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Fruduiiniasughafiddguessemalng Tnsuszmalne fuidisendnsusuasiveslansesainysemadulie
Hadudrdiitinadessozinaniafivinydnem fe enutu mndniianutugeardmaliszernalunaiuinuduag
wadadunsusnglng (Near Infrared: NIR) Fadlumaiafivraulalunisimginnutu iesanaunsaldnsaasu
aunnlnglivharesogns ldldansied onude uarmnds oglsii anugnieswesaunsyiuneaudusemaie
NIR Jufugamgivesiaegns mngungiivesiegidlia Insunfasiowaiaunishunelaglinissnsegamgl 59351
sodldhegndlunsadaumannn fdunuiseifatomsataunafisunnsglneldgamgfiegaduiud s
vwsaruduresivdemadia NIR lussuunisianuuasioundy itasaaueniadu 1200-2400 nm aunisaggn
a%fwﬁué’w%%nﬁamaal,%qLé’uwmm (Multiple Linear Regression; MLR) 91061987199129117U 46 #19819 Lazyadou
ANNYNFDIvRIANNIINEMIBEIE LI 33 feg1e InNamTAABImUI AN sTassliAANLRanataanAsgILlunIg
¥ureAL (Standard Error of Prediction; SEP) wihifu 0.29% anaufianansiade (Bias) ity 0.05% anndulsiin
naveapulasInINYRIANNI T uBAIALTLTias199n 8 MLR Tnsn1sandiuiufiegisas wuiannsnandiuau
dregeillunmsasrsaunsadldivie 22 fegne Wien SEP Wiy 0.28% A1 Bias Wiy -0.07% Tnsaun1sviuieauiu
fardlaglgumgisodadufussuamnsouemmiuduldliunnmeiumamuiuriiesiedded sy fissduany
asiu 95%

Adfey: Bunsnsngilng, Anudy, snivegaumngl

Abstract

Milled rice is an important industrial crop for Thailand’s economy because Thailand is the second exporter
of milled rice in the world followed by India. The important factor for shelf life of milled rice is moisture content.
The shelf life will be shorter if milled rice has high moisture content. Near Infrared (NIR) technique is an interesting
method for moisture analysis because NIR is nondestructive internal quality method, no chemicals, simple and
rapid method. However, the accuracy of calibration equation for moisture content determination depends on the
temperature of sample. Thus, it is necessary to develop the calibration equation with temperature compensation,
which requires many samples to develop calibration equation, if sample temperature is not stable. Therefore, this
research aims to develop the calibration equation using sample temperature as the independent variable to predict

moisture content of milled rice in reflectance mode at wavelength region of 1200-2400 nm. Calibration equations
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were developed by Multiple Linear Regression (MLR) obtained from 46 milled rice samples and validated the

calibration equation with 33 milled rice samples. From the results, it was found that the calibration equation could

predict moisture content with standard error of prediction (SEP) 0.29%, average of difference between the actual

moisture content and the predicted values (Bias) 0.05%. In addition, in order to study the stability of MLR equation

it was found that the number of samples used in the equation could be reduce to 22 samples and provided the

SEP values 0.28%, Bias values -0.07%. The calibration equation using sample temperature as the independent

variable to predict moisture content of milled rice could predict the moisture content without significant difference

from actual values at 95% confidence level.

Keywords: Near infrared, Moisture content, Temperature compensation
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Figure 1 The rice samples were divided and kept into
Zipper basg.
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wissneNTuLargamgluanats Table 1

Figure 2 Pouring the rice samples into the closed cup

for measuring the absorbance.

Table 1 Moisture content of rice sample prepared for different temperature

Actual moisture contents (%)

Temperature ) .
. . Spraying Spraying
(Hot air oven) Original sample
71.5 grams of water 150 grams of water

25°C 12.46 + 0.41 16.49 + 0.39 20.31 £ 0.16
30°C 12.29 £ 0.15 16.81 £ 0.13 20.65 £ 0.11
35°C 12.17 £ 0.13 17.15 £ 0.11 20.35 £ 0.30
40°C 12.15 + 0.17 17.03 + 0.10 20.11 £ 0.10
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Figure 4 The original spectrum of rice from Near Infrared spectrometer at wavelength region of 1200-2400 nm.
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Table 2 Statistical value of moisture content in rice samples.

Parameter (Moisture content)

Calibration set

Validation set

Number of samples
Average (%)
Maximum (%)
Minimum (%)
Standard Deviation (%)

46 33
16.50 16.24
20.83 20.70
11.95 12.00

3.35 3.35

a
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(Temperature Compensation) vleruremIIudy
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ey 4 sEU SauTeaY 79 fa981e A1w Table 2 Lite

FuneALTuse3E PLS fivasaiuenandu 1200-2000
nm TAndulsz ansanduiug (Correlation Coefficient; R)
Wiy 0.99 Anuianainu1nsgiulunisyiuieilegsly
ﬂ?ju Calibration set (Standard Error of Calibration; SEC)
0.33% AuEanaInNInsgIulunsiuiediegdlungy
Validation set (Standard Error of Prediction; SEP) 0.28%
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Figure 5 Scatter plots of predicted and actual moisture content of rice in (a) Calibration set and (b) Validation set.
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Figure 6 Regression coefficients plot of temperature compensation moisture prediction equation which developed

by Partial Least Squares Regression (PLS).
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Table 3 Statistical results of MLR equations with using temperature as the independent variable.

Validation set

Calibration set

Variables selection methods

R SEC (%) Bias (%) SEP (%) Paired t-test
Manual selection” 0.94 1.17 0.01* 1.06 0.054
Regression Coefficients® 0.99 0.46 0.15 0.32 2.693
Stepwise 0.94 0.38 0.05* 0.29 0.990
Forward 0.94 0.38 0.05* 0.29 0.990

" Select the variable based on O-H bonds absorption at wavelength of 1450 and 1940 nm (Osborne et al, 1993).
® Select the variable according to the regression coefficient (Figure 6) by choosing the position of O-H bonds
absorption at 1395 and 1874 nm.

R: Correlation coefficient of calibration set.

SEC: Standard Error of Calibration.

Bias: Average of difference between actual moisture values and predicted moisture values.

SEP: Standard Error of Prediction.

*The calibration equation could predict the moisture content without significant difference from actual values at

95% confidence level

211 Table 3 2¢Liu31AT SEP ¥83d81nN15 MLR wuu
Stepwise wag Forward Iiéﬂﬁwamiﬁmwﬁaﬁqw Tnests
aa93Elien SEP Wity 0.29% uazilovnisinsevisae™s
Paired t—test wuin ArALduAvugldlsiuansraana

ANTURI M INIBUMIgIURE T ARy NszrAuaIy
W9l 95% taedfulswarduussdnsluaunisnasis
WaRAdee Table 4

Table 4 Regression coefficient from MLR equation to predict the moisture content of rice with temperature as the

independent variable.

Variables selection methods

Calibration equation (MLR)

Manual selection”
Regression Coefficients”
Stepwise
Forward

%Mc = -518.80+296.31A1450+106.06A1940-0.25T¢

%Mc = -258.41+31.14A1395+39.78A1427+102.64A1874+52.94A192,-.20T¢
%Mc = -191.094+70.07A1382+116.29A1891-0.22T¢
%Mc =-191.09470.07A1382+116.29A1891-0.22T¢

" Select the variable based on O-H bonds absorption at wavelength of 1450 and 1940 nm (Osborne et al, 1993).
® Select the variable according to the regression coefficient (Figure 6) by choosing the position of O-H bonds

absorption at 1395 and 1874 nm.
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Figure 7 Scatter plots of MLR equation between predicted and actual moisture content of rice developed by

stepwise regression or forward selection in (a) Calibration set (b) and Validation set.
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Table 5 The sample number reduction results in the calibration set developed by MLR equation with temperature

as the independent variable.

Number of samples Calibration set

Validation set

in calibration set R SEC (%) Bias (%) SEP (%) Paired t-test
46 0.94 0.38 0.05* 0.29 0.990
34 0.99 0.38 -0.02% 0.29 -0.396
22 0.99 0.44 -0.07* 0.28 -1.436
12 0.99 0.37 -0.18 0.41 -2.522

R: Correlation coefficient of calibration set.
SEC: Standard Error of Calibration.

Bias: Average of difference between actual moisture values and predicted moisture values.

SEP: Standard Error of Prediction.

*The calibration equation could predict the moisture content without significant difference from actual values at

95% confidence level
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Table 6 The moisture equation which using Stepwise MLR method by applying temperature as the independent

variable in developing the equation.

Number of samples

in calibration set

Calibration equation (MLR)

a6 %Mc = -191.09+70.07A1352+116.29A1891-0.22T¢

34 %McC = -193.73+56.26A1379+128.11A1590-0.21T¢

22 %Mc = -194.36+76.98A1375+115.85A1801-0.21T¢

12 %Mc = -178.23+150.86A1889-0.21T¢

5 %Mc = -30.61+177A1375-363.31A1417-8.13A1886+301.79A 887
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Figure 8 Scatter plots of MLR equation between predicted and actual moisture content of rice obtained from 22

samples developed by stepwise regression in (a) Calibration set (b) and Validation set.
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