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Prediction of Chemical Composition Using Near Infrared Reflectance Spectroscopy in

Baby Corn Husks.

Chalao Pitaksinsuk"” Jariya Booncharatcha” Udorn Srisaengy

Abstract

The purpose of this research was to create an equation for the Near Infrared
Spectrophotometer (NIRS) by Near Infrared Spectroscopy to predict the chemical
composition of dry matter (DM), crude protein (CP), fat (ether extract ; EE), ash (Ash), cell
wall (Neutral detergent fiber ; NDF), lignocellulose (Acid detergent fiber ; ADF) and Acid
detergent lignin (ADL) in baby corn husks. A total of 192 samples were used and the
absorbance was measured at a wavelength of 1,100-2,500 nm with the NIRS instrument.
Determine the relationship between the absorbance of baby corn husks and the chemical
analysis values using WINISI IV program and statistical analysis of PLS (Partial least square
regression) and MPLS (Modified partial least squares regression) with SNV (Standard normal
variate) and non-SNV (Standard normal variate) spectra modulated and detrend with
derivative, gap , smoothing, second smoothing and math treatment 10 patterns. From the
study it showed that the equation for DM, CP, EE, Ash, NDF, ADF and ADL have R2 values
in the range of 0.93-0.99, the RPD values were 5.90, 8.33, 5.41, 3.89, 6.35, 7.84, and 6.21
respectively. The predictive equations for DM, CP, EE, NDF, ADF, and ADL were in the
excellent class, while the ash prediction equation was in the very good class. When
evaluating potential by standards 1SO12099 : 2017 found that the Bias SEP and Slope
values passed the standard indicating showed that the calibration equations accuracy was
not significantly different from the actual value at 95 percentage confidence level and was
sufficiently effective for laboratory to predict the chemical composition of baby corn
husks by NIRS technique , for using to speed up the chemical composition analysis and

reduce the use of chemicals.
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Table 1 Criteria of prediction efficiency : Williams (2014)

RPD Value Classification Application
0.0-19 Very poor Not recommended
20-24 Poor Rough screening
25-29 Fair Screening
30-34 Good Quality control
35-4.0 Very good Process control

> 4.1 Excellent Any application

RPD = ratio of standard error of validation to standard deviation
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WUBAA322 WUEHAST1 WUFTIAG68 SG17 wazdraumls Fufuiangruuazqquiadieli
ATBUARULATTAUNAINAI8YBIFI0E AT UaS1IsaNNITTIugsdUTEneUNILAll TauA
ArTnguia sk losiu 11 NDF - ADF wag ADL %899ndnfiag1euannguoanwtaidsinge
Mg 19dImMTUaTIENN1TIIUIN 192 192 165 192 186 188 Uay 189 39819 AIUAIGU
wuidiAresruseneumaniivesainguiis TUsiu lusiu 100 NDF - ADF uag ADL eglutaeen
G?’]’ajﬂ—ﬂ"]@ﬂ?jﬂ WNAU 86.37-95.48 7.98-15.65 0.54-1.28 2.82-7.76 53.01-77.22 20.95-41.74
uay 1.05-5.96 Weslgudnuadu A1 SD 1.9 1.52 0.14 0.59 5.00 4.08 uag 0.92 MUY
Fauandlumaned 2 weganuamsnesnumsauasinvugvesingivawslaile wuiiuden
lweingeu deinguita TUsiu ludiu 1 NDF ADF uag ADL winiu 84.3 11.5 1.6 52 57.8
27.2 uay 1.8 Woedudmudidu (augvhondavhuinsguemsdaiidedomesUszmdlne,
2551) GeAniildinsounquuadiaieg wagdan SEL Wiy 0.15 0.70 0.04 0.12 0.79 0.31 uay
0.17 Ay wiiudnen SEL fiAe uansiiaanuaanndouteintsinseluiesu fiannsd
AAunaiaindeutes Tnawdlotan SEL  luussdunuldldvesaunisludunounisniuasy
aunsazdiandugosrinvesranuianaiauinsgiulunisvinune (SA, 2017)

n1sadruazniuaauauldlavasaunisiisuninsgiu

TaA1INTAANauLaveIlIagInldend1dlnalndeu 838 TauuUasoundy
(Reflectance)  Tagldanugnindulunisadisaunislutg 1,100-2,500 unlumns dadunimen
adulutailosdunsisn Inoutssednaeenidu 2 ngu Ao ngu Calibration set wag Validation
set l¥dndrunsidendegnuuiiudissegsmuiidnuafefvuadumisSufunazdiuiy
fregnsiidosnsiiuraaiiientangy Falduvuiiugag 3,5 dmiuaisaumaiisuannsgiua
Toquiie TUsAu 1 ADF  uag ADL waslduuuiiugie 1,5 dmsuaieaunisiieunnnsgiuea
lusfu wag NDF iflevngu Calibration set  wwhaunsifisuuinsgrulagldvannis Principal
Component Analysis (PCA) wagldmdnnsiuinaiumanluda (Mahalanobis distance) s
fhegsfidiAeguannguoen FeiiRaunfdorainarnuansang Wy nsaunuiiianaiavie
arwiinUnfives awnlasfives 1wy Sarutugs viegungiigs (Uhunia, 2564) dadu vilvinde
nNquf10819d MU calibration set ATInguie TUsAu ludiu 1 NDF ADF uag ADL d1uau 142
146 125 145 140 144 uay 142 fegna mudu Teesduszneumaiadl eglutasdisiagn-
ﬂ"]@ﬂﬁjﬂ Wiy 83.59-95.56 8.30-15.64 0.56-1.24 2.84-6.28 53.89-76.45 21.09-41.59 uas
1.10-4.93 WS udnuaiu wazngusdied19d1msu validation  set fiA1aaAUsznauniaail
ogfluraarnnan-Agean  WiiAy 87.63-95.22 8.81-14.78 0.56-1.24 2.84-6.28 53.89-76.45
21.09-41.59 uay 1.10-4.93 Wesludnuawiu duandlunsed 2 Jeaziiiuingndouavesudas
Alunguenognsdimiu Calibration  set ATOUAGUATGIAALALAIANAATBINANAIBE 1A MY
Validation set Tngsagneita 2 ndu fanadelndifesty



Table 2. Statistical value of chemical composition of baby corn husks by total sample,

calibration and validation evaluation set.

Number of
Parameter Evaluation groups Minimum  Maximum  Average +SD
samples
DM, % Total sample 192 86.37 95.48 89.59 1.99
Calibration set 142 83.59 95.56 89.57 1.99
Validation set 28 87.63 95.22 89.47 1.75
CP, % Total sample 192 7.98 15.65 11.83 1.52
Calibration set 146 8.30 15.64 11.89 1.50
Validation set 30 8.81 14.78 11.77 1.58
EE, % Total sample 165 0.54 1.28 0.84 0.14
Calibration set 125 0.56 1.24 0.85 0.15
Validation set 25 0.61 1.16 0.85 0.15
Ash, % Total sample 192 2.82 7.76 4.44 0.59
Calibration set 145 2.84 6.28 4.45 0.59
Validation set 30 3.39 5.64 4.56 0.50
NDF, % Total sample 186 53.01 77.22 67.33 5.00
Calibration set 140 53.89 76.45 67.43 4.95
Validation set 29 53.07 74.23 66.67 5.12
ADF, % Total sample 188 20.95 41.74 30.74 4.08
Calibration set 144 21.09 41.59 30.68 3.99
Validation set 30 21.89 41.06 30.82 4.24
ADL, % Total sample 189 1.05 5.96 2.42 0.92
Calibration set 142 1.10 4.93 2.40 0.87
Validation set 28 1.16 4.60 2.33 0.93

Mnduthnguiiegnsdmiu Calibration set snadsaunaifisvsasgiulagldlsunsy
dusagu WINISI IV Saudumsldndnadid PLS regression wuu Full Cross validation wag MPLS
wuvUuudsagliuiuuds e lildaunisiiffianlunisinneesduszneunaaiiusazen Tngay
flansnanannsiian SEC uwag SECV ¢ fn R’ uaw 1-VR fiAnge (Guo et al, 2021) wuirfoya
annduiidalifinisuuuss ddnvarninasiinisnssaefvesadnndy fqasen(Peak) i
widondoutu fnm 1A esinanuusnisreseymaegisiiinaudonuarvadnalng sausts
seduBeloviindineg damalinisnseidsuasunnsieiu il ilevhnsuSuusisanasudemaia
AdlnAans aunsativandadudenanila e andyyInsunIu ann1INTERURNAILATANAIY
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(Kasemsumran et al, 2004)
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Fig. 1 Original spectra (A) and 1" derivative spectra (B) and 2" derivative spectra (C)
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Table 3 Statistical analysis of Calibration set and Validation set

Calibration set

Validation set

Parameter Treatment

N R SEC SECV N R® SEP Bias RPD
DM, % PLS  SNViDetrend  1,10,10,1 142 099 024 027 28 097 030 000 590
CP, % MPLS NONE 1,4,4,1 146 095 032 037 30 099 019 000 833
EE, % MPLS  SNV+Detrend  2,8,4,1 125 093 004 005 25 096 003 000 541
Ash, % MPLS ~ SNV+Detrend  1,8,4,1 145 093 015 022 30 093 013 000 389
NDF, % MPLS NONE 2,5,5,1 140 098 072 138 29 097 081 003 635
ADF, % MPLS  SNV+Detrend  1,8,4,1 144 099 046 064 30 098 051 002 7.84
ADL, % PLS  SNViDetrend 2,88,1 142 095 020 031 28 097 018 001 621

NAUNTABUNINTFIUNANGAVRIUARE T8N TN UBRIRUTENBUNBALANGY YoaiFan
v U lﬂl U = dlddl 1 1 a0 2 1 1
1lnendou wandlunisneil 3 wudraunisiiieunnasgiuianaavesudazal IA1 R aglugag
d Y i i 2 1 | v ¢ 1
0.93 - 0.99 uazllemuasuaIuldlivesaunis nuinlla R eglugag 0.93 - 0.99 Wuri Been
2 1 6 =2 a 1 = ! av oy o Y o a v Y
R™ agluinausiftiewenidon Ysuanfsiraunsilaarunsailyldiiueglunuide sudseiu
Aaunn udslglafiuynau (Williams, 2019) wagilein Bias Avsewinfiu 0 ¥eA1 Bias AsilA1l
wANA1991n 0 s sdiduddgvnadAfisziumeiu 95 Wesldud ety aunsiiisuninsgIud

Y 1 . ° 1 1 A o 1% 1 1 1 a aa 8% aa IS
VLﬂllf"’ﬂ Bias $1 U4UDNINAIVINIUIENIEY N|RleILLG]ﬂG]’N’*i]’]ﬂﬂ'T‘i]i\‘]‘VI’JLﬂi’]%ﬂ/i@'JEJ’JﬁVINLﬂlI

Sofinrsanealdlivesaunsnndr RPD wud1 aunsifisuinasgiuiunganingusi
Tusiu lusfu NDF ADF uag ADL fiéh RPD wnndn 4.1 duly dafuaunisfivenidenannsald
yhuneldifunniu wagaunsiuei Wuaunisieglussduunnia RPD 1nndn 3 Fsaminsa
ihlldvhuglununuguannin Ssaeandasiu Wiliams (2014) sienuli @1 RPD > 4.1 Zuly
Huansitegluiunanimeenifen (Excellent) ansathlldvinunglifumumnnszuiunisauds
Musudugiiaton uavd RPD egflutiag 3.5 - 4.0 aunnseglutuiunn (very good) asnsaululd
VngluNMIAIUANANAINNTEUILNY

wazilafia1sanAn SEP fanandlum1s1afl 3 @1 SEP vasrnTnguis 1Ushu ludu 1 NDF
ADF way ADL 11f1u 0.30 0.19 0.03 0.13 0.81 0.51 way 0.18 ANAU A1 SEP AISHANS 2%
WUI1AT SEP AeHAET LandInANvinuneialnameaiuaIase Ins1Eia1ANuAa nLAaRUeN
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Table 4 Statistics performance measurement of developed calibration equation for

chemical composition according to ISO 12099:2017

Bias SEP Slope
Parameter Calculated Criterion Result Calculated Criterion Result Observed Criterion Result
value (Ty) value (Tye) value (tops) (taasz)
DM, % 0.00 0.11 Pass 0.30 0.30 Pass -0.04 2.05 Pass
CP, % 0.00 0.07 Pass 0.19 0.40 Pass 0.02 2.05 Pass
EE, % 0.00 0.01 Pass 0.03 0.05 Pass -0.01 2.06 Pass
Ash, % 0.00 0.05 Pass 0.13 0.19 Pass 0.00 2.05 Pass
NDF, % 0.03 0.31 Pass 0.81 0.90 Pass -0.04 2.05 Pass
ADF, % -0.02 0.19 Pass 0.51 0.58 Pass 0.02 2.05 Pass
ADL, % 0.01 0.07 Pass 0.18 0.25 Pass -0.63 2.05 Pass

Ty, The calculation of the bias confidence limits; SEP, standard error of prediction

Tue, The unexplained error confidence limits; Tops, The observed t value; T(3_g/2), The t value

UsziliuAnenTnvaaunsiisuinAsgIuaAIEaIAsEIY ISO 12099:2017

mﬂfmmsLﬂaummgmﬁlﬁuasmumsma%aummgﬂé]’awmaumi Jaiuduaunis
Weuninsgiuiiafige azdiunusziiufnen1nvesaunisiiisuInsgIudieu1nsgIu IS0
12099:2017 (IS0, 2017) #nass 6'?5&m“fl‘u:umsgmﬁﬁﬁ]uummﬂ,umsﬂszqnﬁi@&%lmﬁ@ NIR Tu
nsmUTuIUeIAUsENaUNINLATla1eY Tufieg1s Tneazyinn1suseiduaImeaia A A1 Bias SEP
uay Slope fauandlumsad 4 nuiwnesdusznoumaaiivesiudendnlnailngeu S Bias ve4
nnTIENTHRENIIE T, SenansinArauianaiaadslunsyihungldfifed fy meadavsedu
Ay 95 Weddud (P>0.05) namfe Avnnsieszdmanivazaifildainnisiunglyl
WANANNAY HAT SEP Uosndtuseniual Ty na1IAe ﬂ'wmmﬁﬂwmmmmgm‘lumiﬁﬂmUGT"]
Wianefivzeeusuld wazann1snsinaeu Slope erANUENUSBIAI1INNTTIATIEIN
wilfuanfildannnisiiune Saglden t,. lun1snsiaaeu Slope WU Aty dAtosninen
to s NA13FE Slope fiAliiunneneann 1 egefituddymeadnfiseiuanudoiu 9swWedidud

a3uNan1INaaas

1NNTAINAUNTHBULINTFINYIUIgIRUTENBUNIATIvaFant i lnalnaaumle
wedadesdussaaninsalnd Tideyavosaiunnsudisaimendnau 1,100-2,500 uiluluns
Faunaiisvanasgiuiunee Yaquis  Tusiu lusfu NDF ADF waw ADL  egludunmningen
Bou wazaunsifisuinasgurean 1 eglutuiinn arusadluldvhuseiesiusenounis

willuviosujuanislasiely
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