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Abstract

We have studied the technology to extend the storage period of ‘Seolhyang’ strawberries using modified atmosphere
package (MAP) and ethyl pyruvate (EP) treatment for domestic distribution and export. The selected ripe strawberries
harvested on December 28, 2016 at the Sancheong farmhouse were transported to the laboratory for 2 h and tested.
After a day’s precooling at 4C, the strawberries were divided into seven experimental groups. These groups were
control, active MAP using low density polyethylene (LDPE), active MAP using polyamide (PA), active MAP using
PA with EP treatment, passive MAP using LDPE, passive MAP using PA and passive MAP using PA with EP
treatment. Quality analysis was carried out every 4 days during the storage period of 16 days. During the storage
period of 16 days, MAP decreased from 3.5% to less than 1.1% in weight loss ratio compared with control, and
decreased from 36% to less than 7% in fungal incidence. In the case of fungi in the EP treatment group, hyphae
did not grow on the outside of the strawberry but grew to the inside. This tendency was similar to that in the
low oxygen and high carbon dioxide environment of the MAP, the mycelium of the fungus did not grow outside
of the strawberry. Fungi are the biggest problem in the distribution and export of strawberries, and these results
suggest that MAP alone could inhibit mold and increase shelf life.
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Fig. 1. Pre~cooled strawberries at 4'C (A) and strawberries stored
in seven ways (B) such as the control, active MAP using LDPE,
active MAP using PA, active MAP using PA with EP treatment,
passive MAP using LDPE, passive MAP using PA and passive
MAP using PA with EP treatment.



Effects of MAP and vaporized EP treatment for the shelf life of ‘Seolhyang’ strawberries 353

Hk2o A A @A =8 (7), v W] 71AZ2d el tigh
AFo] glojA, B A PA ZES o] &3 A9
MAPS} o]2{gt MAP U]l EP 5325 & 45 vlu
sto] Fgo] A4S UL dAE F A=A vlastith
EPA2l9] 4§ 87| 2 kg &892 VNS 2 IS
20 L air) W5l 9]¢ *.:l-?é% Elsroll EP 4 mLE AP |2
U’“*lﬁ/ﬂ AAH o2 FUSIE= ATt o] e A
2] -2 Bozkurt 5(7)S] ATAZ oA FFo] A TRt
A= 192 UL/L air$} F-AFEF 200 UL/L air fr%‘—o] t}h 274
Z1A T =5 HIA]7]A] Y= passive MA B2 active MA
Hro} 2ol FARH AF27|5E FFolE dA =
o]t} Active MA S} H] 1 3}o] passive MA©| A 2] o]
WA E o] 2jo| S H|walA} LDPES PA D E0 8 ¥%
slo] AH8I] T, passive MASHE 4] EPAE] S B3 2%
o] A gHo| o7t JEAE FUstuAl FHHTh
passive MAS| %7| 7|A| 232 ti7]19] 7131227 <) 2093%
0,, 0.03% COy, 78.1% Ny, 0.94% Aro|H, 27|17t 5 w7
o] T&o 93l 2tA FEIF FA 5D, o AtetEA Tt
S7htES skt
SEETIE =2 Ak ot 8719 A5 il A
= oA @od BEe] VAFTSES) B9 S5EEE
w7 bR Es A Ul - *Mﬂ ”HL ?‘%71*
s "tk 53 71AFH=r) @
ol#] gt ﬂzﬂizﬁ% 7)E 93%94

ﬂl

O

Viax  Co
(K +c¢C,) )
R, = 2719 Adin g, v, & ARS8 2
e FFNT W 2S5 Uk A TEEE K, &
Michaelis-Menten <=, Co= AhFro|t) dukd o7
MAP 7o) 4ka: S A fAshe Ho] BA]
H 2 AT 5% IS fRsHe Blo] Fxolmz
Cp,=5% A9 2% o] ZFEHEE 7} =, 27]
M kgs AT 79 Abh 25282 A% F3l vl s

A,

D5 HFel A= A5 71AAE-L Graham’s lawS
vigto g -8 =318t 315(18)3} Fick’s first laws H}E

o5
O 3 B8 A AN GBS o) 4o et

Ahol(’ +e Afi,/m

as (Cl M ) Cy T ) ( C

gas utside

Jas]nazde ) (B)

Jpus e 714 ]ﬁ-golfﬂ cl, Czt“ v 3, Ay

- T A= B8 2H
| T B, i Ogasme% MAP £} 51
o]u} A L5 VNAFIHEE v §- e
e xwu =g 2He T*l

2o

2, AU A, & A D) 35 M 4G
£ AhavF R, 3 RS 2

T Utk
A}l()]ﬁ = C, X A[[kg] X RCO [m9002/k9 h} (F)
5% 0: Sllle] s Y
74
%%

ARk (A9 vlEAE B3l 2 gyt
:;9} H]eﬂ ¢ Al ) el g
O 0]

=

l-fO
=
N
PN
F_\i

u} skt B A EU}Eé %
73_% H = o ddAos 73 @l
=91 20 mgCO,/kg h< 7|Fo2

mﬁ HU e JZiAQ



354

Slof That o] Apd] Bag pre) A A
.

110 X 4kg < 2
6110 Wkg 0 — 789 [1im] (G)

APA o 2= A5 7mme 7S HFeA L, ALt
HEG e TS s ong, MAPW -9 7|4 24 &
ek 2-5% Oy0A < skE Zlolgt o datsitt

A 747138t MAPW -] 713 20 & Frel-§ 7F2=AllA
(CheckPoint, 0-100% O,/CO,, relative accuracy 3%, resolution
0.1%, Dansensor, Ringsted, Denmark) & ©]-&3}o] 1€74
oz ZAsier, W 2uES FAEFEAA
(EK-H4+SHT75, -40-125C, 0-100%, temperature accuracy
0.3C, humidity accuracy 1.8%, Sensirion, Staefa, Switzerland)
o} A L= AIA(TR-73U, 750 to 1,100 hPa, 0-50C,
10-95%RH, T&D, Nagano, Japan)E ©|-&3lo] 10%7H2 S
= S5t

dzs Y BuE, 3F0| 24
o] B A= MAP A2 zhzte] 4
2250 g ZeAE 9 9o W] S-S 543
12, 16283}l Ztzte] Sep~El o ©helo] Sk thA] 54
ato] ofge] 2o uhe} AT o] ARES A
DE T e 2] 29 AR 97 SHFE gl
Ap A7gFR1 4T AAIL SkllA S8t Tl s
z}ztol ZehE o 992 B Jlg Bl Fgolrt Ty
HE Ball AtEsto] 242kl A3 250 g9l 162l
&S FaiaE e MEs 2 YeATh

i)
B
H
o X0

v

3

}

o o o
N

rot
—z

Weight loss rate(%)={(W:—W>)/Wi} x 100
W=A% A T, W=AZ & 5

Operon, Gimpo, Korea)oll €2l FAH 275 ¥52H7]
(CM1520, Leica, Wetzlar, Germany)Z ©]-&38}o] 20 pm 7]
o] AlHE AZelar dv|d(DM750, Leica, Wetzlar,
Germany) 2.2 #2355t} dv|AoA e FAA 7}
ol"l Folelx] &olataal 25T <lFH]|o]Elo|A PDA
(potato dextrose agar) WiAol 743t vjtste] 22y H
ZAFe] At Rl

ME 9 AT 24
72 43T 9E Fehag B4 ol AP E 274

971 ZF 327000 el o] FMom 2y mpeo] 4
915 A 2}A|(CR-400, Konica Minolta, Tokyo, Japan)<

A243A A3Z (2017)

©]-& Hunter L, a, b #2 38H50. 2 3 96 7 3tith
A &= W E(lightness) & WEM = L 4k, 24 E(redness) &
UER = a a3 34 S (yellowness)E VYER = b o2
UERA AT

=719 ZEE IR 2 Zbzte] ZekaE gl 1o
2 A3 2709 =7)el el MEHEke s 12 Akt H
AdHS fEste] AR FRES EHEAY
(TA-XT2 texture analyser, Stable Micro System Ltd.,
Godalming, UK)Z 743t th 5% 382 A& 3 mm
probe S A183199 2™, 0.3 mm/sec®] £EZ 5 mm7}A] €]
Ao} 4% FEF ZPote] N 992 dehieln. Axe
A7 2 5 30 AEel dal S8k

7124 182 U HIYME 2N

AT 7o) FepE oA Qlol 2 574 ¢ By
= HAste] ZEH(Whirl-pak B01248WA, Nasco, Fort
Atkinson, WI, USA)C. 2 2}353F & of tfsle] yx|d
=4 G A (RX-50000, Atago Co., Tokyo, Japan)E ©|-83}
o =5 =33la °Brix 992 e g
16719] Ee~g oA 253 1671] AZo] g8 d=
=45 skt T3 B7] 59 5 mLS F3k] 45 mLe
S50 A & A% AA7|(TitroLine 500, Si
Analytics, Mainz, Germany)E ©]-&-5}%] pH 83¢] & wj7}#]|
0.1 N NaOH &4 o2 AAaigict 2t A& TG 1671
A gol] thate] S8 HHEEE citric acid® FH1tato] et

RE BAANE AT 33 WHEoy Add Ayz
FH B A2 Jepligleon] B4R S IBM
SPSS Statistics(24, IBM Corp., Armonk, NY, USA)Z ©] &3
o] ANOVA test®} Duncan’s multiple range testS 53f| 4]
A7 oA Aol (p<0.05)E AA AT

21}

4a

&
EHolel ME S

g7]e] A7 F A% HEe MAP 2 & W59
2H5EE T 2 54 255 AXME o838k St

g% BFo] Aol $1X|3HE
ulxof ol o] $x]5}
ol MAP £91¥} $A%9 255 SAsturh
=AML A9 AEAE Ao o F e

(e} A

=
HE A% 41097} PAZ -3 MAPS|
oo} R 5% ulgk 4z AAE v|we] B,



Effects of MAP and vaporized EP treatment for the shelf life of ‘Seolhyang’ strawberries 355

A3 WH= 44T 28%, MAP EHL 2.7C 9%, MAP
FAFE 06T 25%2 S EAHFg. 2). 21 AL A%
Wie] 2557 37 Hstel =, MAP W= 1 Aap7t
halE|o) A, FAHES Wl A3 S oA] A AsE &
#7F . Fig. 2Bel] M FEFIEr dH o =
& PA 55 ©]&3 MAPS] 7 4-102719] 57t

A 7 f

Temperature (°C)
=

control == =MAPIDPE ----- MAP PA

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Period (day)

(B

R
g

Relative humidity (%)
-3
o

55 | control == =MAPLDPE — — MAPPA

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Period (day)

© ’

Temperature (°C)
(&) W = w

-

¢ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
period (day)

(D) 10 =
os |

90
85 [
so |
7s HI'|

70 F
65

Rerative humidity (%)

60 I

55

50

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Period (day)
Fig. 2. Temperature and humidity at the upper part of the MAP
measured with wireless sensors (A and B), and the temperature and
humidity at the center measured by wire sensors (C and D).
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using PA (B), active MAP using PA with EP treatment (C), passive MAP using LDPE (D), passive MAP using PA (E) and passive MAP
using PA with EP treatment (F). and PA (B/E) film, and active/passive MAP using PA with EP treatment (C/F). The straight line means
oxygen concentration, and the dotted line means carbon dioxide concentration.

MAP XZEo| g Foig % d=Z8 g

G719] Fof&e 247 75 8UAl L1%A 12
2toll 12%, 169240l 36% = SAsA S7Fsta o, 23
ol7} TRl B7lol| Foprte FElE UEFHTHFig. 5A).
SIA| T, MAPS} EPA 2] 3 MAPS] 7% 9| 5-2 VRt AL
A glo] Mo Wt X Fe| o] Fulj 7t e
(Fig. 5B), 52497 & o]&3te] L YHF-E 20 im FAH =
st AlHl el dn7 BEA] FA} Al HFaA

ol =

it

5
Hj x| o] w3t A3} Fig. SD9 22 ¥AS FA s
tzToll A LA Fgo| S BAelIS W Fig 5D 2

EAPE AFE R ew, o]t A} e AL FFolH Y
Q1 Borrytis cinerea?l 7 2.2 1% TH21). B cinerea
o] A% -2-5C, pH 2-8, 0, 1% ©]FollA =2k = dttn
st Rh21), =714 mA=e]7] wiEel 0, 5% olsh,
CO15%°1°39] MAP $Holl M= 87] 29 dAL 474
o] AAE 1 WHZRE A&t o= AZtET) EP A2 9
Aoz B7] Wi #AF S dAsA = Reem,
MAP 71A 2732} EPAH |7} T3 =&d wAke] 44
< Al 2 d5S g3

A FFo| & sk e st Mol Axa(),Al
WA= A FFo|Ho] d9E & Uvke AF+2 37}



Effects of MAP and vaporized EP treatment for the shelf life of ‘Seolhyang’ strawberries 357

(A)

Fig. 5. Fungal growth patterns of low- temperature stored strawberries (A) and MA-packaged strawberries (B), and microscopic images
of an inner specimen cut with a cryomicrotome (C) and cultured spores (D) from infected strawberry during MAP storage.

(A)

Fig. 6. Fungal growth due to handprint of strawberry surface during MAP storage using LEPE film (A), and the microscopic image
of a specimen inside a handprint cut with a cryomicrotome (B).
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Fig. 7. The weight loss rate (A) and mold loss rate (B) for each
experimental group.

The bar graph means the mean value and the error bar means the standard deviation.
When the alphabetic capital letters in graph A are different, it means that there is
a meaningful difference according to the kind of storage in the same storage day, and
lower case letters are displayed differently when there is a difference in storage period
within the same storage method. The determination of the difference was calculated
by Duncan’s multiple range test of significance level 0.05.
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Fig. 8. Changes of lightness (A), redness (B) and yellowness (C) of
strawberries by storage methods.

The bar graph means the mean value and the error bar means the standard deviation.
When the alphabetic capital letters in each graph are different, it means that there
is a meaningful difference according to the kind of storage in the same storage day,
and lower case letters are displayed differently when there is a difference in storage
period within the same storage method. The determination of the difference was calculated
by Duncan’s multiple range test of significance level 0.05.
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Fig. 9. Variation of firmness of strawberry according to storage
period by storage method.

The bar graph means the mean value and the error bar means the standard deviation.
When the alphabetic capital letters in each graph are different, it means that there
is a meaningful difference according to the kind of storage in the same storage day,
and lower case letters are displayed differently when there is a difference in storage
period within the same storage method. The determination of the difference was calculated
by Duncan’s multiple range test of significance level 0.05.
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Fig. 10. Changes in soluble solids content (A) and titratable acidity
(B) of strawberry during storage by storage method.

The bar graph means the mean value and the error bar means the standard deviation.
When the alphabetic capital letters in each graph are different, it means that there
is a meaningful difference according to the kind of storage in the same storage day,
and lower case letters are displayed differently when there is a difference in storage
period within the same storage method. The determination of the difference was calculated
by Duncan’s multiple range test of significance level 0.05.
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