Color Sorting of Apples by Surface Reflectance
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Summary

The surface color of several varieties of apples were expressed quantitatively in xyz chromaticity coo-

rdinates. The spectral reflectance of ‘Fuji’ apples were measured in 400—820 nm range by using a

spectrophotometer. Based on the spectrophotometer data and the result of visual sensory test, linear
regression models were developed to select wavelengths effective for sorting apples. The models utili-

zed reflectance at single wavelength, and the difference and ratio of the reflectance at two distinct wa-

velengths. The model which best fitted the visual sensory test data was one utilizing the ratio of the

reflectance at 618 nm and 514nm. The correlation coefficient for this model was 0.967. Several other

models were also described.
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Figure 1. Chromaticity coordinates of the sur-

face color of 1990 ‘Fuji’ apples
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Figure 2. Chromaticity coordinates of the sur-

face color of 1990 ‘Jonathan’ apples
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face color of 1990 ‘Golden Delicious’
apples
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Table 1. Range of dominant wavelength of the surface color of the apples obtained from the chromati-

city diagrams

Variety Range of dominant wavelength (nm)
Fuji 572 — 630

Jonathan greater than 581

Golden Delicious 572 — 593

L BHs Z4AF Ao} gl BR o 2 z} AJg oAl ML uf$

T st
199134t F-A4 Abatoll tf g 424 w7 o] 7% Zh ARl HE AAH e AR B
& PR Slate) AAIE 62le] Aol o % kel Aol g w7l A3t Fisher LSD ¥
A7 s AAL 23 s okahd i 29} o & AHEEHTh 5% fo EClA LSD @2 0.
A7 & Aol AR Z A g e AL A 2601221, o] &g H 83t 18712 N EE A
AAZE oz $48 BEE FAE) Aste] @ TRLE TEIAAT (F 282).

Table 2. Result of the visual sensory test conclucted to classify the 1991 ‘Fuji’ apples by their surface

color
. Score
Sample No. Rank Panel
Mean Std. dev.
1 3.0 0.0 1 a
2 3.0 0.0 1 a
3 3.0 0.0 1 a
4 3.0 0.0 1 a
5 3.0 0.0 1 a
6 3.0 .0 1 a
7 291 0.30 7 a
8 2.82 041 8 ab
9 2.64 0.51 9 b
10 2.64 0.51 9 b
11 2.0 0.0 11 c
12 1.82 041 12 cd
13 1.73 047 13 de
14 1.55 0.52 14 e
15 1.27 0.47 15 f
16 1.18 041 16 fg
17 1.0 0.0 17 g
18 1.0 0.0 17 g

Note) 1) score 3 : Red dominant
2 ! Mixed
1 : Green dominant
2) LSD=0.26 (at ¢=0.05)
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Figure 4. Spectral reflectance of 1991 ‘Fuji’
apples classified as ‘Red’ by visual

sensory test
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Figure 5. Spectral reflectance of 1991 ‘Fuji’
apples classified as “Mixed’ by visual
sensory test
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Figure 6. Spectral reflectance of 1991 ‘Fuji’

apples classified as ‘Green’ by visual
sensory test
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Table 3. Selections of the best fitting linear regression equations at each local maximum of the r? distri-

bution for the difference model

Equation r
S$=2.994—3.212(Russ— Russ) 0.947
$=2.996—0.720(Ryss— Riss) 0.945
S$=3.400—0.134(Reg2— Russ) 0914
$=0.676+ 0.092(Rass — Reos) 0.912
$=13.398—0.125(Rsss— Rus) 0.908
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Table 4. Selections of the best fitting linear regression equations at each local maximum of the r* distri-

bution for the ratio model

Equation g
S= —15.418+ 16.143{Reo/Rsso) 0.947
S= 63.528— 60.418(Ryp/Ruso) 0.947
S= —0.056+ 0.796(Re/Rsis) 0.935
S= 0426+ 0.525(Reso/Rs0) 0.929
S=  7.123— 4.441(Rsw/Ris) 0.903

—392—



H wbabgol o% Abskel A4 4

5.2 &

2 A7E Abatel 97 AFHoE 54
2 olg A4 BF PA Ane} MEgo A
Aol $EE B30 A% FHH A 2
& uhasho Aished £ ATk 19904 F4),
$S 0 30 FF A EHe 42¢ AAAE
1§t YA, ¥F FEAE o83
o 199194F $2 AHshe) HR wAHES 400~
820nm B9 Hgol st Z B T
7 spgolse) BR wabge] 48 £4Y
o2M B B E AHET FF 4871 A
AEREELEE RLY P E-E gt
8wl ohe-w 2ok

1) 1990%14F At e] 58 CIE M FE 27
T3 B M9 Fagel P9 ohS3 #skoh
%A : 572~630nm
%% :58lnm °|%
&4l . 572~593nm
2) 199144 4] Atte] s B whALE
£ Z2A% A3 400nmolA 820nm2l ¥ el A
RE Algd U3ty FEFoz AL dd] 77t
& G Feoj A o] WAbgo] B woka, 24
9 GGl 7H7ke GG FollAe] whAlS o]
7 Tt 7HA R G oA Al B o) vl
Abg 2l ¥aE 2y 635nmeF 660nm ARe] ol
A wkALEe] SUiE S HEon, F22H 9
3 5% 99 677nmolA F2¥ & 7
3) I3 WMALE S o] &3ke] 78 X At
o A 2dd 2188 5 e FHY HEe
&7 Zokrh
2 373 24 [ 570nmol A 9] ¥HAMg
YhAL-R-2] X}ol] 9% 2dd
582nm<}t 482nmoll Wl & ¥HAL-go] 2}
696nm<}+ 602nmel) oh gk WAL o] 2}
584nm<}t 452nmel] of 8 ¥HALE-9) A}
ukal-g o] ¥ gol 9§ 2
618nm2} 514nmell Ul $+ ¥HALE o] B &
690nm$} 510nmol g+ ¥ARE 9] H&
o Agd 2d F b Al adt $5¢

A2 618nm$}t 514nmoll th g WHALE9] Bl & &
o] &% mddolon, o Az} HAQ HAF A
stol 4# Al 096724 uh$ Esiho)

=

&
=

i1

Mo

D #4134, 1991 -9 FA 4K, p. 192,

2) /4% 1990. A e AR E o4& At
o N B Megdy gEd 3T
FA7IARZ. 44 =847 p.

3) =43t FaE, Y8, 1990. A E] Al
£HE o] &3 B FlEety 54 3.
$EE 47148 A, 15(0) © 23-32.

4) TEFIE 1991 FE 5. p. 16.

5 ¥t 1991 Al FA 9] 1A get 2453}
FZA AN In! ANEdEFEER. #TF0F
FHE5xY. AIATFAE No. 13. pp. 5-
27.

6) NEEHA T8 BwAg @ FAL
1990. 548 714 T3 p. 48.

7 AEY. 1991 Fa57he] AR
SAE FEAF g ek In: UR ¥4
EY ol gxEde AR, A E A
&g gels] 4 AEAE THE, AL
i 3t 3 49 15 ¢. pp. 71-82.

8) %3], dFd, AL, AL 1982. 49
73 R 3A Y. ¥5 EEI T2, KSRI-

~ MG-21. pp. 23-25.

9) 2%, 2492, i, 2%, 1989, #d
A7) el #g A7 BRRE(RE
BBEFIR). ¥&28%. 31(D) ! 59-67.

10) 5% B, FF #1977 R - HF HED
KEBIUE & 20BN TERADFIR(E 4
#)- b=+ Delayed light emission 4.
BEEmEat. 38(2) 1 217-224.

1D ¥R BEA. 1992, BRBEHEEDO 44 b o
EBK. B¥F H L URE. 67(1) : 80-86.

12) Birth, G.S., K.H. Norris and J.N. Yeatman.
1957. Non-destructive measurement of in-
ternal color of tomatoes by spectral transmi-
ssion. Food Technology. 11 : 552-557.

13) Bittner, D. R. and K. H. Norris. 1968. Opti-

—393—



FEG7IAGE A A 17 A A 45 19924 129

cal properties of selected fruits vs. maturity.
TRANSACTIONS of the ASAE. 11(4) :
534-536.

14) Brown, GK, LJ. Segerlind and R. Summitt.
1974. Near-infrared reflectance of bruised
apples. TRANSACTIONS of the ASAE. 17
(5) : 987-992.

15) Chuma, Yutaka, Kei Nakaji, and Masanobu
Ohura. 1979. Delayed light emission as a
means of automatic maturity evaluation of
bananas. ASAE Paper No. 79-6015.

16) Felsenstein, G. and G. Manor. 1973. Feasi-
bility study into the development of an imp-
roved photoelectric device for sorting of cit-
rus fruit for surface defects. TRANSAC-
TIONS of the ASAE. 16(5) : 1006-1009.

17) Finney, E.E,, I. Ben-Gera, and D.R. Massie.
1968. An objective evaluation of changes in
firmness of ripening bananas using a sonic
technique. Journal of Food Science. 32(6) :
642-646.

18) Forbus, W.R., Jr. and G.G. Dull. 1990. Dela-
ved light emission as an indicator of peach
maturity. J. of Food Science. 55(6) : 1581-
1584

19) Houston, R. K. 1962. Electronic sorting of
apples, colorscan design and field experie-
nce. ASAE Paper No. PC-62-5.

20) McClure, W.F., RP. Rohrbach, L.J. Kush-
man, and W.E. Ballinger. 1975. Design of a
high-speed fiber optic blueberry sorter.
TRANSACTIONS of the ASAE. 18(3) :
487-490.

21) Mohsenin, N.N., 1984. Electromagnetic ra-
diation properties of foods and agricultural
products. Gordon and Breach, Science Pub-
lishers, Inc. pp. 270-271.

22) Moini, S., M. O’ Brien and P. Chen. 1980.
Spectral properties of mold and defects of
processing tomatoes. TRANSACTIONS of
the ASAE. 23(4) : 1062-1063.

—394—

23) Rehkugler, G.E., T.L. Stiefvater and J.A.
Throop. 1971. An optical bruise detection te-
chnique. TRANSACTIONS of the ASAE. 14
(6) : 1189-1194.

24) Rozenthal R.D. and DR. Webster. 1973.
On-line system sort fruit on basis of internal
quality. Food Technology. 27 : 52-60.

25) Ruiz, M. and P. Chen. 1982. Use of the first
derivative of spectral reflectance to detect
mold on tomatoes. TRANSACTIONS of the
ASAE. 25(3) © 759-762.

26) Stephenson, K.Q. 1974. Color sorting sys-
tem for tomatoes. TRANSACTIONS of the

ASAE. 17(6) © 1185-1186, 1190.

27) Taylor, R.W. and G.E. Rehkugler. 1985. De-
velopment of a system for automated detec-
tion of apple burises. In: Agri-Mation 1.
Proceedings of the Agri-Mation 1 Confere-
nce & Exposition. February 25-28. Palmer
House Hotel. Chicago, Illinois. pp. 53-62.

28) Upchurch, B.L, E.S. Furguson, and G.E.
Miles. 1985. Spectral analysis of acoustical
signal for damage detection. ASAE Paper
No. 85-6014.

29) Upchurch, B. L., H. A. Affeldt, W. R. Hrus-
chka, K. H. Norris, and J. A. Throop. 1990.
Spectrophotometric study of bruises on
whole, ‘red delicous’ apples. TRANSAC-
TIONS of the ASAE. 33(2) : 585-589.

30) von Beckman, J.W. and N.R. Bulley. 1978.
Electronic size and color grader for toma-
toes. TRANSACTIONS of the ASAE. 21(1)

1 25-30.

31) Watts, K.C. and L.T. Russell. 1985. A review
of techniques for detecting hollow heart in
potatoes. Canadian Agric. Engng. 27(2) :
85-90.

32) Yamamoto, H., M. Iwamoto, and S. Hagi-
numa. 1981. Nondestructive acoustic impu-
Ise response method for measuring internal

quality of apples and watermelons. J. Jpa.



F gbAbgol o Absthe] A A

Soc. Hort. Sci. 50(2) : 247-261. automatic fruit sorter. Food Technology. 19
33) Yeatman, J.N. and K.H. Norris. 1965. Eva- (3) : 123-195.

luation of internal quality of apples with new

—=395—





