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regression) Tnefinsusuussadnndudssdunuulduazlalld SNV (Standard normal variate)-detrend
521U Derivative, gap, smoothing ag second smoothing 10 kU Town (1,4,4,1) (2,4,4,1) (1,8,4,1)
(2:84,1) (1881 (2,88,1) (1,55,1) (2,5,5,1) (1,10,10,1) (2,10,10,1) T¥2a819nnduduizsniiamnun
534 142 §19819 AaLdenaunisiiisuninssiuivunzanlanefiarsunainan Coefficient of
determination (r?) uagnas19ve3A SEC fiu SECV wazinnismuasuauldlavesaunisiaeiiansm
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Prediction of Chemical Composition Using Near Infrared Spectroscopy
in Pineapple Stem Residue.

Udorn Srisaeng” Nuttanart Khotprom? Sadudee Pongpeachan?

Abstract

An objective of the present study was to develop near-infrared spectrometry (NIR)
equations to predict the chemical components of pineapple stem residues, comprising dry
matter (DM) crude protein (CP) fat (Ether extract, EE) ash, cell walls (Neutral detergent fiber, NDF)
ligcnocellulose (Acid detergent fiber, ADF) and lignin (Acid detergent lignin, ADL). The PLS (Partial
least squares regression) and MPLS (Modified partial least squares regression) were used to
enumerate the spectrums. The preliminary spectral adjustment with/without SNV (Standard
normal variate) detrend combined with 10 sets of derivatives, gap, smoothing, and second
smoothing of (1,4,4,1) (2,4,4,1 ) (1,8,4,1) (2,8,4,1) (1,8,8,1) (2,8,8,1) (1,5,5,1) (2,5,5,1) (1,10,10,1)
(2,10,10,1) were used to adjust the spectrums of 142 samples of pineapple stem residues. The
most suitable calibration equations were chosen based on the coefficient of determination (r?)
and the difference between SEV and low SECV. The validity of the chosen equations was then
verified by considering the SEP Bias and Slope values as well as the Ratio of Performance to
Deviation (RPD).

The results showed that the r* SEP and RDP values of the calibration equations for
predicting DM CP EE Ash NDF ADF and ADL of pineapple stem residues ranged from 0.37-0.95
0.03-0.86 and 1.27-4.55, respectively. The equations to predict ADF NDF ADL and DM of the
residue were excellent, very good, good and fair, respectively. In contrast, the equations to
predict CP EE and Ash of the residue remained unacceptable. Based on the 1SO12099:2017
standard, the equations to predict DM NDF ADF and ADL of the residue met the standard with
a 95% confidence level. Therefore, it could be summarized that the precision and accuracy of
these equations are acceptable to predict the chemical composition of pineapple stem residues

by the NIR machine.

Keywords: Near-infrared spectroscopy Pineapple stem residue
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1. thegumndudulzsafiviomaiaudiuninanadulagldiaas NIR Spectrometer
f%0 FOSS §u DS2500 (Foss Analytical A/S, Denmark) fiAa15812@AU 400-2,500 urluiuns agld
TUsun3u ISIscan NOVA La3asaznatunnfuusaznvinaiu 05 uiluins lagussgdedidluead
Freen9 (Sample cell) indedregnslinszaisegsainaue ¥in1sin 2 Frriefots (Duplicates) N3
Sousavaszuansensesdlsznoumand S1uau 7 918m13leun @1 DM CP EE Ash NDF ADF uas
ADL thausiazsensiildannnisiaumdsiiowaniuaoanunduduaunndy 1 @useseu el
138071 AIN1SYANGYU (Absorbance)

2. egenndudulsaiinunsiaanedusiinsgiesdusenauniaaiisngg Tng3sn
13l (Wet chemical analysis) 16uA A1 DM #1337 930.15 (AOAC, 2016) wazAniduiUasifudinqusie
(Dry matter, DM) CP unisvnasidudlulasiaudieds Kieldahl udrgusiaunames 6.25 a1uis

aa a

In-house method base on ISO 5983-2 (2009) EE m1u735% 11085 (ISO, 2015) Ash mmﬁ%‘ﬁ' 942.05
(AOAC, 2016) NDF #3331 2002.04 (AOAC, 2016) ADF uag ADL anu337 973.18 (AOAC, 2016) lng
AAs1EA 2 Fresedns AdildZanI1A193e (Actual value)

3. mMsiRTgiAIANLAAIAAADUYRINTIAT gl uesUfURnTMTe SEL (Standard
error of laboratory) #1838 Duplicate blind test tiloagtianlUussiiuaunsiisunnsgruiadisld
lagAn SEL fipsunninmauianatnu1nsgiulun1svitune (Standard error of prediction, SEP) @a9
W (SA, 2017) ¥11N153LA5129 A8 ldR29819N A UAUUESA 91U 10 A0819  LARZAIDY1IMUY
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1. mMsafeaunsiiigusnnsgiu

UteyaaiUnafuiazesausenaunaaiiu1vniauduiusaie3s Partial least square
regression (PLSR) Tngldlusunsa WIN IS IV uissnegeenidu 2 nguiliiudaszdedu Aonguild
a519aunSgUNINTEIY viuneAl DM CP EE Ash NDF ADF wag ADL Uagngunsiadaauninugnaed
Y93aUN13 TARAIUNFUATINAUNSTBULIATTIUADNFUATIVADUAINNYNABIVBIANNT WU 80 #io
20 wWosidud nsadsaunisdunisadrawuudiugisauennaiu (Full spectrum method) 833
Partial least squares (PLS) wag Modified partial least squares (MPLS) saufun1slafinnsusuuag
aUnasy wazUSuLAsEUnasuLuy SNV-Detrend Liieananuwlsusiuwasassuniudus fienavili
Yoyaaiunaduiinisivdsuutasly wagld Derivative mathematics 130 Math treatment 7141
Derivative number, Gap, Smoothing and Second smoothing 97U 10 UU ﬁﬂ‘ﬁ (1,4,4,1) (2,4,4,1)
(1,8,4,1) (2,84,1)(1,8,8,1) (2,8,8,1) (1,55,1)(255,1)(1,10,10,1) (2,10,10,1) lagldarudruugily
Ailensldiaes NIRS (infrasoft International, 2005) 9¢ldaunsifisusnnsgiuvesusazsenssuiu
40 @unI3

mANduUsE AV anduTuS SIS sfuAYUe (Coefficient of determination, r2) §3A23
fidnlnd 1 ArrueainadounassuTeINITaiaNnIs (Standard error of calibration, SEC) ag
AAuRAALAGR UNIRE LRI sigaluuled (Standard error of cross validation, SECV) #Aasdl
A6 (Infrasoft Intermnational, 2005)
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2. nsnudauANNlTlavesaunIs

aun1sndndanunduiIu 3 aunisumiuasuauldlivesannisiieinussdnsninves
auni1sitaunsaldlunisyssdiualawiugunideedisds lngtdranasuvesiiegenguniuasy
Usziliupugnaesudugilngldmadnnieg laun A SEP AsiiAteenitaedyinues SEL (SEP < 2

SEL) ANLRAT0INan1esznIndilnaInisuinsgiuwasAilaainds NIR ArnuRanatnweis (Bias)



AIIAUE8NI 0.55 11 SEC (Bias<0.55 SEC) A1 Standard error of prediction correction (SEP(C))
Uouna1 1.29 SEC (SEP(C) <1.29SEC) Araaudutdlng 1 (Slope ~ 1) @1u35n15u03 SA (2017)
wonaNi lﬁﬂmimszﬁu%u@mmmmﬁumﬁmﬁn RPD m1135n15999 Williams et al. (2019)
seavidoadaunansly Table 1 inasAildlunisdnmdenaunisaudilindgnds asdonaunisifieu
wmsguiafigaies 1 auns dmsuihluldlumsvineesdussneumaniifeinias NIRS sioly

Table 1 Criteria of prediction efficiency: Williams et al. (2019)

RPD value Classification Application
00-19 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. AUNISWIBUNINTEIU aUNSTgULIRsgIUNAmEentn 1 aun1s Anden 2) dhunuseidiv
UsEANENIMENNINTFIY SO 12099:2017 (ISO, 2017) Msil

3.1 ANSASIIABUAT Bias Lagn15AILINAT Bias confidence limit (T,) MN&@Un1S 8171 Bias &

' '
a v [ = o = 1

AtipENI T, Wamedn A1 Bias luflanuuandnsedeiideddey Nseauanuiedy 95 Wesidud  Fean

T, Awadle fadl

. + t(l—OC/Z) *SEP

T, = +
Vn
Ty Ao A1 Bias confidence limit
thoy AD A1 t value UBINITNAADU 2 N3 ¢e Degree of

freedom fiaenndosiu SEP Aiflanuvindy n-1
SEP A Standard error of prediction (A1AUHANAN
1m3gIUluNSIUIEVRINGUNAGDU)
n  fe uumegslundunaaey
3.2 M5AFIEUAT SEP LHuASAUIMAN Tue (The unexplained error confidence limit) %10
AN SEP Waundn Ty wanein an SEP liflanuuansnegnadifoddey fissiuanudeotiu 95 wWoddud
o T Auanild aall

T, =SEC.[F

(a,v,M)

Tue fa  The unexplained error confidence limit

Fav .y fa A1 Fvalue



SEC  fe Standard error of calibration (FnAMuRANaIALINTgIULLNNS

#319AUN"5YDINGUAT9AUNNT)

o as  sveuanuiiazsiduvesmsiinnnuRanatnsdan 1
(type | error ) Inavily e 5%
vV A9 Nualidation set -1 (degree of freedom 7igonnanenu SEP)
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p A number of terms 38 PLS factors of the model)
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asAUsENaUMNLATIvaININAURUULIA
1.1 M3AATIEVB9AUTENUNNALAY
INNITIVTINEIRENUALFUAUFAIDEININAUFUYLIAININ TN BATNTHAZEFUIINTTIULN
Srmhelufiuiifninszees fmiavsraudidus wasdwiamesyd Eiegsdmiuainaaunis
yinunBA1 DM CP EE Ash NDF ADF wag ADL 59u¥isdu 135 133 142 140 140 132 way 138 §29814

MINEIAU TA1PNER ANEdan Aade A1 SD wazAn SELYatusarsens Tuazidundsiansly Table 2
Table 2 Statistical value of chemical composition of pineapple stem residue by total sample,

calibration and validation evaluation set.

Number
Parameter Evaluation groups Minimum Maximum Average +SD  SEL
of sample

DM, % Total sample 135 88.78 94.47 91.23 0.98 0.36
Calibration set 96 88.78 94.47 91.23 0.97
Validation set 20 88.95 94.16 91.23 1.00

CP, % Total sample 133 2.15 2.46 2.30 0.07  0.07
Calibration set 106 2.15 2.46 2.30 0.07
Validation set 21 2.17 2.44 2.30 0.07

EE, % Total sample 142 0.07 0.38 0.22 0.06 0.02
Calibration set 106 0.07 0.38 0.22 0.06
Validation set 24 0.11 0.33 0.22 0.05

Ash, % Total sample 140 1.52 2.07 1.74 0.11  0.04
Calibration set 101 1.52 2.07 1.74 0.11
Validation set 25 1.53 1.99 1.74 0.11

NDF, % Total sample 140 9.32 23.14 15.90 3.40  0.60
Calibration set 106 9.32 23.14 1591 3.41
Validation set 21 9.65 21.95 15.87 3.44

ADF, % Total sample 132 4.76 7.99 6.76 0.75 0.27
Calibration set 104 4.76 7.99 6.77 0.76
Validation set 21 4.80 7.76 6.74 0.75

ADL, % Total sample 138 0.54 1.70 1.10 0.26 0.26
Calibration set 103 0.54 1.70 1.09 0.26
Validation set 25 0.61 1.59 1.12 0.24

SD = standard deviation, SEL = standard error of laboratory



doutsaunasumessessimmneenidu 2 nau el useshanguiflddmsuasnsaunisuay
nquitldnaaounugniesresaunissiusiantsld Mahalanobis distance tiesnanasuiioguonnga
oon dennuavesnguiliiiensivaeunmgniesvesaunslel 2 1Wlnd 1 wansinaunsisnaridy
aumsia Seaziiuindeyaitliadaunsifiouinasgiuiiarseunquaringn-gean vesyndoyaiitnmii

MInegey wansinaumsisunnsgunld dansieiiaseunqu anseildduaunsyiuneen

L3 = v U ¥
parUsEnaUMAATURINSRUdUUEIA LA

1.2 MImAIANuAAIALARBUYBINTIAszluesUfiRn1s w3 SEL (Standard error of
laboratory)

Slenaaeuvnan SEL vesmsIATesian DM CP EE Ash NDF ADF wae ADL Tusineeinsnndudutysn
Fauandlu Table 2 efiuin A1 SEL vesens DM CP EE Ash NDF ADF wag ADL Sifnsn uanein Aaasnana
waeuraaminrgilufesfoRmatidaunanedeuten wasdothan SEL luussdiulutumeunis

sraeunldlivesaumszsasdianlugowivesraruianainnasgiulumsviung (A, 2017)

1.3 MSNAFBUANNTIUIYVBINBIUHURNS
meeneimaaivesegumndudulsse Wdiumsiesgiivion§iRng 2 wis fe

Ve uRmIngaideuaeiannnsiassiensdid . uNned e.dles 2.Unus1l Anlumsinseial DM
NDF ADF waie ADL wagviasuf URn1saudIdeuasiauomsdningsys aaunszen 0.9881 2LNYsy3
Fufiumsiiesigian DM CP EE uay Ash sudieliAnauiulalunmnmuemanvadoy uazuansd
Fnenmussiesufiinsuaranuasnsadvinmameaey saviadieliuilaiwanaaeuitldfienugnies
wiugh fennidefouasduiivensu Sddvinsmeaeuamutnguesiesufifinist 2 uwiiisuiiereu
Tumsiwswimand lneisn1sheldTand19Besuses (Certificate reference material, CRM) %9 A1 DM CP EE
waz Ash Ussiiuiieunuan Certified valued @umn NDF ADF iag ADL Useidiuiieuniuan Assigned value 910
MINAABUNUIN MY Lﬂi’]%ﬁ%’mmﬁﬂqﬂi’wmif\]’mﬁmﬂﬁﬁﬁmiﬁgﬂ 2 unia 161 z-score LA 2 uanedn wams
Anseivnemsves 2 e iRms eglusziuiiifimels swauBensauandu Table 3

Table 3 Z-score values to compare the mean of laboratory test results with CRM test results.

Chemical Certified/Assigned value Laboratory’ result (g/100 g)
composition (g/100 g) PHAT. Z-score PETC. Z-score
DM 9.70 + 0.54 10.59 1.65 9.96 0.47
CpP 21.43 + 0.43 21.50 0.17 21.25 -0.32
EE 3.40 + 0.24 2.95 -1.59 3.01 -1.81
Ash 5.86 +£ 0.15 5.67 -0.80 5.83 -0.21
NDF 23.40 + 1.04 2263 -1.14 23.74 0.51
ADF 14.17 + 1.04 13.29 -0.83 13.70 -0.46
ADL 4.23 + 0.57 4.07 -0.29 4.58 0.60

PHAT = Feed and Forage Analysis Section Laboratory.

PETC = Phetchaburi Animal Nutrition Research and Development Center Laboratory.
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2. NTESNANNTTHBUNINTFIULALNITATIVEBUAINGNADIVIIANNTT
nnmMsiauasivanasulugeeueeau Aau 1,100-2,500 wiluwes Ingldismsiakuvasnou

n&U (Reflectance) wuinguswesaUnadiusiavieg uliduanniuiivaendoutu Susnailomniiegs
Fhinaunuiiefivaunady suanmsegeiildin &3 Figure 104) Wuannsuwessegsnnguduizsn
amadshiimsuTuus Snhvaradnasudiléifin (Peak) nfwaiimadeusvosunasy wseay
uanFsBsINARY MR arA I uB s neUM AT Tiazaneglui e e suenldlsidaiay
(Williams et al., 2019) @3 Figure 1(B) uaz 1 (C) Hunmanasufiinsusuuswesaunsiunsnsaaou
PNUYNFBBsENN B UL N STIUlUMTIIWEANAIMIATUEA1Y Mamallanatinmans Ao SNV-
Detrend iU Math treatment ifletasannsnszidauasuaznanszvuiuuaas Inemsld Dervative flaglu
3UY84 Derivative, gap, smoothing and second smoothing &4 First derivative suaaal,ﬂﬂm%’mssmal,ﬁ{]@mﬁ
anasudaniutunsiinaentismuenadu Ao MadeushvesEUnadumuuunn Y HANTENULUUA D
(Multiplicative effect) Suinanvuneynevesineg1siuananeiy syniavnalugjaziasuiinmams
wumsvesuasasivlugegndlivesadaintueynavadn vlvuasdumadiluluseddldszesms
WnnnIAeuTivasTiaunduesny lignaandusnnId w04z#l Second derivative vasaUnasu awviliin
miLLaﬂsumﬁ;maamﬁmﬁam%@uﬁuag d7u Gap waz Smoothing Azt eUsuaUnasufddnvasdusenuay
SnnsvanelviSeuty (eUUS, 2548) wonNFainsld MPLS way PLS tndeSuusisainadalsiaty ms
asaunsnnAudUUrsaiinsld MPLS 91w 6 9195 laun DM CP Ash NDF ADF wag ADL waziinisle
PLS dmuu 1 519ms A EE G9a1nmssenuves Shenk and Westerhaus (1991) 52131 MPLS Trinalums
e SEP vesdumsiisusnsyihneliatuldinnndt 18 wWesidus deleufuls MSR (Modified
stepwise regression) Taens? MPLS a§1saunsfi MPLS a¥samslaaty Westerhaus (2014) v amedn
MPLS aa¥vaumsifisusnasgiuiinnglfuiugmitaunisiiadnalag PLS se PLS 2xlvinad fuanmsy
fiflenuuusuTunesUsenaulunsasaunis (Calibration constituent) du MPLS a¢linaflofasnis

Y A o | A A& v [y 1 v v 6
G]91LL‘Via\W]NW‘UEJ\?WJ’]ELILLUiU?’Ju“UﬁNﬁLﬂﬂGﬁMLL@%L"\]’WQW]N"U’N?]@MWLﬁﬂu@UUUﬂLﬂﬂmﬁuLLﬁNﬂ’J']ﬂJﬁiJWUﬁqfl
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(A) Original spectra
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(B) 1*" derivative spectra
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(C) 2™ derivative spectra

Figure 1 NIRS spectra of pineapple stem residue (A) original spectra (B) 1° derivative spectra
and (C) 2" derivative spectra

NnYeyaveinsaiaun1syingeiAusEnaun1uaiinie) venniudulysa eavidensauand
Tu Table 4 wudaumsiignaadenlunisyiiuned CP uag EE fA1 2 iy 0.32 wag 0.14 audisy
3AN 2 ¥ea CP HAduilesannuiuna CP luiogranndudulssaiiandin Ao fidegluras 2.15-
246 % vilbiAmaganduuasies Yasdeyaihinnairsaumsiifidouay (sugvs, 2565) esanmndu
Fuueaatiesiuszneudnivgazfuntiauazidels vawfien 2 vessunafisvsasgrulumeinied) DM
Ash NDF ADF uaz ADL ilregflutiag 0.87-0.96 1ilnd 1 Taeynaunsiigndnidensnnsinaouamiugndes
wuinilein SECV singm uazilAn SEC SECV uaz SEL TndlAsat Wensaaeumiugniesvesaunis wuin 4
A1 2 aglurae 0.37-0.95 dIAn SEP < 2 SEL, Bias < 0.55 SEC, SEP(C) < 1.29 SEC uag Slope ~ 1
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Sofiansananuldldvesannisainer RPD seazduaduandlu Table 4 wuin aunnsiigen
Honanunsaldlinnay Ae aunisviiunedn ADF (RPD>4.1) aunnsitldlunisaiugunssuiuay fe
aun15¥1u18e1 NDF (RPD agflutiag 3.5-4.0) druaumsiildldszfuaiuquasisnanin de aunis
viuree1 ADL (RPD oglutag 3.0-3.4) aunnsiltlalusudaidon fe aun1sviiuiser DM (RPD of
Tugag 2.5-2.9) uazanmsildldlunudndondosiu Ao aumshuie Ash (RPD aglutas 2.0-2.4)
duaunsviiunean CP uag EE delimunganlunsiiluld nsiidn RPD wes CP way EE fld1dn 819
iAnndediinluFesesdusznoumaaliiivinanvedifudluseganinduduus sadouthas vinli
Pateyaues CP uay EE Idouay dwalaideduunnsgiuvesimiand (SD) i wagyihliian RPD

aluse Wesan RPD 1udndiusening SD seom SEP vessredslunquildlunisasiaaeuniy

v
aaad=

gnifesasaunIs Calibration fetiudanisusuussaunislafienadaftuld Inewiiusuiusaoendlilif
1nwe wagilrinsaunauAringn-gegade wihlvassaunslml agiililddasdoyaniitu Tae
nafufegslidianuvainuaneiivludiuaguazgania ieifiuaiiosnmuazauusiugiluns
ugiregadelulusuianlusuian LagainnisduAuNsAnwIunaumeaiia NIRS vasnInauy
Fuvgsasislusaginaussmalinunanuddomeinud Jebifideyamativayunavesnisaiisaunis
yugesAusznoumaaiiludiud

Table 4. Statistical analysis of Calibration set and Validation set of pineapple stem residue.
PLS Calibration set Validation set

Parameter Treatment factors

N r? SEC SECV N r> SEP Bias RPD

DM, % MPLS None 1,881 6 96 091 025 0.32 20 0.85 0.24 -0.04 261
CP, % MPLS SNV-Detrend 2,551 2 106 0.32 0.06 0.07 21 059 003 000 1.62
EE, % MPLS None 2441 1 106 0.14 0.05 0.06 24 037 0.03 0.00 1.27
Ash, % MPLS SNV-Detrend 1,551 8 101 090 0.03 0.07 25 0.74 0.05 0.00 2.00
NDF, % MPLS SNV-Detrend 2,551 5 106 094 0.80 1.25 21 093 086 -0.01 395
ADF, % MPLS SNV-Detrend 1,551 8 104 096 0.14 0.27 21 095 0.17 0.00 4.55
ADL, % MPLS SNV-Detrend 2,551 4 103 087 0.09 0.15 25 0.90 0.07 0.00 3.15

N = number of sample, r* = coefficient of determination, SEC = standard error of calibration, SECV = standard

error of cross validation

UszliuANEN T WYaSaUNSTIBUNNATFIUAEINATFIY ISO 12099:2017
NTayasIgavideasiuanily Table 5 wuimnesruszneunaaiivasninaudulssa den

Bias ¥0N318N15UeeNI1AT T, BauanadrAianuranainadslunisiunelufideddynisadan

o A o s & ! ! a ¢ a oAy v ° |
STAUAMNLTOAU 95 LWasIHUA ¥18AININ A19INAITILATIERIAT LA ATTlAR 1N TTuI ey
WANE1aY T SEP daunindn Tue waneinAInuranalnuinsgiulunisiuemiieanaazeeusy
19 1azaINN1TMTIVEOUAT Slope NIDAIAINNFUNUSVRIAIAINNNTILATIZRNISLARAUAITLAAINNS

e F99g19AN top, TUN1TMTIEDU Slope WU Atop, HATLBUNTN t1as) NA1IAD Slope Al
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[

N137973@0UANNYNABIYRIANNTT InTnTuaunisinguaInsgIuianga ileuseiliudnanineig

1ASFIU 15O 12099 : 2017 (SO, 2017) Fafuanpsgruildidunumdunisuszendlagltinatia NIRS

Tumsmusunaesrusznouniaailnige Tudegns lagagyinnsusziliuamieaia Ao A1 Bias SEP uag

A1 Slope

Table 5. Statistics performance measurement of developed calibration equation for chemical
Composition according to ISO 12099 : 2017 of pineapple stem residue.

Bias SEP Slope
Parameter  Calculated Criterion Result Calculated Criterion Result Calculated Criterion Result
Value (T,) Value (Tue) Valuelt,,)  (tr.a )

DM, % -0.04 0.11 pass 0.24 0.32  pass 0.00 2.09 pass
CP, % 0.00 0.02 pass 0.03 0.08 pass -0.20 2.09 pass
EE, % 0.00 0.01 pass 0.03 0.07  pass -0.08 2.07 pass
Ash, % 0.00 0.02 pass 0.05 0.07  pass 0.03 2.06 pass
NDF, % 0.00 0.39 pass 0.86 1.04  pass 0.00 2.09 pass
ADF, % 0.00 0.08 pass 0.17 0.19  pass -0.06 2.09 pass
ADL, % 0.00 0.03 pass 0.07 0.12  pass -0.01 2.06 pass

T, = The calculation of the bias confidence limits, SEP = standard error of prediction, T, = The unexplained
error confidence limits, T,,, = The observed t value, Ti;.a/, = The t value
970 Figure 2(a)-2(g) Ao N3 MkansmILduTussenIneaasefildnnslnseseisnand
(W Y) wagiildarnmsiunefmeauniadieuinasgiu wau X) nuitaildainnsiunevesan
NDF ADF uaz ADL fienlndifsafuaiase Taedlan 2 windu 0.93 0.95 waz 0.90 Fsaunisanuisals
vhungldfusnunuguaunm adildainnisiuisuesdn DM Jan 2 windu 0.85 aunnsanunsald
vunglgfunuinlusiustanudde Adildannisviuneuesd Ash fidn 2 wiafu 0.74 @unisanunsa
TFuelanuulszana arfilaannsyiueaesan CP il 2 Wi 0.59 aunisaunsaldviunsle
LWUU screening LWesdy dau Amitldannnisyiunevesen EE Slen 12 wihiu 0.37 Selduuzihlfiunld

e (Williams et al., 2019) faavinisiiuduIuitegaioasvaunsWieunInsg vl

(a) DM (b) CP
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(c) EE (d) Ash

(e) NDF (f) ADF

IR F

ADLE Pt

(g) ADL

Figure 2 Relationship between actual and predicted of chemical composition of Pineapple stem

residue.
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