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Abstract: Gel consistency (GC) is one of the mo st impo rtan t cook ing and eating characterist ics of rice. T he test ing m ethod

of rice GC by near infrared spectro scopy (N IR S) w as developed, and the p redict ion models of rice GC w as set up based on

the part ia l least squares (PL S) m ethods. Six ty spectrum s of rice samp les w ere calib rated fo r their GC values. It show s that

the co rrela t ion coefficien t betw een the PL S evaluat ion and chem ical m ethod is 0. 95, and the standard erro r of calib rat ion

( SEC ) is 0. 66. To validate the calib rat ion, an independen t set of 41 rice samp les of the sam e breed w as used. T he

co rrela t ion coefficien t is 0. 92, and the standard erro r of validat ion is 0. 78. T he resu lt show s that the infrared spectro scopy

techn ique can be used to test the rice GC rap idly.
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0　 In troduction

　M o re and m o re a t ten t ion is being paid no t on ly to

the nu trit ion quality of foodstuffs, bu t a lso to the

taste characterist ics, so the gel con sistency (GC) , as

one of the m o st im po rtan t cook ing and ea t ing

characterist ics of rice, is becom ing the m ain concern.

If the GC value of rice is too h igh, the cooked rice w ill

be too soft, and v ice versa. T herefo re it is im po rtan t

to b reed new variet ies of rice w ith m edium GC level,

righ t am oun t of am ylo se con ten t and h igh p ro tein

con ten t. Fo r a long t im e, the m easu rem en t of the

physica l and chem ica l eva lua t ing indexes of rice quality

is co st ing and t im e con sum ing. O ver the past 20

years, Fou rier t ran sfo rm near infra red spectro scopy

(N IR S) has been u sed to quan t ita t ively p red ict the

concen tra t ion of variou s con st ituen ts in food and

agricu ltu ra l p roducts. R ecen t stud ies have

dem on stra ted tha t N IR S m odels had the sufficien t

accu racy fo r b reed ing p rogram s and quality

m on ito ring, and can be developed to p red ict am ylo se

con ten t [ 1, 2 ] and p ro tein con ten t [ 3 ] in m illed rice based

on the p rincip le of art if icia l neu ra l netw o rk a lgo rithm.

In th is paper, a qu ick test ing m ethod fo r m easu ring

rice GC w ith N IR S is rep resen ted.

　T he gel con sistency rep resen ts som e characterist ics

of the com p lica ted com ponen ts of rice itself. T he

sta rch (com b ined w ith am ylo se and am ylopect in) w ill

becom e visco sity w hen hea ted in w ater. It is d iff icu lt

fo r the sta rch w ith h igh am ylo se con ten t to be

gela t in ized, bu t the gel w ill be very stab le if it is

gela t in ized. T he h igher the tem pera tu re is, the m o re

severely the am ylum m o lecu les vib ra te. A s a resu lt,

the m o lecu le bond w ill b reak, and there w ill be m o re

po in ts and po sit ion s in the am ylum m o lecu les

com b in ing w ith H 2bond in w ater. T he pasty, visco sity

and gel con sistency of sta rch depend no t on ly on

tem pera tu re, bu t a lso on o ther comm on ly coex ist ing

com ponen ts ( con st ituen ts) such as sugar, p ro tein,

fa t, w ater. It is po ssib le to take the advan tage of

N IR S to m easu re the GC of rice.

　 It is on the in terferom eter tha t the N IR S can be

u sed to iden t ify and analyze som e com ponen ts

quan t ita t ively. A fter a near infra red beam irrad ia tes

the sam p le th rough the in terferom eter, the

in terferen t ia l cu rve w as gained, and the change from

the in terferen t ia l cu rve to the near infra red spectrum

can on ly take p lace th rough the Fou rier d ig ita l

t ran sfo rm at ion by com pu ter. Every sub stance such as

sta rch, p ro tein, fa t has its ow n p roper infra red

ab so rbance, and the m easu ring of rice GC is ju st based

on the characterist ic of th is p roper ab so rbance.

1　Partia l lea st squares m ethod

　PL S m odeling is a pow erfu l new m u lt ivaria te fu ll

scann ing spectrum m ethod w ith the signa l da ta p ress
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funct ion s of o ther fu ll spectrum m ethods such as PCR

(P rincipa l Com ponen t R egression) and CL S (C lassica l

L east Squares) [ 4, 5 ]. It has been p resum ed tha t the

info rm at ion of in terest abou t a respon se variab le is

m ain ly con ta ined in the d irect ion s of the p red icto r

space w h ich have bo th la rge varia t ion s and h igh

co rrela t ion s w ith the respon se variab le. T hu s in

m atrix no ta t ion, the ca lib ra t ion spectra can be

rep resen ted fo r PL S regression by u sing the spectra l

decom po sit ion no ta t ion as fo llow s

A = H P T + E

W here　A is the m × n m atrix of ca lib ra t ion spectra;

P T is the h×n m atrix w ith the row s of P being the new

PL S basis set of h fu ll spectrum vecto rs, often ca lled

load ing vecto rs o r load ing m ax rix. H is an m × h

m atrix of in ten sit ies (o r sco res) in the new coo rd ina te

system of the h PL S loading vecto rs fo r the m sam p le

spectra. E is now the m × n m atrix of spectra l

residua ls no t f it by the op t im al PL S m odel.

　T he com ponen t concen tra t ion s m atrix C is g iven by

C = UQ T + F

W here　Q T is an l×n m atrix; U is them ×h m atrix of

the unknow n calib ra t ion coefficien ts rela t ing the l

com ponen t concen tra t ion s to the spectrum in ten sit ies,

and F is the m × l vecto r of random concen tra t ion s

erro rs o r residua ls tha t a re no t f it by the m odel. B is a

d iagonal m atrix, w h ich w as gained by rela t ing w ith U

and H : U = H B . In the p rocess of itera t ion, a w eigh t

W has been in troduced, the itera t ion can run as

fo llow s

W = U TA ö(U TU )

W = W ö‖W ‖

t = A W ö(W TW )

qT = tTC ö( tT t)

U = C qö(qT q)

W here　 t is the row s of H , and q is the row s of Q ,

‖W ‖ is the Euclid no rm of W . W h ile the va lue of

‖tnew - told‖ö‖tnew‖ is less than the th resho ld, the

first co lum n of load ing m atrix is sto red, then u sing

the ca lcu la ted m atrices of E and F as m odifiedA and C.

T he above p rocess w as repea ted to ca lcu la te the

second co lum n of load ing m atrix un t il the desired

num ber of load ing vecto rs has been ca lcu la ted. F rom

the PL S m odel

C = A B + F

　 Fo llow ing opera t ion can get the regressive

coefficien t m atrix B

B = W (P TW ) - 1Q T

　Since m odel erro r is p resum ed to be the erro r in the

com ponen t concen tra t ion s, th is a lgo rithm m in im izes

the squared erro rs in concen tra t ion s du ring

ca lib ra t ion.

2　M a ter ia ls and exper im en t

2. 1　M a ter ia ls

　T he Ch inese variet ies of sho rt round2gra in, long2
gra in rice, g lu t inou s rice and som e hyb rid rice, w ere

selected to com p rise the ca lib ra t ion and valida t ion

sam p les. T he gel con sistency of rice w as eva lua ted by

test ing the flow age length of m u shy rice. T he rice can

be classif ied in to th ree grades acco rd ing to the GC,

v iz. low (GC≤40 cm ) , m edium ( 40 cm < GC≤60

cm ) and h igh (GC > 60 cm ) GC rice. T he GC ranges

of above sam p les are 36～ 100 cm , 31～ 100 cm , 51～

100 cm and 34～ 100 cm , respect ively. T he m o istu re

con ten ts of sam p les w ere con tro lled a t 9. 8%.

　Fo r each sam p le, 100 g of gra in w as ground by a

po lish rice grinder fo r 2. 5 m in. T he m illed rice w as

ground fo r ana lysis in the U dy cyclone m ill (U dy

Fo rt. Co llin s, Co. , U SA ) w ith 0. 2 mm m esh

screen s. F ina lly it w as packaged in the k raft bag, and

kep t together w ith standard sam p les under room

tem pera tu re fo r 2 days to ba lance the m o istu re

con ten t.

2. 2　Chem ica l ana lyses

　W hen the m illed rice sam p le w as pu t in to the d ilu te

a lka li (0. 2 m o löL KOH ) , hea ted fo r 15 m in, and then

coo led, the paste w as fo rm ed. T he coo led gel in test

tab les flow ed slow ly w hen it w as la id on a fla t g lass

tab le. T he GC w as ob ta ined th roughou t the test ing of

the flow age length. In th is paper, the GC w as

m easu red acco rd ing to reference [ 8 ]. T he p rocess of

m easu ring the GC is show n as fo llow s:

W eigh ing the m illed rice samp le →

adding the alkali and indicato r → lib rat ing →

cook ing and gelat in izing → lying and coo ling →

m easu ring the length → reco rding

2. 3　Spectroscop ic ana lyses

　A Fou rier t ran sfo rm infrared spectrom eter (M odel

V ecto r233, B ruker Co. , Germ an ) w as u sed to take

reflectance read ings over a w avelength range of 800～

2500 nm. R eflectance read ing w as taken every 4 nm

increm en t. Six ty2fou r repet it ive scan s w ere

accum u la ted in com pu ter m em o ry and averaged,

t ran sfo rm ed to log (1öR ) , and then sto red to com pu ter

file, fo rm ing one spectrum per sam p le. Each sam p le

w as m easu red 3 t im es under the sam e condit ion.

　 T he p red ict ion m odel of the GC of rice w as

developed by u sing PL S algo rithm based on the N IR
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spectra. Sam p les w ere p laced in to ca lib ra t ion o r

va lida t ion sets by being so rted acco rd ing to GC

values. Every th ree sam p les w ere included in the

ca lib ra t ion set, the fo llow ing tw o sam p les m ake up the

va lida t ion set. D ist ribu t ion of GC values fo r variet ies

u sed in the ca lib ra t ion and valida t ion sets are show n in

F ig. 1. PL S analysis w as perfo rm ed u sing ca lib ra t ion

set spectra w ith the softw are package O PU S, the

num ber of facto rs selected to op t im ize the m odel is

accom p lished by ca lcu la t ing the PR ESS (p red ict ion

residua l erro r sum of squares ) th rough a cro ss

va lida t ion p rocedu re. U pon com p let ion of the PL S

analysis, a d iagno st ic funct ion of the p rogram s

determ ined w hether ca lib ra t ion sam p les w ere

concen tra t ion o r spectra l ou t liers. Spectra l ou t liers

m ay occu r due to the m easu rem en t erro rs by the

in strum en t o r specia l im pu rit ies in the sam p le no t

found in o ther sam p les. A concen tra t ion ou t lier occu rs

w hen the know n value d iffers from the p red icted by at

least 3×SEC ( standard erro r of cro ss va lida t ion ).

O u t liers w ere sub sequen t ly rem oved from the

ca lib ra t ion set to op t im ize the m odel.

F ig. 1　D istribu tion of gel consistency values fo r

rice used in the calib rat ion and validat ion sets

　 T he ca lib ra t ion m odel and the va lida t ion set to

w h ich the m odel w as app lied to p red ict GC w as

evalua ted u sing severa l sta t ist ics as fo llow s: the

coefficien t of co rrela t ion betw een p red icted GC and

reference va lues, the standard erro r of cro ss va lida t ion

from the ca lib ra t ion set (SEC) , and standard erro r of

p red ict ion from the valida t ion set (SEP ) , the b ias o r

m ean difference betw een p red icted GC and reference

va lues and the ra t io of the SEP to the standard

devia t ion of reference GC values.

3　Results and d iscuss ion

　Perfo rm ance sta t ist ics fo r the ca lib ra t ion sets are

show n in tab le 1. A n in it ia l PL S analysis of the en t ire

ca lib ra t ion set (n = 60) revea led a coefficien t of

co rrela t ion of R = 0. 88 and SEC of 0. 84 u sing 10

facto rs in the ana lysis. D iagno st ic funct ion s in the

softw are ind ica ted tha t 3 of the sam p les w ere

concen tra t ion ou t liers and none of the spectra l ou t lier.

　R epeat ing the PL S analysis u sing the ca lib ra t ion set

w ithou t the ou t liers (57) resu lted in an im p rovem en t

of the coefficien t of co rrela t ion (R = 0. 95) and a low er

SEC ( 0. 66 ). T he p lo t of GC values determ ined

chem ica lly and p red icted by N IR S fo r the im p roved

ca lib ra t ion m odel w as show n in F ig. 2. T he im p roved

ca lib ra t ion m odel w as then u sed to p red ict GC fo r

va lida t ion sam p les. T he perfo rm ance sta t ist ics w ere

g iven in tab le 1. T he coefficien t of co rrela t ion w as

reduced sligh t ly (R = 0. 92). W h ile the SEP (0. 78)

w o rsened w hen com pared to the SEC ( 0. 66). T he

co rrela t ion p lo t of the gel con sistency values fo r the

va lida t ion w as show n in F ig. 3.

Table 1　Cal ibra tion and va l id ity sta tistics for gel

con sistency of r ice using partia l least squares

based on near infrared spectroscopy

P roperty
Samp les

num ber
SEC1 SEP2 Facto rs R

In it ial Calib ration Set 60 0. 84 10 0. 88

W ithout O utlier

Calib ration Set
57 0. 66 10 0. 95

V alidation Set 41 0. 78 0. 92

SEC1= standard erro r of calib ration. SEP2= standard erro r of p rediction.

F ig. 2　Comparison betw een modeled and reference values

fo r gel consistency of calib rat ion samp les

F ig. 3　Comparison betw een modeled and reference values

fo r gel consistency of validat ion samp les

4　Conclusion s

　PL S m ethod based on the near infra red reflectance

spectro scopy of m illed rice sam p les can be u sed to

estab lish the p red ict ion m odel of gra in GC

characterist ics. To determ ine the rice GC, th is
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m ethod is faster than the chem ica l ana lysis. T he

p red ict ion m odels are sufficien t ly accu ra te in rice

b reed ing p rogram s and quality m on ito ring, and relieve

quality in spect ion w o rkers of heavy w o rk, save t im e

and reduce co st.
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大米胶稠度近红外光谱分析数学模型的建立

刘建学1, 张玉先1, 董铁有1, 王建华1, 吴守一2※

(1. 河南科技大学食品与生物工程学院,洛阳 471003;　2. 江苏大学生物与环境工程学院,镇江 212013)

摘　要: 胶稠度是评价大米蒸煮食用品质的重要指标之一。研究了运用近红外光谱分析技术检测大米胶稠度的测试原理,对 60个样

品的光谱数据用偏最小二乘法 (PL S)建立了测定大米胶稠度的数学模型,其回判结果与化学分析值之间的相关系数为 0. 95,建模标

准差为 0. 66;用 41个样品对建立的数学模型进行了交叉验证,其检测结果与用标准化学分析方法测得结果的相关系数达 0. 92,预测

标准差为 0. 78。试验证明,可以利用近红外光谱分析技术对大米胶稠度进行快速检测。

关键词: 大米; 胶稠度; 偏最小二乘法; 近红外光谱; 数学模型
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