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Abstract This study investigates the effectiveness of CA (controlled atmosphere)
containers in maintaining the freshness of exported melons. The melons were
harvested on June 5, 2023, in the Yeongam area of Jeollanam-do, Korea. The CA
container was loaded with melon samples packed in an export box. The
temperature inside the container was set at 4C, while the gas composition was set
at 5% oxygen, 12% carbon dioxide, and 83% nintrogen. Following two weeks of
simulated transportation, quality analysis was conducted at 10C. The melons were
inoculated with spore suspensions, and the decay rate was determined to
investigate the effect of the gas composition inside the CA container on suppressing
the occurrence of Penicillium oxalicum in melons. The results were compared with
a Reefer container set at the same temperature. The samples transported in the
CA container exhibited lower weight loss. The melon pulp softening, respiration
rate, and ethylene production were slower using the CA container. Moreover, the
decay rate during the distribution period in the CA container was lower than in
the Reefer container. In contrast, the firmness of melons transported in the Reefer
container decreased significantly (from 9.03N to 5.18N) immediately after
transportation. The soluble solid content (SSC) of melons transported in the Reefer
container also decreased rapidly. The results suggested that the CA container is the
optimal export container for maintaining the freshness of melons.
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HWE(Cucumis melo L.)& R &ol= 1WA AER Fotze7rt YAtx]olH 2|5
off, ofAlof, B E uFA Y FollA FHLAoHA A= Stk oA = A 20029F
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S, 2020). oHAIF W22 FH 259 P wot gA EFA L HYdo] A= 49
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A= 153, A= 357719 s 5% AA ik
9] AAEE FA5k= d AL At ol#et HAE =
st7] 913 54 ¥% HHelHoll= A1 o/ﬂ‘%f’/] el
SEH AATE FA5H] sf Aba
Ash= CA 7152 A6kt oI5 CA 743101143}—1— 0}
o F2 AL B, Ak 5 sAE 2Fo AHEH
(Nippon Yusen Kabushiki Kaisha, 2016). Paniagua
5(2014)9] Hio] o5, EFHZE 10% CO; + 2.5%
0,9 CA 270 = FZ519Z o Fuf, A3t 94 59 &
B2 FAE FFo ZIHo|ttal sk oH, Fahmy$t
Nakano(2016)= 3-5% O, + 5-8% CO22] CA 7oA
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2. XMz % diH

2.1. 48 H=
Aol AHEE HELS A JAolA EFCE At
PMRsupia E£02, 3% /M2+= 3¥ 109 34, 49 10
A 4, 59 10€ A3, 69 5¢° 8d A2 AHES
ME} HED 2.0-2.4 kg9 #Y3 FHORE 434 MEst
o] @AA FEEE FHAGAHB60x260x 165 mm)©]l
do] 27t AH=E 0¥ 9ol =g dolE& e A

2.2 O/4= xef
2.2.1. D)ME FF
Ao|| AR83t Penicillium oxalicum 5= KACC(=+
B AT AU EL29, Jeonju, Korea)ollA 41013
W 35 ol Ao AESigith. B d e
PDA B3 Hjzof] 24T oA GRS 10A17E HNF =
7oAl 14417t wRFsTt.

222 OM2 XM

nE JF5< Ao Y F 149 AT A HjA o
Tween20°] 0.01% A= H7He B 91 AR HE o]
&oto] FAR} ZARE FojHQtth ROkl YA AR 43

ol-gsto] FAFE A ¥, FAv]HI Hemocytometer
= 01515}04 33 A= ZALE S AL
AMo] FF4E H7sto] 2ZE 1x10° spores/mL =7}
HES -4’“0}04 Azt AL ZAEHHL R
BAE d AE ZAF £ £t & FE5] URAA
wF7F AR BHO| SR RAEHES
2.3 B9 & XA % XE Al

HES vE AF 15 PSS 1528 Ueol CA
Agolet 71& & @RI AHEELL = Reefer A
glojuo] WA HAstict. kol AHEE CA g0y
(CA container, Maersk Co., Beijing, China)¥ CA 7|
o] g WEslel A7|sielAl 24 vralel O, A, A
QJA(NDIR) 2% ®H4]9] CO, AllA, MEMS typed] 255%
AA7E A2k dEold 2 a9l Sa(wite)d] 6=
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H20] AxE= Carvalho 5(2016)9] HHE A1
e 711 RS 712 = RDA(2018)9 E%H‘jeﬂ T
et RS AASHL, B Ak £9o FHe FHL
(SR B8 F 2999 AR AR 28
Texture analyzer(Lloyd Instrument BG/TA plus,
Ametek, Inc., Fareham, UK)9] 4 ZAL depression
limit 10 mm, test speed 2 mm/sec, trigger 0.98NO.Z
dAste] SA5t3AL, flat-tipped FES 7 5 mm
o]-g-sto] 73t

shof

]
oz

probe&

2.4.3. 7124 1¥E &Z(soluble solid content)

A2o] 7184 1P E FS Carvalho 5(2016)9] 4
< Zarsted RDA(2018)9] F-91%8 Lo whet A/4d=e] 1t
349} B} 5919 WS AAst, i) $9E %’ﬁ] o

£ 458 I 5 25919 HE2 AESto] HAE A
(PAL-1, Atago Co., LTD., Tokyo, Japan)= :@6}9&5}.

244, Mz
T59] A= RDAQ018)9] 2ol e 343t 7HF
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9] Y FE2 7|$2E Kim 5(2011)9] i< ZaLs]
Chromameter(CR-300, Minolta Co., Tokyo, Japan)&
ARE5to] Hunter value®l L(lightness), a(redness) %
b(yellowness) valueS =743}ttt Agojy 79 M
Zoli= z71gkell tidt MxHcolor difference, AE)}E ©]&
Sto] Aitstqitt.

245 SEE ¥ oy WuH

CO; sk& Kim 5(2011)& #arste] 4EZ 85 L ¥
H&7of| 1344 ol 1AIZF ARt & Yio] 44 head
spaced] 714l 1 mLE gas-tight syringe® ZZ5t GC
(GC-7890B, Agilent Technol., Wilmington, DE, USA)
£ ol-&sto] S5t ol £4 RO =E Zo] 30 m,
W7 0.32 mm9 column(HP-5, Agilent Technol.)& A}
|51, 2&+= 80T o] 542 flow rate 5 mL/min
9] HeE AR&st9Ht. A€7|2= thermal conductivity
detector(TCD)E AH&ol1l S&ES mg COz/kg/hO
= AAbste] #7151%th. ofddll WAYF2 CO, 5= 5Y
o e VAIE 25k, GC(Bruker 450-GC,
Bruker Corp., Billerica, MA, USA)E ©]-&5}lo %513
o} ogd deF BA XRACR column &= 70C9
HZ7]|2% flame ionization detector(FID)E AME-5F
I, AE2EE 250CE AAste] SA5ielH. olg# U4y
2 ul CHy/kg/ho 2 ZHAkslo] #7]31Tt.

il

2.4.6. Ruig

e P& fx1E 2 4 AHe7g A= 20
I ZHARH360% 260 % 165 mm)oll 43+4] EA5}o]
10ColA 993t AFstEA, AT F-9iok d] EHof =
Fol9] Aol wEHE FujIE AEste] JA A= HiE|
Fojto] Hl&(%)& HeErigith

2.5. &4 24

SAAEE= IBM SPSS Statistics 20(IBM Corp.,
Armonk, NY, USA) Z213-Z o]-&sto] ANOVA 42
FHstP o Bk FA HS52 Duncan's multiple
range testE °|-&5t] {A} HAL 51 H(p0.05). 7+
A= A 24L& Yot BhEY 534 SHEE O & Ae
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3. 71t ¥ 1%

31 ZFEZ4A=E

PMRsupia 8E9] 29| % &, 10T A% sl= 52t
RAAZHS] Hsh= ool wet Zfolg e ThFig.
1(A). 3FHALES CA ZHo1%} Reefer Zg oY &

AA717¢0] Ag] wet kol FA1E B 2379
o] o] Fd AJKQl 10T A% 0YARE 6YAHA|
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< T T2 2IEE ARREHE AW 42 26

oprlste] FFo] Aadshe AN Mol w2 Aos Hil

31913, Cha 5(2013)% Lee 52020} AL 37
T 4482 24T A1, 257} ol uet F57t
&80 Zastglrtal Busteint. o4y PMRsupia aE
T 23719) 54717 B 409 AL 543} CA £
T 3EFE Aot = S E AW AR &4 HJX]E
FHATt 1% g2 34 ot 3, 10T A%
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Fig. 1. Changes in fresh weight loss rate (A), firmness (B), and SSC (C) of PMRsupia melon by container type. @, Reefer
container; W, CA container. Values represent the meantSD (n=10). Data represent the meantSE of ten replicates. Some error

bars are marked by the symbols.
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StaA ME2 & AEHCUE A = A SFd4
7} Reefer 7= 2.47%, CA AHolUE 2.03%2 &
T 3% vgte s RAREC] g oY SR e % Ho}
7b 24 k7] wieel S AElold Rl vt IF
& HH) gk Aoz wriErh

32 Zk&

PMRsupia B9 A= B9 & 3 10T A%s
25t AElely FFol wEh K949l A
oE U gickFig. 1(B)). BEY| A& Wishe ¥4 oj
9 28 Todst & 9= X HEEA(Parveen 5, 2012),
PMRsupia 8&9] 19| & T A% 3 Hk Hsh= 1|
ol Fol wet tha thE A Bt Reefer H|0]
Hof| B3t W20 A= 1ol % 2391 10T AR 0
Ut 5.18NO.2 5% A A& 9.03N tiH] F 40% 77t
o] #2453 7:}5\—5}93«;(]‘?_}, CA ZHlolY+& 10T A% 0¥at
o 7.22N2.& Reefer ZHo|HET} 273319] £:37|7t &
ot A= A B3 Hold A& YEht. o] 25371
FE71 SOl 50| JPE= A= wHEw, CA 1
glojy yR9] 37| 24 21 +3717 5% PMRsupia
9] T Ao & 6&"— 0%l Ao wtEnh Kol =%
T A717r F9 A #slo|A = CA 80| = Reefer
?ﬂEﬂOME‘:} 7454 A Zo] gt 6& AOE YEEIL, A

ISR U 9YAL] AL CA ZHoJY+ 4.84N, Reefer
ZElold & 3.48NO&E IN o|4o] & AolE E3irh d
29] Ar 9l IH3] Abu-Goukh £(2019)2 HE9] A3}

© 459 gudt A= #Eo] o, &9 £7|9
FF= HFITIL 51, ol et Ak Wit £EF 5

71t F4E AFste F83 XS EAsHyloh
Wills®}F Golding(2016)2 A=9] Hae Alxy ogFrt
polygalacturonase(PG) 52 &40 93] 7184 pectin
O 7 HgE|o], o]z AZHS FBA7|IL A ZE A= 2
Aot sk S-S AAA7]7] HiEolZtal EArsHylnt
ESH Marin-Rodriguez 5(2002)2 AlZ8 £t g
9 Mg S I F AlEHoA dojuhs 7MY T3
W3l 3 ARt BYslty. PMRsupia BE2 CA ZH|
ojvet 2 % 7|eg B3l 5717 B T50] A
=1, ] B A7 5 ATt fAEE 2E 7]

L
= 59 7
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208 wotEh
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3.3 /&4 ISE &

PMRsupia BE9] 7H-8418E FHF2 Zgovd =
9] % F, 10T Ashz B T Afoli= HolX] sith
(Fig. 1(0). 7HE1PE2 HE9 4, 9% ¥ &7
el

A7 ¢ E]'_L_ BIEI tkLee &, 2020). 2
A7 B 7HEAAIFE TS Reefer ZEH oY=
9.5-10.6 °brix, CA ZE]o]Hd+= 10.2-10.6 °brix 50l
A fAEE A BeloH, Aoy FFe] uet =%
Aol A% 0dAke} A F= A 9gAtelRt 214l
Zpolg Helth % A5l A% 094, Reefer XY
O] 7MAIBE FFE % A 10.6 °brixkEH tha STt
2t 10.9 °brix2 257+ 5717k &< T50] XgPH A
o= Holw, 04zt ]6 Bl Aaste] AR7I1ZE B9t 4
F40] AAEA XT AR Helth ol UPHoE 5

< WEY AAY ] & A9 WES FEoHA H

W #5717 st 4‘375101 FEU/d= AR F571%

o] oA AU AEAoll &4lo] WAsH= Ao -2t
ot ME2S 89 &5t Ad Tl e AloE
oect W22 climacteric Y& GOoZ A3k 4= Q)
= A8ES & 0]'3’— WA ot A&7t FolA|HA] o]
AHEET, ol 2& S7HE QIS T tiAfel 7]RlIgtt
Bt Ahmed, 2009). & Ao A% Reefer 71E|O]
Yz 553t PMRsupza HWED 23717 &S XIPH T
OF Qs % F AR7IE 53¢ J—]‘%‘EM M=
Sfol AT Ao = wetHr B, CA HH]O|UE %
SRS AN E TR 57 9 AR Bt
FEoHA |AE Y=, ol CA AgolY Wi 37 &
o] W29l 558 A5} —6'—4?—0 AAANZ Ao 5
/= AFEoE AMEH CA 2L /87182 94T

7FsAlo] 9tt= B (Shellie and L

S,
34 ME

AR PNEOR B B 44 B F Suse
Bipol WalE Uy E43 AmAYlE Ao Feid Unt
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(Obando &, 2008). @& 59| AMx H3loA Lzt
(dark-light)> 5717t 2 A4717t &<t AEoH o w
2t Fo3F A Fol7t Qlglem, CA HHoU=R 5%
HEZ9| [gko] Reefer ZEo|HET =4 |2 = A thFig.
2(A)). agk(green-red) F Aoy 7+ 242l Z}ol=
= Aoz Yehtod(Fig. 2(B)), bk(blue-yellow)<
& F 10C A% 382AA= 79421 Afol= JAUARE,

6YAHEE CA AHolU7}l 24 $A=thFig. 2(C)).
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& S A%717ko] ZAaste] wet Reefer HHOIHE
glo] BHA FAIE 1L, Mol FA|H= Ao & UE
H Ao A L2 5 A 68.110]131, &
9] 9YX}ol+= Reefer ZAE|O|L7} 65.32,
7} 67.292 Reefer ﬂaloldﬁt} A vt
CafkE 5 A -7.45%000 5 A9l A 0ol
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Fig. 2. Changes in Hunter L value (A), a value (B), and b value (C), and color difference (D) of PMRsupia melon by container
type. @, Reefer container; ¥, CA container. Values represent the meantSD (n=10). Data represent the meanzSE of ten

replicates. Some error bars are marked by the symbols.
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02 991x= gI9iAut, Reefer AHO|HE $£435 AE
$9] H4jo] 55717 5 o oln FOF vebtet.
bake 4% 7 27,3001 93 4% F ARFRA 9o
£ Reefer ZIE|0|Y7} 25.32, CA ZAHo]Y7} 26.76°02
CA ZE|o]7} Reefer AEo|HET =4 fA5= AL
2 Hol FMG §A5He 7|7ko] 7] Ao Wk HA
) Woke Jehhs A3 AERY B9, 2% F AR
o] Aol wel Z7}etgloH(Fig. 2(D)), CA AH ol
% T A 9UX9 AEFE 0.86°.2 Reefer AH0|1
H"% 1,1-01—1;]. ] E4 ;\_11 =] Q}L u]—z% o= ;qzl—7] 7}0] z
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$5% e 2F, ogdl T 2579 #5710
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Fig. 3. Changes in respiration rate (A) and ethylene production (B) of PMRsupia melon by container type. @, Reefer container;
WV, CA container. Values represent the meantSD (n=5). Data represent the meanzSE of five replicates. Some error bars are

marked by the symbols.
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= AaAA A%t A, 78T E AT Ah s E = 4 40%, 30%, 9¥AOl= Reefer oY= A F
2o JFE UH A=fA] adHolEta Siie WSt CA HHoUE 75% FH{sIRAI, i S

(Aguayo 5, 2007). Reefer 2Agloo] #]8 a4 Lebgeh. Reefer 21do]
VoSl il B4L T BeH, BA o] W, BF
. sapg 59] 55 348 A2 W 5t F4o] B RoE

““§4 QT i I5-2 A717to] Aol wet £ eIt Lim 5201002 Fufe} TAd o] I 2:9)
Yo} E27 5 F& Aot Aol Uehdth(lee 5, 2020). O STt =2 u) vBES ol 419 HEA Fufsl=
CA ZHo|H9] 7] 240l 5717 2 A7t 5 We AOoE HISIGom, o] & A4 AFoIHE 5%
o] Fuff Ao nX|= AHE 5] sl WEAIA F TUE® Z3KFig. 4)° ot Reefer ZIHOIHY] A H=
Rol= Penicillium oxalicum EAIENE HESH At 7} CA ZHolyRt} &=9IE Q91 Bujjl& xjolof I
o2 mEh E35F Portela®t Cantwell(1998)2

FEHA G2 HEL gieE RHE&s AT WA

(Table 1). WA FEoHA] G2 2= 5 T AF  dut 3700 AFE 922 Rz s AF4 &40 A
9YA}o| Reefer ZAH|OIUH= 20%, CA oY= 5%2] F E}I’_ H 54917, Madrid®} Cantwell(1993)< 15% CO;
&S et A5t d2AE o5 & A 394 202 Rujg 1&0) WIREYE AT S Sof S22 Axf

FE Rz} 2AYst7] AJZbekol=t, Reefer 7oL} o a}Ho]Qtty Hslgy| o] B oL Ao}l &
CA FHlolY 2% 10%2] Fof&S YeEPHAA T 62t AFsFSiet.

>

Table 1. Changes in decay rate of PMRsupia melons by spoilage inoculation treatment and container type

Treatment Storage time (day)
Initial 2w+0 2w+3 2w+6 2w+9
Decay rate Non- Reefer 0.00£0.00"" 0.00£0.00" 0.00£0.00® 0.00£0.00" 20.00+0.40%
(%) inoculated . b " ) 5
CA 0.000.00" 0.00£0.00" 0.00£0.00 0.00£0.00" 5.00£0.40%
Inoculated Reefer 0.00£0.00% 0.00£0.00% 10.00£0.49"° 40.00£0.80" 100.00£0.00"
CA 0.00£0.00" 0.00£0.00" 10.00£0.80*° 30.00£0.75%° 75.00£0.63%

"Mean+SD (n=40) with the same uppercase letter vertically and the same lowercase letter horizontally for each parameter do not differ significantly
(p€0.5). Statistical analysis of vertical data was performed separately for non-inoculated and inoculated treatments.

16
—@— Reefer 120 -
. —w— CA —@— Reefer
10| v-CA
12 =
o < 100
< z
2 10r 5
] 5 90 -
2 8 )
£ 2
£ ]
= 3 80
6 &
al 70+
\ \ . L . \ | . . . . . 60 . . . . . \ . . . . . .
Initial 2d  4d  6d 84 10d 12d 14d 2w+0d 2w+3d 2w+6d 2w+9d Initial  2d  4d  6d 8 10d 12d 14d 2w+0d 2w+3d 2w+6d 2w+9d
Distribution time (day) Distribution time (day)

Fig. 4. Temperature (A) and relative humidity (B) during export and storage by CA and Reefer container. Data were collected using
a data logger inside the box.
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O
S
L
.,
o,
<
15
fol
|
i
-
o,
_O|L

A7l 25579 Kol 5] i & pEtiid= AA
oflxe] wHf 27l 10Tl AFstHA BAF A4E, 7t
44 198 Y, AR, Ak, 35E, gl T 2
Fig 52 AR E3 CA g0y 4ol |
2o\ N WS = Penicillium oxalicum 9 9A 1=
T85t7] Yol ZAAEHES FEoto] B g aHE £
Aottt WAS HAasS %5 25 T 0, 3, 68 A=
BAARCE [t Rol= HolA] kAT, 9YUR}] CA
"oy A2l+e] SFa4a7E AUt BEw Reefer
gloju] A2t} ol =% A% 5.18NC&E F45HA Wot
Rom 5717t &< CA HH oY A=+ B=7t =4
FAEAS. 7MY 1P E A2 Reefer ZEOIY A7
FollA o] 4% H 2Rl 04A}] 10.9 °brix® CA FH]
Y AtEoh 4 Uit & o] SR B HESH Fast
AT, CA FEloly A4 B9 % 4 A7 5
& WHgke Itk B9 A #ist A g YEl= AE=
Reefer ZEo]q A7t 5 & AR7|7to] Aojds
Z7F6kdal, CA g ol A= Reefer E[H A
TFHEO 2A FAEJS. Ruje nlES HESHA] &2
Al A 2JTto| 4] Reefer ZAEIU = 20%, CA ZH U
Ae 5% A= Fufzh sk, rlEs HETT Al A
2]qLo] A= Reefer ZH°]H= 100%, CA ZH oAM=
75% A= Fuj7t DSl wetd WE2 8% CA
AEo|HE 55t §6 Ee= A5 o] F4 2D A
THAe] mapAolzt wetE
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