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Abstract

To improve the shelf-life of mushrooms, Lentinula edodes GNAO1 mushrooms were treated with gel packs containing

slow-released chlorine dioxide (ClO,) gas at 5~10 ppm for 5 days at 20°C and the weight loss rate as well as the changes

in pH, color and texture properties of the treated samples were investigated. The weight of the control and ClO, gas treated

samples were decreased slightly, and there were no differences during the storage period. However, the weight of the control
changed faster than those of the ClO, gas treated samples during storage period. The pH in the control and in the ClO,
gas treated samples were decreased during storage period, but the samples treated with 5 and 7 ppm ClO, gas were the
least changed. On the other hand, the samples treated with 10 ppm ClO, gas showed no difference from the other treatments
during 4 days, but the pH was lower than that of the control on the fifth day. The lightness of inside and outside in

mushroom were decreased whereas redness and yellowness were increased during storage period. However, color changes

in the ClO, gas treated samples were lower than those of the control. Especially, the samples treated with 5 and 7 ppm

ClO, gas were the least changed. The texture of the mushroom were decreased consistently during storage period. The texture

of the control changed faster than those of the ClO, gas treatments during 5 days. Especially, the samples treated 5 ppm

ClO, gas were the least changed.

Key words: slow-release preparation, chlorine dioxide gas, Lentinula edodes GNAO1, mushroom, gel pack, physico-

chemical property

M

T

= ??‘;1‘41%%% %‘%‘ 1_32}9} tjgo] A7l gt &

A9l F7HLee 5 31 191 779 Bk A4
SHHEAE & 7]3]—0] 71 /L] =2 Asstn 9ok

arste] dadel 24 A 59 el 3

1__ —
2 Wt 3, S5 A7 chor JPHES A9

[¢)
Z7VskaL thSeo 5 2011).
ohoret WAl & o]&$ oW Al(Lentinula edodes GNAOT)

AEFS BumAsoR gt 2o Fo] gl 7P
FaEAo] ZHe ot ofujel, SEd g gkt 4
7R3 Qlo] ZEuky Qx| TkJang S 2015), B A1}

' Corresponding author: Kyung-Haeng Lee, Dept. of Food and Nutrition, Korea National University of Transportation, Chungbuk
27909, Korea. Tel: +82-43-820-5334, Fax: +82-43-820-5850, E-mail: leekh@ut.ac.kr

- 499 -



e

500

Mo
m

Afsta de] g=jA A gol, R =7} Rof a7 B
gt Aot
olgFolHAlS HIET AMAES nAES M 7
A Hols 29 E 231 QA $31(Seo 5 2010), 22 &
S EFFOR Q) v = ajle ot Huf, 7
W, 2279 H3KBae 5 2010)2 f-571%0] oF 13U A=
2 o SRt vn o de g HoltkKang 5 2004)

ole} o] BlAE Ao uhe- ot A AL st
o] MA AZHLim 5 2006; Taghizadeh 5 2010), T2
(Hershko & Nussinovitch 1998), o] d & #](Kim % 2007), BFA}
A ZAKBeaulieu 5 2002) 2 A LAZH Leixuri S 2008) 5]
WS A7t olFoif o), Ml FrlolA 9 B8
o|Fo|Z|aL A Pt

H|7HE 9] A=t 7He AR W 59 shukel o] AEtEax(Cloy)
= 7|&0 9 ARl gt Hart f71E2 79 ¥4
o] ofsto] HEg-RAREE 2% 9t oy 2(Kim JM 2001), EZ
vt 22 o FIEE 55 A ¥aL pH #3tet
AFiglo] AgElo] fAEITkE BEe] glehKim 5 2009)
olo} e ojitelglats olate] ojikslelse] Fercks 7}
sae|ed o) BTl ob SAHE AR, $EA Heh B
o2 nAEE AofE 4 UrkR YA SUckHan 5 2001).

o| Ak} 40 AAI71 2 YUukA © 2 chlorine dioxide generator
system© 2 A| 25 AY, ofgAAHY S5 AT|EeA s
HESA|A oA A 7)E8] 2 (multi-porous membrane electrode
assembly) S F3l 9il, iodometry standard method®] =
(Korean Society of Food Science and Technology Dictionary
2008)°]| wet F=E 2Hsto] ARGSHA ek AEE o]iks}
o A ojAhst 4 MY dREHY 4 5, I, pH
= sty 44 AFY 5714 film packe] 7FFo] FiL

AT @ FES oAt d A ThATE HEE 4 =

o

oot b~

L ol&oluAlY AR P 9%t A
H AL T2 87]0] 5~10 ppm?] o|AtStE A

7 Bote] &Moo 2 FEHNEE APS
Azste] &7] W FRHAI £ AR7|3he] uhe o]3shA &

S

el - B - AE - Rl - AT - VAE - 014

=4 EFIYEIA

VIR
1. =2
£ AFo) AHgT MAS AFEIHAL o] &FolHAe
2 AE 154 714 20160 79 19 S22
Hh2 Ffstel Slgb APNZE G, A, Aol= W ezt
FARE A Aste] Aol ALgStaLh

2. O|AtstdA JIA A2

HAlof| olalstE 4 7EA A= IR0l T (Anyang, Korea)
of| Al AAFeE AR o]Akstd 4 7hA AWE o] gttt o]
o A ol4kstE A AW O] o] Akst 4 ThA HHAES of Y
24T pHE QAEHE FAA717] 98l &3-8h A
SRS Artsto] 7park AAEES st oln AE A
9] =T = jodometry standard method®] ®Hof whal 22k
5,7, 10 mg/12 dayol H|=2 AZSHYT, AR olAtstd
bl e B AEEYD SEG OFE BANYY
¥ A 1IKWWA 2008)0] oA3te] Z4steict Asel 419
AEe ot ANY AY 2B BB sto]
APAETET} 5000 co/m/dayol| A 10,000 cc/m¥day7} =7
u|A| nlo] 3.2 A-F3St PEPET, PE/PA film(LG Chemical, Lutene
LB5000/7500, LDPE, Daesan, Korea)2 AR&-3}% T

ojAtst 4 Ao o4t WS 2%, F5, pH,
e To= 2o, 20T A 9 o]itat 4 WAYFS
Table 13} ZH3tom, 129 o4 AA3] W&ol 7Fs3ih, & ]
EdolAle F94l AES st 8U7kA] 33Tt

7} T o4kt a 7hA AP TS APTEE 9719 H
12 Al 709 22 sho] 470 mL &S] ARz} polypropylene
&7190 ol4tetg 4 7k Ay} A @lew, LDPEA 2
59 Hez Hilo] YA gs AEE o] &7] AAE
ZRF 5, 20T oA 5Y ¢ ASHAA Ao AR
i, olAtstg 4 7hA M-S FrbekA] g2 TS dE2d
o2 stof AAstHA Aol AME-sHAT

. S
Zt w2 AR olidstg A 7k Aug Y WAl 87

Table 1. Release rate of chlorine dioxide gas in generating gel pack

Concentration

Storage period (day)

Total release

of ClO, gas content
(ppm) 1 2 3 4 5 6 7 8 (ppnv/8 day)
5 0.53 0.46 0.40 0.35 0.33 0.38 0.43 0.36 3.24
7 0.76 0.91 0.66 0.76 0.56 0.51 0.46 0.43 5.05
10 2.05 1.87 1.01 1.26 0.86 0.83 0.61 0.57 9.06
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£ AFSAA A F A FFUAE SH] ko]
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4. pH &3

2w A olaste A Tha AN W WAL
A7%staA pH WS A= Z3517] 9lste] Bl o7 £
ol TiFel ARE AT oHT T, AR S S E5
42 108] 3]A45le] homogenizer(T25 Ultra-turrax, IKA,
Germany)E ©]-&5}9] 18,000 pm 2 1857 B4t £, 4,000
pmof| 4] 202 Fet AR 7L ofste] omAS pH
meter(Orion 520A, Thermo Electron Co., MA, USA)Z =43}
Rt

>
o M

= =X
o

=l Ay olilstga 7hA S M7 Al A
F3PHA AA7I7te] whE A= M3k ARFA(CR-300 Minolta
Chroma Meter, Konica Minolta Sensing Inc., Tokyo, Japan)ES
ARE-8Fe] Hunter L, a, b gh2 WHE ST 7 Hogo=2 1
ehiich SAR9E A Sust Weg FEsle] 273
stgoml, Welel A9, wslel o 120] B AYS At
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6.

ARl olatslela ks A rlekel A v
Z Ao H3E 2A317] 5] texture analyzer(TA-XT2/25,
Stable Micro System Co. Ltd., Surrey, England)E AR&3le] =
HShslc. A 2 7P S R} 47 20 i AHE F

A5 10 mm2] probeZ 80%7A] YA St= texture profile
analysis(TPA)E ©]-£35}9](Bae 5 2010) A3}t ZF A&
Tol A AR ARG Hso] 53] oj4be] wie 2ye & =
29 Hdge AR

7. SHAzE

E A A gojF A= SPSS 12.0(Statistical Package

A ol pBkd THAB ol g olad

sFoluAe AF F &4 st 501

for Social Sciences, SPSS Inc., Chicago, IL, USA) program<

ApgSte] 2 APT2EO] §914(p<0.05)& ANOVAR EA3

, Duncan's multiple range testo] 23] Ag7 7+ XJol&
K.

o

Za o o

1. =2F H3}

Hi*tl A A& st &+ iE%E Xﬂzﬂ
ojitEtd A 7k AR WA g7 F
A SEHSE 24T Ao Table 29 ”E}

22 A9 A 5Y % FFo] FAHe R Fast
of 2719 Sl ulsf 97.02%E Uebl Atk 22 5~10
ppm®] AR olistE A ZhA AAE HIREE ol A
oo A7 Bt 22T FoHQl 2o HolX]
© WAL AR7IE o dizde] 7Y et zlem,
ojAtEtd A kA A7 HMBHs tha A2 Aow ng
Ao, 2Apx AFoA= 2 ARolAETg A7k & °
S fAste FF W H=o] Aol S lstofof %lr A0

2 A==t
ik o2 A7t 5 ASARE FAAHEo] S
AWA FFo| gaste] 4EAo BolAA HrkKim 5

2003). Kang 5(2016)& 9} a]7}o] Ak ov]—ﬂ-ﬁ&: S
£ AT A% AF 27198 fEZRFE FF Fagol
A A
=9] Zfolt QA AXSHe GO ekt BA 4 A
o= olpstds hAg AT B9 FAUE HA A
g5 9e Ao ARHUAT Guo Q14 olAsEL
7k Aol o) EFTe] 7o) 71213 Hole} stel ol
S tak BF AAS B 3% A4S 2E 5 b
BT A 7)40lekn BerEthKang 5 20163 Sch

¢

2. pH &3
7t s Ay oISt A ZkA A
XA AsHEA pHEY] W3S &%

HA &7] ol £
%t Ai}= Table 33} Zth

Table 2. Changes in weight of mushroom stored during storage 5 days after chlorine dioxide gas treatment (Unit: %)

Concentration of

Storage period (day)

CIO; gas (ppm) 0 2 3 4 5
Control 100.00+0.00"” 99.09+0.05° 98.48+0.00° 97.68+0.02° 97.02+0.07°
5 100.000.00° 99.4420.00% 99.12+0.08™ 98.70£0.34% 98.48+0.38"
7 100.00+0.00° 99.41+0.08° 99.050.06° 98.65+0.03¢ 98.36+0.00°
10 100.00+0.00° 99.12+0.39® 98.550.68" 97.89+1.01% 97.32+1.23°

Y Values with different superscripts within a row (*°) was significantly different (p<0.05)
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Table 3. Changes in pH of mushroom stored during storage S days after chlorine dioxide gas treatment

Concentration of

Storage period (day)

CIO; gas (ppm) 0 2 3 4 5
Control 6.20+0.06**) 5.93+0.13%AB 5.91+0.33%4 5.26+0.64"* 5.33+0.278
5 6.200.06** 5.86:0.02°4" 6.19+0.08** 5.51+0.01°* 6.00£0.11°*
7 6.200.06** 6.10£0.03"* 5.93+0.16"* 5.47+0.04°* 5.87+0.12°*
10 6.20£0.06** 5.85+0.11°" 5.93+0.02** 5.46+0.18% 5.04+0.04%

D Values with different superscripts within a row (**%) and a column (*®) were significantly different (p<0.05)

2 ¢, 27]|0l= pH7F 6.2000 4 AA7]3ko] F7}
35=2 7k7} 593, 591, 5.26, 5.33.0.8 27|0| H|ate] ZHas}

=7

oW A A, 2L A2 A% F pH7F A
St AL Bgon, Aoz AR 4A7A = §-2)F
Aol & HolA= YA, A% SYA}oll= th2+2t 10 ppm
Aol vlsl foJH o R w2 pHE FA5t= AL YE
st 8H, 10 ppm A 222 5 9 7 ppm A FE = A%
597 9] pH7F 23518 o Wotew, fxHt: %2 pHE
Hoj pHY| ZATE HY, WA A7 A ¢ste] 10
ppm&] AW H7tE = S B 7 ppmo] AWo] A Y A
© 2 ForE|gieh Oliveira 5(2012)2 ¥A A& & pHY) 7+
a2 vAE Y3 F7l4rY] e g Hgagitta st 2

7k w2 ANy olAlstg A kA AWS HURE WA
otHA HAY AT e M HIE A5 At
+ Table 4, 59} Zth

HAL 9 Ao 7-9(Table 4), & (lightness)= 270
= 46.330] AT, A% 3Y o] S HE = HAdte HAF¥FE H
of HAL] A% F M= HI7L QS-S S 5= Ak
B 7 A A2 7o) A, dhxol wlstel Wt &
=7h o, A U] 23k 2 5 9 7 ppm A2zl
7HE W A2 A o2 Uit 2 M E(redness) 2] H3to|
Ae &27] 58194 A} A7)7te] dojd45 F7lsto
A% 5ol 9258 hehiich. el oldtshela 7k A
229 Aol 5 2 7 ppm A 9] HIPTF HlewH, 10
ppm At AA 4L47HR = ¥t 7 o, A%

)

e

At QA3 APl M, pHY FaF Bk o]
FANSE HaotA

3. M s}

S e Ao AREUC.

Sl hEERTHs Wal AT s % 7 ppm AZH
The Tha WS} Gl AR Urehuith 38 E(yellowness)
£ 27]0le 1275019000, A1 F9) WAstel A B
29| FT S-S Bl it olAlsRA 7t X7

Table 4. Changes in hunter color of surface of mushroom stored during storage 5 days after chlorine dioxide gas treatment

Concentratrion of

Storage period (day)

ClO; gas (ppm) 0 2 3 4 5
Control 46.33+4.67) 46.778.27* 33.90+8.72° 31.61+9.42% 33.8747.27%
5 46.33+4.67°* 47.80+6.93** 42.66+8.83" 36.48+11.15% 44.65+7.74°
L bA aA bAB bA bA
7 46.3344.67" 49.03+4.40 44.85+5.58 46.15+7.00° 43.7149.85
10 46.33+4.67° 49.92+5.14* 46.75+6.26" 45.66+5.32° 38.41+10.63"
Control 5.8140.58° 6.77+1.49% 8.37+2.18% 7.5441.59°4 9.25+1.64*
5 5.8120.58° 6.3140.93%AB 6.64+1.42%8 6.8141.98%AB 7.07+1.938
a |
7 5.8140.58°4 5.58+0.75% 6.28+1.49"8 6.79+1.67AB 7.14+1.80°8
10 5.81+0.58 5.91+1.15%E¢ 6.69+1.55%8 6.38+1.42%B 8.9242.02%
Control 12.75+2.01% 14.39+1 458 12.07+1.84% 10.79+3.80°F 11.6342.84%4
N 5 12.75+2.01% 14.56+1.39*B 12.8242.53% 10.75+3.02¢8 13.05+2.820*
7 12.75+2.014 13.92+1.59%8 14.04+1.89%8 14.64+1.52%4 13.08+3.77°4
10 12.75+2.01% 14.84+1.88% 15.57+2.78* 14.3942.01% 12.61+4.26"

D Values with different superscripts within a row (*°) and a column (*) were significantly different (p<0.05)
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Table 5. Changes in Hunter color of inter of mushroom stored during storage 5 days after chlorine dioxide gas treatment

Concentration of

Storage period (day)

CIO; gas (ppm) 0 2 3 4 5
Control 88.20+2.05* 85.1742.71%C 81.77+4.85° 76.14+8.59% 79.92+8.31®
L 5 88.20+2.05** 86.50+2.78" 84.60+5.27® 83.79+2.46™ 84.63+2.55%
7 88.20+2.05** 85.92+42 52°5¢ 87.45+2.06™ 83.87+3.99% 83.43+3.09°*
10 88.20+2.05* 87.9442.50* 86.64+2.84* 81.9345.55% 80.66+7.44°
Control 0.67+0.32° 0.68+0.32°* 0.9120.65" 2.07+1.69* 1.81+1.19
5 0.67+0.32* 0.29+0.34°" 0.56+0.70°® 0.56+0.35" 0.600.36*
‘ 7 0.67+0.32*4 0.40+0.31°" 0.08+0.31° 0.73+0.65" 0.73£0.41*
10 0.67+0.32%4 0.11+0.27 0.30+0.28° 0.62:£0.62"" 1.37+1.28%®
Control 8.76+0.80% 11.05+1.14% 12.17+1.00" 13.2241.81* 12.93+1.47%4
5 8.76+0.80% 10.30:£1.18® 11.20+1.57™ 12.42+1.15% 10.74+1.22%P
b 7 8.76:0.80°* 10.25+0.96™ 10.04+1.10% 11.10+1.92%¢ 11.42+1.10°¢
10 8.76:0.80° 9.67+0.87* 9.33+0.90°° 11.68+1.28% 12.131.43%

D Values with different superscripts within a row (*%) and a column (*®) were significantly different (p<0.05)

29 BeE Q223 i 2 S5
ok AR F HAl e FNZO Wt gle Aoz A
25tk

, HA Yl Y] M=o Z-p(Table 5), 8= (lightness)=
27)0= 8820202 U} HlwE uf o} g Aol itk
Iy A7l FUMEE BEs FAd gashe AT
& 2ol A% 443} 5Yol= 242 76.14 2 79.925 YERAQL
o} ol AEt g4 7k AW AL di2Tol HlE Fad] &
o] Z3leH, 53] 5 5 7 ppm A 2|7 HSTF 7P AU,
ARt oA WAl WY B HIE AAlste Ae= U
ERstth AN E(redness)oll A= 2710l 0.670]%2, A% 3
doll= 0912 F7hstATE 2719 vlng ) §-o#Ql 2}
ol KTh U AR 4Y o|Foll= AN Fho] F43]
st o2 Ut olitstd s 7k A2 B
ol YHY] Mz} v7IR 2 5 9 7 ppm A2]Z2] W3}
7Pg A eH, 10 ppm A2 A% 447 = Mt 7
Aok A% sdoll= 5 % 7 ppm A FHTh= tha e}
7b = AR Yehgth FAE(yellowness)= 7]
8.760] 1 oH, A7}7|7to] F7HEE FA e gho] F7ts}
€ ALz Yeitth olitstd e 7k A Ee] Ffole o
220 np7IA 2 FTkehe S Btk ey wske
o] tfxFETh= A gon, A% 497H2]= 10 ppm A&
o], 5gatelli= 5 W 7 ppm H 2ol 7P W3t A2 e
UrEst T

o/ Mol gk ARE FFSt] B B A7)t
o] F7tEE wol MtEon, olikstga 7k A

o= HAY oy} WY BE M WIS AT Q=
Aoz FEI

Cliffe-Bymes & O’Beime(2008)2 WA 9] W& 9 QF.o]
T7t A7 5 A8 50 ppme] ojAkStg a2 AP SHY
= WY P=r} 23} vjwsto] § E3kew, brown index
B g2 A% 5 S7FHAIRE 602 F<t 50 ppm9] o]Akatg A
SE AT B9, P R WEE Rtk sol & Aol
W o) Aphase)] Rolt AT XTH: AHE 2
o, Kang 5(2016)2 A4 o]itatg 4 7FAE wpsa]zto]
Agstie ul Ao HelE S A3 A% 5 A9 77
of e FfolZ Bo|x] gH=rhi dhof B A} vl v
Zgolgt ARFARE, Aol AR 79| Apolof 7]st=
Ao WoEl], cieke AE) olkslela hae] 4E-g
B3 ME W3} A7) o]FojAof & Ao® HHEH

4. ZZ 5
Bl A A g olskd Tk A Hobsha,

gl
=
)

-

A

AX71710 42 =43 A= Table 63 Zth

Hardness©] 7%, tl2a-& Z7]9 7.72 kgo| gl o}, A%+
71Zko] 7V fgasto] A% 5Yol= 418 kgo =
skt ey o] Akstg A kA AW AT A 29
B 22 ge F93 ZolE BEom, A% SYEUS o
o= 5 ppm A 2to] 7MY %2 hardnessE FA5F L, tha
0227 ppm, 10 ppme] £=0]¢JT}. SpringinessS H]E3} cohesive-
ness, gumminess 2 chewiness®] A-Lo= tZ2#2 A& F
A&A o= A2t AT ojikstg 4 7k A AL

2 XAZS

B ot
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Table 6. Changes in texture of mushroom stored during storage 5 days after chlorine dioxide gas treatment

Concentration of

Storage period (day)

CIO; gas (ppm) 0 2 3 4 5
Control 77240414 6.35+0.85" 6.16£1.65" 4.79+1.01°¢ 4.18+1.63%
Hardness 5 7.72+0.41* 7.40+£1.63* 7.41£2.08* 6.99+1.85** 6.53+1.62*
(kg 7 7724041 7.1541.15%8 6.97+1.40*8 6.41+1.02°8 6.02+0.86™
10 7.72+0.41* 7.13£1.40™8 6.89+1.86*8 5.7742.24%8C 4.97+1.91%¢
Control 0.78+0.09"* 0.78+0.05%* 0.70+0.06°" 0.73£0.05%8 0.52+0.06°
Springincss 5 0.78+0.09** 0.830.04™* 0.79+0.06** 0.68+0.10" 0.70+0.07*®
7 0.78+0.09** 0.80+0.03%* 0.80+0.03** 0.77+0.08*8 0.71+0.11*®
10 0.78+0.09" 0.85+0.03** 0.810.04*8 0.76+0.04* 0.61+0.07°C
Control 5.56+0.28** 4.55+0.56™ 4.16+1.12%" 3.35+0.68" 2.44+0.93°
Cohosivencss 5 5.56+0.28* 5.54+1.37* 5.47+1.55% 4.62+1.19*4 4.48+1.144
7 5.56+0.28" 5.17+0.83%8 5.0120.9848 4.5240.75"¢ 4.09+0.87C
10 5.56+0.28" 5.37+1.14*8 5.00+1.29%4B 4.21+1.69%5C 3.2141.21%€
Control 5.56+0.28* 4.55+£0.56" 4.16+1.12%® 3.3540.68 2.44+0.93°
) 5 5.56+0.28* 5.54+1.37* 5.47+]1.55% 4.62+1.19* 4.48+1.144
Gumminess 7 5.56+0.28* 5.17+0.83*8 5.01£0.984B 4.52+0.75%¢ 4.09+0.87"¢
10 5.56+0.28* 5.37+1.14*8 5.00+1.29%48 4.21+1.69%5¢ 3.21+1.21%¢
Control 4.38+0.59* 3.57+0.46" 2.91+0.81% 2.46+0.60° 1.310.55°°
Chowiness 5 4.38+0.59* 4.59+£1.27* 431+1.23* 3.21+1.09°® 3.17+1.06™
7 4.38+0.59* 4.15£0.69"* 4.00£0.84* 3.52+0.85*8 2.96+0.96"
10 4.38+0.59** 4.56+1.02** 4.07+1.01%8 3.20+1.31%8 2.00+0.85°¢

D Values with different superscripts within a row (*°) and a column (*) were significantly different (p<0.05)

it HAT o] vls) AA3 Aashs Ao Ve
}on], 5 ppm A Zo] 714 Wsh AL Ao ek
Han 5(1992)& A% % £Fo] o3t olsiakgo] ols) 4l
| =3jo] Ashe: dyo] WARTHD Sg.om, Kang 5
(016) A3 oA Tis Aele S ol ot
o] Alelo] ARl olista ThAs Helshde

W AR F 270 WA 2 4 U8 Ao WeE

HALS] AR S AT AT dEo R ol&FolH
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