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Abstract

The goal of this study is to develop a non-destructive method to detect the internal browning and water-
core in Fuji apples by VIS/NIR transmittance spectroscopic method. To acquire the transmitted energy
spectra of an apple, a proto-type spectroscopic sensing unit was made with a sample holder, light
sources, a real time spectrometer, etc. The apple samples having the internal rots were artificially made.
All spectra of the Fuji apple samples showed three peaks near 640 nm, 710 nm and 800 nm, respec-
tively. And the transmitted energy levels of the water-core apples were higher than the sound and those
of the internally rotted samples were the lowest. Classification tests, which were made with the normal-
ized peak values and peak difference values, indicated that the most efficient classification algorithm is
primarily to separate out the internally rotted from the given Fuji apples by the peak difference values
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algorithm, CCRs (correct classification ratios) of the sound, the water-core and the internally rotted samples are
expected to be 100%, 91.4% and 97.6%, respectively. Classification by SIMCA method resulted that CCRs for
the sound, the water-core and the internal rot were 100%, 70.0% and 81.0%, respectively.
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, and secondly, classify the water-core apples by the values of ( ). With such an
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Fig. 1. Internal browning.
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Fig. 2. Water-core of Fuji apples (a) minor, (b) mild of
Fuji apple and (c) severe.
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Table 1 Fuji apple samples used for tests

Type of sample No. of samples
Class 1 (sound) 50
Class 2 (water-core) 45
Class 3 (internal Browning) 50
Total 145
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Fig. 4 Outlook of measurement device experlmental
apparatus.
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Table 2 Classification result of the sound, the water-core
and the browned Fuji apple samples by using the ratios
of (T4/Tgz5)

Actual Sound Water-core Browning Avg.

By model (45) (35) 1) CCR
Class 1 (sound) 45 5 3
Class 2 (water-core) 0 30 0
Class 3 (Browning) 0 0 38
CCR (%) 100 85.7 92.7 92.8

*The number in parenthesis is total number of the corresponding
sample.
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Fig. 9 Distribution of PDL,, values.

o] By %o] 914%2 713 E3kA(Table 2),
PDL,,%] 7A-$-ol= 4o} ddHze] 8%
o] 97.6%E 7F4 45 AAE e U
E 4 K(Table 3).
Table 29} 304 & & 9l5o] AU AEA
o]

SIMCAHE 0|28t MH
F 12070 NBE 3

HE ol&d GARAL A=At A EE

class 1, HAIZEE class 28 39927 class 3©

Az et gk oF s gEEs

H A3} $elA] SNV(Standard Normal Variant),

MSC, 12+ & 2%} "l 5& AREsIGler TP F

Qvs, T2for ol Dete Projected on Modet of Ciass

Nl class® o] SIMCA

Qvs. 7% for of Data Piciected on Mods! of Class 3

Table 3 Classification result of the sound, water-core and
browned Fuji apple samples by using the peak differences
(|T645 - T710|/T675 )

Actual Sound Water-core Browning Avg.

By model “5" 35)° 41"  CCR
Class 1 (sound) 45 3 9
Class 2 (water-core) 0 32 0
Class 3 (Browning) 0 0 32
CCR (%) 100 91.4 78.1 87.8

*The number in parenthesis is total number of the corresponding
sample.

Table 4. Classification result of the sound, water-core and
browned Fuji apples by using the peak differences
(|T710 - T800|/T675 )

Sound  Water Browning Avg.
45y Core 35)" @n° CCR

Class 1 (sound) 45 12 1
Class 2 (water-core) 0 23 0
Class 3 (browning) 0 0 40
CCR (%) 100 65.7 97.6 87.8

*The number in parenthesis is total number of the corresponding
sample.
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Table 5 Validation results of the SIMCA model to classify the Fuji apple samples into the sound, the water-core and the
internal browning

Actual By model Sound (15) Water-core (10) Browning (11) Average CCR (%)

Class 1 (sound) 15 3 1
Class 2 (water-core) 0 7 1
Class 3 (browning) 0 0 9
CCR (%) 100 70 81.8 83.9

I-8-9] 71AA BA 9@ 223 denE, =g 74 g
Al BEeln mae] uAe) g AHEHOE ¥ ;2{428(3 30044 AR, S
deo] ASAES Ak 2 A= Table 590 e, o]FA, Ao, "D, A4, 2001, HEAH W

ol 1% A Abste] R WE. 54,
42(1): 83-86

FEF, AY, 1A% 1998, FA ALY HA Ewe} A
g 8700 W, 35 29 % FAo) VIAE FF. BUA,
39(5): 569-573

Barreiro, P, C. Ortiz, M. Ruiz-Altisent, J. Ruiz-Cabello,
M.E. Fernandez-Valle, 1. Recasens and M. Asensio. 2000.

Abahe] U zhA ® mwe AR % 7 At Mea]{ness assessm.ent in apples pf:aches using MRI
JRYS. 1o 2o e A techniques, Magnetic Resonance Imaging, 18: 1175-1181.
Aol et glem, e ArelM Agshs o Batjer, LP. and M.W. Williams. 1966. Effect of Alar on
& Fe] F4o Azer s 713 F 9 watercore and harvest drop of apples. Proc. Am. Soc.
AHAEAA 2 T2 FAL AT YA Hortic. Sci., 88: 76-79

P o]
= UlF #242 ddske 398 S8iM JiF o
?%% AR 7leo] 2
M E 232 g
9] 14% 2 2 UySE AEE 4 9le gy
=& M.
2 AR RE AHEHA 645 710 2 800
nm 2ol BoEE , 675, 765 18] 37 835 nmo|
Ae &7 JVJEHQ S FISATE 675nm F-29)
A HAagre g2 A FAARAS vro] Barsgt
ZHEHL wo] Aada Yy s} B o
(o)

Chayaprasert, W. and R.L. Stroshine. 2005. Rapid sensing
of internal browning in whole apple using a low-cost,
low-field proton magnetic resonance sensor. Postharvest
Biol. Technol 36: 291-301

Clark, C.J., J.S. MacFall and R.L. Bieleski. 1998. Loss of
watercore in Fuji apple observed by magnetic resonance
imaging. Sci. Hort. 73: 213-227

Gonzalez, JJ., R.C. Valle, S. Bobroff, W.V. Biasi, E.J.
Mitcham and M.J. McCarthy. 2001. Detection and
monitoring of internal browning development in ‘Fuji’
apples using MRI. Postharvest Biol. Technol. 22: 179-188

Kim, S. and T.F. Schatzki. 2000, Apple watercore sorting
system using X-ray imagery:. Algorithm development,

= T A ‘l‘
- _ Transactions of the ASAE, Vol. 43(6): 1695-1702
z] Alzlel E v/:_\HEEq,_O_ E/H?l. 7% plE}I O ”
| Arskel AEdS 24 é_ P i Maesschalck, R.De., A. Candolfi, D.L. Massart, and S.
2 Uy 29z e ssede) 48 olgd

|T710_T800| 7]_ U]Hé }\Haﬂoﬂjf‘ |T645_T710| ?E!.—l‘ﬂ
Ters

°] 97.6%, 914%= 7V F& AHE Bt A
o= T duEEE olgsly Azt Ui oyt
& MHsks Ao] 7P AYE Aoz AlsEY &
3k SIMCAE o435t FAAEAAME 83.8%2] A
}‘é%?—': i/v\qi

X

L

i
i
o

AZVE, v, Ao, o, 2003, 47471700 mE Al

Heuverding. 1999. Decision criteria for soft independent
modeling of class analogy applied to near infrared data,
Chemometrics and Intelligent Laboratory Systems, 47:
65-77

Meheriuk, M., R.K. Prange, PD Lidster and S.W. Porritt.
1982, Postharvest disorder of appes and pears.
Agricultural Canada Publication Inc., Canada pp.39-41

Ryu, D. S. 2001. Development of nondestructive internal
quality evaluation system for citrus using VIS/NIR trans-
mittance spectroscopy, 2001. Ph.D. thesis of Seoul
National University

Ryu D.S., S.H. Noh and H. Hwang. 2003. Nondestructive
internal defects evaluation for pear using NIR/VIS
Transmittance spectroscopy, Int. J. of Agri. Biosys. Eng.,
4(1): 1-7



44 AdaEEst A 1A A 15 (2007 29)

Ryu D.S., S.Y. Lee and S.H. Noh. 2005. On-line detection
of internal defects of sweet potato using VIS/NIR
transmittance spectroscopy. “Proceeding of Academic
PLAZA, FOOMA Japan, Vol. 12, pp 243-246

Shahin, M.A., E.W. Tollner, M.D. Evans, and HR. Arabnia.
1999. Watercore features for sorting red Delicious apples :
A statistical approach, Trans., of the ASAE, 42(6): 1889-
1896

Throop, J.A., GE. Rehkugler and B.L. Upchurch. 1989,

Application of Computer Vision for Detecting Watercore
in Apples, Trans. ASAE 32: 2087-2092

Upchurch, B.L., J.LA. Throop and D.J. Aneshansley. 1997.
Detecting internal breakdown in apples using interactance
measurements. Postharvest Biol. Technol. 10: 15-19

Williams, M.W. and H.D. Billingsley. 1973. Watercore
development in apple fruit as related to sorbitol levels in
the tree sap and to minimum temperatures, J. Am. Soc.
Horti. Sci. 98: 205-207



