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Abstract

This study was conducted to investigate the effect of chlorine dioxide fumigation as a substitute for sulfur fumigation
which has been used as a method to prevent the quality change of persimmon during storage and distribution
process. Dried persimmons were treated with chlorine dioxide gas concentration (0, 15 30, and 45 ppm) and time
(0, 15, 30, and 45 min) and microbiological changes, texture properties and color of the treated samples were
investigated during storage at room temperature. Total aerobic bacteria, yeast and mold numbers after chlorine
dioxide gas fumigation were decreased when compared with the control group. The inhibitory effects of total aerobic
bacteria, yeast, and mold were observed during storage. The texture properties and color value of dried persimmons
were not affected by chlorine dioxide gas fumigation concentration and time. There was no difference in quality
between chlorine dioxide gas fumigation treatment group and control group. These results suggested that chlorine
dioxide gas fumigation treatment can be utilized as a processing technique to secure microbiological storage stability

of dried persimmons.
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Washing water

Sodium
chlorite

Waste liquor

Fig. 1. The photo of chlorine dioxide gas (ClO;) machine.

Conduction
Membrane
(Nation):
Electrolysis of
Sodium chlorite

A, ClO, generation; B, ClO, gas feeder; C, Fumigation chamber; D, ClO, gas generating system.

W 3h= Table 10 YERAISE t2T= A% 713F 3 &<t
Z At 7} FA3HA S7kste] 271 14 22,67 CFU/g=
hrc‘fkﬂ ‘iF 308 =2 25 YERIATE v o)k
& 7k FF AY Aldle A 717 B F Al o
710l A3k 15 ppm A €] ?{POML 5 AL
o] F7ghol| whel F At 4 S7hEo] FhHAske e, 30
ppm A 2] 7t EF AlZEe] 303, 4542 7kl A
= A% 19 A Aol HEERA] @skon, A4 3ol =
iz} Hlawste] ML F7F ¥ 92% AT 45
ppm X 2] PN E E5 Al FAIgle] BE F1TolA
HHO] AE5A] 29 3 , 5 A7 308, 45% A28t
As e A 3Y B Aol HEHA FdkHsUTh
ol A Ths 5 Ao WE 27ke] AR 4 W3}

+ Table 2¢] YERARITE tHx9] B2 = A% 19
7;<H9} H| wato] 32 ol &= 41.67 CFUgC = < 4u] Z7}6
Atk 15 ppm A2 Alole 5 A2 71 Al ﬂ%Z—‘rLs’Jr
Hlwsle] A% ¢ S7HEL 7AEI o, 4558 B9t 5
Al A 1940l = RV AEEHA ¥ BeR UrEP;kE‘r.
30 ppm A 2] AlelE 35 A1 #Agle] A 1494
BE A ER7F HESA ke, 455 2] Al
= A% 717 B9 R} AEER) °‘°‘D}. 45 ppm #12]
TN &5 Al BAlgle] B FAtdA 57}
HEHA sk

ojxtatd s Tt T35 Ao w2 Eitke] ¥
WH3}l= Table 3o YR AT 29| F3o] 4

)
oL 4y

°]

]

rr



Microbiological changes and quality characteristics of dried persimmon by chlorine dioxide gas fumigation treatment 611

Table 1. Changes of total bacterial number in dried persimmon
treated with different concentration of chlorine dioxide gas and
time during storage

(unit: CFU/g)
Cl0, gas  Time Drying period (day)
concenitration (ppm) (min) 1 2 3
0 0 2267+132%77  40000£25.64°  698.67+45.12"
15 733:0.52" 64333877 377.33:1432™
15 30 5000267 333343487 210.00+18.46™
45 4330187 3332547 128.33£10.67"
15 3330.15" 3331096 73331435
30 30 - 267:0.18%  63.6743.74"
45 - 133:021%  55.33:421%
15 - 1.03£0.09% 1.00£0.01"
45 30 - - -
45 - - -

"Values are meanstSD (n=3).

»The values with different letters in the same column are significantly different
(p<0.09).

¥The values with different letters in the same low are significantly different (p<0.05).

Table 2. Changes of yeast population in dried persimmon treated
with different concentration of chlorine dioxide gas and time
during storage

(unit: CFUJg)
Clo, gas  Time Drying period (day)
concentration (ppm) (min) 1 ) 3
0 0 1067:121™9  1500:184Y  4167:356"
15 967:085" 1067098  1600:127™
15 30 33310277 9.00:0.72™  10.00:0.98"
45 - 300:0.12%  467:037"
15 - 167:0057  3.00:0.24"
30 30 13320017 1.83:007"
45 - - -
15 - - -
45 30 - - -
45 - - -

1)Values are meanstSD (n=3).
“The values with different letters in the same column are significantly different
(p<0.05).
¥“The values with different letters in the same low are significantly different (p<0.05).
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Table 3. Changes of mold number in dried persimmon treated
with different concentration of chlorine dioxide gas and time
during storage

(unit: CFU/g)
ClO; gas  Time Drying period (day)
concentration (ppm) (min) 1 2 3
0 0 10205:874"%7  54826+3527%  800.85:68.54™
15 - 80.33+8.51"  400.33+26.74™
15 30 1233+1.047  230.67+15.68"
45 - 2010107 4.67+025"
15 - 156£0.09%  367:0.16™
30 30 1070027 2.05£0.04*
45 - - 133:0.02"
15 - - 133:0.01*
45 30 - - 1.33£0.01"
45 - - 1.33£0.01"

fValum are meanstSD (n=3).

»The values with different letters in the same column are significantly different
(p<0 05).
¥“The values with different letters in the same low are significantly different (p<0.05).
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Table 4. Changes of texture in dried persimmon treated with different concentration of chlorine dioxide gas and time during storage

10, gas conc. (ppm) 0 15 30 45
Time (min) 0 15 30 45 15 30 45 15 30 45
Iday 298.50:77.13" 330.92£11089" 27533465.07" 274924698 285.58+64.19% 237.67£55217 257.92:69.82" 360.0849.69" 258.08:8743" 249.14:5356"
Harg)l&‘s 2day 43758157367  445.58+57.51% 492.83£17699™ 54933:130.11" 4231711305 642.58:17824" 543.50£15478% 530.54£65.73" 436.14£7672% 54792:12023"
day 25257521 68892£152.9% 7560821221 6547012310 62315:20328™ 5208+114:34™ 368.25+48.78™ 414.58:98.83"Y 54225414674™ 68124+140.13™
lday  051021™  0510.07™  079:0.16™  065:009™  050£0.014™  046:0.04™  039:021"  094:048Y  072:038™  046:0.17"
Adh?f;})e““s day  218:083%  199:050%  922:161™  132:015%  355:050 4042056 253035%  1573:307"  181:0.08%  153:0.76"
3ay  404108™  S77EL09™ 237:0.147  386:037"  178:0557  227:0297 247075 269:095%  304:042%  733:L18"
lday  023+0.13"  019:001™  0142001™  017:001™  019:001™  016:002™  0.19:001™  015£001™  0.15:001™  0.17:001™
Resitence  2day ~ 006:001”  008:001”  007:001"  010:002”  005:001™  008:002”  007:002"  075:0.4"  0.13:005™  0.10:0.05”
3day  006:001  007:001%  009:001”  005:001%  0.11:001%  007:001%  006:001  006:001"  009:001  0.05:0.01"
lday 0541001  057:001™  050:0.00™  054:007"  055:006™ 052003  055:005"  048:004™  051:003™  188£027"
Cohesiveness 2day ~ 035:001%  037:001%  038:005  043:004™  037:003%  039:001™"  042:002™  038:000" 0442001 038001
day  L724021%  055:002™  045:0.01%  036:002% 0442001 039:002%  031:001%  036:001Y 048003 0.55:0.04”
Iday 48130207  584:054™ 5006055  493:0487  602:088°  463:0367 5126047 502:021"  466:019%  508:024
Spr(i;if)‘e“ 2ay 918118 064r121™ 824054  897:077™  792:086%  1096£128™ 1018177  833:176  1094:072°  9.92:067™
3ay  1055:1.08™  1380:L19™ 932121 921128 1024116 97314 864£107™  77ILIS 1225131 12894194
Iday 15183:1688™ 18697+12.78" 138.6017.64 148.02£1603% 1586541266 12272+1272% 141751162 17645:12.40™ 138.58+1697°" 135.12+12.83°
G‘“‘g)m 2day 1522713987 16522£1525" 1954741847 219.97+1665° 1563318677 249.23+1455™ 3118242592 244.18+17.66™ 19528+14.15% 20882+18.38”
day 26873:1334™  3605:18.68" 3152241103 240421402 270201742 21493+1431% 1132841521 1470714337 24827+14.54™ 340.13:1847"
lday  737:093%  1086:106™  694:065%  723:081%  845:051  535:069%  7.19:058Y  922:066°  686:042"  675:0.53"
Ch‘(‘mw?)m 2day 147320817 15765151 17934137 1959:183"Y  1380:136  1673£105%  41215529"  1236£128%  2096:151%  20.14£1.77
Jay 308612047 4781:2.18%  2826+100" 26111147 2692+129  2029:183%  9.08:179%  1L66:171%Y 2951115 4395:2.05™

Values are means+SD (n=15).
>The values with different letters in the same column are significantly different (p<0.03).
¥“The values with different letters in the same lows are significantly different (p<0.05).

Table 5. Changes of color value in dried persimmon treated with different concentration of chlorine dioxide gas and time during storage

ClO2 gas conc. (ppm) 0 15 30 45
Time (min) 0 15 30 4 15 30 4 15 30 45

1day 2627£143"%% 2373£185™ 2534:1.09™  27.54:037" 2427:295™" 2630:086™ 22471250 2044318 2150:233%  22.55:0.72"

L (ighmess) 2day 2535:108"  2663:455™  2393:230" 2494:331%  2736:208™ 2672:458"  2351:5007  2420:022% 27511267 27.64£033"
day  4514270%  2375:045%  2902:447%  2676:475%  2497:289% 26632234 25.17+279™ 24918263 2739+103"  27.07+2.11
lday  946:111™ 848095  BAILL7I™™  905:LIS™  7.15:085%  885:063™  736:024°Y  657:0.19%  7.69:032™" 5720307

a (redness) 2day 855051 938:090™  671:095"  980:055™  1069:169% 863077  868:036™  7.39:050"  896:076™*  7.79:0.83*
day  786:024™ 6620787 92717 1047:299%  728:102  809:094™  886:083™  870:100™  942:068™  929+108™
lday  905:109"  782:069°  881:073™  921133"  759:0.4™  827:113™ 7481050 67810317  669:0447 6610207

b (velllowness) 2day  8.10:071™  883:090™ 696057  893:LIE™  1031£125™ 963:LI™  804:123™  807:023™  888:135™ 8684113
Jday 73820687 746:042% 1110176 975:100™ 881128 877:070°° 76910847  796:026™ 894086  898:130™
lday 7418+123"%  7646:166™ 7499:081°"  7294:060" 7578:276™" 74021066 7757:229™ 7699:290™"  7849:223"  77.25:071™

ol Ofﬁif(ft;“:fm) 2day  7489:073%  T266385"  7597:209"  7662:330™ 7346163 TRRIBTT T673:450™ 7574024 73420V 72.60:0.09"
day  75.58£240% 76201042 7186:376"  T401339"  7522:261%  7366:202% 75082234 7533:230%  T307:L02Y  7340:175%

"Values are means+SD (n=10).
»The values with different letters in the same column are significantly different (p<0.03).
¥“The values with different letters in the same low are significantly different (p<0.05).
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