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Abstract

To increase the shelf-life of strawberry, samples were treated with two gel packs containing slow-released chlorine dioxide
(ClO,) gas at 3~5 ppm for 6 days at room temperature and the changes in the major chemical components (ascorbic acid,
polyphenols, flavonoids and anthocyanin) contents and antioxidative activities (DPPH, ABTS radical scavenging and metal
chelating activity) were investigated. The content of ascorbic acid of control was 40.38 mg% and contained 35.67~44.75 mg%
during 6 days. There was no tendency to increase or decrease during storage period. The contents of ascorbic acid of control
and 3~5 ppm ClO; gas treated samples were not significantly different during storage period. The content of polyphenol
compounds of initial stage was 111.23 mg% and contained 117.78~132.40 mg% during 6 days. The contents of polyphenol
compounds of 3~5 ppm ClO, gas treated samples were 103.51~130.25 mg%. There were no significant different between
them during storage. The flavonoids and anthocyanin contents were not different from the control during storage period
regardless of 3~5 ppm ClO, gas treatment. Furthermore, antioxidative activities were not different among the control and
ClO; gas treatments during storage.
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F313 glon, ojeie Aol ofs) WA, o W oA,

9 7|(Fragaria ananassa Duch.)i= “m] 7HRosaceae)]| <5} NZZFA A 9 =SS 7Ktk g3 A UtHSun
= AR EA 7)o o] L4510, Algta dgto] 23} < 2002).

7} & Ho] 93, EET /)2 23 = T o th(Lee 9719 FARA 7172 2A AFE7Q1 0T, 90~95%2

5 2003). BHEEANA 3~7E FEolal, A2oM e 12Y= o &

7)ol = anthocyanins, monomere flavan-3-oles, hydroxy- Loz £33 MY AR I SE = Ha) ojyE A

benzoic acid 8% A, hydroxycinnamic acid 8=, tannins, fla- I B9 &4 9 229 A3 52 xS} ESE st
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A= FAE 9% AAE HHoze oA
(Perez 5 1998), MAP X %K(Nielsen & Leufven 2008), A4S
Z+A|(Aday & Caner 2013) 2 34 ZZHLim 5 2010) 5 ¢
2] 7Fx] Whel oJsf B7]9) A FXlof| Wt AFE 3
sto] e} T8y ofA 7R = 27 AR FES gt o
= WHY 82 F o]FojAA YA = Y= Holth

qH, Bl = Ao F sl oAt EA(Cloy) = ¢
AHTE 2840] 108 B3, §7]183 wHE ofst,
WS HALE L A on AfEE T oju} FDA(Food and Drug
Administration) | A+ 1995 9] IAF 5 41&] 5~450 ppm
52 3833 AtiLlee 5 2007).

A (Lee T 2017)o A= B718 A 52
7] €71 Woll 3~7 ppm&] A3 olitstg4 7k A
I AsHEA A7 WE o)3ehy FAMIE
g A3, d2aEg B2 ey S HIE 249
ojAbstg A ZEA AW At BVt 2 AR AnE
Hal, 715 =0] WA= o, A 9 T4 7|50
KM= A-717E 5 3 9 S ppm oJ4tStE A A EFto] th2atat
7 ppm ©JAFBtE A TEA AP o] 2 7|EEE EATh

wheba] 2 Aol A= 3~5 ppme] AR 9| o] ikstg 4 7
2 A 2705 27] §7] Woll Y3 #AFstaA A7t F
D719 =8 SRS TS &4 9 HIE 545
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H

2. O|AtstAA JIA R 2|

T 7)< 01*@‘5* 7kA AP AH(Lee 5 2017)9 5
U3t Re s AzH AS ARSI eH, AEY] ANE E
j=2 %EE- 3,44 5 ppme 2 3}

7} o] olAksleA FhA M 27 Hel s 24
719 %7]% 671 Zo 2 3t 500 g £F9] polyethylene &
7](18x13x7.5 cm, Bukwang Chemical Co., Geumsangun, Korea)
of 7 =] o|tBte 7k B 24K B 9ol B
onf, ool 62 Ut AN AP AT, ol
ABGL b ARG ArAeA e APFS rPoR

)

@7 - B 454 A E YA

sto] st Adel Agstgch

3. Ascorbic acid &2F B3}

AR F FA ASHE 4 Q)= ascorbic acid7}F A1 <]
oj4tatd 4 TR Y= HA WIFst=R|et AR F ¥
3t =g gIst7] fl5te] Park 5(2008)2] Wie] wet &
Astsitt.

4. Polyphenol =lgtE g2k

7w AU olAlstg 4 Jha AU Ak B §
718 At A AR7Izko] The ®719] polyphenol SEHE
o] gHF WIS AOACH (199500 wt S5kt

5. Flavonoid &l&t29| &Hat

FEE AHY ojAkstd A ZhA AWS HUgE B S A
3t A 27717kl w2 flavonoid @] $HEFE Ko 5(2008)<]
ol whet E45H3ch

6. Anthocyanin SH2F

7F = A oAt A ThA AWE HKE ©] &
715 ARsHEA AA717ke] wE 2719 anthocyanin®] ¥3}
+ Ferreyra 5(2007)9] ¥ol whel S8kt &, vpafgt
7] 5 gof 0.1% HCl-methanol €% 10 mLE H7}3le] &3
shal, @aare A 2417 BESAIF T ¥ES 3 4,000 pm o=
307 AR & Aste] 520 nmo| A SFE=E 3
3lth & ¢tEAJoMd o] RS Kam 1S(2013)9] Ao ]3]
A4ttt

7. BHALS} EHM

olAtStE A ThA WS MR B9 AR F AR &
/3 Wi3}= DPPH HA-595, ABTS 2tt|Z 275 9 3%
o] AASE o83t FATA AEe TA7IZ vk
T E@7] 10 g& A °P°1 40 mLe| =5 7Rt & 25941
7104 1AI7E B9t 353101, 4,000 pm . Z 308 F< YAlE
DREIEARSE IS R D EIRET AR F0Y

DPPH ZHA}g45-2 Blois MS(1958)9] HHE 0|83l
Z435t9 o, ABTS radical 2752 Robert 5(1999)2] =
ol met 743, Kim 5(2009)2) ®pejo] meh A4kst
th. F40]2 AA59 H2oE Yena 5(2002)2] WS o]
&3t S48

8. SHAz|
H A Po A dojA A= SPSS 12.0(Statistical Package
for Social Sciences, SPSS Inc., Chicago, IL, USA) program=-



Vol. 30, No. 4(2017)

AHgstel 2 4

1. Ascorbic acid gt2F H3}

A S HA ASHE = 9l ascorbic acid7} A 2]
olksiela 7 9 AR7ITO] e sl RS oofiy]
A8l S4gt Ait= Table 13 Zch

T7]19] A%} 7] ascorbic acide] 2 40.38 mg%] 32
o, A Z Hohs g2 AL, 35.67-44.75 me%E AR
712t 5 Y] 57F Ee Al B HolAe g AL
Z Yyt oidstg 4 7kA A AL T
30.21~45.61, 32.25~44.58 9 38.44~46.54 mg%= =3} v}
A2 717 TE TR WsHE ol grom,
A Aoz A 7+ FHQ Aol HolA = e A
o2 yehgth

Kang 5{(2015) 42§ otz a]7h AR $13t 75 ppme]
olitstAaTIE EFA A AR 270 ti2Te] Hlste
2 2] 9] ascorbic acid®] FHego] tha HA Vel ol=
ascorbic acid”7} ZFAFSHA| 9l o]AStE A 7A X o Q5]
233 vlwste] 7hASHE T stE o, B AL 3-5
ppm®] A | o]itstg A Tk S ARSI o B, 5

=g 27}

a3t

& 7hs AR ol

gt 719 A 5 R st 825
Fol HEEe gol 37| gl Asrt dojubr] g2 AL
2 BE Qi) Jin-hua $(2007)-& green bell peppero] 5~20
ppm®] oJAtstg 4 7EAE AP EHES w10 ppm] FE=7HA]
= ZolE HolA §gta, T ol AYstuE o tha A
shglom A% 40 Fet A A8 st oliketd 4 7t
& AEtEo 27 HI7L wEThal stof 2 A1} H
waf B, & AoA At ol4tdtEa 7FA 9 ofo] A7)
o 2ol A2 F9] ascorbic acid®] = WL Q= ALE

Hol, fARR ATE UEPReT, A% F 24 f7E A

Y A7, A7 L 2x 59| Xfolof 23t Aoz HrtE
A,

2. Polyphenol =l&tE2 &2t

A oAt A 7ha AL AKE 272 AEHH
A A A7) 74l WE polyphenol 31gHE2] dHFS 2435 A1}

L Table 2¢} Zth

7] 9] polyphenol 3H3HE9] Tk 11.23 mg% o™, A
A 2 Wsle g 229 AL 116.04~132.40 mg%= A77]7¢
T 7t B A B AT Bol|XE gk AR
e, A% 5 27| W polyphenol 212 o Hsh= 2
A Qe Aog Yehgt) olilstga 7k AW AP F
T9 77} 109.66~120.95, 107.51~125.11 = 103.44~130.25
mg%E 23 A2 2 2olE HolA] g AR

Table 1. Changes in ascorbic acid contents of strawberry during storage 6 days after ClO, gas treatment

(Unit: mg%)

Concentration of

Storage period (day)

CIO;, gas (ppm) 0 2 3 4 5 6
Control 40.38+5.87) 35.67+2.55% 40.58+6.34* 36.64+4.73"® 38.53+3.54* 44.75+8.38
3 40.38+5.87* 30.2143.43% 45.6145.55* 44.38+3.10™ 36.1346.32%* 443145524
4 40.38+5.87"4 32.25+2.85% 43.65+0.64* 44.58+1.98 35.76+6.20°* 44.48+9 41
5 40.38+5.87 3844+1026"  46.54+3.58" 46.11£3.51* 40.25+2.41% 40.43+4.99*

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

Table 2. Changes in polyphenols contents of strawberry during storage 6 days after ClO, gas treatment

(Unit: mg%)

Concentration of

Storage period (day)

ClO, gas (ppm) 0 2 4 5 6
Control 11123455540 117.78+10.92°48 1251843374 116.04+3.734 1247645324 132.40+£16.36**
3 111.23+£5.55* 109.66£2.54*8  120.95+7.28*8 112.1242.30* 118.97+5.39* 115.16+18.22*
4 111.2345.55%4 107.51+5.06® 110.38+7.84°EC 117.16+3.00"4 121.22+7.02°%A 125.1142.54%
5 111.2345.55%A  120.4343.34™  103.44+3.28° 115.56£6.21™"  120.19£11.56™  130.25+12.73**

D Values with different superscripts within a row (*°) and a column (*) were significantly different (p<0.05)
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olFd - &4 5
UrERL, ofabstd s ko] 23t polyphenol 2H3hE9] HMSh=
Qe Aoz ArEU

Kang -5(2015)2 w227} A% F 75 ppme] o]t g 4

e F5 ASRE W F vl G Ao Au

qlo] Aol HolA| ggton, olejat AR A% 309 et
FAE AL shod, 2 A} vlas] H, 2 Aol AR
T FEOE B2 FolAN FUT AHE Hof AFf AR
3 o]4k8td4 7kt polyphenol BB MEHE 40714
ok Aoz HtEQoh

Choi 5(2013)2 H7]|9] A&sr, ARAL2E, AA7| 7k w
2 polyphenol SHE9] FHFE 2T Ak HFEF 4
- AR 57 E FAF Y Aol AT 1 Folle v
FaFTT s, B AN A% 6L o Ao} 2
Aol & HolR| b= Ao HhEglen, T7]9 polyphenol
SR 2 FF5 A7 AR E 9 A% 7131
upe} ofzhe] ol g Aoz ALRETh

|_o

st2k
S

3. Flavonoid Elet=9| &
Ay oAkt AvtA Ay

S H7IR 2718 AR A
AZ7|17ke] W2 flavonoid 3HEQ] S 4% A=

Table 31} Zch.

7] 9] flavonoid 3+gHE9] $HFE 12.59 mg% R o, A
7 = Hol= AAIHZ 12.88, 14.55, 14.65, 15.13 2 14.32
g% $EAFRTH: th STk 4L Bgo 4
717t WE Zpolhr|Hrhs AR °ﬂ AFT A= A
7re] Fjolal B 2 Folt op oz Wekw gk

ojAlstg kA AW A2 Feoes AeE E %
Z} 13.46~15.97, 11.23~14.48 L 12.56~14.46 mg%= =2 U
ojibstg 4 AW A E|wtytol| A7 Wl fARE e
ot Aoz Ueh, ojiketg 4 7o &3t flavonoid
el Wske PASAE g Ao puEdr,

Jeong HJ(2010)= Y] &% B71E 44 GAEE st
Nivonoid Y35 4% 3% Achol AYHAA el &
AWtgon, BaAslel 7k BE 3 gasks &

&% -

e - LS - 134 A=A FITEA
FTE Aol skglen, Lim 5201602 27] 5 5 A%
u| &3t} 2319 flavonoid 3HHE Q] T BAIKHCE
o]F Q] x}o]E Ho|R| kthal do], *A} ol &= flavonoid
FeFe] Wabh 24 gob B Aol GAE AR Aow
HHEAeh 2y A3 FFM = vsarh S5t H]
3}oq flavonoid $hego] €7t E9kThal st &5, Ajuj A7),
Al A, A7) D A 22 Fof wet ?:“%k«] Zto| 7t
Ao g2 AREUAT Y o)itstga 7EAE o] 837t
255 A3 A flavonoid T WSS 243 = FlolE
T AU

(RSN
AR

4. Anthocyanin &

A o] o] AkstdavtA AWS MK 97|15 A Ashd
A] anthocyanin®] 35 W3S =25t A= Table 49} Zch

©7]2] anthocyanin % —3— 16.44 mg%%lom, A7 5 A3t
= W2y A9, 1231~1892 mgh= A7 5 2t F7Fst
o7t A% 6datol= Fasts Aol ol ARl
AR A& FA| 7F Zpo| 2 8RR F ok A 6Y Fete] &
AolE HolR= %= ASRE woE o

oAt gartA AW Ao Heoes FEHE 7
13.60~16.44, 12.73~17.91 & 12.36~19.35 mg%=2 Tj=
A 1t A% F 2 AolE HolAe g= ALeE &
= ok

Lim 3(2016)2 v|sH = 20| gaE =ity of
anthocyanin®] gHegFo| rhal sto] 2 Ao} H|wsto] & uf,
2 Ao AFEE B71= AsE B71E ARSI wEel
A 5 & AolE HolA| P AR ARESIH. Choi 5
(2013)2 B7] FEY s, AF2E 9D A7 g2
anthocyanin@| 3t EA%H 21}, vl = AF 5 5
7¥oh= e 2o anthocyanin®] -2 <ol wet 7+
SEARE s mto = 2= 9 FFol wet thErar §h¢ioh

fLowE N

5. BHalst B
Ag o) olats

Table 3. Changes in flavonoids contents of strawberry during storage 6 days after ClO, gas treatment

(Unit: mg%)

Concentration of

Storage period (day)

ClO; gas (ppm) 0 2 3 4 5 6
Control 12.59:0.42°AD 12.88+0.60"* 14.55+1.07"* 14.65+1.43*8 15.13+0.82* 14.32+0.70°*
3 12.59:£0.42° 14.04+1.08™A 14.79+0.3™* 15.97+£1.22* 14.01:£0.72°A8 13.46+2.48™*
4 12.59+0.425A 13.00+0.78"* 13.59+0.87"48 14.2940.60*P 11.230.56° 14.48+1.52
5 12.59+0.42° 14.104£1.19"4 12.5620.58" 13.67+0.70°8 12.63+1.67%¢ 14.46+0.58**

D Values with different superscripts within a row (*°) and a column (*) were significantly different (p<0.05).
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Table 4. Changes in anthocyanin contents of strawberry during storage 6 days after ClO, gas treatment

(Unit: mg%)

Concentration of

Storage period (day)

ClO; gas (ppm) 0 2 3 4 5 6
Control 16.44+1.50* 15.5342.14%A8 16.46+2.86 18.92+1.91* 18.39+2.02*4 12314143
3 16.44+1.50** 16.29+0.67*F 13.60+3.15 14.03+3.10 16.37+5.25* 16.20+3.30*8
4 16.44+1.50° 17.9142.59* 16.2143.13* 16.51+4.81* 12.73+4.93* 15.05+5.02*8
5 16.44+1.50°* 12.50+3.28" 17.66+2.69°* 19.24+1.72% 12.36+5.40° 19.35+2.48*

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

X DPPH 02§05, ABTS 2htizt £7% o 4ol 4|
52 Z4% AnE

o =2

Table 59+ Ztc}.

@ rlo

DPPH AAgol%9] 79, 2L 66.01%004 A% 42
A5 AQstne AH oz A Fashs FFS BY
ok oJAbetE A Tk A A ALY =3 H 4
ppm A FE A% 5L}, 5 ppm X7 th2d} vhE

A2 A% 497pe] 7h

o
T =

e B, O Fole A

A3 Zashs %S UEhidled, dadez ojitsty
2 7FAAE o] &%k DPPH HA}go15-9] Zpol=
ek giTh Jeong HIQ010)= Aa AeEa Axpgols9]
Aol A7 @gkoU, Aol AYDS5 vl Fast
© AFE Bdoka sto] 2 Aet fARE AU A=

T A

s ez

ABTS 2tz L2750l e 2o 3¢ 2719 9843

%40] 90,

, A Fo|lL 97.80-98.50%% & F7t B A

o] Aee Bo|x g AR LY, ABTS 22 47%

Table 5. Changes in antioxidant activities of strawberry during storage 6 days after ClO, gas treatment

A% T 2 HEE HolA| = A2R YEh. ofitst
Aa7hs A AT B, FEER ZZF 97.89-98.18,

97.98-98.39 L 97.88-98.33%2 TJRZT} H|@ate] = o]
£ Holx]| gol, o]itatga kA AF 9 A 5 HIk= ¢l
£ Aoz yeith

FE012 AATY B, 2719 S50 AATS 11.28%
Z A= g3en, 5 ppme] A% 643} 2 Al st
HE ATNA A2 2folE HolA=
EfL}, 7)o olatstd A ThA AP 9 A F FHolR
AAEY] Wl 3A e Ao et

Chomkitichai S(2014)2- ‘Daw’ EE2] 2ote] A4 SpAF

2 9f3te] 10 mgLe] OB L THAS 102 B B
313, DPPH AA-3ol%, ABTS etz 274% 2
AASE 24T A%, A% F J22 L |48
Held W AAS FasHAE 43717 P el v

Fe oz

Concentratrion of

Storage period (day)

ClO; gas (ppm) 0 2 3 4 5 6

Control 66.01+1.66°)  62.85£1.52°"  56.80+4.09%*  69.48+2.45  64.14£227®  60.92+3.40

DPPH radical 3 66.01£1.66"  63.06£3.60""  52.75:8.93%  66.67+144"  70.75£2.08"  56.81+5.35%
scavengin,

acti‘dtygl((;f) 4 66.01£1.66™  61.23+5.08"  59.73+3.33**  62.78+8.59™*  67.48+3.38F  60.54+3.07"

5 66.01£1.66™*  52.94+4.43F  60.5241.79°%  68.3045.59"*  66.68+£1.02F  62.76+1.93*

Control 98.43+0.12*  98.50+0.23**  97.80+0.13® 98.1740.16™A  98.05+0.11%  97.970.59>4

ABTS radical 3 98.430.12  9847+0.12**  97.89+028*F  98.18+0.11°A  98.00+0.12*  98.10+0.29>A

scaveng1 Ilg A A bAB bA bA bA

activity (%) 4 98.43+0.12° 98.39+0.19" 98.12+0.24" 98.32+0.21° 98.10+0.12" 97.98+0.27

5 98.43+0.12**  9827+0.13*  98.22+0.10*  98.33+0.10  97.90+0.19**  97.88+0.10*

Control 11.28£2.08"  1243+043"*  13.56£0.72* 11812070 11.92£1.52*%  11.33+2.46"

é\’[let‘?l 3 11.28£2.08*4  1323+1.17%*  10.68+1.65* 1341074 132320.58"  13.33+1.54*"°
chelatin,

activity (f@ 4 11.2842.08  11.85+1.19**  13.96+4.17* 9.58+6.16™ 1045+1.634  14.4242.85™P

5 11.28+2.08%  12.19£0.70**  14.89+6.18*4 10.16+1.24* 12.3745.694  16.5042.45™

Y Values with different superscripts within a row (*°) and a column(*®) were significantly different (p<0.05).
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H, A= " A R 9] Zpol= AT Aol ARG
ojitgtg A TFAT} IS B WS FAE Ye A
2 IeE I

olitel Aike FESA BW B] ARA TS Aste]
MY olitatga 7k AuE o] A9, B, A
9 715 %= 9] M3lr} A X 9HLee 5 2017), ascorbic acidE H|
23 St 2 FAkSE B4 O] Wk HolA] o= AL
2 Uk, @719 A4 0L SAskel 3-5 ppme] A
olAtElglA 7hs AW M7l BTAY Ho2 BerEYc

Q0 y #=
S48 AT okt 24 BRI 2 19 A%
A 91511 3-5 ppme] oAkEIIL hATt A4 T e
SHOAEE A 23 AUF Y A T7] &7 2704
71t 3 A2oA 69 T AFsHHEA A7) 7 ] w
ascorbic acid, polyphenol, flavonoid 3}¢H& 2 anthocyanin
= YA DI Agofs, Fhol A 8 ABTS of
0z o st B0l Wstel=AS 2Hach
Ascorbic amdA EF2 4038 mg%RoeH, AR F HIl=
35.67~44.75 mg%=Z AA F 7 = 7449 AIFRTI= A
22t 20| 2 YERtth 3~5 ppm oJ4tStE 4 Tk A X
T+ 273 7R 2 A% F ARsz] o Aol=
gle AS= Yehylth Polyphenol 3Hek&E9] ¢, 2719
e 111.23 mghg o, A £ k2 117.78~132.40
mg%E WER It o]Abst g4 7k A A 2w 103.51~
130.25 mg»z A% 5 23 2 A3t 2olE HolA|
okttt Flavonoid 3F¢HE 9 anthocyanin®] EFo A= o
= 4 oAl A A AW APy BFE AASHE 59 E
Aot A HolR| ¢kl zo)7} Qle= Ao 2 YETE 37
o] DPPH HA-50%5, ABTS 202 275 9 34012 7]
AT 59 s B4 st AP 7 2R E Aol
£ HolA gol, 7] A% Al 3~5 ppm&]| o]Atstg A 7k A
9 A= A T 78 SR 9 A4S &40 Wt

Qe Ao® eyt

rlru tlo oo oXx

2atel 2

B AT 0I6WE SUSA RS 2712 BoAe) B4
= A - WA R Y R&D vR-* AJHAFG ZA(IPET, Project
No. 116146-01)¢] x| 9IS Hro} 235 A0 o]o] ZAI= Y
Yok
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