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D evelopment of mathematical model for predicting
rice gel consistency by near infrared spectroscopy

. . 1 . 1 . 1 . 1 .2
L iu Jianxue , Zhang Yuxian’, Dong Tieyou, W ang Jianhua”, W u Shouyi
(1 Food and B io-engineering College, H enan U niversity of Sciences and Technology, L uoyang 471003, China;
2 Biology and Environrment College, Jiangsu U niversity, Zhenjiang 212013, China)

Abstract: Gel consistency (GC) isone of themost important cooking and eating characteristicsof rice The testingmethod
of rice GC by near infrared pectrosoopy (N IRS) w as developed, and the prediction modelsof rice GCw as set up based on
the partial least squares(PL S) methods Sixty gpectrum sof rice sanplesw ere calibrated for their GC values It show s that
the correlation coefficient betw een the PL S evaluation and chemical method is Q 95, and the standard error of calibration
(SEC) isQ 66 To validate the calibration, an independent set of 41 rice samples of the same breed was used The
correlation coefficient is Q 92, and the standard error of validation isQ 78 The result show s that the infrared spectrosoopy

technique can be used to test the rice GC rapidly.
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0 Introduction

M ore and more attention is being paid not only to
the nutrition quality of foodstuffs, but also to the
taste characteristics, 2 the gel consistency (GC), as
one of mportant oooking and eating
characteristics of rice, is becoming the main concern
If the GC value of rice is too high, the cooked ricew ill
be too oft, and vice versa T herefore it is mportant
to breed nev varieties of ricew ith medium GC level,
right amount of amylose content and high protein
content For a long tme, the measuranent of the
physical and cham ical evaluating indexesof rice quality
is costing and time consuming Over the past 20
years, Fourier transform near infrared gpectroscopy
(N IRS) has been used to quantitatively predict the
concentration of various oonstituents in food and
agricultural  products Recent  studies have
demonstrated that N IRS models had the sufficient
accuracy for breeding prograns and quality
monitoring, and can be developed to predict anylose
content'™? and protein content™ in milled rice based
on theprinciple of artificial neural network algorithm.
In this paper, a quick testing method for measuring

the most

Received date: 2003-08-26 Revised date: 2004-04-26

Foundation itans Henan Province College Funds for Youth Backbone
T eacher (09003016)

Biogrgphy: L iu Jianxue, Ph D., Food and Bio-engineering College,
Henan U niversity of Sciences and Technology, L uoyang 471003, China
Email: [jx@mail haust edu cn

Corregponding author: Wu Shouyi, Ph D., Profesor, Biology and
Enviroment College, Jiangsu U niveristy, Zhenjiang 212013, China

Document Code A

Article ID: 1002-6819(2004) 03-0176-04

rice GCw ith N IRS is represented

The gel consistency represents some characteristics
of the complicated components of rice itself. The
starch (combined w ith anylose and amylopectin) wiill
become visoosity w hen heated in water It is difficult
for the starch with high anylose content to be
gelatinized, but the gel will be very stable if it is
gelatinized The higher the tamperature is, the more
severely the anylum molecules vibrate A s a result,
themolecule bond w ill break, and therew ill bemore
points and positions in the amylum molecules
combiningw ith H-bond inw ater. The pasty, viscosity
and gel consistency of starch depend not only on
temperature, but alo on other commonly coexisting
ocomponents (oconstituents) such as sugar, protein,
fat, water It is possible to take the advantage of
N IRS to measure the GC of rice

It is on the interferometer that the N IRS can be
used to identify and analyze some components
guantitatively. A fter a near infrared beam irradiates
the sample through the interferometer, the
interferential curve w as gained, and the change from
the interferential curve to the near infrared gectrum
can only take place through the Fourier digital
transformation by computer. Every substance such as
starch, protein, fat has its own proper infrared
abrbance, and themeasuring of rice GC is just based
on the characteristic of thisproper absorbance

1 Partial least squaresmethod

PL S modeling is a pow erful new multivariate full
scanning fectrum method w ith the signal data press

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



177

functions of other full gpectrum methods such as PCR
(Principal Component Regression) and CL S (Classical
L east Squares)!*®. It has been presumed that the
information of interest about a reponse variable is
mainly contained in the directions of the predictor
gace which have both large variations and high
correlations with the resgponse variable Thus in
matrix notation, the calibration sectra can be
represented for PL S regression by using the gectral
decomposition notation as follow s
A=HP + E
W here A isthem X nmatrix of calibration gectra
P isthehx nmatrixw ith the row sof P being the nev
PL S basis set of h full gpectrum vectors, often called
loading vectors or loading maxrix. H
matrix of intensities (or soores) in the nev coordinate
systan of theh PL S loading vectors for them sample
gectra E is now the m x n matrix of gectral
residuals not fit by theoptimal PL Smodel
The component concentrationsmatrix C is given by
C=UQ"+ F
W here QTisan|x nmatrix; U isthem X hmatrix of
the unknown calibration coefficients relating the |
component concentrations to the gpectrum intensities,
and F is them X | vector of random concentrations
errorsor residuals that are not fit by themodel B isa
diagonal matrix, which w as gained by relatingw ithU
andH : U = HB. In theprocessof iteration, aw eight

isanm X h

W has been introduced, the iteration can run as
follow s
W=UA/U'U)
w=w/lwl
t= AW /W ‘W)
q = t'c/(t'1)
U= cq/(d'q)
Where tistherowsofH, and qis the rowsofQ,

I wl is the Euclid nom of W. W hile the value of
It - toall /I toell is less than the threshold, the
first column of loading matrix is stored, then using
the calculated matricesof E and F asmodifiedA andC.
The above process was repeated to calculate the
second oolunn of loading matrix until the desired
number of loading vectors has been calculated From
the PL Smodel
C=AB + F
Following operation can get the
coefficient matrix B
B=w(Pw) QT

Sincemodel error ispresumed to be the error in the

component oconcentrations, this algorithm minimizes

regressive

the sguared errors in concentrations

calibration

during

2 M aterialsand exper ment

21 Materials

The Chinese varieties of short round-grain, long-
grain rice, glutinous rice and some hybrid rice, were
selected to comprise the calibration and validation
samples T he gel consistency of ricew as evaluated by
testing the flow age length of mushy rice The rice can
be classified into three grades according to the GC,
viz low (GC< 40 an), medium (40 an< GC< 60
an) and high (GC> 60 an) GC rice The GC ranges
of above samplesare 36 100 an, 31 100 gn, 51
100 an and 34 100 an, regectively. The moisture
contents of samplesw ere controlled at 9 8%.

For each sample, 100 g of grain was ground by a
polish rice grinder for 2 5min The milled rice was
ground for analysis in the Udy cyclone mill (Udy
Fort Collins, Co, USA) with Q2 mm mesh
screens Finally itwaspackaged in the kraft bag, and
kept together with standard samples under room
tenperature for 2 days to balance the moisture
content
2 2 Chemical analyses

W hen themilled rice samplew as put into the dilute
alkali (Q 2molA KOH), heated for 15min, and then
oooled, the pastewas formed The cooled gel in test
tables flow ed slow ly when it was laid on a flat glass
table The GC w asobtained throughout the testing of
the flowage length In this paper, the GC was
measured according to reference[ 8] The process of
measuring the GC is show n as follow s

b eighing themilled rice smplel —
ladding the alkali and indicatod ~ Libratingl ~
[~ nznd - [ od -
kneasuring the lengehl  Lrecnrding]
2 3 Spectroscopic analyses
A Fourier transform infrared gpectrometer (M odel
V ector-33, Bruker Co , Geman) was used to take
reflectance readings over aw avelength range of 800
2500 nrm. Reflectance reading w as taken every 4 nm
increment Sixty-four  repetitive  scans
accumulated in ocomputer manory and averaged,
transformed to log(1/R), and then stored to computer
file, forming one gectrum per sample Each sample
wasmeasured 3 times under the same condition
The prediction model of the GC of rice was
developed by using PL S algorithm based on the N IR

were
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gectra Samples were placed into calibration or
validation sets by being srted according to GC
values Every three samples were included in the
calibration set, thefollow ing two samplesmake up the
validation set Distribution of GC values for varieties
used in the calibration and validation setsare shown in
Fig 1 PLS analysiswas performed using calibration
set ectra with the oftware package OPU S, the
number of factors selected to optimize the model is
acoomplished by calculating the PRESS (prediction
residual error sum of squares)
validation procedure Upon completion of the PL S
analysis, a diagnostic function of the prograns
detemined whether calibration sanples were
concentration or gectral outliers Spectral outliers
may occur due to the measurement errors by the
instrument or gecial mpurities in the sample not
found in other samples A concentration outlier occurs
w hen the know n value differs from the predicted by at
least 3x SEC (standard error of cross validation).
Outliers were subsequently removed from the
calibration set to optimize themodel

| ]
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Fig 1 Distribution of gel consistency values for
rice used in the calibration and validation sets

The calibration model and the validation set to
which the model was applied to predict GC was
evaluated using several statistics as follows the
coefficient of correlation between predicted GC and
reference values, the standard error of cross validation
from the calibration set (SEC), and standard error of
prediction from the validation set (SEP), the biasor
mean difference betw een predicted GC and reference
values and the ratio of the SEP to the standard
deviation of reference GC values

3 Resultsand discussion

Performance statistics for the calibration sets are
shown in table 1 A n initial PL S analysisof the entire
calibration set (n = 60) revealed a ooefficient of
correlation of R = Q 88 and SEC of Q 84 using 10
factors in the analysis Diagnostic functions in the
oftware indicated that 3 of the samples were

concentration outliers and none of the ectral outlier.

Repeating the PL S analysis using the calibration set
w ithout the outliers (57) resulted in an mprovement
of the coefficient of correlation (R = Q 95) and a low er
SEC (Q 66). The plot of GC values detem ined
chemically and predicted by N IRS for the mproved
calibration model was shown in Fig 2 The mproved
calibration model was then used to predict GC for
validation samples The performance statistics were
given in table 1 The coefficient of correlation was
reduced slightly (R = Q 92). W hile the SEP (Q 78)
worsened when compared to the SEC (Q 66). The
correlation plot of the gel consistency values for the
validation w as shown in Fig 3

Table 1 Calibration and validity statisticsfor gel
consistency of rice using partial least squares
based on near infrared spectroscopy

Sanples
Property SEC! SEP? Factors R
num ber
Initial Calibration Set 60 Q 84 10 Q 88
W ithout Outlier
. . 57 Q 66 10 Q 95
Calibration Set
V alidation Set 41 Q78 Q 92

SEC!= standard error of calibration SEP?= standard error of prediction
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Fig 2 Comparison betw een modeled and reference values
for gel consistency of calibration samples
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Fig 3 Comparion betw een modeled and reference values
for gel consistency of validation samples

4 Conclusions

PL S method based on the near infrared reflectance
gectrosoopy of milled rice samples can be used to
establish the prediction model of grain GC
characteristics To detetmine the rice GC, this
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method is faster than the chemical analysis The
prediction models are sufficiently accurate in rice
breeding progran s and quality monitoring, and relieve
quality ingection workers of heavy work, save time
and reduce cost
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