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Designing Modified Atmosphere Packaging for Persimmon
(Diospyros kaki cv. Fuyu) Fruit Based on Respiration Modelling
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Abstract A respiration rate analysed by enzyme kinetics-based respiration model and gas permeability data of LDPE
film were applied to design the optical modified atmosphere (MA) packaging condition of persimmon (Diospyros kaki cv.
Fuyu) fruits. The fruit quality rapidly decreases due to physiology disorder such as softening and peel blackening. O, per-
meance (Qg, inml-hr™"-atm™ »m™2) and CO, permeance (Qc, inml-hr™"-atm™-m™) of low density polyethylene (LDPE)
film samples were measured at 0°C and described as function of thickness (L in um) as Qg, =(2540x%1/L)-16, and
Qcoz =(13742x1/L)-70, respectively. MA package containing single persimmon fruit of 225g was designed and tested
experimentally at 0°C by using LDPE films. Package atmospheres predicted from the relationship of O,, CO, and N, bal-
ances on the packages was in good agreement with those obtained experimentally. Physiology disorder occurrence was the
lowest at 52 um package that attained optimum gas condition (O, 2.8% and CO, 5.4%). The computer simulation was found
to be effective to help to design the optimum MA packaging condition of individual persimmon fruit.
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Table 1. Estimates of respiration model parameters for Eq. (1) for ‘Fuyu’ persimmon fruits at 0°C.

Respiration V,.D (ml-hr ! kg™ K,” (% 0, K% CO,) 9
O, consumption 0.9715 290.6 1.0000
CO, evolution 0.7196 875.5 1.0000

Dy =maximum respiration rate, 2K, = Michaelis-Manten constant, YK, = inhibition constant, ¥?= coefficient of determination
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Fig. 1. Predicted Respiration rates versus oxygen and carbon dioxide concentrations for the Fuyu' persimmon fruits at 0°C.
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Fig. 2. Predicted and experimental oxygen and carbon dioxide
gas permeabilities of low density polyethylene films at 0°C.
Solid and dotted line represent predicted gas permeabilities.
(Experimental data : circles are oxygen, squares are carbon
dioxide)
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Fig. 3. Predicted package atmosphere and experimental data for
permeable package of the 'Fuyu' persimmon fruits at 0°C.
Package has 225+ 5g persimmon fruits with initial free volume
of 120 ml, surface area of 0.0364 m*> and film thickness of
52 um LDPE. Solid, dotted and dashed lines represent predicted
gas compositions and dash-dotted line represent free volumes,
respectively. (Experimental data : circles are oxygen, triangles
are carbon dioxide, squares are nitrogen)
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Table 2. Effect of film thickness on the predicted and experimental steady state gases concentration in permeable packages,
acetaldehyde and ethanol in the fruit, and peel blackening and fresh browning index of the persimmon fruits after 70 storage day at 0°C.

(unit : %)
Film Thickness(ptm)
40 52 60 70
) 0, 8.53 2.79 0.08 0.02
Predicted
CO, 4.68 5.36 5.84 6.74
0, 62122 2.7+09 1.5£0.6 1.1£0.5
CO, 3.6£1.0 47408 5.5+£0.6 6.2£0.6
* *
Experimental Acetaldehyde (ppm) nd nd 27 80
Ethanol (ppm) nd* nd* 491 1989
Peel blackening index(0-4) 0.52 0.05 0.03 0
Fresh browning index(0-4) 0 0 0.25 1.63

*Package has 230 g persimmon fruits with surface area of 364 cm?.

nd : no detect
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Fig. 4. Effect of film thickness on peel blackening and fresh browning of the persimmon ftuits after 70 storage day at 0°C. (A : film
thickness 52 pum) is good condition, (B : film thickness 40 um) is peel blackening, (C: film thickness 70 um) is fresh browning.

Table 3. Effect of vacuum on the peel browning and decayed fruits of the 'Fuyu' persimmon fruits during MA storage at 0.

Package state 90 day in storage 150 day in storage
Peel browning Decayed Marketable Peel browning Decayed Marketable
Vacuum 0.0 0.0 11.5 30.8 61.6
NonVacuum 333 6.7 35.7 429 28.6
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Table 4. Estimates gas compositions of modified atmosphere package for the 'Fuyu' persimmon fruits at 0°C. (unit : %)
Film thickness Gas Weight(g)

150 200 250 300 350
0.0 0O, 12.27 10.18 8.42 6.88 5.59
Cco, 4.17 4.46 4.69 4.90 5.06
05 0, 11.52 9.24 7.32 5.64 4.24
CO, 427 4.57 4.833 5.05 5.23
0, 10.72 8.24 6.14 4.32 2.80
430 CO, 4.37 4.69 4.97 5.20 5.40
0, 9.92 7.23 4.97 3.00 1.40
47:3 CO, 4.47 4.82 5.11 5.37 5.58
0, 9.05 6.14 3.69 1.59 0.28
500 CO, 4.57 4.95 5.26 5.53 5.75

0, 8.17 5.03 2.39 0.40 0
525 CO, 4.68 5.08 5.42 5.70 5.96

0, 7.19 3.82 1.06 0 0
330 CO, 4.79 5.22 5.58 5.89 6.15

575 0, 6.21 2.59 0.21 0 0
Cco, 4.91 5.36 5.73 6.08 6.36

0.0 0, 5.10 1.26 0.07 0 0
CO, 5.03 5.51 5.87 6.28 6.57

6.5 0, 3.96 0.28 0 0 0
CO, 5.15 5.65 6.10 6.47 6.78

65.0 0, 2.84 0.09 0 0 0
CO, 5.28 5.79 6.29 6.69 7.01

Table 5. Optimum MA package condition for the 'Fuyu' persimmon fiuits at 0°C.

] Package condition Permeabilities (ml. hr -atm™'. m™) .
Grade | Weight (g) — Material
Width (cm) Length (cm) | Thickness (um) Oxygen Carbon dioxide
S 150 12.5 13.5 60.0~65.0 26.3~23.1 159.0~141.4 LDPE
M 200 13.0 14.0 52.5~57.5 32.4~28.2 191.8~169.0 "
L 250 13.5 14.5 47.5~52.5 37.5~32.4 219.3~191.8 "
LL 300 14.0 15.0 45.0~50.0 40.4~34.8 235.4~204.8 "
LLL 350 14.5 15.5 42.5~45.0 43.8~40.4 253.3~235.4 "
243 AuEZedganes] A AEdEE 1Y ZHAlO] 2
afo] A7kl e W F71ge] WskE A9 it
A 00T ZARE AEE PAE AXhe ARE B “o] AEE 20059 FFEEATAD] Ao <J5je] A
A3, ZHU Acetaldehyde®} Ethanol®] =23} Az)dsl=} TEAeH olo A=Y (KRF-2005-214-D00044)
of Aol oM H2A ¥HFxAo® oS F7 52 um
o] Azl AA ARelME A Ao A Sz
o} o] e Wew o] Al wE A MAXER
A% A5 AR B Fo8 Ho dEo 1. Bg3t, ST, WA, o], o5l HA47. 2001 -
g el slo] B Zo) Wo] Y% slok @, el MAEY 20 Be 23712 % bl 53

W} LA E74818] %] 33(2): 200-204
2. obE3E o5 2004. EANFSEE R 7|23 Bt 5%
Tello]l A7k A 32 F 83| A] 36(4): 580-585
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