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Prediction of Chemical Composition Using Near Infrared Reflectance Spectroscopy in

Baby Corn Stover.

Suranant Noiuthai® Chalao Pitaksinsuk” Jariya Booncharatcha?

Abstract

The purpose of this research was to create an equation for the Near Infrared
Spectrophotometer (NIR) by Near Infrared Spectroscopy (NIRS) 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 stover. A total of 197 samples were used and the
absorbance was measured at a wavelength of 1,100-2,500 nm with the NIR instrument.
Determine the relationship between the absorbance of baby corn stover 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 R? values in the range of 0.93-0.99, the RPD values were 5.28, 7.69, 4.00, 3.81,
5.70, 6.75, and 5.12 respectively. The predictive equations for DM, CP, NDF, ADF, and ADL
were in the excellent class, while the EE and Ash prediction equation was in the very
good class. When evaluating potential by standards ISO 12099:2017 values of DM, CP, NDF,
ADF and ADL found that the Bias values were 0.01 0.03 0.00 0.01 -0.02 0.03 and 0.01
respectively. SEP values were 0.28 0.27 0.04 0.23 0.56 0.48 and 0.15 respectively and
slope respectively. Found that values passed the standard indicating showed that the
obtained standardization equations could predict the values 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 stover by NIRS
technique, for using to speed up the chemical composition analysis and reduce the use

of chemicals.
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aun1s (Validation) iitenageumnnindefevesaunsirdanummzauviowsiugiioda Jeaz
i luldvihunsdmisaiivesiiegie asiiusiunufiedrsiifusunuiifaisnseungquan
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1. ihéheginiomaiaudiuninannilagliinies NIR Spectrometer 8% FOSS §u
DS2500 (Foss Analytical A/S, Denmark) iaa1ue19adY 400-2,500 ualwuns tasldlusunsy
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Ine35n19Adl (Wet chemical analysis) oA AANATY MATER 930.15 (AOAC, 2016) wazAniiy
Wesiduninguita (Dry matter, DM) TUsfu F181A309 Combustion MIST 990.03 (AOAC, 2016)
ludfu @387 11085 (SO, 2015) 181 MWABH 942.05 (AOAC, 2016) NDF m1w35# 2002.04
(AOAC, 2016) ADF uaz ADL ma3391 973.18 (AOAC, 2016) Inedias1zsi 2 s1sofodne Andild
158N91A1939 (Actual value)
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1. NFASNAUNITNLUNINTTIY

ideyaaiUnasuazAtinUsznaunuall W ANUAURUSAI8TS Partial least
square regression (PLSR) TagldTusunsa WIN ISI IV uisihegnseanidu 2 nguiliiudasedeiu Ae
nquitldaireaunsifisunnsgiu (Calibration set) iuneernguite Tsdu lusiu 1 NDF ADF
wag ADL uavnguniugeumuldlavesaunis (Validation set) ludndiunguaunisiieuuinsgiu
songumudeuaulildvesaunis wiriu 80 e 20 Wesidud nmsadsaunsilunsadsuuiy
¥29A2138719A8 U (Full spectrum method) #1835 Partial least squares (PLS) wag Modified
partial least squares (MPLS) saufun1shifin1susuuasaunnsu tazusuuasaiunasunuy SNV-
Detrend toanAauUsUILLAEAITUNIUBYY ﬁawaﬁﬂﬁ%’azﬂaaLﬂﬂm%mﬁmimﬁauuﬂaﬂﬂ way
1% Derivative mathematics %38 Math treatment ﬁii’fﬂ'”l Derivative number, Gap, Smoothing
and Second smoothing 974U 10 LUV ¥ adl (1,4,4,1) (2,4,4,1) (1,8,4,1) (2,8,4,1) (1,8,8,1)
(2,88,1) (1,55,1) (255,1) (1,10,10,1) (2,10,10,1) Tagldnruuuzilugiionisldiades NIRS
(Infrasoft international, 2005) A lAANNSLTEUNINTIIUVDARLITIENITIINIY 40 AUNTT

WU AN anduiussEnineA1asefuA1viune (Coefficient of determination, R?)
Famsilandlng 1 AranueaIalAAeLLRTTIUYRINNSAT1aNNTS (Standard error of calibration,
SEQ) LLasﬂ'wmmﬂmﬂLﬂﬁauuwmsgwumaaﬂwsﬁqaﬂuwlﬁ (Standard error of cross validation,
SECV) Femsilane (Infrasoft international, 2005)
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Yraunsidadoninsway 3 aunsumugeuanuldlivesaunisiioTaussansam
Yaaun1snasaltlunsussdivamlawiugunieeiisds lnathawnasuvesinegangumiu
dou Ussluaugneessdugilagldaraiifisngg laun a1 SEP adsliA1desndtaeavinves SEL
(SEP < 2 SEL) A1puRanaineasseninediiildaindsniaaivazafildainnisinsisnaae
1384 NIR (Bias) AsiiAifendn0.55 i1 SEC (Bias<0.55 SEC) 1 Standard Error of Prediction
correction (SEP(C)) Ue8n1 1.29 SEC (SEP(C) <1.29SEC) Aranutulng 1 (Slope ~ 1) muignis
U3 (SA, 2017) uaﬂﬁlﬁﬂﬁ 1é’ﬂmmﬂizﬁu%’uﬂmmwmaqaumié’asJﬂ"] RPD (Ratio of performance
to deviation) m13Sn1589 Williams (2019) sauansly Table 1 nauafildlunisfmdenaunis
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Table 1 Criteria of prediction efficiency : Williams (2019)

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
35-40 Very good Process control

> 4.1 Excellent Any application

RPD = ratio of standard error of validation to standard deviation

3. aunsigunasIuiAnienI 1 auns @en 2) W ssiuusEavisnmanamnsgu
ISO 12099:2017 (ISO, 2017) fail

3.1 ANSASIAFBUAN Bias IMENISAIUIUAN Bias confidence limit (Tp) Au@uA1S a0

A1 Bias HAUBNI1 Tp a@A431 A1 Bias LUTAIULANA19AUNERANTEAUAINULTBIY 95
& @ & = 1 o Y o dy
Wosioua 39A1 T, Audnle el

t(1-«/2) * SEP
Vn

Ty A A" Bias confidence limit
tooyz A9 A1 t value Y89N1SNAABY 2 119 A8 Degree of freedom ‘ﬁl
doARdaiy SEP AiflAiniy n-1
SEP  f®  Standard Error of Prediction (A1A3uRanaInu1nsgIuly
NMSUNEVRINFUNADU)
n  fe  Pwumeddlungunaaeu

3.2 n1snsa9deuAn SEP 1lun1sa Ul A1 Tue (The unexplained error

confidence limit) ¥1nA1 SEP Haeni1 Tue W@A931 A1 SEP tUiAuumnsnafiun19a@nanseanu
d' QIJ & @ I3 dl’ 1 ) Y @ c‘l’
AMALYDTU 95 LUBSIUR T9A1 Tue Auladle fadl

T, =SEC F(a’V’M)
Tue A® The unexplained error confidence limit

Fovmw A8 A1 F Value
SEC @@ Standard Error of Calibration (A1AmHAna1nsAsgIuluNsaseaunis
VYBANFUATIAUNIT)
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fegsdudnlneiingeuldainnissurufiedaninunsns luituiidmia @eass
Wealuad MUnanYs N1gauys uasUgy 51905 wasuAsTvENn dnsloiuguudie271 wlain321
WUBTA322 WUTTA5T1 WUETA468 SG17 uazdieundls Fafuraggrunazngudadiold
ATAUARUUAEIIAUNAINNAEVRIMBg1ad nTUaTsaunIsiTuIgesAUTEnaUNILAll launa
Arinqusta WA lusiu 161 NDF ADF uaz ADL 3s9zuanss1uiudieens Aign Angaan Aade
AndeauunnnsgIu wage SEL fanandlu Table 2

Table 2 Total sample, nutritive value and standard error of baby corn stover.

Parameter N Minimum Maximum Average +SD SEL
DM, % 197 85.26 94.38 90.61 1.54 0.19
CP, % 188 3.10 12.82 8.78 1.92 0.18
EE, % 171 0.53 1.55 0.94 0.16 0.04
Ash, % 194 4.26 10.63 6.37 1.08 0.37
NDF, % 196 56.54 73.83 67.09 3.35 0.71

ADF, % 183 32.13 49.22 38.84 2.94 0.27
ADL, % 188 1.05 5.96 2.42 0.92 0.09

N, Number of sample; SD, Standard deviation; SEL, Standard error of laboratory; DM, Dry Matter; CP, Crude Protein;
EE, Ether Extract; NDF, Neutral detergent fiber; ADF, Acid detergent fiber; ADL, Acid detergent lignin

foyalumnmassiifidnasdusznaumaniivesiudninailndeu Ao Arlusiiu lusiu 1
NDF ADF uag ADL AsouAguatfiuans lusisnuves augnssunsaudesnistasuslauuly
Uszinelne (2563) FefldnTusiiu lusiu 161 NDF ADF uag ADL iU 8.40 1.20 5.93 62.25
36.77 waz 4.74 Wosldudnuadu uazaseunqulusenues $ui (2560) dedid1 Tmquis
TUsfu Loy 101 NDF ADF wag ADL agludae 88.48-94.61 4.24-4.91 0.81-0.94 4.52-5.34
53946564 3634-00.71 uav 4.63-6.07 Wosiudnua1ifu onulus1 NDF uaz ADL Aifiirngni
uansinaiu fatoraidlewnanmaifiufiedisiigania Audl nisguanisinnisugn ey waeitug
$1alwa Aumnsinsiu was Lmawmimwmmﬁmamﬂaauﬁuaqmi'gLﬂiwmiuwawgummi (SEL) sl
wanalu Table 2 9z1iudndn SEL FA1s1 uansinAIAIINAaIALAGBUTBINTTIIATIZHTY
HosufiRnisfidnaunaiaiadeutios Taeidletar SEL luussifiunraldldvesaunisludumey
nImugeuaun1sazdanduaavinvesrAuianaIaunsgulunIsiue (SA, 2017)

n1sasruazniuaauauldldvasaunisiisunInggiu
TaA1NsaAnAuLaIvesisguaudnlnalngau medsiauuuazioundu (Reflectance)

Tneldausneaulunsadrsaunislugas 1,100-2,500 uluwns Fadunnnusedulugrades

dunlsusn lnewussiegnseanidu 2 nqu Ao ngu Calibration set wag Validation set l4@naunis



FondeghanuuiutisnegmuiidvuadefmuniuvisudulaS1uruieafide sy
szml,ﬁatmqmjm Felduuuriugag 1,5 dusuadisaunisiisuninsgiuaAlusiu ADF wag ADL
waglduuuiugag 3,5 dmdvaieaunaiieunnsgiua Tnguits lufu 160 uag NDF erings
Calibration set 1nviaun1siguNInsgIulaglgmannis Principal component analysis (PCA) wa
T¥wdnnsAuanammailuda (Mahalanobis distance) ilesndog1siifideguanngueen @
@hﬁﬁmﬂﬁﬁawLﬁmmwmamma WU Msaunuiiianaavioruiinunives awnlnsiines 1wy
fiautugs viegnmniige (Uuuia, 2564) fafu vilimdenguiegnadmiu Calibration set 1
Toguira WWshu lodiu 1d1 NDF ADF waz ADL 97u3u 152 140 126 148 147 141 uwag 149
frog19 auddy fleresduszneuniaed eglutiarisign-Agean Wity 86.28-94.13 3.29-
12.32 0.64-1.28 3.35-9.32 56.88-73.78 32.31-48.38 uag 1.56-5.02 WoslGuUAmuanu uay
nauoEsd MU Validation set fiFesAuszneumaniioglurig Anga-rgsgn windu 88.21-
93.82 3.32-12.32 0.71-1.28 4.74-8.91 57.66-73.05 32.94-45.71 uag 1.91-5.01 Wosidus
iy dauandly Table 3 JsazifiuinyndoyavesusazAlunguiiogisdmiu Calibration set
ATBUARUANZIEALATAPNEAYBINGNFIBEE MU Validation set Tnesognaria 2 ndu fldade
InalAesiiu

Table 3 Number of sample and nutritive value of calibration set and validation set of baby

corn stover.

Calibration set Validation set
Parameter

N Min. Max. Mean SD N Min.  Max. Mean SD

DM, % 152 86.28 94.13 90.70 147 32 8821 9382 90.72 1.49
CP, % 140 329 1232 881 184 30 332 1232 857 2.09
EE, % 126 0.64 1.28 093 014 26 0.71 1.28 0.95 0.15
Ash, % 148 3.35 9.32 634 099 30 474 8.91 6.36 0.91
NDF, % 147 5688 7378 67.09 332 31 57.66 73.05 67.28 348
ADF, % 141 3231 4838 3884 293 28 3294 4571 3888 323
ADL, % 149 1.56 5.02 379 074 38 1.91 5.01 3.72 0.76

N, Number of sample; SD, Standard deviation; DM, Dry Matter; CP, Crude Protein; EE, Ether Extract; NDF, Neutral
detergent fiber; ADF, Acid detergent fiber; ADL, Acid detergent lignin

Mntutnguiiogsdmiu Calibration set wadaumafisvinmsgulaglilusunsy
d115a3U WINISI IV saufiunisldndnadi@ PLS regression wuu Full cross validation wag MPLS
wuvUiuudsuayliufuuda ielildaunisiiffianlunsinneesdussneunaaiiuagen Tngay
flansananannsiifien SEC waz SECV s A1 R? wag 1-VR fiAge (Guo et al, 2021) wuirdoya
anafuidsldfinsufuuss fdnwagniruaziinisnszsasfvesanaiy Tenson (Peak)
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widondiouiu mu Pigure 1(A) ilsaneuuansnsvaseynafiod Tuissdueleviaieg
danalinsnszidaudunnsnaiu seiiorhnsususiaUnasusemaiandamans a1unsatae
anadeninanls A andygIusuniu ann1INTzIRwLaNLazanAUlADsLsazalUnaTY
M1 Pigure 1(B) ay 1(C) lnan151475 SNV wag Detrend sauAunsly 1% derivative wag 2™
derivative ﬁagﬂugﬂ‘um Derivative, Gap, Smoothing, Second smoothing ﬁﬂﬁmmmu&m@ﬂﬁ
wasndeuiiluanaueenaniu wazanransenuiivildadnnduiauaiuiunaontisainy
g1AFU (Euius, 2508) Faazifiuiannsuiuudisanasuseomeaiatnasuazdsvenedyaali
FauuntuLazanAULUIUTILT Bnaiat uaInnsnssdsawaeiaege (Kasemsumran et al,

2004)

Log (1) - Normat sampie ams

(A) Original spectra

Normal sampie axis.

15t Denvatve

ne e

(B) 1*" derivative spectra

2nd Derivative - Normal sample axis

[
Wovelimgihs

(C) 2™ derivative spectra

Figure. 1 Original spectra (A) and 1°! derivative spectra (B) and 2" derivative spectra (C)
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Table 4 Statistical analysis of Calibration set and Validation set.

Calibration set

Validation set

Parameter Treatment

N R® SEC  SECV N R® SEP  Bias  RPD
DM, % MPLS  SNV+Detrend  2,8,4,1 152 097 025 0.35 32 096 028 001 528
CP, % PLS NONE 1,5,5,1 140 097 032 0.38 30 098 027 003 769
EE, % MPLS NONE 2,4,4,1 126 093 004 0.8 26 093 004 000  4.00
Ash, % MPLS  SNV+Detrend  2,8,4,1 148 096 020 0.35 30 093 023 001 381
NDF, % MPLS NONE 2,8,4,1 147 098 048 075 31 097 056 -0.02 570
ADF, % MPLS  SNV+Detrend 2,881 141 098 038 059 28 098 048 003  6.75
ADL, % MPLS NONE 2,441 149 097 013 021 38 096 015 001 512

N, Number of sample; R?, coefficient of determination; SEC, standard error of calibration; SECV, standard error of cross
validation; SEP, Standard Error Prediction; RPD, Ratio of prediction to deviation; DM, Dry Matter; CP, Crude Protein; EE,
Ether Extract; NDF, Neutral detergent fiber; ADF, Acid detergent fiber; ADL, Acid detergent lignin.

MnauNfisuINAsHIUTiATignveausar s8N TvinunesdUTzneUNILATingY veady
fnmiinseu uanslu Table 4 wuiraumsifisuanasgIuiidfignuosusazen fid1 R? oglutas
0.93 - 0.98 waziilenuasunrwldlavesannis nuinden R? oglugie 0.93 - 0.98 wWufy Faen
R? egfluinaeiadeseniden vsuenfsinaunisiildamnsaluldvingluauide suuseiu
Aunn auddldldfunnanu Williams, 2019) wazdldn Bias suewindy 0 sAn Bias Aasilanlyl
uAnenean 0 esiiteddmeadfiiseiuanudertu 95 Wesidus Fedu aumaiisunnsgIud
1¢ifiAn Bias s Ysuandneniiviiunesie NIR liuansdnaandiassitiiasgisneismandl

Sofisananaldldvesaunsaindr RPD wud aumsifisusnasgiuihuneainguis
Tusfu NDF ADF uag ADL fidn RPD 11nn1 4.1 3uly daufuaunisiiveniBeuannsaldvhungld
sydugemen wazaumsviuneenlusiu uazidh iuaunsiiegluszdudunnian RPD innin 3.5 34
ansotlUdvineldluduenuasnmnm wenndotu Wiliams (2019) el f1 RPD > 4.1 Fuld
HuannsiiegludunanimeeniBen (Excellent) asnsathlliviuglfoonden uasdr RPD o)
Tutag 35 - 40 aunsegluduun (Very good) amnsmilulivneludumuauamauanile
91504177 SEP dauandlu Table 4 A1 SEP vesr1inguis TUshu oy 1«1 NDF ADF wag ADL
wiifu 0.28 0.27 0.04 0.23 0.56 0.48 uar 0.15 YA a1 SEP AsilAg aewfiudnen SEP
filddai wansainediatindidssiudiass msgidanuaanndous
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Table 5 Statistics performance measurement of developed calibration equation for chemical
composition according to ISO 12099:2017.

Bias SEP Slope
Parameter CGalculated Criterion Result  Calculated  Criterion Result Observed Criterion Result
value (To) value (Tue) value (tobs) (ta-o2)
DM, % 0.01 0.10 Pass 0.28 0.31 Pass 0.01 2.04 Pass
CP, % 0.03 0.10 Pass 0.27 0.39 Pass 0.00 2.05 Pass
EE, % 0.00 0.02 Pass 0.04 0.05 Pass 0.02 2.06 Pass
Ash, % 0.01 0.09 Pass 0.23 0.24 Pass 0.01 2.05 Pass
NDF, % -0.02 0.20 Pass 0.56 0.60 Pass -0.05 2.04 Pass
ADF, % 0.03 0.19 Pass 0.48 0.48 Pass 0.01 2.05 Pass
ADL, % 0.01 0.05 Pass 0.15 0.15 Pass 0.02 2.03 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(1_(1/2), The t value

UsliluANgN N YRIENNTHIBUNIATIIUAIENINTFIY ISO 12099:2017

Nnaumsiisusasuillflagiunmaaeumugndesesauns dnduduaunis
Weuninsguiiangs azuiiunUszifiudnenImyesaunsifisul1nsgIua811AT§IU IS0
12099:2017 (IS0, 2017) Bnads Fadusnnsgruildifunuimdumsuszgndlasldvaia NIR Tu
nsmUsuaesAUsEnauNIuATinieg Tudieg1s lagaginn1susyidua1mi1sads Ae A1 Bias SEP
waz Slope Auanslu Table 5 wuimnesdUsznauninaiivessudilnailngey de1 Bias vaavn
s18n157RENI1AN Ty Fanansiaanuianainndslunisiungiwsndnstunisadffseduay
Foru 95 Wedidud nanfe Aannsiemsinaeivazaiildainnisviweliwnsety Jan
SEP HesniwFewiniuen Ty nafe Annuianatauasgulunsiungsuiismediazsensu
1§ wazanMInTIadauan Slope WiarALdTLSUaIrINMTInTzdimaalidu Afildann
n3¥ue 399819A7 t Tun1IRII9d0U Slope WUIT AT tops UANUBINTNAT tr.oyz NA1IAD
Slope faliuans1391n 1 egaitddymeadifisssuanudesiu 95wWesidus

agUNan1INAaDY

1INAFATAUNTHIUNIASFINVIUIERIAUTENoUNIIATvaIAut I lnaingay Ay
wellatesdunsuseaninsalnl Tdveyavesaunasuyisaiiue1indu 1,100-2,500 wluwins
IoaunsieunInsgIurinueal 2 sEau Ao

1. aumafeuinasgushuealdludunanmeenies 1¥un aringuits Tusiu NDF ADF uae ADL

2. aumafieuanasyurhunealdlududunn Tiun lefu wasid

3. aunsiisunnsgIuilé e Bias SEP uag Slope rumasgiulunisussdiudneaingiy
1551 SO 12099:2017 ttevi Ul luves fiiniseelu
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