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Evaluation of Apple Freshness by Characterizing
Surface Texture of Cells

EXE
R
Y. J. Cho

1. A&

Atz ¥ A (quality)® “dHl(condition) & H#H oz PFristr] st o 7HA A
(factor)7} AF&H 3 Stk "lx FFA  AlEHANA A AM(market inspection instructions)
(USDA, 1978)9] Azt &E& Asuw, A9y FFE& JedeE AAEE bs=
(immaturity), 8 ’3(shape), % 2 X(cleanness), 43 (color) ¥ A3 (defects)o] A& glo
o, A4S Hrtey] Yl AHEEE AxEZE A E(fimmness), ¥ (decay) 2 7IEF S EIA A}
(other condition factors)?t S1th. Z|epdHidzte] A9, HEs3r|d e sid=Ees AA7t oy
& WE Yl W IR Ao disiA gt gFoA o, tiRH VeI AR
= WE 39 (bruising skin), MA% FJ(fresh skin), ¥ flo] 7AF E 3 (unhealed
broken skin) %°] At}

olg} Zo] Atite] FHH FJEHHE ABHOZ Hrier] Y B A&V mgHA )
SN % B33, AlME(freshness)# &0l ALg BlE7l ¥ YA vsted AFH 7}
74 U RS QAR el A gl

Arthey(1975)F AAEd F83 F4d 5o diddvtir AAHsGP o, el(state) ot
A Htime)o] #HFAA SME & Jokn At GHAM, A=Y F&F L6437t e E
f7hx] A AZHE ouEty, EG FEF FA] AnER GEoR Qs AEe A
o2 Aty Axet Heo] Y A3 A

Ben-Arie 5(1979)& At#+e) <A (ripening) #ANA UYehdE AlE ZuldqTtxe) ¥z}
5 A& A4, A3t viE 248 dAdAE AXe AXE Aesta e < (middle
lamella)®] #&7} 334 Yelsvia 3o

* FEAEAEA T
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Bolin® Huxsoll(1987)& At#e} A9 AME Aslo] W& z47te] At Y=g A
8312 SEM/IA(scanning electron microscope/image analyzer)& AM-&8te] A ¥e] )&t
 HEE EM3te S ANEdT. AR AS, degol 2% FAEAS o AL
FEe] W AP =Tt FosA g2A Jdewtra sk
Trakoontvakorn $(1988)2 At#9 &% & Jristuxt AU H & ol &3dle] AE F
ZE EAAG v, 94 A 2o AXe WA Zdo]l R A¥E IS ALY )
A Ao datd, 54 Alge] B¢ AX 98 L AX 7o) u% Alge] HE o =2
A vetdow, 4 Alste AX ok ¢ 11 Aoz Yl

Lapsley 3(1992)2 scanning electron microscopy(SEM), cold-stage SEM(cryoSEM) %
confocal scanning laser microscopy(CSLM)E o] &3to] Alste] 2 A ZHtexture) S 71317
Aot Axe] F2E BASAT 371X Bl T AR YA AEE 32Uz B
#at7 o= CSLMeo) Hgstrta ko)

ol d7 Atdle AMEY YWHTE FAE e 23R A3 FAHAN A¥Eyol
THEHE A4S B e® 3t AXe 72 2 JHH EHE 2N dHE Edld
Aol AdE 2E 23S BrEaA dRY ReE, a2 A4d AV dehdda a8
T},

a2y, ANE7RHAY AT AtdlelA metel EAFoZE AME FulY 3l AR ZA9
da Fol Aot

mziA, & AFME 71Fe) AdEa AE ZAV 9 J"&‘?l BAv| R G JHE
A7PEE o] 83t AR AMES FRHo s P 9;1% < NEsnA 3ot

m}

tilo
HEor

e

2. AXE A5 HH
A% 59 A

WEE AAFE S F8 Sdd Aol d3HE A4S BolA Hed, 2%
o] dste AIX Tt A, AR Fa ¥ MEde Yo & A4 Jelhgs @4
oltHSeymour &, 1993). At#e A-+x 4 AA Fok o9 FAT AEY EA 2 A
337 ¥g _‘2‘_01711 Ho H]E—J ¥ F3A 7H(surface texture)°] W&tA ©tH(Ben-Arie
%, 1979, Bolin# Huxsoll, 1987, Trakoontvakorn %, 1988; Lapsley %, 1992).

meiA, AdEE F8 o]F Yeuvs A3 A3 AT S FAE A H
22 B AdFqME FF oF A AAd mE Ao 39¥ A & FEY FE AT
3t} 1 k& MM X A S (freshness index, FD2 & ¢ &gt}
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U AAE 2S5 A

A9 39 247 94 BN o83 2 relative smoothnessS o) &ato] =g}

3t & 4 A Gonzalez$ Woods, 1992).

R = 1-1/(1+0% 1)

o 7] 4] 0! variance of intensity in an image

(DAA R gkol 0o A9 EWolA 78, ¥ 5o 44 = ¥4 g 9
Mati, R gkl /b85S £8, ¥ Fo we ®u 4HE e

£ AT E ME FW 4HE EASE WARSE olgete] e @Yoz A
HE A58 EASAY,

FI = 1/(1+w? (2)

o 7|4 FL index of freshness

w: a parameter relevant to surface texture of cell wall

@44 wrk AE EWE FF9 B3} BAA ANFY ©), AHG ABAFS wi
He @e A ol Fi= 19 A4e @& 7HA "

3. Alg ¢ 9y

7b AgAs

2 ATl AEE Atde FFE 2/ F(Tsugarw)olW, AA(A71E AETE d2d AR
Dol M =82 71d 819963 99 58 AttE AF&Hg )

U AEEA

2 d7elME A 38 AXe gd EAS BAME) Yste  #adAn A(Leica
DMRB, Germany)ell 94325 F2ste] AL&3it) #d v A= x40 g2A=
b AREER o, GBI = color digitizer module(Oculus-TCX, Coreco Inc..
Canada), 2/3" one-chip color CCD camera(TMC-74, PULNiX America, Inc., USA),
Pentium microcomputer 2.2 FAHUT}. o9 7S AXNE EHA 640x480x32] A%
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€ Zt¥ RGB color image® 539 JA4E B43 90 ¢8, 94 £48 9% g3y
%2 Visilog version 4.1.5(Noesis Vision, Inc., Canada)®] C interpreter® A}&3}e] ZT 21
A o

o A¥ W 27 24

Aldte] 388 R T2 ¢hA Adste Etol= FeA(slide glass)ol ¥ 1% &
4o Congo RedZ FAS Al2e] daA dvZE S T3 TI3d AE FW J4S 243
Rt

4 EHE AT dugEY F2 WL USHd ¥y WA 640x480 39 AVE
Zt= color imageEH-E HA, =4 9 JA AR JAEZ F¥I}Y AXY surface
textured| @ FRE 71 F RAFE HAY AR A4S Ao HA AR I3
3l recursive laplacian operation& ©]§34 AX B FEELE F&3% F, A4 FH
HBE 7/|E02 dto] 256x256 A71¢] WY FFoE HAsrh FH, 256x256 4o
& A Fast Fourier TransformE 4 A8t Fourier spectrum A3 ¥-& T3-3th ol¢} o]
Aol G5 A b3 22 4719 surface texture parameter® 7 2&lo] A X ]
AMEE H7tstdd o

w1 mean of grey scale of pixels in an image processed by the recursive laplacian
wo! variance of grey scale of pixels in an image processed by the recursive laplacian

w3 mean of grey scale of pixels in an image of Fourier spectrum by FFT

w4 variance of grev scale of pixels in an image of Fourier spectrum bs; FFT

4. 43 @ ng

7} AT Y 54

¥ 1& 3 3 AA3 A A HX9 FW ZA Y Alolo AuUATE el A
o)t} oA AH 409 parameter(wi, wz, w3, wos AX Fwe FEo] weLHE &

S 7HAA B FellA Be uieh 2ol £7 F Azko] Audtel wel bzt MEe] W
of FAHE FFY do) FUlete AE& & F Yow, 53 A¥e nde FHES UEWY
= 409 wiEE FAA we, wi R wals 1% FEFEAM FEF B AR 1ER
T 48 #AE JHAE Aoz et

wElA, of ARZRE AFHe] AS AX FHY FF FHE AT st Az A4

-190~



g B8 & Aee ¢ & Aok

Table 1. Correlation between the surface texture of apple cells and the time

elapsed after harvest.

Time Wi w2 w3 W4
Time 1.0000 0.8412 0.9433 0.9340 0.9286
(0.0358) (0.0047) (0.0064) (0.0074)
Wi 1.0000 0.8860 0.9424 0.7934
(0.0187) (0.0049) (0.0596)
w2 1.0000 0.9899 0.9851
(0.0002) (0.0003)
W3 1.0000 0.9509
(0.0036)
Wy 1.0000

w1 mean of grey scale of pixels in an Image processed by the recursive laplacian
wo. variance of grey scale of pixels in an image processed by the recursive laplacian
ws. mean of grey scale of pixels in an image of Fourier spectrum by FFT
wy. variance of grey scale of pixels in an image of Fournler spectrum by FFT
{ ). Significance probability which means ”highly significant” when its value is

equal to or less than 0.01.

g AdE x5el W

O 18 Al 85 A7 A g JAE 249 #gkE Yeld Bojul 1yl
B & upel o], Fourier spectrum image® 342 Hi & A% BJ7HE 4 v
(W) 2 =3RS W] A= AFEFUwa) 7t we R wed w7l E AME S AXME A5
(Fl(w2), Fi(wa)) R} 54 Briss Aoz vepdoh 0de SaA, A= v AFas
FAB7l A AFE Fllw) o Filwdd & & 5 Atk

olgt & ML AFE AEEA HU, ARG A Mxe EH 2 Ay d
35 g Agolng 1 S A MRET AHEE HUME g Aoz g
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Fig. 1. Variation of apple freshness index with respect

to time elapsed after harvest.

F AZelt §F AR W F2F TP Az g0l
4ql A ES A BN, B AreAE AR HHES
= gAMe ANSIA 3k 3% Axe) 2ad 2 Az

Hrtet7] flste AEe W 548 HF dhe 9% BAIEE

FAFY AHEE
gl BPET 7
3PHoE Y F
Wahe v AME
A Aol 2

az°ﬁ 2

¥

}g &46}&1 o3 2o
D Az guel guel 2A® Age AHE A+E 4RSA
2) Abz AEH Fwel 493 Ui uhNsE 94 242 olgsel A3 A

3 ARSEE £8F AR A 152 §IF 4RBAS BAT
3) 2 AN AL NHE A5E AgetA HW e AMES FRHes AFY
37t & F e Aoz lgdrh
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