BA3, vlER] C S 183 mg/100 go= AFAZXKHL =&
S Bk e 2 A7As, 8 5wk W Al
2] ¥ LDPE filmeg 75+ A A% o] A1 5 o
o] FA4E fiAlsks a33Ql Zlsolgt *MH‘IL TEF F
EES o83 I AN Axes nFHY Az Whe AL
3}

d T e BEFHR Ax Welgk J&‘&%E}.
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