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Review
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Wireless Stack IEEE 802.15.4

Data rate 256 Kbits/s
RF
o ISM 2.4GHz - 16 Channels
Characteristics
Receiver
o -95,5 dBm to -101 dBm
sensitivity

Maximum — Radio | | | 1 0g)

Range

Dimensions (L x 200 mm x 88 mm X 48 mm
1 x h)

Weight 370g

2% 49 deoly 24 &A
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& 13 74 3F VS EA AlY xR

Accelerometer o
MEMS technology, triaxial accelerometer
technology

Typical non-linearity | £0,196 FS
Sensor frequency

0 to 800 Hz
response (-3 dB)

Receiver sensitivity -955 dBm to -101 dBm
Maximum Radio

650 m (L.O.S)
Range
Dimensions

80x55x21 mm
(L x1xh)
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Measurement range

- 40°C to +85 °C

Humidity Sensor technology

Capacitive polymer humidity sensor

Measurement range

0 to 1002 RH

Maximum Radio Range

300 m (L.O.S)

Dimensions (L x 1 x h)

119 mm x 35 mm x 35 mm

Weight

120g
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_6"_




% 449 455 F& Ao FERY AEE A9 time-series HOJHE A g

A3, H 6Ge] 7HEE peakZt AlSE e AU 5 Agdh AP

A AA= FAAATE #Adar felAd 7S 3 ARk Wl AAE At

Fotay FHER AAE Wee 34, 2 AAA ZHEESE W
1o AZHAAY. B 57 7 HaA T AldeAE 5G o

LB o AR A d Al ol A = J

U s mE g8 2 F40] 2T X7t 3l
i, 5G o] F4o] B4 E

14
{4
o =2
R

ol
rr

al

FE N ooX

(Ul

oo
o
o ™o

R

=
oo
o Hr &Lk
2 o 2 ox 1

ol
k

o

_

2 of
=
N
Ir
2
oot M
[o
o M
— >~
Do)

o

2oy o oy foogr

o9
o
ot

o ofj
)
ftlo
,
ox
>,
Y
i)
i
=2,
)
prl_,
N
ot
_0|L
8
o

¥
M1 o
[ ol ol

oo

J

f

N oo
oy
k1
i

o T
N
ol
!
%9
3@
k1
_{
2
rlo
g
k1
[.i‘
>
il
-
oo
_OL
s
X
AN
oL
(o
L
=
rlo Mo

N
~

2 owd R e 10 L o o
30

5 1o
ol
ol

e
do of
&3
ol
ol

_62_



15t stack - top

1
]
g5

ra L [FE]}

g {acceleration)
[
(9]

1
" 05
0
2500 4300 63500 B500 10500 12500 14500
time phase
2 stack - top
a
6
=
o
w4
@
a5
&
0
2200 4200 G200 2200 10200 12200
-2
time phase
3¢ stack - top
22
o
[ T RN
E“' £
=
2200 4200 6200 2200 10200 12200 14200
-2

time phase

19 53 7} stack® S FA 7SS AIZPE oy

_63_



15t stack - bottom

=

S

5

@

3

= 12500
-4

time phase
2" stack - bottom

4

o

S

5

5

E:;

o

-6
time phase
3d stack - bottom
4
3

{acceleration)
[ [ (%]

9

3000 3000 7000 8000 11000 13000

time phase

% 54 7} stack® b F-2 FEEAl o] AJHE Ho]H

_64_



e o2 2 4, 6, 8, 12G magnitude®] &7 A
[e]

S5 27

5S 73 S THOE 2 4,6, 8Ge] TAE 7k
ol diaf AFS AgPor 12Ge HEEE FUHe AL uad AErt $FeA] B3
%7}% & A=

o
W0s9) B 712 AL 2 38 AT, ol 18 5o LA, B o
G Aol A HE BRAA AF B FAL B Aol oyl TR

A S ATEe] A4S Jhetalth

'?:‘r:-:-:."l Teerd Gesinps - Nhick
Puse  Schadule | Paran | Lisis | Chasoetit | Dt | ¢ Acceleration
Puter e {eeserdt} I
il ] [ =] [65
g
:
g 2
§
F Accel H : H ! ; t £ H
TR e I;.'H, '1‘5 W& 0 s hE B x
Rl o | I S |__sax |f *“'”mmmm!l."ﬁ.[ﬁ-mnmm
a9 56 FAAE AR 7RIV AEE T2

_65_



o w
bl o,

<)

3L =% O
(<)

2 7}e]

Ay

Agel AHed s

ZA}

ol &

1|

@ru

)

tod, 2G, 4G,

s

-
X

A e 1Fe

3|

o]

=
=

7}%1 7] (shaker)

S ez A3 ol

=
=D

671 1
[ A S A= e A o

S

&

-(:51_

6G, 8G, 12G¢] 5 @A 4= 7

r&

il

Ae

Aol A1

)

B2 1, 4, 7, 102

5
T

<% chamberel] X3

2

=

3}

]
=

s

e

,.mo

)

B

‘mwo

THoZ 207 C, F5% 441 %RH =2 HEUYF

7F Z+7F 10 C, 90 %RH o2 A4 =)

L
.

Ajm

1
ol

=
=

2. A dolg 2

(1) #FE-S(Weight loss, %)

tH, ol

Ao 2 WA

g <9

3} 3]

]

ol o] th(Ben-Yehoshua, 1989; Hardenburg, 1986). <&

Py
TwO

A HEh=

o

piid

(2006)

L=2
[¢)

A tH(Burton, 1982; Peleg, 1985; Robinson et al., 1975). An

ATtellA 10 T Al Aol o

1
™

2 7ke] 49 4.6-10%2]

Folql mhx

?;gl,

o] el

A g |

=
=

5} 2.9 7}

Eis

=
=

Gue) A7

B

—~
o

Nr

_66_



(2) 74 =(Firmness, N)

ol-&3ste] 1™

=
=

7] (UTM, Universal Testing Machine)

5

S0l A5 =

22 =4

2

=K

Mo

&< == 25-30mm/min® @3

5]

A

Al

=
K3

ol

i ok AFa, b, EFole] 9% 33mm/min®] s

5]

} ATHASABE,

A3

Tioh
i

= BATI TR

SRR

KN
=

Aol 24

ZtHK. M. Han]. oj®

A7EA 2R &3

el

o] oty7]

SERX

,

o
T

—

NI
)
~

1|

CHAE A

&

HEA ] BAAGSE Ao

il

HEF © 2 50 mm/min

W A

of o
of ol-&stAtt 1 6590 A

T

“

AT =

b

PN
T 3

1

18
= U=

3lo

—
fite)

1.5

ok
=k

cm Vo2 7}F

—_
file)

s wgow A7

o e dely

19 58 UTMS 9]

_67_



(3) A =(color, lux)

elE-A el ) ML 29 669 A AlE Chroma meter(CR-400m, Minolta, Japan)E A}
&sto] FAT. S8 Al A Axw Hu Mo HEAQ FEES ST EvEY
Lab color spacedlA L o] &Fo& AL A xwWol FY(bright) SL2HEH EFH
(opaque)dl| ¥ Ao 2 2] E (senescence) A Ath= AS xEW 3} [Artes and Escrichel.
ol W, L ab #% % a/be H]EL&°] -0.69]3+ mature green, 2.20]42 34 (overripe) 2] 7]
o2 & F JHCE. Chavez-Murillo 5] & A3o = 73 Ago] AMdre] #Het7]
| He=A4 Felstr] flste] L, a, b @ SAsAT 328 #3435 A3 eele et

o= vl 54 Al 870e] A=l

o

S TN F
)
N
=)
e
=
job)
o
o,
)
o
i
il
},
b
N
=)
M
2
re
>

A 22 Aelsl AEw 3 e BEAE TG

(4) F=(Brix, %)

el Fo FAJAA] o
st AlZol AHFS FHEFEH
(PR-32, ATAGO)Z, 3+ 1% &
AojH Ztzfe] J s 3t dho]

(5) °]AFsFE2(CO:, %)

Z 75 Aol A7
= I-COR 3]A+e] CO, /
73} 2ol Arw AFAH 679 AT =
1 ZalxE ﬁi(40*30*30 cm)oll ¥l AA

3 o] H}AS desielar, whebA

HA9] CO, WEFo] Bow diart Fxxo] wade] F-e g3
B A= COp o WEHS = £
H>;O Gas analyzer (LI-840A model) ©]t}.
A g 259 Ao g i

Al
=
o e CO, HEds v OF T

2 O
i
h ftlo

N
=
Lo

O
o



Al Fe R S a2z E B o vl 2z Ve gYAg S C =

E ppm/s B YEhYE R &3] 22 glour//) 9 @92 #AteElr] flste] 1
gz o] AHd FFEe 771 3600/7+0.00179953S w3t =, Al 712719 = &
A T MES] CO, WEHOZE V|53

_69_



(1) e (Weight loss, %)

hyA

Tk 2

A&

of W& HRES ofge 19 529 o] &

2] 719]

;\"L]_E

B

o
o

el

4 9tk 12G ©]8te
Z oy, AEe A7 12G A%

1

1%

o =
AE 8

)|

3

aA 7t

[e)
=

B

0
o

HAA RE AR 7h A A

Fe

1
T

6g ME8g m12g

H4g

E0g m2g

o)

el

(9%) mm..n_h

YR} 10Y=t

MEZ|ZHdays)

4z}

6g W8y m12g

Edg

m0lg ®m2g

AUR;

FEZ|LE (days)

(2) 7 =(Firmness, N)

HYAFE Bt obee] 17

9/]

2l
<A

B

ol

o] A4 °F 093o% UiEt

o2 e

al

K

7hah

Njo

|
e

0

m

B
22

o

o A7y ShE e 0

kol

Aoz Ho}

3

Zo| A 2lkPaS %3}
ok 26kPazte] e}

urh 2o 66 A

-
R

2lkPaz ERFOU A ZAGA

-
1

o A=

i
=

A
27}

=] KR
T

o] 12G A=&

o 275t qEe] AFLEs} o

T Ut

Ao

=4

o A% Toz o7

o]l—c

el
Hi

L o
¥Hs

ol UTMS] probe”}t

F 3

ke

)

_70_



o

—

NI

o
-

1o

il
,_lﬂ_,l

ot

o

N
N

o}

2
P
T

2

CE

ofejel 7
3)

§]_E

of el whek Lgkol

iA1=

9]

12

10
= 0.9337
10

]

R2
9] =Z7]o] wWE secant modulus

4371(6)
33371@)

o 7

#k
R s A7) W] o

L

hyA

|

[ed?] snnpow juedas SNNpoLu juedas

a9 62 A7
stk 2

S

(3) M %=(color, lux)
54¢f o] A

sk
=

i]in

g JEE

o
T

S

o]
2R

<
o

0

¢

B

o

T

1l
T

e
)

mJ
J)
ey
)

IH
~

_71_



(4) B =(Brix, %)

A A dRkAQl "oy e £x g o] 65-75 Brix ¢
g o kol FIF FAF UEA @3] wZel sz e 7o
27, A% 717, $4 @7)e] MrhE GFe WA @E 2
z
=
H
o
124%H 4zt TR
AM& 7|t (days)
g‘%%ﬁ E0g E2g E4g W6g MBg MW12g
10
z
fus]
H 5
o

m0g E2g m4g wW6g mM8g Wi12g

L 4 d2HE
g
—

30

20

1edap 44 7R 10e=
HME 7|2t (days)

o g2es mdg m2y mdg =6y mBg milg
=
€ a5
il

25

1274 497 7Uxt 10d#t
HMEZIZHdays)

a9 63 AR L B4 Asld] whe A

1Y AU R} TUA
& 7|7Hdays)

a9 64 A7 B 49 Av]d wE g

_72_




[e)

ool

=

=

3}
bof shaol ot

i<

47 72

]

PN
b 5

kel
=

713ko]l &7}t

]_

3t (CO,, %)

A
a7 659 AA

(5) ]

Emh@ﬁ
_ N %
S N =
az}A
o - N ©
A
ckad
o - g
_O_&.oowE [ | - | -
L O g 3 g A
g K - i .
o 2 o & 2
N =P ~ j
= O
HMMC mu 4 M.u e
BN oa ® gm - _
Ty . m
wwqu 8 E 8
= R m =
,DILE‘UIO_.HOI ﬂm_m o
m_n_/udrﬂAﬂ @x ,,
CF o ™
W .mo
3 . N o
o T, % d
S T B
R = E
Ty Mo X
Wiﬂﬂh% 9§ g © s 3 & °
e H ﬂw_. B (P2 E R 20D (/b)) RE R 200
oE,ﬁo.uAl
o#mruﬁ%ﬁ
%o B A
S B
ﬂmUﬁOiC.E;
o W O o
TR R AR T

10=}

7 U=t

4=}
ME AlZH(days)
R CIEXE
- 73 -

h=i]
=

1=t

a9 65 A7z



3 15. Effect of vibration, storage environment and storage period on the characteristics
of bell pepper.

Freshness parameter Color arameters
ANOVA Weighf loss L’ a b 5 ab h° C
Vibration (V) S. ns. s. n.s. ns. n.s. nS.
Storage environment (SE) s. n.s. Ss. S. S. S. S.
Storage period (SP) S. S. S. ns. ns. S. s
VxSE S. ns. Ss. ns ns. ns. n.s.
VxSP S. ns. s. ns. ns. ns. ns
SExSP S. S. S. S. S. S. S.
VxSExSP S S. S. ns. ns. ns. ns

s.: significantly  different at P < 0.05; n.s.: not significant.

e A A z710d 574 g A gy rte] dE A 23t #Fxel sdets e &
169 YeRdIATE s = 2L A 7)7F Fk 99 Alse] A WS4 E i 177 3% 189 u
oF At .

3% 16. Color characteristics of bell pepper on the initial day.

Value I(jglor pmm(::m b* a*/b* he C

Mean =+ standard 32.99+1.5 25.85+2.2 15.11+£2.3 1.74+0.1 30.14+2.6 30.00+2.9
error 6 7 6 7 7 5

Mean + SD, n=30.

3 17. Changes in reflected color parameters of bell pepper in the environment of

series A.
Storage Vibration level (g)
Color od
erio
parameters P 0 2 4 6 8 12
(day)
L 1 33.17+1.70 32.32+1.40 33.23+1.64 32.99+1.35 32.81+0.78 32.89+1.43
4 33.87+1.82 31.92+1.14 32.88+1.28 32.93+1.20 32.09+1.05 32.84+1.17
7 31.67+1.02 31.83+1.07 31.77+1.02 31.75+0.86 32.69+1.36 33.18+1.03
10 31.12+0.92 31.28+0.78 31.34+1.37 31.42+0.89 31.29+0.82 32.22+1.07
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a/b

25.53+2.82
26.53+2.46
26.67+1.67
26.03+1.96

15.22+2.66
16.53+£2.43
16.00£2.28
14.70£1.14

1.71£0.19
1.78+0.15
1.74+0.15
1.78+0.09

30.69+3.04
31.81+2.89
30.81+3.02
29.39£1.29

29.79+3.58
31.33+2.74
31.15+2.27
29.91+2.16

23.53+2.22
24.76+1.22
26.23+£2.22
26.75+1.91

13.72+1.84
13.66+1.23
14.85+1.63
14.93+1.26

1.74+0.19
1.83+0.11
1.72+0.13
1.80+0.11

30.23+£2.96
28.79+1.48
30.19+£2.00
29.11£1.52

27.28+2.55
28.30+1.57
30.41+2.82
30.65+2.14

26.12+1.57
24.97£2.71
25.94+2.04
26.42+1.88

15.39+1.78
15.48+2.37
15.27+1.80
15.69+2.46

1.71£0.14
1.76+0.13
1.71£0.17
1.76+0.19

30.43+2.09
31.67+£2.98
30.43+2.36
30.58+3.29

30.34+2.09
29.43+3.27
30.12+2.43
30.78+2.54

24.98+2.59
25.59+2.93
27.57£1.12
26.23+2.05

14.55+1.13
14.46+1.98
15.19+1.21
15.14£1.71

1.72+0.11
1.79+0.14
1.83+0.10
1.74+0.12

30.25+1.63
29.36+2.02
28.78+1.22
29.93£1.74

28.93+2.70
29.42+3.36
31.49+1.51
30.30+2.51

25.09+2.19
24.89+£2.91
24.71£1.65
27.98+1.25

14.81£1.76
13.86+1.78
14.96+2.12
16.71£1.59

1.76+0.17
1.81£0.12
1.66+0.18
1.69+0.11

30.53+£2.95
29.07£1.57
31.04+2.53
30.76+1.59

29.18+2.38
28.50+3.32
28.92+2.37
32.60+1.81

24.31£2.91
25.12+2.94
25.07£1.26
25.56+1.33

14.54+2.69
15.21£2.08
15.13£1.80
15.91£1.46

1.69+0.11
1.69+0.16
1.68+0.13
1.62+0.13

30.66+1.77
31.27+2.58
30.97+2.03
31.86+2.24

28.34+3.96
29.40+3.34
29.30+1.92
30.14+1.57

Mean + SD, n=8.

3 18. Changes in reflected color parameters of bell pepper in the environment of series

B.
Storage Vibration  level (g)
Color )
parameters period 4 6 12
(day)

L 1 32.25£1.55 33.15£2.13 33.03+£0.90 32.80+1.13 32.54+1.98 33.14+1.32
4 32.33+0.84 32.10£1.06 32.18+0.93 32.63£1.37 32.20+0.88 32.65+0.80

7 32.32+0.73 32.54+1.70 32.65+0.72 32.08+1.01 32.79+0.73 32.33£1.12

10 31.73+£0.53 32.22+0.70 31.90+0.85 32.95+0.92 32.18+0.78 32.01+0.77

a" 1 25.23+1.58 25.17+1.90 25.32+2.47 24.41+2.07 24.68+1.96 24.62+1.56
4 24.19+1.16 24.93+1.88 23.98+1.66 22.92+1.26 24.34+2.14 24.10£1.63

7 25.09+1.52 24.41+1.94 25.8042.58 24.60+2.04 24.74+1.99 24.4242.01

10 25.26+1.45 25.32+1.62 24.85+2.18 25.14+1.97 2491+1.16 24.24+1.20

b 1 13.90+1.73 15.09+2.34 14.82+1.92 14.39+1.31 13.8442.32 14.37+1.42
4 13.78+1.00 13.79+2.41 13.42+1.18 12.83+1.03 13.85+1.45 13.95+1.41

7 13.35+1.00 13.30+2.13 14.33£1.76 12.68+1.60 13.87+1.12 13.41+1.97

10 12.97+0.81 13.50+1.15 12.98+1.02 14.02+1.08 13.48+1.11 13.01+0.68

a’/b’ 1 1.79+0.18 1.69+0.20 1.73£0.15 1.75+0.22 1.76+0.22 1.73£0.11
4 1.77£0.10 1.89+0.10 1.80+0.09 1.80+0.11 1.83+0.18 1.73£0.11

7 1.8940.10 1.87+0.20 1.8140.11 1.89+0.14 1.85+0.08 1.88+0.13

10 1.95+0.04 1.93+0.10 1.91+0.08 1.80+0.09 1.85+0.07 1.86+0.09

h° 1 28.78+2.80 30.79+3.03 30.28+2.23 30.03+3.10 30.10+4.28 30.18+1.56
4 29.61+1.41 28.75+2.67 29.19+1.29 29.15+1.51 29.73+£3.41 30.04+1.68

7 27.99+1.25 28.44+2.78 29.00+1.35 28.04+1.85 28.44+1.05 29.01+3.13

10 27.16+0.47 28.06+2.21 27.58+1.00 29.12+1.31 28.34+0.97 28.39+1.63

C 1 28.84+1.87 29.39+2.56 29.36+2.91 28.91+2.45 28.64+2.52 28.53+1.96
4 27.85+1.36 28.5242.71 27.50+1.94 26.32+1.47 28.05+2.01 27.86+1.98

7 28.43+1.71 27.83+2.52 28.73+£2.24 27.92+2.74 28.72+2.42 27.89+2.83

10 28.40+1.65 28.72+1.66 28.05+2.35 28.79+2.14 28.33+1.53 27.54+1.23

Mean + SD, n=8.
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X ” Environment of Series A
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Weight loss (%)

Weight loss (%)

n
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day10 day4 day7 day10
Storage period Storage period

19 66 Changes in weight loss of =¥ 67 Changes in weight loss of the
the bell peppers as affected by bell peppers as affected by vibration

vibration and storage time in the and storage time in the environment

environment of series A of series B
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S8l Sahieolsh 84 Zmel Ulg B2 velselof shu 1

AZ71A Miomae (kg)E EVFES] Fd FFORE 02 kg, he EvtES] Halzol=® 20, 30,
40, 50cmell 3G 3, Mobject (kgh K <

w2 o} AMe] =AM Ato] Zh=Z zkzF Utk Yl o] het zZhwo] sk #A=S A
glskd thEe & 199 %E‘r.

h (cm) 0 20 30 40 50
6 (°) 0 40 49 57 65
W () 0 0.39 0.59 0.78 0.98
. delE HS WY
(1) #2& (Weight loss, %)

AubAQl A F FA WSt o]l AIE Fs wAugo = wAsty, o= A%
Ay F4 HsE Yely e 523 2<lo]th(Ben-Yehoshua, 1989; Hardenburg, 1986). =
T Ao 3-10%Y AT dFEEY HAFY AAETE HojA 7] wiied FEELS FH
ARA Q4T B 4 At Burton, 1982; Peleg, 1985; Robinson et al., 1975). Chang
5(2016)0] FaAF AFoA] A=A Aol o]Fojxl EntES A5 1-5%9 R &0
DAY A A Zte] EnfE F3FS SAS A ﬂﬂﬂﬂ H 7t AZo FHE SA

EvtEe] AW AF AAE TR fste] ErpEe] wuol 47 2EUAS
7} 3

o -
L

o

-/

Ak ehue S @ EMEES AY 87 8, 9ek34 8 47 10008 QR AGE
7 A9 Aol TAE ZAs
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o9 69 ErbES] HA24

(2) M= (color, lux)

2 A= I Aol AR Adv|Ee] A gRlsty] fste L, a, b #s
Stk Al #y gL e AAE Chroma meter(CR—400m Minolta,
Osaka, Japan)E& Al&3slo] ¥+ ‘11/94‘1(L296 3, a=0.57, b=0.89)°o. 2 H A3 T EnlES I
A AGS SASHA doh 54 Al Ao AW fyAe] Al FiEs o] &t o
A= HE(lightness)E YERE= L %k, A G (redness) s YEW= a w3 S e
(vellowness)E YEI = b 32 A3t EvFE S Lab color spaceolA L ko] =9
E A2 B gdo] Fw(brigh) S ZHE EF(opaque)dl|zl A2 2] E (senescence)
Al k= AS UeErAtHArtes and Escriche). ©] Wi, L a b & 5 a/be Hl&°] -0.6
o]&}= mature green, 22042  FH<(overripe) VlEoewm B 4 AYHCE.
Chavez-Murillo &). 22 T84 3 A A At AAvet 52 & WA Fol A
T 54 SA wet L, a, bol gtol & F Utk o] ZAE A fs v A A
107 AES AFgstdlom 72t AlEe AW H]vﬂﬁoﬂ el 242t 3 points® =74 &} o
Ht A& ALket ot

M
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tHKays SJ 1991). ©+59] 2¥olA Control& HF Y3} )z A3 Fxolx 20, 30, 40, 50
< Z7F gi&g Y3t E=ol(em) AFERE ZAST oo ¥ ARE R A2H AT
AR Aoz F dat gxrddxe Argo] AYd AL Holda AAA Tl
AG5 ol AMExee Aol7t Z

Change of Tomato Weight koss at Room Temperature

|

b+ ¥
T
T o
| | r|| ‘ ‘
e
ol . [’II:I L i i L
o 2 a [ . 1

Waigh Loss (%]

Change of Tomato Weight loss 81 Low Temperature Envronment

A
EsEE]

LR R

Wesght Loss %)

Sintage Perod (days)
=] = [e) =
ad 72 A7 B gets el e FRewst
FAM0E AGdole g B4 fstel BARAL AAHA e BE et
°] 0, 20, 30, 40, 50 cmE& f%1o® ¢ EntE FREO] dAujx ZAHEA Aol
w8 9ot E:olE fle® 4T W FolgELS 09328 005KY A7) W, g
3 oloh ZE & Abold frolde wulstha ferHT)
% 20, Hol=olE 8¢lo R 3 7R S (WL, Weight Loss)e] Q=] EAHEA A3
WL
A= df qoo A= F U=
SE-2 514 4 J249 212 932
SE-L4 | 306708 506 G06
= 307.222 810
I 21 AR, A Bodet o 29E T B4 B A9
ME-2 =2
= B WL
Alls
A Rl=e HRE | BE A= F ]
-3 oy 293.6547 53 4977 172.289 o0oo
s 375963 1 375963 | 13014.974 000
Drop (653 4 183 5.648 .oog
Day 168.385 b 33677 1165818 oog
Environment 110.578 1 110.578 3827.961 000
Drop * Day 664 20 033 1,150 285
Drop * Environment 432 4 108 3743 .:oos
Day* Environment 51.855 g 10.391 359.716 000
Drop * Day * Environment 527 20 026 912 572
s 12.998 450 028
=] 507.304 510
=3 3 306.653 509

a.R A= =958 (=38 RAUS=.952)
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G717 R 7rek et A ZF dAled dlE EvtE AE TAWY v FAxH] A
st oY ada 2ol FASAT a9 AFS Gl LEEHLS ALAA
B 3ol ZFZ; Hunter color space®] L#, a*, bxZA 3}l ] Al AL AFd %

o]

Adta 43 2A0)RE AF 2, 4, 6, 87 1094

40cm, S0cm =tk Ao FZw} ) %7—%@ s A4 A2 Ak 1 Legke)
A%, AG71ke] Aol el Wik FH Aok FAE HAF 5 Q3 ALAFBA] 2
Brh 2F W Ae AL BAY S Atk w9, FAL kA 2 ARe MFAwe 2
b FAERY B A% FAF 5 Ak

Change of Color L* at Low Temperature
Change of Color L* at Room Temperature 9 W P Y

55

55

I Control

[ 20cm drop side
@ 20 non-drop side
[ 30cm drop side
R 30cm non-drop side

I Control

=3 20cm drop side
I 20 non-drop side 50 -
[ 30cm drop side
I 30cm non-drop side
I 40cm drop sldz- [ 40cm drop side
W 40cm non-drop side 45 4 I 40cm non-drop side
=3 50cm drop side =3 50cm drop side
N 50cm non-drop side [ 50cm non-drop side

50

45

40 4 '

40

Storage Period (days) Storage Period (days)

ad 73 getEAd we 78 oy 74 GaFAd we AY 29
A A} E2A e A 54 o=
a9 75 GetE el we A% 429 76 GakEAe w2 A% 6
aa A A = a4 A 54 s
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Change of Color b* at Room Temperature Change of Color b* at Low Temperature

| ]

Storage Period (days) Storage Period (days)
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I Control I Control

[ 20cm drop side 3 20cm drop side

[ 20 non-drop side I 20 non-drop side

[ 30cm drop side [ 30cm drop side

I 30cm non-drop side I 30cm non-drop side

[ 40cm drop side [ 40cm drop side

I 40cm non-drop side I 40cm non-drop side

[ 50cm drop side [ 50cm drop side

[ 50cm non-drop side I 50cm non-drop side

=) = = =L = = 7

a 77 GatsAe] wE A% 8dak M a9 78 deks Aol mE AF 1044 A
54 19= Gl

EvlE gwe A4e o 2
HelA EREE £8E W e 444 REL fA8] fete] dutdon 4%HL
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k. AR 57 W asE 52 wel A
o3 5 gl ot EvhEsL 43 $h9 S wol YRl &4 Wi soR
=% & 9.

rr

Aws ErtEe] $o7 F4 Adolw auAe] Frlgrs Qe AFANED 48
H xg

2
stoh, 8 S WAlE = dste FE % £43 pectinmethylesterase 2}
S 3

polygalacturonase’s 9] Al¥X® sl g4 Ao 7]Jeth(Vu TS 5 2004). ol# st &4 &
de A £ 9 ATV 2S5 E 48] SRR ALas AV S T8
3ltH(Barnavon L& 2001). th&9 ¥ HA2AGN A2AG] EnfgE Ao st 7
T Aol Aol nls] el A EntEARS AR7E AAAITEe] Aol o
el G dolx = RS 3l T G vk ARAGdA AT FAHY v AW
o] Ak ztol7t YAT A 6YFH= AE7F 20 units A E% <F HI7]o AWM H|FF
HE X3tste] dAAom Astdl AS T F Aok AXAFS EvfEASEE FHUER
B A 109712 S48 3} vFAade] A=ar|7F dA48 Zol7k e AL AT & gl
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Change of Firmness at Low Temparature

Change of Firmness al Room Temparature
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6. hA BA2 o gsle] 24F NAH $4L e EvtEe o

2 ATddeE A 2=
40%RH) eI A 10€ 3t A AFste] At % I ELdE Al ﬂ]’sﬁ A= FARAS] W&
Nahu EAAA} Abole] A BAs] EulE o W B4 mag Aosug s
oprlobE ‘mElgThololt: # sl 4-67} 4
g} e sl BoMolr 8o vksla A
= 7% ddiolA Aujgk ofrJolF ‘LEHEFToloPEES 2017 9¥el AAtE Ew
gad FHdste], 23 = 200 g HEo] THE AEE F x5t A% Aol
U BEvlEES vha ¥4 ga 257F 10:1T, $5=7F 90+10%RHS &+
Humid. Chamber, HB-301SO model, Hanbaek scientific Co., Korea)oll <
At FEEY 2 A 29, 49, 6, 843 109 =2 A 2 A3
g EvtE Als 120700 dial 71AA F4& Ve & 5, A ARE SA86t

t}.
A A A7bel BEntE TS A3t AF|L 4

i obalel Aol we A RS BHEE(WLIS A4

Wbeforefwafter
Wbefore

Weight loss rate(%)= %100

Wbefore : Xﬂ Xo]— ;d %Eo]:

Wafter : Xi ;8- “ﬁi %ch) %}\] %EEO]:

)
1=

EntEol ML Wl AMAA(CR-400, Minolta, Osaka, Japan)S ©]-83he] X #AY
(L=963, a=0.57, b=089).% WAF % 30719 Ame] tste] A% 299 370] t)ste]
Zkzt 33 o Wi A9 4 Wagoew Urhidth Mk WE(ightness)E UERH =
L g, A =(redness)E WEIH= a @3 &4 =(yellowness)E WER= b #& SASHA
oA Ao M= wskel FAlE BolFY] flste] 74 AJRet AU HE A=t
FAEO Watgs EYsiY At A A4 a/bs ALtstal v A (A), (B),
(Ol 7zt Al g2 MAZH(AE), Me] A % (chroma)®t A% ZhH(hue angle)S -3ttt

_87_



AE= \/(LI)P/'OTP - Ln,/ter)Z + ((I’before - aa/t,f=7')2 + (I)hP/O7‘P - baffer)2 (A)

chroma= va 2+b? B)

*

hue = arctan— ©)
Qa

Lbefore : Xﬂ Xo]— ;d Ug =
Lafter : Xﬂ Xo]— &l Uoj =

Apefore -
Aafter - <!
bbefore : Xi Xo]— ;d _o }\—H =

bafter : Xﬂxo]- %j o}lﬂ—h:—

A SA43 A F4o] B EvtE A5 digte] AEW 33 diste] v A A
= A2 (HPE 1 Fff digital model, Germany) 3%k L2 7 =
SAH97F 078 125 Noll afdstar A= +01/Y (unit)olth SHFES o
05 cm*?l 938 HAE Zgdolth 43 Ayt 125 NS 100523 2Ad ghola
SAGH = FH o2 YERRITh
otz o] Ao wel ME AEe A= FHAEFL)S AMEA.

Fbefore _ Fafter %100

Fbefore

Firmness loss rate(%)=

Fbefore : Zﬂ Xo]_ # %Eo]:
4 al

Fbefore : Z1 %

RE B B4, 24 9o HeEE B4 pd o 23 dugE g R 342 (R
Development Core Team, "] WAIS:=AlZ F HAE)E ALR3lo] 35

AP E4S AMES X 228 AT A¥IH 2Py gdudor MYy SyuSE
HolE) ol Edo fial, S gkl g d S5 EX2> 19 719 YEY vk A=
T B AF g RdEg o Fo] Fgton ALtio] #e AA AgE 09302
FA A AR A (08)HTE =t o] Z3e 438 3 SAHE 3 Abolel AAH
A A JSE vERATE E=S iR Ay 2 #HAYE e 53 A& AL 0%
N A 40%7+A] thekstth o] ¥ Outlierse] YU th& 3 Zo] A AT Aol A4
S 2RV A AY EntET 54 Bdo]r] ufited Aol 4 #ge] ek

=] 0

[} = i

= 283 a9 72¢ EviE AR FAS A& Hieo] did ANN o] 7
Qe welFth 7 mde 45e A4 AFE Agshe] BRIk ANN mde] B
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fl

22. A8 37

A
4

fd
i

Chi )
Mode Adjuste Residuals
Equation . —-square
I d R Min Max  Mean
test
WL-=
3.551+0.154 « SD+0.0137 « DL-1.2
1 39 « Ev-0.002 « W-0.044 « L+0.47 0.88 0.07 -1.97 132 0.27
4+ a+0.399 « b—0.065 « E-0.603 *
C
FL=
25.505+1.978 « SD-15.919 « Ev-0.
2 0.94 27 -29.06 13.37 517

028 « W-1.093 « F+1.385 » a-3.62
[+ b+0.757 « E+95.029 « H

WL (weight loss), SD (storage day), DL (drop level), Ev (Environment), W (weight), L (lightness),

a (redness), b (yellowness), E (AE), C (chroma), FL (firmness loss), F (firmness), H (hue).
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Explanatory
Parameter Effect Wald
independent AIC Adjusted R*
estimate (B chi square
variable
Intercept .41 372.52 5.34
Hue 11.52 372.66 4.36
ax 1.93 376.27 17.11
AE 0.24 377.48 24.06 0.4
Chroma -2.15 379.12 9.68 '
Storage day -0.52 400.27 7.22
Environment 421 404.20 9.76
Firmness -0.17 409.60 417

AIC: 354.52 for intercept only and 372.52 for intercept and covariates.
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Predicted WL (%)

Measured WL (%)

120

100

80

60

40

Predicted FL (%)

20

=20 ] | L i
-20 0 20 40 &0 80 100 120

Measured FL (%)

2% 71. Results for the prediction of weight loss and firmness loss values based on linear
regression models. (A) Weight loss, (B) Firmness loss. The solid line indicates the result of linear

regression.
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100

ﬂ,ﬂ b=
< 60t
3
g
5 40t
"

20|

0 L s

=20 i} 20 40 &0 80 100 120

Measured FL (%)

29 72. Results for the prediction of weight loss and firmness loss values based on ANN models.

(A) Weight loss, (B) Firmness loss. The solid line indicates the result of linear regression.

(N
T

Residual deviance

I | v
Y

reg

0 21 4M} (]

Sample Number
19 73. Residual deviances for the logistic model containing impact force and fruit-quality

parameters. Residual deviances with an absolute value of more than 1.5 are poorly accounted for by

the model.
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Presence of bruising

10
0.0 4

-0.5

20
10 2

Fjr
“ness (un its )

19 74. The probability of developing a bruise based on the logistic model for tomato fruits

£]
80 |- I Temp 25 and BH 40

1 Temp 10 and RH 83

60 b T
40 | :[-_ I
0t |
5 . j ; j i
2 3 4

Impact force level

Mearured FL (%0)

a9 75. Effect of storage environment on the weight loss and firmness loss rates of tomato fruit
for each impact force level. (A) Weight loss, (B) Firmness loss. Values represent the means * SD
(standard deviation) of each tomato group
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Weigh loss(©6)

Firmness{Kgf)

0.3000

0.2500

0.2000

0.1500

0.1000

0.0500

0.0000

Storage period{day)

Mousture content (%)

L—e— PLAL--BF- PLA2 —A— PLA3 —6— OPP1 ----*----oppzl

1.00
095
0.90
085
0.80
075
0.70
065
0.60

055

sS40

930 A

920

910

B90

88.0

0 3 6 9 15
Storage period(day)

I —&—PLA1 --IF- PLA2 —&—PLA3 —S— OPP1 ¥ OPP2

™ 77 AN wmE sz gke] A FEGE), T FRE)

SSC(Brix)

Storage period(day)

15

—6—PLAL --BF- PLA2 —&— PLA 3 —&— OPPL -3fe--- oppz{

830

810 4

790 A

7.70 A

750 4

730 4

7.10 A

690 -

6.70

Storage period(day)

I —6—PLA1 --l- PLA2 —A—PLA3 —6— OPP1 -3~ oppzi

33.50
3250

=

§ 3150

2

13

=

 § 30.50

=

]

s

5

2 2950
2850

2750

6 ) 15

Storage period(day)

[—e— PLA1 --Bk- PLA2 —A—PLA3 —&— OPP1 ----x—--oppyl

I 78 ARl wE g7t AE(9]-9), TEEI-2), HE=(okH)
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O Active MAP©| sz g]7} AGAdol| nHx= &S FHe =i (Choi et al,. 2011) &J3}H

a9 79. CAAZEI MAA o] A3d MAPA g

O o= g F4 A dA8H = 201093 325E 20109 11€74A4] &4 739 E wjx]o] &

TN (EC 2.0mS, cm-1, pH 55)& 7|F2o2 A2 Hol= EC 1.5mS, cm-19] FF2 23519 or
2 Fol= 22725mS - em—1 R AYUSHA T st £ A shze]gke] Al
£ F4317] st MEF 20gE 14em x 15ecm F4 9] LLDPE/Nylon, EVOH, Tie film¥} 40um
ceramic film< o] &3}o] Z+7H(CO2:0 2N 2) 0 : 20 : 80% (& 71241), 515 1 90%, 10 : 70 : 20%,
30 1 10 : 60% 7k A xFA Y, A2, ceramic filme 2 % A gfste] 9TolA 7L3T
A&t et

Moo

2}
steba, dddllses TAA Qo AeE st FA 1 7t &S (A stol infrared
sensor(checkmate, PBI Dansensor, Demark)?} 7}z 2vlE 283 (GC2010, Shimadzy,
Japan)(Park 5, 200002 =43ttt Asd §FF2 07g9) AEE mannitol(C6H1406)
0.4Mm/1L 25mloll HA|3te] 3AI7Hsd §EA121 & EC Z47](Cyberscan PC 300, Eutech
instruments, singapore)® %74 ¥ 2W Wz}t thA] FAT T Afd & ol dig &
& 3l =AU RE AFL gt ow A3Ysle] 2™ Microsoft Excel 2007 program< A}
&3te] P o] AolE yEhd BFE HAE AATh
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0.20 50

)
g —o—0:20:80(Air)  —®—5:5:90 E« _ .
P4 ——10:70:20 ——30:10:60 2 40 = =
@ 0.15 o
2 —S-umb -e=Veoum . ——0:20:80(Air) = 5:5:90
£ 30 1 - - —
.:!i’ - 2 ——10:70:20  ——30:10:60
z ' g 20 ——40um MA
g 3
e =
& 0.05 S 104+—3 3 —
-W
0.00 0 = ‘
0 1 2 3 4 5 6 7 8
Days in Storage Days in Storage
= 80 80
S —0—0:20:80(Air) —8-5:5:90
= —&—10:70:20 ——30:10:60 z
g 60 I —¥—40um MA G 60 |
o &
: 1 e —o—0:20:80(Air) —=—5:5:90
40 @ 40 |
5 = —4—10:70:20 ——30:10:60
z 3 ——40um MA
=
w 20 W
Hq
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Days in storage Days in Storage
%) 80 ANl e shEels} AT A HEE-9), o Aksheiz9l-2), dlgarkaole-2l), 2l

ppm(18)) T2 Z+7} 5, 10, 20, 307 A sttt g & nAE 5
H HA 207 o]itstl A 7}i l"E*E 75 ppmv, A2 A7F2 308 =
S chlorine dioxide gas A 872, &% A gdA && =z E =
(300%400%180 mm, Sun Wellbeing, Jeon]u Korea)oll 2+ A2 AlRES
o Eek AAEHA AE & 2 54 WstE SASATH
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Washing water

Conduction

membrane
(Nafion):
Electrolysis of
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Sodium
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Waste liquor
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1}

: ; Time ClO; gas concentration (ppmv)
CrOOrganism ﬂll_ll
Micooary (min) 15 30 50 75 100
0 4.66+0.26"% 4.66+0.26™ 4.66=0.26™ 4.66+0.26™ 4.66+0.26™
foili-acrcli 5 4.63£0.11" 4.35+0.30"%* 3.90=0.34%" 3.74+0.28% 3.51x0.11%
°b “’1‘; 1e 10 4.57£027% 42740255 3,86=0,12° 3.55+0.00™ 3.48+0.08™
acker 20 44240274 4.14+0.1175 3.83=0.14%" 3.52+0.13% 3.30+0.14%
30 4.41x021% 3.81+0.37%" 3.73+0.17%" 3.52+0.31%* 3.07+0.16%
0 3.51+0.26™ 3.51+0.26™ 3.51+0.26™ 3.51+0.26™ 3.5140.26™
5 3.28+0.15%% 2.64+0.11% 2.44+0.18%" 2.34+0.21%* 2.06+0.10%°
Yeast and molds 10 3.11x0.43%% 2.60£0.27°" 2.41+0.38%" 2.15+0.21%* 1.70+0.00%°
20 2.78+0.19% 2.44+025%" 2.3520.325" 2.06+0.32%® 1.70+0.00%°
30 2.73+0.26™ 2.40+0.48%" 2.10=0.35°" 1.77+0.15%® 1.70+0.00%"

UTime: time for the treatment of chlorine dioxide gas.
JA.ny means in the same column (A.B) or row (a-c) followed by different letters are significantly (P<0.05) different.

Storage time (day)

Microorganism Treatment”

0 1 5 10 15 20 25 30

Total acrobic Control  4.724027*% 4.61=0.16™ 4.620.23™ 4.64£0.20" 4.88+0.14™ 4.79=0.18" 4.76:023" 4.7320.12*
bacteria ClO; gas 3.10=029% 3.06+026™ 3.07+0.27> 2.92+0.18% 2.950.17°* 3.02+024™ 3.38+0.08% 3.36+0.23™
Yeast and Control 3212026 3.402022% 3.342022" 3.37+0.22* 330:023" 3.37£023™ 3.40:0.16* 3.580.26™
molds ClO; gas 1.76=0.11%° 1.82+0.12% 1.90=0.17% 2.05£0.07* 1.59=0.16% 1.77£0.15% 1.70=0.00% 1.98+0 495

?Ctmtmi, no treatment; ClO: gas, chlorine dioxide gas.
“)Any means in the same column (A.B) and row (a) followed by different letters are significantly (P<0.05) different.

3 . Storage time (day)
Color value T B

0 1 5 10 15 20 25 30

L Control 3075604287 3076:048™  30.75:0.46"  30.68£0.57%  30.64:040%  30.71:034%  30.71:025"  30,70£0.17™
2 ClO; gas 30.82+0.52 30.82:+0.48™ 30.80+0.40" 30.78+0.39™ 30.76+0.32" 30.71031" 30.73:0.30" 30,70+0.23™
. Control 2327:047% 23232044 2323054 23224057 23.8:0.50" 23130408 23.07£037™
ClO; gas 23,27:0.31" 23,2340.56™ 23.2540.56™ 232140517 23.1420.46™ 23.13£0.50™ 22.9640.60™
b Control 11.38+0.29™ 11.39:40.26™ 11.330.36" 11.38:0.24™ 11.3420,28" 11.3040.26™
ClO; gas 11.41£0.34™ 11.4040.38™ 114246041 11.38+0.33" 11.34:0.28" . 11.3540.29™
AR Control - 0.3540,10™ 0.36+0.20™ 0.36+0.12™ 0.35:0.19™ 0.35:0.16" 0.36:40. 04"'

- i 0.35+0.25° i ™ i = 035:0.13" 0.35+0.11

DAny means in 4 olumn (A) or row (a) by same re not sig

i Storage time (day)

Sensory s ; 0 i 5 10 I5 20 25 30
o Control 883405100 §.7440.48" 8332058  7.81:072% 7182069 610081 5.02:0.88" 3.98:0.87"
Appearance ClO; gas 8.8540.74" 8.7540.55™ 8.61:0.64""  82040.72"  7.91:0.82"% 744:1.00%  6.86:0.99™ 5.99:0.93"

Color Control 8.88+0.38™ 8.7140,54™ 8.5040.61™ 8.0340.76" 7.50:0.84™ 6.96:0.83"™ 6.13:1.01™ 5.38+0.97"
s ClO; gas 8.8540.47™ 8714064 §60£0.66™" © 7954086  7.62:0.95™ 7.10£1.15™ 6.62+1.28"
- Control 8.82+0.43" 8.62+0.57" §.49:0.63" 7.55:0.92%  6.82:0.93" 5.88+0.99™ 5.1720.89™
CIO; gas 8.81+0.48™ 8672061 §60+0.57 8194 0 938 7.80:0.95™  7.40+1.11M 6.87+1.13% 6.38+1.23"

Firmness Control 8.94+0,24™ 8.86+0.35" 8.4340.67" 7.81:0.81% 7.1340, su““ 6.05:0.78™ 5124083 4.22:0.77™
e ClO; gas 89740.16™  889:036™  857:0.71" M 791s084%  745:113Y 685105 606:1.14Y
= Control 8.92:0.37™ 8784054 84940, 58"“ 72340, 73'“ 5.11£0.97% 4.17£0.91%
TeeS ClO; gas 8.97+0,18™ 8.85:0.43™ 8654059 7.36:(1.39 6.79+1.06™ 6.10:1,09™
Overall Control 8.89+0.32™ 8.76+0.43™ §.24+0.43" 7.08:0.71™ 5.32:0.84™ 4.28=0.71™
7.86:0.88" 690:1.00%  625:097"

acceptability ClO; gas 8.89:0.32M 8.8140.40™ 8.5320.63*°

Wy s in the same column (A,B) or row (a-g) lollowud by different lumrs are \.lgmh«.anll\ (P=<0.,05) different.

a9 82 sEelgt ojitstd A vk FF AE deHr 2 SAEY A9

0.3000 sao
0.2500 — 30 1
£
=
. 02000 £ o020 |
% 8
§ g
£ 01500 g o0
= -
= g
[
2 91000 2 o0 -
0.0500 890 -
0.0000 88.0
0 3 6 9 15
Storage period(d
Storage period(day) age period(day)
L_q,_' PLAL --Bh- PLA2 —A— PLA3 —6— OPPL ----:r----oppzl | —o— PLAL --BF- PLA2 —k—PLA3 —6— OPP1 —¥— OPP2

17 83 ATl mE sz gke] FA EGE), T8 dE(e)
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® 25 F4 A F4 A A
S 3| AL | A
Zo]-8# 3000g
HAEA! 01g
A A& AND CB-3000 A & A +01g
=9 -10740C
= 71: 190 x 213 x 50mm
S 9] £2500N
Food £E=H9 1 - 500 mm/min
AEZA7) Technology TMS-pro gl o] § F 54] £:16000/sec
corporation 5 Al 18kg
Gl : 120/220V AC 50/60Hz
SA A7 1sec
FH1rZA T3 3sec
= ] Minolta CR-400 _ B 2] &% 800measurements
chroma meter ZHAZHHY 38 mm / @ 11 mm
A7 dl o] B & = 1,000
= 7]: 102 x 244 x 63 mm
=749t 0.0-32%
A & = brix+0.19%(24})

G e =47 ATAGO PR-32 W 540°C
El 7]: 17 x 9 X 4cm
=24 9] 0-100%
SESORE ! F A 0Tk
_ Dansensor checkmate—2 v &
& FA47] &84 6ml
= 7]: 65 x 130 x 160mm
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wZo WE A% F FA WH A9
g 9y

F 26, 1697k A% 7I3F Fot 4 vyl Wel] Wi A dAe] R wae] 9FE skt AR

= BEvtE 5

Tomato sample Variety Width (cm) Height (cm) Photo
Tomato-1 oE (F) 7+0.8 5+0.2
Tomato—2 oE (%) 5+0.8 3+0.2
Tomato—3 AAF EvleE 2.5+0.2 3.3:0.5
Tomato-4 71609 & Enl e 2.2+0.3 2.7+0.4
Paprika-1 2k (w3 8+1.2 11+1.6
Paprika-2 Hghg (=F) 8+1.2 11+1.6
Paprika-3 vy sz} 45+0.7 8715

vl =9 E
Paprika—4 vy mazg gt 42404 9.1+1.6
2

O szestsh Enpze] AE% A 4% A2

grelzhe 20159 69 @ SFANA AwiEr] Al Fate] 20161 39l Wit Eol
11+#1.6cm i U¥] 8x1.2ecmz F&¥ 1 EvtELE 2015d 9¥€ 33F FH-olA Anj=of
20161 4¥€o] 3k Het Fol9k YnHlZF 5£02cm and 8+1.2cm¥ = “Dabol’variety
tomatoesE HHEE A A 2ol ot At Bz Estet EvtEE 8 A9 npR2
A2 el AAstr], sk w24l Adete] AR H ¥ AR Fae] AAetr] 2 il
SHF ERF Aol HAbgEA A ET & A Farel] Aty 5 Ak 3704 AP A

o2 Hristdn 8 | gz vtet EvtEe] A% £21S FAFsESIH

ol
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(SIH); B. #pgate] 24 stFnat &

a9 84 A AR AR o A FE T AR Zae FA AR
C. Hl% F By (OLWS) 7 F A2 Farol] A%

A Fare A% (OLS);

a9 85 AP A A A 8 T A2 Lo FA] A (SIH); B, xbgste] A6 5FF
A Zarel A7 (OLS); C. Hxpgste] 4o 5% B3 (OLWS) I § A2 il

- Ak A% A el & 6.5m x 45m x 3.0m A F3eF 7.5m x 55m x 35me] A 7}z 53
Ak Szelzel BhE 47t AT @ 1 3 A% MR £E 10:1T FE 90:3%E
Aok Ae Bild] AR R T )Y TFL LE 54T FE T55%9 4 vl
27k 2 WA stel 2o 3 AGSAT £3 T AgAhgel B2y AgBFAA F] )
ol Bel AEAoG xS A% S ARHE o FA® ALE Bef, aefmE
A% Aol mhE st sbel WAS oAsH] 918 2-5% Oy, 2-5% CO, 1el3 5-10% CO
£ 9 HA9 ¥ 2Fol Wady ErkEe] WAL A A 3-5% O, 2-3% CO,
5-10% CO18] 1 95-97% N,& £ & A9l 37] &gl Aasiuh

SN mlm A A RS SAA A 2 A AR o

CHEI A F, BTt ERhE ABES 24 O
N ol AE Fadl YL, 1 P BE gz
Tol WAT ARYIH] 5,10 21 159 HAL

N
. 1o
Hﬂ
=
frt
i

[

i mln
mlo
A
_1>~l
O
HU
24
o
_}(_,
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grzelztel EntE MEE5S vk AR A Ao ddste] 30709 A= %
A2 9 37FA AFA A A 2 (SIH, OLS, and OLWS)E Zhzho disf 34 AT
Zh Aol s 90719 AlEo] Uil & 36070 uzevtel EntE i FA HE, Ak, 4
% 18] 3 soluble solids(TSS)#A2 #2 wiZ/lW4E 0,5, 10 2831 154 7ke] B Al o] U
= 37FA AR el z2stel A Erkeksdth A% 713 FF SASAZE g o] (version 9; SAS
Corporation, Cary, NC, USA)= zt3 % O]T‘/}—Z,—%H‘jgi AFE A AAHARN F9A HEEE
=2 2 (ANOVA) ez 3kl folv gk Zpol= ol % 5%lA H7tsdtt
dlojele] SA Aol 17 H 84852 A A =27, AL, WA F (replication) 18] L
Zoj}, wgk Ht o] Aol AbH A Aot A% 71 T szl gt EnfEe] F4 wjf
T T AP 2ES A s S8 5% oA 7oA % Duncan®] ot Al o A

=

N
N
N
N

lo

2

37HA Abd A 2ol A | shmeziel Evbze) FA wuse) WskE o 3er] e
ohe 89 H2e wEATh Ford A A, v2A Abd A AelE dzehe EnbE
EEYESR B s FH5USR 0 244 AFRI®S A 713 Bk FA
W @ge) W Awaly] e Ao wug Adsy] s kg @ F7) mde) h A
FEe pFEATh R d MY 3 ol F, A Hxevtel mrlme] FA ulhwse] wa
E 24387 918 2 1(n(x)), AF(ex), AT (kxn) ¥ A (P(x)F 2 45 v]A3y ¥Es
Apg-ak T
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3T

JJrEﬂﬂ@r EvtE AEFo FAE gzt EntE 27 FA 9 HF FA A
7] FAZ UE 7S 193t = s v (Nirupama et al,, 2010). A &L 71
g 7tel EntEES ZH7te] Ao ¥ W Fol| FAE FA4s Sk 42 b
Z7ke} EvfEE A& 22 tHmodel: CB-3000; A&D Co. Ltd., Tokyo, Japan). 0 RH
Z7] FAE A 3 g=xg7te EvfEE 371X B3 2749 Wi 5 10 ,156¥9 FAE =
g = v Basnh A FES 27 FACdA A EAs e E xdEth
Initial Weight — Final Weight
Initial Weight

o

o]
=

g

L=
T’:

> 100

o) sheh Erhee] 4 540 b 2o S4ow AM dzele Evk
Al JJZ Z4 ANER 7 2 4 A Gormley and Egan, 1978). 3tZ g]7l¢9} EvlE ¢
& AR&3to] Abdel] AAE pierces WEV] 9 Zad & F45H
TMS-Pro, Food Technology Corporation, Sterling, Virginia, USA)E A}
A%Y FelolEg A§ ol

model :
33ttt Iz 7te EvEE 50mm/ming £E2 2
z oo Al probeol 93l =3t tHChoi et al., 2011).

- A7bgA LA(TSS)
gralztel EnfENEES dHsHA 7R deY et 4339 FHHdoR I
Z 7] (model: FruX80, Goojung Engineering Co. Ltd., Seoul, Korea)E A}-&3le] 5& F%3}
At 2 AEZEL HASHA £t TSSe S tAE =4 Al(model: PR-32a, Atago Co.
Ltd., Tokyo, Japan)E& A}&3te] AAMSEE S Brix(*Bx) o2 X a3t}

° Z

_‘

o

A=

gz 7kel EntE E~EI P
a*(red-green), and b*(yellow-blue)9 #E3}
= 2"y Z=AHS 9% D65 28l 8mmT CR-400;
Konica Minolta Inc., Tokyo, Japan)& AF&3ste] FAstA . 2F A4 2o A9 w=g 7}
of EviES] LS SASA F s vt BEvfEe] Jped oA SA s W
A 3 =(L*=93.9, a*=0.31, b*=0.32)2.2 HA3}H T} L= S ¥ A8 (L#=0 for black,
L*=100 for white), ax 2 M- ] B2 F A3}l (ax>0 for red, a*x0 for green), b % 24—

=AY AEE FAFTHbx>0 for yellow, b*<0 for blue)(Khairietal.,2015).

e @

pul

. o 2] t}.  Lx(3%%, white-black),

o stzelsts EviEe] A mAMEE &

=l
vz 3
7(:)]0

g
2]

71921 chromometer(model:

=
BEE

EES s

rlo

sz gtel EntEe] ofe 7hx] EA 71&
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- 7

- A7t

M
&

s

N
=
Nﬂqm

o

2 gzggte] FA &4 AV F AR Frteta Hde] ¢xd] I&

A& A H(Pila et al,, 2010). o] ATFlAl Al 7FA] AP AFA T BT 42?‘47}94
adte AoZ yepwnh AR, 78 SA] A gz sH(SIH) G FA #Havt
3 Boh 24oA 2Pt Bad A(OLW)H aFF 5o 2ol A B33l
AOLWS)¥} Blugls wf oF 146% = 7H 2 Ao = vebgth

T 4 48 2 e
o >
_Ml-rlﬁ
a

¢

(
4]

op
o,
lil

A(TSS)

b5k 37HA AFA ﬂﬂﬂ iz E)7ke] TSS(Bx) gt A9 =74dol = 19l %

SHOY) el X%‘l] 44;47}4 TSSﬂaO] ﬂ =& Aow W A7
7

24
o
N

N

>
ol
2L
3R
2
&7

r
o ‘W

oft
o
=

N
-

RN L N )
2 B
z
ae A
2, M3
1
a2
SN
[N rﬂ
ﬁ -
_N_ J.u

FA?H :—H 1740& °1oH A 10d Fo o
% SIH A& 3 s=Za] gt &) T55(°Bx)%k-°4 aago] 2k

;

- A=

15979l A% 713k o] F K= A olA szl gted g A
ZE Aok FA A A A9-(SIH) dzEste] de &4

846, 12.09 18] 31 19.08% A tt. 183l &FF FF Mo gt WA g § Ae o
FHOLS)Y A% £428 5 10 183 159 ¥ 13.07, 1541 1%
Qb 2ol wA}Fste] WA F Ags 9z FHOLWS)S] 4
3 1852, 21.87 LElal 2742% % tE 27kA Agrd o %9

gz zte] A wsteE w4 AT Bl i Tzt & g4 dd A 9
T Z 3tbo] th(Renquist and Reid, 1998; Tigist et al., 2013). Al 7}A] AFA A3 &
et gz gle] A wj el diEiA] A 7)3F Fet Sz ghe] A Wiyl dnkd o
A% e Aol IEHFUY. 1547kl A4 & OLSe OLWS A 2|3k utx g 7}o A 9.84 18]
1

o

o
}-ﬂl_ﬁioﬁ

1.01%= MW stz oFzk wokom SIH A2 gk 32| 7h= 861%%] M Ewsrt d s
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d

E 100 . . . |
= I 1
; e
w B0t I OLS . :
L 2 [ C—JoLws Firmness
S 260 2
':_’. & - E ° E
- 2 £ Firmness .
= =
= Ea0p S
2
= 20
=
=
l; l]
=
= -20 - - -
= 0 5 1u 15
-

Storage period (day)

a9 90. A 15 o Eet FA A

3 7kA
(variety-1)9] =& #3 17

N
)

A7 A (SIH, OLS, OLWS)stel g ¥ sz}
Hg (%, TSS, &3 3 Aol Hntxel *ﬂﬁ}

==

O Variety-2(3%Z 2] 7})

- 7

N
=~

o

o SEse] B £ AN F ADA R Frheha Helo] 9l
SR Pila et al, 2010 o1 ATFAN Al AA AR ARAY w5 3 za
&3t Aom vehgth sk, 4@} 24 ARG BelZHSIDY A 7
% Fob 2dolA ABei BEE AOLW)H 57 Ft 204 uz}gste]
(OLWS)%} M sl e o oF 137%= 714 A& Ao vy

>4
ol
&/
tlo

x4y

) N
Ly B2 2w
i)

4 40 2 o
>-}L

o > S

_ﬁ7

ﬁq
o
oX

AA(TSS)
2 Bk 37kA AR A e gz gbe] TSSCBx)#S 4§ F4o= A"
,37HA A Al RE gZEgbe] TSS d#%S o Eobxa A 717 Fot
F& Btk Age RE gz gte dis] 597k A% F TSSCBx)#e] A
Ak sz g 4 AR 98 593 1097k AF Fol o] e e

o

rﬂ" [O2 RN

rug—
_%

4 >’l>’ Jﬂ,

[
39 M

32 ool

o N = Ay

:Lﬂoﬁ

— 73’5
o 157k A 73 o] F BE AgolA dzelte] ek Aol thEk Azl E4e]
ZE Ak SA A A AS(SIH) sxzefste] A
9.70, 2051 18] a1 29.94% %t} 18 L o}f—} o} &40 233t
FHOLS)9] H &% 42 5 10 183 156¥ % 1047, 21.00 18] 3 33.23% A t}. Rt
Qb Ao v Apgste] WA H A #FEZe7HOLWS)e] A=
2 11.26, 2349 8l 3731%= Y& 27FHA] ARy ¢ =94t

_Q
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aprika

arameters (%) of p

anges in p

Ch

a9 91 A% 15 4 Eet

srezke] Aw wshs %4 g Bl da sxeste] Tel serd wg wA 4

% = 3}li}o]th(Renquist and Reid, 1998; Tigist et al., 2013). A 7}A Abd A &=1g] 3 ?ﬂ
ek ghaz gz A wi R el diajA] A 717F Fet S ghe] Ax Wiyl dukg o

s
darE = o] AFAHATH 15693 A F OLSeF OLWS A gk stz ] 7oA 1097 L
213l 12.16% = MEWs7b okt =9kom SIH A 2l g 9= 27l 8.33%<] MEwstrt w3k

120 i 1 ' i
I S1H Firmness
100 ¢ . OLS .
CloLws

==}
=
I

&

A

] %

'E 60} <

=}

z £
40 + >
20+

0
=2 L

0 5 ll] 15
Storage period (day)

oF 3 7FA AFR A A (SIH, OLS, OLWS)&tel A2 # =7}
(variety-2)9] =& F2 v/l ¥4 (3, TSS, &8 2 Ao Aukz ol W3}

O Variety-3(3 = 2] 7})

- 7 e
o AWtH o= mxEgte] A EH4E AN T AAHoR FUksta o] ¢ oS
W7k A Al4EH(Pila et al, 2010). o AFol A Al 7FA] AP AGA ] B gz ghe]
FAE At Aoz yepwnh AR, 53 FA] A g2z (SIH) O FA #Havt
53 F T T 240 AFsta B AOLW)H &5 FoF 240 n 2335t
B3 ZA(OLWS)Z vagls u) of 17.08%2 71 & Ao eyt
- A7FgA A(TSS)

A4 713k B M A AL hEebe] TSSCBo@S AF FHow mAH 5
shelbe] TSSEel stolA T 4471 W 2E A
7k 5,10 R 1593k A% Fo] TSS(°Bx)#te 7H °

2 sl 1593k A Fell ¥§ =2 #@e 2tk

fz
22
o
_>‘J_t‘
1Y
e,
fd
i
o
[
oL
Y
N
fz
22
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=

1593k A% 713F o] % K Aol A gz gt g 4

ZHE Aok SA A% A AS-(SIH) s=ze)7te] A% 42 5 10 181 169 &
9.77, 24.84 18] 31 40.02% At 18] 3L oFF Ft 2ol Apgete] WA e § A Ge g
ZHOLS)9] A= £428 5 10 283 159 3 12.12, 2398 18] 1L 5]

QF 2o v Agste] WA § AE 9 Z27HOLWS)e] d= £42 5 10 28 15
1219, 25.94 18] 63.75% % TFE 2714 Agrth o] =

- A

o ¥EgFle] Ax Wl A B4 dEo] glu vz st B 3eE dd w4
% % 3lto]th(Renquist and Reid, 1998; Tigist et al.,, 2013). Al 7}x] Abd A& & A
A3 ghzggtel A wisfH el tial A A 717 B sxEelgte] Ak wslsl dubE o s
asE Aol BEEAT 15U7He] A F OLSS OLWS 2|3 shZ | 7hol A 2457 21
g3 2581%= MEwsrh o7k =9kom SIH A8k 92 a 7t 18.69%9 A =W 3l o
Z 5 Ao

-

E 150 : : — ;

=) I SIH @ Firmness

i I OLS £

= C_1oLws = S 1

S 100 2 . £x B |3

== = = =~ e )

— - b = = g o

ot - 2 E5 3 &

= 5 50+F B =73 = |

&= s k=g

& =

g

i 0

=

=

IE

. -S0f

0

E 1 1 1 Il

5 0 5 10 15

Storage period (day)
a9 92, A% 15 4 s 3 7HA AR A% A (SIH, OLS, OLWS)skoll A& o w27}
(variety-3)¢] & E4 wj7] W5 (3, TSS, &3 = Ao Adutzel W3l

O Variety-4(3 = 2] 7})
- A #E
o AWt o= wmEgte] FA &AL AT F AHUAoRE Frbsta Hdo] hdd] oS
) 742 AL Eth(Pila et al.,, 2010). o] AFoAA Al 7FA] AL AAAHE 25 3] T
FAE fHadhe Ao R yErEth sHAR, 8 SA] Age sz gH(SIH) e A ATt
T 5 obF Tk SAAA AFstar BaAg A(OLW)H & 5ot A A 1] 2}g3to
Hask Z1(OLWS) ¥ vl dls ) oF 1418% = 7H A& o= vey
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A7bg4 A (TSS)
. XW 713F &3F 37FA] Abd A E gk ghzE]ghe] TSSCBx)#S A 0w mAdA.
g A 5o OLWS A28k sze]7te] TTSH=S A7 7]3bel] whe} wropx| i F7hskglt.
ey SIH®F OLS® A% 594 TTSE ol 1569 &<t Adeh o zhzb 327, 11.65%=
stolA a1 F7hskslth

w

A%

o 154z AR 77k o] % K= Azl vz el ek Ao gk dwkAl Ede] 3
AT SA A A A4-(SIH) H=Z27ke] 4= &4 5 10 283 159
20,87 33.78 712|131 37.39% Atk 1] Al 8k § ot &4l ApFsto] WA ] A g2
7HOLS)e] A% £4& 5,10 123 159 F 2193, 40.34 1
Qb Aol wapgate] A 7 A3 92 7HOLWS)
T 2660, 4371 123 56.00%F THE 27kA Aeluct o Egok

A
. smevie) AE WEE 44 B4T Beo] Y Hrelsle] 2e sery wg wre) 3
T Z 3tyo]}(Renquist and Reid, 1998; Tigist et al., 2013). Al 7}FA] Abd A2 & A
23 sz elglel A el thelA A 717 FoF sxelvte] Mx Wyl dubF o s
s Aol BEHACL 15979 A 3 OLSe OLWS A g3k s a]7be A 1332 1
4 13.73% = ME=WH37F k7 =9ko SIH A3k d=Z g7+ 11.85% ¢ M x=dstr &
ZE
=]
l: T T . T
= Firmness
=3
| 7] .
= @ Firmness
~ 5100 2 ]
e T
g £
3 -
£ 2 50}
=
=]
Rt
E-
IE I]
o
=¥
20
-g _5[' 1 I 1
5 5
O ] l[l 15

Storage period (day)

a9 93 A 15 4 <9 3 7HA AFd A Al (SIH, OLS, OLWS)3tell A2 ® 3=y
7} (variety-4)9] BE Fd w7l A4 (3, TSS, g8 L Aol Ankzxol W

3}
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=

S sbe FFNA AP A Qi WA ARl Sael A Aol o2t M
e A EE ¢ Fo Azelzte] AdEd Fas ANHOR FRES FHe v
g7hE Ao o whbd Eok PAeka by 2 AY AHD S5 webd o] At
AL F110£1 °C, 90£3%)0] ARE Hxelshe] A% D wls) Wael AGas] dol
& 5 879 9L 2A] A% Aolvh FHE BTl 3 A AR AF A
4 .4519] 7 A4(OLS) 18] 31 37

245 Ak 3 2 F(SIH), 85 ¢t &M =

Fo 2ol n g AEE 2y F AF(OLWS)E 749
FE 1569 B 5 Ao w ZAHHYH

ot Aol vlas)A OLWS A 23 shxe]7ke] 54 352 variety-1,2,3 12|11

Iyt grelgh AEs OLWS A

7}7} 2742, 37.31, 37.31 Z18]aL

41 o skt

Al 7HA v Al whel A sxe] gk brix(CBx)ghe Mg ghow FA H 9l

ARk A 7170 159 Sl SIH A2 disll brix(*Bx)#te] FHa& o] 2etrh SIH A &fsha A

A stz e 7kl el variety-1,23 121al 4o s 2z 11.01, 12.15, 21.81 12|31 13.7%

2 FAHAT. o] A9 HolE = AR Fol ¥ U2 FH4S Sl F&F A5 s=zeutE
A or gk As vEld § 9lth

Zarel Ad sxefzte] 4 o) "ol e AR A% A e &

& 7be 2 A AR Eatr] del fFEld @A e

7
]
Al, %, TSS, M= w7
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O Variety-1(E7}E)

7}
ANtH o2 EnlEe| FA £4L A7 F Ao Frhsta el 3 o8 u
A% € th(Pila et al,, 2010). o] Aol A Al 7FA] AP A2 A EvtES] FA =
ZasteE Ao R Yehytth shxw, £38 4] A4 EvlE(SIH) G A gart 38 F
. Aol A x}gstar i&c& ZA(OLW)#} &} Fob &4 A ux}gste] Hag A
(OLWS)#} vl gS w) oF 142%= 714 2 Ao & vhebwtth OLSS OLWS A 8= 59
Fo} 10950 B3 FAEAS BAAR OLWS A2 3 Evfes 159 F¢ By F of
1.86%9] A £4& ] B

- A7MEA TA(TSS)

A% A G A A AP Erhme) TSSCBOe A3 4ol Qe 29l A
St Fe0d)el AH RE ErhEe] TSSTHE o B Aom WaARL 487X
Bk v5e AFe B Al A EvkEd g8 59 A% F TSSCBo@e wa

o grol w

7F BEEAAR B }EA =/ 2oz 8 A 10 Foll B =2 grol HAsdG
ol 1597ke] A% - SIH A2l Evted] tsf TSS(°Bx)gkel #Aa&o] gt

_ 7(5]}4:—
o 15Uk A 713 o] F RE A EntE] digh Aol gk dubAl &Ao] I
HArk FA A Mg F9-(SIH) EviES] Ax &4 5 10 283 169 Fof 223,
30.7 71g] a1 34.7%%th. 18] AL 61% S 24 x}ﬂ%}@ WAk 5 A 7g e EnbE(OLW)
o] Ax 248 5 10 28la 159 % 202, 331 g il 382%ATh WA &F FHok 229
Hz2}3g3ko] WAk 5 A%k EvtE(OLWS)e] Fx &4 5 10 1832 159 % 207, 33.8
28] 40.1%% e 2704 AgRY o] &9k
A
.+ EvlEe] AL W &4 A Beo] g EvlEe] 2 sad Wy gre A% &
slvto] th(Renquist and Reid, 1998; Tigist et al,, 2013). Al 7FA] Abd A G 2] & Age &
o] A wj s ol thef A A 7IZF EoF EntES] Ak Wyl dnbdow Fave
Zo] #AH At 1597k A% F OLSY OLWS A2 & EnlEo] A 12.16 18] 1 12.46%

B AERSZE ofF ko SIH A el ErvtEs 11.14%9] M ewstrh d25 Qv

- 114 -



Decrease (%)

150 = T T T

B STH
B OLS
~ 100 { CJOLWS :
50t -
0
-50

0 5 ll]I 15
Storage period (day)

a¥ 94 A% 15 d B 3 A ARA Ziﬂ' 7411] (SIH, OLS, OLWS)3lell A8 € ErtE

(variety-1)¢] =& =4 w7 WS g, TSS, &5 g Ao A<l Ws)

O Variety-2(Ev}E)

- A7tEA

4

ditH o g BEntEe] FA &4 AFV F AH o2 Frtsta Bdo] ks oS
A4 A th(Pila et al., 2010). o] Aol A Al 7FA] ALA AFZAM EnfES] FAE
Aoz yelyth AR, 8 FA] A EvlE(SIe FA #Zavt &8 &
S Fot Ao A ApFEta B ys A(OLW) 3 &% Fob Lo A v xpgale] Byd A
(OLWS)¥} vl gls o oF 098%= 714 A2 Ao = YElyth OLS® OLWS ﬂal% 5
o} 10€ Fof] Hs=3k FAEAS HYATF OLWS AP 3 EvlEE 159 &9 23 & of

1.73%9] FA £4& ¢ mrh

P

P\

A(TSS)
A 713 9 37HA AR A ek BEvkEe] TSS(CBx)# A3 F4el gl 'l #4)
Atk =2H0)el xiallﬂ B EvpEe] TSSHEFol ¥ #2 7
<t ks

o
i
)
o
5
k!
2
% o
N
)

St Bl AES Bl AP A g EvpEel] tis) 543 A% § TSS(Bx)gkel =7t
7h AFHAAT B }E/l S 2o A3 A 10d Foll =2 gho] AT v
of 15d7te] A7 5 SIH A2 EviEd] tja] TSS(Bx)#ke] #Haso] Akt

— 7511:

2 Jt
A A A AHgs A-(SIH) EvfEe] A% &42 5 10 183 159 Fof 23.10,
3353282 3652% Gtk a1 FF Fok A AFse WA H A EvE
(OLW)9] A= £42 5 10 281l 15 3 22,09 34.79 18] i 39.76% At} vk 8% FoF
2o nAFEte] X3 H A G EvE(OLWS)S A% £42 5 10 28 159 &
21.66, 33.17 18] 3859%% U2 271A A ®u}t o Edtl
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- e

Changes in paramters of tomato (%)
(variety-2)
th
=

EntES Mx Wst= 54 383 ddo] 9l EntES =g 3h8hA whd o

3Fubo] tH(Renquist and Reid, 1998; Tigist et al., 2013). Al 7}A] Abd A8 3 A 73)
ntEO] A wj Aol tiafA A7 713F FF EnfES] M Wyl AdnkA o Ay
Aol #wE A 156U 3] A% F OLS9 OLWS A3 EwlEo|A 1257 183l 16.39%
2 AEwstrl gk gon SIH A EvtEE 1055%9] AE=wszt #2 = ok

Al A%
k)

2}

2

fr kol

S

150

. STH
I OLS

[C_JOLWS
100

o
S

0 5 10 15
Storage period (day)

a8 95 A 15 9 B¢k 3 7HA Abd A # x%al (SIH, OLS, OLWS)3}tell A7 ¥ ErntE

(variety-2)9] & =2 wj7) W4 @, TSS, &8 92 Ao AnkzQl w3}

O Variety-3(E7}E)

Hog EvntEe FA &4 A7 T AXA R Frtsta wde] ¢k P o
7HA] A& ek (Pila et al., 2010). o] Aol A Al 7FA] A AR A E } o] FA=
Fashs Ao R yErwth shARE, 8 FA] A% EvpE(SIH) S FA A7) =

Ao A AFEta Bk Z1(OLW) ) 87 &k 2[4 ] X}’)’O}‘ﬂ B33 A
(OLWS)#} v gl& ] oF 817% % 714 2 Aoz ettt OLSe OLWS ﬂa’— 5
o} 10830 H]5=23 FAEAS BHIAT OLWS g 3 EvlEE 159 5o vy 3 oF
8.89%°] FA =45 ¢ B

- A7F8A TA(TSS)

A 717F Tk 37kA] AbH A 23 EvlE e TSSCBx)#-E g 4o] gl 1ol FA
Ak FO0L)el AgE 2E EvnfE TSSEHo] ¢ =2 Aoz waxa A%

ToF B 2e AES Btk Abd A2l EvpEd tis] 543 A% F TSSCBx)#ke i
7} BFHYA T EnfEe] &4 20 2Add A 10Y Tof T] = uk
Woll 15U7+e] A% 5 SIH A#d EvtEo] ta] TSSCBx)#Ee #Higo

ol

N
2
o
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o 15Ut A 713F o] F BE A EntEe] digh Hxol tidh durAQl &Ao] I
HoAtk SA A A F9-(SIH) EvfEe] HAE &42 5 10 183 159 Fo 15.09,
204771€) a1 30.19% vk 1Ela &F et i*‘oﬂ zpgate] WA § A EviE
(OLW)9] A= £4& 5 10 284l 159 3 1893 32.06 2] i 38.37% At} wkd 3% FoF

oﬂ

O XA

e =

220 H]x}agé}oq W23 5 AZde EnfE(OLWS)e 4% £48 5 10 282 159 %
41.37% = & 2714 Agro f =9kt

H

- AR
o EvtE AR W= w4 A4 gdo] da BEvlEe] =g 35t wd dAle] A5 F
slte] th(Renquist and Reid, 1998; Tigist et al., 2013). Al 7FA] AP AZA 2 & 45 &
mpES] A Al tjai A A7t 7)3F ot EnpES] AL Wyl dvrd o R AN E
Aol #FEE A 1541k A4 F OLS9 OLWS A3 EvlEo|A] 12.16 1811 12.46%

1
2 A=l ot ko™ SIH Ak EvtES 11.14%9 M= st #2 s

B S1H
B OLS
C1oLws

100 -

(variety-3)

Changes in parameters of tomato (%)

0 5 II_I' 15
Storage period (day)

a9 96. A 156 4 'k 3 ]‘X] AR A A A2 (SIH, OLS, OLWS)3gkel A2 ¥ ErlE
(variety-3)9] =& F4 /] WS (FF, TSS, g8 2 A)e] Autzl W)

O Variety-4(ErE)

- w) RE
. Awdom EviEe B £A& A% F AAAeE S48 Hado] 48 oL
747 A% R eh(Pila et al, 2010). oW AN Al A AR AFEANA ErhEe] FoE
Fasts Aow vehd A, ZFQ’ 20 A4S BRG] FA dart 53 F
3% F9k LA A AL HAT AOLW)H 815 5 LA0lA WAdale] ung A
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(OLWS)¥} vl g e ] oF 885% = 714 A& Aoz eyttt OLSS OLWS A8 : 59
Fo 109350 v =E FAEAS RYAT OLWS A 3 EvfEE 159 ¢k By & ¢
13.02%9] FA €45 v B

L]
2
o
Al
e
off
2
w

N
N
X

>
>

2,

A g EvtES TSSCBx)#HS A F4lel e 9ol £4
sttt 0ol Agd BE EvtES TSS3ol ¥ & ZAo= vresla 4477t
S =R AES Bl AP A e g EvpEel] tia) 543t A% § TSS(Bx)gkel =7t
7F AR HJAR EnpE S w4 2o Qe A% 109 Fol o =&

Hol| 15¥7Fe] A% 5 SIH Aelgh EvtEe] s TSS(Bx)#te] #a&o] Attt

A=

o 15U AF 7|7k o]F BE AHldA EviEe] i H o tdh AnkAQl &Ho] w3
A A A A F-(SIH) EvfEe] A= £42 5 10 283 159 Fof 17.13,
25.30718] a1 35.86% Atk 1Elal & %0} iﬂoﬂ Apgato] WA I3
(OLW)9] Ax =428 5 10 281l 159 3 19.19 28.39 12|31 3852% )t} wkd 35 FoF
2o vAFste] WA 5 A EnfE(OLWS)e] Ax &4 5 10 181 159 &
23.87, 3471 18 al 41.77% % 2 2714 ARt} o T

Aﬂl:

nfEo] A wjsE e e A 717 FoF EnfEL] A wWEyl dutdgo g i
Aol #AF AL} 15U 3] A & OLSe OLWS A3k EulEoA 57
MEA37F k7 =9kon SIH @3 EvlEE 531%¢ MEH37L A2y

Y

?_H_, 1580 —— r : :
= I SiH

= B OLS

= C_JoLws

- ~ 100} 1
1

D 2

= '

= a

22 50

=

(=5

=

Tu.-

ap 0

g

= =20 : ' L
" 0 5 10 15

Storage period (day)

a9 97, A% 15 9 sb 3 7HA Ak A A2l (SIH, OLS, OLWS)&tell A2 ¥ ErtE
(variety-4)°] B F4 7] W (S, TSS, &3 2 A)o] Adnkzel ws}
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3. 87 wFol WE AF F FQ Wk md A
RN T

A A A Aol mE shrevis vk FA vas wag «35] 96
g 97 owe wEdlnh el wEAd A, desl 4% Add e ste wehEs

EPHSR 2 v sE 2E5EUSR a5 23 AFRIFS A 71 w3 FA

i) Mame] WskE dwetr] flal HAde RdS AdYsted AFE | 39 2ol ok A
Sz AFHAT. AEe AF 3T olF, AE HzYvtel Evpee FA vjrfuao
H3kE £4 7] flall 2 1(n(x), Ag(ex), A(kxn) 2 B4 (Px) I 22 A5 v
WS AESF T

o Al A AR SRl mE FA ZE, TSS(Bx), 4%, A= A9 velgHe A9 % Al

v Ay 2 ooz

O Variety-1(3}=Z 2] 7})

o Al 7HA A AA e Bl wE sz gte] FA HE, TSS(CBx), 4%, Mo HstE £
2 e AT A% 713 St e ghe] FAVE AAA o A om A A u

2 Fos 2ol(p < 0.05) % YERA okth A 71t Bt xElvte] Ax 4 fo

3 zpol 7 BAE A ggkom OLS 2 OLWS A gl ®t}h SIH A gl ¥art =) Al 7}
Ao A AAE o HaAstE 2 327t Brix(CBx) kel Al Ak zpol7p w
HAoh BE A oA #xe]7o Brix(CBx)#S £ & A% 71 159 FF W3

1l o)

=2 Bt 28y SIH e ¥ 328719 Brix(PBx) kel W3t g2 dxlgd vla) vk
o A 10dA o =Tt BE A Aol szt M= st 2ol
UEFSEARE STH, OLS A2 X.th OLWS AH oA A% w7 o] &4o] of7t =9kt

. A% A A D A%Ae] 5% Fo] £ a9
ek Szels) Ao P 28, AR, TSS @ AEe] W
HEA Dol Aole 27] gom i gom ms Wy

ofN

$ Zagch A4 Axe gel wek Tl FEe] @A Aol et Aow mol A
of Stzelste] ¥ FEol FaF FFL WA AL & 5 Yk OLWS
= = 7

=k SIH A&t g=zg7te A4 &

o T 5 AFEe] Al wEt AR A Aol sz gte] FA FE vA= FFES
%

o SIH Ag 3k gtz 7} WZ(19.08%)0 A4 AZ7t 7V @A 2438t OLWS AHd A4 A g
Z = E

g 9z 2] 7H(27.42%) oA 7V e AR A2 R H0a vE BE AR A% Ae 9
sz gt AZME AE E49 F Aelrh #RE AT

o RE AR A Add szevt T TSSCBx)#Ee Ael7t W estk A vEbwter] A% 7|3t &

%
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b & Aol 7F yrEbwTE 169 3Fe] A 7]3F <t TSS(°Bx) 9] %2 SIH, OLS, OLWSel|
2} 942, -17.09, -0.02% %= H AT}

FHEer A AHYE szt AEA &

A X erorr), vk A 717 Bot 2AS Y AxwE JZelgl W

Fol7b ettt OLWS A 2]d shaze)zt MEol A 7Hg e 4w s}

el on SIH A2l gh sz e)7tol A 7 2F2 gh(861%)& Bt A= t
2 Ay 39 A #d AR Aol o8 A He

flo

= EA wase 49 ol

id

¥ 27, A AAHUHG A 71@% W32 alo] variety-1 FxZe]zte] YA #E, 4

, TSS, A= A3 p g2 <0050+ F94485 veErd

Source df MS F p-value
Dependent variable: weight
Pre-storage handling 2 49.21 180.82 <0.0001
Storage period 3 115.01  422.61 <0.0001
Interaction(pre-storage handling x storage day) 11 44.66 164.13 <0.0001
Residual 348 0.27
Replicate 29
Total observations 359

Dependent variable: firmness

Pre-storage handling 2 1504.05  18.75 <0.0001
Storage period 3 8474.21 105.55 <0.0001
Interaction(pre-storage handling X storage days) 11 2679.59  33.37 <0.0001
Residual 348 80.28

Replicate 29

Total observations 359

Dependent variable: TSS

Pre-storage handling 2 1860.54  20.24 <0.0001
Storage period 3 384.01 4.18 0.006
Interaction(pre-storage handling X storage days) 11 1138.26  12.38 <0.0001
Residual 348 91.94

Replicate 29

Total observations 359

Dependent variable: color

Pre-storage handling 2 30.50 1.86 0.157
Storage period 3 1580.62  80.66 <0.0001
Interaction(pre-storage handling X storage days) 11 453.49 23.14 <0.0001
Residual 348 19.59

Replicate 29

Total observations 359
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¥ 28. 15Y7Fe]l AA7IZF Fot variety-1 W= Elgte] A &, TSS, AX, MxEol Walo] A%
AAz W AL 7]7ke] m A= 3
Changes in— pre storage Storage period(day)
param(elr?:rlsl?’;)) handling 0 3 10 15
Weight loss SIH 0P(£13.46) 0.329(+13.29)  0.51%(%13.28) 1.46%(£13.07)
OLS 0°(£10.45) 1.09(£10.37)  2.53%(£10.37) 3.18%(£10.35)
OLWS 0°(£10.63) 1.139(£10.69)  2.39%£10.71) 3.14%(£10.66)
TSS change SIH 0%(£0.63) 1.33%(20.66) 1.44%(0.62) 9.42A(+0.54)
OLS 0A(0.55) -0.31A(x0.46) 0.13%(£0.56) 17.09%(=0.53)
OLWS 0%(£0.50) 1.60*5(£0.51) 5.514(£0.34) -0.025(+0.61)
Firmness loss SIH 0P(£1.04) 8.465(+1.08) 12.095(0.73) 19.08"(0.84)
OLS 0C(£1.16) 13.07%£0.91)  15.41%(0.66) 22.734(0.96)
OLWS 0C(£2.56) 18.52%(£1.95)  21.87*B(x1.63)  27.42*(x0.95)
Color change SIH 0C(£1.51) 5.785(£1.91) 6.89%(+1.72) 8.61%(£1.67)
OLS 0C(£1.22) 8.9945(+1.85) 6.66°(£1.74) 9.84"(0.95)
OLWS 0°(x1.14) 6.39%(+1.82) 7.125(+1.09) 11.014(1.10)

»go STH, OLS 1832 OLWS A g3 s}z a] 7l o))

Uehtbo s sl ¥ el dal 43ehslvh

g & STH, OLS, OLWS g 4

zt2F 0.77, 0.86, 0.749] R?

0.05 22 2L 0.049] R2 o= TSS(°Bx)9] W3l= oﬂé—é}ai

dat 28 9 A 259 ZAaR A8 %#zﬁf%oﬂﬁ Fozeo] WMsrp =g A7)
i 5 ATHAL et al, 2011). o] ©@7|3F Add Setel] SF 9 oAb 5] Sl
el 713 F7k= F7Ibe] Ba7|3E Fetel sk FAR oot

t
o

dlo] el SIH, OLS 12l OLWS A 2| d s}z zbel] disf ztzh 053, 046, 0.459] =

T st A A% Edd g o3 mdef A gai)

A7 A2 (SIH) 3 qu‘ 217}e] A== 5, 10, 159 7+ A% Fo 82, 8.1, 8%

cae]an 240 A sk Fek AFEte A A2 (0LS)# vz ste] AEE 5 10,
A% Foll 87,86 181 83% FAHAT TFEC] i FAVE A 7]

713 Eok warglgte] At %Lig}‘iir/}(Cantewll et al, 2009; Lahy et al,

=,

lo g0 o oJob =y
32

ﬂ“zm

e

N

e
)
1o

2
o

2013).
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OLS:y =—0.004x2 + 0.285x — 0.05
R? =10.86

OIW S y =—0.004x% + 0.274x — 0.03
(a) R2 =074

SH :y = 0.006x2 — 0.002 x + 0.04
R? =077

SH :y = 0.066x2 — 0.428x + 0.45
R?=0.11

OLW Sy =—-0.071x%* + 1.146x — 0.58

(b) R? = 0.05
OLS:y = —0.169x2 + 1.518x — 0.92
R? =033

OLW Sy =—0.129x2 + 3.656x + 0.87

R? = 045
(©) OLS:y = —0.057x2 + 2.275x +0.78
R? = 0.46

SH :—0.015 *x2+ 1.437 *x + 0.41
R? =0.53

OLS:y =—0.058x2% + 1.422x +0.82
R%Z =0.32
OLW Sy = —0.025x % + 1.025x + 0.64
(d) R? =042

SH :y = —0.041x% + 1.151x + 0.25
R* =034

a9 98. 156¢ s<t A3 variety-1 =712 wiz) W4 W3} (SIH, OLS, and OLWS).
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% 29. A&7z WE variety-19tZ 8] 7] FA 7 E, TSS, 4%, A% #3}

’

Parameters Relationships (R?) S(isgol/loifigiglc)e
SIH  0.006 x (day)’ - 0.002 x (day) + 0.04 0.77 <0.001
Weight OLS -0.004 x (day)’ + 0.285 x (day) - 0.05 0.86 <0.001
loss OLWS -0.004 x (day)’ + 0.274 x (day) - 0.03 0.74 <0.001
ALL  -0.001 x (day)’ + 0.185 x (day) - 0.01 0.58 <0.001
SIH -0.015 x (day)’ + 1.437 x (day) + 0.41 0.53 <0.001
Firmness OLS -0.057 x (day)’ + 2.275 x (day) + 0.78 0.46 <0.001
loss OLWS -0.129 x (day)® + 3.656 x (day) + 0.87 0.45 <0.001
ALL  -0.067 x (day)’* + 2.456 x (day) + 0.68 0.43 <0.001
SIH  -0.090 x (day)* + 1.701 x (day) - 1.73 0.08 0.22
sgﬁf{;‘lle OLS  0.088 x (day)’ - 1.008 x (day) - 1.73 0.05 0.45
csﬁ’alllf};e OLWS 0.088 x (day)’ - 1.019 x (day) - 1.22 0.04 <0.001
ALL  -0.058 x (day)’ + 0.745 x (day) - 0.35 0.02 0.065
SIH -0.041 x (day)* + 1.151 x (day) + 0.25 0.34 <0.001
Color OLS -0.058 x (day)* + 1.422 x (day) + 0.82 0.32 <0.001
change OLWS -0.025 x (day)® + 1.025 x (day) + 0.64 0.42 <0.001
ALL  -0.041 x (day)® + 1.195 x (day) + 0.58 0.35 <0.001

O Variety-2(3+=Z 2] 7})

X

| 7FA g2 AA o] e sxZelgte] EA wjsf WA Fa W3 (p<0.05)S YEW
LA 712 S s gke] FAVE HAA o R Ao AP A A Folle o
Fol d(p < 0.05)0] &A= ekt A 7|3t Ft gz vte] Am &4l Fosk b

YEA] ek9ke ™, OLS, OLWS A g Ht} SIH A glol| Al W37t =gk Al 7FA] th&
b dA Y stol BslE web 3Z b Brix(PBx)gtol A AEdh o)zt #EE A
A 7123 A e agedA 3=z Brix(CBx) @ 8 F A 713 15 A ot
WS Bt 2elu SIHE A8 @ 32719 Brix(Bx)ate Wits t& A4
vorow A 10440 B =kt ZE HAER Ao AFE gzelgte
I st zbo] 7} YERw AR SIH, OLS A 2] 2.tk OLWS A 2ol A M= v 7] 4=

oF3t =3kt

o

1

ot
N

[e]

—

A

)
2 kot o rlr
2 - ok
:(E,

o 2 W oo o
b

W =

9

o

AR 9 A 7)7ke] 5% 9] FE<)
e B A b e A
(p<0.05) WS e, sze) s

g
AEI E =~
27100 A% &(EF Dl Aol 27 RO b o nelstel

P fob N 2

o po

ol
o
32
=
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oA Hzsle] FA FEol vA =
o] AAF Aol7} waH ol A4 WA}
A< UpERAITE OLWS A2l o3e]7hs
57 EQ76%)0] 7 BT SIH A2l d Fxe ks T FEA3%)0] M R

)
ic)

SIH &3 3= g7} WZ(19.08%)o A AE7F 74 A A 7HAsta OLWS A @ 3=
FH27.42%)o0 A 7S =2 A& A7F e D & BE gxEg AR AE &4
o] & Apo|7} e

B A A Aeld shze gk TSSCBx)gke]l sk WEshA vegten A% 713 s
= Apeol7k EAHE QAT SIH, OLS, OLWSe whel TSS(CBx)e] 2 15d&3k 1.76, 1.28,
18% gk& Bt

Al fE e WMalE 93 1597 A V)7 B A AAE wZa]gl A Z o)A
frolgh abol= WA WA gk WhH, A VF FF T A dAEE Rzt AF
MM = AE wisfRE o] vig- 2 WSyl eyt OLWS A2l gk gz e) 7 AZolA 7Hg
=2 AE W (12.15%)7F YERS e SIH A2 ek sz glel Al 7k 22 3(8.33%)S X
ATk A= o2 nAY 3 Hd AR Aol o8 AEe e F2 v
Ad dolHgE ®Z Jehhdoh

ol
o,
1>
_E
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E 30, A% AR A e AR s
%, TSS, AT AT p e <0054 Fol4E veh

variety-2 I}Z g 7}o] A HE,

Source df MS F p-value
Dependent variable: weight
Pre-storage handling 2 16.45 61.59 <0.0001
Storage period 3 84.08 314.70 <0.0001
Interaction(pre-storage handling x storage day) 11 27.95 104.60 <0.0001
Residual 348 0.27
Replicate 29
Total observations 359
Dependent variable: firmness
Pre-storage handling 2 270.63 3.76 0.024
Storage period 3 18718.16  260.13 <0.0001
Interaction(pre-storage handling X storage days) 11 5196.49 72.22 <0.0001
Residual 348 71.95
Replicate 29
Total observations 359
Dependent variable: TSS
Pre-storage handling 2 809.38 5.87 0.003
Storage period 3 1922.37 13.93 <0.0001
Interaction(pre-storage handling x storage days) 11 826.14 5.99 <0.0001
Residual 348 137.96
Replicate 29
Total observations 359
Dependent variable: color
Pre-storage handling 2 218.68 21.54 <0.0001
Storage period 3 1854.46 182.66 <0.0001
Interaction(pre-storage handling X storage days) 11 560.28 55.19 <0.0001
Residual 348 10.15
Replicate 29
Total observations 359
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3 31, 15947k A7 St
AAg "2 A% 7)1kl

variety-2 I}Z | 7}e] A 7HE,
H X = g

TSS, 4%,

Ao Wste] A%

Changes in Pre-storage Storage period(day)

ety Mndling 0 : 10 15

Weight loss SIH 0°(£14.09) 0.56%(£14.06) 0.92%(+14.06) 1.37A(£14.07)
OLS 0°(£31.67) 0.85(+31.46) 1.97%(+31.12) 2.58%(£30.88)
OLWS 0°(£28.99) 0.939(£28.92) 1.77%(£28.96) 2.76*(£29.04)

TSS change SIH 05(0.67) -0.67%(£0.55) 11.46"(£0.44) 1.765(£0.28)
OLS 0*(£0.55) -9.75%(£0.54) 2.21%420.57) 1.28%(£0.91)
OLWS 0*(£0.74) -7.78%(0.54) 1.114(0.77) 2.18%(£0.55)

Firmness loss SIH 0P(£0.63) 9.705(£0.74) 20.51%(20.82) 29.94%(+0.82)
OLS 0°(£0.74) 10.47°(20.54) 21.00%(£0.84) 33.23%(+0.84)
OLWS 0°(£0.62) 11.265(20.81) 23.495%(+0.93) 37.31%(£0.93)

Color change SIH 0°(£2.08) 2.675(£1.86) 6.125(£1.96) 8.33%(£2.13)
OLS 0%(x2.42) 5.92%(+2.24) 8.834(£2.25) 10.974(£2.42)
OLWS 0°(£1.97) 5.67°(£2.13) 9.25%(+2.13) 12.15%(2.13)

o UHE mele SIH, OLS, OLWS A &3k w3z 7lol] tha] 7t

Ehum e vzt

3T
A=z

b J+ a7 Azl 2

29 STH, OLS 18]ar OLWS AHg # vZggt AZo] dis) R* gkl 0.71, 0.49,
17(0 7]7]. Eo]- .4— ay} AHN—J B:]g]ra 7].7(]— 21- /\4134 F—C‘ C]—
ok SIH, OLS, OLWS A& slell Al A= #
Ec A=

Z HEA

o

o= 7

of FA &4l A gst At

Zd2 SIH, OLS, OLWS Az &
SSCBOS WMEHE A2 TSSS] 1
OM ool WEst =27 HEd 5 9
5% 9 A 259 Fel Aa AA@
ZAZ oot}
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d o327}

3l A tHCantewll et al.,

E
ANE
o=
AT g

o

7} 0.86, 0.72, 0.68¢] R*%ke] 1}

of disll 2t
& 4 tAl &E9
Ali et al, 2011). @<

7he Z71re] B3

Ak st zkel sl 2kzk 0.66, 0.72, 0.689]
Z T B gk vhaka wEle] A 3kattt,

Al A A2 (SIH) g ﬂJr‘ gl7ke] AEE 5,10, 159 kel AR Fo 82, 81, 8% =
th g3 A A Bk Eet Akl A% ﬂﬁl(OLS)b’P JJrzFﬂ?M
A% ?oﬂ 8.7, 86, 83% ZA UL ZFE
zE|te] BErt A

44 olth. 1587ke] A
Smelshe] TA, TSS, A%, A% v

AEE 5, 10,
astel Br12rel A

2009; Lahy et al., 2013).



OLS:y =—0.002x2 4 0.215x — 0.04
R? =085

OLW S y=0.001x? + 0.173x +0.01
(a) R? = 0.64

SH :y =—0.001x2 + 0.107x + 0.02
R?=0.92

SH :y=—-0.090x2+1.701x — 1.73

R?=0.08
(b)
OLS:y=0.088x2—1.008x —1.73
R? = 0.05
OLW Sy =0.088x2 —1.019x —1.22
R2=0.04
OLW Sy =0.025x2 + 2.099x + 0.03
R%? =0.68
(C) OLS:y =0.017x2 +1.937x + 0.08
R?=0.72

SH :—0.003 * x>+ 2.053 *x —0.12
R? = 0.66

OLS:y =—0.037x% +1.284x + 0.11

RZ =049
OLW Sy =—-0.027x2 + 1.126 x + 0.07
R? =0.72

(d)

SH :y = —0.004x2 + 0.637x — 0.09
R? =071

a9 99. 156¢ s<F A3 variety-2 F=Z 2712 Wiz W4 W3} (SIH, OLS, and OLWS)
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% 32 A7) 7k WE variety-2 3z a7t FA g, TSS, 4%, A% #W3)

: : 2 Significance
Parameters Relationships (RY) (5% level)
SIH -0.001 x (day)’ + 0.107 x (day) + 0.02 0.86 <0.001
Weight OLS -0.002 x (day)* + 0.215 x (day) - 0.04 0.72 <0.001
loss OLWS 0.001 x (day)® + 0.173 x (day) + 0.01 0.68 <0.001
ALL  -0.001 x (day)® + 0.165 x (day) + 0.01 0.63 <0.001
SIH -0.003 x (day)* + 2.053 x (day) - 0.12 0.66 <0.001
Firmness OLS 0.017 x (day)* + 1.937 x (day) + 0.08 0.72 <0.001
loss OLWS 0.025 x (day)® + 2.099 x (day) + 0.03 0.68 <0.001
ALL  0.014 x (day)® + 2.030 x (day) - 0.01 0.68 <0.001
SIH  -0.090 x (day)® + 1.701 x (day) - 1.73 0.08 <0.045
Total

soluble OLS  0.088 x (day)’ - 1.008 x (day) - 1.73 0.05 <0.127

solids 2
change OLWS 0.088 x (day)’ - 1.019 x (day) - 1.22 0.04 <0.171
ALL  8.056 x In(day) - 17.57 0.06 <0.006
SIH -0.004 x (day)* + 0.637 x (day) - 0.09 0.71 <0.001
Color OLS -0.037 x (day)’ + 1 .284 x (day) + 0.11 0.49 <0.001
change OLWS -0.027 x (day)® + 1.126 x (day) + 0.07 0.72 <0.001
ALL  -0.023 x (day)’> + 1.046 x (day) + 0.03 0.57 <0.001

O Variety-3(3+=Z 2] 7})

Al 7EA thE AeEaiel os AdE sxgte] BEE FF2 ul WA F
(p<0.05)E HeEr AT A 717 F<t 2] gte] FAVE HAH o R hagon
Ao W Fole Aol(p < 0.05)= HEHA gt A 7|3 S Frevte Ax
e Folgk ztol 7t vEFUA @ekom, OLS, OLWS A2 Bt} SIH A olA W37l =3
th A% "AE stel ®#she weh 32 7he] Brix(PBx)wkol A ek xfo]7b vyt

o
Mo o

K

BE AF 717t dAgelA szl sbe] Brix(Bx)#k2 78 ¢ A 71 15 d w9 &
Hel2 Bl a8 SIHE HE @ 328719 Brix(CBx)ate] WstsE o2 A glo)] H)
3 vrrew A 10946 o Eokth BE HAER Ao AgE mzelshe] Ak

re

on A
el A 2pol 7k WA H AAIRE SIH, OLS A 2] Bt} OLWS A gl A A= w7 d g=2] &
4

A4 AR 2 AG 717ke] 5% o] 45 pAow Uk ER uEse) B BA 2
& etk Al A4 e A% AY gEes A3E Rugle nE EQ dAuS
o F9(p<005) WEE etk Sxelsh 4B T, B, TSS, A% wjAMEe] W
B 27109) @9 AF & Dol Aol B 27] o b goz neste] WEs

= #dssrh

T2 F A7 Aol Al whel $Ad A A]elA dze|zte] A gE vA=
FEFE F Tadu A dAelA FA FES] AAT Aol7t dEE o A% AdA 2t
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T8 = & YERdTh OLWS A 8§ stz e]st=
A #E (21 554) ol 7V =i SIH A2l g sze|7b= F7 ZE17.08%)°] 7HE stk

SIH A g]gt 9227} AE(40.02%) A A =7t 718 A Fasta
T2 7H63.75%)N A 7HE = AR AT e e B
NME Ax Ao & o]z} vEbuET

OLWS ;q;d— z] x{aﬁl—
A% A A" Bz

A A Aeld gzl ghE TSSCOBx)gkel Wshrt WaEshA yetwom A% 713 &9k
ogk o7} YErSYE TSS(°Bx) 2] #el 15 °17F-°4 W lol A STH, OLS, OLWS| u}jz} -
1754, -21.92, -2655% < H At}

AIe= 1697 A% 713 Sk A% Xﬁ%ﬂfﬂ] JJr*LFJﬂ uéoﬂfﬂ o3 Apeol= T H A

Aol 7F w = k. OLWS xmd JJr Elﬂ *ﬂéﬂw 7Hg e AT W 8H(25.81%)
7b vEbsk o SIH A2k sz gbel A 7hg 22 gh(18.69%)& Bt
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#0330 ARG AAEEMY A 7IE W2 ko] variety-3 vEe|7ke] A AE, AE,
TSS, % A3 p g <0.0500A o4 vepd

Source df MS F p-value
Dependent variable: weight
Pre-storage handling 2 220.45 15.88 <0.0001
Storage period 3 6180.44  489.56 <0.0001
Interaction (pre-storage handling x storage day) 11 1738.08  137.68 <0.0001
Residual 348 12.62
Replicate 29
Total observations 359

Dependent variable: firmness

Pre-storage handling 2 552.34 2.90 0.059
Storage period 3 13083.47  68.80 <0.0001
Interaction (pre-storage handling x storage days) 11 3889.98 20.46 <0.0001
Residual 348 190.15

Replicate 29

Total observations 359

Dependent variable: TSS

Pre-storage handling 2 396.87 2.94 0.003
Storage period 3 2859.99  21.17 <0.0001
Interaction (pre-storage handling x storage days) 11 955.33 7.07 <0.0001
Residual 348 135.12

Replicate 29

Total observations 359

Dependent variable: color

Pre-storage handling 2 416.21 342 <0.0001
Storage period 3 8962.02 73.65 <0.0001
Interaction (pre-storage handling x storage days) 11 2561.11 21.05 <0.0001
Residual 348 121.67

Replicate 29

Total observations 359
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X 34 1597re] A7 F2t variety-3 Sz te] FA 7HE, TSS, 4%, Mol wsgld A4 A
Ag 2 AL 7)3ke] m A= G
Changes in Pre-storage Storage period (day)
arametenzgMndine 0 s 10 13
Weight loss SIH 0°(4.73) 4.84%(+4.52) 12.295(+3.91) 17.08%(+4.01)
OLS 0°(£3.97) 5.255(+3.83) 12.00%(£3.69) 18.54%(£3.56)
OLWS 0°(£4.02) 7.77°(£3.76) 14.535%(£3.57) 21.55%(3.36)
TSS change SIH 0*(x0.98) -2.01%4(z0.72) -5.88%(£1.24) -17.545(%1.16)
OLS 0"(£1.02) -8.96"8(+0.84) -12.19*%(+0.87) -21.92%(£1.95)
OLWS 0*(£0.87) -1.99%(x0.92) -21.295(+1.09) -26.55%(1.02)
Firmness loss SIH 0°(£10.24) 9.77°(£7.53) 24.84%(£18.75) 40.02*(+18.97)
OLS 0%(x9.00) 12.125¢(+6.21) 23.98%(+£12.68) 41.884(+26.61)
OLWS 0°(£9.87) 12.19%(£7.29) 25.49%(+18.48) 63.75%(£22.89)
Color change SIH 0°(£6.24) 7.575%(£4.96) 15.68"(£5.93) 18.69%(£6.32)
OLS 0°(£3.56) 10.02°(£5.68) 17.87%(£6.22) 24.574(+7.33)
OLWS 0°(£4.40) 11.78%(£6.28) 18.755%(£6.75) 25.814(=7.47)
o U4 el SIH, OLS, OLWS A g3k shZejgtel] s 22k 0.71, 0.84, 0.862] R*gtel 4
s zte gzegt A5 FA 4ol At
o TSS9 A% thaea] mde SIH, OLS, OLWS A& 9 d=zg]7t AZe) tia] 22 0.23,
0.18, 0.179] R* #o 2 TSS(°Bx)2 W3S =33
TSSO #ave 35 2 A &5 das Qe gstioa Foro Wyt =u A7
=g = JH(Al et al, 2011). L e st 5 9 tiAF &5 STkl

a7
5

o] A
As) 711 Frbe VbS] AV Fetel #AdheE

Zbe gz g A2 Ax £40 i3 g mde Hgsio)

F8 FA A A (SIDE =g 71e] FEE 5, 10, 1569 7H9] A4 Fo 82, 81, 8% =
AE Ak 283 AN S FeF AFgsto] XW i%ﬂ(OLS)fﬂ v zg7te] A xE 5, 10,
1549 7ke] A7 Fol 87, 86, 83% FAHHUL EFEC] ¥ FAZF st F713ke] A
& 717F seke] szl gte] Arevt A }MWCantewu et al, 2009; Lahy et al., 2013).

ks wd e SIH, OLS, OLWS A8 o stz a7} AZo s R? zko] 00.42 0.39, 0.37%
A7 717F Bot vzl kel WEE spd & AdstE WA 2o)u 15697 A% 713
FoF SIH, OLS, OLWS A ® wxzg|gte] A, TSS, 4%, A% w7 H¢es AAHoz
ra

%
ashgit.
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OLW S y=-0.007x*+1.541x + 0.06
R%? =0.86

OLS:y =0.013x% + 1.055x — 0.08

R* =084
(a)
SH :y=—0.001x2 +1.183x — 0.26
R*=071
SH :y = —0.183x% + 2.355x + 1.31
R =023
(b) OLS:y = —0.104x2 + 0.734x + 0.36
R* =018
OLW Sy = —0.069x% + 0.028x — 0.39
R* =017
OLW Sy = 0.256x2 + 0.258x + 1.12
R =074
OLS:y = 0.057x2 + 1.883x + 0.31
R? =054
(c)
SH :y=0.054x% +1.891x — 0.26
R? = 0.65
OLW Sy = —0.047 x% + 2.39%x + 0.24
R* =037
) OLS:y = —0.033x + 2.128x + 0.05
R* =039

SH :y = —0.045x2 + 1.967 x — 0.28
R%? =0.42

29 100. 159 FoF A A3 variety-3 3= g7t wiz) W W3l (SIH, OLS, and OLWS)
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% 35 AA 7] WE variety-3 IEZ 719 FA g, TSS, 4%, A% #3}

Parameters Relationships (R?) S(isgol/loifigiglc)e
SIH  -0.001 x (day)* + 1.183 x (day) - 0.26 071 <0.001
OLS  0.013 x (day)’ + 1.055 x (day) - 0.08
Weight (day) (day) 0.84 <0.001
loss OLWS -0.007 x (day)” + 1.541 x (day) + 0.06 0.86 <0.001
ALL  0.002 x (day)” + 1.259 x (day) - 0.09 078 <0.001
SIH ~ 0.054 x (day)’ + 1.891 x (day) - 0.26 0.65 <0.001
OLS  0.057 x (day)* + 1.883 x (day) + 0.31
Firmness (day) (day) 0.54 <0.001
loss OLWS 0.256 x (day)” + 0.258 x (day) + 1.12 0.74 <0.001
ALL 0.123 x (day)2 + 1.344 x (day) + 0.39 0.62 <0.001
SIH -0.183 x (day)2 + 2.355 x (day) + 1.31 0.23 <0.001
Total OLS  -0.104 x (day)” + 0.734 x (day) + 0.36
soluble (day) (day) 0.18 <0.001
solids OLWS -0.069 x (day)2 + 0.028 x (day) - 0.39 0.17 <0.001
change . i
ALL ~ -0.188 x (day)” - 1.039 x (day) + 0.42 015 <0.006
SIH  -0.045 x (day)’ + 1.967 x (day) - 0.28 0.42 <0.001
Col OLS -0.033 x (day)2 +2.128 x (day) + 0.05 0.39 <0.001
olor
change OLWS -0.047 x (day)z + 2 .396 x (day) + 0.24 0.37 <0.001
ALL  -0.042 x (day)” + 2.164 x (day) + 0.01 038 <0.001

O Variety-4(3}=Z 2] 7})

Al 7EA thE AeEaiel os AdE sxgte] BEE FF2 ul WA F
(p<0.05)E HeEr AT A 717 F<t 2] gte] FAVE HAH o R hagon
Ao W Fole Aol(p < 0.05)= HEHA gt A 7|3 S Frevte Ax
e Folgk ztol 7t vEFUA @ekom, OLS, OLWS A2 Bt} SIH A olA W37l =3
th A% "AE stel ®#she weh 32 7he] Brix(PBx)wkol A ek xfo]7b vyt

o
Mo o

K

BE AF 717t dAgelA szl sbe] Brix(Bx)#k2 78 ¢ A 71 15 d w9 &
Hel2 Bl a8 SIHE HE @ 328719 Brix(CBx)ate] WstsE o2 A glo)] H)
3 vrrew A 10946 o Eokth BE HAER Ao AgE mzelshe] Ak

re

on A
el A 2pol 7k WA H AAIRE SIH, OLS A 2] Bt} OLWS A gl A A= w7 d g=2] &
4

A4 AR 2 AG 717ke] 5% o] 45 pAow Uk ER uEse) B BA 2
& etk Al A4 e A% AY gEes A3E Rugle nE EQ dAuS
o F9(p<005) WEE etk Sxelsh 4B T, B, TSS, A% wjAMEe] W
B 27109) @9 AF & Dol Aol B 27] o b goz neste] WEs

= #dssrh

T2 F A7 Aol Al whel $Ad A A]elA dze|zte] A gE vA=
FEFE F Tadu A dAelA FA FES] AAT Aol7t dEE o A% AdA 2t
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= AL 4 = otk OLWS A3 9z 7)
st g x gl gbs FA 2E14.18%)0] 7Hd u

=3t OLWS A& A =83k
2]

SIH Aelg vze7t HE(37.39%)0l A Bx=rt 7Hd A 24
FEZ 2 7H56.00%) 14 7Y =& A= Aa7F vEsta vE 2 A% A Ay | vh=
7t AEANAME A &40 2 A7t YETh

|

[kl

A A AYE sz gks TSSCBx)#Eel Wstrh WeetA veputon A% 73F &<
o] gk zol 7k etk TSS(°Bx) €] ghol 169 3ke] Wstoll A SIH, OLS, OLWS #l 2l uw}e}
-3.27, -11.65, -1595% #<= Hth

15 b A AAE @ gz gh A E A
LEM ESkTh W A V)7 Bk A A dA Y gzegt A4S
= LWS A&l g gz 7} 4l Zel A
-@H1373%7} BZE o SIH mfz gzl A 7hd 22 @)

fo
o
24
o
N
N
r o)
-
i,
2
:L
o
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¥ 36 A AAEHIY A 7S HER So] variety-4 dEE] 1] FA #E, A%, TSS, A
T A p e <0054 FAHE e

Source df MS F p-value
Dependent variable: weight
Pre-storage handling 2 34.14 2.94 0.054
Storage period 3 3892.88 335.10 <0.0001
Interaction (pre-storage handling x storage day) 11 1074.05 92.46 <0.0001
Residual 348 11.61
Replicate 29
Total observations 359

Dependent variable: firmness

Pre-storage handling 2 757.39 2.72 0.070
Storage period 3 13566.48 48.81 <0.0001
Interaction (pre-storage handling x storage days) 11 3939.11 14.17 <0.0001
Residual 348 227.95

Replicate 29

Total observations 359

Dependent variable: TSS

Pre-storage handling 2 876.68 6.52 0.021
Storage period 3 1079.07 8.03 <0.0001
Interaction (pre-storage handling x storage days) 11 518.43 3.86 <0.0001
Residual 348 134.41

Replicate 29

Total observations 359

Dependent variable: color

Pre-storage handling 2 50.21 1.26 0.285
Storage period 3 2649.73 66.47 <0.0001
Interaction (pre-storage handling x storage days) 11 738.25 18.52 <0.0001
Residual 348 39.86

Replicate 29

Total observations 359
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E 37, 159308 AGAN7E B9 variety-4 HEelke]l T %E, TSS, A%, Awel wael 4%
A 2 AG TIgre] WAE G

Changes in Pre-storage Storage period (day)
paraiii:?sy (%) handling 0 3 10 15
Weight loss SIH 0°(£6.07) 4.04°(£5.75) 9.36%(+5.30) 14.18%(+4.99)
OLS 0°(£7.31) 5.245(£6.69) 10.05°%(£6.14) 15.34%(£5.65)
OLWS 0°(£6.36) 4.48°(+5.92) 11.60°%(£5.84) 15.524(+4.87)
TSS change SIH 05(£0.75) 12.434(0.77) 2.615%(£1.35) -3.275%(£1.47)
OLS 0*(£0.55) 2.50"(£0.73) 3.76"8(£0.84)  -11.65%(x1.86)
OLWS 0*(x0.78) -3.15%(+0.99) -5.86"8(£0.61)  -15.95%(x1.47)
Firmness loss SIH 0%(£11.64) 20.878(*15.55)  33.78%(£20.69)  3.39%(£14.49)
OLS 0°(£7.75) 21.93%(£14.99)  40.34%(£21.68)  52.23%(£23.40)
OLWS 0°(£16.98) 26.60°(£17.56)  43.71%(£11.96)  56.00%(£12.72)
Color change SIH 0°(£3.85) 5.755(+4.26) 8.14%(x4.50) 1.85%(+4.37)
OLS 0°(£5.29) 5.86%(%3.31) 7.928(+2.86) 13.32%(+5.36)
OLWS 0°(+4.49) 6.865(£3.99) 10.155(3.47) 13.73%(+4.89)

o Thaha ®d2 SIH, OLS, OLWS A2 3 sz e]gtel dis] 7t7} 0.82, 0.83, 0.63¢] R*&t< 7}

q
Ams stmelst AE FA £86 AFsa.

e TSS9 7% vga mde SIH, OLS, OLWS A& # 3=zgl7} AZo i) z+7 0.49,
0.25, 0.49¢] R* ghez TSS(°Bx)9] Wt o559
TSSO Havs 3F % thih &5 AR Qs gdhael doze] Marh e A7
el = rh(Al et al, 2011). FLo] ©@7|7F A= Eote] 55 2 A &
el 713 S7k= A71Rbe] BRI Eetol sk FAR oozl

Zbe gz g A2 Ax £40 i3 g mde Hgsio)

o FF FA AF AYSIE =g 7o) FxE 5, 10, 169 7+ A4 Fo 82, 81, 8% =
AE Ak 283 A4 sHF B Agste] A A2 (OLS)eF sz elvte] A x5, 10,

159 7he] A Fol 87, 86, 83= AU g EC] =i FAVF st F71ke] A

713 seke] s gte] A E7h 3HAst A tHCantewll et al., 2009; Lahy et al., 2013).

o U2 mdo STH, OLS, OLWS ¢ ® =z a7} AZo] ths] R* gkol 0.42, 0.39, 0.37=

A zk WA Aotk 15978 A 717
&<k SIH, OLS, OLWS A& stollA Az @ sxzg)gte] £, TSS, A%, MEs ddbso
2 o]

o
N
N,
offt
2
5=
[
AC)
Y
Y
1=
ox
1o
E
oty
it
N
N
)
el
il
o
o
ol
rr
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OLWS y=-0.005x%>+1.149x — 0.28
R%? =0.63

OLS:y=0.001x2 +1.001x + 0.05

R? = 0383
(2)
SH :y = 0.007 x* + 0.841x — 0.09
R?= 0382
SH :y = —0.096x2 + 0.316 x — 0.29
RZ =039
(b) OLS:y = —0.007 x2 — 1.264x — 0. 61
R2 =025
OLW Sy = —0.032x* — 1.491x + 1.56
RZ = 0.49
OLW Sy = —0.143x2 + 5.850 x + 0.23
R* =073
OLS:y = —0.101x2 + 5.007 x — 0.15
R? = 056
(©)
SH :y = —0.172x% + 5.091x — 0.06
R?=10.43
OLW Sy = —0.033x2 + 1.381x + 0.19
R? = 0.44
(d) OLS:y = —0.005x2 + 0.910x + 0.35
R? =027

SH :y =—0.020x% 4+ 1.065x + 0.23
RZ =041

a9 101, 1569 &<t AES variety-4 32271 wjs] W4 Wl (SIH, OLS, and OLWS)

= O hul
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3% 38 A&7 7k WE variety-4 3z a7t FA g, TSS, 4%, A% #W3}
: : 2 Significance
Parameters Relationships (R%) (5% level)
SIH 0.007 x (day)” + 0.841 x (day) - 0.09 0.82 <0.001
Weight OLS  0.001 x (day)” + 1.001 x (day) + 0.05 0.83 <0.001
loss OLWS -0.005 x (day)” + 1.149 x (day) - 0.28 0.63 <0.001
ALL  0.001 x (day)’ + 0.999 x (day) - 0.11 0.73 <0.001
SIH  -0.172 x (day)’ + 5.091 x (day) - 0.06 0.43 <0.001
Firmness OLS -0.101 x (day)’ + 5.007 x (day) - 0.15 0.56 <0.001
loss OLW -0.143 x (day)’ + 5.850 x (day) + 0.23 0.73 <0.001
ALL  -0.138 x (day)’ + 5.316 x (day) + 0.01 0.55 <0.001
SIH  -0.032 x (day)’ - 1.491 x (day) + 1.56 0.49 0.196
Total
soluble OLS  -0.007 x (day)” - 1.264 x (day) - 0.61 0.25 0.019
solids 2
change OLWS -0.032 x (day)” - 1.491 x (day) + 1.56 0.49 0.009
ALL  -0.045 x (day)” - 0.813 x (day) + 0.22 0.34 <0.001
SIH -0.045 x (day)” + 1.967 x (day) - 0.28 0.42 <0.001
Color OLS -0.033 x (day)’ + 2.128 x (day) + 0.05 0.39 <0.001
change OLWS -0.047 x (day)” + 2.396 x (day) + 0.24 0.37 <0.001
ALL  -0.019 x (day)’ + 1.118 x (day) + 0.26 0.35 <0.001
O Variety-1(Ev7}E)
o A A A B AFAe] 5% o £l 8o e FA Wiz B4 24
EntEe RE F4 wiiHs 23

£ BoEn A 7HA vE Ay 5 A
W7 e degan. BrE
()]

b HE HEA Dol Aol B 27 GOF e Gow 15

A ZE1.42%) 0] 7HE wEekoh

+ SIH A3 BEvtE MZE47%)NA4 d=7t 7H8 stA Zaskar OLWS A8 A A &

TEE(40.1%)A M e AE AV 3 Ha e BE AY A A @ EvE A
ZoME Ax &4 & Aolrt BEHAY

e RE A A A BEvlE F TSSCBx)#AIA vlg- Fa3 2ol7t WEstA #EEHJo
H A 7|7 B F23 zol7F AT OLS A3t EvlE ] TSS(°Bx)#k(4.6%) 7+
v M wgkon 15479 A & OLWS A2 3 EnfEo] A TSS(°Bx)#(19.98%)°] 3+
2E Aol #AEHAT

o AEujsfHo] WAS 98 1593 A% 717 ek A A Ay ®@ EvtE S
Aol = B A kgt vk, A 7|7 Hok Tde A A AH2lE BEvlE Aol A

g & A7k Algke] Aol weEl Ao A EvtEe] A E HA = dgFS b
23t OLWS A3 Entes FA 7HE(1.86%)°] 714 =93 SIH A8 3 EnlE
J_,j‘



= WsH(12.46%)7F 2
%

1= 2]
o Az gE w34
9

4y 32 = K

Al 3

7o) v T 8%k Apolrh wEE AT OLWS A 23t EvtE S

oA 73
o SIH g3t EnfE A 713 ZS 7H11.14%)0] =
WA B 24 Aol el 4% He mE FA vl

o] A% ©olElE FE JEATH

513

F 39 A AAEA AF 7IbE MR 8] variety-1 EvtEe] A #E, F=, TSS, 4

T A p S <0054 oS e

Source df MS F p-value
Dependent variable: weight
Pre-storage handling 2 0.59 4.14 0.016
Storage period 3 45.08 315.97 <0.0001
Interaction(pre-storage handling x storage day) 11 12.60 88.34 <0.0001
Residual 348 0.14
Replicate 29
Total observations 359
Dependent variable: firmness
Pre-storage handling 2 79.11 1.20 0.302
Storage period 3 27013.12 410.30 <0.0001
Interaction(pre-storage handling X storage days) 11 7409.86 112.55 <0.0001
Residual 348 65.84
Replicate 29
Total observations 359
Dependent variable: TSS
Pre-storage handling 5500.41 62.85 <0.0001
Storage period 6533.97 74.65 <0.0001
Interaction(pre-storage handling x storage days) 11 3634.41 41.53 <0.0001
Residual 348 87.52
Replicate 29
Total observations 359
Dependent variable: color
Pre-storage handling 2 27.95 233.12 <0.0001
Storage period 3 2468.89  20593.70  <0.0001
Interaction(pre-storage handling x storage days) 11 681.75 5686.70 <0.0001
Residual 348 0.12
Replicate 29
Total observations 359
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$4 RS 2E EvlE Ao

o U4 ®ele SIH, OLS 183 OLWS A& ¥

Bla 0992 A% 7|zt Bk EvtE Ay was 7%
5oF SIH, OLS 12l a OLWS
AME o7 |5 z

3.2.14). 15
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TSS,

Azre]l A4 713k
HAE 18 Al

=t 3,‘_:/\1
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EnlE A Z dis] R2 gkel 099, 0.99 =1
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® 40. 15939 AA7|ZE F9 variety-1 EvIES FA HE, TSS, 4%, M=o Wato] A4 2
Ae 2 AL 713kl w A= G
Changes in Pre-storage Storage period(day)
quality )
parameters(%) handling 0 5 10 15
Weight loss SIH 0°(£10.13) 0.455(£10.12)  0.83%(x10.13) 1.424(£10.25)
OLS 0°(£12.91) 0.465(£13.01) 0.98%(+13.11) 1.694(£13.13)
OLWS 0°(£11.61) 0.45%(11.62) 0.88%(£11.55) 1.86*(£11.58)
TSS change SIH 0°(£0.27) 14.65%0.21)  -11.09°(+0.27) 4.60%(0.36)
OLS 05(0.26) 7.154(0.34) -18.195(+0.29) 5.66"(£0.37)
OLWS 0°(0.47) 14.99*%(x£0.97)  11.82°%(x0.52) 19.98%(0.73)
Firmness loss SIH 0°(0.83) 22.31%(0.83)  30.71"(£0.83) 34.79"(+0.83)
OLS 0°(£0.48) 20.219(20.48)  33.135(=0.48) 38.184(0.48)
OLWS 0°(£0.22) 20.78%(£0.22)  33.87%(x0.22) 40.04%(+0.22)
Color change SIH 0°(£1.36) 5.21(=1.36) 8.86%(x1.36) 11.14%(£1.36)
OLS 0°(£2.10) 6.49°(x2.10) 10.30%(x2.10) 12.16*(£2.10)
OLWS 0°(£2.10) 5.425(£2.10) 10.03%(£2.10) 12.46%(£2.10)
o oA ®ele STH, OLS 1231 OLWS A g EntEel s 242k 0.86, 0.72, 12| 1L 0.68
o] R2gke] AdAE S Zte EntE AZ9 FA A Astdvi (1 3.2.14)
© TSSO Z 21 R SIH Aeld EvkE AE dolHel 0169 AFes 2t wh
g2 B2 TSS(CBx)#ke WstE o3 om R2gk2 OLSe OLWSe| disi Z+zt 0.
0.25% o =3}t
e do]E = SIH, OLS 283 OLWS A3 EntEd tha] 7z} 0.53, 046 123l 0.452] 4

2l mdle] Agelrh(1d 3.2.14).

Ag) ahol A A
agew Aeaa.

4 4 o] th(1

d EvtE 9



OLS:y =0.002x2 + 0.075x + 0.01
R? =072

OLW S y = 0.005x2 + 0.041x + 0.03
(a) R? = 0.68

SH :y = 0.001x2 + 0.073x + 0.01
R?= 0386

SH :y=-12.16h x +29.56
R?=0.16

OLW Sy =—0.068x2 + 2.160x + 1.47

(b) R? =0.25
OLS:y = 0.167x2 — 2.673x + 4.08
R? =011
(c) SH :y = —0.204x2 + 5.579x + 0.53
R? = 0.65
OLW Sy = —0.146x2 + 4.858x + 0.04
R2 =091
OLS:y = —0.152x % + 4.823x — 0.03
Rz =081
OLS:y = —0.046x? + 1.502x + 0.04
R? = 0.99
(d)
SH :y = —0.029x? + 1.183x + 0.01
R? =0.99
OLW Sy = —0.029x2 + 1.288x — 0.07
R? = 0.99

2% 102, 16 &< A3 variety-1 =z g]7ke] w7} W4 WSt (SIH, OLS, and OLWS).
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F 41. AAFA71 7ol WE variety-1 EVFEY FA 75, TSS, =, Mz ¥H3}
Parameters Relationships (R?) Significance
p (5% level)
SIH 0.001 x (day)® + 0.073 x (day) + 0.01 0.86 <0.001
Weight OLS 0.002 x (day)’ + 0.075 x (day) + 0.01 0.72 <0.001
loss OLWS 0.005 x (day)’ + 0.041 x (day) + 0.03 0.68 <0.001
ALL  0.003 x (day)’ + 0.063 x (day) + 0.01 0.72 <0.001
SIH  -0.204 x (day)’ + 5.579 x (day) + 0.53 0.65 <0.001
Firmness OLS  -0.152 x (day)’ + 4.823 x (day) - 0.03 0.81 <0.001
loss OLWS -0.146 x (day)” + 4.858 x (day) + 0.04 0.91 <0.001
ALL  -0.167 x (day)’ + 5.087 x (day) + 0.18 0.77 <0.001
SIH -12.16 x In(day) + 29.56 0.16 0.22
Total
soluble OLS  0.167 x (day)’ - 2.673 x (day) + 4.08 0.11 0.45
solids 2
change OLWS -0.068 x (day)” + 2.160 x (day) + 1.47 0.25 <0.001
ALL  -4.58 x In(day) + 15.63 0.02 0.065
SIH  -0.029 x (day)” + 1.183 x (day) + 0.01 0.99 <0.001
Color OLS -0.046 x (day)® + 1.502 x (day) + 0.04 0.99 <0.001
change OLWS -0.029 x (day)” + 1.288 x (day) - 0.07 0.99 <0.001
ALL  -0.035 x (day)’ + 1.324 x (day) - 0.01 0.98 <0.001
O Variety-2(Ev}E)
o A A A 2 AFAo] 5% F2o FFEQ 2o i A wiEse B B Ay
2 BoFE Al A AWy T oARY BEvlEY wE EFAE upsiESe F 23 (p<0.05)
A8 AL S AT EvtE AE9 YA, A, TSS R A% viyi o] wst= 2710
Aot HF FH(SAH D] AolE 7] GO Ui ghom uelste] WMiEERE FASA

e SIH *&]3 EvtE HMZ(3652%)0A4 2 =7}
ulE(3859%) A AX A 7P A wA
NHE Ax £249 2pol 7} Bz E )

a
=7
A

Fag
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EntE F TSSCBx)elA vl$ Fa
Zpol7h A E . OLS
skgrom TSS(°Bx)#(15.48%)2 7Hd
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OLWS A% d Agd =
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A2 A3 15079 A% 71 B A A Ael @ EvHE AE
G, A 0 B FA AT A AR ol A

A Q3 zpol7b AHE AT OLWS A3 EvlE AZoA 7}
= WM 3H(16.39%)7F #2EEom SIH A2 s EvtEd A 7Fd 22 34(10.55%)°]

o 4% delHE E= ehiglr

42, A% A A A% NS AFER &) variety-2 EVMES] A 25 AR,
TSS, A% A3 p #e <0054 fFroAS vepd

Source df MS F p-value
Dependent variable: weight
Pre-storage handling 2 7.57 21.78  <0.0001
Storage period 3 27.27 78.47 <0.0001
Interaction(pre-storage handling x storage day) 11 9.35 2691  <0.0001
Residual 348 0.35
Replicate 29
Total observations 359

Dependent variable: firmness

Pre-storage handling 2 19.55 0.08 0.920
Storage period 3 26975.11 11445  <0.0001
Interaction(pre-storage handling x storage days) 11 736643 3125  <0.0001
Residual 348 235.69

Replicate 29

Total observations 359

Dependent variable: TSS

Pre-storage handling 2 11219.41 102.16  <0.0001
Storage period 3 5299.11 48.25 <0.0001
Interaction(pre-storage handling x storage days) 11 4628.58  42.15  <0.0001
Residual 348 109.82

Replicate 29

Total observations 359

Dependent variable: color

Pre-storage handling 2 441.06  3023.83  <0.0001
Storage period 3 3107.78  21306.3  <0.0001
Interaction(pre-storage handling x storage days) 11 964.75  6614.18  <0.0001
Residual 348 0.146

Replicate 29

Total observations 359
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¥ 43, 15697ke] AA7IF B9 variety-2 EvlES FA #E, TSS, 4%, Mol W A%
AAe B A% 71ke] M A= 43k
Changes in Pre-storage Storage period(day)
ety Mdine 5 10 15
Weight loss SIH 0°(£14.09) 0.18%(£14.06) 0.45%(%14.06)  0.98%(£14.07)
OLS 0°(+18.84) 0.27(£18.83) 0.65°%(*18.81)  1.13%(£18.84)
OLWS 0°(£21.95) 0.63°(£21.81) 1.16°%=21.61)  1.73%(£21.48)
TSS change SIH 0*(£0.32) 27.63%(£0.36)  -20.89%(+£0.48)  -1.45%(£0.35)
OLS 0B(£0.38) -4.719(£0.26) 15.214(0.35)  15.48%(%0.35)
OLWS 0*(£0.33) -5.40%(0.38) 2.85%(£0.46) 3.13%(£0.37)
Firmness loss SIH 0°(x1.14) 23.10%=1.15)  33.53%(=1.14)  36.52*(=1.16)
OLS 0°(0.89) 22.09%(£0.88) 34.794(x0.86)  39.76"(+0.89)
OLWS 0°(£0.45) 21.665(£0.48) 33.17%(£0.49)  38.59"(+0.48)
Color change SIH 0°(£1.96) 4.33%(£1.92) 8.17%(£1.95) 0.55"(£1.98)
OLS 0°(£1.31) 5.46%(£1.35) 10.125(x1.38)  12.57(x1.32)
OLWS 0°(£1.92) 7.23%(£1.95) 14.525(x1.87)  16.39%(£1.98)

o T3 ®dlE SIH, OLS 283 OLWS A 2ld EvtEe] i3 2} 051, 0.72, 2€] 3L 051

o] R2%te] HIAAS e EviE AZF9 FA &4 HEsdti(ad 3.2.14).

e TSS9 A% 271 2492 SIH Ad EvfE 4%
2 TSSCBx)#9 ®slE odS5gor R2

34 =

0.06% o =3}t

o o=

o~

Al
-

. E}_B

S
d& SIH, OLS 183 OLWS A& ¥ EntE

_O
glal 0422 ARG 71w EviE g wEE b 2 Adwsts WAy olti(d

IH, OLS 22]3L OLWS A &3t EnlEo| 3
A R2#S 2te EvlE AZo Ax £4d g3 o

3.2.14). 15 4z+e] A% 7|13+ &<+ SIH, OLS 12 i
A, TSS, 4% g M= vj7) fge] Azl
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ol
%e

LWS

Elol 0449 HFEg 2= W
Z 0

OLS¢} OLWSell diaf z+z¢

e

i zbzF 053, 0.81 223 0912 3
}2 mde] Agsich(1d 3.2.14).
AMZo tfsf R2 ko] 0.34, 0.32 1

2 dolA HE @ Evlg

= agoes s,



OLS:y =y =0.002x2 + 0.075x + 0.01
R2=0.72

OLW S y =0.005x2 + 0.041x + 0.03

R? = 0.68
(@)
SH :y = 0.003x2% + 0.010x + 0.01
R? =0.51
OLS:y =0.049x2 4+ 0.579x — 2.21
R%Z =039
OLW Sy = 0.056x2 — 0.498x — 1.08
R? = 0.06
b SHH :y =0.471x% —7.012x — 1.08
( ) R? = 0.44
OLW Sy = —0.146x 2 + 4.858x + 0.04
R?2 =0.91
(C) OLS:y = —0.152x2 + 4.823x — 0.03
R? = 0.81
SIH : —0.148 * x2 + 4.294 * x + 0.29
R%? =053
OLS:y =—0.046x2 + 1.502x + 037
R%Z = 0.99
OLW Sy =—0.029x2 + 1.288x — 0.06
R? = 0.99
(d)

SH :y = —0.019x2 + 1.003x — 0.05
R? = 0.99

% 103, 159 &< A variety-2 EvtES] wjz) W4 W s)k (SIH, OLS, and OLWS).
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F 4. A7)k mE variety-2 EvFES] FA #HE, TSS, 4%, A% W3}
P : : 2 Significance
arameters Relationships (R%) (5% level)
SIH  0.003 x (day)2 + 0.010 x (day) + 0.01 051 <0.001
OLS 0.002 x (day)* + 0.075 x (day) + 0.01
Weight (day) (day) 0.72 <0.001
loss OLWS 0.005 x (day)’ + 0.041 x (day) + 0.03 051 <0.001
ALL  0.002 x (day)’ + 0.058 x (day) + 0.01 0.36 <0.001
SIH -0.148 x (day)* + 4.294 x (day) + 0.29 053 <0.001
OLS  -0.152 x (day)” + 4.823 x (day) - 0.03
Firmness (day) (day) 0.81 <0.001
loss OLWS -0.146 x (day)’ + 4.858 x (day) + 0.04 0.91 <0.001
ALL  -0.172 x (day)2 + 5.143 x (day) + 0.22 0.49 <0.001
SIH 0.471 x (day)2 - 7.012 x (day) - 1.08 0.44 0.872
Total OLS  0.049 x (day)’ + 0.579 x (d - 221
soluble (day) (day) 039 <0.001
solids OLWS 0.056 x (day)” - 0.498 x (day) - 1.08 0.06 0.028
change i )
ALL  16.67 x In(day) - 39.39 0.17 <0.001
SIH  -0.041 x (day)2 + 1.151 x (day) + 0.25 0.34 <0.001
Col OLS -0.058 x (day)* + 1.422 x (day) + 0.82 032 <0.001
olor
change OLWS -0.025 x (day)’ + 1.025 x (day) + 0.64 0.42 <0.001
ALL  -0.034 x (day)* + 1.411 x (day) - 0.13 0.87 <0.001
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O Variety-3(E7}E)

- A% A Ae LAYl 5% Fel £FQ 20 A B AW A B

£ EQ S %8 Hp<005)
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>
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i
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Q
H
m
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oN

o FE & ATt Algbo] Aol wret A A Aol EntES] FA fE vAE o

2> T8t A A Ao FA gES] dAg Aot BEHA A A At
EntEe] FA g F83% dFS vt AS vEdY OLWS A2 s BEvfEE F
A ZHEB.89%)°] 7HE = ok SIH A ek EvtEs A 23HE@17%)°] 7Hd sath

it

e SIH X3 EvlE AMZ(30.19%) 4 A%7F 714 ©A 7483 OLWS A& A e s
ErtEU137%)A A% 74 7FF 24 24 HAa g2 RE A A Ay @ EvE A

ZoNE Ax &9 2 zolr} ¥WHE Y

S AP A AP ® EnE A Fol A
. Ak Abd A Al EvE A
]9 S 23 o]zl AAEATE OLWS A g3 BEvtE 4 Z o A
74 e A% WEk(1246%)7F #EE o™ SIH M2l gk EvpEd A 7 22 7h(11.14%)
of AU AE vt B 37 BAA Y A AA AF s AF HeE BRE F
2 A A3 dolHE xE YER AT

Yo
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%45 A A AR A 7)1bes "R e variety-3 EvtES] FA #HE, H %,
TSS, M= A3 p &2 <0054 FoAde ek

Source df MS F p-value
Dependent variable: weight
Pre-storage handling 2 0.14 0.27 0.762
Storage period 3 1232.57 2299.85 <0.0001
Interaction(pre-storage handling x storage day) 11 337.36  629.49 <0.0001
Residual 348 0.54
Replicate 29
Total observations 359
Dependent variable: firmness
Pre-storage handling 2 190.47 1.45 0.240
Storage period 3 7876.04 5977 <0.0001
Interaction(pre-storage handling x storage days) 11 2308.28  17.52 <0.0001
Residual 348 131.77
Replicate 29
Total observations 359
Dependent variable: TSS
Pre-storage handling 2 483494 126.10 <0.0001
Storage period 3 556.01 14.76 <0.0001
Interaction(pre-storage handling x storage days) 11 1360.88  35.49 <0.0001
Residual 348 38.34
Replicate 29
Total observations 359
Dependent variable: color
Pre-storage handling 2 2.58 0.50 <0.605
Storage period 3 499.99 97.31 <0.0001
Interaction(pre-storage handling X storage days) 11 138.14  26.89 <0.0001
Residual 348 5.13
Replicate 29
Total observations 359
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¥ 46. 15¥97te] AA7IZF F9F variety-3 EvlES FA #E, TSS, 4
Z T

=, MEe] W] A

¢ dA-g 2 A% 7ol wX = FEF

Changes in Pre-storage Storage period(day)

ety "ending 0 : 10 15

Weight loss SIH 0°(x1.21) 2365x1.30)  531°%=1.27)  8.17%=l1.11)
OLS 0°(£1.32) 2.39(1.19) 5.365%(£1.16) 8.86™(£1.29)
OLWS 0°(£1.36) 2.84°(+1.32) 5.595(£1.29) 8.89%(£1.27)

TSS change SIH 0°(£0.33) 22.56%(+0.43)  -7.35%(+£0.48)  0.25%(£0.55)
OLS 0"(£0.42) 0.914(0.45) 4.01*(x0.52) 4.424£0.62)
OLWS 05(0.86) 21.36%(0.51)  27.42°0.62)  25.44%(x0.27)

Firmness loss SIH 0¢(+4.89) 15.09%(£5.93)  20.474(£5.40)  30.19%(z6.21)
OLS 0°(x4.91) 18.93%(£3.88)  32.06%(£4.13)  38.374(£2.94)
OLWS 0°(x4.05) 17.85%(+2.14)  25.625(%3.35)  41.37%(£3.99)

Color change SIH 0°(x0.96) 5.21%(£1.06) 8.86(£0.63) 1.14%(£0.78)
OLS 0°(£1.05) 6.49°(=1.11)  10.305%(x1.04)  12.16%(%1.12)
OLWS 0%(x2.10) 5.425(x0.67)  10.03%£0.72)  12.46%(=0.75)

o T} mHEle SIH, OLS 18|32 OLWS AHalgk EntEe] tisf 22+ 0.97, 0.95 123 0.93
o 7= =9 FA 4 At (2" 3.2.14).

.« TSSO A% 21 2de SIH Aed vt AZ dolg el 0.17¢)

dZglom R272 OLS$ OLWSY

A mdEe TSS(°Bx)zke WH3itE

0.252 o &3}t

o do]E = SIH, OLS 283 OLWS A3 EntEd] ths] 77 0.51, 0.59 18] aL
61—/\3 R2 g(l: EU]‘E AHEE_O,] 7311: _/i:/x]oﬂ r,Hzf]— 1:}80 Al El_'ﬂoﬂ x%wl—o].p}(:lal 3214)
EulE AlZo oid] R2 Fkol 045, 047 1
WA A o)t (1|
A2 ol A ¥ BEvlE9
agor A s

. T ®
g 042
3.2.14). 1

5
A, TSS,

oSL'
HU ﬂlmm

A =

K

o]

ErlE A

]2 SIH, OLS Z1¥]ar OLWS g #
71%F FQt EntE Aol WstE 7h
2 7ol A 712k <k SIH, OLS 283 OLWS
A rEfal Ak wg) W] dnkAQl AhAs
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OLS:y =y =0.009x2 + 0.432x — 0.01

R? = 0.95
OIW S y =0.011x2 + 0.436x — 0.02
R? = 0.93
(@)
SH :y = —0.003x2 + 0.585x — 0.01
R? =097
OLW Sy = —0.233x2 + 5.148x + 0.36
RZ=0.74
OLS:y = —0.005x2 + 0.402 x — 0.24
R% = 0.09
(b) SH :y = 0.101x%2 — 1.604x + 0.73
R? =017
OLS:y =—0.113x2 + 4.169x — 0.01
(©) R* =059

OLW Sy =-0.011x%+ 2.763x + 0.80

R%? = 0.67
SH :y =—-0.069x2 +2.918x + 0.64
R? =051

OLW Sy =-0.014x2 + 0.596x — 0.01

(d) R? = 0.42
SH :y =—0.018x2 + 0.609x — 0.02

R? =045
OLS:y =-0.007x%+0.461x+0.10

R? =047

¥ 104, 159 5t A A3 variety-3 EntES wj7) W4 #H3} (SIH, OLS, and OLWS)
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X 47, AAFA7 7] WE variety-3 EVFES A 7ZE, TSS, 4%, A% #3}
: : 2 Significance
Parameters Relationships (R%) (5% level)
SIH -0.003 x (day)” + 0.585 x (day) - 0.01 0.97 <0.001
Weight OLS  0.009 x (day)” + 0.432 x (day) - 0.01 0.95 <0.001
loss OLWS 0.011 x (day)’ + 0.436 x (day) - 0.02 0.93 <0.001
ALL  0.006 x (day)’ + 0.484 x (day) - 0.01 0.95 <0.001
SIH -0.069 x (day)” + 2.918 x (day) + 0.64 0.51 <0.001
Firmness OLS -0.113 x (day)’ + 4.169 x (day) - 0.01 0.59 <0.001
loss OLWS -0.011 x (day)” + 2.763 x (day) + 0.80 0.67 <0.001
ALL -0.064 x (day)’ + 3.284 x (day) + 0.48 0.57 <0.001
SIH 0.101 x (day)’ - 1.604 x (day) + 0.73 0.17 0.657
Total
soluble OLS -0.005 x (day)* + 0.402 x (day) - 0.24 0.09 0.059
solids 2
change OLWS -0.233 x (day)” + 5.148 x (day) + 0.36 0.74 <0.001
ALL -0.045 x (day)* + 1.315 x (day) + 0.28 0.08 0.002
SIH -0.018 x (day)’ + 0.609 x (day) - 0.02 0.45 <0.001
Color OLS -0.007 x (day)’ + 0.461 x (day) + 0.10 0.47 <0.001
change OLWS -0.014 x (day)” + 0.596 x (day) - 0.01 0.42 <0.001
ALL -0.013 x (day)? + 0.555 x (day) + 0.02 0.45 <0.001
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O Variety-4(E7}E)

© A A AR R Aol 5% frel FE

e rE

)
>
oot
o
i
iul
=

Q
H
m
i)
Hm

o AE (S D) Aolg 2] o e

EvtEe] FA e T&
A HE13.02%)°] 7HE =

2 2

e SIH A g3 EntE AZ(3586%)° A 4
EulE(41.77%) A 71 =& AL 7+Aa7)

E AZoME Fr &4 & Aol7t HF

rE
o
o
0o
I~
(®))
N
N
N

j
. .
[e)
Ve = A
al
=

(11.14%)©]

EE F42 vibdase] 29 dHelHE i=

JgS vzt
3 SIH A& s EnfE

- 153 -

=N

£ vlsege) B

=]
=2 W] T2 3H(p<0.05)

%, TSS 2 A= vizlsgo Wk 27100
Fo 2 wEste] WME &R HHFACL

Je] el Al EntES] FA & m A= o
o] AT 2ol 7k BE o] A W A7t
UERdTh OLWS A3 EvtEs F

A 2HE(8.85%)¢] 7HE sttt

Hadkal OLWS Abd A4 2] &
93 e nE XA AR Ay @ Ev)

H EvE F TSSCBx)ZHA A wl§- Fast 2ol7f 4&stA =S
T3 2ol 7k HAF Y SIH A 23k EvtE ] TSS(°Bx)#(-2.01%)

Bot Al A AP ®H EvlE A ZA
Ak Al A A E EvfE A
. OLWS A 23t EnlE A=A

¢ EviElAM 7P mAe gk



348 A A A A% 713

o
TSS, A% A3} p 7S <0.05904 FolAdS ey

Source df MS F p-value
Dependent variable: weight
Pre-storage handling 2 14734  147.32 <0.0001
Storage period 3 1836.39 1836.05 <0.0001
Interaction(pre-storage handling x storage day) 11 544.60  544.50 <0.0001
Residual 348 1.00
Replicate 29
Total observations 359
Dependent variable: firmness
Pre-storage handling 2 312.77 3.14 0.047
Storage period 3 8230.76  82.73  <0.0001
Interaction(pre-storage handling x storage days) 11 232422 2336  <0.0001
Residual 348 99.48
Replicate 29
Total observations 359
Dependent variable: TSS
Pre-storage handling 2 44.34 0.78 0.462
Storage period 3 16.53 0.29 0.833
Interaction(pre-storage handling x storage days) 11 30.02 0.53 0.882
Residual 348 57.00
Replicate 29
Total observations 359
Dependent variable: color
Pre-storage handling 2 65.46 8.58 0.002
Storage period 3 651.39  85.39  <0.0001
Interaction(pre-storage handling X storage days) 11 196.21 25.72 <0.0001
Residual 348 7.63
Replicate 29
Total observations 359
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049, 15979 A7) B variety-4 EvFES FA #E, TSS, A%, AMEol m 3}
A AA e 2 A 713kl m A= G
Changes in Pre-storage Storage period(day)
lity .
para?:ll:ters(%) handling 0 5 10 15
Weight loss SIH 0°(x0.99)  2.94°(0.96)  6.08%(£0.94)  8.85"(x0.93)
OLS 0°(£1.26)  2.80%(%1.23)  5.99%(+1.18) 9.34%(£1.15)
OLWS 0°(£1.36)  3.8991.32)  8.79%(x1.29)  13.02%(%1.27)
TSS change SIH 04(£0.33)  -0.42%(=0.42)  0.81%(x0.86)  -2.01%(x0.79)
OLS 0A=0.47)  -1.57%£0.77)  -2.514(=20.55)  0.62"(x0.81)
OLWS 04=0.31)  -1.30%£0.57)  2.70%x0.71)  3.18"(x0.68)
Firmness loss SIH 0°(3.61)  17.13%(£5.05)  25.30%+4.61)  35.86"(£3.92)
OLS 0°(£5.35)  19.195%(%3.75)  28.39%(£4.13)  38.52"(+5.45)
OLWS 0°(+3.81)  23.87%(+4.14) 34.71%(£3.31)  41.77%(£3.13)
Color change SIH 0°(+1.36)  3.055%(20.96)  3.925(+0.99) 5.314(x1.21)
OLS 0°(£1.19)  2.685(x0.76)  4.30%(x0.96)  5.78%(x1.14)
OLWS 0(=1.12)  3.68%(20.89)  6.22%(£0.94)  7.70"(£1.27)

o T34 meEle SIH, OL
o Rogtel ARAE 3

o TSS9 4% AL
G2 mue

vy

TSS(°Bx) %2

23 OLWS AHels EvtEd dis] Z2+-2F 0.96, 0.97, 183 0.92

EvhE gEe] T &4 AFSHAHIY 32.14).

SIH Agjd BEvtE AZ

ik =

0.062 dZF3tAth(17 3.2.14).

s HolH =

g 0472 A 71 T

3214). 15 ¢
A, TSS,

el A 73

AE g3 Ax

b=t 3,‘_:/\1

o 1=

A0
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SIH, OLS Z18]3 OLWS A &3t EvlEd ] 22 0.66, 0.65 13 3L

W4 R2GHS 2 EulE A1Ee
o UpEHA EEle SIH, OLS 183 OLWS AHE # EvE
FEVEE Age] WstE g g A9sE Aoty
&<k SIH, OLS Z18]31 OLWS
W7 we] HuE Sl gt

A2l shell A A2
agow Ageleih

dolge] 0.019 HIT=ZS zt:= bl
o= o R2gt OLS9E OLWSel whisf zHz}

of e vhaka) Rele] Aetstrh(1d 3.2.14).
A=l el R2 gt

0.759] =

°] 0.38, 0.41 1

¥ ErlEe]



OLW S y =0.003x2 +0.826x — 0.08

R? = 092
OLS:y =y = 0.006x2 + 0.541x — 0.01
R? = 0.97
(a)
SH :y = —0.002x% + 0.621x — 0.03
R? =096
OLW Sy = 0.017x2 + 0.004 x — 0.44
R? = 0.05
OLS:y = 0.047x2 + 0.686x + 0.17
R? = 0.02
(b) SH :y = —0.024x% + 0.264x — 0.29
R? = 0.01
OLS:y =—-0.091x% + 3.855x + 0.55
R? = 0.65
(c)
OLW Sy =—-0.168x% + 5.245x + 0.46
R%Z = 0.75
SH :y =—-0.065x%+3.299x + 0.56
R%? = 0.66
OLW Sy =-0.022x%* + 0.843x + 0.01
() R: = 047
SH :y=—-0.016x> + 0.584x + 0.13
R* =038
OLS:y=-0.012x% + 0.558x + 0.04
R% =041

a9 105, 1569 &<t A3 variety-3 =] 7] wis)] ¥ ®s} (SIH, OLS, and OLWS)
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¥ 50. AZ7| 7] WE variety-4 EVLESY YA g, TSS, 4% H 3}
: : 2 Significance
Parameters Relationships (R%) (5% level)
SIH  -0.002 x (day)2 + 0.621 x (day) - 0.03 0.96 <0.001
OLS  0.006 x (day)” + 0.541 x (day) - 0.01
Weight (day) (day) 0.97 <0.001
loss OLWS 0.003 x (day)” + 0.826 x (day) - 0.08 0.92 <0.001
ALL  0.002 x (day)” + 0.663 x (day) - 0.04 0.87 <0.001
SIH -0.065 x (day)’ + 3.299 x (day) + 0.56 0.66 <0.001
OLS -0.091 x (day)” + 3.855 x (day) + 0.55
Firmmess (day) (day) 0.65 <0.001
loss OLWS -0.168 x (day)” + 5.245 x (day) + 0.46 0.75 <0.001
ALL  -0.108 x (day)2 + 4.133 x (day) + 0.53 0.67 <0.001
SIH  -0.024 x (day)2 + 0.264 x (day) - 0.29 0.01 0.641
Total OLS  0.047 x (day)’ + 0.686 x (day) + 0.17
soluble (day) (day) 0.02 0.938
solids OLWS 0.017 x (day)” + 0.004 x (day) - 0.44 0.05 0.16
change ) i
ALL 0.014 x (day)2 - 0.139 x (day) - 0.18 0.01 0.596
SIH -0.016 x (day)2 + 0.584 x (day) + 0.13 0.38 <0.001
Col OLS -0.012 x (day)’ + 0.558 x (day) + 0.04 0.41 <0.001
olor
change OLWS -0.022 x (day)” + 0.843 x (day) + 0.01 0.47 <0.001
ALL -0.017 x (day)’ + 0.662 x (day) + 0.06 041 <0.001
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Convolutlo =S EAAS FE31T pooling=S subsamplings %3l featureE =] F1 9]
T o] ¥ % vl 9k fully connectedS ol A+ 724 S H&stt}. o] ConvNet &t
g =9 Ae dAalgo] woma o]l2 uEo g d5A7]7] 98] GPGPU(general-purpose

computing on graphics processing units) 7I'd = &8st WAAH 7L 7hsk GPUE Ab
&t e, ConvNet?t GPUE &&3st7] 93 #olB g2 CAFFEE ©]&3t3d

CAFFEE= 59& :=9] 4 §lo] ConvNeto] 3 ®Ao] 7hgaiths Fxo] Qltt o
H o Afo| A A3 wdle CAFFEO A #3385+ BVLC Reference CaffeNeto = 1
1577 o] pythons &3] Z2Z1# & a3

i&
o

labels = np. loadtxt(imagenet_labels_filename, str, delimiter="#t")
except

I, /data/ilsvrci2/get_i Isvrc_aux.sh

labels = np. loadtxt(imagenet_labels_filename, str, delimiter="#t")

for i in file_list
path="/home/bck im32/MK/ ' +c lass_name+' /' +os .path.basename (i)

net.blobs [ ] _datal ] transformer.preprocess('data’, caffe.io. load_image(path))
out = net forwa d()

toé;? = net.blobs['orob'] .data[0] fiat;,en(; argsort() [-1:-3:-1]
top_5 = net.blobs['prob'].datal0] . flatten() .argsort() [-1:-6:-1]

result_history=result_history+[[os .pat asen rreu)

5] [0] [top_5] [0]
5'] [0] [top_5] [1],
][][tooﬁ][]
1A Fean £1121

labe Is [top_5] [2] Dut[
lahalaftan E1721 And Tias

a9 157 &3aglES 7457l 93 python = oA

wdo] 3t training, validation, test’} Z Q3
t}. Trainingoﬂ ALE-H olu 2= ILSVRC 20129]
7 ZF 1209F Fo]%lal, validationdl &= vFzH7EA] 2

ILSVRCQ o|H| A & /‘}%3}»\‘4 Test= ?3 olml#] HM A FFs A4S T 7
TR AME F2 FYESE PRI e T 1000 AL o|uAE AF&SFATE Testol] Al

&S
e
X
=
NE
rlr
Ko
=)
>
2

F Ol HZE] ARGE Fhelate] Bl oojmA]

Categories Image
Bell pepper 181
Strawberry 140
Orange 103
Lemon 140
Pineapple 144
Banana 153
Pomegranate 122
Total 984
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Test of o Top-5 prediction Testtime & Data save &
training model p-op Top-2 prediction | Draw the result

Image Resize
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o] flow chartE F 33 Aate= v €Y 2o
A

I} label?} &S F21E 4 glom ol&

resize
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top 5 predi€tions

. h . " "
[ nO?TB&b@A oomegranate‘ 'n12620546 hip, rose hip, rosehip’
'n07720875 bel| pepper' 'n0OT745940 strawberry' 'n07747607 orange']
[ 8.73634398e-01 1,15598269e-01  9.92851518-03 6.75147981e-04
2.9497548%-05]
0:00:00. 115924
['n07768694 pomearanate']
[('n0O7768694 pomegranate', [0.8736344, 1])]

testtime

top 2 predic '"
['n12620546 hip, rose hip. rosehip', 'n07768694 pomegranate'] .

[('n12620546 hip, rose hip, rosehip', [0.11558827, 11), ('n07768684 pomegranate', [0.8736344, 1])]

Ours Prediction

n07768694 pomegranate
n12620546 hip, rose hip, rosehip
n07720875 bell pepper
n07745940 strawberry
n07747607 orange

98472] oM A|E WRH=El o 24239 Agte] AHow olv]A & ol AU A
Ao = 0245%7F 285 A E} Ad A7k AS- FheElag] o & AlZre] Aozt A gl
= Aew wol ouxe] BAry i & Fade] TR T Ao AAHYY.
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X 52, HAE oA gg Ay &%

Categories Time(s) Image Time/image
(s)
¥} 2] 7} 34.67845 181 0.191594
o 7] 32.23572 140 0.230255
Q&= 33.14519 103 0.318704
IR 34.19451 140 0.244246
9l o & 32.5731 144 0.226202
vt 38.54656 153 0.251938
Al 37.02629 122 0.303494
A 242.3998 984 0.246341

3k top-1, top-2 ¥F AT EE confusion matrix® YERY H AT FHFol
wel BF 4EE 807100%2 e Top-1 48we] B 9166%, top-2 4 2HE o)
ki 5

[e) =H = = e = = PN
2 BER AYEE HAS o 4 A

53. HIAE olm Ao gk &7 4=

Classification = No. of No. of Total Topl Top2
Topl Top2 Accuracy (%) Accuracy (%)

v}z 2] 7} 171 176 181 94.48 97.24

=7 140 140 140 100.00 100.00

R B 98 102 103 95.15 99.03

o = 123 136 140 87.86 97.14

Tl ol & 116 120 144 80.56 83.33

HpLpLE 140 147 153 91.50 96.08

o5 113 121 122 92.62 99.18

91.66 95.83

o] Ayl= 7]E2] PCA®F SVM W)l 88%%1 AyHt} £& X2 &9l
Wu, 2012). ©]2-9] test Al7tE
a9 ZFMM HAEutart 2

‘6‘1_.
01% il %‘rﬂ‘é dag)F 7leo

oleh: THsAe Hels
B 901 AN B ook AT 2
75
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Pivot
20 cm, 30 cm, 40 cm, 50 cm

Tomalg

Metal surface on the wall

a9 160 Pendulum impactor for impact

tests of the tomatoes

ojnAAANLEL RGB olvA ek TI olnjA 9] =x& &olatA k7] fl8 4= AT (L

th 5 3lE FYE 4 AF AxE AEEHAD F49% ¢ 15em
4 1§,\ﬂr. FLIR ONE TI 7}#gt (FLIR Systems, Wilsonville, Oregon,
A& 18cm Wl 2 H A=,

o]

o

source), 73
o] o] Alg
USA)E A= 29

o
469 #Fx). F8 %“*o RGB, TI 7tvlel, A4 w4 E#olE, o®d < (heating light
A 5T E] NE =
ol

v}

Heating light source

Circular sticker on

the black board

FLIF. ene thermal camera
with smart phone

RGB, TI oln]xdlolH = &% 23 °C, FulF% 40%< A4 =AY 2+ EvfE
Alge tig ol A= 3 & oo 10 2 FF o2 FHEHAJTE RGB % TI oJuA &= FA
of 54 &, 3 T AF T F 1979 oA} FHEHJG olnx] FE A
AWl AA | F 0, 24, 48 A7t FAHAY. EvtEE A 42 x¥o] JidE &
o2 FgarE =AgHU

EntES] AL E dolry] 3] ovA A 7|es VWMo EuntE R A A AV,



E A7) W) Mg FEodes BErkE 3 &
@ 4 Adel A gEAs Al TeA $2 GAe WY AeAz wAA,
Ae M7 BES AESe] w7 wolze] PP} BuiE JoRwe o FTh 1
#1602 EvtE vige] Ho duHs yeihls 23S Sl
Acquisition image
selection
Gray Image transform
Image fllter
Image binarization
segmentation
Sample's pivel statlstics
Sample's area shze
extractlon
19 162 Flow chart of
size measurement
EntEe] A7|(AH) Wi WEE A&eA 487 Y8 EvtE ZW oA S J]|Hte
@ oo oA RA REE ASAT :1%4011x oA & Wgel 7 G ol

T st pratele] Ael: A%
A 98 9A, BE FAL Asea, npge

g x|

i=0 2
7|4 Vi EvtES] ogdgdariela i [0,240] HAe HAM 1 R A 4ol
Ri> 0 & wjo] thef o9F & zol

a3 163 Estimation of tomato

volume
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182 F 1579 EntEE Ab&sto]l 72h Y43t gold
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138 166 RGB and binarized image of circular sticker and tomato
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it
. o i I*;Kl 150 0
Light souree heating time (s) : 2 # G ¢ H Iz " e # =
Thermographic image frames
—#— Light source heating time vs Background temperature
© - Light source heating time vs impact W [emperature difference between impact and non-impact surface in tomato
—-w— Light source heating time vs Non-impact [ Temperature difference between background and tomato surface
a9 168 Hal F4s W BEvE . 09 169 9 84 EvE S 2u
AR LE BE WEZ EYeE

a9 169 BAMAN EvhE BWe e, EviEe] 37 Fws vFF ERend
vy ze melEth A8y Aves A4 A7 HHow 28 Aol Wasy] v
Fol 274 Ave W4 LEsb 2R v A4S deol web gebd o glo] 374
f EW REE o 202 T ofzhe] 9AF itk deu o F7 Ei W] Yt
b RO 2 9% AN BE BRAGE 44 Qe A A Qe Ao v
goko] AmEdut tEe] = 75 e e olm Aol i ad 21 B AdE
HolFErh nEA A ® E5F A A, 2 o5 A9 VIS A 50 %olAw o
AFe] dolH ME+= 20 % T4t 2 80 % Hatx= 4 Eo 7] "] VeEde

ogeltt. ErbESH $47 917 )
B OERE 999 7 shad g &
3 Ao,

¥ 44 Confusion matrix for simple binary classification of thermography images
True Class
Unbruised Bruised
Output Class Unbruised 13 5
Bruised 2 55
Accuracy (%) 0.87 91.67
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