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Development of Calibration Model for Firmness Evaluation of Apple
Fruit using Near-infrared Reflectance Spectroscopy
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Abstract

Using Fuji apple fruits cultivated in Kyungpook prefecture, the calibration model for firmness evaluation of fruits
by near infrared(NIR) reflectance spectroscopy was developed, and the various influence factors such as instrument
variety, measuring method, sample group, apple peel and selection of firmness point were investigated. Spectra of
sample were recorded in wavelength range of 1100~2500nm using NIR spectrometer (InfraAlyzer 500), and data
were analyzed by stepwise multiple linear regression of IDAS program. The accuracy of calibration model was the
highest when using sample group with wide range, and the firmness mean values obtained in graph by texture
analyser(TA) were used as standard data. Chemometrics models were developed using a calibration set of 324 samples
and an independent validation set of 216 samples to evaluate the predictive ability of the models. The correlation

coefficients and standard error of prediction were 0.84 and 0.094kg, respectively. Using developed calibration model,

it

was possible to monitor the firmness change of fruits during storage frequently. Time, which was reached to firmness

high value in graph by TA, is possible to use as new parameter for freshness of fruit surface during storage.
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Fig. 1. Firmness measurement of apple fruit using fruit
hardness tester(A, B) and texture analyser(C).
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Fig. 2. Decision of firmness high value and mean value in
graph was obtained by texture analyser of apple fruit
with(A) and without(B) peel.
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Table. 1. The results of MIR analysis between NIR
spectrum data and fimmess high value of apple

fruits without peel
Range Mean " SEC SEP
R
Instrument e  (kg) Terms (kg) (kg)
fruit hardness 0.61 0.89 3”’ 0.66 0.132 0.149

tester (nonfixing) ~1.32
fruit hardness ~ 0.65

o
tester (fixing) ~1.64 1.07 9 076 0.147 0.167
texture analyser ~018 :,32 106 8" 078 0.101 0.116

R : Multiple correlation of coefficient,

SEC : Standard error of calibration(n=119),

S)EP Standard error of prediction(n=78).

:}Terms * number of used wavelength for calibration equation.
)1408 2076, 2064nm

“1390 1216, 2404, 2440. 1700, 1228, 1958, 1174, 2236nm
V1754, 1772, 1760, 2314, 2320, 2122. 1390, 1210nm
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Table. 2. The results of MLR analysis between NIR spectrum data and firmness high value of apple fniits with peel at

harvest seascn

Used wavelength(nm) R SEC(kg) SEP(kg) F-value
1784, 1840 0.354 0213 0228 7.65
1780, 1840, 1772 0.381 0212 0.228 5.99
1780, 1848, 1772, 1760 0.469 0.203 0213 7.40
1780, 1848, 1772, 1760, 1100 0.504 0.200 0.223 7.08
1780, 1840, 1772, 1760, 1100, 1836 0.527 0.198 0234 6.60
1780, 1840, 1772, 1760, 1104, 1564, 1108 0.544 0.196 0228 6.12
1780, 1840, 1772, 1760, 1104, 1564, 1108, 1776 0.566 0.194 0231 5.95
1780, 1840, 1772, 1760, 1104, 1564, 1108, 1776, 1756 0.574 0.193 0.233 5.47
Range : 2.91~3.93kg Mean : 3.40kg
R : Multiple correlation of coefficient. SEC . Standard error of calibration(n=110),
SEP : Standard error of prediction(n=70). F-value : Mean square of regression/mean square of error.
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Table. 3. Changes of fimmess high value of apple fruits
during storage for 4 months at 2°C

Storage time Firmness(kg)
(month) Range Mean”
0 28~44 343
1 27~42 340
2 22~43 3.18
3 24~42 324
4 20~39 293

¥significant at p<0.05
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Fig. 3. Scatter plot of NIR predicted versus measured
firmness high value of combination apple fruits
with(A) and without(B) peel.

Combination apple fruits mean sum of
harvesting season and stored apple fruits.
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Table. 4. The results of MLR analysis between NIR
spectrum data and fimmess high value of apple
fruits* with and without peel

Range  Mean T a SEC SEP
Sample group (ke) (kg) ems” R (kg) (kg)
apple with 538413 325 57 o7 0213 °2
peel 6
apple without 0.15

1.04~198 145 8 053 0150
peel 9

*Combination of harvesting season and stored apple frmts

R : Multiple correlation of coefficient,

SEC : Standard error of calibration(n=324),

SEP : Standard error of prediction(n=216).

h)Telms . number of used wavelength for calibration equation.
1748, 1848, 2244, 2252, 2388nm

<1808, 1844, 1228, 2484, 2500, 1304, 1804, 1800nm
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Table. 5. The results of MLR amalysis between NIR
spectrum data and fimmess mean value of apple
fruits* with and without peel

Range  Mean » SEC SEP

R
Sample g kg TS ke ()
:gg{e with  0g7-168 123 & 084 0086 0094
;gg}e without 403149 110 2 078 0091 0097

*Combination of harvesting season and stored apple fruits

R : Multiple correlation of coefficient,

SEC : Standard error of calibration(n=324),

SEP : Standard error of prediction(n=216).

::Terms * nurrber of used wavelength for calibration equation.
1868, 1876. 2468, 1728, 1740, 1436, 2364, 2312nm

1816, 1828nm

AL D ARE FAE AR 97 5
— A +
216} )
b3 * +
§ ST
LER Y&
E + «*} D 4 b4
- . \ BT
NP LA
g L h?‘?p ";»4'"
125 YTy :'4;3;
2 Jegph it
§ + “:M' :’t
o TR R :0.843
T * SEP: 0.094
z
0.8 L 1
0.8 1.2 1.6
Actual firmness by TA (Kg)
<, B
- 1.4r
» + M
Q o AR
g R, SR
= N ”“ * : ”t"“: +'
- ‘“‘?‘? ! "‘ NG
A P S
- + ¥ + ¢
ol -t { 3,
2 . :.‘J,.:“'»‘:‘
:; :*;0 . *’ + ¥ +
E . »?
o AT R :0.783
*
0.8} + SEP: 0.097
= I ) ! L 1
0.8 1.1 1.4

Actual firmness by TA(Kg)

Fig. 4. Scatter plot of NIR predicted versus measured
firmness mean value of combination apple fruits
with(A) and without(B) peel.

Combination apple fruits mean sum
harvesting season and stored apple fruits.
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Fig. 5. Change of firmness graph by TA of apple fruits with

peel during 6 weeks storage at 30C.
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Table. 6. The results of MLR amalysis between NIR spectnuon data and time for high firmmness value of apple fruits* with peel
Used wavelength(nm) R SEC(kg) SEP(kg) F-value
1924, 1940 0.611 0.046 0.047 67.67
1924, 1940, 2492 0.619 0.045 0.046 46.69
1936, 1972, 1104, 2112 0.700 0.041 0.042 54.16
1932, 1972, 1108, 2136, 2324 0718 0.040 0.040 47.67
1932, 1972, 1704, 2092, 2332, 2288 0.731 0.040 0.040 42.62
1932, 1972, 1216, 2092, 2332, 2288, 1224 0.737 0.039 0.041 3173
1932, 1972, 1216, 2092, 2332, 2288, 1224, 2492 0.743 0.039 0.041 34.00
1932, 2492, 1216, 2052, 2332, 2200, 1224, 2016, 1208 0.762 0.038 0.043 33.92
*Combination of harvesting season and stored apple fruits
Range @ 0.34~0.67sec Mean : 0.50sec
R : Multiple correlation of coefficient, SEC : Standard error of calibration(n=230),
SEP : Standard error of prediction(n=154), F-value : Mean square of regression/mean square of error.
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