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ABSTRACT

This thesis proposes to monitoring of acetic acid and ethanol concentrations of
rice vinegar in bioreactor using near infrared spectroscopy. In vinegar fermentation, it is
necessary to measure the concentration of acetic (AAC) and ethanol (ETC) daily to
determine the total concentration of vinegar. The reference test for the AAC is titration
method while that for the ETC is by the Ebulliometer. Both measurement methods must
be taken by an expert. It also takes a long time to measure. This study, therefore, proposes
the use of near infrared spectroscopy techniques to predict the AAC and ETC to reduce
the duration of measurement. It also reduces sample loss in measurement. Result
indicates that, the model developed by using the partial least squares regression (PLSR)
by average of three spectra for 1 sample is better than other models. For predicting AAC,
the coefficient of determination (R?), root mean squares error of estimation (RMSEE), root
mean squared error of prediction (RMSEP), bias and ratio of performance to inter-quartile
range (RPIQ) was 0.959, 2.30 ¢/L, 2.44 ¢/L, 1.1100 ¢/L and 9.26 respectively. That means
this model can be used in most applications. For predicting ETC, value of R?, RMSEE,
RMSEP, Bias and RPIQ was 0.938, 3.15 ¢/L, 2.73 ¢/L, -0.3960 ¢/L and 7.49 respectively. That
means this model can be used in most applications. When the models are applied to the
unknown for validation, the models can be used for monitoring the acetic acid and

ethanol.
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regression coefficient TSUAY AAC e
ms@mmaqéﬁmi@mﬂﬁumqﬁuaqaLﬂﬂm'famé’q%’ﬂmiaLﬂﬂm%'uLﬁaaéTuﬁ’u
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ETC
MLR
NIR
PLSR
RZ
Rep

RMSECV

RMSEE

RMSEP

RPIQ

SEP

SNV

TC

[

FeN1ANgaLazdyanyal

AMURUY
acetic acid bacteria

[ 77

acetic acid concentration AIULVUYUYBINTADLTRAN
ethanol concentration AMIALLYBENIUA
multiplicative scatter correction

near infrared {6 38uns 1150

partial least squares regression

coefficient of determination ATduUsEAVSAISARITAN
repeatability NG atoR

root mean square error of cross validation ANAINAGTIA
Lﬂ’g@uaj?é/ﬂﬁaﬂmaﬁlﬂ@ﬂﬂ’]iﬁ%‘iﬂjLLUUl“U;

root mean squares error of estimation ANANARIALAREY
fTﬁé’aaauaﬁlmaaLLw%aaﬂ

root mean squared error of prediction ANALARIALAREY
fTﬁé’aaamﬁlmaqnﬁﬁma

ratio of performance to inter-quartile range
Sanauvesiidemesinanemarunanndoundidonads
standard deviation of error of prediction audeauy
NWM?i?U%BQﬂ’NNﬂa’]ﬂLﬂgaug']M%JUﬂ']iﬁ']U']EJ

vector normalization

v v

total concentration AMAMULVUVUTIU

Xl



1.1 anudunuazanudrAgasslym

uaudeyduniesusmianismdunifenlufisusesadiig delninsauseas

a

feulaluisawendvig ihaudegladinisudnfigauy 917 919lne vienaly 1uau fswde

v v
o

wandeyiuismdnidmalnieaduteanesealaeislydan uwazminweanssealmiunsney
Fanlnelywuafiseluainznfeondau wevihlmasdunsafilsadfiien

v
o a o

Tufsndnhaudeyinilaeisuinswetaudiey (acetic acid bacteria; AAB) 2xdling

Y
v v
a o

Aadunsyuumaifansaesdanludmiinnniu sinisiamaiuiviuuesnsnesdin (acetic
acid concentration; AAC) wagtavinuea (ethanol concentration; ETC) Tugiauain TneAn AAC
wfaladindsinmemhaudioy 1agly NaOH Wudufiawmes uwazd ETC azinlasinedesdya
alofnes [1] oAU (total concentrator; TC) ﬁﬁ?@qﬁﬂﬂuﬁﬁwﬁﬂﬂfﬁguﬁwg [1]

osdunsusaadninsalnd (NIR spectroscopy) [2] Fadursimsznsednslaegis
signazluvaeiediidessinluneundousiogs wavledsiadl Tnendnisveaies
sunsusnanlnsalnd Aersluaduuasluriadesdunsise (NIR) dosnlludeds vl
Tuianavesfiegnegandundsin uaniimaiUdsunlasuesiuszseninserneuasisuauiy
lalasiau C-H, lulasiauiulelasiau N-H wazeandiaunulalasiau O-H lagiinAsin-na #30
Un-90 GLugUwai"Nq LLéuaﬁwﬁﬁmm’?ﬂﬂﬁ'mmﬁlﬁgﬂ@@ﬂﬁu Faaznoundedasiusonih Tng

d13130n599 708705999V (detector) warUszuranaldummsgandusasnaiiugindu

'
v o =

#9q adualansufiidnuwasiarsiluunaziiodns Feanasulumenduidesdunsisad
n 2ggnundUszniang wavinaduduiusinainiureyavenieg AT e nale3aTYing

' |
A )

Y
A A ad Y4 o ° ¥ ° ~ ° ° ) . . A ¥
Al ¥397350uq NlaAdnsgiu azleauisaauiisuiinsgiu (calibration equation) Litaly
iheainesns Ingiiaudeyilansiuanasie C,H,0, (5UN 1.1) Failiusy C-H uag O-H Jadl

o o

Audulanazdiihsaludesdunsusasideszrnale [2]
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/
H—C—C|

L o

sUM 1.1 lassassluanavesiaudey [3]
luisiaa AAC uar ETC madlandlumsinmuazdmaslyginiglumsina duu
sUszanaluniaadesdunsisaaninsalndluisiamunuiisiniaad Fadunuarinelu

Msanszevlaluisindn wavanusiamsgademegnalvuosas

1.2 anugaanguaingUussasAvanisAne
1. L'ﬁaamG‘fmmzmuﬁmﬁmﬂsmaz%aﬂiuﬁwﬂmf’]guéwﬁ?wLﬁagﬁuw%LimaLUﬂ
nsalnd
2. iiteasauuustaswinthes AAC uay ETC ’Luﬁ’wﬁﬂﬁﬂ%m’wg

3. eanszeznalumsindl AAC uag ETC luthaudey

13 vpuivseuuranudaildluniside

FIn1uiTeL304 Feasibility of monitoring acetic acid process using near-infrared
spectroscopy [4] Wu31 ﬂimaz%aﬂﬁﬂﬁﬁa@mﬂﬁuﬂ?{uiuﬁdw 1,800-2,500 nm FaLuya9ves
hydrogen bonded —~OH band ¥84 carboxylic acid Iuszj'NLﬁsJ%%uw%’%ﬁmLLazﬁﬁﬁ@m%’Uﬂ?u
esdunssa iewdnady 1,680 nm way 1,724 nm [4]

$1n$ 113381309 Monitoring of the cellulosic ethanol fermentation process by near-
infrared spectroscopy [5] nuirdihsaludesdunsnusaaninsalndiieysihateriues
971 production of second generation (2G) or cellulosic ethanol la (5]

wardnrs@nE1iuidesneg 1w Rapid detecting total acid content and classifying
different types of vinegar based on near infrared spectroscopy and least-squares support
vector machine, Real-time monitoring of process parameters in rice wine fermentation by
a portable spectral analytical system combined with multivariate analysis, Comparison of
calibrations for the determination of soluble solids content and pH of rice vinegars using

visible and short-wave near infrared spectroscopy, Prediction of organic acids and other



quality parameters of wine vinegar by near-infrared spectroscopy e ¢ Prediction of the
concentrations of ethanol and acetic acid in the culture broth of a rice vinegar
fermentation using near-infrared spectroscopy Imaﬁilmf’wﬁ@yw%% multiple linear regression
(MLR) $1nd1139etnanuiifsiiheniiuuuauuesnsnes Sanuazieviueameiilessunsse

awnlnsalndihnae undaluimsvinheaiuwuruveinsnes danuasievinueatutiaudiey

Imeiilesdunsusaauninsalnd Ineiasizrnie7s partial least squares regression (PLSR)

U A

‘uaﬂﬁﬁﬂ‘f:‘if’]Lﬁuaﬂf’;ﬂizﬂauﬁ’mLﬂﬁﬁﬁﬁ’]i@ﬂ%UﬂaULﬁﬁJ%@quﬁLiﬂ findweedy 760
nm daduiisduazifiousss O-H str. Third overtone, findug1aAaw 970 nm daidurig
duaziilouves O-H second overtone, fiad1ug1IAdu 1450 nm Faduisduasifiouves O-H
str. first overtone waz findwdnau 1940 nm dadumsduasifiounss O-H str.+ OH. def

satuihaudreydureavainiundussadssneu uasiinsnesdfinuasievituea Aty

1%
o

mslumediatlesunsisalumsinies AAC waz ETC Tuthaudeyuniddiadwduldla 4n

YoyavIIRUNna1 unegulsnAdimasfndanssausvadLuuIIaed

1.4 YULUANITINY
ihaudegilavaasuneadutaudeydndrndndsmiinludamn intemal Venturi
injector bioreactor (U 1.2) Insswheiliothaudioy warlusisaununasleiedos FT (Fourier
transform)-NIR spectrometer (MPA, Bruker, Germany) @Wnuuuy transflectance 1 SI%LLVIIG
aqﬁl,ﬁﬂmﬁf;}uﬁsulaqc-ﬁmﬁﬂ 0.1 mm awnufiraenimgindu 12,500-4000 cm! (800-2500 nm)
AwnNuINg 16 cm® wazawnu 32 Ao 1 awnndu I%Lwiuwaqéguﬁui’a@égw%a aunuiivies

gaunnil 25+1°C uayiedegaumngil 0.0°£1.0°C ity

I._ 0-40 m _.{

diameter C:)
O i
. 2\ —\ -+
Cooling water out i
<«— 8 75 —
— B =A Air in
Cooling water in E ' -
=== = I i ° 1.00 m
| S T 6|5 high
75L 3 (1
8 | S—— 17
4 2 vl b -
25L e
: ~ , ; .
Working Working ’ i
volume for  volume for = =3

startup of operation of 11 Ll i~
acetification acetification

gﬂﬁ 1.2 internal Venturi injector bioreactor [1]



1.5 Usglewinanainazlasu
1. dahsadadn AAC wag ETC lnadgrerindarely 1 wdfinesiedng
dhsauseudanailumsindn AAC way ETC

anUSihaumsadevesegahaudeylumsina AAC wag ETC

S

o ¥ o =
anmstydnsLAll

1.6  tunsunssdiuey

d1n5U 1.3 wanstunouvoatssiiui Businfafuiedisimiin ddedsdila
wuatu 2 @y suwsnilaunumeeduidisdunsianaglaveyaaunniu auflaesitluvi
F161984 lakn f1 AAC uag ETC aglaveyarensds viuuuiinniuaulaveyafifisswe ua
voyaaunzindiasen Sntuiveyaaneuuazaesddluadiauuuiiansnieds cross
validation wag test set Iuﬁﬁa%g’mLLUU%@@WT@QLM@%@@L% 2 90 Ao calibration waz
validation Imaﬁﬁayjam calibration shas1auuusnaes LL@%S’]“JE]%@“Q@ validation sinagau
AunITUzYRIMUUTIaes wameaadlruuuTaes Sinduiuuuiaeshiisuiiteuiu e

3 A Aaa =% a o
LLUUQW@@QWNaNﬂiiugﬂﬂV@ﬂ ﬁ]ﬂaﬁUqﬁlNaLLagﬁEUNﬁ



LAuFeea

v v
fsaunumBAaY [ SA9199 —
AAC ETC
| |
3Lﬂ§’13‘1§“{1}8ga <
v : . 4
calibration set validation set
v
AUUUADS
> ﬁqaﬂmu&am
v
ARSI MEL TSI USRIV 18D
v
Wasuiluuuusass
v
anUselavazuna

sUM 1.3 Juneumsaiiudu




uni 2

D.
D.
e

NOWANNYIVDY

21 thiuaey

and1ey (vinegar) wionsnaxdn (acetic) Liunan SumwinnisfindnTugdin
nszuIumandnluasinvasnad Imaﬁ:guﬁwytﬁmﬁﬂﬁmﬁamLﬁmaﬂaﬁ Sansudeuves
Wonuailiseluana Acetobacter ﬂ'aslﬁt,ﬁmﬂaﬁ%shﬁﬁLU?SuLLUaﬂLLaaﬂaaaéiﬁﬂé’wLﬁuﬂﬁm

aa

LURN A maMUﬁlﬂJ@ﬂuqﬁNﬁ’]B‘Uﬂ@Lﬁusﬂﬁlﬂma"]mﬁﬂ’i’]ﬂﬁ]’]ﬂﬂLLauﬂﬂLﬁ]@‘UuIUﬂ’i ddﬁ"\] mawju

©

)}

(% s

AUD3IN0 ‘uﬂszmummu UKAZA pH ¥UB3U mm%miaasmma 2.0-3.5 [11]

e

TnAun 67'1 shsavnsilelufsaany mawgmmsmmaaﬂlm 5 Uszinvlawn
1) waly wu ogu wetida au s 1uau
2) snffudadusiaUsenounan wu tume Turse tudgUznds Wuau Tasasnaunds

wulsndeduudmeutingly

v
a o

an
3) MELJJ WY LGUU ‘U’]’J‘U’ﬁLﬁﬁJ GU’]’JVL?EJ GU’TZJlIEJEWI GU’]'Jﬁ’lﬁ Y1ty ‘U’]'JLT\]W ‘U’Yﬂ‘WG’I Lﬁumu

v
o

4) un awu Anu 'm']au ’]N\‘] U WEJ. U 'WL‘EDlI Lﬂumu

5) LPanesea WU LOaNegealsesne weaneseafiandsasInsssutd tiesan

YRS

S a o

T,Né’mwamLLaaﬂaaaéﬁuUimmuaaﬂaaaémﬁaagj umy
ﬂalﬂﬁqsmﬁmugwgmﬂegﬁ 2 9 unsl A

1) fsvinuddmduneanssea iWunsuaumssinuuulalasiine wazsdedanty
@na Saccharomyces cerevisiae var. ellipsoideus U deuisalunareidu
Leanogea

2) fsuinueanesealmdunsnezdin Wunszurumsusinuuulesnie uagsrdeie
wuafiSelunau acetic acid bacteria \Wasuuoaneseaindunsnesdn

Uszunnuasu 1auaey dshsawudlayusvil

a [

1) distilled vinegar \duu aideyiindniinueansgea

A a [

2) cider vinegar uuMardeynnandnu walda (ieiuvdnusedi 10 Obrix)

3) malt vinegar Juu aideyindndninivean

| v T 72PN I VR 7 v
= a o

4) whey vinegar {Juw aideyndadinu i sk uunngnyilnansumad

Y



5)
6)

1%
a [ o

rice vinegar Juw aideyInEnTNU

(% '
o

wine vinegar Lduu MaideyAinanInu e

wendnt wateliu audaBnvaeuseian W fruit vinegar ¥Inwaly sugar vinegar

[%

YNNu WFemseriNu waglucose vinegar vand1sazatenglaa iunu [11]

2.1.1 g2

Tudm (rice wine) inSesRuueanasea (alcoholic beverage) filytnaduingiv lnaris

o ¥ 4 o A a ¥ o A 5 ° o ¥ 5 ¥ ' i
viinaedesifiwsedlueglugUuresiud euavsenieamsninuuslugn wlavggneeslnluana

dnasaunaeiuiidia wazu danbazgnudninduseanesealunsensiumedan Tuaie

dugaairie [12]

U 2.1 T [13]

212 Wduaeydag [14]

W rAdeYUEY umufINGR Al

1)

2)

wisunande TnsvmsnSousvisiloidendesh Amylomyces spp. lyg1vins
potato dextrose agar (PDA) 40 g aevn 1 L s auto clave 81wisit 121°C 1y
181 15 it neunlulalumasauna 6 ml aevaen santuiluides stant soln
srisudnnouszinluined aded esadulunaenunsieln aseptic technique
10 uﬁmﬁ@quﬁﬁauﬂunaﬁ 37U

wi3en mold bran TnewFenngusuyuiinn 250 ml uanfuiimeuuagss
aziBunogieay 10 g adly Laintnsesd auto clave warnauy MgSOq4 0.25%
TavangUrayas 5 ml 91uru 14 930 Agnimis fuiaanily auto clave i 121°C

Wuadn 1 H2las Aehlnduwaiiirly auto clave 9nasasinundn Aellvduaidiu



3)

4)

5)

u*nsaf auto clave uadlavingusuway 2.5 ml neuaztnd sritudludeaduyin
sususiela aseptic technique 9101 uusigungiiveadund 3 T

sint Taswatnundendisly 1 Auwaniiluis Sndfuh mold bran fwdeslagh
mjﬂlﬁlﬁ’fﬁu waziintnges 1,000 ml not1a 1 kg LLaqumélasJﬁﬁnﬁNﬁ auto
clave wan viindi shilgaumgivesduad 4 fu

niinlauga laslufudl 3 vesisnidngra Inmevisidendedan (ym)
Saccharomyces cerevisiae FER1 @eshadungn 1 $u wanhandivinuas uiey
ﬁ:ﬂiaqLLasﬁaﬁﬁmﬂﬂﬁqmmﬁﬁmLﬁunﬁﬁ 7 $u Snthwhishanelsduagnsos
T

sty avdegng Tnetu adegmdnuay ludshmdnluds wediueiuumo
31 (TO) Tty 80 ¢/L RenasiuvosdauvuvasnInezdin (AAC) iy 45+1 g/L
wagAATIITeeviuea (ETC) 1y 3541 ¢/L TnsRnsunaiisvinyniy
quni ETC avanin 5 o/L 992ATU 1 cycle wasny Wi mihen 40%
yowiudnianun waadnlnsnasluuazusuan TC nwiiu 80 o/L i 1y
Masunsin cycle Tn LLazﬁqgmﬁﬂaﬁg%nﬁﬁaaaﬂﬁﬂ Tminlurinaweslsaazlndu

Waldeydn

(%

5UN 2.2 wradreydn [15]



2.2 H9%dn internal Venturi injector bioreactor

gangdn internal Venturi injector bioreactor iudwininadeynfAnau senwuuuay

Usziuglagig 1519a e dunindildudwmdnivinlvnssuiumswdniaudeymdnidussuy

1%
o W [ [

nanudnintusmaseludandn (intemal Venturi ejector system) [16] L0unszuaunsing

1
o w J

TyMSHANEIMINLINAUBINTA IAYBIAYNANNNTEIDIATINAIIVDILTIAUYDIVDIMAIN T UN D
\ialviiawsega (suction) vessrmameusndminiinlurauiuresvaimeludmin lneddy

v o o

wiesguinlumsguinvindndminiuludme uarashuludssvunandmindugime
ﬁwluﬁ’wﬁaﬁaLﬁmLm@maaa"wﬁﬁﬂr;j’mviaéﬁcj'mé’ﬁﬁ’m (air pipe) 1NMHM8UDNEINITN U7
syuunaivinusiase ludmdn Sadamsnauvenimdnensusiadusdied waewdiu
Uihagiiafiazaeluisilnlssansimisaiansnosdfinvesdeuuaiis gelu duhan
nannsaesdinduiinmunlalussesiadu wasdhsavnisminludnvarAsnludd (semi -
continuous fermentation) %ﬁﬁﬂﬁlgugﬂamﬁ’lquﬁﬂaﬁwﬁiaLﬁaa
szvunaumdnnfuermassludmdn lavimsanansvnsludiuvesadidu

wialulagnszanunaingunisainnsede nediauidnsing As 12907

|‘_ 0-40 m

diameter

1.00 m
high
75L
T
25L
. 2 Y Y

Working Working
volume for  volume for
statupof  operation of
acelification acetification

gﬂﬁ 2.3 internal venturi injector bioreactor [1]
(1) dwmsinauwnuadanavdia 100 L (2) internal Venturi injector
(3) Juvesles (4) inafnatiudu (5) dansessiiia (6) lsiimes

(7) %139 antifoam (8) AsavinAT LU (9) wSasinAaandiauluu™
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23 NSADZAN

nIMREaRN (acetic acid) %58 NIAUENAD NIADUNSENTRA1SUSENOULATIBUNS eI NU L

'
a

Tusssudnffigndidunsaeeu ludd dnduquiiiuendnva dsaw3en semede wazdwhse

o

azanglalul ueanegea waznfwesu dadiuatios ansvinaedl Ao CH;COOH danaudiving

o o

el Wmdnlaanainiu 60.05 ¢/mol ATIUNUIRUWYIAY 1.05 ¢/cm® YALfiantnIiu

v

118.1°C uaggaudadniniu 16.67°C oudeididnvauzidundnla ndnvesnsnesdfntiuazdl

ANUSanSge Seniianrsenana@eesdin (glacial acid) Nladinisaviaviuadl w7

e et dahsoun luiFednaierinu Maudeaiiey

o o

aa a Oy ¥ o d‘ % o o o yd Gl ! o o o
av@andhsondnthaudeynlvluisusdmislniisasouarviglumsaueugiing

wazlududunsrenasising inlaludiaivinanssnssdisisaguaiuay wazdsiAgniile

Y

[y o

Wisuiudrsinaiudiensinessutifou e wu uzdn uethy Wueu wavUsslosuvesnsney

FAnaudug laun
1) susiis velufsnueusihsesiuisuiidedinaunietsein Tnelelugy
maqﬁzguﬁwwguﬁﬁﬁmmz%ﬂL%@J%u 5-10% wiodsaransnosiRniuuTy 25-
80% waulugwihsifioufuasazadundunin-isvessivislulumieaunariis

WwiAulnvesgdunse inlusisdhsanulladiu wu whada dnaes waluuig

a

80 [Wunu Lazindev99nNINesRRn 1w lulReuasTLng LARLTeaRsRIAn 8110150

1%
o o

YanadlurunvwmsovunUiauiaUsdnuaunudadeann swANSukaziy 831

o¥

§
[

2) suisuwnve Wnseezdinidudvhazaediewssudisvsenauiudsduluis
nangUeuin 1w Guwedalndu Wunu wazdmsuihudndmesagdamsusndilsa
vaniau laeinsnesdiniinaueglugrsndyasiinlududinisasguesiosuas
IS a ) ‘d‘ 901 ¥ a v
@ adunsevininlsaydnieay

3) augndmnssy lensnezdRnfiduasiznladinnszuiumsviingidans adu
nIneLdRNAIINUTaVER Laviimsevuvedanevin nsnesdRnUssunnil 157190

=< a

muamfwﬁﬂﬁuqmﬁ’mﬂﬁm i suBendrain dasdedoeudn Mandnaulelng
W93 HAN qmé’mnaau?{lqﬁuﬁLLaﬂﬁg‘LuQmé{’mnsauWaﬂwﬁq uau

0) mufnnues hnsnesdinimaslugdiuias grrndnidesuandoqiunisludn
ualavdethsinauluimindasw Wemelufiseueufsaiagivlneadeii

aseanudgvelniuinuwazaaly [17]
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2.4 LNIUdE

a o o

wviuea (ethanol) %30 Lofiauaanasea (ethyl alcohol) Wuueanssealsugil d1xiise

Y
14 Z v
Y a [J

NARLAINNNTLUIUANTFUASIENYINNAT WAZNTZUIUMSUITNTINAUIININLUY WazuIsIanae

4
v v <,

=) c a 95 o ¥ o v ¥ %z’ U a o dd‘ = [ ) ! ¥
un3e Dol lududrsdmudmnsunandisiaiidus viieuniluusylovulnenss wu Tudu

a

Wnazde 1n3esy waziends 1unu 1Wuvesnadla lild svwmedie Sndunrhzin uay

dhsnazdioiilad graviiaail Ao CHyCH,OH Saniaudiviaeiided dwidnluanawify

16.07 g/mol AT1umuuuYINAY 0.7893 g/cm? 9aLfieawindy 78.32°C uazgaudsfasiy

-114.1°C wazUszlovvvosneyiuea laun

1) Tadudnsd swuipivnazans wu fswanaIosdisns g1 umeanduny

2) lsnaludomandiofiudosnivy wazanUSihaidomasiewia wu disfuwna
Togoa E10 (woanesea 1 @ dnsfuuudu 9 @) E20 (Woaneses 2 aiu iy
UUTY 8 d)

3) uaunauveASeRLLOaNegeanIaY

8) T msurisend eidednauna 1wy weanagoa 70%

5)  T¥@1nsuMSINATIIUELENN ALY AUAIUNANYDIU 1819L% 418]

2.5  N15hmse
fslnnse (titration) iufisiwseminuSiaesdsilunsiuainuuu (unknown)

AENTINUSIINSUBIE15ALA F9USIMSVRIdANTaraNgazTAINFURUsA UUSEES Taevin

UfAseriudsninsilsihavseaiuwuvuituueu Wnedsilunsiuaiuwuruazussyluvin

1% 1%

Mnunsun (titrand) wazd1sNnsIvATILLVLYULAITEIEN AN IUALYN

' '
a [

SUBUNLIENT
U Y

Ustudaane Sendnlvunsus (titrant)
dmsumsnmsannuiia andsminahlnmsaiuiisadiuned Senigeauyavseqn

I a [ % % a ‘

@z (equivalence point) IavinsaviUAsEiunenviseaviunediulua augandudawes

(indicator) Wasud 3en119agd (end point) Fudugaiiazefisinmsn lneneddwdufnnesi

a1 9

wishgaudgyinynginsaiuynanyanielnafssivinauyaaiinian alvdudaLnesiy

'
a

m:ﬁwzauéﬂﬁmzﬁﬂm@smagﬁwﬁﬁmgmamyjaﬁm yMlveanisnaaninaInAaoule

]

[

Tanaunsuiieaves (U7 2.3) Usenouniedndunan (stand) NEnTaisnn (buret

clamp) U309 (burette) vangUvam (erlenmeyer flask) uagnseiloddnn (tile)
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JUN 2.4 gunsailvinse

¥ URBIYDINTILNTA

1)
2)
3)
4)

5)

vssgdsazaeshasgiuatdudnde lavessiiausnaauldemuaeenlnun
Tedwngadrsaraedegnuailaaduvinguuy aUsihnsvesdsaraediegingily)

VUADUALALADT 2-3 A adludsazanufI8en9

aaa o o ] o

& Aa & dl' ' ) o o o S Y °
L‘ﬂ@lﬂ@ﬂ‘l/l‘U’JLi(ﬂL‘INEJ‘LJﬁEJEIEL‘VTﬂ'ﬁﬁgﬁ']EJlﬂGlii’]u‘ﬁﬁG’Iaﬂl‘ﬂ‘wqﬂ{]ﬂiﬂ’]ﬂ‘Uﬁ'ﬁagaqﬁJW}@S’N 1ag

v '
% A

Tyflevnefininduvingusun immsrenesdinasniiat deiluatdalyduiierdn-Unnanids
159 A5T19nTEA vt e huulee Wevgludunanisidsudvesduniamaslaiiedu Ans

wWasudluneuwsnazludns Aedlewdeudluuartiniinauluiduedafudnuanaingaluds

a A = o I

MR FofaiunouiinesseTuhndsiulufsdanonivdisazdreshnssumeaasih din
Wazaegilate mamshansmazvlalaneadondBuaulnimsdunndvesdufiemes
dufuvonyagh ngiidosu 1 919 9 lilmausin
FunmvhAruTesdisazdesog e nauhs [19]
Ca X Va = Cb X Vb 2.1

e C, = ATILNIYRIENS A (Frsazdesiadn)

V,, = U3hnsvesdns A @rsagdresiegn) ﬁiﬁium’mgﬂﬁnmj

Cp = ATLNTIYDIENS B GREFRIZEHRIY)

V= Ysshnsvesdrs B ladinmslnngn srumdndusanilefisgaauya
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= a

4

2.6 dyadlelings
dyadlefiwes (Ebulliometer) 1luiasesilonlvluinsnsrvaeuiiniueansgealumin
Ussnliu weseslasuiseenuuulniisuingainenvesimidniuyanenvesinasdin tned

o o A 2 ¥ o v o a a ¢ Y o 4 A a aaq¥y o oY °

AsaiiguInpenvesmtniuAAnILeanagea veRvansedileviini Aelviiegnuiazdin
lumsasiadmsientudin (Useaha 50 ml) landnsaialuiiudinneiisnsiadnsiey 1
a A

Fag1e wseslasiadd nlasuatiuioy eedndaiiusinsinazasainlunisnsiainans

LDANBIDA

sUT 2.5 Byadlefiiaes [20]

1 unasmesfsnsainduoanasea

1) ' arsnadunenuresiauades lavaeaumnsiiihfudaios e lussdudadaan
- EAU) Tarouauesinglunaafutimandu wasRamesludimeslumumg uaignnzies
weanoseaifiavingaientom™

Ly

2) srwumgampiisleysenlumeslufimesvyaiensiitndsesia 30 it Tufingaifionves
uuanhlUd seuuiRufisuiiesidunueanosea

3) afaasstiethmunindadesitosstiethosn sntutiifosisdvinfinesinsia
Uszshas 50 ml wasluiardes windnuestiiendafedidlufieios uandaiiarseiie

7 al



4)

5)

6)

1)

2)

3)
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U (I7 Oy U U d‘ ¥ > dl o U U d‘ o a
widsg1etniinasludiinieg a"U‘ViaE]ﬂLLﬂ’N]’NVIN’]ﬂUWJLﬂi’eN W’Jﬁi‘lﬁSWUGUG]UquW VIN)

Y

AAFIADULAULEDTHAZLALUNYaDLHUAIlUNTLUDNADULAULYDST AAWDSIUILADTLUAT WAL
WAIARELALA

% ad‘ s a s ¥ o o o a d‘ % a a‘ d'
ravdunngamaiivesiuiines (udseadhas 15 1) Weuseninaumgiiveailan
¥1UNT1 30 FUT 91U wadtnd L RsuuUkNU R gUi U SIS UALeanagea tagnInualn
¥ ! & S o a o Y a a a0 ° a
AILVUIIALABA VRN TAINSIAUANTHEANDEDAWINTY 0% %50 0 AN DTUAIRALADAVDS
Mg widmeglurnauseulu waIguAIANT g UAWINNaNTaULaN
(383 umANIUTENBY)

'
Y [

Fhsoudfinivesiodsihninmeounuiisuiivenifusueanaseateaias
dyadlefines
ausilnanidionvesu iinmendosdyadlefines studlawiiiu 100°C Tmieuunuaanay
sulu aufaiay 100 assfugnasil 0 A3 (Jenauiay 1) wnwasnausulufidifaun 87.0-
101.0 (Hudhillsuensuvsgaiitonvesiaedneu v fmneidu oc
aunilnaaidionvasieghuuinfienilasinislueiesdyadlefines fauviiiu 91.9°C g
anaanaumulufiiuvsiiey 91.9 (enasas 2)
fserumAniiogiaimiin é"mﬂ"’ﬁéhLaﬁuﬁagjuuama‘imaﬂaméﬁuuaﬂ awnuiiiaegn

%ﬁﬂﬁ‘lj’]ﬁ’]ﬁi'ﬂ"\]ﬁ@UﬁLLEJﬁﬂEJe‘ilEJﬁEJ‘QJJ 10.9 An3 (WnauweY 3) [21]

5UN 2.6 M3duAAnIvesu mlmIguUBUANIVaLATRId YR alilnes
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2.7  Wasdunssaauninsaind
2.7.1  vwiann1svaiiesdunsusaaunnsalnd

wadadesdunsusaaninsalnd (near infrared spectroscopy) L0umaLiaf

¥
v o [y aa o

Tananmsounsnsen (interaction) WoAAULHETDUNSIA (ATIUE1IPAUTEUING 700-2,500 nm)

Nanaludadan yilmiuseyhaalisieludan Inswmzednadaiusy O-H, C-H wag N-H voeian

q

4

v '
[

aatundu wagyinlmAns1sduasiiiouvesiusey Tneiswasusedundsiudiutusinnt 1
#u (overtone) iaLAns nisduaziTiouty 1 4 (Fundamental vibration) Wseufuveswuse
Faum 2 Wuszduly vnlulanasiuwosinsdu (combination vibration) wdssilefluidenin awn
Tnsfmes (spectrometer) deiumasuasiilnyisnduilossunsnsn Unidunasaiiamusilay
(tungsten halogen) LagfInT199A (detector) Tngismsdniesedhafiomsaunumeaunlng
finasdsihsavinlandeas 1w transmittance , reflectance, transflectance Waginteractance
Tne transmittance wasannsznudegrasunilslnefifinsiadn avinusihauasidueenti

dndegrslumunsaiudiy (JUN 2.60) reflectance waaazaNNIENUNHIY0I0819UALE1T

'
=

wnsnsedngluuSihamineuy wariausiuuasaznoundueaninlag Aansiadn (U 2.69)

a

transflectance wasdinuvasiLdauamnnznUiiesuazdesiufedisadunnnsznuing
lugandunas (wwuwsndinnemieagiiilen) ﬁagjé‘;mé’wﬁaasfw uaRnrsagnounduihgs i
n379% (3U7 2.68) waz interactance nszurumsiifnlunsdileifnlounitiuas (fiver
optics probe) LA 8DNINTINAIUIIUMIURIULBNTE I TAIANNTENUR 087 LavLaad]

gynausanindnill Fegeavgnadldimifingiainiusnaaiunds (5 2.69) [22]

—

F___,-'
= [12)
. N\

(A) ()
g‘ﬂﬁ 2.7 UUNTIn (1) transmittance (V) reflectance

(m) transflectance ay (9) interactance

fish - http://www.nirsresearch.com
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272 tumeulumsinneitoyasunadu

ﬁ’ﬁé‘;ﬂLﬁuﬁﬂs‘im%’wﬁ%ayjaﬁi’mal,ﬂﬂm%’m (U1 2.7) Usgnaulumetunou 2
Funoundniusdieuss fe Tunsuriisasrsaurisiflaviniie (calibration set) uazdunours
nsrasoUAtmgnABsvesanisTiastsTuih (validation set) lursasausilyviniie ioln
lﬁamﬁﬂsﬁmiﬁmﬁiﬁuﬁﬁﬁwﬁwfﬁ"']@mé’ﬂwmz@mﬁwwwamﬁmsﬁﬁgﬁmﬁﬁw%’m posInTumel
msihauisinsgiuilasinmsi calibration ﬁmamaaum"mgﬂ@?am:iuégwaaauﬁﬂi
shssuluisvinheaui SefuneudFoniimsh validation iilenaseuaurisiladi
ahuumdvdoly ielanafsmaaeuiiidefionaidahaussilalulainhemandnuued
nosrfising Snaneduiividisiaila Tnenquinedefidagaosdisiuiudaodadina
Anevegmaifississeglutagunasietsiiaziiiiesizalustian Tasiarine
U%ﬂmaaﬁﬂizﬂaw‘mmﬁ'ﬂwTaaﬁﬁ"wmaUﬂqw%ﬁwmﬁaﬁwqﬂLLasqaqmaqéfanN Tneilfsau

'
Y o

. el' > PN Y] PN ° ° Y o A ) PN
feg3 (sampling) Nignaes Liieaneuaziduiunuivesuseding msaudegatedudunaun

ddlunnsnaglaaudisvinineusiiaeanusenauyinaailing vinluaianaianlasiniisneass

anas yeninil msRIsaiITinszrinealideninduisnidudnssusasintuuauguiioln

laveyanignaes iesdnawaneauinsnased undy [22]

total samples

[ calibration set ] [ validation set ]
A 4
[ analysis samples ] [ analysis samples ]
¥ | v A 2 | v

[ NIR analysis ] [ reference method ] [ NIR analysis ][reference method ]

l | l |
v v

[ regression ] [ prediction value ]

[ calibration equation ] [ validation differences ]

—>[ model ]4—

sUN 2.8 ¥ wnadluisliesevveyaannsy
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2.7.3  msuTuudsdoyanaun1siinsizi
Jaduiidnanoanniuresiiedislaun gl Adwdunazvihneydia Ssaz
lvanaduiiladiniuuanseiu suiioshsinaswnseidwaazaimunnifidunai
SnATLTUTRIBIRUSENOURNDIANT IR Fes1aavnlmAnaiuuanmslunalsuan (additive

scattering) atUnaSuLiindusunaanyeAdngIInay MIeNaean (multiplicative scattering)

' v
=< A [ (g A

awnasuiuTuilieaduginiugady uendndanasunladiniisganauwadiesdunsisn

Y

Y o a o

WJuawnesunfinswiouyeuviuiuey (overlapping band) fiell ulunsiinsiendanluuiuwns

[
= A

ALITNIPAINAERINOU eanAIuAa AR Ul URsaT sRtaulYdl 5 35 A

aa o . . ° ° ° ) v 1Y) o o & Aa o %
1) Beuius (derivative) Ldumsviaduduveauaiunady tounTavirfiaidgiunang

v 3

¥
Y

(broad peak) \lossnmsyeuriuiuvesiia (overlapping) WALBNINATINAITUNAIVD LA
aldnasu (baseline shift) ARTINAIINTZLIINAS (scattering light) dlowasmnnsznud
ﬁaaﬁwﬁﬂﬁmL‘U?ﬂlauﬁﬂﬁ’me‘?}aﬁmaﬁiaﬂ"’]i@mﬂﬁuLLaqﬁmimﬁnﬂ?{uﬁN6] W eil ddwndarn
viavesedisluaiane fssaf wazmansgdiefvesiedeelueadussyd

LANANAY 5909 B30T uMeluFag19NwANAN UAE

a = )

a) first derivative \iusiaiuduresanndudesssundyimiadnadudaiaTunsd
paATIALEIAAY wioisidsusivesaUnasuuny v iessindvdnavesniindunas
ythnveseyiafiuand1ai f1991 first derivative YrinfsuUanumshedindeiusley
19 second derivative $1nn7n first derivative

b) second derivative 514 second derivative aziurmsiidsunlasaiuduresainasu
aLUﬂm%’uﬁlgazﬁgﬂﬁ‘l’wﬁl,t,mﬂﬁi"wai’wﬂaLﬂﬂm%’méwgu AsvininsiAsunlaswesaiiudy
ﬁﬂ:ﬁ’]iaLwﬂgmamﬁm?{am%auﬁuag awnafufiiufisusuunmaeis second derivative 7
nvedigavondidunanlududsuassuat éauamaammmé’w%agﬁmmﬁ’mﬁﬁﬁwﬁm
ﬁ?jﬂLLﬁ%@iﬂﬁUﬂﬂﬁam’%‘N{gﬂ ﬁwsgﬁmmﬁﬁm?{auuﬂamim%’mmaLﬂﬂm%'uz%"m"'ﬁml,aﬂaﬂ
sonvosalUnafuiiiviengeutuvesaunaduiuaula ﬁQﬁuﬂl@;ﬂaﬁlgﬁmﬁﬁﬂ%’mwﬁ

annsune7s second derivative adundeusinnninds first derivative

\ ¢ v
o

2) min-max normalization aiUnasuazgnuduiduauiiielvan y iengadanvinduaug wad

'
=< o o a

awnasuazgnudieiiieluan y aegauiniuasvuigvesinsaaduaay dedisaandning
nMsenmvssauaUnniy
3) multiplicative scatter correction (MSC) atUnmafuiilagnnnnsianisganauguuas

duNsIALkUU diffuse reflectance kagkUU transmission UNILLAANITNTLLIAS (scatter
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LYY

light) siatu ladifslaisvinemdadansinianit MSC dhusuumsanasu iumsiaaae

Y

Y09vaLANIALUNASLLNDAN BT NAYRIA1TNTLLIRILaY ududnisuilsndeulylunisanan

J
NANAA

4) vector normalization (SNV) 1ufnsyadnngundns sniunasInesmeninasaesesd
Y ﬁwm%gﬂé‘;ﬂmm LLazaLUﬂm%’ﬂm6]%gﬂvi’ﬁe;'saﬁﬁmﬁaawamaiwﬁ Zeili3ann
vector norm wesaLnniuiilaasindu 1 taue Seduhsnandninasiniiseniivesdy
anasu

5) smoothing 1dumsAnaieadulaediisunuaiisgandusaunazainugiadunie

o - c

AdgveInmMsgandukasiurahugnafunlgnauena1eIRiINg1Inaun i un

Y

'
a

AONNUNA $O31NY U UTIUNTIATINENIARY LAIAIUIUY NAUATURBDATIATIUGIIAAY

Y

[

Fednahsoandaivesdyausuniunemisganauwas Ineaslaanasunidnvasiilou

AUNASUR PULRILLTIVAL LELDLINNIN [22]

2.7.4 Uadeninasianisidmaiadunssagauningalnl
1) whnavelayin

vihaveseysadurasvasniuianainiididey iwsznveiiegiedl

v o o [J P~

A uduiusiuisgandunas Baluegiunnauifvesesnusenaureddns lnafiegavdingn

Y

¥ v v
o ) A

dhsaazneusadlafniviedisuiinlg Auiurmisaanfulawesauaunasudiegiiin

[ ' |
I3 o o v o L [y g

Bndadiienimegsuinlig whaveseydadslusytuismiousodidnae szas
yilnsiadesndseneuriaaiisnaty Sseslamawdsuiegauuuiientunnasaiivhiisie
wazaslndvtialnaifeatu
2) gungll
paumpivaaiodnsssarinsiselaglydunsnusnaninsalndsiahlnin
vofiandaluirsinesausznourhaail vhisunlulneeuaugungivememaanslvinai
3) ATl u
dutafeiinelnAnatufandinlufiseudesausznauraed atwiy

gnagadeluladnniswiendegnuasiaiusng [22]
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2.7.5 3501585198115 calibration

=y U

aums calibration Usenaulumeniedwls 2 ¥ds A fudsdasy (X) was

£%
o w o

wUseY (Y) AN5YdUTdaseNTlaT uduus FuAnUsAULTUId Ao i1 Sas19auniig

o

calibration @awudla 2 351dn Ao

1)

wavelength selection 1ufsidenaiiugnirduarsdadudindsdasyin
A uduiusiuafmulsinad ulnemsiidrsahdnveyavineada sl
a) simple linear regression (SLR) L0umsaseauisnusenounlsfwys

o o o

dosriafidauduiusiu Ao fuusdass (X) wazduuseu (V) SLR
umsidenfisisahaiuduiusidelsihavesiedisiiniiuginay
\fiesaiugnduie) (single wavelength) fsinszesaisznauring
wiimedunsusaanTnsalndidulululafalyafiwsnedula At

o d‘ d! o o aQ o o’ o a o 6 ¥ d‘ o
El’]’Jﬂau%uﬂ‘Uﬂ’]iﬁ/i’]ﬂill’]ﬂ«l@\‘iﬂﬂigﬂa‘U‘VlNLﬂiJGU’PNGI’JE]EJWQVLﬂ bUBIIIN

$79819U52NoUMIEIAUTENBUYNLALNA18TTAMIUAY AITUTIRDILY

Yayadnuaeaimgaiu (multiple wavelengths) Litevintdngusaine

v
1Y

29AUTENAUINLATIVDINANANANAIS SLR d13insaeulnnedl A
Y = bo + b1X (2.2)
k) Y - Aesrdsznauvihaed

X = A1MSAANAULAINATIUE1IAAUALALLGEN

Y
Dg= masiiaugadaunu Y e X daviiugue

b1 = Fmsiisanaey

multiple linear regression (MLR) LUU3SA53AS e Beaysaianinfuys

€

o

dasz (X) drnarudadlsnlylunisuszanamsindsey (Y) Ansuimaida
MLR silalunsiasizvinaleaninnninas SLR na1eusenis wu aunisi
as1avudinsanluletuseg1aniesnlsenavduseula agrelsAdunig
g ° Y aa a? a a o Y ) a A o o a
a319auM307835 MLR dveidemeisaAndendiuusdasevsennsganau

wasunagadugInfuniiatuduiusivresyaviuaiineslyiaiiiu

(%
o o

PUIUTBIAUTDETTUTRIWIUTDIATINE A UL T lun SauA199g
gnMdn lngdnuruvesitegeiuaihvimsneaeunesiieg1eduiudin

evivaufisfased windugnesauazuiugr Msdndendwlsdasevso

ATugnefuNminrarInaiugnaduianiassauisealaveyai
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a)
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[ W
) o

luasounquiinnie ivdivminglasnisd fdvhnintegeniiuness
dus MLR duhsadeuladaiiie

Y - bo + b1X1 + bzXz + bTLXTL (2.3)
e X1, X5 oo Xy = frsganduuasiiadiugnindu n sumu

bo, by ... by, = fdusavsisnanesfiniwegandu n

SAMAIR

full spectrum method fsfiazfisrsaindenaiiugraduiifiaiuduius
furesrdsznaviiindrtuneutiainlagin inveRnwanlade msly
voyaaiUnaduimuaviolurrsadiugiaduiiaulavzsslnaunis
calibration ﬁlﬁ?ﬁﬂfﬂmgﬂgaﬂﬁﬂﬂ%u full spectrum method tJumisiden
yreaTug1aduiimiizausinatiugaduianualuanadu (full
spectrum) thassaurslaginsansuiuiuUssass (X) wazasieinds
ﬂicjﬂviiiéﬁuﬁﬁ F3vieadnidonlolaun 2 33de principle component
regression (PCR) ey partial least square regression (PLSR) %1 9351l nos
Taluisasissudslniidend winwes wieswrdszneu
principle component regression (PCR) Jumaiaiilylumsansruiuves
fuUsdasy lunsdiifudsdassiisuuihnisansiuanvesiuds i
wusngudulsiifinuduius fufioaeiudsfusluaiend winmes
vioosnUsznou nimesfiasneduf Aenasauvesmainasunnatiug
pAuThmTnuAns ey w\IﬂLma%mn%gﬂa%gw'ﬁuﬁﬂi;ﬁwﬁwma%ﬂwEJmf’m
wsUsufimdedaasily inwmesuraviinmesunulufinuduiusaediu
Fadurerdmdumsingizane PCR demmsininnnesiousesuan
iininesdilasiv regression fuavinaaiilagleisidsassuasian
(least square method) FaglaAn calibration coefficient
partial least square regression (PLSR) F39zAeneAdeiy PCR uA9zaaiy
n3aMIB PCR ﬂizmuﬁ'}ﬁLﬂﬁf’wﬁﬁi’fmﬂaamﬂm%'mzl,ﬂuamzﬁmﬂizmuﬁ"ﬁ
yhaurisannesvesaus calibration slu PLSR Wisapenszuauisaggn
FouloudlhmetulasfifinimesnusznouyiaaithAnsuvoyauas
\Aervestuiisussfiudihaaidnln wnmesilasinds PLSR d1sse

avUneATukUTUTINYRwRYAkasLNgIvesiuisUsEIRuAIaAdl Tulaa
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Weaiuaunig calibration 1la31038 PLSR FaUseiliuavinaaiilagnnos

1113 U[22]

2.7.6 ASN1INAGEBUEANNIS

d‘ ¥ o . . ¥ ¥ 9; o d‘ ¥ o d‘
elaaunis calibration walaznesdraunnsnladimiugeuiiiol

[

AUTZANTAIN

¥99aun1sIa@1satvlunsuseiiumlanuuginnueeiiedln AeNISISASNAAaUANNIS

(validation test) #935ndeululumatindunssaauninsalndil 3 35 fAs

1)

2)

3)

cross validation Aafimsnageuludnvasiiduisnaasudiglu (internal
validation) 33anaaaunsil

finshegned 1 eenlusinnau calibration warthdegafindeshassauris
calibration ielaaurns catibration waafidshussduAdedhed 1 fisaly
oUW

fagatneil 2 sanluiifednedl 1 nduithsilungu calibration sauffy
ﬁ’aas?m?ﬁuf]ﬁmﬁal,ﬁaﬁégwauﬁﬁ calibration ielaaurns catibration sk
UszifluAveadaedned 2 vndrednidluifesqaunsertassifiudfiedi

ATUNNFAIRENTIFIREUAALAIEQNARRaN 1 AT Wil

'
o

Mnaaeumely ianalagfsnA1 RMSECV (root mean square error of
cross validation) 1usiasaiuunninesewinemitlasnisussdivlng
Taaurins calibration AusAieswiila (measured value or true value)
test set AFiTlsnagOUARIETUIT cross validation Lilesunazdngadned
azngu (Maunnmun) Weasieaurs calibration ¥analaniisgan
RMSEP (root mean square error of prediction) 1iurfsaatiuuansig
sywiemilasinisussidiulnglaauniig calibration fuAianszila
ﬁﬁiwmaauﬁaaﬁwﬁlﬂgﬁﬂ (unknown testing) Lﬁuﬁwswmaauimaﬁfméu
fodrayalual (external validation) suUszfiuAdnauriis calibration 7

v
¢ aNad o

a Ineegiagalnuiiunadiniesienneddismswieufmegsmsinadnn sy

v
o

anglunmeaessiulifemsulasveyaaunaiunasniauiunay
calibration vaA35814 Ao Medrdlunqulvuaznedifnesnisusaiiuegy
Tuyavaengqu calibration Asnaaeudnuueliisn1s As UrdIeg19nqu

Tu3inA@sEninaNneans wu ALUTAULAgTERISAS1ENMUU reference
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methods uWnuaevayan X wazinluinawnasumeiniaadunstsaaiun
InsalnduaniAmnlaldunualuauing calibration ununisveyagn Y U1
an Yo o ad o a o o = =~ a0 o aady Yo a
Hanladinisgeitiidsaliuseuiisu lneliavineatanlyinfe SEP
(standard error of prediction) #5® RMSEP (root mean square error of
. . . = ° aa o a o a ' = a a o
prediction) uag bias Fepnadfnariiduaivivenisuszs@nsainves
auns calibration dwamsvnheyTiuesadszneuhuaiilnafesiuna
d' g a ¥ ° o aada 13 o g o a o ¢ o a
191989 uaglnAamiheadaniuansiauisnheusihuesausznovrinuadl
Tugensula uwazgdrisaurlUlyievsihadiegameldlnegignaes

[22]

2.7.7  d@UTIOUSVBIMUUIIGDY
1) Aede (mean; X) [23]
X Lﬂuﬁmﬁwﬁlﬁ'«j’mﬁﬁﬁw%@gaLwiazﬁaasi’wimﬁ’u watwasailashs
ﬁaagwmwgagaﬁ sualadihsovidiaislasinauris

7= XX
N

(2.4)
dlo  X= Adsvessiodng

X; = AUeILAnLiIagns

N = srunusnediedt win
2) ﬁamﬁmwuﬁ’]mﬁm (standard deviation; SD) [23]

Lﬂuﬂ"’]LaﬁsJﬂJami']mﬁmmﬁaumawayjaLmawﬁl’aaﬁwﬁ’uﬁ’mﬁa MU

lngladeua veyaunazmilaiuuanddinAuadedinuegiiiedla nuanang

1%
[

ﬁﬂﬂLLamiwayjaﬁﬁﬁmzﬁwﬁwﬂ ‘I/?’mLLG]ﬂGTN‘LJ’e)EJLLﬁ@Q’S’]GZJEJMUaﬁﬁ’]iﬂ%%’]EJUE)EJ

Tngdsihsniaudsavuinsguladinauns

SD =

o SD = audsauuinggu
X; = AU0IUAALAIDENN
ALRAETDIFI0E1

1%

X =
N = 3unuseg199 avun
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a

3) AduUsEansisisisai (coefficient of determination; R?) [24]

R o Aflnansdnaiuvesniunlsusivluindsdass () fdahsaeste
At nUsUsIuluFILUSMY (Y) Feanves R? agiduuiniaue wazdiise
WIBUITiouAn R? Yasuuusiansiidasnssansdisnedt 2.1 tefisisaiassausves

WUUINAD9 tnednainsniian R? lasnnaunig

YL i=9)?
RZ =1 — = 1
Zli\il(yi_y)z

'3
a

gl R? - mdusedviinsfisnsain

Vi = A10199900UAaEH8E19

§ = Awintheveausaziions
y = Auadovasaenidiesiiodig
N = Swausheshed wun
A51edl 2.1 dsudandamhevesdn R uay R? [24]
R R® AduMing
0-+0.5 <0.25 ludnshselalu NIR calibration
£0.51-0.70  0.26-049 iuaddusiusiilud msvinimasa
£0.71-080  050-0.64 OK dwmiusdnidon (wuangw) od1svieny
£0.81-090  0.66-0.81 OK dmdursdniden (Wusngy) uazisuszshamegmeug
£0.91-0.95 083-090 lameahusedaseluisuszgnaloaulng siufeinside
£0.96:0.98  0.92-096 lolursUszgnaluaulugy sufeisusziunmsm
+0.99+ >0.98 fidew Talafunnisuszgnaly

4) ANATINARIALARDUNISIFDIARYUDILUUTIA8Y (root mean squares error
of estimation; RMSEE) [24]
RMSEE tJua1fuaniaussousaasiuudnassdmiuyn calibration lng

'
o o

d13115091@1 RMSEE lasnnaunis

N ~
Y (i—y)?
N
3o RMSEE = Aaiuasialaasunididanasuadluuingsd

RMSEE = (2.7)

(%

Y; = A81999v0eUAazAIE9d1mIUIeYaYA calibration
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y = ﬁwﬁwﬁwasuaaLw{azﬁ’gaﬁwgm%’wgagasqﬂ calibration
N = srunusogai smun
5) ?ﬁ"m’j’wmﬁmLﬂ?ﬂ'auﬁwé’qaaqLaﬁmaaﬁﬁﬁqﬁ]ﬁuwlm;(root mean squares

error of cross validation; RMSECV) [24]

RMSECV 1iugnluansaussnuzvnsuuuiassdmiuym validation fiagns
P83 cross validation Tagdnsinsnsie RMSECV lasinamiriig
Zliv=1(yi_5’\l)2

N
slo  RMSECV = deinuadnndeurndsanaaiovesinsiigauuuly

RMSECV = (2.8)

Vi = @?ﬁgﬁqaaﬁumLLﬁagé’aaﬁwg’]ﬁU%@gaﬂm validation
y - ﬁﬁﬁ’]ﬁﬂEJGUENLL@@%&]’J@ETN%W%U%@J@W validation
N = shuusedat swun
6) MmATuASIRAEoUMS EeRaYaISINE (root mean squares error

of prediction; RMSEP) [24]

RMSEP tdusiluansaussousaamuudnaasdmiuyn validation fidsnenie

75 test set way prediction InadirsaiiA RMSEP lagnnauniig

N ~
i1 (vi—y)?
N
weo  RMSEP-= eaiunsiapasunidsdsandsuadnisyinung

RMSEP =

1% ' (% 1%
o Y o o o

y; = Aedveunaziogsdmivreyayn validation

y = ﬁl”l‘v%l;’lﬁ’]EJ“UENLLmIa%@]J’JE]E];’Ng’M%JU%E]HaSQW validation

N = Swnusheshet wun

7) éamﬁ&mLuuﬁflmjﬂmaam"mﬂé’wmmﬁaué“m%’mﬁsﬁflﬁ’m (standard
deviation of error of prediction; SEP) [24]
SEP fi® ﬁm:‘f’mﬂé"]mm?{auﬂflmﬁmmaaﬁ'ﬁﬁwﬁw Tnednzisnvindn SEP la

nauns
N —
Zi=1(Vi=¥)?
N-1
die  SEP-= audssvuihnsgiuveasaiuadianioudmsunsiue

SEP =

(2.10)

(%

Y; = A819dsvesunaziIegadmiureyatn prediction
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ANLRALYRIA1D19BURIIRENEMTUYBLAYR prediction

'
(% o

NMUIUAIDENNI 9UUA

e

y =
N-

Ao

8) DMSIAIUVDINAYAIDT INANDAIATIUABIALAABUNIAIADIRAY (ratio of
performance to inter-quartile range; RPIQ) [25]
8.1 @NMSULUUINABIVINATI9AIYAD cross validation @13insarinen

RPIQ lad1nauning

_ Q3—0q
RPIQ = —RMSECL/ (2.11)

dle  RPIQ-= snarunesideaosinanemaiiundinadeunidses

wAvoatisfigatuuule

Q3= Awinheiimesinai 3

Q= fevimiedienesinail 1

RMSECV = datwadandoundsaonadsvesisfigoy
wuulva

8.2 A1MSULUUIIADIYIAT19A287T test set @1315091A1 RPIQ ladn

auniig
Q3—-0Q1
RPIQ = —— (2.12)
RMSEP )
e RPIQ = dnsrauvesidumesinansmaiiuaainadounias

aauaﬁlwaqﬁﬁﬂqaﬁuwlm;
Q3= Avhihedimesinail 3
Q= fevimiedienesinai 1
RMSEP- éeiundinndeumdsasinaevasisyiniie
9) maunsnndeuady (bias) [24]
Bias A0 ANLAABUBIATINARIALAGDUTENINIATD19B LA AN BTN
Luushaes Taedhsasimn bias lasnauris
YL Vi=R)

bias = =+—~-—= (2.13)
N

We  bias-= ameihurdiaindsuiade

(% '
o Y o

Vi = A1971984U0UAaLMBEN9

Y = Aviheveawnazieig
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1%
o

N = 1uusedat wun

'
=

2.8  9UIWNLNYITDY

D.

NI Feasibility of monitoring acetic acid process using near-infrared

o o A

spectroscopy [4] wul1 ninez@Rnduisaaandumaulurig 1,800-2,500 nm Fadurisves

Y

A

hydrogen bonded —OH band %84 carboxylic acid Iuslil’J\iLﬁEJi"?]uW%LifﬂLLazﬁﬁﬁQﬂ Tunawiles
Bunsusn fntiugandu 1,680 nm uag 1,724 nm

Sinduitedes Monitoring of the cellulosic ethanol fermentation process by near-
infrared spectroscopy [5] wuidnhsaluilessunsseanlnsalndvinheusihaseviues
411 production of second generation (2G) or cellulosic ethanol VL(;{

Sinduitedes Rapid detecting total acid content and classifying different types of
vinegar based on near infrared spectroscopy and least-squares support vector machine.

v

[6]  wundssaludesdunsusaaninsalndvintieanuuausil  wazdwunUsennNUs

§n$3deiSes Realtime monitoring of process parameters in rice wine
fermentation by a portable spectral analytical system combined with multivariate analysis.
71 wuhduhseludessunsusaanlnsalndvinheniuuausinvesu@a  (total  sugar
content) AfwwLTWwosLeanasea wa pH lulndnle

F1n$113983e3 Comparison of calibrations for the determination of soluble solids
content and pH of rice vinegars using visible and short-wave near infrared spectroscopy.
8] wuhduhsaludsssunsiseaninsalndiihevesdoimuniiazaela (soluble solids
content) uag pH maaﬁﬁé@ﬁwﬁnlﬁ

§n$ 11398509 Prediction of organic acids and other quality parameters of wine
vinegar by near-infrared spectroscopy. [9] wuhdshseludesdunsisaadninsalndvinie
nInBuN3s wazAmaniay 1 Tudnaudeyesuln

§1n$133e1509 Prediction of the concentrations of ethanol and acetic acid in the
culture broth of rice vinegar fermentation using near-infrared spectroscopy. [10] wut s

AATIFRUUUIIABIA83S multiple linear regression (MLR) @131130V11N8AT0LULTUTOINTADY

Fanwazievinusanletdesdunsuseaininsalndle wasiagresnlaslunisnaasdsliuseiuly
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A5N1SNNADY

3.1 f29819

andreyivdindindruniles ndnaledasinuuy Venturi injector bioreactor ¥

wesuUamsmalulagmsmin ddunaluladismin augesdmnssunens addunalulad
NTLADUNANIIAUNYINTAIAN TS LUiTUNTEUINMTNAIATIUINIUYDINTARLTAN (AAC)

v

Wiy 4521 ¢/L LazAALTUYRevea (ETC) Wiy 35+1 o/L wasfima sy
(TO) Wiy 80 g/L ioisumunszuiursnin wasdoudunsnesdiniidan AAC whitu 80 ¢/L
\deaunszuiuing %awﬁwaﬂi’mfﬁwﬁﬁaﬁ?wﬁ:guﬁw8@11]‘1/@’1&%%13% uaztiluiFedaiio
Suuseyinu

fafuiegianfunosinivinuiia 100 ml sendndamiin uawuaduassaiu
auusnifuu iU 10 m Tuvieddiuaninluusu udaitelm mindaungs 0+1°C 1y

' v o o a N ! S ' 5 o a3 o 6 8 a
NaUyUY ﬂfﬂiLﬁ]iig‘?J@ﬂLLUﬁWLiﬁlﬂauuﬂUaLLﬂu FAIUU mmwwaau’ﬂﬂmma’maﬁ

1%

5UT 3.1 whaidheytunie?



28

W &0 8195

= A o o a
4'[ L& &1 931 ]‘7 [ 1Ny
v ¥ o
4.[ Akl ]47 [ gan ]

[ Y s asdey ] —»[ Tt ]4—

e
—/

\AA 4

p
WAyt ]4—

| \ T

f 0 PR \ oLy ;
60% fniioidu [ AAN81989U89 AAC Wag ETC ]qil .
P Auns

A
wﬁﬂugwguﬁwgn [ - vy oL
- VBYAANE1984 I

soulny .

1\ J X Tasla

A

A1 AAC = 80 o/L
# ETC = 0.0 ¢/L

(K

\ 4

[ W adeyUd 40% Tiaeslsa ]
v
[ whadeydm ]

v

sUN 3.2 ﬁ’wwﬁﬂuﬁauﬁ’]a‘;LLazﬁmﬁwaaﬂamaaﬁwé’waq

v
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3.2 ﬂ’]'i’dLLﬂ‘Uﬁ’JﬂﬂguLﬁﬁl'gaUWT’lLiﬂ

165 FT (Fourier transform)-NIR spectrometer (MPA, Bruker, Germany) Tunisawnu
CRLTIR Imwmﬁ:guﬁ’msgiwaamﬁa (suﬁﬁmguﬁ’m@uéﬂéw 22 mm g4 48 mm) uazlaung
@QﬁLﬁSNﬁﬁguﬂ’fﬁmgﬂ 0.1 mm lagaunufigisaiiugiinau 12,500-4,000 cm™ (800-2,500

nm) @unuyne 16 cm’ uagaunu 32 aseme 1 @unasu NeumMSaLAUAIDE 1 ERNULNUNBIAN

=

Fuduiang1idmnass nndredsawnuiigaumgll 25+1°C waziogagaumgll 0.0°+1.0°C Ll
Jasiululnwuaiieluiandioyuniasey lndnwiudiegne 152 de819 wagaununsnosdin
99.85% (bp chemical, Malaysia) uagztovinuea 99.50% (merck, Germany) LuLREIAUMTELAL

CPRRRN

gﬂﬁ 3.3 FT-NIR spectrometer

[ ALNUAIDY19D19D9 ]
v

ALNUFIBEN

il

YeyadUNASY

JUN 3.4 AMsivveyavesanesy
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3.3 A15IAATD1994
3.3.1 AMANUVNTNVRINTNBZTAN (AAC)
Wlasndslumsnnsauanie NaOH 0.1 M waslaflusanvirduidududaines laela

WaEeyt1IUTiu 6 ml adduvangUsuyuiin 50 ml uasveadisazaeiueanindulssaia

1%
[y o o o o

2-3 vgawanvg1 iy Sntudihlnnsadudisazaie NaOH 1 N auldsudinndmaesyu

= a

Judgunesu wansinfeeed Usihalunuie ml vesdisazais NaOH filudauasunuauige

9 9

gf uaniluAwIuie AAC

5U# 3.5 Mslvninse
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A 4 v

[ F10874 ] [ W uoawnay ] [ NaOH ]

v

_>[ Inunsun ]4_ [ Inunsun ]

—»[ Inwnsm ]4—

¥
[ suUSihawesdrs NaOH gl ]

[ AR AAC ]

[ Veyaf1 AAC

v

U 3.6 MsLivreyavesAl AAC

3.3.2 Ananududuvasaniuea (ETC)
Wiladnin3esdydledines (Ebulliometer) Ingladmdnyseaia 50 ml uazdndu ag
ludydlefives lawmeslufiwesasludydlelives nziieawaansgen ANAUNTENIU vidniFen?
a 4 o o a - 5 o o a - SN B BT ' ¢
gauniaeh eumaumgiaaneavesy vindnmeludwes warhmnlalusuluusuesidy
weanegea lngd 1gaLien®eu blumsaiu 0.0% uateugumgianisienves auaey (anana

Tw) fegnsaiuilesiduneansgea (ganauen) Snunulesiduneansgea mlafenl ETC



sU# 3.7 dyaledines

[ dyaledines ]
'
[ 91URNYHINLADAVBIAIDE ]

v

v oo
o

YA lagiisuam Uk Aiguansweanoaoa ]

:
[ vayam ETC ]

JUN 3.8 MsiuveyavesAn ETC

32
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3.4 repeatability, reproducibility wag R?,,,

3.4.1 repeatability wasn1anu

#lasnisawnuss Tagaunudnegis 10 af Wisuraiientu $10i whaudswuy
snsgu (SD) vesrapaduvasfisauny Tnedenvasadu 3 eduisindiasien Tudnisediden
429Ul 1,0309.0 cm™ (970 nm), 6,896.6 cm™ (1,450 nm) wag 5,154.6 cm (1,940 nm)
AT Lﬂu;mﬁﬁé’uazLﬁaumaau%']%augwLﬂuaﬁﬂizﬂauﬁgwﬁ'zgiuugwgmasg

3.4.2 reproducibility ¥asn15&LnuY

Wladinisaunua1gl lagaunufieg1s 10 A%y unAis reload NnASINaUAKNY

2
o

ntuiaudsavuinggiu vesmsgaduresiisaunulagidonyieniu 3 Aaulihinse

LHONTNABULALIAUAT repeatability VoINTaLNY

v v

fegh g
(6 Feta) (6 $e89)
v
[ aunugogs 10 a3 slushuuaiy ] [ aunuiethe 10 af dladifs reload ynAs ¢ ]

P Y X
a o a o

1don 3 YRaund1ALY 1&0n 3 BRRAUNAIALY

waaguAMIAAgY waIguAMsAAdy

[ Maudeauuinngguresrfigady ] [ Manudeauuinnsguresrnfinady ]

. 2 v
[ repeatability ] [ reproducibility ]

—>[ Wiuifisudn repeatability ag reproducibility ]‘*
A 4

[ ATUBUUEIYDIANTALNY ]

A

Y

E‘Uﬁ 3.9 159161 repeatability wa reproducibility
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3.4.3 repeatability 9993581999 (Rep)

dusinatudhselufisigidnisinmensds slasnd audsauuhnggiu
voswasinsfisnfialuiisvhe osogaieafume ssBanemniieg

3.4.4 @hé’uﬂizﬁmémiﬁmimqqqﬂ (RZ )

CEGRGY

ABIALARDUIINIDDNDILY

2 d‘ o \'L 'd o o d‘ o d‘ ‘I_J I a i a a o
gaves R? wWesdnlulinduediandoudinasesaninsiines diiigeadny
11U daisavinlasnnaunis [24]

SDZ— Rep?
ernax = y—z (3.1)
SD3
anudgavuinggiuveseyayn calibration

Rep = repeatability 1943561989

a gy
LTNAU

f9819

e SD,

(24 hegn)

v
[ IAA191999A798198% 2 AS 9 ]

'
[ PINAANIVDINITVING 1 ] [ ﬁﬂﬁ%ﬁ&mmﬁﬂsﬁwﬁ]

[ MaudeauuinnggIuramania (Rep) ][

o ! Qll o o OI d‘
iaulgsuuiingguuesA ag (SD,) ]

00‘ 2
4>‘ WA R? o ]‘7

v

[ ANUBUUEIVDINNTINAND19DS ]

= o o c‘) 2
JUN 3.10 N1IAIAN R a
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3.5 NSAATIHHANITNAADY

3.5.1 JiseAanngy (outlier)

Tutsneaesssraina hufiendiadiniegwielunssuiudisneaes sivlmAndiuen
nau Gaduhsnladinauris 2.2 leedillasnfseumagsesdalufiu +3 dwinveyaled
Afufinmun d vasdusuangy Fadudunesfaueyat wondndsasauuuinaes eln

wuuaediaussouygeian [25]

]

X._
-3 S;—D <3 (3.2)

e Xi = AWladinveyauwnaziiegnd
X = A Bev wuawveya

(%

SD = AndeauuinggIuYesveya iwn

b
4' VBYUAAE144 Ii
v \4
[ WAL dg ] [ Maudeiuuinggu ]

—>[ WAuennau ]<—

"

|
v o o

[ AndieEgendATLaNNAY ]
¥

VOLARIDE YN LA

(lusAuannau)

5U# 3.11 MsdnveyanilAuenngy
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3.5.2 AN5IATITURANISTNAADIUBIAY

FINA15TIAA1 AAC Wag ETC JtAs1envinangedn A1engn AL a8 wavatuideauu

v 1%
o

1nsgIuvesayalinisnaaes wavadudvesveyanitidilvlumsasiauuingaes uagieg

an Yo
Mlugdn
(Fuiu
{ UYBLARNE19DY ]
A A
[ GRIGRE ] [ﬁ’m’imﬁmawaga ]
v v v
[ Agagn ] [ Argn ] [ AL A ] [ audgauuanggiu ]
v v v

[ 9 cross validation ][ YN test set ] unknown ]
| | ‘

[ WIgugUATINATOUARHUBIRIBENY }

AU

5UN 3.12 Mslmievnaiimeasalewmu

3.5.3 NN5IATITRANYULVDIAUNATY
AATIENAUNASUL AYVDINTADLIRN 99.85% LBYINUDA 99.50% wazvdaud1eydn? 7
A11UE1IAAY 12,500-3,600 cm™ (800-2,778 nm) AaetA3ad FT-NIR spectrometer La11sn

avensane sy weiidrsahdnvauzisganiuadulesdunsusaluiinsnesdinuigns

yueauIEVs warw 1audgn i wduearaUne slnuseuieuiy
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A\ 4

vo . ¥iuea
wadeYd
99.85% 99.50%

ASABETRAN

aunnsy

aunmsy
_>[ WSsuWgualunmsy ]4—

v
<>

5UN 3.13 Mlmiendnunzvesanndy

¢ o

3.6 MIaTeUaziNgalluUINGes
LuusiasweilusdunsusaanInsalnddmsursinihemsiiansnosdfnuazior
uaaiué’wﬁﬂﬁ:gmﬁwga?ﬂqﬁasﬁ% PLSR (partial least squares regression) $1nf153AT1E%
538%8Wu3§rnu&wanaueanaygs(OPUS,v'KOJZQ,Gennany)IﬂaaLUﬂmﬁuﬁT%ﬂzlﬁﬁﬁﬂi
Sarsanasindesnunariiissamsalnndadosnu laun constant offset elimination,
straight line subtraction, vector normalization (SNV), min-max normalization, multiplicative
scattering correction (MSQ), first derivative, second derivative, first derivative + straight line
subhacﬁon,ﬁmtdenvaﬁve4—SNVL%ﬁ:ﬁmtdenvaﬂve+—MSCIﬂaﬁﬁﬁ?ﬁgﬂﬁuUU%Haaﬂéﬁaﬁg
cross validation uag test set Lﬁ'algLLUUﬁ?ﬂamﬁﬂLLgaﬁ]zﬂﬁfﬁajﬂaﬂammuzmbw6] \iaein
LLUU%"}waafﬁﬁqm Tnefisisaindsil Aduusyanamsisisai (coefficient of determination; R?)
ﬂ’;‘iﬁﬂb’@\‘i A1ATILAEIALARE A IdDIL AEUDILUUSIABY (root mean squares error of
estimation; RMSEE) aasiidnsn dadundiandouiidsaes dsvasisfiganuuulel (oot
mean square error of cross validation; RMSECV) AsiAAN MATagAAdouSsaa. At

E%
[ [

294115917118 (root mean squared error of prediction; RMSEP) A153A161 9R31dIUYDINEe
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A1BTINANDAIATINARIALARBUNIAIEDYL A8 (ratio of performance to inter-quartile range;
RPIQ) A53Ag¢ druidetuuiinsgiuvesndiunainiadaud miunisvinuie (standard

deviation of error of prediction; SEP) msiA1s1 LazAIATINASIAAADUL a8 (bias) AISHAIAN

J Y v =2 J

INUUTUNNAT WazasIInNIIN regression coefficient tag x-loading weight LWaALAUNTT

[% |
Y o

o o lﬂl va ﬁl ¥ %;
vinhefmedneilugdn (unknown) titeneaaslyuuudnaes
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repeatability, reproducibility, R%.x

\ ‘ J
repeatability, reproducibility, R?,..
feg

(150 FoEn9)

UM test set

39

| M cross validation I
(

9 calibration

(149 Foen9)

9 validation Y calibration

(105 mama)

(1 $ho81a)

J

%M validation

q

(a5 heg)

G

USuuse

anasy

aunesy

anesy

ﬂLLﬂ‘u

anmsu

[ AT UUNADY ]

LUU1aD3
1 v 1 v \
ANNSYIUIUDY ANASYINUNLUBY
9n calibration ¥ validation
J

I

[ R%, RMSEE ]

r?, RMSECV, bias, RPD

[ ASNUUINADY ]

LUUINAD

ANNISVINUIUBY

Yn calibration

ANANSYINUIUDY

Yn validation

~

l

r?, RMSEP, bias, RPD

[ R?, RMSEE ][

N

[ = = 3 oA
l L‘UiEJUL‘WEJ"ULLUUQWa@QV]WWEj@

5UN 3.14 Msasieiarigaunwuudnass

l l
[ RRTERELNIRGT l—l iegeilugdn (21 fed) ]—[ WUUAIARINATIAR ]
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NANTIINA AN

4.1 repeatability, reproducibility wag R?,,,

2119137971 4.1 TunsaunufIa819UIANAIBYIINUIAT repeatability a1ty
0.0206 wazA" reproducibility Siannifu 0.1346 wazlunsiamnigisensdeamiuauay
FUYBINTADLEAN (AAC) WUIIAN Rep flawniu 0.54 wazen R%. ., SiAwniu 0.998 ALY

v v

AULVNVUTOUBNIUBE (ETC) WUIIAT Rep HANNIAU 0.28 LazA Ry HAMIAU 0.999

A19°9% 4.1 AERAUDY repeatability, reproducibility Wag R? ., @1%5U NIR scanning

LATNITIATIZNNAVDIAN AAC WAz ETC 2873591999

scanning reference
parameters
repeatability reproducibility Rep R max
value 0.0206 0.1346 AAC 0.54 0.998
mean 1.6630 1.7483 ETC 0.28 0.999

4.2  mMsiAszRaUnnsy
mﬂmﬁmiwﬁmﬂﬂm%’mimsJmiaLmusU@duf]gmmaﬁﬂjunﬁmmmmﬁu 12,500-3,600
cm™ (800-2,778 nm) (;wm%q FT-NIR spectrometer LmlﬁﬁulmﬂﬁluuWzmﬁlaimmmﬁwm
o5u1ele lawn 5293.4-4987.1 cm (1,889-2,500 nm) uag 4,097.4-3600.0 cm’! (2,441-2,778
nm) UL aiEegeEinIsgAndunaud 6,881 cm™ (1,453 nm) way 5,176 cm™ (1,931 nm)
LATIINNISAUNUNTABLEAN 99.85% WUINTN13gANAUAALT 5,949 cm! (1,681 nm) 5,832 cm'
1(1,715 nm) 4,435 cm™ (2,255 nm) 4,950 cm™ (2,020 nm) wag 3,965 cm™ (2, 52 2
nm) LagAINNITALNULDNIUBE 99.50 % Wudwﬁmi@mﬂﬁuﬁﬁuﬁ 5,909 cm™ (1,692 nm) 5801

cm™ (1,724 nm) 5,785 cmt (1,729 nm) 4,752 cm! (2,104 nm) Waz 4,327 cm™ (2,311 nm)



a1

absorbance

wavenumber (cm™)

v v v v [V

JUT 4.1 alnnfuafevedu Naianey NINeBRNINTU WALLeNUALYLUY

4.3  WUUNADY

ﬁ?ﬂﬁa%m%@uﬁﬁhﬁumm;’mLLUU":],’mENL‘leJ%a‘LJWTILi@ﬁLﬂﬂi%iﬁiﬂﬁg’m%ﬁmiﬁ’luw
AN AAC wag ETC wandlumsnedt 4.2 Tunsasrsuuuaasadessunlsusaaninsalndamiu
NSUIEAN AAC way ETC laieagnasianun 150 faaeng I@S%@Haﬁﬁﬂmﬁﬂ;’mLL‘U‘UQyWa’eN
A1M3U AAC ﬁﬁ?@?’]?jﬂﬁl 42 ¢/L éﬂqqqmﬁ 86 ¢/L ARdY 51.7 oL LLazthﬁaaLuummgm (SD)
11.0 g/L uazvamdu ETC ﬁéwﬁ?qqmﬁ' 0.0 g/L éwqaqmﬁ' 38.3 o/ ALaAY 22.57 o/L WAz
Lﬁ'mwummgm 11.14 ¢/L warlunnsm Test Set @usun1siune AAC uag ETC luiiegns
105 fegnslunisasnauuanass wazly 45 fegnslunismiunean gﬂﬁ 4.2 uansaUnasuily

TUNSETIMUUUIEDIN U



a2

M19199 4.2 anadrvesveyafillunisasisuunassiestunsusaauninsalndamsuns

‘1/211’]‘14’]8?1"] AAC Iag ETC

U min max mean SD
parameter data set v
N9814 (g/L) (g/L) (g/L) (g/L)
total samples 150 a2 86 52 11
calibration set 105 42 86 51 10
AAC
validation set 45 42 85 54 12
unknown 21 42 75 53 8
total samples 150 0.0 38.3 22.1 10.9
calibration set 105 0.0 38.3 235 10.9
ETC
validation set 45 0.0 38.0 21.1 10.9
unknown 21 2.0 33.3 19.7 8.7
0}
O
c
©
Q2
3
Q
©

wavenumber (cm™)

5UN 4.2 awnaduvesu naaneyi miue
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A ' = ¥ P ¥ aa ¥ a A ¥ ¥ ¥ ¥ aa
SUN 4.3 Lan9A1AND89u0HaNlA1n3591989IUNNNEI1UUU1aIAI875 cross

validation @1%3um1 AAC (U7 4.30) wag ETC (U1 4.3v) U7 4.4 uanaamiuiivesvayadln
91NI581BWIUNMNATIUUUNGDIAILTT test set amTua AAC (5UN 4.4n) uag ETC (U7 4.4

Y

) 4argUN 4.5 uanIn1ANRveeYalaINITe19Besitaeelugdn @amsua AAC (UM

Y Y

4.5n) wag ETC (gﬂﬁ 4.5%)

ﬁ]’]ﬂﬂ’ﬁ’ﬁ/\lLLﬁﬂﬂﬁﬁﬂ’J’lMﬁ‘U@ﬂ%@Mvag’lﬂaﬂ Wuiwﬁagaﬁé’ﬂwmzmimzmaLLUULJ%’]&J—61m
Femluluanunsaniuamuaaussnuzuuy RPD 1o 1eaainan RPD %slfgé?mé’ugwuamsgagaﬁﬁ
nsnszaeuuuUnivty felumsmaaussaurddyan RPIQ unu Liosanan RPIQ iy

vy 1% [V VA

avSuveyaniinisnszanguuuluYe-v1 MvlamiaussaugivsngauiureLaveIiieg

42-47 48-52 53-57 58-62 63-67 6872 73-77 78-82 83-87 42-47 48-52 53-57 58-62 63-67 6872 73-77 78-82 83-87

(n)

0.0-5.0 5.1-10.0 10.1-15.0 15.1-20.0 20.1-25.0 25.1-30.0 30.1-35.0 35.1-40.0 0.0-5.0 5.1-10.0 10.1-15.0 15.1-20.0 20.1-25.0 25.1-30.0 30.1-35.0 35.1-40.0

()
JUT 4.3 AudveeveyailaInITeediuunaseuuu1aeInieds cross validation

(M) @nsUAT AAC () @wsuen ETC



frequency

a4

42-47 48-52 53-57 58-62 63-67 6872 73-77 78-82 83-87 42-47 48-52 53-57 5862 63-67 68-72 73-77 78-82 83-87

(n)

0.0-5.0 5.1-10.0 10.1-15.0 15.1-20.0 20.1-25.0 25.1-30.0 30.1-35.0 35.1-40.0 0.0-5.0 5.1-10.0 10.1-15.0 15.1-20.0 20.1-25.0 25.1-30.0 30.1-35.0 35.1-40.0

(V)
JUN 4.4 A1D09YeYaNlAINTTBTIUINNATIHUUIABINIYTT test set

(A) @nsuan AAC (v) @msuAn ETC
Unknown
12 4
11
10 1
N
]
1 3 3
24 2
- 1 1
g | | [e—
12.1-17.0 17.1-22.0 22.1-27.0 27.1-32.0 32.1-37.0

42-47 48-52 53-57 58-62 63-67 68-72 2070 71120
acetic acid concentration (g/L)

JUT 4.5 mnudvesveyailaanitensdevesineyanluzdn

(n) avuan AAC () avuan ETC



a5

4.3.1 maaduuvanasdleeldaunasuiiegnsas 3 aiunasu
4.3.1.1 msﬁqaﬂunmﬁamg’m%’% cross validation

lunsasauvunaedlaglvaneiuiiesisas 3 anafumeds cross validation Ul
4.6 \JuaUnasundsdansanasud anu 1aegds min-max normalization @113uA1 AAC uae
7% multiplicative scattering correction (MSC) dm3ual ETC 3‘1J‘17i 4.7 way 4.8 LAAINIT
W3suiisua AAC waz ETC (muansiu) imunelaewuuanassweuiesdunsusaaninsalnd
ﬁUF’]I’]VII’?W;’JEJ%%g’NaW@QGQW calibration (n) wag Yn validation (V) LAZINAITIST 4.3 WU
9INN151ATIZNNARIY PLSR U094UU1a8e TUNMIaT1aUUIIae9emiUNISNIWIEA1 AAC 9%
donlavasnaudl 6102.0-5086.3 war 4605.4-4242.9 ' Sn1sadnasun283 min-max
normalization il PLS factor 11y 5 Ima{ljmﬂaﬁm calibration fiA1 R2 w1fU 0.954 wazA
RMSEE w1iu 2.31 ¢/L waztagatn validation A1 127U 0.947 A1 RMSECY ity 2.47 ¢/L
bias iU -0.0165 ¢/L waw RPIQ wnifu 4.92 wleunen r? wSsusisuiumssulaninumng
199A1 R wag R? (1191971 2.1) wurwuuanaesilanansolslunisussgnalyaiulug sisfisnns
Useiuaun

warlun13asUUUIAIEMUNIIIWIEA1 ETC avidonluansrauil 9403.8-7498.3
uaY 6102.0-5446.3 cm dn saLUna¥ua1835 MSC I PLS factor ity 4 Tnsvoyagn
calibration §lA1 R? AU 0.935 wazAn RMSEE 11y 2.85 ¢/L LLaz{Jjaggasq@ validation A1 r2
WU 0.926 A1 RMSECY wnifu 3.01 g/L bias iU -0.0272 ¢/L waz RPIQ winffu 5.70 ot
AN ¢ Usuidlouiunsalannumanevesen R way R? (115799 2.1) wuuuaesi

annsalylumsussanalvanulvgy sadnsussiununin



20

absorbance
(1]

5

\

T T T T
6000 5500 5000 4500

wavenumber (cm™)

(n)

12

10

absorbance
06 08

04

T T T T T

000 000 7000 6000 5000

0o

wavenumber (cm™)

(v)
5UN 4.6 alnpuvaedanisandnaiiud ey
¥ U ¥ Q{' v ¥ v ! U ¥ aa . .
amiuwuueesaslaglyalnniudiieyvay 3 anasu aeds cross validation
(n) 19835 min-max normalization @1m3uAT AAC

(v) IneA5 multiplicative scattering correction amsua ETC

46



(n)

()
3UN 4.7 N5 scatter plot @amiuan AAC
AnsukuUIIaanasalaelvalnasusieen9ay 3 @UnnsU AeAs cross validation

(n) an calibration (9) 9@ validation

ar



(n)

(¥)
SUT 4.8 n57l scatter plot am¥ua ETC

¥ U ¥ dl ¥ ¥ U U ! U & aqa . .
ansuluuasaTlnelvaiunasumeensay 3 allnnsu Mgl cross validation

(n) an calibration (9) 9@ validation

48
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A15199 4.3 WANNTIATIEIIAY PLSR 999w UUNa0 L HesBUNS WIaanInsalnTainsunis
N1U18A7 AAC hay ETC @usuwuulananeanastalneleaiunnsudioeniay 3

aUnmsu M85 cross validation

calibration validation
para- regions pre- PLS
RMSEE RMSECV bias RPIQ
meter (cm™) processing factor R? r?
(g/L) (g/L) (g/L)
6102.0-5446.3  min-max
AAC 5 0.954 231 0.947 247 -0.0165 4.92
4605.4-4242.9  normalization
9403.8-7498.3
ETC MSC 4 0.935 285 0.926 3.01 -0.0272 5.70

6102.0-5446.3

U816 MSC A9 multiplicative scattering correction

Tunmsassuuuinaestnglyanaiufossay 3 awnn¥unieds cross validation JU7
4.9 uaz 4.10 WAAIAT regression coefficient Wag x-loading weight YOIUUDADIFMIUNNS
NUNEAT AAC (n) wag EET (2) Waza1nAI151991 4.4 Wua1An regression coefficient o x-
loading weight &113UMTNIWIEAT AAC ﬁﬁﬂ'wqqﬁqmzLﬂuﬂwsﬁuﬁzLﬁaumaaﬁuﬁzﬁﬁNam'ams
NIUNEAT AAC mmﬁqm Tnaan regression coefficient Vizﬁaﬁqma&ﬁ wavenumber 4451 cm’!
Wunsduaviiouvesituse O-H str. + O-H def. wagan x-loading weight ﬁgqﬁ'qmﬁum PLS
vector 1 agujﬁ wavenumber 4443 cm’! Wunsduaziitounasiuse O-H str. + O-H def. ﬁgjﬂ

igavea PLS vector 2 887 wavenumber 4412 et 1unisduaziiiouresiuse O-H str. + C-

I ]

C str. ‘Viqwqmm PLS vector 3 agjﬁ wavenumber 4597 cm’! Lﬁjumiﬁbuamﬁausamﬁuaz 2 X
amide | + amide |ll ﬁqaﬁqmm PLS vector 4 ag{jﬁ' wavenumber 4497 cm’™ Lﬂumiﬁ;uﬁzl,ﬁau
YINUSy C-H str. + C=0 str. LLazﬁq\‘iﬁqmaﬂ PLS vector 5 ae\j‘ﬁl wavenumber 4505 cm? 1u
nsduaziiieuvesiusy C-H str. + C=0 str. azfiulamsduasifiouves C-H uay O-H Snane
MINIUIBAT AAC

wagan regression coefficient Way x-loading weight @mSunsIIEa ETC ﬁﬁmqq
fianazidunisduasiiiouvesiusefiinanonismiuisa ETC unilan 1nsan regression
coefficient ﬁq&ﬁlqwagiﬁl wavenumber 4451 cm™ Lﬂumié’uamﬁaummﬁuﬁz O-H str. +O-H

def. uaza x-loading weight ﬁqaﬁfjmaq PLS vector 1 agj‘ﬁl wavenumber 4413 cm™ 10un1s
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a

duagifiouvesiusy O-H str. + O-H def Viqwqmaﬂ PLS Vector 2 agﬁ wavenumber 4458
et idunasduazifiouvesWuse O-H str. + O-H def. ViQQﬁqmmaﬂ PLS vector 3 agjﬁ
wavenumber 4451 et Wunsduasiiiounasiuse O-H str. + O-H def. LLazﬂﬁuﬁQQﬁqmm
PLS vector 4 agj‘ﬁ wavenumber 4343 cmt 1dunisduaziiiouvesiusy C-H str. + C-H def.ay

wiulannsduagiieunss C-H uag O-H fnananisyiuiegan ETC

(n)



()
E‘Uﬁ 4.9 N3 regression coefficient plot
v [ ¥ d' v ¥ v ! U ¥ aa . .
ﬁ'Wﬁ“ULL‘U“U"\]']ﬁE]\‘W]ﬂi'NI@EJIGUﬁL‘Uﬂﬁ]'ﬁll(ﬂ')@EJ’NEW 3 @UnNMTU MIYI5 cross validation

(M) @nsUAT AAC () @wsuen ETC

(n)
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()

g‘tJ‘ﬁ 4.10 n57 x-loading weight plot

v [ ¥ d' v ¥ v ! U ¥ aa . .
ansuluuaesaslaglvaunasumeynsay 3 allnnsy Mg cross validation

(n) @nsUAT AAC () @wsuen ETC

A19719% 4.4 NTEUALLIDUTDINUSY @USU regression coefficient Wag x-loading weight 984

wuuaesdusdunssaailnlnsalndamsunismuig a1 AAC uag ETC @1nsu

wuUUNaRas19nelvalUnNnSUFRe19ay 3 @UnATU AEAS cross validation

regression coefficient

wavelength (nm)

wavenumber wavelength

referred from bond vibration structure
(cm™) (nm)

reference [2]

AAC 5816 1719 1725 C-H str. First overtone CH,

4544 2201 2200 C-H str. + C=0 str. -CHO
4451 2247 2252 O-H str. +O-H def. starch
4413 2266 2276 O-H str. + C-C str. starch
4343 2303 2310 C-H str. + C-H def. CH,
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A157197 4.4 (fi) NSFUALLTIOUYBINUSE @MU regression coefficient wag x-loading weight
Y99k UUINABWLYTIUNTWsAFUNINSAlnTansun1snIuIe A1 AAC way ETC
amsukuuINassnasaglraunnsudiee1ay 3 aUnnsy Ae3s cross

validation

x-loading weight

wavelength (nm)  pls
wavenumber  wavelength

referred from latent bond vibration structure
(cm™) (nm)

reference [2] variable
4597 2175 2180 3 2 x amide | + amide Il protein

AAC

4505 2219 2200 5 C-H str. + C=0 str. -CHO
4497 2224 2200 4 C-H str. + C=0 str -CHO
4443 2251 2252 1 O-H str. +O-H def. starch
4412 2267 2252 2 O-H str. +O-H def. starch
regression coefficient

wavelength (nm)
wavenumber  wavelength

referred from bond vibration structure
(cm™) (nm)

reference [2]
4605 2172 2180 2 x amide | + amide Il protein
4451 2247 2252 O-H str. +O-H def. starch
4412 2267 2252 O-H str. +O-H def. starch

ETC 4343 2303 2310 C-H str. + C-H def. CH,

4297 2327 2323 C-H str. + C-H def.. CH,

x-loading weight

wavelength (nm)  pls
wavenumber  wavelength

referred from latent bond vibration structure
(cm™) (nm)

reference [2] variable
4458 5543 2252 2 O-H str. +O-H def. starch

4451 2247 2252 3 O-H str. +O-H def. starch
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A157197 4.4 (fi) NSFUALLTIOUYBINUSE @MU regression coefficient wag x-loading weight
Y99k UUINABWLYTIUNTWsAFUNINSAlnTansun1snIuIe A1 AAC way ETC
amsukuuINassnasaglraunnsudiee1ay 3 aUnnsy Ae3s cross

validation

x-loading weight

wavelength (nm)  pls
wavenumber  wavelength

referred from latent bond vibration structure
ETC  (cm™) (nm)
reference [2] variable
4413 2257 2252 1 O-H str. +O-H def. starch
4343 2303 2310 4 C-H str. + C-H def. CH,

Mnnsasuuasslagluaunnduiiesnsas 3 awnnfunieds cross validation u
maﬁmwﬁaaéwﬁiﬁiﬁ’ﬂ g‘d‘ﬁ 4.11 wanensiUSeusiiounn AAC (;J‘Uﬁ 4.11n) wag ETC (gﬂﬁ
4.11%) fmunelnsuvuasweissunisisaaninsalnd ﬁ’uéﬂﬁi’mﬁmiﬁmmgm LAz
A5 4.5 WU MTULUUIEDINITNILUIBAT AAC A1 2 AU 0.911 A1 RMSEP Wiy
2.83 /L SEP 111U 2.82 /L bias 11U -0.4140 ¢/L wa e RPIQ 1W1AU 3.31 wazd1niy
LUUINEBIMINIUNEAT ETC dA1 12 iy 0.968 A1 RMSEP winfu 1.73 o/L SEP WU 1.60

o/ bias WU -0.6810 ¢/L uaz RPIQ Wiy 5.17

(n)
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()
JUT 4.11 msmuneiessnluzinaedesdususaanlvsalnd
¥ [ ¥ N ¥ ¥ LAY ! U > aq . .
amsuluuMaesaTelaglyaUnasudesvay 3 awnndu Aeds cross validation

(M) AN AAC () A1 ETC

o a ¢ Y ' ay Yo ¥ [y ¥ s ¥ ¥ LYY !
191990 4.5 Nﬁﬂ’ﬁﬁ]Lﬂi’]%%‘ﬂ@\‘i@ﬂ@ﬁﬂ\‘mimzﬁlﬂ Ausunuuaesaslaglraunasuiiosay

3 @Unmsy M85 cross validation

RMSEP SEP bias
parameter r? RPIQ
(g/L) (g/L) (g/L)
AAC 0.911 2.83 2.82 -0.4140 3.31
ETC 0.968 1.73 1.60 -0.6810 5.17

4.3.1.2 ﬂ’lsﬂqﬁ]ﬁLLuuéjﬂaaa@?’m‘iﬁ test set
Tunsasauuunaesingloaunniusiessay 3 anaiunies test set U 4.12 1u
awnafundsanisaiunmsudesauuuy vector normalization (SNV) @1m3ua1 AAC uag ETC
SUT 4.13 uay 4.14 uansnaUSeudioua AAC way ETC (muandu) fimunslasuuuaiansvos
desdunsusaanlnsalnd fuaiiinnieitersdauesta calibration (n) waw 4a validation (1)
LAZINATTNT 4.6 WUTTIINMTATIUUUIIADIME PLSR a@wisunisniuiean AAC terlavas
AALT 6102.0-5046.3 upe 4605.4-6242.9 cm™ Fansanafumeds SNV & PLS factor ity

4 lngvoyayn calibration i1 R2 1M1y 0.943 wazA1 RMSEE 11y 2.38 ¢/L hasuayayn
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validation A1 2 Wiy 0.957 A1 RMSEP 411U 2.64 ¢/ bias 011U 0.6970 ¢/L waz RPIQ
Wiy 8.25 Wiewnen 2 unuisudisufunisisudaninunaeresan R way R? (Ans1eit 2.1)
wuwuuIaesi annselelunisussgmleandug sufmsUseiunmnin
wazlun3asIuUUIARIEMUNIIWIeA1 ETC axidonluaemauil 9403.8-6094.3
Loy 4605.4-4202.9 e danisaiUna¥uaieds SNV & PLS factor tn1dy 5 Tnsrayagn
calibration §lA1 R? 11y 0.934 wazAn RMSEE 11y 2.83 g/L LLﬁ%"J@ﬂAﬂﬁ‘Q(ﬂ validation A1 2
WU 0.933 A1 RMSEP tifu 2.95 /L bias 111U -1.4300 o/L uaz RPIQ winfiu 7.61 wilewn
A1 12 unUseuifisufuansilaninunanereean R way R (AM3197t 2.1) wuauuuanaesi

annsalylunisuszgnalyaiulvg siwfsnsuseiunmunim

0.10 0.15 020
1 1

absorbance
(1)1

0.00
1

-0.05

T T T T
6000 5500 5000 4500

wavenumber (cm™)

(n)



0.1

absorbance

0.00
1

_

T T T T T
5000 8000 7000 6000 5000

wavenumber (cm™)

(V)
U 4.12 anedimdamsdansanaug eau
amunuuIaesiasslnelranndusnesnias 3 anndy meds test set
(n) lne3s vector normalization ’s‘T’]M%JUﬂ"] AAC

(@) 1835 vector normalization @wsual ETC

(n)
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)
5UN 4.13 n379 scatter plot @m¥ua1 AAC
aususuvasas1nelvannsuiiesnsay 3 alnmsy Aeds test set

(n) ¥ calibration () 9@ validation

(n)
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(v)
gﬂ‘ﬁ 4.14 n3 scatter plot amsuan ETC

amsukuuatassnasalaglvanasudiesnaas 3 alunnsy aneds test set

(n) ¥ calibration () 9@ validation

M990 4.6 NANNTIHATITINIY PLS U89wUUINRBHeTAUNS1IaaUnInsalndansunis
NIU18A7 AAC hay ETC @usuwuulInananastalneleaiunnsudioeniay 3

AUNMSU ME7D test set

calibration validation
para-  regions pre- PLS
RMSEE RMSEP  bias RPIQ
meter (cm™) processing  factor R2? r?
(g/L) (g/L) (g/L)

6102.0-5446.3
AAC SNV 4 0.943  2.38 0.953 264 0.6970  8.25
4605.4-4242.9

9403.8-6094.3
ETC SNV 5 0.934 283 0.933 295 -1.4300 7.61
4605.4-4242.9

*UUYLAR SNV f® vector normalization
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Tunsasauuuaedasloanniufossay 3 anndumeds test set U 4.15 was
4.16 wanan regression coefficient iag x-loading weight mauwu%mmgm%’umiifgﬁmam
AAC (n) ez EET (V) LATINANTNT 4.7 WA regression coefficient e x-loading weight
AMSUNNTNIUIEAT AAC ﬁﬁmqqﬁqmzLﬁumié’uamﬁamaqﬁuﬁzﬁﬁNaﬁiamiﬁmwhw AAC
mnﬁ&jﬂ Taean regression coefficient ﬁqa‘ﬁ'?jma@;ﬁ wavenumber 4451 cm™ 1dunns
Fuaviflouveaiuse O-H str. + O-H def. wazan x-loading weight ﬁqﬁqmaq PLS vector 1
agjﬁ' wavenumber 4458 cm! iunnsduazifiouresiuss O-H str. + O-H def. ﬁqqﬁqmm
PLS vector 2 agj‘ﬁ wavenumber 4435 e iun1sduazifiounasiusy O-H str. + O-H def.
ﬁgﬂ‘ﬁqmaﬂ PLS vector 3 agjﬁ wavenumber 4412 cm’ Lﬁuﬂwié"uamﬁausuaaﬁuﬁz O-H str.
+ C-C str. LLazﬁQQﬁqmm PLS vector 4 agj‘ﬁl wavenumber 5901 cm™ Lﬁumié"uamﬁauéuaﬂ
Wusy C-H str. first overtone azifiulanisduazifiouros C-H waz O-H finananisywiean
AAC

Lazen regression coefficient Wag x-loading weight Z:{Jm%%m‘ﬁ;l’ﬂmaﬁ”l ETC ﬁﬁﬁﬁq\‘i
ﬁqm%Lﬁumié’uazLﬁaumaaﬁuﬁzﬁﬁmaG{amiﬁmwm ETC maﬁqfﬂ Taea regression
coefficient ﬁgqﬁqmaé‘ﬁ' wavenumber 4451 cm™ LﬁuﬂﬂiguazLﬁau%aﬁﬁuﬁz O-H str. + O-H
def. uaza x-loading weight ﬁqaﬁlqmmaﬂ PLS vector 1 agj‘ﬁl wavenumber 4435 cmt 1Ju
n3duazITiouveeUSE O-H str. + O-H def ﬁqaﬁqmaa PLS vector 2 aguj‘ﬁ' wavenumber
4374 e Wunsduaziiiouvesitusy 2 x amide | +amide Il figafigaues PLS vector 3 agil
wavenumber 4428 cm! iun1sduaziieuvesiusy O-H str. + O-H def. ﬁqaﬁqmaﬂ PLS
vector 4 agj‘ﬁ' wavenumber 4451 et Wunnsduaziiieuvesiuse O-H str. + O-H def. wasi
qqﬁqmaq PLS vector 5 @gj‘ﬁ' wavenumber 4605 cm’! iumsduazifieuvesiusy 2 x amide

| +amide Il ezwiulansduasiiouves C-H uay O-H finanan1511uIeA ETC



(n)

(@)
5U7 4.15 57 regression coefficient plot
amsukuuItasanasalaglvanesufiesniay 3 @Unmnsy aeds test set

(n) avduan AAC (@) avuan ETC
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(n)

()
SUN 4.16 N3 x-loading weight plot
Y
amsukuuItasanasalaglvanasufiesniay 3 @Unmnsy aeds test set

(n) avduan AAC (@) avuan ETC

62
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A15197 4.7 NMSEUALINIDUVDINUSY d1USU regression coefficient Wag x-loading weight U84

LUUANANTETIUNSNIAaUNINSALNTa S UNSNIUIE A1 AAC way ETC @Sy

wuUNasanas1laglvannsusieenaay 3 aUnasy faeds test set

regression coefficient

wavelength (nm)

wavenumber wavelength
referred from bond vibration structure
(cm™) (nm)
reference [2]
5904 1695 1695 C-H str. first overtone CHs
5808 1722 1725 C-H str. first overtone CH,
4451 2247 2252 O-H str. + O-H def. starch
4412 2267 2276 O-H str. + C-C str. starch
4343 2303 2310 C-H str. + C-H def. CH,
AAC  x-loading weight
wavelength (nm)  PLS
wavenumber  wavelength
referred from latent bond vibration structure
(cm™) (nm)
reference [2] variable
5901 1695 1695 a4 C-H str. first overtone CHs
4458 2243 2252 1 O-H str. + O-H def. starch
4435 2255 2252 2 O-H str. + O-H def. starch
4412 2267 2276 3 O-H str. + C-C str. starch
regression coefficient
wavelength (nm)
wavenumber  wavelength
referred from bond vibration structure
(cm™) (nm)
reference [2]
ETC
4605 2171 2180 2 x amide | +amide |ll protein
4451 2246 2252 O-H str. + O-H def. starch
4350 2299 2310 C-H str. + C-H def. CH,
4343 2303 2310 C-H str. + C-H def. CH,
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A15197 4.7 (D) N13dUEELIoUYBINUSE @115V regression coefficient Wag x-loading weight
Y99 UUNADNTRYTBUNSWIAAUNINTalnTamsun1snIutem AAC kay ETC

amsukuuaasanasalaelvalnnsusoeneay 3 @Unnsu Aeds test set

ETC

wavelength (nm)
wavenumber  wavelength

referred from bond vibration structure
(cm™) (nm)

reference [2]
4296 2328 2323 C-H str. + C-H def. CH,

x-loading weight

wavelength (nm)  PLS
wavenumber  wavelength

referred from latent bond vibration structure
(cm™) (nm)

reference [2] variable
4605 2172 2180 5 2 x amide | +amide Il protein
4451 2247 2252 4 O-H str. +O-H def. starch
4428 2258 2252 3 O-H str. +O-H def. starch
4374 2286 2280 2 2 x amide | +amide Il protein
4435 2258 2252 1 O-H str. +O-H def. starch

Mnmsasuvuaasddaslyanaiusiesnas 3 annduneds test set lunsvune
freenaiilugdn U 4.17 wansnisiIeuiiisuan AAC (3Ufl 4.170) wag ETC (U7 4.179) 7
muelpsnuuaaseniossunsisaanlnsalnd fumiiamedsensds wazainasned 4.8
WUMEMSULUUINEBINTNIUIEAT AAC SlAn 12 117U 0.898 A1 RMSEP i 2.97 /L SEP
WU 2.87 /L bias AU -0.8120 ¢/L uaz RPIQ w1 3.28 LA MSULUUIIADINTNILNE
A" ETC §A1 r2 iU 0.971 A1 RMSEP winffu 1.82 ¢/L SEP wnffu 1.49 ¢/L bias AU -1.0700

o/L uag RPIQ iU 5.10



(n)

()
U 4.17 mamuesesnsiilusdnmedesdunsiseaninsalnd
amunuUansiasslnelranndusnesniay 3 awnndy meds test set
(1) A1 AAC (%) A1 ETC
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a a ¢ o ' Y ¥ o ¥ a ¥ ¥ [ '
M990 4.8 wamsaLmﬂzmmmamﬂﬂmgﬁm g msuuuvaesasslnglaUnasuiineay

3 @UnATU AEAD test set

RMSEP SEP bias
parameter r2 RPIQ
(g/L) (g/L) (g/L)
AAC 0.898 2.97 2.87 -0.8120 3.28
ETC 0.971 1.82 1.49 -1.0700 5.10

4.3.1.3 mMswisuifiounuuaans
mﬂm'iﬂqﬂﬁuum?wamﬁa;wqquéjwamiﬂasl%amﬂm%’méhazmaz 3 anadumeia
cross validation kay test set WUﬁWLLUU%ﬁaaQﬁlgﬂﬁﬂag test set ’Lﬁmamiﬁmwmﬁﬁﬂiw
Lﬂjaqmﬂﬁm r? ﬁqmﬁﬂﬁqmiﬁ’]umﬁ'} AAC wag ETC LLG]ILﬁ@ﬁWNWL‘U%SULﬁSUﬁIUG}’IiN
Wisuiieuan R uay R? (11319 2.1) wumeglunquiiannsolslunisussgnalaaiulng s

nsUsEiuAMA AN

4.3.2 Myadrauuusiasddagldanadusiegneas 1 awnaduede
4.3.2.1 ﬂ’]iﬁ@ﬁ]ﬂjLLUUf\?’laaﬂﬁ?’Jﬁﬁg cross validation

Tunisasrsuuunasslagloaunadusnosnsay 1 arlnaduadaeds cross validation
sl .18 1duaiunafundsdanisaunndufeosnu Tne33 first derivative + vector
normalization @ w3ua1 AAC  wagds min-max normalization @1%¥uA" ETC ;JIJVII 4.19 uag
4.20 wanIN15U3BULTBUAT AAC WAy ETC (R1uaisiu) Aniutelasuuuaiassveatiss
Sunlsusaannsalnd fumitinmeiSensdsvasyn calibration (n) ua 9 validation (1) was
NANTNT 4.9 WUIAINNITIATIEVHANIY PLSR Y09LUUIE8Y TUNSATIILUUIADIA WS
ASMUIEA1 AAC aztdonlerianduit 9403.8-7498.3 way 6102-5446.3 cm SansaLUnny
A3 first derivative + SNV & PLS factor 117U 3 Iﬂa{ljai‘ﬂaﬁm calibration &A1 R tm1Au
0.956 uarA1 RMSEE ity 2.28 o/L waztayayn validation A1 12 M1fy 0.952 A1 RMSECY
WU 2.3¢ /L bias WU -0.0042 o/L war RPIQ Wiy 4.17 lewnen  ynd3euiflsuiiu

AT UAAIINMANEUDIAT R kaE R? (1151991 2.1) wurnwuuanaestianunsalylumsussanaly

aulvgy mdansuseiugmunm



67

wazlumsasauuuaesEmiunsmuen ETC axdonluwisnauil 6102-5770.3 uas
4428-4242.9 e Famsaldnn3uAae38 min-max normalization & PLS factor iy 3 Tae
vayayn calibration A R? 1fu 0.939 uaza1 RMSEE iy 2.74 ¢/L wawtayatn validation
AN 2wy 0.934 A1 RMSECY iy 2.83 ¢/L bias 11U -0.0069 ¢/L waz RPIQ iy 6.40
Slounan 2 ySeuiflouumsaudamuminevesn R uay R2 (1157971 2.1) WUMUURaes

1 avrsalylumsussenalvanulvgy saudensussiununin

absorbance

wavenumber (cm™)

(n)



absorbance

wavenumber (cm™)

(V)
U 4.18 anmdumdadansane oy
amsunuuaesiiasslnelranndusnesniay 1 awnaduads med cross validation
(n) LT first derivative + vector normalization g’m%’uﬁﬂ AAC

(@) 19838 min-max normalization @wSua1 ETC

(n)
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(0)
5U# 4.19 n379 scatter plot @mFuA1 AAC
¥ o ¥ PN ¥ ¥ LY ! U = g aa . .
amsunuunaesaselaglyanasudtesvay 1 awnnsuaie aeds cross validation

(n) ¥ calibration () 9@ validation

(n)
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(v)
35U 4.20 n379 scatter plot @amuen ETC
¥ o ¥ Q" ¥ ¥ U U ! U = g aa . .
amiunuunaesaselaglyanasudtesvay 1 awnnsuaie aeds cross validation

(n) ¥ calibration (%) 9@ validation

A15199 4.9 HANNTIATITIINY PLSR U99wUUINABLHETBUNS WIaanInsalnTansunis
MuU1eA1 AAC kag ETC @amsukuuatassnasialaglyansasuiiesnay 1

AUNMSULRAY A2875 cross validation

calibration validation
para- regions pre- PLS
RMSEE RMSECV bias RPIQ
meter (cm™) processing factor R? r?
(g/L) (g/L) (g/L)

9403.8-7498.3 first derivative
AAC 3 0.956 2.28 0.952 2.34 -0.0042 417

6102-5446.3 + SNV

6102-5770.3 min-max
ETC 3 0.939 274 0.934 2.83 -0.0069 6.40

4428-4242 .9 normalization

*MUYLAR SNV A® vector normalization
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Tunsastsuvuanasdlaglaanndusesnsay 1 annsueasnieds cross validation
gU‘i?i 4.21 uay 4.22 UANIA7 regression coefficient kag x-loading weight mauwu%maqgﬁw%’u
M1SMUIEA1 AAC () uag EET (¥) Wazainn1sd 4.10 wuaen regression coefficient way x-
loading weight @3UMTNILNEAT AAC ﬁﬁmqaﬁqmzLﬂumié’uasLﬁaumaqﬁuﬁsﬁﬁmaﬁiams
NUNBAT AAC mﬁﬂﬁqm Tngan regression coefficient ﬁgﬂﬁqmagﬁ wavenumber 6017 cm™
\Junisduaziiieunesiuse C-H str. first overtone wazan x-loading weight ﬁqﬁqma& PLS
vector 1 ag"ﬁ wavenumber 5870 cm’! Lﬁjumiﬁuamﬁamaﬂﬁuﬁs C-H str. first overtone ﬁajﬂ
‘ﬁ?jmm PLS vector 2 ai‘j‘ﬁl wavenumber 5978 cm’! Lﬂjumiﬁl’uamﬁau%ﬂﬁuﬁz C-H str. first
overtone LLazﬁqﬁqmaa PLS vector 3 agj‘ﬁ wavenumber 5955 cm’? Lﬁjumiguamﬁau%ﬂ
Wussg CH str. first overtone azLﬁulﬁiWﬂﬁﬁ%’uazLﬁaumaq
C-H Snanensmunea AAC

wawAn regression coefficient Wag x-loading weight amSunsIIEa ETC ﬁﬁmqq
ﬁqmzLﬁumi%’uasLﬁaumaaﬁuﬁzﬁ'ﬁwaéami‘ﬁywmaﬂ'w ETC mm’?izjm Taean regression
coefficient ﬁqaﬁqmasﬂjﬁ wavenumber 4343 cm iunsduasiiiouvesiusy C- H str. + C-H
def. uaza x-loading weight ﬁqaﬁﬁjmm PLS vector 1 E]glj‘ﬁl wavenumber 4412 cm’! 10un1s
Fuaziitouvesiusy O- H str. + O- H def. ﬁgx‘iﬁlﬁjmm PLS Vector 2 ’eJ§J:‘1'71I wavenumber 4381
em ! iiun1sduasifieuvesiusy CH str. + C-H def LLazﬁgqﬁqmaﬂ PLS vector 3 aaﬂj‘ﬁ'
wavenumber 5907 cm™ 1unnsduazifiounesiusy CH str. first overtone 2z1fiulaa1n1s

AudzLIDUVDY C-H hay O-H dxananisniuiean ETC

(n)



()
gﬂ‘ﬁ 4.21 n91 regression coefficient plot

amsukuuIasanasalnglvanesuiieensay 1 @lunmsumay Ale3s cross validation

(n) avuan AAC () avsuan ETC

(n)
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()

g‘tJ‘ﬁ 4.22 n57 x-loading weight plot

73

¥ o ¥ PN ¥ ¥ U U ! U = g aa . .
g nsuluuaesaslaglvaunasuminegnsay 1 @iunnsuede ae3s cross validation

(n) @nSUAT AAC

() @wsuen ETC

A19719% 4.10 N13dUAELTIDUVRINUSE @115 regression coefficient tay x-loading weight ¥e4

wuvnaedusdunsusaaiunlnsalndamsunismungan AAC wag ETC @msu

wuUasdnaselaelyalunnsudioenaay 1 @UnAsuLRde Ad835 cross

validation

AAC

regression coefficient

wavelength (nm)

wavenumber wavelength

referred from bond vibration structure
(cm™) (nm)

reference [2]
6017 1662 1660 C-H str. first overtone cis-RCH=CHR!
5940 1684 1685 C-H str. first overtone aromatic
5862 1706 1765 C-H str. first overtone CH,
5708 1752 1765 C-H str. first overtone CH,
5577 1793 1780 C-H str. first overtone cellulose
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A15719% 4.10 (fi) N1SEUALLTIOUYBINUSE @MU regression coefficient wag x-loading

weight YasnuvIaedesdunsusaailninsalndamsunisniuienn AAC

way ETC @usuwuuatassnasislnglvalnnsuiiaeneay 1 aiunnsuwads

A2E75 cross validation

regression coefficient

wavelength (nm)

wavenumber  wavelength
referred from bond vibration structure
(cm™) (nm)
reference [2]
6017 1662 1660 C-H str. first overtone cis-RCH=CHR!
5940 1684 1685 C-H str. first overtone aromatic
5862 1706 1765 C-H str. first overtone CH,
5708 1752 1765 C-H str. first overtone CH,
AAC 5577 1793 1780 C-H str. first overtone cellulose
x-loading weight
wavelength (nm)  PLS
wavenumber  wavelength
referred from latent bond vibration structure
(cm™) (nm)
reference [2] variable
5978 1673 1685 2 C-H str. first overtone aromatic
5955 1678 1685 3 C-H str. first overtone aromatic
5870 1704 1705 1 C-H str. first overtone CH,
regression coefficient
wavelength (nm)
wavenumber  wavelength
referred from bond vibration structure
(cm™) (nm)
ETC reference [2]
5909 1692 1695 C-H str. first overtone CH,
4428 2258 2252 O-H str. +O-H def. starch
4381 2283 2280 C-H str. + C-H def. CHs
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A15719% 4.10 (fi) N15EUALLTIOUYBINUSE @1UTU regression coefficient wag x-loading
weight ¥anuvaeLlysdunsusaailninsalndamsunisniuigan AAC
wag ETC amsuluuassiasslngluaunniuiesnsas 1 awnnsuiadey

A2E75 cross validation

wavelength (nm)
wavenumber  wavelength

referred from bond vibration structure
(cm™) (nm)

reference [2]
4343 2303 2310 C-H str. + C-H def. CH,
4296 2328 2323 C-H str. + C-H def. CH,

x-loading weight
ETC 3 s

wavelength (nm)  PLS
wavenumber  wavelength

referred from latent bond vibration structure
(cm™) (nm)

reference [2] variable
5907 1693 1695 3 C-H str. first overtone  CHs
4412 2267 2252 1 O-H str. +O-H def. starch
4381 2283 2280 2 C-H str. + C-H def. CH,

Pnmsanuuaedtaslyaunaduiesey 1 adnadundsneds cross validation
Iumsﬁmwﬁ’aaéwﬁlﬁgﬁﬂ jg‘d'i?i 4.23 wansmsiTeuiiisuan AAC (‘gﬂ'ﬁ 4.23 ) wag ETC (gﬂﬁ
4.23 %) fmunelasuuuinassedesdunsusaanlnsalnd fuaitinaeisinsgiu ua
9NANTT 4.11 WUTEMSURULII@eININIUEA AAC §iAn 12 51U 0.901 A1 RMSEP iy
3.53 ¢/L SEP w1fU 3.01 /L bias MU -1.9500 ¢/L wag RPIQ 1Ay 2.83 wazandu
LUURIEBININIWIEAT ETC §lA 2 U 0.980 A1 RMSEP iU 2.10 o/L SEP iy 1.25
o/L bias iU -1.7100 ¢/L ua RPIQ Wiy 4.90



(n)

(@)
U 4.23 mamuesennsiilusdnmedesdunsusaauninsalnd
amsunuuaesiasslnslranndusnesniay 1 awneduads medd cross validation
(n) A1 AAC (%) A1 ETC
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= a ¢ v ' Y ¥ o ¥ a ¥ ¥ [ '
19199 4.11 wamsaLmﬂzmmmamﬂﬂmgﬁm g msunuvaesasslnelaaunnsuiioen

ay 1 awnmsuLaae Ale3s cross validation

RMSEP SEP bias
parameter r? RPIQ
(g/L) (g/L) (g/L)
AAC 0.901 3.53 3.01 -1.9500 2.83
ETC 0.980 2.10 1.25 -1.7100 4.90

4.3.2.2 NM3TgatIUUIR03METE test set

Tunsasauuunaedasloanasusosay 1 ainefinedonies test set Ul 4.24
Juadnafundedanisadnasudesnuuuy multiplicative scattering correction armduen
AAC uag vector normalization (SNV) aw§u ETC 3Ufl 4.25 ua 4.26 uansnsiu3euiitounn
AAC ua ETC (muandi) fimunelasuuuataesendssdursusawningalnd fuaiiiaais
3%51&5&%&?;@ calibration (n) wag ¥m validation (V) LAFAINANT 4.12 WUIAINAITATI
LUURIABIME PLSR amfumsvnunem AAC ldenlaasnduil 9403.8-6094.3 uag 4605.4-
4242.9 cm dan1sannn3unieTs MSC & PLS factor ity 5 Tasvayatn calibration fian R?
AU 0.949 uazA1 RMSEE 11y 230 o/L wazwayatn validation A1 2 iy 0.959 A1
RMSEP &1fu 2.6 g/L bias 11U 1.1100 ¢/L wae RPIQ winffu 9.26 wilewian r and3euiiou
fum1319ulanunNIBY09AT R way R? (1137971 2.1) wurwuvanassdaunsalslunig
Ussenalvanlug sawdinmsuseiunmuam

warlunsaTaLuLIaesam§uNINIuIEaT ETC asdonlurisadudl 8454.9-7498.3
WAy 4605.4-4242.9 e dantsalnnfuaae3s SNV & PLS factor tnnfy 3 Tnsveyaya
calibration §lA1 R? AU 0.920 wazAn RMSEE 1Ay 3.15 g/L LLamTauuasqm validation A1 r2
WU 0.938 A1 RMSEP 1ifu 2.73 /L bias 11U -0.3960 /L wa RPIQ winfu 7.49 iilewn
A1 2 iUsulfisufumaanlanumingvesan R uay R (1159971 2.1) nuauuuanaesil

ansalylunmsuszanalvanulvgy sadnsusesiununin



absorbance

wavenumber (cm™)

(n)

absorbance

wavenumber (cm™)

()
U 4.24 avdnafundsnsdamisann3ud e
amdunuunaeiiasslnsluaunnsusiegnes 1 anadunds medd test set
(n) TaeA5 multiplicative scattering correction dmSuA AAC

() 185 vector normalization @wsSual ETC
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(n)

()
5UN 4.25 n379 scatter plot @m¥uA1 AAC
aunsukuvIIaaasalnelvalnasusosnay 1 aUnnsuaY Aeas test set

(n) an calibration (9) 9@ validation
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(n)

()
5U# 4.26 N3 scatter plot @w3um1 ETC
aunsukuvIIaaasalnelvalnesusoenay 1 aUnnsuaaY Aeas test set

(n) an calibration (9) 9@ validation
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M15199 4.12 NaNTTIATIEVAIY PLSR adkuvataaaiasdunsusaaninsalndannsunis
NUNEA1 AAC khag ETC @ausunuuatassnasalaglvanasusioeneay 1

AUNMSULRAY AU test set

calibration validation
para-  regions pre- PLS
RMSEE RMSEP bias RPIQ
meter (cm™) processing  Factor R? r?
(g/L) (g/L) (g/L)
9403.8-6094.3
AAC MSC 5 0.949 2.30 0.959 244 1.1100 9.26
4605.4-4242.9
8454.9-7498.3
ETC SNV 3 0.920 3.15 0.938 2.73 -0.3960 7.49

4605.4-4242.9

MU MSC A multiplicative scattering correction

SNV @8 vector normalization

Tunsasauuuinaedtasleanaiufosay 1 ainasuaionies test set 3Ufi 4.27
Way 4.28 LARdA" regression coefficient lae x-loading weight GUENLLUUSW@ENE:’M%JUM’W’IJW’]EJ
A1 AAC () waz EET () 4aza1nan5197 4.7 Wuan regression coefficient kay x-loading
weight AMSUNITNILNEAT AAC ﬁﬁmqaﬁqmmﬂumiﬁ'uazLﬁaumawﬁ’uﬁzﬁﬁmaﬁiamﬁﬁmEJ
A AAC Mﬂﬂﬁ?jm Tnean regression coefficient ﬁqaﬁqwaéﬁ wavenumber 4451 cm™ 10un1s
duazifieuvasiusy O-H str. + O-H def. uazan x-loading weight ﬁqaﬁqmm PLS vector 1 agj
‘17i wavenumber 4466 cm’! Lﬂuﬂﬁé’uamﬁaumaaﬁuﬁz C-H str. +C=0 str. ﬁ@ﬂ‘ﬁﬁjﬂ"uaﬂ PLS
vector 2 a&ﬁl wavenumber 4397 cm™ L‘ljumﬁbuazl,ﬁau%ﬂﬁuw C-H str. + C-H def. ﬁqa
ﬁqmaa PLS vector 3 agj‘ﬁl wavenumber 4474 cm™ Lﬂuﬂwﬁuazl,ﬁausuaqﬁuﬁz C-H str.
+C=0 str. ﬁq&ﬁlqma\‘i PLS vector 4 as;qu‘ﬁl wavenumber 4412 cm’! Lﬁumsé’uazl,ﬁausumﬁuﬁx
C-H str. + C-H def. LLazﬁiqqﬁqmmq PLS vector 5 agj‘ﬁl wavenumber 4451 cm™ vJunns
Suaziflouveaiusy O-H str. +O-H def. azuiulnnnsduazifiouves C-H waz O-H fnanonns
PR AAC

wagan regression coefficient Way x-loading weight @mSunsIIEa ETC ﬁﬁmqq
flanazidunisduasiitouvesituseiifinananianiuiean ETC undian 1auan regression
coefficient ﬁq&ﬁlqwagiﬁl wavenumber 4412 cm’ Wumsduasifiouvesiusy O-H str. +O-H

def. uaza x-loading weight ﬁqaﬁqmad PLS vector 1 a&_gl‘ﬁ wavenumber 4412 cm™ 10un1s
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duazliouvaaiusy O-H str. +O-H def. NasNianveq PLS vector 2 8g#l wavenumber 4242

et iumsduasifiounesiusy C-H def. second overtone wagfiasfianvad PLS vector 3 8y

a

7 wavenumber 4474 cm™ \Jun1sduasiiiouvesiusy O-H str. +O-H def. aztiiulainnis

duaslouYad C-H wag O-H finanani1sniuiean ETC

(n)

()
5UM 4.27 N5 regression coefficient plot
¥ U ¥ dl ¥ ¥ U U ! U dl ¥ aaqa
ansuluuansaslnelvaiunasudeesas 1 allnnsuiaie Adeds test set

(n) avuan AAC () avuan ETC



(n)

()
sUN 4.28 N3 x-loading weight plot
Y
aunsukuvIIaaasalnelvalnasusoenay 1 aUnnsuaY Ale3s test set

(n) avduan AAC (@) avuan ETC
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A157197 4.13 N15dUALLIDUUDINUSY @1USU regression coefficient Way x-loading weight

Y29 UUINABLTETIUNTHIAaUNINSalnTa1nsun1snIune a1 AAC way ETC

ausukuvIIaaasalnelvalnnsusoegay 1 aunnsunay aneas test set

regression coefficient

wavelength (nm)

wavenumber wavelength
referred from bond vibration structure
(cm™) (nm)
reference [2]
O-H str. first overtone starch
6981 1432 1440
2 x C-H str. +2 x C-H def. CH
4590 2179 2280 C-H str. + C-H def. CHs
4451 2247 2252 O-H str. + O-H def. starch
4404 2271 2280 C-H str. + C-H def. CHs
AAC 4343 2271 2310 C-H str. + C-H def. CH,
x-loading weight
wavelength (hm) PLS
wavenumber wavelength
referred from latent bond vibration structure
(cm™) (nm)
reference [2] variable
4474 2235 2200 3 C-H str. + C=0 str. -CHO
4466 2239 2200 1 C-H str. + C=0 str. -CHO
4451 2247 2252 5 O-H str. + O-H def. starch
4412 2267 2280 q C-H str. + C-H def. CHs
4397 2274 2280 2 C-H str. + C-H def. CH,
regression coefficient
wavelength (nm)
wavenumber wavelength
referred from bond vibration structure
FTc  (em™) (nm)
reference [2]
4458 2243 2252 O-H str. + O-H def. starch
4412 2267 2252 O-H str. + O-H def. starch
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A15719% 4.13 (fi) N1SEUALLTIOUYBINUSE @1USU regression coefficient wag x-loading
weight ¥anuvaeLlysdunsusaailninsalndamsunisniuigan AAC
wag ETC awmsukuuaesiasslaglaaunnsuiiesnsas 1 awnnsuiade

A28 test set

regression coefficient

wavelength (nm)
wavenumber  wavelength

referred from bond vibration structure
(cm™) (nm)
reference [2]
4343 2303 2310 C-H str. + C-H def. CH,
4289 2332 2336 C-H str. + C-H def. cellulose
4258 2348 2352 C-H def. second overtone cellulose

ETC  x-loading weight

wavelength (nm)  PLS
wavenumber  wavelength

referred from latent bond vibration structure
(cm™) (nm)

reference [2] variable
4474 2235 2252 3 O-H str. + O-H def. starch
4412 2266 2252 1 O-H str. + O-H def. starch
4242 2357 2352 2 C-H def. second overtone cellulose

Mnmsassuuasdaglsanndudiesnias 1 awnasuiedenieds test set lunis
yuefieesiilusdn 3U7 4.29 uansnisiUisuiiisun AAC (U7 4.29 n) wag ETC (3Uf 4.29
9) imunelaguuuanassenisssunsisnadninsalnd fuaitinneisensds wazannmse
4,14 WUMEMFULUUIIABINISIWIEAT AAC SiAn 2 U 0.913 A1 RMSEP iy 2.83 o/L
SEP 131U 2.90 ¢/L bias (iU -0.0510 ¢/L uaz RPIQ WINFU 3.67 WavdMsuLUU1a8InNTg
MueAn ETC San 12 winifu 0.976 A1 RMSEP iy 2.22 o/L SEP iU 1.40 ¢/L bias Wiy

~1.7500 g/L waz RPIQ WU 4.77



(n)

()
U 4.29 mamunesesnsitlusinmedesdunsisaaninsalnd
amsunuvmassiasslnslranndusnesnay 1 awnedunds meds test set
(1) A1 AAC (%) A1 ETC
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=] a ¢ Y ! av Yo ¥ o ¥ a ¥ ¥ o
M990 4.14 Nﬁﬂ’ﬁ’)Lﬂi’]%%“U@\WY}@EJ’NVlIlIE"Uﬂ ansuluuanansnaselaglyaunnsy

f108198¢ 1 AUNASULRAY AREIT test set

RMSEP SEP bias
parameter r? RPIQ
(g/L) (g/L) (g/L)
AAC 0.913 2.83 2.90 -0.0510 3.67
ETC 0.976 2.22 1.40 -1.7500 a.77

4.3.2.3 mMswWisuiisunuuaans
mﬂmsﬂqaﬁt,l,wgwaaaﬁaﬁywLLUU'SﬂaaﬂmaﬁmUﬂm%’mﬁmzmaz 1 awnnduadenie
3% cross validation Wag test set NUIMUUT1@047IlAa1NT3 test set TnaNISILNEANTIRNIT
Lﬂjaqmﬂﬁm rzﬁqm’i’]ﬁqmw’]j’mwm AAC wag ETC LLG}ILﬁaﬂj’lmm%mﬁﬁmﬁumiw
Wisuiieuan R uaz R? (11319 2.1) wumeglunquitannsolslunisussgnalaaiulng saufs

nsUsEiUAMA AL INY

4.4 arssdSeuisusuuasniaselneldaunnsuniedgneas 3 @iunasy Nu 1

o o
didnmsuaag

1NNN5A19UUNAR e lvaNASUAT19aY 3 @UnmSy way 1 @unmsuaag ann
M15719% 4.15 Weaua r? Seuiieuiu wuamniuuataesaansalylunisussenaluaiulvey

FIUDINSUTEAUAUAMNYWAGINY 1 WUNEBIENTUNITNIUIEAT AAC wag ETC

A1519% 4.15 msUSeuwiguan r?

parameter NNSEIIULUVUAIGBY  I9NITATN r?
. cross validation 0.947
3 avdnasy
test set 0.953
AAC
. cross validation 0.952
1 &unmsy
test set 0.959
. cross validation 0.926
3 dvdnnsy
test set 0.934
ETC
. cross validation 0.934
1 a@wlnmsy

test set 0.938
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4.5 WAAMYBIAINITAANAULAIYRIAUNATUNAIIAN1TAEIUNASULUBIAUAY

regression coefficient

Y v
aa

4.5.1 LUUNaBINMUIEAIANULVNVUYBINTABLVHN

NUUUIRINANAAAMTUNTNUNEANAIULVUYBINTABLTFAN (LUUNADINATI

Tnglvanmnsusiioeneay 1 aUnnSURAEAIE7S test set) WU wavenumber 4451 cm! Jwa

mmwumaaammammmmmummmmaz%ﬁmﬂﬂﬁqm Lﬁaqmﬂﬁma@msuaammi@@ﬂ%uum

=

(absorbance) vasanniundsdansainasud seuiuan regression coefficient geiian @

Wunisduaziiiouvaaiuse O-H str. + O-H def.

5U# 4.30 nspavesINMIganfuLavaanniunasdansaUne sl eauiu

regression coefficient @11iuA1 AAC
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v v

4.5.2 WUUIABINIUIEAANHLTLTLTONENILDR

MNUUUTIERTIRTIgRAmMSUNMIILIIANAIINTYeYUeR (WUUITaesTiaTdlay
TaaUnasudiesnaay 1 aunasuiadonios test set) WUl wavenumber 4343 cm! fikane
LUUTIRBIMNEAATLYRINIABEERNINNTIgR lesniinagnmesninisgandunases
awnpdundsinmsanniud anufuan regression coefficient geftan dadunisduasiiou

YDINUSY C-H str. + C-H def.

5UT 4.31 1AM IaanfuLaasannsunaansaiune sl eauiu

regression coefficient @ usuA ETC
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4.6  WANTSANSWABULUAIAIAMUTUTUVDINTABZTNARNLALLENIUDE

N5UN 4.32 nunlunszuiunsviny 1aeeyenn AIANYNYIUYeINIARYTRNaiaT

Y v

WILTUTENIN TN WARIANLULTUYBLENIURRITIAIANaY azilaluAsudninsveenis

winlu weRnssun1sasullain1AuILIuYeINsnesdRnuazionIuea fansdulruLiy

I dndnsvenszurunisndinu rauanglysseziaiusyan 8-11 Tuneinins

AAC
ETC

5UT 4.32 wyinssunsilfsuiuainanuivavurednsneslninuazieniuea



unil 5

d3UNAN1INAADY

5.1 repeatability, reproducibility wag R?,,,

INHANITNARDINUINAT repeatability ag reproducibility Tunsawnuilanm wanen
u"ffam']asgsgnmmmaLLﬂulmyasmLLaiush waven R? oy ‘Lumﬁméw%ai%‘&q%qﬁhwgq WAngIAN
o198ainlafianuuduggs fefudefienudullalunisanauunaeadieniuisaia

v v '

LWHYUYBINTABLTRAN (AAC) UagAIANMLNYUYBAUENIURA (ETC)
a 4 [
5.2 msuassnaidnasu
PNHANTIATIENAUNASUNUNWIANE8YENTaanauATULTeTBuNT usAaUNNg
adlnd Jvapduiiusngeesdaan wiyenauraliue199slunseiuyind Wivsnguenines

FAnuagienueauIgns Wesnnluuauaeyv110133eil 03AUsENoUBULENINNIABYTANUAL

LBNIUBA LLﬁ]ﬁﬁWN’ﬁﬂu’]u ']E!Jﬁ’]EJ‘giJ’]ﬁS’NLLUUQ’]aENlﬂ

53  uuudnaes

NN UTBYAARRTEIFIDENILNANABYUINUNNLILT DI TiBINONDN AT
LUUTRDINITNILNBAT AAC uay ETC uazvoyafilelunsasisuuuataosdan AAC uag ETC 7
AsoUAgUABNITINUNANAEYUTinesNslviAT ALTLTBsETTAYA18 I (TC) 1Y 80
g/l Faum3uauaunszuIunsmsin LLazGJauuasuaaﬁaasjNﬁlﬁgﬁﬂﬁﬂ'w AAC waz ETC agluwaadl
LUUNABIEIATOUARY

5.3.1 nmsaduuvinasslagldanaiudlednas 3 ainasy

53.1.1 miﬁqﬂﬁuwéwaaﬁwﬁ% cross validation

INUVUIIABINITUBAT AAC Way ETC nuduwuudanst sasansnsounluuszenaly

1a 1osarndian 2 ge uasdflowtuuuarasslunaaeuiuiaessiiluzdn wualaa 2 imifu

0.911 @WSUNSNIWEAT AAC wag 0.911 awmsunisniuieal ETC
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5.3.1.2 miﬂqaﬁl,l,umﬁamgasﬁ'% test set
PMUVUTIEINTIUIBAT AAC Uag ETC WunuuuTnaest smasnsauiluvssynaly
1a 1osarndien 2 e uasflowuuuaasslunaasuiuiessiiluzdn nualaa 2 mify
0.898 ANMFUNMINIEAN AAC UaE 0.971 @WTUNTUEA ETC
5.3.1.3 mawSeuifisuiuuaias
NMIAFGIULUUTIG09918FF cross validation uaw test set MuLUUIIABsT lnmnas
test set Tvman1suieand fm 1l es9rrien 2 7 genal amniwieen AAC uag ETC farf u
MNABINITNILIEAT AAC Uae ETC Tu auasgumaadenlsnuuaiaosd aaeaae78 test set
5.3.2 msairauuuiaedlagldanaiudiegisas 1 awnnduedy
5.3.2.1 mﬁqaﬂumuéwaméjﬁﬁ% cross validation
PMUVUTIABINIIUIBAT AAC Uay ETC WuruuuTnaest smasnsauiluissynaly
1a lesandian 2 g uazidloutuvuanaeslunaasuiuiaossitlusdn wuanlaan 2 iy
0.901 @MFUMIMNINEAN AAC LAz 0.980 AWTUNTUEA ETC
5.3.2.2 mﬁqaﬂumuéwaméjﬁﬁ% test set
INUVUIIABINMITUBAT AAC law ETC wunuuudansyt sasansnsounluussenaly
1a esandien ¢ g9 uanflontuvuanaeslunaasufuiogsilusdn wuanlaan 2 iy
0.913 E@MFUMINNMNEAN AAC UaE 0.976 @WMTUNTUIEA ETC
5.3.2.3 mIwSeuiiisuiuuaiaes
NMITAGIULUUTIEB9R28TF cross validation e test set nuIUUUIIARST lanins
test set Tvmansvuieand fm 1l esrrien 2 7 genal amniwieen AAC uag ETC farf u

MINRBINITNIUIEAT AAC Uag ETC luw raumeynimsidenlyluuanaesi a9umeds test set

5.4 assdSeuisusuudassnasaleeldaunnsuniegneas 3 @idnasuy nu 1

v 4
dglunnsuLRay

MNN15a19UTNA g lvalNASUAI98198 3 AWNASY kay 1 dlnAsuLady WU
WUUAABITATIANTUNIUIEAT AAC WAy ETC 989919 2 A5TaUI0ULUBILUUNADINLNALAES

fu anunsalawuulaile
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5.5 d@3Unaann regression coefficient Way x-loading weight

97n regression coefficient uag x-loading weight TauuuIIaaiasslnelyannsa
fognsay 3 annsu mels cross validation waw test set @MSUNITVIMUBAT AAC WUANS
& weiiiounes O-H str. + O-H def. Tvanonsvmunead gauagamunsniuneal ETC wums
& weiiiounes C-H str. + C-H def. finanonisnmuneand aa

910 regression coefficient Wae x-loading weight suaaLLUUéwaaaﬁa%ﬂﬂai%aLiJﬂm%’u
frostar 1 aunnduede nae3s cross validation @1MsuNsMIUIEAT AAC WU sduaziiioy
184 C-H str. first overtone THANDA1TNIUILAITAN UATAIMTUAITNIUILAT ETC NUNTT
& wziflouvas C-H str. + C-H def. finanensynueanii ga

970 regression coefficient uag x-loading weight TeuuuIIaaiaslnglyannsa
frognsay 1 @ilnndined 8meds test set @mSuMsIUIEAT AAC uay ETC wumsdl uaiiteu

Y83 O-H str. + O-H def. fnananismugail gn

56 WAAMYRIAINITAANAULAIYRIANATUNAIdInn1TalUNATUIURIAUAY

regression coefficient

5.6.1 LUUTIRBIVILNEAIAINLLULTUYBINTADLTRN

NUUVIAT ﬁ“wqméw%’umwﬁmam AAC (Luudnaesit andlaglvannduioens
av 1 awnadad #1033 test set) WuIMsd uailouvawiuse O-H str. + O-H def. fiwane
ANSMIUNEAT AAC 1T a0

5.6.2 LUUTNRBIVLIEANAINLIUNTUYDL0YNUDR

NUUVIAT ﬁ“wqméw%’umwﬁmam ETC (wuuanaesit anslaeloadnndusnesn
av 1 aUnndad o33 test set) Wunsd aflouvesusy C-H str. + C-H def. Srananns

MMueA ETC 1n# an

57  wgAnssumsidsunlasaranududuvensnes@nfinwazieniuea
wAnssuNTUABULAIA1 AAC LAy ETC Lﬂulﬂmuﬂizmumwﬁﬂuﬁuawﬁg foAn
AAC Tupoui unsaaumsaslinniu 45 ¢/l uarluszymsnszuiunsinagiinil i uaud um
nszuINNREdinUszann 80 /L Tuaiuvesn ETC Tumeuisunszuiunisasdianniiu 35 o/L
warlusevnanszuiuninaziinnanas uduganszuaunsagiiniussann 0 o/L wisuigdng

TrungAnssunisiudsunuasnn AAC waz ETC Ssnaduuidy esanuuafiisedilslunismin



94

zlAsuLaanagaalnnaleliunsnazdmn A1 AAC JuiuTu Tuvuziian ETC azanasaunualy

InglunszurunsndnlyszesiianUssunns 8-11 Junenil 93gns

58  Jaiduauug

Tun19UsegnalBUUARINIMTUNEA AAC Wae ETC NOUILALNLYNAY SATUNTINLA
Avrftussquianansyan bl luwuuds welnuanansyfonmgd 0°C Taazmilunsmiunean
AAC upz ETC iAnnunanaiadouuasiian 1 oanlunisamauuuanaes u ramegumiiunmn
awnuflguund 0°C AafuSenduiivenesnvaugungdlmmiy Woaadymnisidouves

aunasy
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A15199 N1 A1919D9a FUAIANUINIUYBINTABETRN (AAC) wazLanuea (ETC)

o AAC (g/L) ETC (¢/L)
U o a o o A o
0N 1 09N 2 09N 1 09N 2
6/5/2560 43 46 38.0 38.0
7/5/2560 43 46 37.5 38.0
8/5/2560 45 46 37.5 31.5
9/5/2560 45 48 35.0 32.5
10/5/2560 43 53 31.0 27.5
11/5/2560 43 59 31.0 25.0
12/5/2560 43 62 31.0 21.5
13/5/2560 43 68 32.5 14.0
14/5/2560 42 176 31.0 8.5
15/5/2560 42 89 355 6.0
16/5/2560 46 89 315 4.0
17/5/2560 ar 46 31.0 35.0
18/5/2560 45 48 28.5 27.0
19/5/2560 45 48 28.5 27.0
20/5/2560 45 63 29.5 17.0
21/5/2560 44 65 33.0 17.0
22/5/2560 45 71 335 11.5
23/5/2560 45 74 32.0 11.0
24/5/2560 44 - 35.0 -
25/5/2560 44 72 38.3 6.5
26/5/2560 46 74 26.0 5.5
27/5/2560 45 73 25.0 4.5
28/5/2560 45 a7 26.0 35.0

29/5/2560 a5 ar 26.0 29.0
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v v

A195°97 N1 (F8) A NBIENTUAIAIULINTUVBINTABETRN (AAC) Laztoniuea (ETC)

o AAC (g/L) ETC (g/L)
U o o o a o o o a
09N 1 99 2 09N 1 09N 2

30/5/2560 45 48 27.0 28.0
31/5/2560 46 54 29.0 27.0
1/6/2560 45 71 28.0 20.0
2/6/2560 - 83 28.5 1.0
3/6/2560 - 45 27.5 35.0
4/6/2560 45 46 27.0 25.0
6/6/2560 48 45 315 30.5
7/6/2560 45 45 30.5 29.0
8/6/2560 - 49 - 57.0
17/6/2560 46 50 17.0 34.5
19/6/2560 50 65 15.0 14.0
20/6/2560 49 71 14.0 13.0
21/6/2560 ar 80 14.0 8.0
22/6/2560 49 86 13.5 2.0
29/6/2560 ar 70 9.5 11.5
3/7/2560 ar 80 9.0 0.0
5/1/2560 ar a7 8.5 34.5
6/7/2560 ar 48 7.0 33.5
1/1/2560 a7 a7 7.0 31.0
14/7/2560 45 45 35.0 35.0
15/7/2560 43 a8 32.0 32.0
16/7/2560 43 a5 34.0 34.0

17/7/2560 43 53 315 32.0
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v v

A195°97 N1 (F8) A NBIENTUAIAIULINTUVBINTABETRN (AAC) Laztoniuea (ETC)

o AAC (g/L) ETC (g/L)
U o o o a o o o a
09N 1 99 2 09N 1 09N 2
18/7/2560 44 64 26.5 20.0
19/7/2560 45 73 20.5 11.0
21/7/2560 46 48 22.5 31.5
22/7/2560 43 a7 28.5 27.0
23/7/2560 45 59 24.0 18.5
24/7/2560 46 73 21.5 3.0
25/7/2560 46 7 20.5 0.0
27/7/2560 45 42 18.0 33.0
22/8/2560 51 7 29.5 3.0
23/8/2560 51 - 28.5 -
24/8/2560 52 44 28.5 32.0
25/8/2560 51 45 28.5 30.9
28/8/2560 49 63 25.0 14.0
29/8/2560 ar 68 21.0 0.0
30/8/2560 48 45 20.5 35.0
31/8/2560 45 44 19.0 33.0
1/9/2560 - 43 - 255
11/9/2560 48 7 13.5 0.0
12/9/2560 50 45 13.5 32.8
13/9/2560 50 45 13.5 33.0
14/9/2560 48 45 14.0 335
15/9/2560 48 44 10.5 34.0

18/9/2560 49 a9 7.5 29.5
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v v

A195°97 N1 (F8) A NBIENTUAIAIULINTUVBINTABETRN (AAC) Laztoniuea (ETC)

o AAC (g/L) ETC (g/L)
U o o o a o o o a
09N 1 99 2 09N 1 09N 2

19/9/2560 49 52 6.0 25.0
20/9/2560 48 54 6.0 20.5
21/9/2560 49 56 6.0 17.0
22/9/2560 49 59 5.5 14.0
23/9/2560 49 61 3.0 10.8
25/9/2560 - 65 - 6.5
26/9/2560 - 69 - 2.5
30/9/2560 - 45 - 35.0
2/10/2560 - 48 - 33.3
3/10/2560 - 49 - 28.5
5/10/2560 - 51 - 24.0
6/10/2560 - 55 - 21.5
9/10/2560 42 62 28.0 8.5
10/10/2560 48 67 25.0 5.0
11/10/2560 48 70 14.0 4.0
12/10/2560 48 72 22.0 2.0
13/10/2560 48 45 21.5 30.8
15/10/2560 48 48 18.0 28.1
16/10/2560 48 50 17.0 22.8
17/10/2560 46 51 17.0 20.0
18/10/2560 - 54 - 16.0

19/10/2560 - 56 - 14.5
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] 1Y) - 19 44' = A4 a a ::4' g
M99 V1 ﬂqiauagLW@um@QWUﬁgLuaaﬂﬂaUﬂauLUHiﬂu‘tiqLi@mﬂ'ﬂﬁlmﬁq')ﬂau@ﬁlﬂs] 2]

wavelength (nm) bond vibration structure
713 C-H str. fourth overtone benzene
738 O-H str. third overtone ROH

740 C-H str. fourth overtone CHs

746 C-H str. fourth overtone CH,

747 O-H str. third overtone ArOH
760 O-H str. third overtone H,O

762 C-H str. fourth overtone CH,

779 N-H str. third overtone RNH,
790 N-H str. third overtone ArNH,
806 N-H str. third overtone RNH,
808 2 x N-H str. 2 x N-H def.+ 2 x C-N str. RNHR’
815 N-H str. third overtone RNHR’
832 2 x N-H str. 2 x N-H def.+ 2 x C-N str. RNHR’
840 3 x C-H str. + 2 x C-C str. benzene
874 C-H str. third overtone benzene
880 C-H str. third overtone CHCl,
900 C-H str. third overtone CHs

910 C-H str. third overtone protein
913 C-H str. third overtone CH,

928 C-H str. third overtone Oil

938 C-H str. third overtone CH,

970 O-H str. second overtone ROH, H,O
990 O-H str. second overtone starch
1000 O-H str. second overtone ArOH
1015 2 x C-H str. + 3 x C-H def. CHs
1020 2 x N-H str. + 2 x amide | protein
1020 N-H str. second overtone ArNH,

1030 N-H str. second overtone RNH,
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P ' 1Y) = o = = 4 a fa A 8 !
f15199 U1 (M) ﬂ']iauazLwaumaﬂwuﬁglﬂ@a@ﬂaUﬂauLUSia‘UWT]Li@l'ﬂﬂ'ﬂqmﬂﬁmﬂaumqﬂﬂ 2]

wavelength (nm) bond vibration structure
1037 2 x C-H str. +2 x C-H def. + (CHy)n oil

1053 2 x C-H str. +2 x C-H def. + (CH,)n CHyg

1060 N-H str. second overtone RNH,

1080 2 x C-H str. + 2 x C-C str. benzene
1097 2 x C-H str. + 2 x C-C str. cyclopropane
1143 C-H str. second overtone aromatic
1152 C-H str. second overtone CHs

1170 C-H str. second overtone HC=CH
1195 C-H str. second overtone CHs

1215 C-H str. second overtone CH,

1225 C-H str. second overtone CH

1360 2 x C-H str. +2 x C-H def. CHs

1395 2 x C-H str. +2 x C-H def. CH,

1410 O-H str. first overtone ROH

1415 2 x C-H str. +2 x C-H def. CH,

1417 2 x C-H str. 42 x C-H def. aromatic
1420 O-H str. first overtone ArOH

1430 N-H str. first overtone CONH,
1440 O-H str. first overtone sucrose, starch
1440 2 x C-H str. +2 x C-H def. CH

1446 2 x C-H str. 42 x C-H def. aromatic
1450 O-H str. first overtone starch, H,0O
1460 N-H str. first overtone CONH,
1471 N-H str. first overtone CONHR
1480 O-H str. first overtone (intramol. H-bond)  ¢lucose
1483 N-H str. first overtone CONH,
1490 N-H str. first overtone CONHR
1490 N-H str. first overtone (intramol. H-bond) CONH,
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P ' 1Y) = o = = 4 a fa A 8 !
f15199 U1 (M) ﬂ']iauazLwaumaﬂwuﬁglﬂ@a@ﬂaUﬂauLUSia‘UWT]Li@l'ﬂﬂ'ﬂqmﬂﬁmﬂaumqﬂﬂ 2]

wavelength (nm) bond vibration structure
1490 O-H str. first overtone (intramol. H-bond)  cellulose
1492 N-H str. first overtone ArNH,
1500 N-H str. first overtone NH
1510 N-H str. first overtone protein
1520 O-H str. first overtone CONH,
1520 N-H str. first overtone (intramol. H-bond) ROH
1528 O-H str. first overtone (intramol. H-bond)  starch
1530 N-H str. first overtone RNH,
1533 C-H str. first overtone C=H
1540 O-H str. first overtone (intramol. H-bond)  starch
1570 N-H str. first overtone -CONH-
1580 O-H str. first overtone (intramol. H-bond)  starch, glucose
1620 C-H str. first overtone =CH,
1645 C-H str. first overtone R-CH-CH
\O/
1660 C-H str. first overtone cis-RCH=CHR!
1685 C-H str. first overtone aromatic
1695 C-H str. first overtone CHs
1705 C-H str. first overtone CHs
1725 C-H str. first overtone CH,
1740 S-H str. first overtone -SH
1765 C-H str. first overtone CH,
1780 C-H str. first overtone cellulose
1820 O-H str. + 2 x C-O str. cellulose
1900 O-H str. +2 x C-O str. starch
1900 C=0 str. second overtone -CO,H
1908 O-H str. first overtone POH
1920 C=0 str. second overtone CONH
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wavelength (nm) bond vibration structure
1940 O-H str. +O-H def. H,O

1950 C=0 str. second overtone -CO,R

1960 N-H sym. str. +amide Il CONH,

1980 N-H sym. str. +amide |l protein

2000 2 x O-H def. +C-O def. starch

2000 N-H sym. str. +amide Il CONH,, CONHR
2030 C+O str. second overtone CONH,

2050 N-H sym. str. +amide |l protein

2050 N-H asym. str. +amide |Il CONH,

2080 O-H str. +O-H def. ROH, sucrose,
2100 2 x O-H def. +2 x C-O str. starch

2110 N-H sym. str. +amide |l CONH,, CONHR
2132 N-H str. +C=0 str. amino acid
2140 =C-H str. + C=C str. HC=CH

2150 2 x amide | +amide Il CONH,

2160 2 x amide | +amide |ll CONHR

2180 2 x amide | +amide |Il protein

2190 CH, asym. str. +C=str. HC=CH

2200 C-H str. +C=0 str. -CHO

2242 N-H str. +NH; def amino acid
2252 O-H str. +O-H def. starch

2276 O-H str. + C-C str. starch

2280 C-H str. + C-H def. CH,4

2294 N-H str. +C=0 str. amino acid
2310 C-H str. + C-H def. CH,

2323 C-H str. + C-H def. CH,

2336 C-H str. + C-H def. Cellulose

2347 CH2 sym. str. += CH2 def. HC=CHCH,
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wavelength (nm) bond vibration structure
2352 C-H def. second overtone cellulose
2380 O-H def. second overtone ROH
2461 C-H str. +C-C str. starch
2488 C-H str. + C-C str. starch
2500 C-H str. + C-C str. starch
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Abstract

Near infrared (NIR) spectroscopy is known as a fast and reliable technique to analyse physical
and chemical properties of different analyte. The main objective of this paper is to test for the precision
of NIR spectrometer by evaluating scanning repeatability and reproducibility for measuring acetic acid
(AAI) and ethanol (ETi) on acetification rate (ETA) of rice vinegar and its corresponding reference method
using acid-base titration with NaOH and gas chromatography, respectively. Results show that the
repeatability and reproducibility of NIR scanning spectrometer is 0.0206 and 0.1346. The repeatability
of reference method for AAi and ETi were 0.01 and 0.04, respectively. The maximum co-efficient of

determination (R were 0.996 and 0.998, respectively.

Keywords: Acetic acid, Ethanol, Acetification rate, Vinegar, Precision.
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Abstract

Near infrared (NIR) spectroscopy is known as a fast and reliable technique to analyse physical
and chemical properties of different analyte. The main objective of this paper is to test for the precision
of NIR spectrometer by evaluating scanning repeatability and reproducibility for measuring acetic acid
(AA) and ethanol (ET) on acetification rate (ETA) of rice vinegar and its corresponding reference method
using acid-base titration with NaOH and Ebullionmeter, respectively. Results show that the repeatability
and reproducibility of NIR scanning spectrometer is 0.0206 and 0.1346. The repeatability of reference
method for AA and ET were 0.01 and 0. 04, respectively. The maximum co- efficient of determination

(R% a0 Were 0.996 and 0.998, respectively.

Keywords: Acetic acid, Ethanol, Acetification rate, Vinegar, Precision.

Introduction Rice vinegar (Foster, 2016) made by
: . . fermenting the sugars in rice first into alcohol,
Vinegar is a popular seasoning that

adds taste in the food. Vinegar is fermented and then into acid. Compared to white distilled

. . vinegar, rice vinegar is less acitic with a delicate,
from rice, corn, fruit or sugar.

(Pornchaloempong and Rattanapanon, 2014) mild, and somewhat sweet flavor. Rice vinegar

Fermented sugar becomes alcohol by yeast is ranged in different color, from clear to

and fermented alcohol become acetic acid by different shades of white and red; each variety

aerobic bacteria to get acid of sour taste known has a slightly different taste. White rice vinegar

as Vinegar, (Wan, 2016) is slightly yellow in color, with

higher acetic acid than other Chinese vinegar, is



less acitic and milder in flavor than Western
vinegar. Brown rice vinegar (Han, 2013) is
slightly light to dark brown in color. It is made
from unpolished brown rice, this version of rice
vinegar are supposed to have higher nutrients.
Black rice vinegar is deeper in color and flavor,
it has somewhat smoky- taste. Vinegar is made
from black glutinous rice and other grains like
wheat, millet, and sorghum. [t is often used in
Chinese stir fries, dipping sauces, and as a
condiment. Red rice vinegar is made from red
yeast rice (fermented rice) and sometimes
barley and sorghum, it is sweet and salty.
Seasoned rice vinegar is white rice vinegar with

added sugar and salt.

Acetic acid (Garcia, 2016), also known
as ethanoic acid and methane carboxylic acid,
is a colorless liquid that has a strong and
distinct pungent and sour smell. It is an organic
compound. Each year, a million tons of acetic
acid is produced. Acetic acid is used in vinegar
in large amount. It is very important chemical

that is used in many industrial processes.

Ethanol (Garcia, 2016) is a chemical
compound that is present in many things that
we use on a daily basis, from perfumes to
alcoholic beverages. Ethanol is a simple
chemical compound, but it has so several uses.
It is used as antiseptics, household cleaning

products and even in varnishes.

In the process of fermenting rice
vinegar by Acetic Acid Bacteria (AAB) in tank, we
measure the impact of concentration of acetic

acid (AA) and of Ethanol (ET) on acetification
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rate (ETA) everyday. AA is determine by acid-
base titration with NaOH using phenolphthalein

as indicator and ET is analyze by Ebullionmeter.

Near Infrared (NIR) Spectroscopy is a
rapid technique for non destructive testing. The
NIR spectroscopy emit radiation on the sample
and molecules of sample absorb energy from
radiation that cause vibration in overtone and
combination mode. The spectra obtained from
NIR scanning pre- treated with mathematic
methods to erase the unwanted disturbance.
The relationship with constituent data by
chemical methods or other reference method

is developed using Chemometrics.

Robust NIR model can be developed
when there is minimal error during the process
of scanning and reference method. So, the
precision of the instrument is measured by the
value of repeatability and reproducibility.
Maximum coefficient of determination (R,
can indicate whether the model should be
further developed or not. We, therefore need
to determine repeatability, reproducibility and
R?...« of NIR scanning instrument and method

used to obtain reference value
Materials and Methods
Materials

Rice vinegar was prepared from sticky
rice in the Laboratory of Fermentation
Technology, Faculty of Agro- Industry. King
Mongkut’s Institute of Technology Ladkrabang,
Bangkok, Thailand, and used as the raw

materials for acetification in the internal Venturi



injector bioreactor ( Krusong, Yaiyen and
Pornpukdeewatana, 2014). The ET and AA in
rice wine were 110 + 1.5 ¢ " and 2.5 + 0.4 g U
Y respectively, while AA content in the vinegar
was 80 +0.8 g ', This was standardized by
adjusting the ET and AA contents to give a
target total solute concentration (TC) such as

35+ 1gl'ETand 45 + 1 ¢ " AAfora TC of 80
g UL
NIR scanning of rice vinegar

FT ( Fourier transform) - NIR
spectrometer (Bruker Ltd., Germany) was used
for scanning. Each sample was transferred into
a ¢lass vial of 22.0 mm diameter and 48.0 mm
height, as a measurement cell. Covered with a
transflection plate made from aluminum which
provided an optical path length of 0.1 mm and
scanned between wavenumber of 12,500 -
4000 cm™ (800 - 2500 nm) with a resolution of
16 cm™. The scanning was completed 32 times
per one average spectrum. Before each sample
scanning, the gold used as a reference material
was scanned for background. All scanning was
conducted at air conditioning room
temperature (25.0 + 2.0 °C) but sample at
0.0°+1.0 °C.

Analytical method

The acidity (% v/v) of the finished
product after acetification was determined by
acid- base titration with 0.1 mol" NaOH using
phenolphthalein as an indicator. ET was

analysed by Ebullionmeter.
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Repeatability, Reproducibility and Maximum

coefficient of determination

Repeatability of NIR scanning was
determined by scanning the same sample 10
times in the same position, then finding
standard deviation ( SD) value of the
absorbance of the scanning. We selected 3
wavelength from overall spectrum and SD of
absorbance in each wavelength give the
repeatability of scanning instrument We
selected wavenumber at 10309.0 cm™ (970
nm), 6896.6 cm™* (1450 nm) and 5154.6 cm’™*
(1940 nm) which were the vibration bands of

water. Water is important element in vinegar.

Reproducibility of NIR scanning was
determined by scanning the same sample 10
times but re-load sample every time. SD of
absorbtion in  selected wavelength give
reproducibility of the scanning. We selected

same wavelengths as for repeatability.

Repeatability of reference method
(Rep) is for standard measurement. This can be
determined by SD value of the maximum
difference in repetition of the same sample for

all samples.

Maximum coefficient of determination
(R’ is the highest possible R* for the
experiment. This is possible when there is no
error in NIR spectrometer. There is only error
from the reference test. And R, calculated

by the following formula



where SD, is the standard deviation of the

calibration set data.
Results and Discussion

The repeatability and reproducibility
of NIR scanning spectrometer is 0.0206 and
0.1346. The repeatability of reference method
for AA and ET were 0.01 and 0.04, respectively.
The maximum co- efficient of determination

(R%uax) Were 0.996 and 0.998, respectively. The
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values of Table 1 can be used to determine the
precision of the instrument and reference
methods. Because repeatability and
reproducibility of NIR scanning was low value,
that means there is precision in scanning. And
the repeatability of reference method was low
and R?,. Was very high, that means that there
is precision in reference methods and it is

worth for further developing the model.

Table 1 repeatability and reproducibility of scanning and repeatability of reference method and

maximum coefficient of determination (R?,,) for acetic acid (AA) and of Ethanol (ET)

Scanning Reference
Parameters
Repeatability Reproducibility Repeatability R%max
AA 0.01 0.996
0.0206 0.1346
ET 0.04 0.998

Conclusions their instruments. and the Laboratory of

This research found that with the NIR
spectrometer and the reference method have
high precision. And it is worth to develop the
model for monitoring acetification process in
vinegar fermented bioreactor using near-
infrared  spectroscopy. Therefore,  NIR
spectroscopy can be used instead of the
traditional method if the model is further

developed using more samples.
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