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Abstract. Effect of 6kg large unit with the carton box (20% open ratio) and MA box (10,000cc-m™-day™-atm™ oxygen
transmission rates modified atmosphere package), and the 100g small unit with MA film on asparagus sensory quality
were evaluated. The CO, concentration depended largely on the packing unit and maintained at around 3% in small MA
packages, whereas in the MA box increased to 12%. Ethylene concentration rapidly increased until after 3 days of
storage in MA packages and then decreased to maintain 54L-L"". Unrelated to the unit size, the lower weight loss was
obtained in MA packages. A significant difference in visual quality was shown since the 15th day, the best and worst
were the MA box and small MA package on the finish day. Off-odor was the highest in small MA packages and the
lowest in the carton box (< 3.0). Although there was no significant difference in firmness among all treatments, the
packages showed the highest firmness in tips and stems, respectively. The sugar content and hue angle decreased during
storage, but there was no statistical difference in all treatments. EL was lowest and highest in small MA package and
carton box, respectively. On the 10th day, the total aerobic bacteria was lowest in small MA packages, but no significant
difference on the 20th day. E. coli was not found in all treatments on the 10th day, while it was the lowest in the MA box
on the 20th day. The mold and yeast were not observed during the whole storage. Based on the above results, the carton
box packaged with 10,000cc OTR film was more effective in maintaining the quality of green asparagus with the suitable
CO, concentration for asparagus cold storage.

Additional key words : aerobic bacteria, firmness, modified atmosphere, shelf-life

N B w11 2l=Hl(Kang -5, 2018), o] 3t -4 e85
OFAMEIAL] 28 3.5 W FARE|| o5 Bt X -5 2
oA FAsSF L& t A8 Zaj& 4= 9JtkYoon 5, 2016b).
geo] &2 o]l 225 o8 8l= oAl fA N = H| T g

~53(non-c11macterlc) ZrFo]LZhang 5, 2012), 355 ]

2173 g BAlo] Z71ato] ufek of AwtebA A dsparagus
officinalis 1.) Q] 8|7} 2715} QJtKSeong 5, 2012). =+
Yol ofsmtebAse] T Al XS 20161 oF

1S

E

55.4ha® 3= %] 11(Rural Development Administration,
2019), 2019 Ao = 84.5ha7}7] Z7}5sic}. &l opxutal
Aok SO $5 L Tl 919 BTRES A}

ToETm=E
EAE| AL 9l o =F Alofl= 6kg 1t

3 Al E 0l 45

*Corresponding author: hominkang@kangwon.ac.kr
Received March 09, 2020; Revised April 29, 2020;
Accepted May 22, 2020

AI

A=

b N
oo

AlMofl- K29 |35 20201

-9 327] wiizol] 7|7k Ago] of#E 2Ha R U A qlrk
(Kader, 2002). wja}A] -2 ¢+1of| 4 CA(controlled atmosp-
here) Z=ZA1HLee, 1981), MA(modified atmosphere) W
(Baxter®} Waters, 1991; Gariepy 5, 1991), 1217 119t A
ZH(high hydrostatic pressure storage) -2 A Lhek(Yi
5, 2016). ©] T MA A& A2 vl-g-o] g5kl -5 4
ol 4§ 517] 41985 of kel 0] E4E §A5] 913

_Q_
2= T

239



7 kAo AAF U o 2 0 % Szt 283k Q)
(Kang 5, 2018). 12U ofAgle A 20 20 5.5 &
MA AgollA] E4 U] Ak ghego] vholA ol
2> =H|(Gariepy <, 1991; Siomos 5, 2000), S-S Ak4~
0% vlnh ol A o] 2ok o st} A 2] hlo] whaya)
7ze) 17 ) vla) A o] HolA7|E 51l
(Baxter2} Waters, 1991). 45 AFAE2 58 50| =
229 MA A219) EAIGE A4e] 1ol BEe) ks 52
S(oxygen transmission rate, OTR)2 A 7]+= 7| &2 7
915191 =1|(Blakistone, 1998; Zeng 5, 2002), Sohn
(2008)-210-15% 7+2 © & 785nm d|o| A& ZAlo] A
E)2] ok FHE9o] OTRE 5,000004 ZHh 50,000cc-m™
day!-atm™” © & 2A5H= /&S Sl o] 71ER e
6]7 OTR HE=L A} Choi 5, 2014), AJRRIA(Choi S,
2013a) 9 3+-%(Baek 5, 2013) 52 A0 & FMA #7o||
4 B8 Aol S0l 90, o skl AL 100g8)

A} A= 10,000cc-m™-day " -atm? OTR TE 3220 4]
Z4 A7 7 945k TkaL sFtH Yoon 5, 2017).

2 A ol A ofsTal A 2] 428 g =
At 2374 ol T 4°C LAY 717 5 B WSS

v w5}k7] Qfsl 3= Ak

o

82 A et

—

flo

H of

VERCTTE

1. s ¥ NME X2z

795 ool A AR Z70] ©F 1420, leme] o5k
2} 2(Asparagus officinalis L., cv ‘Wellcome’ )& FA| A
=22 ARSI PP(Polypropylene) HE5-2 o)A 2 71
&tod 10,000cc-m™-day ' -atm™ o] Ab4 EFRE-S 7= OTR
ZE(Dae Ryung Precision Packaging Industry Co., Ltd.,
Korea)2 100g 234} 6kg AFAFoll MA packaging #] 2|3}
9om, %o -85} Ql=AFA=polypropylene copolymer
A E U= A3 Danpla sheet 2] A2 2 6kg o] 73
£ 20% =% 7E RS ARSI B A2 e A
£ 85% 2 4°Col| 4] 20 A7+ A 45HgT)

=l = o =
WE-S 2 7| Ze9leh 24 1H o] Jﬁhﬁ; Akas, ILFJEI Oﬂ’%
Al 712 = A Q)4 Al A (Checkmate, PBI, Denmark) 2
7tA = 2okE J2i3)(GC-2010, Shimadzu, Japan) & AR8-5}
o 7 shoith(Park 5, 2000). of2w}ebA| 0] = SR
(0] EoEHE Sem) ot &7 (2 AT H O 2 HE 8em) =

240

Lol 2ARsIE, 1.0ms'] £E= 3.0mm 279
probe & A-8-5}0] Rheometer(Compac-100, Sun Scientific,
Tapan) 2 243191}, A GBL of AufebA L 4] 2
Zl 1.0g Y99 A4 1.0cm TA3E 0.4M mannitol
(CsH1:0) 25mlo]] 2 5}e] 3487 |(SH30, FINEPCR,
Korea) 100rpmoj| 4] 3A|7t 8-=A)A 21712 =% (Electrical
conductivity)E& EC Z=47|(Cyberscan PC 300, Eutech
instruments, Singapore) & =43+ 713} 23] 9] W2t} ol 52
HEESlo] 2431 7R W B 2 B A5}t Choi 5, 2013b).
A % Axjo] MBS ZA AT, ofAubebA s 4
7]2] Hue angle-2 A2} A|(CR-400, Konica Miolta, Japan) &
2245}t Chang ¥} Kim. 2015).

Sl B W 0|3 E] Bk 5] 4 T el
57} Z13%3} panel test 2 535} TH Choi 5, 2015). &jH &
2 AL, S e B
o RS ez, 3ole] SHS AHEA o
Aoz xgswr o131 0-50) e B om0

o] glow] 5k olF7l 23 Ae R s}k
4, Nz, 30| & 2 &3

A& 2g§ FaH(BPR-4590, Labplas, Canada) ol go} '8
5 18mlE 7181 38 E9t 23 Power, mixer, B&F
KOREA, Korea) 33, A& 0.2mlS 23 1,0008) 3145191
k. 3149 1.0mlE 242} Alet-8(AC), thd=H-8(EC), 53]
L(YM) AzxH]R] ™E(3M Microbiology products, USA) o]
25t0] URPA|RE2 35°C oA 72A1E, T2 35°C ol A]
24A|7F, T12) AL g o]i=25°Cof| A T2 A1 FujeFsk oAt vl
S A5t =747 (Petrifilm Plate Reader, 3M, USA) 2 #]
%P—’F(colony form unit: CFU)E ZAIATH Lee 5, 2009).

M
~

OHII
N

HI

5. £
AR s o R Ak wA 7, A, ol
#, Telat ol 3o A F el 825 A, Al 5%
‘jx‘:H A2 SPSS Statistics 24 program-2- AR50 3E

At} W] chgela g o s Bashrk

ni
rlo

r{N 3 o

A g

2

a

AA; - AIE-S ZARSE AL MAP A 4520.5% ©]
Sh2 7k oAEglon], BES Helsh ok okg 4Rt

Pj

it)

Protected Horticulture and Plant Factory, Vol. 29, No. 3, 2020



LA}

AL A= A 20 S 3% 0f] SEFS oL, of ATt
2 2| 72 51-8-5(Kays <} Paull, 2002)<] 8% K TH= wror
CHFig. 1). OTREE-S 243 MAP #|2|712] A5 4
oA mik= Frbdgo] oA 4(Kim 3, 2018)2] 7%
1.2% 225 v)A 32 -5oll vls OTR A2]+=0.5%, &
7)(Choi 5, 2017)%= 10-12% 74 FL3] 2] o] H|a} OTR
A2 1% o8}, L2|al PRI gol(Lee 55 2018) =
27 15% o) gt Ao v]sf OTR A 2|-H=0.4% =
AT 25 At o & qAghral B a18tStk Yoon &
(2017)-2- 10,000cc OTR HEO & FTATE opAutalr A9]
AYAF 7 aE0] 1% olsteal sFeleh 2274 U oAl 5
L= TYT S-S ARE SISOl Etskal 27 ol wh
2} A ol & B, 23 MA A 241=3% WelE
AJBFIAL 6kg BFA MAP A 2] 2| 12%7H4] F715k30
th(Fig. 1). of2mfebA 0] 2% CA2 7] oAlseha: i
7F5-12%%1 34& & o, EFMAPO A oJAlsheta: 5 5
7hE Qg FA Aok dolubA] ¢k A o & s $h,
A EATL 6kg AR} R 7S 1 2(10,000cc-m™-day ™ -atm™
OTR 5) 02 T3}l = £ U o|alsteta: 5o
Aol 5 Bl A2 A8 tiju] ofAufefA A ¢Fo] Zpo] 7}

w
w
=
co

—o—T1 ——T2 —&-T3

Weight loss (%)
Carbon dioxide concentration(%)
w o w ko

o

Wof w2 opimbaiA o] AL

L ASEARC 100g/460cc 2 0.217g/ce
sl 6kg AFA=6,0002/15,000cc 21 0.400g/cc
o) of ez ofo] 1.8 o4 go BE
Q15 A U] olAtsieks o] wskd Zos Az,
Ahn F(2001) % F-5 o A4 Qo] 4 W free-
volume®| S5 o|il8lgta Fhert A o2 Witk
stoick 32 U ol dall ‘5= MAP A5l E 7 A 2)+t 12
5 A4 45 32071 5453] 27RO, o] F 14510 4
A FEU7A SpL-L o] 5 s R15h9 o1 T 2] 6kg
AL Ao M= AEEA] $F4THFig. 1). Kader (2002)+= ©F
AstelA 2e] 59 ofdlo] gt wlghe Hgol Ak by
2 9 T} B sk oleh-fAk Zuke el
H1.9) 7% Aol 12 BAE el e ek
ol|, = a3 A2t &7 6kgHIA MA A 2|7} 7}
7 =0 th(Fig. 2). YRFA o2 o g7l of2tEol A A<,
PEawal @ AshbdS 7153k, 317 o] A §s, 714
910 7k vt 9 A7HE 3k 7| W polygalacturanase 2Hgd
712 3t A9 TAE f7]3FcHKays 2} Paull, 2004).
Lefuf ofAuepA 2 0] A o= o dillof kmE ] 249
Beprh st Aot Srbshed], A% 244175910

w
=]

——T2 —8=T3

=) w B
=] =] =]

Ethylene content [pL-L?)

=
o

o 5 10 15 20 o 5
Days after storage at 4°C

10

Days afterstorage at 4°C

o

15 20 o 5 10 15 20
Days after storage at 4°C

Fig. 1. Changes of weight loss (A), CO; (B), and C;H,4 (C) concentration in asparagus treated with three different types of packages during 20 days
of storage at 4°C(T1: 6kg Box, T2: 6kg Box + MAP, and T3: 100g + MAP). All the values are expressed at the means + SD (n=5).
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Fig. 2. Changes of tip and stem firmness in asparagus treated with three different types of packages during 20 days of storage at 4°C(T1: 6kg Box,
T2: 6kg Box + MAP, and T3: 100g + MAP). All the values are expressed at the means = SD (n=5).
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Table 1. The electrolyte leakage and tip and stem color(Hue angle) of asparagus treated with three different types of package and stored for 10 and

20days at 4°C.
Color (Hue angle)
Electrolyte |
ectro i/{f/e) eakage Tip Stem
0
10days 20days 10days 20days
6kg Box 31.7a 122.0b 1213 ab 119.0b 1183b
6kg Box + MAP 295a 1259a 1242 a 1217 a 120.5a
100g + MAP 12.1b 1202b 1174b 119.5b 118.1b
“Mean separation within columns by duncan’s multiple range test at 5% level.
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Fig. 3. Changes of visual quality and off-odor score in asparagus treated with three different types of packages during 20 days of storage at 4°C(T1:
6kg Box, T2: 6kg Box + MAP, and T3: 100g + MAP). All the values are expressed at the means + SD (n=5).
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Table 2. The population of aerobic bacteria, Escherichia coli, and yeast and mold of asparagus treated with three different types of package and stored

for 10 and 20days at 4°C.

Aerobic count (log CFU/g)

E.coli (log CFU/g) Yeast and mold (log CFU/g)

Initial 6.26+0.24"
10 days 20 days
6kg Box 6.83a 870a
6kg Box + MAP 4.00a 7.56 b
100g + MAP 2.16a 870a

10 days 20 days 10 days 20 days
- 6.50a - -
- 2.10b - -
- 7.66 a - -

“Mean separation within columns by duncan’s multiple range test at 5% level.
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