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Abstract

The purpose of this study was to investigate the quality changes and contamination of microorganisms such
as Escherichia coli, mold and yeast in cherry tomatoes during storage at different temperatures, gas composition
and periods(7 and 14 days). This study determined pH, color change and the growth pattern of microorganisms
in cherry tomato during storage at 5C, 10T and 15C. According to the results, pH level was a little raised
with storage period. On average, L*, a* and b* value of cherry tomato were irregular value of increase and
decrease of all gas packaging with storage period. In regard of the types of microorganism, aerobic count plate,
coliform count, mold and yeast were detected when cherry tomatoes were stored at 5C, 10C and 15C during
storage for 14 days. Equally, all microorganisms of cherry tomato were iregular with storage period and complex
gas packaging. However, this study determined that packaging with a higher CO: concentration than O
concentration can reduce growth of microorganism. These studies can be used as primary data for determining
the optimal complex gas to storage enlargement.
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gk AlFo] i % ﬂ s, 1 FA = Enf
Es AlsddA A 18 5 e EA 49
(Well-being) 2l F 2.2 <dHA Ut} EvtEe
A3 A5t ErtEl (tomatine) ¥} tlglo]| =2
Eu}El(dehydrotomatine)2 SN EvlES} ZHE
vLE(plum tomato)ol] SHFE|o] glom, <1 vl
gote] JHEARE 2HgotH, HFF2olM e <
=4 Alo] E7FC] (cytokines) & F=aka, AW &
A2l thekA| Wd(multidrug resistance)2 A3
FomM, It ARoE B} Sl Ao B
1% 3 ItHwang ES & Bowen PE 2004).

EnpEe] Fu §92 160090 ZRto 2 3=
star glom, A A A-E 9F 6,000 ha ©]/d<]
3 RS A0REE o] doln, Atgd of
6,000 FE=Z 1919 AH]Fke] 20001 9.2 kg
ol Al oF 2wl 7t SUkeE Ao ® HuEozlnk
(Son CY et al 2011). o]2{gt EntE FH<e] 99
%o A PR aHeta flow, 19 A,
a2, F22 5 7HE Aol &8-E 3 ITKSon
CY et al 2011).

1980 A% o] Foll= A28 FF<] gl up2t
oto] Zt31 vhito] o WS EnlEd| thal AH]
7} S7F8ke] F53HA] B3 E A TtHPark WP et al
2004). WEERIEE 2~3 cm F & A7]9] EntE
2 F@uRgel A Aikd Ao FS5HE
(Smith AF 1994). WM EREE 7}2] &of &3l
2E AR Yol Al A9 BE FiEdA E
ntES} HlSssh, Bt & O 201, 90% F %
7} Eo|u, H]EHI C, A, B, B, @ carotene S
ol ghf3ltKim SR et al 2011).
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CA(controlled atmosphere) A% 5©] o] &% 1
THMoon KD et al 1992). 1 5= CA A%o] 717
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{Table 1> Various complex gas composition in PE film-package

Gas composition (%)

Gas P
A B C D E F
(0]} 70 - - - 30 -
CO, 20 - 90 60 40 100
N> 10 100 10 40 30 -

" Self-carbon dioxide generator

FAAN = Zg] o d U (polyethylene, PE) E42
%—% AHESIITE. AP A 3R] el
3t St E AEA(0,), ©]4tsHEA(CO,),
2N E EF3A 559 712237 CO, LA
= g A}ﬁo}oﬂﬂaable 1) 1-8,3—3— 5C,

A"

Sk A3t 44 EXE

oft
rUE DA )

\__

3. DINSSE EM 2A

nA= A fal AR 25 g5 F
=, 225 mLe] BFd 0.85% A AFS £3st
o] stomacher(Bagmixer 400, Interscience, Co., Sa-
int Nom, France)E ©|-&3slo] 3%t w3} A2
3“5_ 7]—7]—_0,] }\]EO}].Q. 1 mLx/J _ﬂg}.o:] 9 mL—°4 _84)\4
Hol| HAE R 3|4 sto] eSSl Hj

A& 3M F2) 3| A Minnesota, U.S.A)ZFFH T+
IR o, Z=(petrifilm aerobic count, PAC),
gt 2 oA (petrifilm E. coli/coliform
count, PEC), &% 2 FHo|(petrifilm yeast and
mold count, PYM)J AZIE iR & 42 AL

o= Tm = 717
stlem,

L CFU/go2 A3t

54 3

AHAZIO=E

=T

=z =2 O~

IS EvE pH 342 A& 30 g2 575 30
ge 9ol 3023t mhiste] 49 Az=R oug
-roﬂ pH meter(FiveEasy PlusTM pH, Mettler Tole-
o]-g-3k3ith

FHL~=96.40, a=0, b=1.5)2.%
B " MAA|(CR-13 Color Reader, Minolta, Tok-
yo, Japan)& AH&-dto] S35kl om, AR E 53]

do, Greifensee, Switzerland)E

3L ==
FHAae gzl

HHE0 2 Hunter AAHAIQ) L*, a* 2 b*ghs 5%
o=

5. EA=EN

Zy Azl Uigk 24 A= SPSS(v12.0, SPSS
Inc., Chicago, IL, USA) program= ©]-83}] one-
way ANOVA 418 AA8ka, Al57ke] f24
A= 5 Turkey 77 ™H(Tukey range test).S-

AT o
2 p<0.05 FFoAA AFEAZS AAE Tk

°|

FERES] 7k 4
9 ol Aksteks WA ol ofgk 2% 9 7|3t wh
£ pHS] W3} (Table 2>9F 2t} A% 2 1
SEnES pHE 5C, 10T 28]a2 15TA 4.16
+0.015 YeRlla, A 4713te] St w5
A 7AE ME TE HEE Ae BE TollA
pH7}F tiA A o= wju|alA| F7lshe S Vet
Wk 53], WEERES] pHE T3 71A Fol
o]Atgleta H]go] T2 CTH FrollA AA7|zE
o] Z7Vg whet fol A (p<0.05) 2.2 zfo]E Y
Bt 5TolA 793 1494 A3 EERLE
o] pHE ATZ Bio] th& 5ol HlslIA =4
WEbEAIRE, st k] =22 ke, v
w2 159 pH & Ak 235 gRlskith
10 CTAANE 793 1497 A 7get EERTES]
pH 72 A3} EvellA] A YepPA T, WSk
& el =24 kskew, D F€] pH #k2 7
o] H]Z=siAl VEbTh miRRre. 2 15TellA 7Y
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{Table 2> Changes in pH value of PE film-packaged cherry tomato during the storage period at 5, 10 and

15C depending on gas composition

Temp.  Storage Packaging treatments

(T)  (days) A B C D E F
0 416001 4162001  4.16+0.01**  4.1620.01**  4.16£0.01* 4.16+0.01**

5T 7 437+0.00%  437+0.01% 4404000  4.33£0.00%  4.33+0.00™ 4.35+0.00°
14 4.43£0.00%  4.40£0.00%  4330.01°  4.45:0.00°  4.44+0.01 4360.01°
0 416001  4.16£0.01™  4.16£0.01"  4.16£0.01"  4.16£0.01™ 4.16+0.01"

10C 4.44£0.01%  443:001°  438£0.00°  434+0.01  4.47+0.01° 4.33+0.04
14 4.49+0.01°  427+0.00% 4444001  435£0.01®°  4.5140.05 4.35+0.01
0 4163001  4.16+0.01™  4.16+0.01*  4.16£0.01**  4.16+0.01* 4.1640.01"*

15C 4544001 4404004 4412007 4.32+£0.00%  4.49+0.03% 4.39+0.02°
14 4594001 4.40£0.00°  438+0.00%  4.46+0.00°  4.54+0.01 4.40+0.01

The results are expressed as meantS.D(n=5).

A7C Means with different capital letters in row are significantly different

at (p<0.05). *~4 Means with different small letters in column are significantly different at (p<0.05)

A3} 1497 A3 ° %EU}E—J pH #2 AT
ol A=A EREAINE % & A YERA

I3 = 271 vl 7
2t 27T} 14 A tha e
73 = EnlES] 2717} pHF 4.19]
i AT T \:}5: S7behe Aol o, oAl 2
23h= Ao} ¥)551 tHMoon KD et al 1992).
EntES] pHE F2 acidol]l 9l A% =™ (An-
thon GE et al 2011), 8 7|42 E  citric
acid7} 714 B2 Fi-5 2R gck(Davis IN et al
1981). webx, EolEe] pH Z7He EvkErt 4
Z3to] Wb citric acid7h Zdke] e vz
Ao g Holth

71&9] AFeM EntEs A7 =9k 73
o] FFeF dHglol A7l Frstel whek
pH =t 57}6}5}3" Hyste], & A2}
A AL ERlslth(Lee SH et al 2004; Kim JH
et al 2010). L2t} Lee SY 5(2013)2] A7kl A
= Aldde] eEnlEe] A37]313) 2o o}
2} pH7} 2hashe 7eks Eelsiivka Hasisd
ot okt 71EATEY] A Atolrt YER=
A WEERES] A A H AH T Aol
E o2 AlsEH, Pt A9E =E317] 93]
A2 AHo] Felslojol & o= At

2
é

dr.

2. =ilel]

EU}E‘/] Mo H& A2 HoFl 293l
A 54 F shyEA, Ln|Rte] o 2

F93F aQlo =z 283ltH(Lopez camelo AH &
Gomez PA 2004). A%717F 2 AHL 5o
EnlEo] Hunter's color value(L*. a*, b*
fe TN veplen, Ax Wss 43
A3} (Table 3~5>9F 2tk L* #2 EVIES
g A4S v 2227402002 £ 7} 7P =
A Gerskom, A%717te] F74845% 2719 1]
a ztaehe 249 JepTh ST 10CAA A
B PEETES] L* g BE TellA st
27t A dedth 1 % Fedl co;
100%2] A7} 71ZPE 2 WglEo] g A7)
UEhstth 15ColA A3er e EntEe] A4S F

e ZAAE ANS BE FAN BAHoE
7AaekeE 74e-S UEIT Lopez camelo AH &
Gomez PA (2004)°] 72T = EntES] 4
A A7) FAE7) AARA Lol 1Hadhe
E2E5E BHE, ol AAe] darkeningol w2
Ao Heltha 3l9ith o] Axte| uhg} Co, A
2]E ErkE] Lk 32 v Co, A7t
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{Table 3> Changes in L* value of PE film-packaged cherry tomato during the storage period at 5, 10 and
15°C depending on gas composition.

Temp. Storage Packaging treatments
(C)  (days) A B C D E F
0 22274020 22274020  2227+020%  2227+020%  2227+020%  22.27+0.20%
5C 7 16.7740.51%°  15.14+045™  17.20+0.31% 15454028  15.90£0.49"°  15.59+0.42*

14 18.86+1.21%°  18.79+1.25%  18.79+0.70%  19.06+0.33%  17.32+1.72%  20.03+0.29°
0 2227+0.20°* 22274020 22274020  22.27£0.20% 22274020  22.27+0.20%

10C 7 15.6241.31%  17.78£1.07%  15.73£1.28"  16.62£0.96™  17.48+0.79"  15.77+0.74™
14 18914041 17.78+0.79™  1827+0.31% 18544026  18.72:020%  23.99+0.49
0 2227+020% 22274020  2227+020%  2227+020%  2227+020%  22.27+0.20%
15C 7 22.58+0.70%  17.68+0.34*  19.87+0.19"  20.34+0.76™ 22244039  16.61+0.73"

14 18.58+0.15™  16.50+0.41%  18.01£0.20™"  18.74+0.12"°  18.33+0.16™  21.01+0.06™

The results are expressed as meantS.D(n=5). *~° Means with different capital letters in row are significantly diffe-
rent at (p<0.05). * ¢ Means with different small letters in column are significantly different at (p<0.05).

{Table 4> Changes in a* value of PE film-packaged cherry tomato during the storage period at 5, 10 and 15C
depending on gas composition.

Temp. Storage Packaging treatments

() (days) A B C D E F
0 3254035 325+035%  32540.35" 3254035  3.25+0.35™ 3.25+0.35™

5C 7 2.1141.29%  149+1.44%  223+1.40™  2.83+1.85  2.73+1.12" 2.53+1.23%
14 1.56+0.93%  247+1.64%  2.18+1.29"  2.09+1.17*  3.00£2.11" 2.82+0.82
0 3.25+035% 3254035 3254035 3.25+035%  3.25+035% 3.25+0.35

10C 7 0.85£1.79™  231£0.77°"  0.68+0.98™  146=1.11°  1.69+0.58" 0.33£2.19"
14 1.86+1.52%  220+£1.58™ 276070  1.81£1.61"*  2.34+0.60™ 2.11+1.24%
0 325+035%  325+035%  3.25+035%  325+035% 325035 3.25+0.35™

15C 7 —022+1.89"  1.48+0.86™  2.19+1.07%  2.58+1.53% 174143 1.47+1.62
14 1.59£1.22% 3344204 230£1.07°" 144093  2.49+1.30™ 2.33+0.13%

The results are expressed as meantS.D(n=5). *~° Means with different capital letters in row are significantly diffe-
rent at (p<0.05). *¢ Means with different small letters in column are significantly different at (p<0.05).

A oL Aol vl B Laks 2 dvla 35 dEsTh 28y D7k A A71Rte] &
& A ol hRE|wel= A 53] glo] Mg E fhadhs Aol UEsTh phA e

3 Aol W2 darkening @4to]l @ o] Folx  b* FA|9] A, T AAE W 0.65+0.24¢] H]
o AZbE) a* gk BErtES Y A o 5Tl AE of S/t #adlhe 7
S w 325503522 7P A vebston, A% &= Uehien, 10T 15T A713te] &
7|17kl FVEEE D7k TS AQR nE JHEE SISt Srkshe BatE e st
oAl a* he] el S7PF BatAlEbl et & YERTE & AR R ERkES] ke
T A% Btk 1 F A7k A 15T 2] AREs Wiy 4dA A B, Bt
A A o a* ghel Wsle] Zo] spg A AR fHhehe Ade WA, A 2=
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{Table 5> Changes in b* value of PE film-packaged cherry tomato during the storage period at 5, 10 and
15°C depending on gas composition.

Temp.  Storage Packaging treatments
() (days) A B C D E F
0 0.65+0.24" 0.65+0.24*  0.65£0.24™  0.65£0.24""  0.65£0.24*  0.65+£0.24*
5C 7 1.13+0.53™ 1.3320.87*  0.6420.25% 1442055  123+0.63**  1.20£0.69™
14 1.07+0.92* 1.03£0.93*  0.87+0.70™  0.39+035™  1.15£1.15™  0.63£0.45™
0.65£0.24™  0.65:024™  0.65:024™  0.65£024™  0.65£0.24<  0.65+0.24
10C 7 —1.030.65" 1.24+0.53%  —0.50£0.74" —0.18+0.61"" —0.33£0.48"° —1.28+0.74"
14 041£037%  0.95+0.65"  0.33£0.19%  047+030%™  0.22+0.19%*  0.69+0.50"
0 0.65+0.24™ 0.65+0.24%  0.65£0.24™  0.65£0.24"*  0.65£024%  0.65+£0.24“"
15T 7 —0.06£0.83"  —1.37+0.53" 039038  0.16+0.73% —1.44+0.68"° —1.71+0.97*
14 0.36+0.28" 1.43£0.84°° 0432033  0.17£0.15"*  0.33£0.25  0.13£0.07

The results are expressed as meantS.D(n=5). 2~C Means with different capital letters in row are significantly diffe-
rent at (p<0.05). *~¢ Means with different small letters in column are significantly different at (»p<0.05)

7| R ErA e 2fol & RISt Tijskens o7t 5
LMM & Evelo RGT(1994)2] dAtellA= ErfE Ak Fapido] 9
7F 30T o)de] e 2xdM AgEE Ay, Fo
lycopene®] /d#13l ¢} 7t=E|o|=0] HHoR F 2

A3l b* FA 7} FEFe Wol Wrom, 12Co|gte] H WEEREA AEH Jd S7FES]
2o 2o AAE = 739, chlorophyllS F3 2] 5 = :
=Z] eFom, lycopene®] 42 dojupA| =t ol’de]l A¥= 10T, 15CAME A A2HE
o Bugk vk iy B A3 Ade A7 JUERlEd], C7F2s 2AAI7E 3.60 log CFU/gellA]
upe} 27] A7 Mol s Ao R 748 6.00 log CFU/gS YERNO] C7h2s ZAAE xﬂﬁﬂ
= g Hol EntEe] Mo 2o g 9l sta AAH R {olAQl Aol gl W

&l F4 SHolA 3= vA o AdE, nlEE o]&sie] AT W WA eR 7]71}
Messina V 5(2012)] A7AZE v|5=e Aaks 2} 250 s weron, 15TolA A<

Uehies & 5 sl u Fao] wAo] Frtehe AL RISk A,

o]&= 5T 10TaA 2 W3} gl A= AR

3. D|MSEN Z2HG) wo] B gl A7 Al 2ol H3tsiria At
A7 D AL wol w2 WegEnlES u Th

AEo] Agoidel digk A2 S <Fig. 1~3> W EntEe] A% g thaa(Coliform

of ettt WeEntEdA A% Fd Fd4 count, CO)= 7} &

[e]
T 2o fAke A
(Aerobic count plate, ACP)= 3.77 log CFU/gS  &1& & Utk A9 BE

BE 7k AT A

glst o, A7IzE 794 ST E Fria 717, 29 2x00A 2 Aol S YehiiA &
ZAAANA 931 log CFU/gC & 7P =9ka, 14 kL 53] 5T A2oAe 78k A BE
AR E EA F4A7} 647 log CFUgeZ tF  wollA] tgtwto] AEEA] &sith WeEnE
2 ¥ATET} B9 9o AR Hol 2k o WAT A% AEe AGItel ItEs
7h FAEA FYE B, C, D B FRNE 71 R 2EE fASF F9] S-S dAlsked)
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<Fig. 1> Changes in microorganisms of cherry tomato during the storage period at 5C. The results are
expressed as meantSD (n=5). A) ACP, B) CC, C) Mold, and D) Yeast. Complex gas composition
in groups: A-70%0;, 20%CO,, 10%N,; B-100%N,; C-90%CO,, 10%N,; D-60%CO,, 40%N,; E-

30%0,, 40%CO,, 30%N,; F-CO, generator.
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7H AFE ATt e, HEEEAA A% &
gRE 3.84 log CFU/go 2 F3o|¢} nizv}
XE E31g XA Aol JERA] SFUAIRE,
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<Fig. 2> Changes in microorganisms of cherry tomato during the storage period at 10C. The results are
expressed as meantSD (n=5). A) ACP, B) CC, C) Mold, and D) Yeast. Complex gas composition
in groups: A-70%0,, 20%C0O,, 10%N,; B-100%N; C-90%CO,, 10%N,; D-60%CO,, 40%N,; E-

30%0,, 40%CO,, 30%N,; F-CO, generator.

Aol th e ARG Aidor vouw v|dsg Ade FE AF Age] A NE2ARE
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]

Sl
A s Adl E5& Adslde AR Sl
7

SEnES BE 27 Z7]d Hla] A7)z L

pu =
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<Fig. 3> Changes in microorganisms of cherry tomato during the storage period at 15C. The results are ex-
pressed as mean+SD (n=5). A) ACP, B) CC, C) Mold, and D) Yeast. Complex gas composition in
groups: A-70%02, 20%CO2, 10%N2; B-100%N2; C-90%CO2, 10%N,; D-60%CO2, 40%N2; E-30%0,,
40%CO;, 30%N,; F-CO, generator.
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