KOREAN J. FOOD SCI. TECHNOL. Vol. 36, No. 5, pp. 733~739 (2004)

B HZ MAP MEOIM I =70 ©E PE

KOREAN JOURNAL OF
o] == VAN E =41 fo) 5
I A AR
FOOD SCIENCE AND TECHNOLOGY
©The Korean Society of Food Science and Technology

vl =1
=

g5 S HE 4

o] & A*
opelata 1ol st}

Optimal Dimension of PE Film Bag According to Fruit Size in
MAP Storage of ‘Fuyu’ Persmmon Fruit

Yong-Jae Lee*
Department of Horticulture, Miryang National University

Mode for optimally dimensioned PE film bag was developed according to fruit size to maintain best quality of
‘Fuyu’ perssimmon in modified atmosphere packaging (MAP) storage based on relationship between quality and
oxygen and carbon dioxide in PE film bag. Harvested persmmons were graded into five sizes, and average
weights were LL:261, L:217, M:188, S:168, and SS:154 g. Five fruit units of each grade were optimized in five
PE film bag sizes of 150X376, 140X357, 130X344, 130X333, and 120X318 mm. To minimize quality
deterioration such as softening and discoloration, optimal oxygen and carbon dioxide concentrations in PE film
bag were 0.5-1.0 and 6.0-8.0%, respectively, and optimal thickness of PE film bag according to fruit size were
LL:45, L:50, M:55, S:60, and SS:65 pum. For all fruit sizes, model for PE film bag area (mm? was good
quadratic smple equation by fruit weight (g): Y =-4055.707 + 627.993X,— 0.701X,2 Model for optimal oxygen
and carbon dioxide (Y) concentration in PE film bag was suited to linear multiple equation by fruit weight (X,
g) and PE film thickness (X,, um). Equations for oxygen and carbon dioxide concentrations (%) were Y =5.798 —
0.0109X,—0.0491X, and Y =-2.427 + 0.01927X, + 0.09646X,, respectively.

Key words: oxygen, discoloration, PE film bag thickness, PE film bag area, modeling
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‘H-5- (Diospyros kaki cv. Fuyu) @S 119 =o] 48, 3
o dste] Az, Wk, Asht 52 Alska A=rt Hl’:f&
Ao % A7r)E Aksto] E}A SH(LL:261g, L:217g,
M:188g, S168g, SS154g) & HFact 48 PE D2
AT & 2 5A AZTFNA low dendty polyethylene
(LDPE, 41#d539G)# linear low density polyethylene(LLDPE,
{5].§]_3120)0 272 :é: 75],@1 =z O O]—ZO].__. J,]_zsgxqo] H]—H—lo
2 23 Azl Axd %XH 4L Z(150 mm, 140 mm,
130mm, 120mm)ell A (45um, 50um, 55um, 60um, 65
ums %33 20 FFAT

12 it

EEND W XME

sl 5FoE My e AP vdE IEEte] 3}
Az} B xlole] 7HAo] 1-15cm7t HEE Table 13 7o)
LLS 150mm, L& 140mm, M3} S&= 130mm, SS= 120
mme] &R F& AR 7)ol M} 5ERe FAE A&
sled 2532], A ﬂ%‘ 8EAN TAsIT AL B o 5
o S Yy P o] FEo = vEse FAHA W

o2 316, o] Wl A k2 7] Fof dut 3= AY
Aok 2 T -05+05°C A2 7Farol| A4 siHr 8543
170890 X2d 454 FAFSIH.

Table 1. Conditions of treatments

7IaEY

7ol x4E PE ZF BX 9 1A 1mLE FHste Gas
chromatography(GC-17A, Shimadzu, Jpan)= 7 skt 2

dainless ged 3.2 mmXx2meol|

A= Molecular seve 60-80

mesh, °]ABlERAE Polgpsk Q 80-100 meshE ARg-31e] thermd
conductivity detector® 712315121 injector porte}l detector port

9] 2xE 150°Co] AL ovenel

PE EE &X

Ko whk

25 80°CelSltt. Carier gas
= hdium2 AFE-3o™ flow rae= 40 mL/mine] it}

X gl free-volume

SER TR
b 3

r%‘ﬂ r°1'

J9e we 5 9 4
el geleln Zgaksl, PE
Aoz Bis el s e ) free

Z=A|(Cat. No. 166, KEZHERT, Jpan)S AHE-5}

o] il AmREel AuE A Asl ZAE) oluf g 4

2 B

). HAZ= Table 29] 71Toﬂ
sto] WS (HA DA A AR

] H o]-_& J,]-xl-
A =X 1002 HERARITH

AY A EAAEE SPSS package program ©]-&-35hed

Sizegrade Weight of afruit  Bagwidth? Bag length? Bag area Free-volumein Bag area _ Freevol_ume in
(9) (mm) (mm) (mn) bag (mL) (mm?)/g fruit  bag/g fruit (uL/g)
LL 261+10.47 150 375.6+6.6 112,680+1971 547+ 36 86.4+0.8 421+11
L 217+53 140 356.6+£7.2 99,848+ 2015 408+25 92004 376+6.4
M 188+ 45 130 3436+7.2 89,3361+1860 337+26 94.9+0.8 361+12
S 168+3.4 130 333.2+6.8 86,6321+1764 342+23 103.1+0.7 410+12
SS 154437 120 3182+43 76,3681+1029 279+14 99.3£05 361+4.1

YBag width and length are measured in two layers.
AStandard error.

Table 2. Classification of discoloration symptomsin MAP storage of ‘Fuyu’ persimmon fruits

Type Symptom Occurring portion
- Black colored
Black stain - Sunken-dot, vertical stripe, top-triangle form - Usualy from equator to top
- At the scar and the crack of epidermis
Browning
- Chocolate colored
. - Sound epidermis - Typically starts on the top (style end) and
Top flesh browning (TFB) - Affect to the flesh radially expandsto the equatoria zone
- Off-flavor
Pi . - Sunken specks -
tted specks browning (PSB) . Sound epidermis - Not specific, usudly equator
- Broad area
Flesh blotch browning (FBB) - Sound epidermis - Usually bottom to equator
- Affect to the flesh
- Ribbon-, belt-shaped . . .
Pitted blotch browning (PBB) - Damaged cuticle layer Startswith small spotson top and developsinio

- Affect only epidermal portion

ribbon shape on bottom to equator
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Table 3. Concentrations of oxygen and carbon dioxide inside PE film bag as affected by fruit weight and PE film thicknessin five-fruit

unit MAP storage of ‘Fuyu’ persmmon

85-days storage 170-days storage
Film thickness Fruit size Fruit size
Mean Mean
LL L M S SS LL L M S SS
o,
45um 0.3 1.0 45 44 49 3.0%Y 05 0.9 18 20 23 15
50 um 04 0.6 22 26 29 17 04 09 10 11 15 10
55um 0.3 0.8 16 24 16 1.3 0.3 0.6 11 10 22 10
60 um 0.2 04 0.8 09 11 0.7 0.3 0.3 0.6 15 20 10
65 um 0.2 04 05 0.7 0.7 0.5 0.3 04 04 0.7 0.6 05°
Mean 0.3%2 0.6° 19 2.2 2.2 0.4° 0.6™ 1.0 13 17
Film thickness (Ft) **%3) *rk
Fruit size (Fs) *xx *kk
(FtyX (Fs) Hhk ns?
CO,
45um 71 6.5 55 54 54 6.0° 81 6.2 54 47 54 59°
50 um 75 7.2 59 59 5.8 6.5 71 6.1 5.7 57 6.3 6.2
55 um 8.6 7.0 6.2 6.0 6.3 6.8° 82 6.3 59 5.6 5.7 6.3°
60 um 9.2 9.6 71 6.5 6.6 7.8 82 7.8 6.1 59 5.8 6.7°
65 um 9.0 11.0 8.7 74 8.0 8.7 9.0 89 7.7 6.9 7.2 79
Mean 8.3 8.2 6.7 6.3° 6.4° 8.1° 7.1° 6.2° 5.8% 6.1
Film thickness (Ft) *xx *kk
Fruit sze (Fs) *xx *kk
(Ft) X (FS) *kk *kk
YMean separations within columns by Duncan’s multiple range test at p=0.05.
IMean separations within rows by Duncan’s multiple range test at p=0.05.
ISignificant at p=0.001.
Fnsignificant.
B2HE43 Duncan's multiple range test, A 2 SIFRAS A ol MSE BFS HAT FHES A P Ko
R =g © AFEA] U ofgt AU FEIESS vAIgE 3ol 3
= oA F2 AEHdeH, 7] ARErs T U9
Zdn o Dt Ao} olsleka FEo] A 9 We Zow sNEA
(Table 7). o]#g SWE A FE7F #5L ofilsleba F&7t

BIARI T AFE 9l 2 Bt = - WLk MAP(mod-
ified atmosphere packaging) #17gol gt B2 A+(13-17)7F 7
yE| o}, B Ao W PE & BA|9 A Ar|e} F
A B EG W 7 Tl #e Are FAEY AR %
ol I AERE BA A4S Belste] o] st 5l W
Aol 71 AA B 2 A7E BA A4S TFHEA
o} ol tiEe] st g WAz Z1E FAAE Hole ¥A

W Ak} ojiksteka Fmste] WAE o8sle], o] A7
7} FolAH HF 7|4 FEI} o|FAAES PE FE B9

A 74S ZPHAT
il 5302 Aid e

A =719 2A PE ZE BAE

LS 140mm, M2} S= 130 mm,

2194454 m#S sk 3
LA o, LLS 150 mm,
SS= 120mme] A

z} 376 mm, 357 mm, 344 mm, 333mm, 318mme] EX] Zo]
7} A3t (Table 1). o]¢} Zo] A 54 QF 2k} o]

sbsleks Fhe A BX9 7] 2 PE IE BA9
o ola] gl 2AEJoH(Tdle 3), °ol& 71A= As}e} HAY
o & JFS nAE AR FAIEYTHTale 46). A3k} &
2} o] EoidE BX9 "E FAL Sk A0l
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s
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e 27X MaEe] w3t W] e o] Akiol 9
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ot 60umETh 65um PE ZE EA|oA 23]H
Aol k7t okt o|Fle] AFel o]itslgie] ¢
Fo A1Ae tslA= HEZF Hasith Browning 2%
-5z (top flesh browning, TFB), ¥Hd3& &2 (pitted
specks browning, PSB), &4+ 3572+ (flesh blotch browning,
FBB), 2% }u]7ZH (pitted blotch browning, PBB)S] 4714]
fEog Yeldth(Tdle 2, 6). ©15 zZHAS A3 AR,
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Table 4. Flesh firmness as affected by fruit weight and PE film thicknessin MAP storage of ‘Fuyu’ persimmon fr uit

Flesh firmness (kg/5 mmo)
Film thickness Fruit sze Fruitsize
Mean Mean
LL L M S SS LL L M S SS
85-days storage 170-days storage
45um 32 31 29 28 29 3.0% 27 25 23 21 22 24°
50 um 33 33 32 30 30 3.2 28 27 26 24 24 2.6°
55um 34 34 33 32 33 33 29 29 28 27 28 2.8
60 um 35 35 35 34 35 35° 31 30 30 29 30 30
65um 36 36 36 35 36 3.6° 32 32 32 31 32 322
Mean 342 34 33 3.2% 33 29 29 2.8* 2.6 2.7
Film thickness (Ft) *x%3) ok
Fruit sze (Fs) rxx *kk
(Ft)X(FS) *k* *k*%

YMean separations within columns by Duncan’s multiple range test at p=0.05.
IMean separations within rows by Duncan’s multiple range test at p=0.05.
Ixx*. Gignificant at p=0.001.

Table 5. Incidence of blackening as affected by fruit weight and PE film thicknessin MAP storage of ‘Fuyu’ persimmon fruit

Blackening (%0)
Film thickness Fruitsze Fruitsize
Mean Mean
LL L M S SS LL L M S SS
85-days storage 170-days storage
45um 0 0 20 10 0 6*Y 0 27 70 40 75 432
50 um 0 0 15 15 10 8 5 20 30 13 50 24p
55um 0 0 0 10 10 Vg 0 20 20 25 20 17>
60 um 0 0 0 5 20 5 7 0 15 0 15 7
65um 0 15 10 10 0 & 0 10 10 15 10 10°
Mean 0c? 3 g* 10? g Va 15° 29° 19~ 35°
Film thickness (Ft) ns’ *xx
Fruit size (F9) x4 *xx
(Fty < (Fs) *4) *4)

YMean separations within columns by Duncan’s multiple range test at p=0.05.
IMean separations within rows by Duncan’'s multiple range test at p=0.05.

Il nsignificant.

A%, %k, kxx: Gignificant at p=0.05, 0.01, and 0.001, respectively.

& FE7b B, ol AbslEA: wErt e A BAEe FHo] B0l BAYFE HoAE AFAE BEAuT) ol& 3
FElg A4S B ool Aol st g HuSwiz Ao 7 Frtehe H4A %% T7He 2R e B
e Hasle e oA & AR VA FEE A 05 Ae] AAo] MEA] k= Zlo] 2 YRl R A HL. o]=
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Table 6. Incidence of browning as affected by fruit weight and PE film thicknessin MAP storage of ‘Fuyu’ persmmon fruit
85-days storage 170-days storage
Film thickness Fruit sze Fruit Sze
Mean Mean
LL L M S SS LL L M S SS
Top flesh browning (%)
45um 0 0 0 0 0 oY 0 0 0 0 0 0
50 um 10 0 0 0 0 2 0 0 0 0 0 0
55 um 10 0 0 0 0 2 25 0 0 0 0 5
60 um 35 15 0 0 0 100 33 15 0 0 0 &
65 um 35 15 5 0 0 117 53 25 0 0 0 14°
Mean 182 6° 1° o (0 20° g (04 (04 o
Film thickness (Ft) *x%3) ol
Fruit sze (Fs) *kk *rk
(Ft) X (FS) * Kk *k %k
Pitted specks (%)
45um 0 0 0 0 0 0 10 0 0 0 0 yad
50 um 0 0 0 0 0 0 25 0 0 0 0 5
55um 0 0 0 0 0 0 20 0 5 0 0 5
60 um 0 0 0 0 0 0 20 20 10 0 0 10?7
65 um 0 0 0 0 0 0 7 25 0 0 0 6®
Mean 0 0 0 0 0 17 1° 3 (04 (04
Film thickness (Ft) ns’ ns
Fruit size (Fs) ns *rx
(Ft)yX (Fs) ns *3)
Flesh blotch browning (%)
45um 0 0 0 0 0 0 20 0 0 0 0 Vi
50 um 0 0 0 0 0 0 30 0 0 0 0 6°
55um 0 0 0 0 0 0 70 0 0 0 0 16°
60 um 0 0 0 0 0 0 73 15 0 15 0 18
65 um 0 0 0 0 0 0 87 55 15 5 5 312
Mean 0 0 0 0 0 53* 15 3 Vi 1°
Film thickness (Ft) ns *xx
Fruit Sze (F9) ns *rk
(Ft) X (Fs) ns rrE
PFitted blotch browning (%)
45um 0 0 0 0 5 1° 30 40 0 0 0 13°
50 um 0 30 10 0 0 8 60 25 5 0 5 20
55 um 0 0 0 0 5 1° 40 5 5 5 13 14
60 um 0 25 5 20 5 11° 53 45 30 15 15 312
65 0 70 20 0 5 19 a7 50 25 10 10 27®
Mean 0 25° * 4 4 46* 33 13 6° &
Film thickness (Ft) i *
Fruit size (Fs) *kk o
(Ft) X (Fs) i ns
YMean separations within columns by Duncan’s multiple range test at p=0.05.
IMean separations within rows by Duncan’s multiple range test a p=0.05.
3% xxx: Gignificant at p=0.05 or 0.001, respectively.
Fnsignificant.
o] FHFAE LLE 45um, L& 50um, M<E 55um, Se= PE Z& BX9 Wy 9 FAe} HHo] JoE=E olF
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Table 7. Correlations of firmness, discolorations, PE film bag area and free-volume per gram fruit and PE film thickness on gas
concentrationsin PE film bag in MAP storage of ‘Fuyu’ persimmon fruit

Correlation coefficient (r)
Discolorations 85-days after storage 170-days after storage

o, CO, o, CO,
Firmness 0.725+*% -0.632*** 0.878*** -0.736***
Blackening 0.315** -0.236* 0.562*** -0.576***
Top flesh browning -0.610*** 0.587*** -0.585*** 0.617***
Pitted specks browning - - -0.558*** 0.522***
Flesh blotch browning - - -0.720%** 0.721***
Pitted blotch browning -0.205* 0.299** -0.626*** 0.563***
PE film thickness -0.527%** 0.694*** -0.468*** 0.561***
Bag arealg fruit 0.717*** -0.614*** -0.708*** -0.648***
Free air volume/g fruit -0.301*** 0.190™ -0.318** 0.262*

Dnsk. k% k%% Ingignificant or significant at the p=0.05, 0.01 or 0.001, respectively.

Table 8. Models for prediction of bag dimension and gas concentrationsinside PE film bag in MAP storage of ‘Fuyu’ persmmon fruit

Dependent variable Equation r? MSE
Bag area (mn?) Y =-4055.707 + 627.993X,” — 0.701X 0.986 2,651,335
85 days after storage
O, concentration (%) Y =11.821-0.021X, - 0.113X,? 0.674 0.672
CO, concentration (%) Y =-4.921 + 0.01945X, + 0.151X, 0.789 0.478
170 days after storage
O, concentration (%) Y =5.798 — 0.0109X, — 0.0491X, 0.699 0.131
CO, concentration (%) Y =-2.427 + 0.01927X, + 0.09646X, 0.664 0.528

DWeight of a fruit (g).
AFilm thickness (um).

2] Qo] Ysh=s 4k (05100 ©]4tsleki(6.0-8%) =5
AT = A PE 5 FAME 2HEshe WHOE 3§19
o} ol =7 ke BRI WA(mm)S o] T
(@l 3+ 23} ©<=3]7(Y =-4055.707 + 627.993X1-0.701X )7}
w9~ AL, o] W PE & BA Woll dsle o] A
Ay olitsleta FE(Y, E AT & J= PE FEY F
AE F3hs A4S 3 FHX, 9 B4 FA(X, um)
o] A8 F3]9(0,Y =5.798 - 0.0109X,— 0.0491X,, CO,Y = —
2427 +0.01927X, + 0.09646X,)7+ 7F¢ Agtsidct. =3 W ¢
a8} olrbstera: el F 9 viAe i ad &
BAEA L Aol T FAge BAE EAlSHY Fe
FANS R ARRSITE oAl Xl 3] Ao Foi
o] T dahs 7t FRE dEstd A FAE A
% F Ak o5 WA AT e =AE ¥ou
A4 7 01% oA 2= Fo4S B

o ok
S =

o] Azt g o] 7Y HA wAEE A 278 &
A FA4E FHIAL olet tEe] At F WAy AAAAE
TR BA U] AkAe) o) ikslEks FEete] HAAE o] 85,
HA 7A sEIt o|FAAES PE BF A A4 #4S
nd sz s oAl SFe® AztE #(LL:26lg,
L:217g, M:188¢, S1168g, SS1540)S AAAF v|He st
o] A3} BA) Abole] 7kAS 1-150m HA PE g BAE
ALANZAE w, LLS 150mm, LS 140mm, M3#} SE= 130

mm, SS= 120mme] B-A] 2o zZ}z} 376 mm, 357 mm, 344
mm, 333mm, 318mme] &= Ao]7t Adsic). Azl 9
Wt ZhH WS Hislete A W At o)ikstea
S 717F 05-1.0%9 6.0-80%32H, 012 fAIE & U=
A A7 PE 4§ $A9 HAF= LLE 45um, L
um, M2 55um, S= 60um, SS= 65umz FAFE ATE Fo
71 3l A7)0 g BAle] WA (M) el FRKg)el ol
31 22} ©He3] 7 (Y = -4055.707 + 627.993X, - 0.701X A7} %
AL, o] W PE EE BA Wl dsle= 75 Ay
okt FE(Y, E AT F U= PE &9 TS
Tohs B2 A X, 9F A FAX, um)e] A
¥ %3]9)(0,’Y =5.798— 0.0109X, — 0.0491X,, CO,Y =-2.427 +
0.01927X, +0.09646X,)7} 714 2331t}
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