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Freshness of ‘Fuji’ Apples Packed MA Film Treated with
Acid and Anti-fogging Agents

Hyung-Woo Park® and Na-Hee Ryu

Korea Food Research Institute

Abstract This study investigated the effect of functional MA films (FMA) masterbatched by zeolite powder treated with
1 N HCl solution and anti-fogging agent (CA) on the freshness extension of ‘Fuji’ Apples. Preference, weight loss, total
ascorbic acid, sugar content, acidity, change of gas composition in package were evaluated during storage at 15°C. After
150 days of storage, the weight loss of LLDPE film (control, L) apples was 0.4%, and that of apple in FMA film (CA)
was 1.1%. Total ascorbic acid content of apples in control after 150 days was 2.09 mg%, and those of apple in FMA film
was 2.94 mg%. The titratable acidity of apple in FMA film was higher than that in control, while soluble solids content
of packages was lower than that in control after 150 days. Ethylene gas adsorbability in control package was 192.2 ppm
and those in FMA film was 165.6 ppm. Overall, apples in FMA film was better than that of control. It was verified that
apples packed with LLDPE film(control) lasted about 130 days, while those with FMA film lasted about 170 days. Also,
FMA film treated with anti-fogging agent achieved no significant effect on freshness extension compared to non-treated
film, but quality of ‘Fuji’ Apples was improved by anti-fogging agent when compared to that of non-treatedanti-fogging
agent.

Keywords Modified atmosphere (MA), Anti-fogging, Fuji, Apple, LLDPE

M

i

11 27 sgste] @7|EskE shv A% st

dified atmosphere) ¥7g7]& & (Mostofi, Y. et al, 2008),
Zr5%] 2] (Chung, H.S9} Chol, J.U, 1999) 2 G542, W

wesm) 20y 282 9% T4 A0 B9 A

I

Od 69 FET A2 FTlIE Hn F
! Z 3

W B BUL M Yok e 4% F D
WL A B AFALe] YIS 9
B Be A7E0] BLANE oPske WS AT

—

A

A AF=E Y212 (Echeverria, G
et al, 2004) A &A1 (Parvathy, S. ef al, 2003), MA(mo-

*Corresponding Author : Hyung-Woo Park

Korea Food Research Institute, 1201-62, Anyangpangyo-ro, Bun-
dang-gu, Seongnam-si, Gyeonggi-do, 463-746, Korea

Tel : +82-31-780-9147, Fax : +82-31-780-9144

E-mail : hwpark@kfri.re kr

T(B.S. Kim &, 1999)7} &&s] &= Qlth. MAXS
WS o] AEgALR lste] WAEE 7hel] oJa 2
ARl 7kaz/do] WetEg AJE|tjabrt zls)gel wat
2EErt AEHH 0 ZHEY. 1 fele W, 3, 3L
2hek, 2, AR AL 5ol FUHHQl V)5S Foigh
7154 A2l a3t A7 Ath(Dae-Sung Chungst
YounSuk Lee, 2009). Lau (1983)= AFRJESE CO, &%
7 0, Tl weh AFEZ mXe FF AR vk 9l
o} F3 Kitamura 5(1980)°] Al 5 old#ll AJaksf
of Fale] ZARE A3t 27] 23Y FULS 4ppmoll 3L
iRkt 0.3~0.5 ppm® 35 thal k. Knee 5(1981)
2 Aol 2 E odalS AATe RN Akl
ke =Y Jva ok wepA qEdris seE A

N



=02 1 = L
WRle] dvp FHduiRe] odd s HasAA old
dl e oAD S Zloltt 2y o el A=)

i xmﬂ
71E M

E'_ ol
£ Jdgoz 3 A=

gde] AMes 7 30 um
o] LLDPEZE X475 X7 L(control)o]g} 3193, IN
HCIE-9 o2 gt Al &elo|E A= KAkt & 7]
FE-SEATE 3 TATE CAE ST R ERTH(CA)

3}
o] AAET A vt 2

1) MgAoE 143

AgelolEE A% THE tITlel Bateld AR
A AlgEo|EE ARSI AR el E %‘*) 100 kg
Jaw crusher (model 59892, Bico)® &3+ % Roll crus-
ter (Denver model 04-177574-001-DZ F21vksle] 105°C
oM Az F AE A 150 mesh o|ste] L AR}
oj7]el 1N HCl o= 100°CA 117 5t Hze
AEE HIMSE F3A1A 7Hsisith

2) OIAESA|

7 Alggte]E #E3} LLDPE resin (Linear Low
Density Polyethylene, Grade No. 3120. ¥Fs}she 7:3%
ZH| 2 o] 2824 mixing rollo] 23 150°C, 6 min, air
pressure 7kg/lem?] A0 353 E5te & o
ddste] liHRAE THERT

3) REMM
ol 71ag Al ol E Be] &9
£ S99 5%/ F== LLDPE resin&

ol A ke 2
F7IE EYAA
©]& inflation éﬁ%‘%ﬂ A13}3-452138]A}, Model SE-70)
o ¥ 170°CE F=& 7hedted Azt olw ] E=1
2 die 2% 170°C, die 27 200 mm, rotating speed 450
rpm, BF F2 30 cm, F71 30 ume] FE-S YA
4) £ B2 3HYHN A2
% %“’ﬂl-:— EAA We] F4o] & Holxg 3
&= @Al A7IA SFAAIAN (AC 2000,
WS AT S E o] &dt] TR SEFIA (AR

A=

2, wreh) Hzlgo), S AAE R 2% A7)

Bt (Water vapor permeability) 57
2 KS A 10139 F8}o] 1 5(1989)2]

a o
WHog 45tk KS A 101332 8~30 meshe] 7
TESHEES T ¥ 548 958 g2 s g
o} sebd &9 gdor WEd § AE FHetL T
Aol 2407 A F FAE 34, 2 AR 28
FEAEs ALtsth

F2AFEL 25 40°CE DA FAs] sk <l
FHlOTHE ARSslslon, §= FA1E fleiX= deccicator
ol KNO; 23195 9o 5%7F 90% RHE Al shes
stk

=22 DC. 5A. 2¥ VIE ARESE] 9F 0.5 m/sec =
&S FAIBIESE ST —'T:‘/\‘: =43l dgdolEe
QAE Eol7] HYSH 33]9] HHE AEE sl FHXE YE
Wk

6) NAEDE &5
4 71T EE ASTM D-3985-81%0l 2J8) 71~%
A 71(MoConAF2] MoCon Ox-Tran, Model-100)Z
AF%%M AP} o] AXE 7Tt 5,000 co/m?24h
1 kil AF%}EE w0} 7] wiEel] £ Agel] Ab
o] 7F2EF=7E 5,000 ce/m?24h ©)de] A
A2 HeE fJal vt 2ol 83k AlgHe] ¢
22AAZ 15em)ll F7 3eme] FHE AAE £ AL
foil 2t Z& F7 80 umE t]2=Zlo] H2AA AdE <]
HAS AA ste] S cell=
o] 7k BHES Fo S ol HAH|E kit

)
n[m

e = Ee B xQ
AxR,
ELE, : 7V A% dele] A, 9 AAVESE SRS
o] X<t
A s AR A (m?)
C BAAGEES ZEolaE 20w Ao 4:4))
R, : FEPAEA]

AlgHe] g A7 15emld], 7190 A4 3 eme] T

W WonE wae 25k Holilek. mebd 251 25
HhE T S ARSI CO, 120 A9 Be
oz 235

o A I, I Ak A AY2EP)
BA, 548 st Aele] TpEELP] Aag Fols
7] 919k vhEe} B4R 0 FPAZ =] ek o] 247)



Vol. 19, No. 1 (2013) At 2! ZR2abx| A2t 7|54 MAEAO &

£ U, Ahei, Tl dFe] o) Fo Fauel
1.

Ak FfEle] 7kash o] Ao Sojzk Akke] H]
dlste] AR7E B2m R A Esje] APMHTE A
= gteo] Erjae] AEHT.

Bap7] 95k 500 mL Azt Zek==0] 0.03 mm T
E(17x50 cm, 850 bem?)S 2037} =2 AASIL oA
EekAel ¥ v Aoz FHsL 93719 910 ppm
T dEdllrkA SmLE FUTE T Mo]H Sl gas chro-
matography (Hewlett Packard, Model-5890)2 574331 t}.

2azAL Tkt P,

Detector : FID

Column : Pora pack (Stainless steel; 2 m x 3 mm)

Carrier gas : N,

Flow rate of N, : 40 mL/min

H, : 40mL/min // Air : 92 mL/min

Column temp. : 120°C

Detector temp. : 132°C

Injection size : 1 mL

2. Ara

AIHFA], Malus domestica Borkh.y= ZE 27x40 cm
=A719] film poucholl 207041 (7,000£200 g) H= Eo] d%&
gate] 2% 15°C, AUEE 67%2] 2 Friel 1508
o ARSI AR F 50, 90, 120 F 150L0] FES

w4, 2ARBIT,

3.2k
ol olw|F % Ash, FE-SEAN, wgel A, FHH
 7aEE FEdA 89 108l o8 AFAE Al

C1EZ 5, 1982)0 2 7t JEER AFPeifint. Vsee
Ll

5 1247 WaE AL gl AR, + o st gl
7§ =, ++ IEZ]—__ILDL }\PE}HO] Oi‘:_ o] 1 27H - 1
TR AHEA0] YEEEe] Falg B Aol 45742

AR, ++& A% AR St FE-gSel il
M = 2A W] 85l A g w, + 2
gl 107 A= g wf, ++ EW-Eo] 30 =

‘J_ o), +++; HE7 AEA Bolx) ¥ 53 A B

A4 % 24T AR FPPLE AAH0R Sl
Z

o Z7] kel thek ske xjolE Wlit& (%)= VERiTh

Hil

RS <SR ARDEL AIME 45

5. Vitamin C &% &%

72l Vitamin C¢] ¥IS}X]= Ranganna 5(1977)¢] %
%(2,6-Dichlorophenol indophenol method)©. 2 =43t} Al
F 100 gl wiERIAE 24 £ S 15mLE -2 F vt
&t °J“PFE]°}°4 s EElska, JEel oAl |
BRI 24 Etel 10mLE Fold] diwe] ¥ e
BEAE WA A2 AT et & 50 mL7EA] 1A e
t}. o]FdlAl 20mLE # 3k 2,6-Dichlorophenol indophe-
nolE AA3F 7+ Vitamin CZFLE 3T

= o

[-)
= = 7l(Atago, Model PR-1, Serial No.

824061)2 245 om, A= Alge] A 50mL 5

F4E 718l 9719 thAl 1% phenolphthalein £ 0.3

mLE 713l 0.1 N NaOHZ ZA3sle] AH]E %2 malic

acid® HFete] UERSITE Alckale vt Atk

AP (%) =[0.1 N NaOH ZH]Z(mL) x
AEAIEE(0.0067) x 100] / A E(g)

6.3 A

r=
H1

i
g

7. IR HZY

U] 71A2A 492 gas chromatography(GC, Hew-
lett Packard Model 5890)% ©]8-3}it}. GColl AH8-€ Z&
< Carbonsieve S-11(80/100)& F%18F Sus-ZH(ID 1/8xL
10013, & 7]+ thermal conductivity detector(TCD)
2 CO%t 0, 715 SA31%13L, Flame ionization detec-
tor (FID)Z C,H,E SAAth Z2¥ 2%+ 35°ColA 61
7F FA18 o2 32°C/min®] =2 71E3sk & 225"C°ﬂ/\1
(rr‘71- FAIANZN AL, Y (injector) ==+ 230°C, HE7] 2

= 250°C2 IAAZ] AME]oA 224 ke ]£7]._}:_

(camer gas)Z = FFH(He)yS ARSI L -FT:S 30 mL/
min® 2 AG3HA FAISFATE Gas-tight 4171 (Hamilton
100IN PT.5)E o]&sle] zt XA BN AFHT F715
200 pB GColl FY3H T °|ZHEH dL IAZrEIHS
HA HERE Yeplo] 712 4 (Andre ef al., 1977)
Cipva=

8. §HHA=

FAAZ = IBM PC 386 715 U74= SAS PC version
6.032] software AS/BAS/STAT(Stephenie, P. J 1985)E ©]
43l Duncan's multiple range tests 3T}

2y o o

_/F
2T LR AEEGTFCAR] FRFAES wd S



46 By

8

(&)
5

Table 1. Changes in the water vapor permeability of films

Packages Thickness Water vapor permeability
(mm) (g/m?24h-atm)
L 30 13.3°
cA 30 48.3°

Thickness of films was 30 um

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film masterbatched by zeolite powder treated with
I N HCI solution and added anti-fogging agent

DAIl data are mean value of triplicate

IValues followed by the same letter are not significantly differ-
ent at the 5% level.
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Table 2. Changes in the gas transmission rate of film

) Gas transmission rate
Packages Thickness (cc/m>-24h-atm)
(mm)
0, Co,
L 30 6,400* 15,8722
CA 30 16,097° 36,242°

Thickness of films was 30 um

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film added anti-fogging agent to “C”

DAll data are mean value of triplicate

IValues followed by the same letter are not significantly differ-
ent at the 5% level.
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Fig. 1. Comparison of ethylene gas adsorptivities of films.
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Table 3. Changes in the sensory score of packed Fuji apple during storage at 15°CY

Storage days
ITEM Packages —
Initial 90 120 150
. L -b ++ +++
Spoilage
CA - - + ++
L - - + e
Off flavour
CA - - - +
. L - + ++ -+
Dew condensation
CA - - — R
L - - - ++
Mold
CA - _ _ T+
. L - - ++ -+
Total acceptability
CA - - + ++

9 Very small change/1 pack, +: Small change/1 pack, ++: Unvalued apple as, commodity; 1~2 EA/1 pack, +++: Very unvalued apple

as a commodity; 4~5 EA/1 pack
DThickness of films was 30 pm
L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film masterbatched by zeolite powder treated with 1 N HCI solution and added anti-fogging agent
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Table 4. Changes in the weight of packed Fuji apple during

storage at 15°C¥ (unit: %)
Storage days
Packages —
Initial 50 90 120 150
L 100* ]99.725%*| 99.590* | 99.589% | 99.587%
CA 100* | 99.553%| 99.463% | 99.273" | 98.976"

YThickness of films was 30 um

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film masterbatched by zeolite powder treated with
1 N HCI solution and added anti-fogging agent

DAll data are mean value of triplicate

IValues followed by the same letter are not significantly differ-
ent at the 5% level.
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Table 5. Changes in the total ascorbic acid of packed Fuji apple
during storage at 15°C¥ (unit: mg/100g F.W.)
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Table 7. Changes in the titratable acid of packed Fuji apple du-
ring storage at 15°C¥ (unit: g malic acid/100g, F.W.)

Storage days Storage days
Packages — Packages —
Initial 50 90 120 150 Initial 50 90 120 150
L 5.24% | 3.14% | 2.15% | 2.73b 2.09¢ L? 0.39* | 0.8 | 0.25¢ 0.20¢ | 0.15¢
CA 524* | 3.66® | 1.67° | 2.11¢ 2.942 CA 0.39* | 031% | 036> | 029 | 0.21°

YThickness of films was 30 um

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film masterbatched by zeolite powder treated with
I N HCI solution and added anti-fogging agent

DAIl data are mean value of triplicate

DValues followed by the same letter are not significantly differ-
ent at the 5% level.

Table 6. Changes in the soluble solid content of packed Fuji
apple during storage at 15°C¥ (unit: °Brix, F.W.)

IThickness of films was 30 um

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film masterbatched by zeolite powder treated with
I N HCI solution and added anti-fogging agent

DAll data are mean value of triplicate

DValues followed by the same letter are not significantly differ-
ent at the 5% level.

Table 8. Changes in C,H, O, and CO, concentration within mo-
dified atmosphere packages of apple during storage at 15°C®

Storage days
Packages —
Initial 50 90 120 150
L? 13.99 | 13.0° | 151 | 14.7° | 14.3°
CA 13.9% 13.1¢ 13.74 13.6° 13.7¢

IThickness of films was 30um

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film masterbatched by zeolite powder treated with
I N HCI solution and added anti-fogging agent

DAll data are mean value of triplicate

IValues followed by the same letter are not significantly differ-
ent at the 5% level.
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off A7t Akzke] AERIsht ZElo] Atial ). o)de]
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Gas Packages Storage days

10 50 90 | 120 | 150
C,H, L 74.9%| 95.7* | 130.1* | 161.1*| 192.2°
(ppm) CA 71.2% | 84.0* | 119.7%% 139.5¢ | 165.6"
0, L 18.7 | 15.9°[ 14.5% | 12.7° | 10.1
(%) CA 19.6* | 18.1* | 17.8* | 13.9% | 12.5
Co, L 12 | 3.8 | 49° | 58 | 8.1°
(%) CA 128 | 2.9% | 4.0° | 42¢ | 7.1°

IThickness of films was 30 pm

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film masterbatched by zeolite powder treated with
1 N HCI solution and added anti-fogging agent

DAIl data are mean value of triplicate

DValues followed by the same letter are not significantly differ-
ent at the 5% level.
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