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SUMMARY

In this study, three different technologies were developed. First, prediction
technology of inner thermal variance of an apple with its environmental
changes such as storage and shelf life after harvesting was developed. Second,
image processing technology of inner cell structure was developed. At last,
prediction technology of quality for an apply at specific time and temperature

was also developed.

The main results of this study are like followings.

O We developed prediction technology of inner thermal variance of an
apple with environment temperature. And we also developed software program
for prediction of inner temperature of an apple based on FDM and FEM
methods. In the case of prediction model based on FDM method, predicted
values and measured values were linear (R*=0.78). In the case of prediction
model based on FEM method, predicted values and measured values were

linear (R*=0.87). The results were proved to available.

O 3D visualization model for FEA and software was developed using
image processing technique for real and microscopic image, and it gives basic
result to estimate a variation of temperature through FEA and visualization
image processing. Further result should be performed to verify the simulation
result such as new measurement technique. Variation of cell wall according to

the temperature changes was measured by total pixel number of one cell, and



an condition of internal cell tissue was measured mechanical changes

substitution for thermal properties.

O We measured moisture content, soluble solid, pH, color, hardness for
apple and also experimented sensory evaluation of color, flavor, taste, texture,
overall evaluation, purchasing index at the same time. Moisture content was
proved to non-available. Soluble solid and Hardness were decreased but pH
was increased as a function of time. In case of Color, L and a factors were
non-available but b factor was available. Relative coefficients between
Purchasing index and other factors such as Moisture content, Soluble solid, pH,

L, a, b, Hardness were 0.19, 0.85, —-0.76, -0.30, —0.16, -0.67, 0.92 respectively.

O In the results of sensory evaluation of apple, Color, Flavor, Taste, Overall
evaluation were decreased as a function of time. And the decreasing rate
became larger when outside temperature were higher. According to the result
of Duncan’s multiple range test, the variance time of factors at 25C outside
temperature were more faster than that of 15C outside temperature. And the
date which noticeable change appeared are 21th, 7th, 7th, 7th at 25C outside
temperature but 84th, 56th, 28th, 56th at 15C outside temperature for the
factor of Flavor, Taste, Texture, Overall evaluation. Relative coefficients
between Overall evaluation and Color, Flavor, Taste, Texture are 0.850, 0.910,
0.973, 0.974, respectively — which showed that Texture and Taste were major

factors.

O Quality monitoring program of an apple using back propagation and

multi-layer neural network was developed, which was wused to predict

purchasing index at specific temperature during distribution and marketing.

_10_



Soluble solid, pH, color and hardness were used as independent variables of
prediction model. The results of prediction model by multi-layer neural
network were linear between predicted value and measured value(R*=0.82) and

was proved to available.

_11_
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2. Abste] AEA

Hde] A4 MY, EAEE T 4 EAAe AE, 7%, dv 59 A 3l
Ao HeAQl Agolty dwtAom HiE gl AFd g w44, vdE Fel o
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Parameters Thermal properties
Density (kg/m’) 955.7
Thermal conductivity(W/mTC) 0.52
Specific heat(J/m C) 3.46x10°
Freezing point(C) -2.8
Water content(%) 85.6
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¥ 34 9| FeR 15T A7) wE Abate] olsbsty AR
Time Moisture  Soluble solids
(days) content (%) (°brix) pH Hardness
0 85.6™" 15.0° 3.89° 1156.4°
7 86.6" 14.3° 3.93% 1153.4°
14 85.3" 13.3" 3.g4Pede 1022.7%
21 85.0% 12.8>¢ 3.93° 995,07
28 86.4™ 12.8" 3.92° 1083.9%
35 8.1 12.7b<d 3.93¢cde 1023.9"
42 85.0° 13.0” 3.98"% 1026.4>
49 86.5"° 12.3>¢ 3.97> 996.9"
56 86.2"¢ 125> 3.99" 953.3°%
63 85.8°" 12.7°¢ 4,072 910.4%"
70 86.0% 12.5bed 4,037 979 gbede
77 84,7 12.8™ 406" 870.0
84 86.3" 12.0% 4.08% 894.3%
91 86.5" 1.7 4,08" 815.6'
98 85.4%" 11.8% 4.13° 878 A%t

.b . . . . . e
®Means with same superscripts in a column are not significantly

different by Duncan’s multiple range test(p<0.05)
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% 35 9F2E 15TCAA Algte] W& Alvpe] A E

Time

(days) L a b AE
0 80.9 -5.4 22.4
7 79.8 -5.6 25.1 2.9
14 774 -5.8 24.0 39
21 80.2 -6.3 255 34
28 81.2 -6.0 24.7 2.4
35 82.1 -5.9 24.6 25
42 77.6 -5.8 25.3 4.4
49 80.9 -6.9 26.3 4.2
56 81.5 -6.1 26.0 3.7
63 81.3 -6.1 25.1 2.9
70 81.7 -7.3 25.9 4.1
77 81.4 -5.4 26.1 3.8
84 82.1 -6.5 26.5 4.4
91 81.3 -6.5 27.7 5.4
98 81.3 -5.9 26.9 45

s AEE AR MRS Y AgA sl Amstel AR ¢
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# 3-6. 9| F-25% 15TColA AZtell W& Abate] #sg 7t
("(I;;r;; Color Flavor Taste Texture  Overall
0 8.7 8.6 8.6 8.6 8.7
7 8.3° 814 8.2 8.2 8.4
14 7.8 7.8 76" 7600 75
21 8.4° 85% 8.6 8.3" 8.4
28 8.0 8.3% 76™ 6.8° 7.4
35 76" 75" 797 7.8 7.8
42 78 7.8 75 7 470 74"
49 7.8 8.0™ 787 6.8° 7.3
56 8.3 75" 6.8 6.3% 6.8
63 7.7 77 797 79 77
70 8.2° 79" 75" 7 4700t 77"
77 8.1 8.0™ 75" 7.1 76%
84 74 70" 6.8 6.6 6.5
91 7.4 6.9° 6.3° 59 6.5
98 76" 76" 6.8 6.1 6.7°

®Means with same superscripts in a column are not significantly

different by Duncan’s multiple range test(p<0.05)

_83_



U oRex 25T

33T oFRx 25T uf 2897kAl AREe] FTbel whE Ao FE ©
L, A, Ao WstE yEd Aot R A 7)ol 85.6%lA 28l =
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¥ 3-7. % 25CoA A7k wE Alate] o]slex AR

Time Moisture  Soluble solids

(days) content (%) (°brix) pH Hardness
0 85.6™ 15.0° 3.89¢ 1156.4°
2 87.4° 13.8° 4.08™ 11157
4 86.3 135 4.05° 1011.6°
7 85.3° 13.8° 4.05° 1035.1
9 85.28 12.5% 4.2 1022.8™¢
11 85.9% 12.3¢ 418" 931.2%f
14 85.6% 1.8 4.24% 928.4%"
16 86.1™ 12.2¢ 4.31° 960.3°
18 85.3% 12.2 4.24% 917.1¢
21 86.3 11.7° 4.29° 8775
25 83.2" 12.0° 427 792.7%"
28 86.2" 115 4.31° 733.3"

®Means with same superscripts in a column are not significantly

different by Duncan’s multiple range test(p<0.05)
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3 3-8 o 25TelA Algtel whE Abate] A

Storage time

(days) L a b AE
0 30.9 -54 224

2 30.4 -5.9 23.8 1.6

4 79.6 -5.3 22.0 14

7 31.8 -5.5 23.5 1.5

9 78.8 -5.1 23.6 2.5

11 77.9 -4.7 21.8 3.2

14 774 -4.9 24.6 4.1

16 30.9 -4.8 26.3 3.9

18 30.7 -5.6 25.8 3.4

21 31.2 -5.1 25.5 3.1

25 31.9 -4.7 259 3.7

28 31.0 -4.8 26.2 3.8

« dBE= AAz7)9] Mxol g AAA 7] MEele]l Mgk <
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o 21<doll A oAl Apol7h vEbstth B2 A x7] 8694 28U l= 45%
2392 Duncan’s multiple range test 23 7oA z7]9F fo A<l Aol

Bttt 247 27] 86014 28ddl= 398 "Heolxow, 7ol 74kt

~
T

FrolAQl Aelzt whehdTh B34 WAL Z7le] 8704 2820t 4008
wastgon, Aol Fohel we o4 Aolol B4 At 79NA 2719 F

o191 Aol et Aow BAHAY,

F 379, SF2E 25TeA A gto] whE Abdke] et

(’(Ii‘:;; Color Flavor Taste Texture Overall
0 8.7 85" 86" 86" 8.7
4 8.2 8.2 79 78" 79"
7 7.8 7.7 6.8 6.7 71
12 6.5 7.2% 767 7.7 7.2
14 6.7 7.7 6.9" 6.9" 6.8
18 7.1 7.9 59 6.4> 6.4°%
21 6.0° 6.8 5.9 5.6 56%
25 6.3 6.4 5.3 5.3 5.4°
28 6.1 56° 45 3.9° 400

b . . . . .
®PMeans with same superscripts in a column are not significantly

different by Duncan’s multiple range test(p<0.05)
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s AxE ARE fdem AbtE i F ol (g AT ofvim A
o, A QbA] mEAT, ofubie ARA] &S Zlold, A= AHA 2t 5
= 2 gatste] Apgasioh 2Rk peiEs i T
19, 0.85, -0.76, -0.30, -0.16, -0.67, 0.92

0
o =
2= 2AE AP F FulEs 4nye % 9m A% b L £F a

, , AF Fog 1}
Bl olE & §9 43 0014 FuES G5 AT b, AR A A
Hdo] e o= ey
& 3-10. AFe] o] 8}EkA] At el o] Al
Moisture Solu}ale Dl L 4 b Hardness Puljch351ng
content  solid index
Moisture
content
Soluble
solid 0.07 1
pH -0.16 -0.68" 1
L 0.08 -0.08 -0.04 1
a -0.33 -0.00 0577 -032 1
b -0.03 -066" 026 042" -039° 1
Hardness 0.27 0.86™ -0.68" -0.21 -0.15 -0.617 1
Purchasing 19 (g5 076" 030 -0.16 -067" 092" 1
index

* correlation is significant at the 0.05 level

x% correlation is significant at the 0.01 level
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Flavor
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Taste
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Texture

0917 0977 097"

0.85"

Overall
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No. of
variable
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Variable” in model

R2

Model

X7

0.6981

X3, X7

0.7766

X3, Xy, X7

0.8113

3

0.8382

4

Purchasing

Xo, X3, X4, X7

Index

Xo, X3, X4, Xg, X7

0.8484

Xo, X3, X4, X5, X6, X7

0.8543

X1, Xo, X3, X4, X5, X, X7

0.8544

* pH,

X3

Xs : soluble solids (°brix),
X7

: moisture content (%),

1 X5
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