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Abstract

The variations of internal temperature, relative humidity (RH) and gas concentration in the pallet modified atmo-
sphere package (MAP), using polyamide (PA) film and linear low density polyethylene (LLDPE) film, were inves-
tigated to extend the shelf life of tomatoes and paprikas. The temperature and RH inside the MAP were higher than
that in the cold room, but there was no water condensation inside the MA film. The ethylene concentration in the
MAP was maintained below 10 ppm. Oxygen level was stabilized at 2 to 5% during the storage and carbon dioxide
level was also stabilized at 15 to 20%. The weight loss of the MAP tomatoes and paprikas was lower than that of
the control because the RH in the pallet MAP was higher than that of the cold room. The fungal decay rate in the
pallet MAP was also lower than that in the control due to a low oxygen concentration rate. There were no signif-
icant differences in the soluble solids, titratable acidity and Hunter’s color, but differences did exist in the hardness
between the MAP and the control. So, this pallet MAP method was effective at extending the shelf life of tomatoes
and paprikas considering the weight loss, fungal decay and hardness.

Key words: modified atmosphere packaging, pallet, tomato, paprika, shelf life

M B
24 W59 7IATEE t71¢k th=2A dt= modified
atmosphere packaging (MAP)2 A7|7F A% a37F 7
FH o g AREHI e 2 Uyl wAHE TR
70) 4417 AEEAE A7) AaAE Sl BF
£ (respiration rate)S L& sl] 43 7|A| T = (A4, o]

25lek S zbe HE XS Addok gt (Mahajan &

Mezdad, 2013; Reinas et al., 2016). & Z7]u} Al 7+
o] 3EEFo] L& EAEQ AL YHe] ’\]’_/:\_%:E7} ER=A
ol GE A3 A3 Sl IEALE nol
oF 3}A] ¥k(Xanthopoulos et al., 2012), % ]b]— A 7Eo]

531 O

] RSl o=

*Corresponding author: Jinse Kim, Division of Postharvest Engineer-
ing, National Institute of Agricultural Sciences, RDA, Wanju, Jeolla-
buk-do, 54875, Korea

Tel: +82-63-238-4127; Fax: +82-63-238-4105

E-mail: ferroj@korea.kr

Received January 26, 2018; revised April 1, 2018; accepted April 4,
2018

100

1997). ©]#]3
?‘7} AR oo #AA (1),
)¢ J‘{r?ﬂ “Uﬂ‘d 4 tH(Mangaraj et al., 2009; Belay

et al., 2016).
_(Yz
pr

4Zco, _ (YE
dt Ve

dYOz —
dt

(M

G W] 7AsE
o] 7|A| T = o]k /EB\_Q]
57t IS olF= A
Y, o Z,
2= ¥

O E
R = §AE2]

R

T
EMAPLH
o AMQ} 1

AF3 77



PAS} LLDPE ZE5 A3 BErfE, uZg]7}e] Pallet MAP O+ 101

L PSP B EATEL] Abao)
n] gk},

=] T5ER ] VIAFAEE e d XA
T= TEsHA ol F o] M thExama et al, 1993; Chau &
Talasila, 1994; Mahajan et al., 2007). 3}A| 5, F4HES] &
SEHL 7THAFAEE FAFSHA sto] WF-e] ZIA| A o]
Al FAHES AAsIAT stegte 25 WH7E A
T2 A2 A ARE g o] B STkl FEol
o3t FAHES] A& Fo] WA 4 dthAyala-Zavala et
al., 2008; Linke & Geyer, 2013). 0|23+ Z<5o] EA S =t
7] 918 low density polyethylene (LDPE) Z &l A|-2&}0]
EEZ EdtAY mAAE Agste A7 FREHJAL
(Song et al., 2002; Nur Dirim et al., 2004; Techavises &
Hikida, 2008; Larsen & Liland, 2013), &3%°] A& 3
A5 ds) BE o) AAYFEAL TYshe A7
TP E A (Lee et al., 2011). SHATH A 2| EE &3
linear LDPE (LLDPE)E Athé} 7S g 749 7
o] TgE vl 59 7AFHETL ToA MAP W
o] ATEE 10% oletE W7 ofEfithPark & Ryu,
2013). A = Y| A F=e] =% 2
Aol A Ao m Asior a17] wZol 2ol 0134%01
At 3, AR5 JAlstr] fal v o2 ZAF A=
=< LLDPE 55 AHS 9% o8] 427 24 o}
= 471 AATHKim et al, 2016; Jalali et al., 2017).

A2 S Al ek MAP Wie] S5 Wi U
o2 AFAE &=

o] FA, V& MAP 27 el 7]
A, P A
[e]

Hol glovk, el Al
g wade] MAY 4% ;w 27)0) e FEZ e
B FREUN % FYNLE S, A F

AEA 7Y gdel =2e A9 o o] AFadt §l
oA A= 7}t A7
MAPOﬂ A& = e EE F polyamide (PA)
I &, poly lactic acid (PLA) ¥ &, microfibrilar cellulose
(MFC) Z& 5°] LDPE €& dH] 7AF34 e wor}
TEEFAE7 =2 HE0 2 4505 (Mangargj et al.,
2009; Minelli et al., 2010), AA] FAE TFAHFS Z3f
PA 55 ol 8F AF Z& WFe 4EE =Y —’F A
= 237 B2 EITHKim et al., 2016; Park et al., 2016).
SHAIRE, PA 52 2 SoluA ¥ 5% H= E‘ﬂ‘f}'a
é]tH 7PEoﬂ @35}17] w ol (Huang et al., 2011), PA 2
TS AR ste] 7Y 248 sheE A o= 3 o)
iz 2 Abgsfof JTHKim et al, 2016). YHFH O 2 pallet
9] ¥ AFEEE LLDPE 288 FEEFHE7} o
ol Wil AR7F A7, 7o) A E Sl PA
%T% LLDPE 252 HHHoZ A 79 MAP W
29} Frof the LA o] Fasith HEFEe] &x
MAPoﬂ/\ﬂ vAl HFE bi-axially oriented polypropylene

T 2u—

o 41: N[l

(BOPP)&} cellulose &2 BES 8:29] AAH| 2 53 A}
43 A% AA MAS modified hymidity (MH)7} € th=
A7 HZ BIAE I TH(Caleb et al., 2016). AR, 200
g &9 2L 60% FHEEE 2t F5 S =
&0 EvtES] 4uf o]l Br Il thgk Ao,
22X HAF ATE £ A5 g5 W 22 oA
7} 7V&317] wl<&oll(Hussein et al., 2015) MA$} MH7} &
Alel] 7Hs vk AdtE . o8 d 2GS SHER A
AN 7Ag- WHe AXFSe A oejge] E5oR X
73k A7t = o 7]?<ﬂ—r*}7]' A& 2 45 714
el Ha wAE vk &Y SET A ]
= X3 FR7t AZSE Fo] 1, 200kg pallet 27]2]
MAPE 200g 427 tH] @9 ST 2] H|7t
oF 8] 1= Foleth mEt, 224 dd AH4E 2
2 pallet MAPo| 283 = Q7] wWj&d] 23 IES o]
83} pallet MAPS] &3} #40] & Qg 3}r},
2 AT e FlA ddHem AA 7+ F 9
A ZE57 LLDPE &< °F 1:3 H &= ARg-3te] £33}
= pallet MAP WS AA8taL, EvpES} hazg]7lel 4
&3t A vX= EHE A etaLA; gtk
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Fig. 1. The pallet size MAP of tomatoes (A) and paprikas (B).
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(A) Place PA film on a pallet
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Fig. 2. Pallet size MA packing flow chart.
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o} BZE7te EFEE 8 mgCO,/kg-hS A3 Th
(Gross et al., 2016). EFIE+= 4kg &9 105828 X%
StReBR 420kg, FHZE]7heE Skg @9 208 2E XA
o B 100 kg7t HH, ALt st daHAS
Asbsld EvlESt sz vte 247b 20.53 mm*SF 4.89
mm*e] A stejof gt o]& A F 2mm Z7]] A
2 A A5 6570, 1.5707F At ol2fg AL 0,

5% 71, Ad HEE 0, 2-5% FAE HEE 3
EvtEs} szl gte] 22t AF 2mm HF 671, VIS A
&ste] A skt

7Hz=d A ol Tt 2N
A4717F &% MAPH -] 71A 242 Fol& 7h=AA
(CheckPoint, Dansensor, Ringsted, Denmark)E ©|-&3}] 1|
d Ao r A5 Mo S = 7IAlEE 0-
100%°1H, &9l A== 3%, s Es 0.1%lth B
ule A F A= ethyleneS E43t22} og@ Al
*1(C,H,/C-10 + Transmitter board, Membrapor, Wallisellen,
Switzerland)Z ©]-&3te] 1Y 13] ddd == =433
o}, olgal AAe] ZHWSIE 0-10 ppmol T, AHE e
-Q‘ = 1ppm, == 0.1 ppmeltt. ErtE APAA =
) 4o ddd FEE 24891, HzeA A%
AP E oDe AAE dolE QAR Ahsle 6
A7 2VA 0.2 Z STk

= =
BE T 342 A= A7IA ?‘—3— FH= S5

71 fl8l, 4°C 21%?%} tell M =%

Ao M2, Szehe ke v
E A N5t Bl A vz ANSAT, 217 2

AHI: nl 74|:

Evigs) shuelsle] 49 ARE At 928 EA sk
A7 A3} o Hunter L, a, b &= A }ﬁ](CM 700D,

BA

Konica Minolta, Tokyo, Japan)E ©]& =43}t M=
™ % (lightness)E YEN = L3k, &2 % (redness)S YERY
= aftd A= (yellowness)E YEM = bato = S48

7 AL, Aa, AbZrS ©]

/\]Eoﬂ THo] HE wel Hu)
L2 S48k 1071¢] A2l sl zb2t 22|l gt
AEE =484 71(TA-XT2 texture analyser, Stable Micro
System Ltd., Godalming, UK)Z Z743Ith. &4 g3
A& 3mm probeE A& o, 03mm/sec-4
Smm7HA 8] HU 4 F AEE SAs] N @92 ‘)rE]r
]’H/\}\q—

-4'43]7} 7§54 735 AT} 135]
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Jiﬂﬂ OE 3

JleN DEE o YA 2y
EvbEst Eel 2718 YR BAsel 47

(Whll‘l -pak BO1248WA, Nasco, Fort Atkinson, USA)2 =

Fotth EvtEet dxelvbe 1014 o= A4 sk
—irﬁ""% TEAT FEq st AE FHGEA
(RX-5000a, Atago Co., Tokyo, Japan)E ©|&3le T &
=78 3kal Brix T E UERlITh 3 & S5mLe
Fate] 45 mLe] FFrell 48 & 245 A4 7](TitroLine
500, Si Analytics, Mainz, Germany)E ©]-&3}] pH 8.3°]
2 w742 01N NaOH &4 o2 HHste] FH3 s
citric acid® bt} 7 Ag 3 10712 Al s}
o] A@stAdrt

==

RE BAA9E AT 33 wHE o)) A 492
FE g FTUAE Yo 4542 IBM
SPSS Statistics (25, IBM Corp., Armonk, NY, USAYE ©
43l ANOVA test?} Duncan’s multiple range testS
A A8 7F 22 2o (p<0.05)F AA BT

)

o
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Fig. 3. Temperature and relative humidity Changes in MAP of tomatoes (A) and paprikas (B).
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< 31A] ¥olx HEE LDPEZES o]&sle] 259 HA
T2 vh=ol A3 tHFig. 1(A)). 71&d= Al52 7A
Wy XAty 593 22 MRS FYstE WS
ARG oY, T8 CofE €=l 10 ppm ©1d &
stxlo] &S st 7ARAdel Ha gle AT W

21& Adaiqi.
vzg)7te] A$-E CO, 5% 5% ol s WA, 3y
SHE 5o A7 ke A4 FeK(Salveit, 1997), MAP
o 7AzA 5 CO, 30%E FHTEL 10% olshe
st dite AFE 37 AJATHChoi et al, 2011).
CO, Fal7t A& A MAP 237} gle A2 Adhsto]
B Ao E0717] Aol 99.999% ==2] CO,5 AR5l
15% =2 357 AAste AujddS 338tk 0, &
7t 5%, CO, =7t 3% AR A
o] &3 HFE st AFsIAEY 35 Fox 2y =3}
72 CO, Fall= VEhA] Gotr] 2 A3S 218 sl
EntE} mpxg|rte] 27] 7IAZRS t7]¢] 7A=Y
ol o, Aol M EHUA O, 2-5% AtolellA, CO=
15% oldellA HRAE o] F:UTHFig. 4). A & E4H
edl T 7ttt oAl A th(Fig. 5). o€
Ao sgof o3 FAsh=dl, w719 AREA AY =
71Hoh s Wbl A 3719 S 5& T =EA
A olEg A Bel ZAo® AhHETh B AYLn
=

5 34 %)%

55 AEE - ol - uRig - 23R

=20
=T =

=g TAES
#F7} AAE=T(Park et al., 2016), PAZE3 LLDPEZE<
EFdH o7 Agete] xS Aol AREId 3%
o] HAES UFE Tt IS IR i &4
EEE ol 5dhe AR TS F= ZWHY F
o] vl &3 FFAA7F 2+=ul(Thompson et al., 1998),
gzl 7te] A4

=

SRl W

A &S A THFIg. 6). PA
MAP A7 Aol A]
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Table 1. Changes in Hunter's color differences of tomatoes and paprikas during storage
Storage periods AL Aa Ab
Target Egd p)
ay Control MAP Control MAP Control MAP
7 0.30+0.37" -0.48+0.32° 1.62+0.43" 1.13+0.82¢ -0.30+0.96° 0.68+0.73"
Tomato 14 -0.81+0.33" -0.64+1.49 1.90+0.48" 1.86+1.41% 1.39+1.02° 0.64+1.20°
21 -0.97+0.50 -0.72+0.24" 2.38+0.76° 1.80+0.43" 1.19+1.15® 1.30+0.48°
28 -0.8240.65" -1.22+0.32¢ 2.4340.61° 1.40+0.53 1.4140.83° 1.54+0.86"
7 -0.05+0.20* 0.09+0.34% -0.05+0.17>¢ 0.13+0.55% -0.4140.95% 0.88+1.16°
Paprika 14 -0.75+0.59% 0.35+0.56™ 0.25+0.55° 0.40+0.54 -0.68+0.99¢ 1.18+1.38°
P 21 -1.15+0.29° 0.43+0.48" 0.18+0.28% 0.21+0.46™ -0.18+0.93%¢ 1.87+1.32%
28 -0.75+1.40% -0.36+0.83% -0.08+0.46% -0.11+0.28¢ -0.67°+0.75¢ 0.22+0.73¢
DThe values represent mean+SD for each experiments.
*4Different superscripts within each Hunter's color differences indicate significant differences at p<0.05 by Duncan's multiple range test.
Table 2. Changes in firmness, soluble solids and titratable acidity of tomatoes and paprikas during storage
Tareet Storage periods Firmness (N) Soluble solids (°Brix) Titratable acidity (%)
arge
(day) Control MAP Control MAP Control MAP
0 821.52+117.12M4 3.37+0.2% 0.38+0.02"
7 767.67+90.12*  790.37+98.71°  3.55+0.13° 3.42+0.11* 0.45+0.07° 0.37+0.03"
Tomato 14 682.68+86.62°  756.67+85.18"  3.23+0.14% 3.20+0.17° 0.36+0.02"¢ 0.34+0.03%
21 597.44+145.34°  668.15+81.86°  3.40+0.15™ 3.30:£0.13%% 0.36+0.03"¢ 0.37+0.02>¢
28 424.89+101.15¢  470.92+61.88°  3.26+0.17°* 3.29+0.15%% 0.34+0.04%* 0.31+0.02°
0 745.34+98 44° 6.98+0.32" 0.168+0.008"
7 610.04+125.17° 682.68486.62°  7.36+0.35° 7.224+0.26% 0.163£0.011°  0.169+0.012°
Paprika 14 574.08+£95.01° 599.85+92.07° 7.17+0.24% 7.21+0.28% 0.183+0.010°  0.151£0.013¢
21 424.89+101.15%  580.05+118.11°  7.2240.26® 6.60+0.40° 0.174£0.017®  0.136+0.011¢
28 305.22+80.52¢ 563.56+87.14° 7.2+0.55% 6.98+0.25" 0.165+0.017°  0.129+0.011¢

DThe values represent mean+SD for each experiments.

““Different superscripts within each Hunter's color differences indicate significant differences at p<0.05 by Duncan's multiple range test.

7} B8 FEHAA YElgth ErtES] 9 A% 28U3k
o] MAPAE] & F%8o]7} BASHA] o thx+2%
$- FFol7t WA tHFig. 7(A), 7(B)). dZ|7}e] 75
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