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Effect of Controlled Atmosphere Containers on Maintaining the Quality of
Fresh Korean Agricultural Products
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Abstract This study evaluated the effectiveness of controlled atmosphere (CA) containers in maintaining the quality of fresh
horticultural products during long-distance maritime transport. A simulated export experiment was conducted using both reefer
and CA containers, focusing on single commodities (oriental melon, Asian pear cv. Wonwhang, and king oyster mushroom)
and mixed commodities (paprika, cherry tomato, and summer squash). The impact of packaging types and CA conditions on
quality retention was analyzed. The results demonstrated that CA conditions (5/12 and 5/0.04) enhanced storage stability for
oriental melon and pear, and CA (1/15) effectively minimized browning and moisture loss in king oyster mushrooms. How-
ever, in mixed commodity storage, the effects of CA conditions varied depending on the product. Cherry tomatoes exhibited
the best quality retention under CA (5/12), whereas paprika and summer squash suffered peel discoloration and tissue soft-
ening under high CO: conditions. In the case of products with modified atmosphere (MA) packaging, interactions between
the internal gas composition and the CA environment influenced quality changes. Notably, commodities sensitive to high
CO: levels exhibited physiological disorders under high CO: conditions. This study confirms that CA containers effectively
preserve the quality of fresh horticultural products and proposes optimal CA conditions for different commodities. In par-
ticular, when shipping mixed commodities, it is crucial to continuously monitor the internal gas composition of MA-pack-
aged products in the CA environment, and storage conditions must be optimized accordingly. The findings of this study
contribute to the development of quality maintenance technologies for the long-distance distribution of fresh produce.

Keywords Controlled atmosphere (CA) storage, Modified Atmosphere (MA) packaging, Postharvest quality, Mixed
commodity storage, simulated sea shipment
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Table 1. Packaging, transport, and storage conditions of fresh Korean horticultural products subjected to simulated export using reefer
and controlled atmosphere (CA) containers

Transportation Distribui
. . istribution
Shipping Commodity Packaging Reefer gqntainer CA cop@iner Trangport conditions
method method conditions conditions conditions (°C/days)
(0,/CO,%) (0,/C0,%) (°Cldays) Y
- set: 21/0.03 - set: 5/0, 5/5, 5/12
(3]0 Orrmznuﬂﬁs)ﬁimcom ated |~ inside container: - inside container: 4C 10°C
Oriental melon box. Perforation ratio ofgﬁ]m 17.5/5.3 5.3/0.01, 5.1/5.2, 5.1/12.3 ’ ’
0 5;1 20 "| - inside of films: - inside film: 10 days 7days
e 3.5/0.3 0.5/0.3, 0~5/1~2, 0.5/3~4
Single ‘Wonwhang’ | Corrugated box : i:; dil/c(z;l(q);iner' - set: 5/0.04 1°C, 10°C,
product asian pear (9~10 fruits with cushion) 183/5.8 ’ - inside container: 5.1/0.04 | 2 weeks 2 weeks
- set: 21/0.03
. Bulk packed in 50 mm PE |- inside container: - set: 1/15 o o
ljlnﬁfhfgs;[ir film + Corrugated box. Per- | 16.8/6.8 - inside container: 1.1/15.1 1°C, 1°C,
foration ratio of film: 0% |- inside of films : |- inside film: 3~5/10~15 | 7 Weeks |6 days
3~5/10~15
- Paprika: 25 mm PE film +
Corrugated box. Perforation
ratio of film: 0.1~1%. - set: 21/0.03 - set: 5/0, 5/5, 5/12
. . Paprika, - Cherry tomato : Corrugated | - inside container: - inside container: o o
“{I;:e:ta;r;‘s‘t Cherry tomato, | box 18.1/5.3 51005, 53/5.9, 53/129| _8°C 10°C,
g Summer squash |- Summer squash : Indi- | - inside of paprika film: | - inside of paprika film: 2 weeks 7 days
vidually tight wrapped using | 5~8/0.3~0.5 1~2/0, 1~2/0.5~1, 1~2/5~6
transparent EVA/PE-based
film + Corrugated box
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71F2 2 Lwin 579 WHS 3
Chromameter(CR-300, Minolta Co., Tokyo, Japan)E A}
43le] Hunter value?l L(lightness), a(redness) ® b
(vellowness) valueS =431t} Ado]Y 7] A% 2}o]
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CO, F%=+= Nichols '] W
2 85 L 2 &7]el 134 Yol 143k
%2 % head space2| 7]A| 1mLE gas-tight syringe® 3
A8l GC (GC-7890B, Agilent Technol., Wilmington,
DE, USA)E °l&-ate] S7gsisiet. ojuf 4 zdow 4
o] 30m, WA 032mme] column(HP-5, Agilent Technol.)
S ARESIAL, £ 80°Ce] o152 flow rate 5 mL-min’!
9] HeE AE3It. HAZ7]|2 & thermal conductivity
detector(TCD)E AME3I9 Y. TFES mL CO,kg!-h'le

o

(A) Orientalmelon

@
3

(B) Asian pear cv. Wonhwang

Bruker Corp., Billerica, MA, USAYE ©]&3l A3
o} ogdl BAH B 2ASE column &= 70°CO]

LI W
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7. 31 24
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Fig. 1. Postharvest loss of fresh korean horticultural products subjected to simulated export in a controlled atmosphere (CA) container.
Oriental melon (A), asian pear cv. Wonhwang (B), and king oyster mushrooms (C) were individually stored in a CA container, while

red paprika (D), cherry tomato (E), and summer squash (F) were co-stored in a single CA container for simulated export. Each time
point represents the storage duration in the CA container followed by an ambient distribution period. the control treatment was a com-
mercial reefer container with an initial atmospheric composition of 23% oxygen and 0.03% carbon dioxide. all values are presented
as the mean + se (n = 3). means with the same letters are not significantly different according to duncan’s multiple range test at p < 0.05.
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Fig. 2. visual quality of fresh korean horticultural products subjected to simulated export in a controlled atmosphere (CA) container.
Oriental melon (A), asian pear cv. wonhwang (B), and king oyster mushrooms (C) were individually stored in a CA container, whereas
red paprika (D), cherry tomato (E), and summer squash (F) were co-stored in a single CA container for simulated export. Photographs
were taken after the storage period in the CA container followed by an ambient distribution period, specifically at the following time
points: (A) 10 days in CA + 7 days ambient, (B) 2 weeks + 1 week, (C) 7 weeks + 4 days, (D) 2 weeks, (E) 2 weeks + 3 days, and
(F) 2 weeks and 2 weeks + 5 days. The control treatment was a commercial reefer container with an initial atmospheric composition

of 23% oxygen and 0.03% carbon dioxide.
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e F4 AP gRlENeH, e F 5UQ2W+D)
A HollA £a80] 100%0] E2atict. vhH, CA(5/0) 2
CA(S/5) HElTolds &80 dRHoz Freion,
53] CA(S/5) A7 78 whe &4 8-S YEth

2. HEO| ©|§ 2o £ EA 9 EX

21. HY BEE T LEAN B EY

Zol= Adloly MEL10DPlE BE AgTFeolA
Fdo] gt 23y s & 7Y, dERTeAE &
3 WA 2z A 5 A7k =2 As g b

CA(5/12) A2]FellX= o2 5] A3 st

)

QA= Adlold AEAewWrls 2 AlTolr <
F4o] 4z FAEAT. 2By S T IFQWHIW)
A3k AN tiFelME 8 o Q3 A7st F
2 Azt el whA | CA(5/0.04) H2]TolM 25 2
o] tjzel vjal] dAF| FHAsIATH(Fig. 2B).

SrelHAE ZEH oY JHEL(TW)elE BE AT
A 3 F4o| A FsEA FAEHASH, e T 4
A (TW+4D)e| 7t wt i)l Azt 4 A
s7F AT 2ol A5, WA sEHo] AR &
Zlo] Al dAstEIlen, dF AlFoMe AR 9 55
o] FEFAIA YebsT) BHA,| CA(1/15) AFFolME o)
2 o] 9 FHo] 955 fAEeH, 2 2 =
2] Az} do] AA 8] 7HAsHATh(Fig. 20).

22 2% M7 JFMIESAL Y2EOE, o2t 2o
LEAN 9 BN

x|zt WEErE, 283 ojEuks 8°ColA 277
CA(5/0, 5/5, 5/12) ZAE|o|e] &3t AAsle] Feo| &3
F, AHolUZE 7HE3 F 10°C] 5 2ol BahHA
o TS BEASIATHFig. 2D, 2E, 2F).

Txgl7h= CA ZH oY 7Y (2W) 7IEeE BE A
o] EAES 0% oH, 78 A5o] F4 A7t /A
HAch 28y 7ie ASHE CAG/12) ATFe F40]
F43] At Aen, 2W-2D A|-A £250] 100%°]
=gl ol ZEE COo, B (12%)°] TZE7te] &
AL AzteA A F ASS ongitt. vhi, o=,
CA(5/0), CA(5/5) AelTelre &g HRHeRE F7t
e A4S BYow, /s T 74QW+7D) Al-eA o)
ZTFo] 450 CAG0) D CAGS) HFFR @A
A=A cHFig. 2D).

WEENEE ZH o) MEdewWels BE ATl
W Fea AWk Ao fAHNeH, SHo] wikgh

T

eIt 28y g /% 717ke] A wet et
g AR CA MFelA 93 74 Asrt HAzlH o=z 71
At 53], dxTolMe e § 3UQWH3D)FE &
W gelo] haetar, o] F5 4 nAg Fdo] FAE
Fom, I o= e Aol 8 Asht B
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Fig. 3. Quality attributes of fresh korean horticultural products subjected to simulated export in a controlled atmosphere (CA) container.
Weight loss (A) and firmness (B) of oriental melon, firmness (C) and titratable acidity (D) of asian pear cv. Wonhwang, and color b* value
(E) of king oyster mushrooms were evaluated as key indicators of postharvest quality under different CA conditions. Each time point rep-
resents the storage period in the CA container followed by an ambient distribution period. The control treatment was a commercial reefer
container with an initial atmospheric composition of 23% oxygen and 0.03% carbon dioxide. All values are presented as the mean + SE
(n = 3). Means with the same letters are not significantly different according to duncan’s multiple range test at p <0.05.
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