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Evaluation of Color Degree of Apple Fruit
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Abstract

Appie fruit grading is largely dependant on skin color degree. This wotk reports about the possibility of
nondestructive assessment of apple fruit color using near infrared(NIR) reflectance spectroscopy. NIR spectra of apple
fruit were collected in wavelength range of 1100~2500nm using an InfraAlyzer 500C(Bran+Luebbe). Calibration as
calculated by the standard analysis procedures MLR(multiple linear regression) and stepwise, was performed by
allowing the IDAS software to select the best regression equations using raw spectra of sample. Color degree of apple
skin was expressed as 2 factors, anthocyanin content by purification and a-value by colorimeter. A total of 90 fruits
was used for the calibration set(54) and prediction set(36). For determining a-value, the calibration model composed 6
wavelengths(2076, 2120, 2276, 2488, 2072 and 1492nm) provided the highest accuracy : correlation coefficient is 0.913
and standard error of prediction is 4.94. But, the accuracy of prediction result for anthocyanin content determining

was rather low(R of 0.761).
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Fig. 1. Flow diagram for the extraction and purification of
apple anthocyanin pigment.
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Fig. 2. Thin layer chromatography patterns of apple

anthocyanin extract solution reacted with yeast for 3
days at 30C.
Developing solvent : n—butanol : pyridin : water (6:4:3,
viviv). Al sucrose, B: glucose, C: fructose, D: before
yeast adding, E: after 1 day yeast adding, F: after 2 day
yeast adding, G: after 3 day yeast adding.
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Fig. 3. Second derivative NIR spectra of anthocyanin extract
solution before and after yeast adding.

Table 1. Multiple linear regression analysis between
near infrared spectrum data and anthocyanin
content of apple fruits

Used vavelengihim) R SEC SP Fvie
1416, 1508 05% 018 0565 1293
1876, 2252, 2176 0%t 002 033 289
236, 200, 1872, 1416 0804 032 0518 2246
236, 2200, 2180, 1416, 21% 086 038 054 2063

236, 200, 1432, 1428, 219%, 1876 082 039 0551 206
236, 200, 1432, 1428, 219, 1876, 2188 083 0301 0567 1912
236, 2200, 1432, 1428, 2196, 1876, 2284, 2252 0875 0292 059 1845

236, 200, 1432, 1428, 21%, 1876, 2284, 2252, 238 0886 0283 046 1786

Range : 0.19~3.02mg/cx,
Mean : 0.92mg/cn,
R : Multiple correlation of coefficient,

SEC  : Standard error of calibration(n=54),
SEP  : Standard error of prediction(n=36),
F-value: Mean square of regression/mean square of error.
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Table 2. Multiple linear regression analysis between
pear infrared spectrum data and a-value of

apple fruits

Used wavelengh{nn) RSB SEP Fvae
1888, 2088 0688 0891 862 28
1888, 2124, 264 0784 094 77 %64
A6, 2104, 2264, 476 08B 062 748 419
2076, 204, 264, 456, A7 0893 036 782 37%
)76, 2120, 2276, 2488, 2072, 1492 0913 009 450 3H4
076, 2120, 2264, 2488, AT2, 1488, 1404 098 071 760 404

A8, 2124, 2064, 2488, 207, 1488, 13%6, 2056 0937 0519 80%6 4076
288, 2124, 064, 2488, 2072, 1492, 1392, 2056, 484 043 033 810 346

a~value : red—greenness(+red, —green).

Range : 3.06~37.10,
Mean  21.29,
R : Multiple correlation of coefficient,

SEC  : Standard error of calibration(n=54),
SEP  : Standard error of prediction(n=36),
F-value: Mean square of regression/mean square of error.

471 log(l/Roiz0)S} log(IRezey2 ZHZh 2120nme}
276mmo) M) F3=E Uehledl A3 anthocyanin
Arol A9 EF4u=7t 2100nm R 2280nm HIo
JdoolM FF FrAEE Uehlie ez Ho}
Fig. 4) HAZAd A28 b4 F 2076, 2120, 2276,
2072nmE anthocyanin®] #HEE YesPel Aoz F

FAEYLREGS] 478 225 (2000)

D2 Log(1/R)

MW\/ ’ff\

1200

Log(1/R)

L L
1800 2400

Wavelength(nm)

Fig. 4. Raw and second derivative NIR spectra of purified
anthocyanin pigment.
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Fig. 5. Scatter plot of NIR predicted versus measured a-value
of apple fruits.
A: calibration,
(+red, —green).

B: prediction, a-value: red—greenness
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