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Nondestructive Determination of Sugar Content in Apples
using Ratio or Difference of NIR Spectral Absorbance
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Abstract

This study was conducted to develop a regression model predicting the sugar content in apples nondestructively
by measuring and analyzing the near infrared (NIR) spectral absorbance. In this study an emphasis was placed on
developing regression models using the ratios or differences of NIR spectral absorbance for developing the
multiple regression models. The correlation analysis was conducted between the sugar content of apples and the
ratio or difference of spectral absorbance in the wavelength range of 800~2000 nm and regression models were
developed and estimated. The correlations between the ratio or the difference of absorbance and the sugar content
showed relatively high correlations at similar locations through all samples. The correlation coefficient (r) and
standard error of prediction (SEP) of the regression model were 0.935 and 0.817 Brix % for stored apple Fuji, 0.
958 and 1.074 Brix % for non-stored apple Fuji, 0.910 and 0.494 Brix % for apple ‘A-ori, respectively.
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Table 1. Fruit samples for calibration and prediction of sugar content

No. of data Sugar content (Brix value) range
Sample Varieties No.
Total No. Calibration set Prediction set Calibration set Prediction set
Fuji (stored) 20 44 30 14 9.2~18.0 10.3~17.0
Apple A-ori 25 56 35 22 10.4~15.8 10.6~15.7
Fuji 24 55 35 20 8.1~17.8 8.3~17.2
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Fig. 1. NIR log (1/R) spectra of Apple.
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Fig. 2. NIR d’log(1/R) spectra of Apple.
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Fig. 3. NIR spectral absorbance log (1/R) of Apple
(Fuji, stored).
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Table 2. Wavelength having high local correlation coefficient between the Brix value and the ratio or difference of

the absorbance log (1/R)

Ratio of log (1/R)

Difference of log (1/R)

Fruits Wave length 1 Wave length 2 Correlation Wave length 1 Wave length 2 Correlation
(A nm) (A2 nm) coefficient (r) (A nm) (4, nm) coefficient (r)
1080 1070 0.9005 1080 1070 0.9197
1100 1050 0.9008 1290 1240 0.9235
Apple 1280 1250 0.9078 1560 1400 0.9023
%Sutj‘;;ed 1290 1240 0.9240 1620 1390 0.8992
1570 1400 0.9182 1820 1790 0.9037
1620 1390 0.9161 1830 1800 0.9016
1300 1190 0.8800 1300 1190 0.8814
1700 1380 0.8250 1720 1380 0.8206
a"_‘(’)lg) 1770 1390 0.8141 1760 1390 0.8299
1820 1790 0.8039 1820 1790 0.8255
1830 1800 0.8132 1830 1800 0.8151
990 980 0.8543 1280 1250 0.9049
1000 970 0.8599 1290 1230 0.9321
Apple 1020 960 0.8545 1380 1700 0.8845
(Fuji) 1280 1260 0.8753 1520 1410 0.8747
1580 1400 0.8782 1560 1400 0.9127
1630 1390 0.8540 1610 1390 0.9290
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Table 3. Result of calibration and prediction for determination of Brix value of Apple (Fuji, stored)

. . Calibration Prediction
Wavelength (nm Regression coefficient
Model gth (om) & (0=30) (n=14)
M A As A K, K, K. K, K, T SEC SEP Bias
Ratio
(A/1680 nm) 1620 1840 1660 - 600969 823.466 -272.630 -1141.668 - 0968 0.625 0.859 -0.098
Ratio 1100 940 - 547293 -448.466 -86.326 0.935 0.877 0.817 0.500
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Fig. 4. Plot of actual Brix value vs. NIR value calculated by multiple regression model using two ratios of log (1/R)

of Apple (Fuji, stored).
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Table 4. Result of calibration and prediction for determination of Brix value of Apple (Fuji, not stored)

R . Calibration Prediction
Model Wavelength (nm) Regres;mn coefficient (n=35) (n=20)
A A A A Ko K, Ki Ko r SEC  SEP Bias
Ratio
(/960 nm) 1020 1120 - - -374.084 716333 334661 - - 0929 1052 1111 -0.333
Ratio
(/1400 nm) 1580 1770 - - 254606 401.976 -130457 - - 0951 0879 1151 -0.288
Difference
- - . . 31. - -0 ) 1074 -0,
(31390 nm) 1610 1940 11.001 562952 31.23 0.958 0.812 0.007
Difference 1560 840 - - 1231 542722 415342 - - 0943 0944 1136 -0.132

(A.-1400 nm)




2ANH FRTe) vs AT o143 AT M FT 24 "

18 r 18 -
[ -
17 17 .
& o ™ 8
6 _' 16
16 - 15 -
( o e
14 14 -
J w -
s a - A ™ ‘E b, <.
c 13 < c 1 "
-4 12 . F4 12 o 2 o
" I i« " CRE
-
10 ot o [-]
9 { ne 3 re0960 SEC = 0812 f g 1‘n-20 sep-mn}
< N N ol oi —
10 11 12 13 14 15 16 17 18 18 11 12 13 14 15 16 1T 18
Actual Brix Actual Brix
(a) Calibration (b) Prediction

Fig. 5. Plot of actual Brix value vs. NIR value calculated by multiple regression model using two differences of log (1/
R) of Apple (Fuji, not stored).

Table 5. Result of calibration and prediction for determination of Brix value of Apple (A-ori)

Model Wavelength (nm) Regression coefficient C:zl::;;i)on Pr(t;,ld=1§t21;m
M A A A K, K, K. K; K, r SEC SEP Bias
Ratio
(A/1300 nm) 1190 1230 - - -357.403 605.640 242321 - - 0910 0.616 0.494 -0.124
Difference
(A,-1300 nm) 1190 1900 - - 4980 1301.865 9.128 - - 0918 0588 0577 -0.206
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Fig. 6. Plot of actual Brix value vs. NIR value calculated by multiple regression model using two ratios of log (1/R)
of Apple (A-ori).
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