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5. Abstract

The aim of this research was to evaluate the protein contents in cassava flour and starch
by using Near Infrared Spectroscopy (NIRS). Two hundred and forty samples of cassava flour and
starch obtained from different varieties of cassava and harvested at different time intervals were
collected. Samples were analyzed for protein contents by reference method and by scanning
with NIRS at wave length 800-2500 nanometer. Current study was conducted at Postharvest and
Product Processing Research Development Division, Department of Agriculture during the year
2016-2017. The Unscrambler software was used for Partial Least Squares regression. Results of
modeling showed a high correlation coefficient (R=0.98) and low standard error of prediction
(SEP=0.15%). Results suggested that NIRS technique is effective to evaluate protein contents in

cassava flour starch.
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800-2500 utuLuns fewA3ed Near Infrared Spectrophotometer(NIRS) waghnsnzriUsanalusiiugae
"“ﬁmmgmiuﬁawﬁﬁ'amiﬂaﬁifaLLazﬁwuﬁmmmmé’amiLﬁuLﬁmLLazLLﬂigﬂmam NALNWAS NTUIYINTS
nwas Wl 2560-2561 anuduiussyniansganaulaatdaiudvsnasiuusunalusiuiay
AUN1INANDYLTIANNITLAUAIYAD Partial Least Square (PLS) Regression Taaldlusunsy The
Unscrambler #an1snnassnuinaun1susziiuusnalisiuluntswantazanisviud vz vasian du
UszAnsanduiusaaRr) = 0.98 wazAIMLAANAIANIAT §1UYBdANNTUTEIIUAN (Standard Error of
Prediction, SEP)=0.15% mﬂms‘vlmaaqaqﬂléﬁwammiﬁlﬁmmmﬂﬂﬂﬁﬂizLﬁuﬂ'%mmiﬂiﬁuluuﬂq
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iwswgnavesinglaglduslaaduoms wazulssuduingivlunirgnamnssy Wy gnamnssuuds
wUssuiieldlugranvinssusinerldvannvans wu uwilsilliviions wuu uasiAdesussuenainid
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iy leoudadsoenifu 2 ngu Ae wiwlanuazutiamsy udalan Aeanilulewnsniis
drulsznevvesansuen lalasiau wareendnuludinlng Inedaldruuseneuduy wu Wsiu Tody
lvowns uazanutunuisdussnoudueguegluiinamn duutsandy (starch) Aoudlsdi
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(Jittham and Bangwaek, 2010) Usuadlusiu Tryptophaneuas lycene Tutnalwm (Rosales et al.,
2011) enunilavesudsansydudilends (95 wasane, 2552) wayldlugnaivnssuyseny
AN LU 9IS 80 LazLA30adene (Blanco et al., 2007; Bock and Conelly, 2008; Sakudo, 2016)
udu Famadanirs Mudnnsnisadsaunisanadulssansanduius (Coefficient of correction)
vio R sgmineinisgendunasdeiiunsusaiidesiuingiifesnmsinsgitazaiiingzsion
vieaUfiAns eldaunisiifimarudiiusgs Amnuemandeulunisussidu (Standard Error of
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thieyarnsganduuasiiniug1nnau 800-2500 uilumng uazAmTineiluiesufifng
whaunstaglilusunsudnsaguadiaunisineldndnadf Partial Least Square (PLS) regression
WUU Full cross validation a1ntUswnsy The Unscrambler® version 9.7 (Camo, Oslo, Norway) Laen
aum sl szansamlunisusziiiu Tneganadudssansandusiué (Correlation coefficient: R) 19
Tn&iAes 1 ArAuaanadeulun1siasiey (Standard Eror of Calibration: SEC) A1A213AANANA
1NAT5UYBANNNTUSEEILAN (Standard Error of Prediction: SEP) uagAlladgvosnan1aseninamiiled

INID01989 uANILARN NIRS(Averages of difference between actual and NIR values, Bias) #in
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nagouANLwiudvesaunslasthaunsfildlUlissiiuuinalusfulusiogiaudmlan uas
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Fumspuiinseiluiew joAns Tneldada ttest
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wdegawlananiwazileansysiudusndadnuau 240 dregluinAnisganiuuadlugiu

Near Infrared fimuemindu 800-2500 uilumng nuiudeansvanusagandunadlddngi
ulsan wagfimiue1naY 1450 1920 uaz 2050 ulumns (Figurel) fnvmidiiusiuinautaay
TusAulusieene (Osborne et al., 1993) TndiAssfufuuteanafigandunadldfnaiuennnau 2056
Tuiwas afiu Absorption band vesansnaulusiu (ussdwus, 2009) nduthiognautlais 2 siaun
AaTenUsnalusAuluelfuisinis 1ne38 Nitrogen combustion wu31 wle Watiuazudeanisudu

dignaaivsunalusiueglutie 0.18-2.78% (Tablel)

nsassauntsusziiulusiulundaanuazannsvdaamaia NIRS
a5vaunsusziliudsnalustuluntaannazansuiudusnasdiuay 240 fegns Awds PLS
regression WUy Full cross validation tngldauenindu 800-2500 wiluwng wuin aunislushiudan
P wduiusas Tnoilidudssandanduius (R) winfu 0.98 dsh R flaglutng + 0.96-0.98 wunefa
aunsanansalilumsussandlfuagmsuseiuganild (William, 2007) uenainiainwanismeaesd
AN SEC wazen SEP ¢ Winfu 0.13% way 0.15% audndu Bias winfu  0.0007% fifadeiiieadasly
auns  (Factor, F) dwau 9 dade  uagAanudsauuinassuanAiedsveanisieseily
WoeUURN1S(SDINTU 0. 83% (Table2) Chen wazAz (2008) Tdmatia NIRS Tun1susziiiuyiunu W

Aulundenanvestny wuindiedudsydnsnisiiarsan (Coefficient of determination, R?) @1 g 0.99
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wuAgaudunsUsziulusAuluusananiian R? wiadu 0.99 (Vasquez et al, 2007) uaginaila NIRS
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A1 Regression coefficient

A1 Regression coefficient 21naun1sTILATIZRVNsadRseTUSLAT The Unscrambler wuin
aunsUssidiuUinalusavluudaanuazaniviuduzndsiian Regression coefficient gefinaem
AAL 970 1960 2000 2200 way 2294 wiluiuns (Figure 2) Fafinnue1IAdy 1980 waz 2180 wiluwns

Hanudiusiuusunalusiu (William and Norris, 2001) Tuwtananiwazaniss dudidena
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91nnsthaun1silaunlgussiuusualusivluiegrantananuasanisydudiusnds wuind
A1 SEP Wag Bias A1 AU 0.15% wag 0.0007% muansu (Figure 3) Wisuiisuatilaannnisuseiiuy
Tagldimata NIRS Auanlaainnisiiaseiluneslfifinig daanuunneawindu -0.16-0.20 (Table 3)
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aunsarmaia NIRS anlvivseliudsinadiualvsiuluudalanuasaniivliedgragndousiugn 14

nasakazliinanediogng

9. aUNANINARDILALTBLEUBLUY
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Figure 1 The original NIR spectra of cassava flour and starch at wavelength region 800-2500 nm

Table 1 The characteristics of samples used in model for protein content of cassava flour and

starch



[tems Protein content
Min-Max 0.18-2.78
Mean 0.92
SD 0.83
Number 240
Unit %

Table 2 The statistical analysis of NIRS models to predict protein content of cassava flour and

starch by the Unscrambler program

Quality Wavelength R SEC SEP Bias F N SD

(nm)

Protein content ~ 800-2500 0.98 0.13 0.15 0.0007 9 240  0.83

R: Coefficient of correlation, SEC: Standard error of calibration, SEP: Stand error of prediction;
Bias: The average difference between actual value and NIRS value, F: The number of factors

used in the calibration equation, N: Number of sample SD: Standard deviation of average
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Figure 2 Regression coefficient plots to evaluate protein content in cassava flour and starch
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Figure 3 The relationship between actual protein content (%) and predicted protein content (%)

from NIRS.

Table3 The validation of protein content (%) in cassava flour and starch by using NIRS

Sample Actual value Prediction value Differentiation
Starchl 0.28 0.22 0.06
Starch2 0.22 0.19 0.02
Starch3 0.20 0.37 -0.17
Starch4 0.23 0.10 0.12
Starch5 0.20 0.31 -0.11
Starché 0.23 0.21 0.02
Starch7 0.40 0.43 -0.02
Starch8 0.34 0.26 0.08
Starch9 0.24 0.40 -0.16
Starch10 0.24 0.40 -0.16
Flourl 0.80 0.74 0.07
Flour2 0.78 0.86 -0.09
Flour3 2.61 2.46 0.15
Flourd 2.69 2.49 0.20
Flourb 1.82 1.94 -0.12




