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ABSTRACT

This research studied the application of near infrared spectroscopy to
measure the salt content in sardines in brine for canning compared to the traditional
methods of factory which using auto-titrator. The traditional methods used
chemicals, took longer time and a complex procedure. The two near infrared
spectrometers, the long wavelength diode array spectrometer at wavelength range
1150-2150 nm and FT-NIR spectrometer in the wavenumber of 12500-4000 cm’ (800-
2500 nm), were used. The models related the salt content of sardines with optical
data developed by partial least square regression were from the sample sets of only
the canned sardine in brine samples from factory (non- salt adjusted samples) and
all samples with salt adjusted samples. It was found that the model from the FT-NIR
spectrometer using the former sample set predicted the salt content better than
that from the long wavelength diode array spectrometer. This model developed by
vector normalization (SNV) spectra in the wavenumber range of 9403.8 to 5446.3 and
4605.4 to 4242.9 cm ' with 7 PLS factors provided the lowest root mean squares
error of prediction (RMSEP) values. Calibration set provided the coefficient of
determination (RZ) of 83.88 %, root mean square error of estimation (RMSEE) of
0.0543 % and ratio of prediction deviation (RPD) of 2.49. For prediction set, R® was

82.02 %, RMSEP was 0.0685 % Bias was -0.0185 and RPD was 2.45. In addition, it was



found that the vibration band of protein and fat was highly affected the prediction of

salt content in canned sardine in brine.
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1.2 Jnguszanvasing tinug

1. weAnwanudululalunsiddesdunsuseauninsalndlunsiesigsiuSunu
wnasvesUanwrshuluiiindslagldiaios FT-NIR  spectrometer  LazlA384 Long
wavelength diode array spectrometer

2. Weds19wUUINaagluNTIATIEUS I N FaveaUaensAuluLNLN G

1.3 YULANISANEIVDIINYTTNUS

1. AnwinsTnvsinannaelularmsauludunge

2. faUSmnanndelasnsiUisuiiiou 2 33 fe Fasusulneldindoslamsnsnlusia
wazwalaesdunsusaaunlnsalnd

3. Tdawnlvsfiwes 2 ww3oe Aowdes FT-NIR spectrometer 9291auA3w 12,500-
4,000 . (800-2500 unluLuAg) LavlA3aq Long wavelength diode array spectrometer

“UI’NWJW?JEJ’]’JQ%MEJ"I’J 1150-2500 WlUWLUAS

1.4 wafm1nd1azlasuvasIneninus

1. asdunulunsndsadennefaniiatannisldaisinfivazanussanlunng
paeuUinasnderestamnimluiindoussynsedussiugnamnsau

2. annsadindnenmussnisuiuugaasUszuguawvesnsaRUaw iy
nszdesiaionsdseanuazuilnaneluvsanals slilsanuanmsadfulaluamunimues
HERSTEUN

3. sl dulusiunsiesgrUsunande lunanSusdanuindule



1.5 WHUNISAEUIUY

1. AnwINsEUIUNSHARUa95AUNT LU

V

2. Anwdeyaigiunsinuunaunie

W

3. dusnegaluy

JURDUNITHANNDY
UneunaknunIeAay
NIR 971U 175

A9819

U

3.1 11A7981900URAERNUAIEAAY NIR LazIn

USUaunNFemeiondiy (150 Faoeng)

3.2 41998190USUUS LN N ANLANANIAY 5
SYAUAD 2, 4, 6, 8 kaY 10 NSU AUAIAU a2

AwnuUeAaY NIR waginUSU1NFAIEITALAY

(25 A84)

4. dhdayanmuninasiwuunassnnuduiusseninUsinanfoveslaensauiy

Optical data 1n838%19 Chemometric WuUU Partial least squares regression

U

5. NARDULUUINADY

ﬁ> 6. ajUuavlTeusneau
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2.1 YanszUas [10]

vanszdeadundafamussuannianduingiundn Jarilduantanszdes Taun
Uanw$iu Yamin Uaueaneu Uanuunieawsa Wudu o19vzussgludunde dndudis vea
uzidoina tus vieduq nsrurumsndavainszles iunisudssuifientsnueuemis
(food preservation) Inansldmanusau (thermal processing) YanszUesdnmdungueivis

Mdunsnsi (low acid food) ussglunuzUaninaiin (hermetically sealed container)

2.1.1 Sumeunrswanuanszlasiaenaly

1. N15953@UANAININAY Aolin1snsivasuautinInIenInYes
AU WIIENTEUIUNITNGR LABATITADUAIINER LYY ANWALNIN1EAIN UTUiEa
andiu (histamine) wagdnrunvedtan iieruasiale

2. NIARLLAY ﬁﬂﬂmamﬁ@mmwﬁmﬁmm Tnedaitan nsvan asld wag
weedludu muamnmifons

3. M3d19ANYEZeNN (washing) Yilanfidausiudnundns ied1aeniden
Jon wagdsanusndue

4. n15U513 (can filling) thuafidnsvinanuazeaudussadlunselos
dusutanvualvg) wu Uagin 91afimsis (steaming) Wanudusnienamizdruiioie
U339n53 U

5. Manvesmal ndsanvafiussgadlunszlosgnasiaaevasasuly
Wd asiuthduiie Yunde seausdoma viesuqudusvilaveania

6. M3lae1ne (exhausting) 1hnszasfiussguaiuaziAuduHanDuua"
uWumslaomasazUanini Ineldlotlduazunuiionnelunsedes Inendsanlet
NansAruduIsinan anynanglunsedes wathinUaniindnsedes

7. M3eide (sterilization) nszdesiivanilnuds avihluilsedefendeis
@J'IL??ammﬁuqq (retort) ﬂ?ﬁﬁﬂL%aizﬁU Commercial sterilization %Wﬂﬂaﬁﬁ nslgAIY
Yougaiiovhaneqdundd safeauasvesuuaiiise (bacterial spore) fifloglupmsifiou
e Wislfornstuannsauslaaldlagldidusunse wavausafivsnulilduulngly
windeluanneund ngldgangilunissnidefiussana 118-122 ssaneaidea WHunan
60-70 U

8. MsangaungiinszUas (cooling) mevidanileinitoud LEGERINAH

vosuainszdaslaesy inildlunisaneungidesduinaserniinisiiunasiy iean

o

gaunnivednszUediindesd 35-40 ssrwalva Juduanmginaiuiounazauagien
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nszlosaziinlinszdesuis d1ldeamgliannind nszlesazduaiumszlouriinized
nszlesszmelulivue
9. nsUnaanuarusIINaes Wensydawisalinuaiszunlnaain ussy

nand LAUSNYILarsaniIsvuasaly

2.1.2 anusglevdvasuainselas

a 1 ! 1%

Ingunfinnsuiueguainuafivseleviinnueduiradusiuing desdne anusae

A = o W I3 = o o & aAd o o = v
a131193U FeinaneauInIvsaussodnuaziinsaladuindunieuidulamielownn
3 Feanunsalvanlvdiuludon annuduiden wazdunoinisenaulusenels dainszles
@ al wa 1 al [y dy a 1 1 + @A [ + 1
AlnaanURAusgfuileUasssufudngeuvesUainselasifeeglunseleuarlian
WuReatuUatanurasinfiesesndt W Uselevlasaanlaainnisiudainssesde nesu
= [ a N v ¢ % X o [ ° [y 1% &
Fedunseeilunnuunluvawazdniui arstdndudmivaunimveussam nanuiile
wazinandenueast winsrenglasuneiulineluiin o19asiinansenunemUINITNIS
anes lnsamzianiinuunt wiluuuwiiivesuiisses unumvswmesusegunmlaevialy
AD @nInansnstasIRalInilavnEen TiedunsladneIoananaINTIeNIY taeladiy
sudniaulpgianzluseifumwdinneu Peauauiaatuseiduuivinu Heliden
Inadsuldrdesuartiedeiueinistues venanivagarsu Yainun Yamisau vie
UYanszloswuy dnsalvsiulewn 3 TuuSuaiivindulatan daunuimiiddguesididuyan
Ao nsnlvumaiaztiedeatuinladuRndamig, N15Neflve9aLLEaM I UNARMLEEA FI8an
91N139NLEUNIUIYTENITNITNNY vInAuLINneIztIsauAuseauluiuluden anlavs
ralaainasoauatlasndiwelin ananuduiiengs Jeadueinisiva 81nsduash waz
YosdunwiSs  [11] wonanfindedududrunisvesdrunaululatwnsiunseleos Gunde
nneghandeunsvseleifieunaslse (sodium chloride) dgns NaCl Tuindenlyulnanlaid
AuiuegmearivTnalefounaslsniosay 95.5-98.5 uavdansduldesvululinadee
WU wnt@en (Mg) uaalde (Ca) wag dan (SO,) ndsluiisumaslsndiunuveg1auin
Tugnannssueims esnnsagnuazldlinainnaiaiieduniesuyesanseldiiianis
AUBLDINMT LU N1TALINLNEGD (salt curing) WIanLaATIRUBIUI (water activity) vinlAgues
N13LR3EAULAveIRaunIdNvi e sideutde (microbial spoilage) wazyaundnalsa
(pathogen) @mvnsniUSuaundeas laud ned fewis didan Yansh Yandeu fedeu vand
lavan Yhu wnsemEnuns Anees Yanan Yatwis laay widen #81v1n Judu ginves

& Al [ = A o s = a a = = s
indeildluemislaun indeayns, ndedusivazindauilnaasulelofiu [12] Fe0eAns
surdelanlanuziiliuslaandeliiiuiuey 6 U wIeUszunaunde 1 douwn  wn
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SutssmusafuludSinaivangauasyissussauauduladinlieglunuainmungasly
AnAuld PreiuaNesInsuUsEnIueMskaYIsUTusEAUINGauLslus 1Nl iau faus
lunsnaudumnsuusemusarumnniuliaznelminlsale FlaazisuvhauRanunfann
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Tatingavinlivialaviaumindu (Fusdu) iliAsanudesiensifiailane [13]

2.2 LATWFNI

2.2.1 MsWAALAZN1TEIe8N

gnamnssNovIvzlanszles Tulasunad 1 T 2556 nsdseenvsadausiitluraasiy
lnsurayaridseanaimsnsianselesanasnsizainlymiingaasugialan vinlvdnng
sosesansImAudfusznauntsfesfuialasitiundniudniuddsdoneliingAudii
$riauazmmaralnifinlung Tusonnans 1un aaneigienssidouaslontu venani
fsznounmsdandauavdseanUareridulusmienaaweninilduintudae wualiiles
wail 2 Y 2556 AainsasesnemnInzianszdesdmsanseileamsziusznaunsdadl
fodrnaniymmsvaunauingiuiazusanudaduguassadenisuangnamnssuems

+

netansyUag [14] Tulasunad 1 U 2558 msuanuaznsdseanamsnslansyUedlnalAasiu

a0

| = YR sl + 1Y) Y] Yo = o o & A
PAUAYINUUNDU Iﬂﬂﬂaq%qiﬂiﬁﬁgﬂaﬂ ﬂ\‘ilﬂﬁl\i@aqﬂmgfluaaﬂﬂaqﬂlﬁiUNa@"ﬂqﬂﬂqaﬁsﬁaW

vzaodaludiaanel 2557 duwalimdsdolulasuiail 1 U 2558 udu dwmiuuainin
nszlesiideludmainng Tusennarmssinarsdlildfunansenuansiandituiianas
peslsfinu mswﬁmLLazmiﬁqaaﬂﬂmﬂgmﬂizﬂaaiﬂé’wmmﬁﬂuamm PINNANTLNUVDIRU
wufisournduddey wualdulasunai 2 U 2558 AAINSNARLANNIdIDDNRLTUIINT
Ferfulineu wiflarmffiunszleszdanudssdesnisviauaauingiu 91nilgminisi

Uszualuruindulaie [15]

2.3 msnsaasdauamnwlulssuranUagsiunszdas

Uswm Inggiilou sy Wsand 91a (umvw) w3e figievl (Thai Union Frozen
Products PCL.) $90¢/#1 72/1 11.7 0458579 A998 8451849 2.a3nsa1As 74000 Lumils

a o a a a ] 1@ a a [ L3
‘UTPJVIELU‘Ui%LVlﬁl‘l/lEJVl‘Ui%ﬂE]‘Uﬁqiﬂﬁ]Na(ﬂLLa%ﬁQEJEJﬂEJ'Wi’]i‘VWLﬁLL‘ULLGUQ TngfndnduanuInuig

a (% 6

Wy wanfueiuaun, nandueine, Kandunvatueateu, nandusvaiwiiularUaiuun

a [ (3

WABLSE, WARAMTIUAIEN, WNARNMAINITNLLA,  KWANAMNIIDINITNSaUSUUTENY,

a [y 3

NAMAIILULNDS AZNANAUINDINTAN RS ANTUNARNUNUAYNSAULAZURLUALABLSAY
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aausen Inegileu Wsgu Wadnd $1n () Wundadusimihvaissfuwasyaiuun
imasadnINnzaLasuigenulnliunsgululssinatagainsssmanAnassnannuas
MANuare1nouUsIINTEUaavisondyIn1ARNANLABIN1sYedand 9 ntudiluisln

1 a

4N LA UANEIUNANTILUANAINI9IMITHAL SAYIA 1Y Yoauslamea Ynnde Wrdunen

Munziy Wrduanndes nisuiuuznen \Wudu dudnlaninuaiszgniiuisiu
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% A =

Inegilou sigu WWsdnd $1dn mvw) wde figlen (Thai Union Frozen Products PCL.)

Y

[ [
v a

H1UN159599a0UAMNA NIUNNTUADUNITHENDE1NTUIIN AILATEUUNITNAFBUNIAIURA
FInen aruad waza1unienIn vsEniiiesljURn1smeasunlasunisiusesninsgiu
ISO/IEC 17025 91nd18nu195g unesuUAnIs nsudngnmiansnisunme nsensis
d1513007  LUNIIRTIAARUAMN NN TIvERUUSIIMFam TuwasUTIandelulan
s + = v & = ° =

g15aunszloanalmdulynuuinsgiunuilssunimun lagasinisnsiaaeulunaiy
gj a gj ! [y ca £ 1 :’1 [ = s =
TUABUNITNGN AIRANITNTIITUYA5AUDIEL 599U TununaaInNsils (Yangnsauds)
Junauvasugedtunszlosnoulian (Uarwrsaulumea) wastunaudariuad (Uanmsiu
nszUed) uenanil NeUsEndutuiesvesgroudokazanuasndenianiuemisiunn
TUNOUVBINITNER WelignAkaziusinalasuaufianalaludumetisgean daiansan
31NN15LASUTBININTFIUANNINITAUAINAINADITULAZUUIBIUA9Y Tag Woolworths
Quality Assurance (WQA) 911 Woolworths Limited Uszindoaanside 1Juunsgiunis
Usziunaninndnig Jedioilu Global Food Safety Standards and International
Retailing Best Practice dmsulatinisudnvaiinsslewaslainisndnvaivsfunselos
(17]

2.4 n13n5190UsunannaanazNannugiuatssaunseUsava9lseenu [3]

U3t Inegillou sy Wsend S (uvnaw) wse iglen (Thai Union Frozen
Products  PCL.) fin15Uszgndldizues AOAC Tun1snsiaiausunannielundndamuan
grdnunsrlesieitnuiuiemdedmasmsnludd (Auto  titraton  lngldudnnis
Potentiometric Method Tagnnsindnegrauniniinduudnilulamsniu 0.1 N AgNO,

Tneldiasadlamsnsnludd demawsalagld Sodium Chloride (NaCl Inedl Silver Nitrate

a

(AgNO,) tluaslatmsm Wi AgNO;  viufn3endu NaCl  ludied1saunseiadisgngives

99

U381 (End point) Aasznaudu widai1usuinsves 0.1 N AgNO; nldlunislamsmin

[

AUIUNILUDSIEUANARVD I 1N LAAINNNTIATIZY

2.5 wqwﬁﬁmﬁuLﬁﬂ%ﬁuWiﬂLsﬂawnIma‘Inﬂ (Near infrared spectroscopy,
NIR)

2.5.1 wadlallasdunsusaanInsalal (NIR Spectroscopy) [5]
wmafiadesdursusaauningalnd (Near infrared spectroscopy) 1Humadiafild

PANNITOUNINS81 (Interaction) LoAAULTYSAUNTITA (AINNYIPAUTZNINE 700-2500 nm)

Ndesludadan Wy nandaanunsuareInis vibiiussaaiinigluian lneaniveds

=

9WUsY O-H, C-H warN-H 199780 AATUAALLAZYINLLNABINSAUALLTIBUYDINUSY 18NS

T Y

(%
v

a Y} ) v ] i a4 a Y = 1% o
LWAHUSEAUNGINUYIUIULINAI 1 VU (Overtone)  #IBLNAINNNITAUALLNDUYIN 1 9



(Fundamental vibration) w¥enfuvesiuszaaus 2 Wussuld wilildnasiuvesnsdu
(Combination vibration) w3esfleflléisenin awnlnsiwes (Spectrometer) Fafuviauaadi
Tgaendudosdunsnse Unfilunasavisaimuanlaiau (Tungsten halogen) #ins7930
(Detector) TuirdesaUnlnsdmasvhannanseie Limfloufuiufiutiinauiideinisnsain
U F29AA 350-1100 nm 14 Si (Silicon) 3¢ 1100-2500 nm 14 PbS (Lead sulphide) %38
InGaAs (Indiurn Gallium Arsenide) Trauasiivandiulduasdradesdumsisn (400-2600
nm) 14 PbS Aug (Sandwiched) /U Silicon photodiodes 38msdansiegnaiiienisauny
greanlasiives anunsarilivaieds wu FBagiou (Reflectance) JuiEfidnesenisdn
Mefeg1e ilenasdaslugainguitundaslulubotnquisdiuudaasioundutumigs
M3227A UNNALEENIT N1TAENDULUULNS (Diffused  reflectance)  laofiunasladlagsii
nrafnegsuans Tullagtudesnniimwazmnlunsldmelriuesosuiin msinagiiou
1ningIaduuuy Interactance  Bsflangliuasesufaiilusiiaduiasiounining
ndulugasmsnata deeglndfiu 158091 Interactance-Reflectance ¢ F5dessiunaululy

Y 1 1

F9819 NouNIzTuLaAIHIUeaNUNlUALATIE 138N A5da9u U (Transmittance) Faudud

anb

=

AtsuldAvveLal uanANRFIauTaldiuvewde WU nsdlvenaldl uanandldaiinng
Uszandld FQA NIR Gun (Shizuoka Shibuya Seiki, Japan) sunfidunuuazvioulmiuis
doeniu Ineld Gold cup wenanfifafinisinuwuudsssinuasyviou (Transflectance) WWun1s

danduruieg 1y Belaeunflduveunaineglunivuziviiieergiifleuniinudniesq
U 4‘

Wendunsegnuiiuezgiiillouvsasiour1uiieg19uund1gaiingivin ilesaniies

Y

aaa ¥ dl

dunsusealnasuazdiariia drulvgidufinnite (Broad spectrum) vneififianinefifiaany
g Llesannisdeusiuiu (Over lapping bands) uiiensaziiuiiafiaudn (willies)
awnasuvesiannuasiasemnsalungiiinveninduiialnguaznitefiuiion 760, 970,

1450 way 1940 nm anwazvasaUnasuull vinlrluaiu1sadnsizgvieandsenauniaual

o o

vouianlilaenss Sndudesldndnmanluunin (Chemometric) 11l lnedoviaunis

ANUFUNUSTENINA199AUTLNOUNILAT NI AN TANIIN1EATNNI AN TADUNADINS

A1z (Wi lsduluvan Anurnurednatyl audRleduNaYD99711115 YS90

v Y

- & v o = v a . P
VOIUIY LUUAY) NUVDLAVDIALUNATN DILI8NINVOLALTILEN (Optical data) wauszane

vady

ANB9RUsENRUMSaaUURTNIABINTS

2.5.2 N15a519hUUNa09 [18]

TunaulunTInTIziteyaaUnasudunsusagulng (Near infrared spectra) lu

ANSASNANNITAINSUYNUNIEA199AUTENOUVDINARN UIPeATA NIR  Juazfasldnay

ee »

MegeinsulTinaeRUsznaunnensinugLaztoyaaunasu NIR veaiiagumaniiy
TagluUNSARUNTAS9EUNTILUTENOUAIY 2 VUADUNAN LALA
1) Yuseunisadnaunsnldiwedutuseulunisadisaunisuasgiunldluns

YMUIEAIDIAUTENDUNABINISNT VLI ENTUABULIN N1SYLARLUTTU (calibration)  wa



aunsiiadetuldiSendn aunswadiusdu (catibration) wie Tunawadiusdu (calibration
model)

2) %y’umaumsmaaaaummgﬂéfawmammiﬁa%fmﬁumLﬂu%umaulumimmaau
mmgﬂéfaﬂLLazLLaiu&‘J"lsuaaauﬂ’1mmigfluﬁa%ﬂﬁmm%umauﬂ’ﬁﬁ']LLﬂaLUiSB"uL%ﬂsﬁgumauﬁ
31 nsiuadatu (validation)  ieldnanisnsvaeuiiundedondrFaziaunsiilaly
Usggndliviuneaiesduszneuiidesms@nuananaiu NIR fivihnsingn

2521 Yumeuntsvumdiusti (Calibration)

hm’]ﬁLﬂi’]%ﬁﬁgﬂL%QU%N’]NLL@BL%QQ&M’]W (quantitative and qualitative
analyses) Tagldinaiia NIR JusJuaydosendenisadrsaumsuadiusiulaedunoulunis
afwaunsifenuieatostu 1) nsduifiviiedns Feagnsuiuiinuesdlsznay
(reference data) ﬁamiw‘ﬁlﬁmﬂ'ﬁ%mmgm (standard methods of laboratory analysis)
uazdeyaanai NIR weeinogs (NIR data) way 2) miadsaunisinglddeyadsnaisie

aa a s = -1 ° ° 13 ) |
FONNAUAATARNT "?Nﬂllﬂq3Waiqﬂeﬂu7\]gﬂﬂuqiﬂﬂigﬂﬂ@qﬂUﬂqiwquqSaﬂﬂﬂigﬂallsﬂaﬁmﬁ'P]EJ'N

Y q

'
2 =

Tuewan Asiutunaureinsguiuimegeddedutledendniddyidmadioninugnsies

Yosaun13Nas1 vy Inedegafignguiuuniuasseadufunuiifvesnauuszyinsmogng

o

TusurrnNazanyinuelaeeIad NIR LU AR08 19NARNANIINISHNYAS ﬂfjmé"gaa'wﬁgﬂfjmﬁu

Y
v

WIAIsHagiugiuAlunIsizUgn ANLNgouvaINaNan wazUSumuesAUsenounay
e aseuAgumagtluauIAnfazgniiuie lun1sieseidsunaesnusenauniaall

LAz TinAmuNenMlagsunssuTulegva1e3sTuegfulinsgueusazUsEne

Y

¥ a | 1

warasAnsuuaaztdonly fulunisidenisuiasgruinetiunldinsisnaA9198amsen
BIAUTENBUNABINITNTIUHY WaNINAzAesmdeinugniastaviaiugudIdenasmilns

' a ° a PxY v v ¥ o 1 av v
WNIFIUYRIMIBUITIazdInalla NIR lUUssgndldmansizgavinanaitsnesinaile
N siememaia NR TdwWssuiiguiuaninsieianedsunsgiuiefigalaiy
U0 H9UDIEUNITUATUSTUNAS 19T TUADUVDINITINWARLUTTY Llalevinn1sAusIuTIU
Foyanudnutlaidu 2 Tuneudsilfe 1) Amuadiulsdase (independent variables) waw
U snu (dependent variable) 2) NMSESI9ENAITLABIUITY Feusazdunoulseaziden

il

e

1. Muunfuls9ase (Independent Variables) wazAusnu
(Dependent Variable)

fUsdase (Independent Variables) AaAfilaainatunmsu NIR (NIR data)

! ! = 1 ao [ oA d' d{' = L=!

WU A1 log (1/R) FeAfidnunenaazidumnguinainanueinaulanaunis vseuneaiy
g1IAFUNLAEITDITUAITNILYIINITIATIEN UTOUIIINYINTAITBIAINENIAAUNTIINITANEA
(full spectrum) AsiAeulgnaUnASUINaILN1NTUIATANISAARFAIERST LT
auNUS (derivative) nMsuUaslises (Fourier transform) wnldlunisudasteyaneuiineyinlv

Toyavesdiulsdasilimnuduiusiudusnuinniy
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fauUsn1u (Dependent Variable) Aoriildanmsiiasgiseisunss
(reference data) 1 AuTuluuilediBinseideds suuiiuuvanfou niousunallusiuly
wuidaseilagldiinisadauuy Soxhlet iudu

2. MsafsauMmsuLAdlUTiuLUUNTanaeeidsaesiosigaunsdan (Partial
Least Squares Regression; PLS)

FBmsezilagldanaduionua (Full Spectrum analysis methods)
nsl3ERmdenmMAuEIAAUTIINZaL (selective wavelength) 91nARIIENIAA LI VLA

= (% b4 a Y] o a J Y v ¥ i P A a
AluanasuunadeaunisuadiustunsinannuinaldenulalydFosndisuazeraiin

TaRananls ArveyailignieuasiinlaymlarniiuigdinimisaeniiAnuiasg

1%
=

(underestimation) Suilounaninanueaiaadoutiulunisadiaaunis (interference)
viadedgmdlefisuiusegeiiviunldlunsadannisuedusiutosuwasyilildaunisi
fudsdaszanniulluaumsivihlideyaliundetio (over fitting) nsldtoyaanuaiiiily
ynemeAauTesanady (full spectrum) thasdunumanildunisudledymsnan

aglshmulymndegaonisiddusdaszunniuly n1sld3snsaddlunisdnnguuen

Y

'
a

Uszandulsiifianuieadestunazinnisassiudsindfiinunduysisagdaevinli
widamnfanaald Fvneadaitenldldun n1sannsslngldesduseneundn (Principal
Components Regression; PCR) LLasmimaaaﬁwé’aaaﬁﬂaaﬁqmquau (Partial Least
Squares Regression; PLS) 1Uudu Tufitegvenanamyisvas
miamaaﬁﬁﬂaaﬂﬁaﬂﬁqmmﬁé’m (Partial Least Squares Regression;
PLS) WuwmaialunisandiuiudiwusiduiAeaiuds Principal Component Regression
nsvuIUNITIATIERdeyaanasuasdudaszannssuiunsinaun1san0 08 e IdunIg
yiune @dlu PLS adesnszuaunsasgnidenloadilifeu lnefimsthaesdussnaums
wdlinAnlunszuiunismadedie G Kasemsamran [19] Mesureds PLS Tuduwmaialy
NyiATIEVvayaLuUmLUIHaTefLUs Inen1sasnsdadeiuuaunisidudunsanindoya
vosaUnasusudy uazihadedlaluldlunsadsaunisanaes Tnedadedildannisas
aunsfeiBaiia PLS desanunsneuismnuususuvestoya uazifeitestunisuseiiv

[

Aaailunafediu Tnguszasaves PLS ienasnisanduiudeyaadnasulilaang

q

[y [y [

doyaanasunianuddyiunisvinegamaeiinaulavinduie iaunsauseilivamia

o

willagnAeeNT

2.5.3 nsigatuuuInaas [20]
JUNBUNISYIIBIALATY (Validation) 78IaNALAA5198UNSwaY  Adlnnsnaaay
aussouzvosaunIsuunauinlUlguase Fsnisveasvaunisiteudl 2 35 A

2.5.3.1 Full cross validation

[ I Y 1 A o &
Wunsuagevaunisniely Anununefe feg1sntidmagevaunisidy

(% 1%

Megayaasaunsiavaaildasiaunsussiiuamaaitues ddunausail
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1. faegnaunnsgudail 1 senainyadieeenTgiu
2. lffhegnannsgiuiivdorinisaisaunns
3. thaumsfildussidiudmanivesiiegaunsgusi 1 idaeen
a. Td@eehanasgusai 1 ndufudily
5. finfeeamsgIuiaf 2 senanyafioiannIgIu
6. viunouddnsiu auasuyniieds
nturinsme Root Mean Square Error of Cross Validation (RMSECV)
2.5.3.2 nsnedauNan1TUseLiu (Prediction testing)
F5dasnaaeuannisuuunieuen laensindeudaegsyaluiunsiing
Anseiluanniznismeass Wufsafuyadogunsgiu fenyasesitiumaass
AU gamnaey (Testing set) AsfidosseTefte Usnarmaniiilinaaeusosagluris
1AsgIu ndsnldaunasuanyaveadeufithafldlufuumuinasmaeiianaunis
mﬂﬁ?u@wamiﬁﬂmmﬁlé’ﬁmmmqaﬁa FeAmneatiafinrsiansande A1 Bias dududiade
YOINAAIITENINATINIT NIR AudnfildianndFénads wazen Root Mean Square Error

of Prediction (RMSEP) #38A1 Standard Error of Prediction (SEP)

2.5.4 W1sEAYlUNITHEAIANTIOULVDILUUINRDY
25.4.1 anaay (Mean) [21]
| P | a P o ~N) VY  a N v v av v
AvadeduAnealnaansvetayanliansds (X) wsedeyaaiunaiunla

[ 1

nATIInaUNAsY (V) ANRRETNATQNATUIMAIINKNATINYEIAT X Y30 Y wazQnvisiag

Y

° 9 & o = vo X
UIUTDIBYA (N) Fadsuduaunslanadl

2.5.4.2 AndeauunInsgu (Standard deviation, SD) [20]
drudesuunnsgiu (D) wansdensidsunlas viseanuuwlsusiuly

Toya tufe IINNIaeIasnULUIUTIU gnstunsmen SD, (W3e SD,) As

a

2543 AedsvesnuuansssEniaiiviiunelag NIRS uasdoya
91984 (Bias) [21]

ileviuneAfiuUsideanisvesteyalulemdiedis Validation A1 Bias
veferNLANA1ITEINsAEsBaLazAvinwelae NIRS  uazidunisinaanuusiugl

Ing5u04 calibration lulanAuiluasawemisnisiuazanainnssy Bias Wunialuded
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s

dfgunlunieada Bias arusaiatulansulilionedfdulszandnnuduiusiay SEP

W&#n931A7 calibration Uumbes ansdmiunisAIuIn Bias Ao

N
1Z(Yi,meas - Yi,pred

Bias = (2.3)
N

I | Al

- Y a ¢ =
D Yimess AB AMLAINNNTIATIZIN AL
Yipea A0 AMIlGaNNIs9Iwe Tae NIRS ansnsaiduuinwzaauils
N Ao F1uIUfIREN
. A Ao 1
i Ao lavifegns
U a 12‘ U Aa . o . . 2
2.5.4.4 d@uUsyansnisanaula (Coefficient of determination, R7) [21]
wansdnaiuvasaunlsUsilutoya X Nanunsaesuielaeninuuususiu
v i 2 | % Y 2 ]
Tudoya Y A1wes R aziluvinaue wu 61 R = 0.97 483 R = 0.941 waneA1u31 94.1%
yaaruwUsUTIdludeya X uag 5.9% vasaruwdsusiuludeya X ntuaindiuusou
1 a U 1 aa ¥ a tﬂ' U 2 I o = =
LWUNITATENAIBE19 FBN19NA80381989 wazduq A1 R WWuuiniavelaglddidads
Y awva 2§ vy ' Yo i
ATmENgYed R TumeduR R Wideyaunnndt R wagldiuunnndt R nswdaainumang

993A71 R WanIsanns1afl 2.4 3aa R drnadld@ann (@uns 2.4) [22]
\ 2
> - V.
(Yi, meas YI, pred)
R = 1-
N (2.49)

i, meas

'
= 1Al

W0 Yimess AB AIMIAIINNITAATIZHNIAL
Yipred P8 AIMLARINN1SYIIWIEAIE NIRS
= o LY ]
N A IUIUFIDENY

i A9 LBVNAIDEY
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¢=. 1 2
f15799N 2.1 n1SLUaAINURUIgURIAN R [21]

2

R AUENY

§90.25 danunsaldlu NIR calibration

0.26-0.49 \Hupuduiusalad msmivgua

0.50-0.64 OK dmiunsAmaan (Wuingy) agraveu

0.66-0.81 OK dm¥umsAniden (WUingu) wagnsussunuaag1ameu
0.83-0.90 lgoeanusednseTdlumsussendldadiulvg s1udnside
0.92-0.96 Tglunisussendlddnlng saudansuseiuamnm

0.98+ fiden 1HldtunnnsUssondld

2.54.5 A13INYIA0IUDIANLARIALARDUENANAIADRABUDINITUTEUA
(Root mean square error of estimation, RMSEE) [22]
Jueiliimssideianainvesnadiusdu (Calibration) luwanglunis

diugavinung (Validation) gnsn1sAuins RMSEE fe

N 2

1 (Yi,meas 'Yi,pred)

RMSEE = (2.5)
N-R-1

do N fe Sawnused
i fe @udisegs
R Aa 9 uiuunames
2.5.4.6 MINTidosweinuaaInedsusnmdaeaievenisviiuneg (Root
mean square of the prediction, RMSEP) [21]

Jualunsinanuudiugdalsunaesanagou

N 2
1 (Yi,meas 'Yi,pred)
RMSEP = (2.6)
N

2557 Myniaewssmnuianainedsenidsaoosmsigatiuuulyd
(Root mean squared error of cross validation, RMSECV) [23]

Cross-validation a@wnsaltmegrsymertufiuililunisaine calioration
wuusaoiievi validation Ailvlnednsegnseannisfogmienduamanssogig
91nYA calibration uaz¥iNsUFUUTIUUTIABS calibration fefogsiudent el

anfTadusanyiusLas TUNA1IAMURANENR LaUNFRg 1T UNSULILAITNFE19DY

Y Y
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panliiazingInszuIunsIunsenaiieg1einuagnidluntsiauilumanazyinuneg @9

1 v

JuiinAranuianain aslididegrangnrinegnldlunisimunlumadaslaldiiwe o

= =] LY 1 aad a | « 9 = « 9 . . Y o
L19DALNYINAE 1 AIB8I9IBULIENIT “full” 198 “one-out” cross-validation a1UYA
A981998N38L58N11 “segmented”  cross-validation @3t TgUUNINTFIUYBIAY
N = | ' A o A sa = i v Y aa
wAnFTmaseg seninsAngnynglagidesBunsusaaninsalnuariainnsinmeds
Y a 1% ° = ad a e = Yo v Ao ) 1
91989U83YAA U UUTIa0IAD RMSECY  TBaadiiimunsnagldiuteyaniidnuiudiegi

Hoeq WU Uosnin 100 AMg1e A1 RMSECY Arulnlaainaunis

N 2
1 (Yi,meas 'Yi,pred)
RMSECV = (2.7)
N

2548 dasdunsidenuunisviung (Ratio of Prediction Deviation,
RPD) [22]

RPD  #911910 Ratio of Standard error of Prediction (Validation) to
(Standard) Deviation Aadn31@IUYDI A1 error WINIFIUVBINTTYINUIE (validation) fudiu

Deauunnnsgu asnsarwalaainaunisn 2.8

SD

RPD = — 21— (2.8)
SEPias
’Sﬂ‘i‘%ﬂﬁﬁ@%’qm
RPD = 1/(1-r%)"? (2.9)

Fagldeuunnnuinnsligasusnd1endy 1ag SEPy,, mlangns

N ( 2
2. -Y. - bias
i,meas i,pred
SRy = | P (2.10)
ias N -1

A1 SEP AI56IN31 SD 1109 F98RTIAIUAITINIAY 5 YTNINNT1 UNATEIFI8E14El
Awadaneun A1 SD Fslaiga 9 RPD 0193¢liige weidh SEP #1031 SD a1n ¢iatiy RPD

WU 2.5-3.0 ADNIALAANDEINITIATIZANLLUEIAY SD TAiNes 0.4-0.5
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AN5199% 2.2 AMneada RPD [21]

A1 RPD QRERINGGH nsUseynely

0.0-2.3 BRRHED Taluuzid

2.4-3.0 Lan UZUIUAIDEIIUY)
3.1-4.9 wold AnLGon

5.0-6.4 0 AIUANANAIN

6.5-8.0 AN AUANT LAY

8.1+ fidou lonnnsuszendld

2549 Ashdnudunesmolndrornunainaiourenisyviug (Ratio
of Performance to 1Q, RPIQ) [24]

RPIQ Ao sn3diuszning nasswesrUSinanndefinslnsi 3 wavaislnd
7l 1 dlo AMALAIIAAADUYDINISYUY aunsarwialdnaunsi 2.11 Wusasdiud
T9uansEussauLURIUUUINGDY Lﬁaﬁa%aﬁﬂﬂsLLaﬂLLa@ﬂaﬂuﬁLL‘U‘UL“L’J’ (skewed distributions)

H9A1 RPIQ g9z Uavaniea@ussaugNnveskuuinaauyuLieiiu RPD

Q3-Q1
RPIQ=— (2.11)
SEPbias

W Q3 fie Avelvan 3 Addetwey 75% NfndiAiil)

Q1 fie Aelnan 1 @seg1aeg 25% NM1NIANT)

SEP fio ANUE9UUIINITFIUTDIAIILARIAAABUTBINITINUY
Usglevivasnishamada NIR [25]

Uszlewda1nnshd NIR  H98au1nnIdletdSeuisuiunisiAsIeumIaLaAlnIong
a & Y Qt:ldl' o [ o dl' a '3
ATILEITRU dmTunsueIes NIR Ussgndldlugnainssuevnsiivseleviannuneg
L

1. Huisvegeunlivianasiegne sauiaismsmioudiegnsligaennuazldfedig
TuUsunaulay

2. 1WhiATN1sITIIATIzINTInE Usendatian Wedeals wazlasnds

3. {Hwisnanusaldveununisimzimaeilalussozes Jsaunsaandununis

A a o 0 v P ~ ) ' v U = & a \a P a v

nanannalildasiadilunsmseusagnenstuladulinsnediwinasudnse

4. Tunsinanasunnazasianuisadinnimsigiiierinuisainieg lavalganlu

LALAEINY
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L

2.6 UIVeMNYIVD9

(%

AounthilfimsAnnussgnaltinedadosdunsisaaninsalntifeadesiunsin
USnaunas lunansuainnge 1w

annsAneludinde 9] AdaeAueAdy 1,100 -1,900 uluiuas Inesa
anpduveniuarannduvresiiiil NaCl azansegilgamgiientu nuierudutues
NaCl fiazansagluihinaseanniunasfinvasihlnensgedunduazanas A mAALdY
asuartawesfintiuAvaie

9n15Anuly dry-cured ham [26] fitaaauenanau 400-2,500 uluuns e R
yosmsfigauiuuled Ry, > 0.90 waz (RPD) > 3.0, VuAIv0ILENTEVININTULLALNTIN
wika (Collell et al) [6] Tneldia3os FT-NIR spectroscopy wazsfainmanuuduiaasuuy
seeglng (on-contact and remote) dusu 98 fogns Tumaannawnasuiildainnisa
szozlnalinaduiiveusulilnedmduussansnisinnsan (R) = 0.91 wavAmsnsndunis
LﬁEJ\‘iL‘lJumiﬁWmEJ (Ratio of Prediction Deviation, RPD) = 3.33 Namiﬁﬂmﬁuﬁﬂﬂﬁlﬁuiﬂ
MY SAUNT 1M1 3B lUTEUUNSATUANYBINTEUIUNMTULLAL NSV

mmsﬁﬂwﬂmﬁaﬂmLL%auausmi’uﬁuﬁj king %30 chinook (Oncorhynchus
tshawytscha) way chum (O. keta) [27] Tnglddsndudu (SW-NIR) Fsaunmsugnifivlu
LU diffuse reflectance (600-1100 nm) dwdusitug king wuudiasalidn A =0.83, A1
mwmmm@%ummgmmmmﬁmm (Standard error of Prediction, SEP )=0.32% w/w
wagdmIUNUg chum salmon R'=0.82, SEP=0.25% w/w

MsAnwludainin [28] HARINLATEY FT-NIR spectrometer AR~ = 0.9, @1
mmﬂmmLﬂﬁauuwmigwu%aQLLuuﬁwaaa (Standard error of calibration, SEC ) = 0.19%,
SEP = 0.17% uazAuAaIALAAeRA Bias = 0.0001 lénaaniaTas FOA-NIR GUN @R’ =
0.78, SEC = 0.23%, SEP = 0.2% &% Bias = 0.00004

nmsdnwlundnsusidde (7] SmsaduuuiiaesesUianniedeis partial
least squares (PLS) ’Lsﬁqﬂﬂimit,a%uﬁq optical fibre Wa¥ intergrating sphere Tunsiiv
nudeyaaunaiu wagld multiplicative scatter correction (MSC) aARANTENUVBINTT
nszidsuasnavoyiusdusuiindegnldanuansznunisgaduveviauia nafldain
intergrating sphere uay optical fibre A1 R = 0.98 winiu Arsinfiaedvesainy
AAIALAAELENAIAIAR AR YDINNSINLINY (RMSEP) WU 0.21 wag 0.28 Anuaisu

Mmsnwluiusdome [29] Fel43Ruuvazieuiinnnuenindy 2310 - 1445 nm
nan1viuelaesmlaal R = 0.9560-0.9685, A1 RMSEP = 0.0335-0.0371 WazAl bias = -
0.008 to 0.015

ns@nenlu processed  cheese [8] fignarinuenandy 1000-2500 nm WU
diffuse reflectance 3slvien R’ ‘U@Q‘ﬁamua"qﬂ calibration = 0.998, R’ Guaasﬁjau”asqﬂ prediction

= 0.892, root mean square error of calibration (RMSEC) = 0.023 e RMSEP = 0.092
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msfnytudaienshvluseauziemeaussynssdas [24] 19U UVASTIDULUULNS
Tugasmuemaauen Tnewisuiiouiuissniy dnsasauuusiansuuy partial least-
squares regression HafllfdnIuLUUTABwBIAteyailliU uUTINandedl PLS factor =
9, R” wp3yn calibration = 0.90, R 0y prediction = 0.85, RMSEP = 0.046%, bias = -
0.002% wag RPD = 258 dmiuuvuitassvesyadeyaiisammogiauuiinanndody
HegsliuFunanndeiimsuanuasnuduuun uadildfe RMSEP = 0.109% uawilen
dandndumeimelnddemnunainiadeuresnisinie (Ratio of Performance to IQ,
RPIQ)  #ilaifunn dwsunuudrassvesyndoyaiiusuyiuands 25 nszdeuarliviu
Unaunde 5 nszles In1sa¥iaiuudiasaluy Full cross validation Tasilrsinfiaasves
mnuAananadsEnfdsaesvensiigaiuuuled (RMSECY) = 0.158% FaannsAnud
wuhmsiuddianavenifinasemshusfuusisuieatuifunisdudduanaveautls

warlushu
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YUABDUNITANHUIIUIY

3.1 Asasdiauazaunsalnldluntsneass
3.1.1 3esilaflilunmeaas

1. 1309 Homogenizer (T 25 digital ULTRA-TURRAX®, IKA, Germany)

2. A3 Long wavelength diode array spectrometer (MicroNIR, JDSU,
USA)

3. 1p399 FT-NIR spectrometer (MPA, Bruker, Germany)

4. w3petaluiii (ARC140 Adventure, OHAUS Asawiden 0.0001 g)

5. aseslansnenlusTa (T50, Metler Toledo, USA)

3.1.2 gunsafduqitldlunimeaas

1. dnneswanadn vuim 250 Jaddns

2. ATLUDNNATERAN YUIA 100 Hadans

3. NUUMNANVNAFUHIUALENA1 100 Taduns Augs 20 Tadiuns
(ANUMBRA, Germany)

4. Yhndu

5. COMMERCIRL ETHANOL DEB95
Pnduindu

Ny

O N o

ns¥AuNYY

3.2 fregrelagnsiuludindeussynsellas

%’Uﬁ’aashwmezm%ﬁuiuﬁwmﬁamsa}ﬂizﬂaﬁwmu 175 nszdles (hwtn 155 n¥u/
nszdleq) Aeguil 3.1 9nudem negileu Trisiwu Tusdnd S1da () vie figenl (Thai
Union Frozen Products PCL) yn1svinaestaasminedudl 22 dsinay 2556 fa Yufl 3
fueeu 2556 Tasfinsnanesionin 5 ass adtar 35 nszdes Inslumsnaaesudazasls
wisfegeanilu 2 ndude ngufnogafilivfuuTinanndodiuau 30 nszdes uavng
fegreiuiulInanndediuiu 5 nszdles lunsmeassaduviiil 30 nselesusniou lng
ihegraamstuluiindoussgnselossiuau 1 nazdesvasiubninednanainuuin
250 fiaddns antwihnstulanlfesdeaduiometuieries Homosenizer (T 25
digital ULTRA-TURRAX®, IKA, Germany) fagufl 3.2 finnandaseu 10000 seu/unit 1u

LAUTEUIN 3-4 W U EaUa UL R e AkA N LA WA ULALNDY NN TALNUA L
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& o=

AALLESBUNTIA NTYNNNTMAaBIEn 5 nsxlesilnde @1 5 nszlesimdetiosyiins
U$uUsinaande Tnenmsirtninednanadnuunn 250 fadans undsleieunaslsaiiimin
wANEny 5 SEeuRed 2, 4, 6, 8 uar 10 NYU MNATRY mmfumﬂmm%ﬁuimfwLﬂﬁami%g
nsedasadlufnineswanainauin 250 dadansiitevihnsdulfasdonduideioifuas

v A A sa
ALNUAIYAFULULTDUNTILIA

sUN 3.1 Megadanensauluiindeussansyles

3‘1]17'; 3.2 1304 Homogenizer (T 25 digital ULTRA-TURRAX®, IKA, Germany) [30]
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3.3 MsaunuAleadulesdunssn (Near infrared spectroscopy)

mAeilimsmessdrenmsawnuienduiossunsusaiidvdnnsietuie ms
TuuvgEoULUULNS (Diffuse reflectance) 91U 2 RERRGBIGEDY Long wavelength
diode array spectrometer (MicroNIR, JDSU, USA) ﬁ\igﬂﬁ 3.3 uaviA3es FT-NIR
spectrometer (MPA, Bruker, Germany) 3t 3.4 Tngthiegnaanensiuludindoussy
nsxlasituazdenduidomoundldlusuuiiievnsawnudeiedes Long wavelength
diode array spectrometer fitaaueIAALETY 1150-2150 uiluiuns tneldainuaziden
7 WAS Integrating time 3000 s $1W34 3000 awnusieaUnasiuiade 1 awnady uay
1% spectralon  1Hu¥andneds Masudl 3.5 ndsanduiinisaunusiodieieies  FT-NIR
spectrometer %33R 12500-4000 3. (800-2500 wluwns) Ingldniuasiden 16
wu. 32 aunusiearunasuade 1 awnady uarliveaduiand1ede fsguil 3.6 vihnnsauny

2 A3D 1 /10819 lngaunuismunianuwii Tun1svaassisnunyiiaamaivies 25+1 °C

Y

gﬂﬁ 3.3 309 Long wavelength diode array spectrometer (MicroNIR, JDSU, USA)

gﬂﬁ 3.4 Lﬂ%‘laﬂ FT-NIR spectrometer (MPA, Bruker, Germany)
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g‘lJ‘ﬁ 3.5 MSALNUSIELASES Long wavelength diode array spectrometer (MicroNIR,

JDSU, USA) fidnaanueninauena 1150-2150 unlumns

gﬂﬁ 3.6 MIALALIBLATDI FT-NIR spectrometer (MPA, Bruker, Germany) fiaiavady
12500-4000 %1, (800-2500 wiluiains)
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3.4 msiadsunaundanigdsuinsgiuludiegrauaissauluuiniaussy

nszUas [3]

iufovanmsiuluinndevisynszdesiuazdeafiiiunisawnudieaduiss
SunssRIdeimin 0.5-1 n¥u FepIosdsludin (ARC140 Adventure, OHAUS A2
azLdun 0.0001 Q) éﬁgﬂﬁ 3.7 Tngldlunsyusnwanadn 3 nsyuen antaninssuannaain
W 3 nszuenunsIaTaUsnanndedieisaunulneldindedlamsndnlusi (T50, Metler
Toledo, USA) ﬁqgﬂ‘ﬁ' 3.8 Tne3amaiuldmdnnis Potentiometric Method Tagtidegnen
duhnduudnilulnnsniu 0.0 N AeNO, Tagldirdedlmnsndnlusi® smnawusalaeld
Sodium Chloride (NaCl) Tneil Silver Nitrate (AgNO,) iuanshowmsn il AgNO, Un3en
fu NaCl Tuseehsaunszsiaigagivesufiizen (End point) Aemzneudunives AgCl wéds
11U5959849 0.1 N AgNO; fildlunistamsmunmwamidedidudindevediedsiilaain

ANTIASIZI

gﬂﬁ 3.7 Famingheiedastalidin (ARC140 Adventure, OHAUS a1uagiden 0.0001 g)
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U 3.8 Mmansndadinaundesnieisaanu lngldinsoslamsvmdnlud® (T50, Metler

Toledo, USA)

3.5 NISNAEBUANULIUEIVBINITINAYITAILAL

NSNAADUANUMLUEIVBINITINNILITAWANIIN NSNS IAAIAINUEILITOIUNITVNEN
(Repeatability, Rep) agAuinmAENUsEENSNTNAISUNEIEA (Maximum coefficient of

. . 2 ! o A ! a [ Y 1 g
determination, R",,) 081 Repeatability Aa ALJ8UULIATIIUVRINTINAIRE199 Lo

Yo

Aiansiuindusiegisesls (Duplicate sample) @slunisnaasstiusazieogisiinisda 3

o Y a 1 2 d 1 { d

1 1ag Dardenne [31] WeSunedn R™ azgean (RE,,, ) lelifinnuaainniewiesnin
oA ° o d' = v Y ad Y a [ v 1

aUnesuvisenuudnaes dilesnuaaInAdeuliernInnsinneIsanal wastlAiuiie

sD, uaw Rep fAissweivglddnduladimsasiawuudians NR delunseld f RE),,

asaAunlianaunisi 3.1
2 R 2
R2, Dy TP 1)
Max 2 :
Dy
Dy Ao AndesuunnsgIuveAIUTunaindeludegrauarmsauluiinioussy

nszUenliannizaaau (fuusniw) 1een calibration
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3.6 N15E3ILUUINADY

thieyavesiegiinuuiuvtinaindedusesvhiviuuiinundeuardeyaves
Freg1efildusulsunanndeifivsegiaiieafiiaunsaunuiesdunsisadienies  Long
wavelength diode array spectrometer (MicroNIR, JDSU, USA) LaziA3os FT-NIR
spectrometer (MPA, Bruker, Germany) 1Na519uuuINa8snuduRussenIeUIununde
vo9Ua191sAuUAyY  Optical data 1agA8n19 Chemometric LWUU Partial least squares
regression ¢8lUsunsy OPUS 7.0 (Bruker, Germany) lasutadoyasenidu 2 ya Aoyn
Calibration set WAy Prediction set fedns1dru 70:30 Fslumsadruuudassiuagl
S eR U s ann sl eadulag3d constant offset elimination, Straight line
subtraction, vector normalization (SNV), min-max normalization, multiplicative
scattering correction (MSC), First derivative, second derivative, First derivative+Straight
line subtraction, First derivative+SNV Lag First derivative+MSC w'%aslsﬁmﬂﬂm%’mﬁgmﬁm Tu
nsfndeniuudiassiifignasiansananardulsgdnsnisiiansan (coeffident  of
determination, R') igsfign, Aniiaesasnnuaaiaindeusnidaeaadevasnisinng
(Root Mean Square Error of Prediction, RMSEP) LarAILAAIAAALLRAY (Bias) ﬁﬁ?’]‘ﬁ?jﬁ
UENANHTRASNASAT DY AANAIANIATEILTBINITVILY (validation) Audau
Lﬁ&NL‘UWﬂG}’ig’m (Ratio of Standard error of Prediction (Validation) to (Standard)
Deviation, RPD) wag Aensidiudumesnislnddoninuaainndeuvesnisiiuie (Ratio of
Performance to 1Q, RPIQ) ﬁqqﬁqﬂ I(ﬂﬂsﬁagjaﬁﬁmﬂmﬂLLﬁNﬂ’NﬂJalLL‘U‘U‘Uﬂa (normal
distribution) a¥fia1sa191NA1 RPD  dnfudeuafiinisuanwasainuduuu (skewed

Y

distributions) 9313812 RPIQ (@‘U%ﬁ 2 viadiedt 2.5.4.9)

3.7 msussenalyanu

MNNIIMARINUTLLUaaIN e giUiinandeluanensivluthindoussy
nszdasfiléanieios FT-NIR spectrometer TWuuudiaesiifninades Long wavelensth
diode array spectrometer faussgpdieyafiegnsiinaniogsuimnanndetusaegdlsl
UsuUsinaundeuazyadeyasegsilivfusnanndeifissegiafer Jsiuuudiasils
91MA389 FT-NIR spectrometer 1maassiungusiegsiiiu unknown Tngdusaogidlusl
nlssusuam 10 fegs avihnsmeseuniioutuseudnaiy (Faded 3.2 - 3.4) Tasth
fhetrausianszeanladninesnanaiin TulviasBenduidofiortu mnduaunufeinies
FT-NIR  spectrometer  u&a¥auinanndefeisaain aniutirdoyafildunvaaeutiu
wuuaesmiessivinaandelulanesiuluiindeussanssemosmndeyafosei
sfegnaulinanndeiumegsliuiuiinandouazyateyasegailiviuuiinm

A = 1 a
LNABDLNYIDY LAY
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NANTIINA AN

4.1 A15NTEANNDVBIUTUIUNGDVRIBEUAwITAUTULINAIUTIY

nszUag

mngﬂﬁl 4.1 LLamﬂiﬁw%a‘lmLmsmaq%’ayjaﬂ%mcumﬁaﬁgqﬁlﬂuéhasmﬁﬂ%’w%mzu
indenaiegitliviuiinaindevesiegsUaeifuluiindeussynssesasiiiuing
PaUTnannde 0.3-1.1 % Wutedeyavessneddiliviuiinanndoiiesosiafen deas
fiv9USunanndegegnegil 0.7-0.8 % dmiutasUiunaunde 1.6-6.4 % (Jutisteyaves

> 1 ldl U = =
A29819NUSUUTUULNGD

45

35 -

25 -

Frequency

15 -

5 -
0 _I,III I | III | 1 | I il | II II |

rrrrrrrrrrrrrrrrrrrrrrrrTrrrrrTTrrrT T rrT T T T T T T I T TTTTTTITTITITITTITITITTT
M 1N — XI5 Q n g N o — QoM
o O — — — AN AN NN NN <t <t <t OO

Salt content (%)

0.9 -
3.9 7

JUN 4.1 nsmiBalaunsuvestoyaUsinaundeviandudiegefiusulsmnaindenasfogns

livulsunandevesiegrsUansaulutindeusignseles
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4.2 nveseuauiugNsIaUTnandslulassauluiundeussy
nazlasdaesnaiy
P37 4.1 wanstoyariamannsnlun1ingn (Repeatability) wagAnduusyans
nsianTangaga (Maximum coefficient determination, R @9 R2Max ffuInen
SD, Wy Repeatability (glusiadief 3.5 ) aunsaldifledadulalunisaranuudians NIR [32)

i ' 2 a & s H = + ]
INAITINUTY AT R e Ve3UTINRRNGRIWUASAUTuNG o UTIINTEUatvatunazyn

egne denand 0.980 uld detudnideyaliaiauuinass NIR

M13197 4.1 AanuanEnsalunisingl (Repeatability) wagAduuszavan1siatsangaan

(Maximum coefficient of determination, RZMaX)

Spectrometer Sample SD Rep RZMaX

with salt adjusted
1.194  0.0151 0.9998

Long wavelength diode samples
array spectrometer non- salt adjusted
0.133  0.0149 0.9874
samples

with salt adjusted
1.195  0.0151 0.9998
samples
with salt adjusted + 5
FT-NIR spectrometer samples of non-salt  1.896 0.0148 0.9999
adjusted
non- salt adjusted

0.133  0.0150 0.9873
samples
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4.3 awnasuvesiiagnaUarwinululuniaussgnselas

4.3.1 @unnsufu

SUN 4.2 wamadsanasufauvessiegrauatesauludnndsussansydaanandy

Y 9

1 a

Fregefiuulsinanndauarfegneiiliusulsinanndefivaudfiaunusieinios FT-NIR
spectrometer (MPA, Bruker, Germany) Ui’mgﬁmaﬂﬁ’lﬁ 6896, 5569 Lay 5153 %.71
(1450, 1795 way 1940 uluwns) Wunsduasiiiouresiusy O-H str. first overtone [32]
O-H combination [33] wag O-H str.+ O-H def. [32] muddukazusngiiaveslusiui

3965 a3, (2522 UNUIAT) L%‘fluﬂﬁé"uazl,ﬁauﬁuaaﬁuﬁz C-N-C amide: (.C-N-C) [33]

-Salt adjusted 10 g
+Salt adjusted 8 ¢
+Salt adjusted 6 g
-Salt adjusted 2 g
-Salt adjusted 4 g
-Non- salt adjusted

log (1/R)

i
vy

11700 10700 9700 S7b0 7700 6700 5700 4700 3700
Wavenumber (cm?)

—Non-salt adjusted - Saltadjusted2g ~ ----- Salt adjusted 4 g
———Salt adjusted 6 g —— Salt adjusted 8 ¢ - — Salt adjusted 10 g

UM 4.2 awdnasuAveesmegisangishuluinndevssynszdesismdudegneiiuiu
USunaunfeuasdiegreitlduiulsunaunfeiuauainaununisiniod FT-NIR

spectrometer (MPA, Bruker, Germany)

JUN 4.3 wansdsarunasuavvesdiegisarwsaiuluinundeussynsedesianiu
o I Ayl a e a A A Y A Y A
fogenusulTunanndetazliivTuUSIundeuaud NIaLAUA8LATEY Long wavelength
diode array spectrometer (MicroNIR, JDSU, USA) Wufia?iiinfutaudn 2 Aa7 1432 uag
1959 wilwwns ngenaziduiinvesihiAnn1svdunnainanueinau 1450 way 1940 W
luuns Fadunsduasiiiouvewiuse O-H str. first overtone wag O-H str+O-H def.

AUAIAU [32]
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=]
w
=]

Z 1 .

— e .

= s =2~ Salt adjusted 10 g
o Salt adjusted 2 g-
= s Salt adjusted 8 g-

Salt adjusted 6 g-
0.4 - Salt adjusted 4 g-
Non-salt adjusted;

0.2
0 T T T T T T T T T
1140 1240 1340 1440 1340 1640 1740 1840 1940 2040
Wavelength (nm)
——Non-salt adjusted Salt adjusted 2g ~ ----- Salt adjusted 4 g
———Salt adjusted 6 g ——- Salt adjusted 8 g —-— SBaltadjusted 10 g

U 4.3 awnedufveesdiegrslarsauludundeussynszdesianiiludiegeiiusu
USuandsuazdlog1enldusuusnnanasiuauaiNannuaieiasey  Long

wavelength diode array spectrometer (MicroNIR, JDSU, USA)

4.3.2 aWnaduaywusafuil 2

dethanafufvvesiiedisUareniuludindoussgnszUesunyii Second
derivative saTidufegeiivsulsinandenasfegeildusuusinandefiunudafiawny
feLedes FT-NIR spectrometer (MPA, Bruker, Germany) é’w’QLLa@un;;Uﬁ 4.4 UYsangiia
iaBud 4860 v (2058 wiluwwas) Jadunisduaiiiouvesiusy N-H stretching and
C=0 stretching (amide 1) combination ¥8slUsAY [33] drufindl 4343 waz 4258 @y,
(2302 waz 2348 wiluwns) Wunsduasiiiouvesiusy CH, stretch-bend combinations
U89 CH, [32]
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0.0003 Salt adjusted 6 g-

Salt adjusted 10 g-
Salt adjusted 2 g- !
Salt adjusted 8g-
Salt adjusted 4 g-
Non-salt adjusted-|

0.0002

&\ 0.0001 F
e
=
® g
) F
-0.0001 [
o)
5 g
-0.0002 T T T T !
8700 7700 6700 3700 4700 3700
Wavenumber (cm!)
——Non-salt adjusted - Saltadjusted 2¢ ~ ----- Salt adjusted 4 ¢
———Salt adjusted 6 g - - Saltadjusted 8 ¢ —-— Salt adjusted 10 g

JUN 4.4 awneSueyiusdudu 2 vesiednvargsiuluiunioussynsedesiaindu
f9g19NUSUUS N A BRALAIg 19N bUSUUSUN N Ao NUA LA NALN LAY

Lfﬁlm FT-NIR spectrometer (MPA, Bruker, Germany)

WadianasuduvesiiagislargisauluiinieussynseUeaniyin Second
. . & A Y 1 a o a N o ' = R a A A Y o

derivative 1971 JUf0819USUUS LN AB WAL 08199 bUSUUSUNULN B NUALAI N AN Y
A8LATeY Long wavelength diode array spectrometer (MicroNIR, JDSU, USA) Aauandlu
JUT 4.5 Usingiiadianfud 1161 waz 1382 wilwwns Jadunisduaziiieuvesiiuse C-H
str. second overtone U89 CH; Wag 2xC-H str.+C-H def. ¥83 CH, muanau [32] dauiai
1458 waz 1959 uluins 971292 JUNAYe N NLAANISVTUNIINAIINEIPAY 1450 WAy
1940 s Fudunisduaziiouvasiusy O-H str. first overtone way O-H str.+O-H

def. @MUY [33]
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Non-salt adjusted
[Salt adjusted 4 g
0.00001 - - Salt adjusted 10 g
-Salt adjusted 8 g
_ +Salt adjusted 6 g
0000005 - |Salt adjusted 2 g
Qé 0 f\\/\/\ [~
—
S’
ch )
(=) v
= -0.000005 - ¥
< Y1 &
e 8
000001 { = —
4o
e
=
-0.000015 : : : ‘ : : : — :
1140 1240 1340 1440 1540 1640 1740 1840 1940 2040
Wavelength (nm)
Non-salt adjusted - Salt adjusted2g  ----- Salt adjusted4 g
———Salt adjusted6 g —-— Salt adjusted8 g —— Salt adjusted 10 g

4.5 avnasuoyiusdudu 2 vesdegsuarensauludindaussynszlesmsindu

€an
c
=D.

fag19nUSuUS NN ABRALAI9g 19N bUSUUSUN N Ao NUA LA NALN LAY

1384 Long wavelength diode array spectrometer (MicroNIR, JDSU, USA)

4.4 JUUINADILAZANTTAULVDILUUINADY

#3197 4.2 uansdeyanadfvesdimnaindevesUaesiuluinnde ussgnselos
vesyniogniildaiianuuiians Jauansdoyavesiiogfisaufegisuiuuiinaindody
fegndliuiuuinandeuasteyauessnegaiiliuiuuiinandeifissegaidealasutadoya
ponifuyn Calibration uwazym Prediction d1¥UANS197 4.3 LAAIHANTITYN Partial least
squares regression dmiunTiTeiUTInundevesUaesivluiindoussanselodagld
anesuanades FT-NIR spectrometer (MPA, Bruker, Germany) LAZAINLASDS Long
wavelength diode array spectrometer (MicroNIR, JDSU, USA) Y0308 19750 g1 9UTY
USinanndefuiiegraliviuiinaindeuasdoyavesnegialiuiuiunando fissedns
Wen wafildfansos FT-NIR spectrometer Tnansiunefiininases Long wavelength

diode array spectrometer
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4.4.1 wuusTaasAMuduRuSvasUSanndasendneafidaldasiuadivinune
faeLA3ag Long wavelength diode array spectrometer (MicroNIR, JDSU, USA)

91N3UT 4.6 uansuuvitansvesfieEsiiTIufegeUsuUnannderudegisl
USuUSunanaaiian Rank (PLS factor) 1Ay 7 abUnasunIun1swmuinieis Straight line
subtraction Ti¥1aiavAA 8740.1-5355.7 wal. - deflandudszAvdiansan (Coefficient of
determination, R) = 76.39 % Williams [21] wugti1ine R® sewi1e 66-81 % Ae sousuls
AMmMSUNIUTTINAANREN MUY, ASInTideseInuAaIAAdousn i Ideadevednis
U8 (Root Mean Square Error of Prediction, RMSEP) = 0.769 %, ANNARIALAADULRAY
(Bias) = 0.093 % uazASATIALBUAESMBlVdsanUAAIAREeUTDINISYILNE (Ratio of
Performance to 1Q, RPIQ) = 0.31

"Iln‘ -
< 6
§ s-
5
O 4
CEER
=
2 2
=
0 T T T T T T 1
-1 0 1 2 3 4 5 6
NIRS Predicted Salt Content (%)
Factors =9 R?*=76.39% RMSEP =0.769% Bias = 0.093% RPIQ =0.311

P o [ % s a = ! | Ao Y a o Ao £24
JUN 4.6 LuudassanuduiusvesUTunauniesenindtinlaaseiuanviiung lagld
aUnmnuINLATOS Long wavelength diode array spectrometer (MicroNIR,

JDSU,  USA) wesyadoyafiag1ansiuiieg1ausulTunandenudiagialidusu

USU0LNaD
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N3UT 4.7 uansuuuinaesvesiogsiiliuiuiinanndeifivsenafieilan Rank
(PLS factor) Wiy 9 anasuniun1swauIeieds Constant offset elimination 7igasLay
AAW 8740.1-4854.3 w31, Fafl R = 62.03 % Williams [21] wugiiinen R sewi19 50-64 %
Ao wausula dmsunisuszunuAIeg1IeIuY), RMSEP = 0.101 %, Bias = 0.00028 % W&y
Adnsrdunsidosuunsviiue (Ratio of Prediction Deviation, RPD) = 1.62 lng

Williams [21] wug1i19@1 RPD 519 0.0-2.3 Ao liwugihussyndld

_—
SR
pra)
5 I
=
S 09 -
)
—
= 08
[ 0}
- 07 -
b
=
2 0.6 -
5}
E 0.5 4
0.4 T T T T T 1
0.4 05 0.6 0.7 08 0.9 1

NIRS Predicted Salt Content (%)

Factors =7 R?=62.03% RMSEP =0.101% Bias =0.00028% RPD =1.62

SUN 4.7 wuudnaesmnuduiusvesUsinannieseninsenninlaassiuamiuelagly
AUNASNAINLATON Long wavelength diode array spectrometer (MicroNIR,

JDSU, USA) vasntayasiiageinliuiuusinasniaiiesatiugen

4.4.2 wuusraeeAnuduRusvasUFInasndestuineaniiialdaseiuanfiviiune
é")&lm%'aﬂ FT-NIR spectrometer (MPA, Bruker, Germany)

913U7 4.8 uansuuuiansesfegeisnfegeUiunannderudegisl
USuUSunauwnaesiAn Rank  (PLS  factor) (nfiu 10 @lUnesusIunIswauInie3s
Multiplicative scattering correction fignarndu 7506-4242.9 wu. Bl R® = 995 %
Williams [21] wugairinen R daud 98 % Fuld Ao Mbeu 1Hldsunnnsuszendldan,

RMSEP = 0.112 %, Bias = -0.00654 % uay RPIQ = 2.1
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Measured Salt Content (%6)
=

NIRS Predicted Salt Content (%)

Factors = 10 R?2 =99.5% RMSEP =0.112% Bias =-0.00654% RPIQ =2.098

JUN 4.8 wuudassmnuduiusvesUSunanniaseninatinlaaseiuanituelagly
awnmsuannases FT-NIR spectrometer (MPA, Bruker, Germany) suaaéqwsﬁmgja

o | a 1Y) | o a YY) ' Y a a
freg1ensiumegausuUSUanaanumlegellusSuUS NG D

N3UT 4.9 uansuuuiiassesyndoyaiiog1siiuiuUTnanndesanfusiegnailsl
YFuuTunaundednuau 5 nsedes 161 Rank (PLS factor) Winfiu 5 anasusinuniswmun
#8733 first derivative+MSC (17Pts) fitaaaunaY 9403.8-5446.3 oy, 393 R’ = 99.39 %
Williams [21] wugthiran R soust 98 % uly Ao Mideu 14ldRunnmsuszgndlda, e
sInTlaevesnunaImndeusniidsdesadeveinisiiute (Root Mean Square Error of
Cross Validation, RMSECV) = 0.147 %, Bias = 0.00246 % ez RPD = 12.8 Williams [21]

wug1131A1 RPD siaust 8.1 AUl A Abeulaynnisussyndly
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Measured Salt Content (%o)
[ 3]

0 . . . T . . |
0 1 2z 3 4 5 6 7

NIRS Predicted Salt Content (%)

Factors =5 R?=99.39% RMSECV =0.147% Bias = 0.00246% RPD =12.8

JUN 4.9 uansiuuiassanuduiusveslsunannieseninaiinlaaseiuaiviuelaeg
IdaUnn3uaniaTes FT-NIR spectrometer (MPA, Bruker, Germany) ¥84Yn9aya

feg1enuSuUsUNN s Usg19 R llUSUUSUanda31WIU 5 nead

' ]
aaa

drunuudiaesiinngaidusuuitaesvesyadeyaiiagneiiliuiulunasnieLiies

281982 (non- salt adjusted samples) AINIUNITALAUAIELATES FT-NIR spectrometer
oA ° = D 2 a1 ao ' «

(MPA, Bruker, Germany) lagnu3nilen RMSEP ¢ngn fausddnan R agdiAnfsinituuusu

[

LazA bias geniuuududntdesiny wuudiassdiangnie Rank (PLS factor) Wity 7
AnmIRUNIWAUIPETS Vector normalization (SNV) fitasiavadu 9403.8-5446.3 uay
4605.4-6242.9 %31, 9nFUT 4.10 uanauuuiiassmuduiudvesIandeseuinaeni
olsasatuariviune @ R® = 82.02 % T90g5emi19729 66-81 waz 83-90 % awdl Williams
[21] wugilife sousuld dwmsunisussanuaiegnmeiue) wazdesldmeniusesinsyislu
nsUszynalddinlug 590815338 AudIRU, RMSEP = 0.0685 %, Bias = -0.0185 % ua

RPD = 2.45 Williams [21] ku21d171@1 RPD 581118 2.4-3 A9 USZUIuAI0819meIUe)
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Measured Salt Content (%)

03 0.6 0.7 0.8 0.9 1 1.1
NIRS Predicted Salt Content (%)

Factors =7 R?=82.02% RMSEP =0.0685% Bias =-0.0185% RPD =245

JUN 4.10 wansnuuassmuduiusvesUsunaunieseninanialaaseiuaiviunglag
Teaunnsuannasg FT-NIR spectrometer (MPA, Bruker, Germany) 9833

% Y A a A ' a
GUaﬂalaG]’JE]EJ'NV]lNUiUUﬁJ’]iULﬂﬁ@L‘WEJQE]EJ'NL@IEJ'J

1N5UN 4.11 uans Regression coefficient plot Y09UUUTIABIAINTITNTIVIAUTU
A s 20’ A +) o (Y s goJ I
indevestangnshuluiindeussynsedevinsinlagnisasnudatwsauludindeussy
n3rUpaNUALAINIELATBY FT-NIR  Spectrometer vaatayasiagnanlidusuusuainge
a | a a A A Y Ql' = ‘:1' A A
WENDEN9LAYY NURATILATAAUANSY ASLEATLUAITIST 4.4 TILAAILAVATULAZAINLEIABUT
P~ | ° a C =l . .. 4 a A N & A 44'
finasian1sviueUsunaiLnde Feen Regression  coefficient w3afinfigefignAfiavaau
-1 = = o = )
4443 531 (AueIRaU 2251 Uluwes) Jeeaunisduasiiouvesiuse N-H str.+ NH;'
def. voensnezily suwiuldiidvdnanonsviueUsunawndeuniign U7 4.12 uand
X-loading weight plot ¥8IwuUT1a8ININTIVInUTIUNGoveIUa w1 Shul NG UTTI
nszlawinmsialasnisaunularminunseledluiiniaussynssleanuanaisniunses
FT-NIR Spectrometer @3 X-loading weight 18ALINAEANAADNITVINUIVDIANNTT TINAT
LAUARUAINWBINS 3 factor azlanslilun19197 4.5 91nA19197 4.5 UAAILATARULAYAIIL
g1PRUNIINaRNSYIIUIgUSINMNGD WUINAT X-loading weight “3eiinfigeianuadns 3
{ d -1 -1 -1

factor AeVllaUAAUY 4335 @y, (factor 1) 5839 @, (factor 2) uag 4443 @31, (factor 3)
(MNeIAAY 2307, 1712 waz2251 uiluuns) Wunisduasiiiouvesiuse C-H str. + C-H

def. ¥84 CH,, C-H str. first overtone ¥83 CH; kag N-H str.+ NH3+ def. wpenIADElU
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a

Swanan1svinungUsuiandavedUan

e %}l = +
"'Zj’]iﬂiﬂ,u‘iﬂLﬂﬁ@Uiiﬂqﬂi%U@\m’m

Regression Coefficient

30 4 4605
6757 !
20 - 7652 ! 4135
8809 i
10 $
I'LI' W u
10 4
N 8593
= 6171
7050
. 4443 —>
9500 9000 8500 8000 7500 7000 6500 6000 5500 5000 4500 4000
Wavenumber (cm™!)

€aN

=D

.11 Regression coefficient plot YoLuUIasNeInUsIandvasUagsAuly

=N

wndeussynsslesiaunasulsanmsasnulansauluiindevssynsslesd
UALAIIELATEY FT-NIR Spectrometer vasintoyadiiatefiliusudsunaunie

= 1 a
bNENBYINLAYD
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= P A Ao . . ° A o
A19199 4.4 LaVAAULAZAIINYNIAAUNU Regression coefficient ENUDILUUINADUNDIN

Ysunanndevesuarensiuluinindeussynselesnadnasulaainnisauny

Uansauluiinfeussynselesiuaudinieiasas FT-NIR Spectrometer

wavenumber  wavelength  wavelength
4 bond vibration structure
(em ) (nm) (nm) [32]
C-H str.second
8809 1135 1143 aromatic
overtone
C-H str.second
8593 1164 1170 HC=CH
overtone
7652 1307 - - -
7050 1418 1417 2 x C-H str.+ C-H def. aromatic
6757 1480 1483 N-H str.first overtone CONH,
6171 1620 1620 C-H strfirst overtone HC=CH
4605 2172 2180 2 x amind | + amide Il protein
4443 2251 2242 N-H str.+ NH3+ def. amino acid
4335 2307 2310 C-H str. + C-H def. CH,

VMR SNWIFINLT Mg fnnugnafutiuliaNuNtuiaggn
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x-loading weight

01 -

5847
9000 8500 8000 700 7000 6300 6000 5500 5000 4500 4000

Wavenumber (cm?)

—factorl = ----- factor 2 —factor 3

JU# 4.12 X-loading weight plot vaskuuTaeiieInuTinanfsvesUarmsaululinge
ussnsvlasnanasulaanmsasnuiaignsauludindeusignsedesiuaud?

§eiedes FT-NIR Spectrometer



a1

A9 4.5 LauAdukarAINe1IAAUNE X-loading weight gevawuudtaesiiainusua

= s 3 a + PN v vy cal
Lﬂa@%@ﬂﬂaq"ﬁqim‘lﬂuu’] Lﬂa@Uﬁiﬂqﬂﬁ%U@ﬂwaLﬂﬂmiﬂlﬂﬂqﬂﬂqﬁﬁLLﬂu‘lJa']“ﬂﬂi@u

ludindeusinsyaanuanaimeinsas FT-NIR Spectrometer

wavenumber wavelength  wavelength
4 bond vibration structure  factor
(cm ) (nm) (nm) [32]
C-H str.second
8586 1165 1170 HC=CH FC1
overtone
C-H str.second FC1,
8277 1208 1215 CH,
overtone FC2
C-H str.second
8231 1215 1215 CH, FC3
overtone
2 x C-H str.+ C-H
7074 1414 1415 CH, FC3
def.
2 x C-H str.+ C-H
7066 1415 1415 CH, FC3
def.
N-H str.first
6996 1429 1430 CONH, FC1
overtone
C-H str first
5855 1708 1705 CHs FC3
overtone
C-H str.first
5847 1710 1705 CHs FC1
overtone
C-H str.first
5839 1712 1705 CH; FC2
overtone
2 x amide | +
4605 2172 2180 protein FC2
amide Il
4497 2224 - - - FC1
N-H str.+ NH3+ amino
4443 2251 2242 FC3
def. acid
C-H str. + C-H
4335 2307 2310 CH, FC1
def.

VGG BNYIFINUT VN8R ANeIAFUTLTA1ANTNTUTAgEn
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1

21nn1ImaaeinIsTausinanndevesuaisnsiuluinndoussynsedosiaeiies
sunsnsaaUninsalndidhunsawnutamnsivluiindeussynsslosiiuandadenios
Long wavelength diode array spectrometer (MicroNIR, JDSU, USA) wazia3es FT-NIR
Spectrometer (MPA, Bruker, Germany) nadilaAodes FT-NIR Spectrometer (MPA,
Bruker,  Germany) Tinan1siunedinnina3es Long wavelength diode array
spectrometer (MicroNIR, JDSU, USA) I@ﬁiﬁﬁwquai’ﬁaawawm%ga@hasmﬂ?immﬁ’;asm
UsuUsunannaenusegislidusuusunainis (with salt adjusted samples) LaglhuudIany
yosyndoyamodefiliuiuuinanndeiiiosediafies (non- salt adjusted samples) 17l
Tumsihunemegnsiidu unknown (10 §19819) 903U 4.13 wansuuudiassnisvinuneg
Frog19idu unknown Tagldanasuaina3es FT-NIR spectrometer (MPA, Bruker,
Germany) wasndoyamiotsiisiufetnfuuiinanndefusedndliusuimande
R°= 7.6 %, RMSEP = 0.652 % way Bias = -0.626 % ﬁm%’ugﬂﬁ 4.14 LEAILUUINABINT
Funefegeiidu unknown taeldaunasuainades FT-NIR - spectrometer  (MPA,
Bruker, Germany) Suaﬁsqmsﬁagaﬁaaéwaﬁlﬁﬂ%’w%mmmﬁaLﬁmasmtﬁmﬁ Rz 237 %,
RMSEP = 0.477 % Wag Bias = -0.467 % Fsanuanisnaassitldliannsatimuszgndlils

Y 1

\19991nTA1 RMSEP uae Bias g egnslsnfuuudiasivesadeyadiogneiilaiusuusunmn

Y
v v

ndetiietegielinanisiiuiedied19iidu unknown NRnIYAteyafiog1IvTIN

9

fraenausuUsSINandanumag1eliusuUSuannds Tnedian RMSEP wag Biasfnnin
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0.6
g
= 05
3
g
o
= 04 -
[==]
w2
T
= * *
g 03 -
i) *
=

02 T T T . : : . . .

06 07 08 09 1 11 12 13 14 15
NIRS Predicted Salt Content (%)
R2=7.6% RMSEP =0.652% Bias =-0.626%

JURN 4.13 wuudnaeenisyiunediegeiiidu unknown taeldanmsuainaies FT-NIR
spectrometer (MPA, Bruker, Germany) maqﬁmﬁﬁayjaé’aaéwqﬁiamﬁm&J'N‘LJ%’U

USunandenusegialdusudsunainie

0.6
-
=
9\3 * * »
= 0.5
] - * 4
= *
g * +
0 /
—
= 044
“ * *
B
= * *
w03 -
5 + +
=
02 T : :
0.7 0.8 09 1

NIRS Predicted Salt Content (%o)

R?2=2.37% RMSEP =0.477% Bias =-0.467%

JUN 4.14 wuudnaensvitwnedaegreiidu unknown taeldanasuainaies FT-NIR
spectrometer (MPA, Bruker, Germany) vaagadayasiog1anliuiuisuaunde
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A3UNANITNAARILASUBLEUBLUY

5.1 @junan1imnasy

MnMsAnwInuIeyavesfesiTIufegsuuUSnandefuiegdliviu
USinaundenazdeyavesiednitliuiuuiinaindeifissegiuietiiannfuaunusie
1399 FT-NIR spectrometer (MPA, Bruker, Germany) 433:auady 12,500-4,000 @3, (800-
2,500 u1luLuns) LAY Long wavelength diode array spectrometer (MicroNIR, JDSU,
USA) Hhaanuenedu  1,150-2,150 uiluins nuianndudiliainedes  FT-NIR
spectrometer agliuudnass Partial least square regression ﬁﬁmwléfaﬂ’i’lm%m Long
wavelength diode array spectrometer LLUUﬁWaaQﬁaﬁQWL‘cﬂ{usqm%yja%m@hasjwmajﬂ%
USunanndeifieseg1afien (non- salt adjusted samples) wuusaosfiafigniildrinunis
Jan1sadnasucigis Vector normalization (SNV) Tut39 9403.8-5446.3 uag 4605.4-
4242.9 w1, fien PLS factor iy 7 Taewn Calibration A R* = 83.88 %, RMSEE =
0.0543 % wag RPD = 2.49 % Prediction fiA1 R = 82.02 % Fs0g5ewin9%19 66-81 uay
83-90 % m1ul Williams [21] wugthlife sensuld dmsunisussinamegimenus wa
aasldmsausednseialunsyssgndlddilvg 5708901939 mud1du, RMSEP =
0.0685 %, Bias = -0.0185 % Way RPD = 2.45 lpg Williams [21] Lug11i1A1 RPD s¥1ing
2.4-3.0 fia n1sUsTRIRAIRg1meIug Anuafbiwandiifiuindainudullalunig
Useynaldinaliallosdunsisaaidninsalnllunisnsivinusunasnaaludatensaulu
dundevssynazladlasnsUsznaauuuneiug uenainidmuinesduseneulusfiuuas
lusufidniwadonsvhueumnaindevesvanensivluiindoussgnssdesnn fesand
A1 Regression coefficient wagA1 X-loading weight ‘1'71':;341 NHaNITUTEYNALTUUUTIRBS
vosyadeyadiegafiliviuuiniuindeiissegradsariaunniulfainiaies FT-NIR
spectrometer (MPA, Bruker, Germany) Tunsviunedegefidu unknown lsfanis
vhunefifningadeyafedisissegnauuinaindedusedndliufuuiinainde deu
widlulinisfine 2556 I8inidensiegivimandelularesiuluseausidowma
U553nselasmniiunslaguneisda $1NAT w19an3an13 nedriuazuanalsy AInsng
wazludnisfine 2557 1Ednisensieeiviinanieluvaefiuludituuss g
nszdes Tasursanalsy ednsnis Wethwadildundieuieusuasiiuldiludiiline
msvihuneiiangs Tnglugadeyavesinoisiisuufuuiinandefuioidlivfuuum
nde TA R = 99.6 %, RMSEP = 0.139 % wawBias = -0.002 % é’ww%’usﬁa;ﬂaﬁuaaﬁ'saéwﬁlﬁ
UsuUBinaundeliissegaidieniiadn R = 90.9 % RMSEP = 0.097 % uawBias = -0.024 % wa

aa a ay voo o v o 1 a o a & o
W@ﬁ@ﬂaﬂm’]W‘UIu%@ﬁuzLﬂ@LWﬁ Namlﬂaqﬂﬁu‘ﬂ@yjEWJENG]'J@ﬂqQVliﬁﬂJﬂiUﬂiﬂquLﬂa@ﬂ‘U
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fregldusuySinanndedien R = 99.1 %, RMSEP = 0.109 % wawBias = -0.002 % &115u
sﬁa;ﬂamaaéf’aasjﬂamajﬂ%’uﬂ%mmmﬁaLﬂmasmLﬁm fiA1 R* = 85.0 %, RMSEP = 0.046 %

uwazBias = -0.002 % wazaavneasiluluuinde wailaldnailuudaludiediu Fanisilu

Y

ulinanisvihneidninlureauzidewatazluinnde e1aazdumsizlufiudvsuu
unntesninlugeauziamenazluiinge o1 lvillaussausiingn lagUsuaniedn

A ° v ) A Ao | ° =~ A
LUaSuLLUaﬂlﬂmwﬂmmUmsammauwmamamammEJmaaLiJastLanmu

5.2 YaLdUdUL

= AN Y a = o X i ° av v 44'
GU']ﬂNaﬂ'ﬁﬂﬂﬂqw‘lﬂ@ﬁUq?JIUﬂ'ﬁﬂﬂU']ﬂi\‘iUW‘U']']LL'UUQ']a'E]Q‘VlVL@GU']ﬂLF’\Ii@Q FT-NIR

a1

spectrometer (MPA, Bruker, Germany) {@1 R’ ﬁqmiw 80 % @3 Williams leoSunelian R’

M19E581319%34 66-81 war 83-90 % fio vausula dmFUNITUTEUINAIDEI MBIV UagsDs

Teuanusednsyislunisussyndlddiulng 5108901539 aauddu, A1 RPD  filsieg

Y

FYWINU 2.4-3.0 F9 Williams w1111 RPD TutsliAon1susssinaa1og1aneue) uag

fifn RMSEP 7l Fanalaesauvetia3as FT-NIR spectrometer (MPA, Bruker, Germany)

ansadnluuszendldld  dvninsiiadiegdianuuusuniuvesoyaiiniue1day

Wludnsiauveawuudtaedilaussougnfvuld dmsuiases Long wavelength diode
. M v v 2 av ¢ |

array spectrometer (MicroNIR, JDSU, USA) wa#ilaaalamn R™ #1ldun (60-70 % ) &slainas

Wnluuszendld
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1309 Auto titrator (T50, Metler Toledo, USA)

4

AaasUsuNu

, dntdn | Usunewans | Ysunaungae A
FraRE it (9) % (mL) (%) wnae (%) Repeatability
1-1.1 0.5511 0.753 0.787
1-1.2 0.5980 0.800 0.771 0.782 0.002
1-1.3 0.6635 0.908 0.789
1-2.1 0.6923 0.812 0.676
1-2.2 0.6690 0.792 0.682 0.488 0.006
1-2.3 0.6672 0.124 0.107
1-3.1 0.6033 0.725 0.693
1-3.2 0.5007 0.788 0.908 0.829 0.022
1-3.3 0.5597 0.861 0.886
1-4.1 0.6161 1.034 0.967
1-4.2 0.5650 0.874 0.892 0.920 0.010
1-4.3 0.6032 0.944 0.902
1-5.1 0.5011 0.627 0.722
1-5.2 0.5713 0.215 0.217 0.542 0.035
1-5.3 0.5733 0.684 0.687
1-6.1 0.5193 0.637 0.707
1-6.2 0.5628 0.686 0.702 0.694 0.005
1-6.3 0.5631 0.658 0.674
1-7.1 0.5575 0.789 0.816
1-7.2 0.6905 0.940 0.785 0.791 0.014
1-7.3 0.5712 0.764 0.771
1-8.1 0.7210 0.667 0.533
1-8.2 0.6300 0.574 0.525 0.556 0.008
1-8.3 0.6915 0.733 0.611
1-9.1 0.5871 0.131 0.129
1-9.2 0.5641 0.709 0.725 0.515 0.033
1-9.3 0.7200 0.865 0.692
1-10.1 0.5757 0.356 0.356
1-10.2 0.5558 0.249 0.258 0.344 0.062
1-10.3 0.6108 0.443 0.418
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
AR it (¢) 4 (mL) (%) N&a9 (%) Repeatability

1-111 0.6958 0.732 0.606
1-11.2 0.5278 0.614 0.670 0.618 0.027
1-11.3 0.5333 0.536 0.579
1-12.1 0.6435 0.691 0.619
1-12.2 0.5790 0.618 0.615 0.626 0.004
1-12.3 0.5717 0.639 0.644
1-13.1 0.6557 0.792 0.702
1-13.2 0.6520 0.789 0.697 0.679 0.005
1-13.3 0.6308 0.701 0.640
1-14.1 0.6430 0.711 0.637
1-14.2 0.6361 0.653 0.592 0.608 0.005
1-14.3 0.5048 0.523 0.597
1-15.1 0.7359 0.782 0.613
1-15.2 0.5423 0.584 0.621 0.606 0.008
1-15.3 0.5687 0.578 0.585
1-16.1 0.6150 0.708 0.664
1-16.2 0.6093 0.349 0.330 0.538 0.042
1-16.3 0.5551 0.599 0.622
1-17.1 0.5937 0.447 0.434
1-17.2 0.9166 0.973 0.612 0.464 0.087
1-17.3 0.5009 0.301 0.347
1-18.1 0.7930 1.275 0.927
1-18.2 0.7034 1.119 0.917 0.918 0.005
1-18.3 0.8360 1.323 0.912
1-19.1 0.7459 0.971 0.751
1-19.2 0.6118 0.742 0.699 0.727 0.018
1-19.3 0.6755 0.834 0.733
1-20.1 0.7189 0.833 0.668
1-20.2 0.6894 0.853 0.713 0.691 0.020
1-20.3 0.6154 0.779 0.693
1-21.1 0.8813 0.655 0.429

0.523 0.063
1-21.2 0.6019 0.382 0.366
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
AR it (¢) 4 (mL) (%) N&a9 (%) Repeatability
1-21.3 0.5532 0.744 0.775
1-22.1 0.6059 0.840 0.799
1-22.2 0.5091 0.697 0.790 0.624 0.009
1-22.3 0.5723 0.282 0.284
1-23.1 0.8185 1.117 0.786
1-23.2 0.8256 1.101 0.769 0.786 0.017
1-23.3 0.6893 0.960 0.803
1-24.1 0.5693 0.971 0.983
1-24.2 0.6700 0.107 0.092 0.682 0.012
1-24.3 0.5641 0.950 0.971
1-25.1 0.5736 0.640 0.643
1-25.2 0.6115 0.720 0.679 0.658 0.009
1-25.3 0.5867 0.663 0.652
1-26.1 0.5071 0.830 0.944
1-26.2 0.5925 1.023 0.995 0.748 0.051
1-26.3 0.5054 0.267 0.305
1-27.1 0.6252 0.641 0.591
1-27.2 0.5077 0.659 0.748 0.653 0.029
1-27.3 0.6488 0.698 0.620
1-28.1 0.6806 1.059 0.897
1-28.2 0.5478 0.797 0.838 0.856 0.005
1-28.3 0.6255 0.903 0.833
1-29.1 0.6327 0.348 0.313
1-29.2 0.5803 0.605 0.601 0.514 0.026
1-29.3 0.8627 0.939 0.627
1-30.1 0.5469 0.726 0.765
1-30.2 0.5921 0.732 0.713 0.738 0.024
1-30.3 0.5155 0.659 0.737
1-31.1 0.7036 0.942 0.772
1-31.2 0.5348 0.743 0.801 0.795 0.011
1-31.3 0.5823 0.820 0.812
1-32.1 0.6370 0.616 0.558 0.663 0.004
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
AR it (¢) 4 (mL) (%) N&a9 (%) Repeatability

1-32.2 0.5339 0.665 0.718

1-32.3 0.5552 0.688 0.714

1-33.1 0.5411 1.836 1.955

1-33.2 0.5109 1.739 1.962 1.952 0.007
1-33.3 0.5350 1.798 1.938

1-34.1 0.5311 2.929 3.179

1-34.2 0.5694 3.155 3.194 3.177 0.015
1-34.3 0.5279 2.892 3.158

1-35.1 0.5096 3.811 4.311

1-35.2 0.5828 4.345 4.298 4.603 0.013
1-35.3 0.6294 4.776 5.201

1-36.1 0.5716 5.061 5.104

1-36.2 0.6189 5519 5.140 5.094 0.036
1-36.3 0.6139 5.366 5.039

1-37.1 0.6145 6.490 6.088

1-37.2 0.5728 6.134 6.173 6.148 0.011
1-37.3 0.5735 6.152 6.184

2-1.1 0.5302 0.769 0.845

2-1.2 0.5436 0.793 0.850 0.850 0.005
2-1.3 0.5815 0.854 0.855

2-2.1 0.5849 0.772 0.769

2-2.2 0.5119 0.682 0.776 0.773 0.001
2-2.3 0.5791 0.770 0.775

2-3.1 0.5626 0.647 0.670

2-3.2 0.6003 0.691 0.670 0.673 0
2-3.3 0.5988 0.699 0.680

2-4.1 0.7069 0.988 0.814

2-4.2 0.5716 0.803 0.819 0.818 0.003
2-4.3 0.7306 1.031 0.822

2-5.1 0.5818 0.875 0.876

2-5.2 0.7527 1.143 0.885 0.882 0.001
2-5.3 0.6919 1.052 0.886
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
AR it (¢) 4 (mL) (%) N&a9 (%) Repeatability

2-6.1 0.7207 0.953 0.770
2-6.2 0.5052 0.682 0.787 0.781 0.001
2-6.3 0.5947 0.802 0.786
2-7.1 0.6220 1.031 0.965
2-7.2 0.5947 1.001 0.981 0.976 0.002
2-1.3 0.5822 0.983 0.983
2-8.1 0.6484 1.006 0.904
2-8.2 0.6713 1.037 0.900 0.906 0.004
2-8.3 0.5626 0.883 0.914
2-9.1 0.9045 1.110 0.715
2-9.2 0.5403 0.664 0.716 0.716 0.001
2-93 0.5524 0.682 0.719
2-10.1 0.5633 0.661 0.684
2-10.2 0.5794 0.685 0.689 0.689 0.005
2-10.3 0.5373 0.641 0.695
2-11.1 0.5268 0.711 0.787
2-11.2 0.6077 0.829 0.795 0.791 0.002
2-11.3 0.5450 0.741 0.793
2-12.1 0.5254 0.778 0.862
2-12.2 0.5595 0.835 0.870 0.868 0.002
2-12.3 0.5404 0.808 0.872
2-13.1 0.6529 0.928 0.828
2-13.2 0.7487 1.060 0.825 0.830 0.003
2-13.3 0.5999 0.861 0.836
2-14.1 0.5638 0.797 0.823
2-14.2 0.6510 0.920 0.824 0.825 0.001
2-14.3 0.5501 0.782 0.828
2-15.1 0.5376 0.668 0.724
2-15.2 0.5546 0.700 0.736 0.733 0.004
2-15.3 0.5373 0.682 0.740
2-16.1 0.5080 0.712 0.816

0.808 0.007
2-16.2 0.5269 0.731 0.808
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
AR it (¢) 4 (mL) (%) N&a9 (%) Repeatability

2-16.3 0.5470 0.752 0.801

2-17.1 0.5835 0.507 0.506

2-17.2 0.5018 0.432 0.502 0.504 0.002
2-17.3 0.6097 0.527 0.504

2-18.1 0.6866 0.995 0.844

2-18.2 0.5577 0.814 0.850 0.851 0.008
2-18.3 0.6551 0.965 0.858

2-19.1 0.5058 0.718 0.827

2-19.2 0.5415 0.772 0.830 0.825 0.003
2-19.3 0.5276 0.740 0.818

2-20.1 0.7085 0.984 0.809

2-20.2 0.6156 0.847 0.801 0.806 0.002
2-20.3 0.5090 0.705 0.807

2-21.1 0.5633 0.807 0.835

2-21.2 0.6240 0.891 0.832 0.833 0
2-21.3 0.5603 0.800 0.832

2-22.1 0.5559 0.840 0.880

2-22.2 0.5049 0.757 0.874 0.878 0.001
2-22.3 0.5194 0.784 0.879

2-23.1 0.6194 0.817 0.768

2-23.2 0.5762 0.759 0.767 0.769 0.001
2-23.3 0.5136 0.681 0.772

2-24.1 0.5088 0.752 0.861

2-24.2 0.5947 0.870 0.853 0.854 0.006
2-24.3 0.5656 0.822 0.847

2-25.1 0.5134 0.540 0.613

2-25.2 0.5726 0.620 0.631 0.618 0.003
2-25.3 0.5914 0.619 0.610

2-26.1 0.5305 1.618 1.777

2-26.2 0.5809 1.922 1.928 1.856 0.064
2-26.3 0.5503 1.760 1.864

2-27.1 0.5366 2.896 3.145 3.154 0.009
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
FraRE it (¢) 4 (mL) (%) N&a9 (%) Repeatability
2-27.2 0.5726 3.108 3.163
2-21.3 0.5982 3.238 3.154
2-28.1 0.7819 5.445 4.057
2-28.2 0.6488 4.491 4.033 4.051 0.005
2-28.3 0.5274 3.677 4.062
2-29.1 0.5388 4.764 5.152
2-29.2 0.6015 5.308 5.141 5.160 0.011
2-29.3 0.5897 5.250 5.187
2-30.1 0.5688 6.204 6.355
2-30.2 0.5625 6.171 6.392 6.376 0.010
2-30.3 0.5751 6.300 6.382
3-1.1 0.5182 0.488 0.549
3-1.2 0.5163 0.478 0.539 0.543 0.003
3-1.3 0.6264 0.583 0.542
3-2.1 0.2736 0.776 0.789
3-2.2 0.5107 0.703 0.802 0.786 0.013
3-2.3 0.5755 0.757 0.767
3-3.1 0.5143 0.594 0.673
3-3.2 0.6127 0.714 0.679 0.678 0.002
3-33 0.5798 0.677 0.681
3-4.1 0.5009 0.609 0.709
3-4.2 0.5082 0.614 0.704 0.702 0.005
3-4.3 0.5767 0.686 0.693
3-5.1 0.7270 0.725 0.581
3-5.2 0.5700 0.559 0.572 0.569 0.009
3-53 0.5880 0.560 0.555
3-6.1 0.5009 0.736 0.857
3-6.2 0.5168 0.761 0.858 0.855 0.001
3-6.3 0.5465 0.799 0.851
3-7.1 0.5333 0.466 0.509
3-7.2 0.6061 0.524 0.504 0.507 0.001
3-7.3 0.5914 0.516 0.508
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
FraRE it (¢) 4 (mL) (%) N&a9 (%) Repeatability

3-8.1 0.5723 0.589 0.600
3-8.2 0.6001 0.630 0.612 0.602 0.005
3-8.3 0.5242 0.535 0.595
3-9.1 0.7330 0.996 0.792
3-9.2 0.5615 0.766 0.795 0.792 0.003
3-9.3 0.6164 0.833 0.788
3-10.1 0.5557 0.766 0.803
3-10.2 0.5294 0.731 0.805 0.804 0
3-10.3 0.5338 0.737 0.805
3-11.1 0.6010 0.469 0.455
3-11.2 0.6071 0.487 0.467 0.464 0.002
3-11.3 0.5406 0.435 0.469
3-12.1 0.5932 0.631 0.620
3-12.2 0.6282 0.663 0.615 0.619 0.003
3-12.3 0.5256 0.562 0.623
3-13.1 0.6410 0.780 0.709
3-13.2 0.5199 0.636 0.712 0.713 0.003
3-13.3 0.6111 0.754 0.719
3-14.1 0.5276 0.553 0.611
3-14.2 0.5713 0.613 0.625 0.618 0.006
3-14.3 0.6166 0.655 0.619
3-15.1 0.6045 0.608 0.586
3-15.2 0.5818 0.592 0.593 0.589 0.003
3-15.3 0.5710 0.577 0.589
3-16.1 0.5263 0.652 0.723
3-16.2 0.6652 0.839 0.735 0.732 0.003
3-16.3 0.5487 0.695 0.738
3-17.1 0.5826 0.946 0.946
3-17.2 0.6428 1.045 0.947 0.951 0.001
3-17.3 0.5040 0.832 0.961
3-18.1 0.6240 0.620 0.579

0.582 0.002
3-18.2 0.5610 0.565 0.587
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
FraRE it (¢) 4 (mL) (%) N&a9 (%) Repeatability
3-18.3 0.5122 0.511 0.581

3-19.1 0.6044 1.018 0.981

3-19.2 0.5591 0.950 0.990 0.996 0.009
3-19.3 0.5210 0.908 1.016

3-20.1 0.7417 0.833 0.654

3-20.2 0.5844 0.656 0.654 0.648 0
3-20.3 0.6119 0.680 0.648

3-21.1 0.5936 0.600 0.588

3-21.2 0.6316 0.766 0.706 0.651 0.047
3-21.3 0.5518 0.624 0.659

3-22.1 0.5348 0.675 0.736

3-22.2 0.6078 0.772 0.740 0.738 0.002
3-22.3 0.6291 0.796 0.738

3-23.1 0.5252 0.703 0.780

3-23.2 0.5418 0.735 0.791 0.786 0.004
3-23.3 0.6309 0.852 0.787

3-24.1 0.5270 0.382 0.422

3-24.2 0.5958 0.431 0.422 0.42 0
3-24.3 0.5028 0.358 0.415

3-25.1 0.6251 0.903 0.841

3-25.2 0.6645 0.962 0.844 0.839 0.003
3-25.3 0.7512 1.073 0.832

3-26.1 0.5087 0.555 0.636

3-26.2 0.5408 0.593 0.639 0.636 0.003
3-26.3 0.6593 0.715 0.632

3-27.1 0.5583 0.913 0.953

3-27.2 0.6853 1.117 0.950 0.956 0.003
3-27.3 0.6746 1.117 0.965

3-28.1 0.5546 0.888 0.933

3-28.2 0.5677 0.907 0.931 0.935 0.002
3-28.3 0.5407 0.874 0.942

3-29.1 0.5136 1.716 1.946 1.606 0.002
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
FraRE it (¢) 4 (mL) (%) N&a9 (%) Repeatability
3-29.2 0.5219 1.723 1.923
3-29.3 0.5362 1.793 1.948
3-30.1 0.5163 2.407 2,717
3-30.2 0.5786 2.707 2.726 2.129 0.009
3-30.3 0.5398 2.543 2.745
3-31.1 0.5757 4.130 4.179
3-31.2 0.5472 3.866 4.117 4.176 0.054
3-31.3 0.6100 4.360 4.233
3-32.1 0.5904 5.268 5.199
3-32.2 0.5890 5.002 5.187 5.209 0.012
3-32.3 0.6001 5.398 5.241
3-33.1 0.5450 5.790 6.190
3-33.2 0.6155 6.536 6.187 6.186 0.003
3-33.3 0.5511 5.898 6.180
4-1.1 0.6857 0.645 0.548
4-1.2 0.5372 0.507 0.550 0.548 0.001
4-1.3 0.5569 0.561 0.547
4-2.1 0.5930 0.650 0.634
4-2.2 0.6081 0.669 0.641 0.638 0.002
4-2.3 0.5980 0.658 0.639
4-3.1 0.6433 0.870 0.788
4-3.2 0.5245 0.706 0.785 0.786 0.001
4-3.3 0.5920 0.751 0.786
4-4.1 0.7677 1.081 0.821
4-4.2 0.5612 0.787 0.817 0.819 0.002
4-4.3 0.6002 0.915 0.819
4-5.1 0.5614 0.679 0.705
4-5.2 0.5063 0.606 0.698 0.701 0.003
4-5.3 0.5419 0.645 0.701
4-6.1 0.5563 0.660 0.689
4-6.2 0.6796 0.834 0.715 0.700 0.006
4-6.3 0.5604 0.669 0.695
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
AR it (¢) 4 (mL) (%) N&a9 (%) Repeatability

4-7.1 0.5547 0.770 0.809
4-7.2 0.5426 0.756 0.812 0.810 0.001
4-7.3 0.5512 0.762 0.810
4-8.1 0.6837 1.099 0.936
4-8.2 0.5816 0.920 0.922 0.929 0.006
4-8.3 0.6251 0.981 0.928
4-9.1 0.5865 0.739 0.734
4-9.2 0.6522 0.830 0.741 0.737 0.003
4-9.3 0.6102 0.753 0.737
4-10.1 0.5182 0.460 0.517
4-10.2 0.5164 0.445 0.502 0.514 0.008
4-10.3 0.5196 0.472 0.525
4-11.1 0.5050 0.570 0.657
4-11.2 0.5654 0.628 0.647 0.652 0.004
4-11.3 0.5312 0.593 0.651
4-12.1 0.6673 0.837 0.731
4-12.2 0.6686 0.854 0.744 0.738 0.004
4-12.3 0.6701 0.890 0.740
4-13.1 0.7018 1.083 0.899
4-13.2 0.6504 0.655 0.889 0.893 0.003
4-13.3 0.6559 0.673 0.892
4-14.1 0.5782 0.661 0.666
4-14.2 0.5394 0.616 0.665 0.740 0.001
4-14.3 0.6558 0.673 0.888
4-15.1 0.5752 0.803 0.813
4-15.2 0.5391 0.752 0.813 0.789 0
4-15.3 0.6700 0.890 0.740
4-16.1 0.5462 0.548 0.584
4-16.2 0.5636 1.013 1.048 0.747 0.025
4-16.3 0.5380 0.606 0.609
4-17.1 0.5473 0.581 0.618

0.633 0.007
4-17.2 0.5769 0.619 0.625
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
AR it (¢) 4 (mL) (%) N&a9 (%) Repeatability

4-17.3 0.7033 0.792 0.657

4-18.1 0.5914 0.792 0.780

4-18.2 0.5111 0.683 0.779 0.780 0.000
4-18.3 0.5530 0.763 0.780

4-19.1 0.7033 0.793 0.657

4-19.2 0.6593 0.742 0.656 0.681 0.001
4-19.3 0.6673 0.837 0.731

4-20.1 0.5946 0.460 0.451

4-20.2 0.5461 0.422 0.450 0.452 0.001
4-20.3 0.5394 0.616 0.455

4-21.1 0.6432 0.709 0.642

4-21.2 0.5285 0.587 0.648 0.647 0.002
4-21.3 0.7030 0.790 0.650

4-22.1 0.7388 1.059 0.835

4-22.2 0.5761 0.829 0.839 0.837 0.002
4-22.3 0.5946 0.458 0.837

4-23.1 0.6086 0.642 0.615

4-23.2 0.7770 0.842 0.631 0.626 0.002
4-23.3 0.7800 1.133 0.633

4-24.1 0.9399 1.167 0.724

4-24.2 0.5468 0.680 0.724 0.725 0
4-24.3 0.5600 0.557 0.727

4-25.1 0.6129 0.605 0.575

4-25.2 0.5568 0.552 0.578 0.575 0.002
4-25.3 0.5832 0.674 0.573

4-26.1 0.6409 0.774 0.704

4-26.2 0.6084 0.735 0.704 0.710 0.000
4-26.3 0.6363 0.767 0.721

4-27.1 0.7898 1.131 0.834

4-27.2 0.5832 0.674 0.673 0.765 0.045
4-27.3 0.6323 0.955 0.789

4-28.1 0.5069 0.729 0.838 0.841 0.002
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
FraRE it (¢) 4 (mL) (%) N&a9 (%) Repeatability
4-28.2 0.5426 0.786 0.844
4-28.3 0.5333 0.757 0.842
4-29.1 0.5789 0.981 0.988
4-29.2 0.5471 0.927 0.987 0.987 0
4-29.3 0.5398 0.930 0.987
4-30.1 0.5873 0.696 0.690
4-30.2 0.5034 0.606 0.701 0.696 0.003
4-30.3 0.5433 0.656 0.698
4-31.1 0.5365 1.815 1.971
4-31.2 0.6452 2.201 1.987 1.977 0.003
4-31.3 0.6021 2.001 1.974
4-32.1 0.5126 2.645 3.007
4-32.2 0.7761 4.032 3.027 3.017 0.010
4-32.3 0.6560 3.334 3.017
4-33.1 0.8649 9.229 6.217
4-33.2 0.6767 7.252 6.244 6.230 0.013
4-33.3 0.7700 8.233 6.230
4-34.1 0.6167 5.467 5.165
4-34.2 0.5075 4.520 5.189 5.175 0.007
4-34.3 0.5780 4.980 5.172
4-35.1 0.7842 5.625 4.179
4-35.2 0.9104 6.459 4.134 4.157 0.020
4-35.3 0.8650 6.132 4.159
5-1.1 0.5977 0.828 0.807
5-1.2 0.5344 0.862 0.940 0.865 0.042
5-1.3 0.5501 0.857 0.849
5-2.1 0.5438 0.624 0.659
5-2.2 0.5513 0.624 0.660 0.660 0
5-2.3 0.5507 0.624 0.660
5-3.1 0.5420 0.728 0.783
5-3.2 0.5117 0.688 0.783 0.783 0
5-3.3 0.5354 0.694 0.782
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
FraRE it (¢) 4 (mL) (%) N&a9 (%) Repeatability
5-4.1 0.6030 1.045 1.010
5-4.2 0.5345 0.929 1.013 1.012 0.001
5-4.3 0.5709 0.997 1.012
5-5.1 0.6177 0.833 0.786
5-5.2 0.5167 0.695 0.783 0.785 0.001
5-5.3 0.5545 0.774 0.785
5-6.1 0.5377 1.047 1.134
5-6.2 0.5754 1.134 1.148 1.140 0.003
5-6.3 0.5550 1.095 1.137
5-7.1 0.5632 1.005 1.040
5-71.2 0.5078 0.907 1.041 1.040 0
5-7.3 0.5372 0.982 1.040
5-8.1 0.5023 0.688 0.798
5-8.2 0.5704 0.786 0.803 0.801 0.002
5-8.3 0.5347 0.719 0.801
5-9.1 0.5561 0.643 0.674
5-9.2 0.6286 0.729 0.675 0.674 0
5-9.3 0.5711 0.698 0.674
5-10.1 0.5927 0.911 0.895
5-10.2 0.5802 0.875 0.879 0.887 0.008
5-10.3 0.5915 0.898 0.887
5-11.1 0.5950 0.824 0.807
5-11.2 0.6014 0.820 0.795 0.802 0.002
5-11.3 0.5982 0.857 0.805
5-12.1 0.6380 1.023 0.934
5-12.2 0.5285 0.847 0.934 0.934 0
5-12.3 0.5567 0.949 0.934
5-13.1 0.6028 0.749 0.724
5-13.2 0.5651 0.707 0.729 0.730 0.005
5-13.3 0.5810 0.732 0.737
5-14.1 0.6483 1.214 1.091
1.074 0.018
5-14.2 0.5026 0.956 1.109
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
FraRE it (¢) 4 (mL) (%) N&a9 (%) Repeatability
5-14.3 0.5586 0.983 1.023
5-15.1 0.5412 0.734 0.791
5-15.2 0.5381 0.749 0.811 0.804 0.002
5-15.3 0.5787 0.765 0.809
5-16.1 0.6080 0.836 0.801
5-16.2 0.5883 0.825 0.817 0.809 0.008
5-16.3 0.7233 0.859 0.809
5-17.1 0.6306 1.168 1.079
5-17.2 0.6402 1.188 1.082 1.050 0.003
5-17.3 0.5863 0.998 0.988
5-18.1 0.5089 0.609 0.698
5-18.2 0.5534 0.687 0.724 0.726 0.026
5-18.3 0.5972 0.712 0.757
5-19.1 0.5602 0.630 0.655
5-19.2 0.5681 0.686 0.704 0.687 0.003
5-19.3 0.5711 0.673 0.701
5-20.1 0.7591 1.307 1.003
5-20.2 0.8417 1.461 1.011 1.006 0.002
5-20.3 0.5130 1.301 1.005
5-21.1 0.5595 0.727 0.748
5-21.2 0.5792 0.723 0.718 0.729 0.003
5-21.3 0.5506 0.726 0.721
5-22.1 0.5295 0.728 0.791
5-22.2 0.5169 0.730 0.813 0.804 0.004
5-22.3 0.5115 0.730 0.809
5-23.1 0.5511 0.679 0.710
5-23.2 0.5480 0.681 0.716 0.713 0.002
5-23.3 0.5502 0.680 0.712
5-24.1 0.5477 0.641 0.681
5-24.2 0.5950 0.802 0.776 0.725 0.038
5-24.3 0.5546 772.000 0.719
5-25.1 0.5811 0.765 0.757 0.773 0.013
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o 4 ddn | Vsunausns | Usuneunde | nadeuunn A1
FraRE it (¢) 4 (mL) (%) N&a9 (%) Repeatability

5-25.2 0.6877 0.941 0.788

5-25.3 0.6215 0.832 0.775

5-26.1 0.6430 0.706 0.632

5-26.2 0.5194 0.637 0.706 0.662 0.017
5-26.3 0.5561 0.662 0.649

5-27.1 0.6611 0.940 0.818

5-27.2 0.5446 0.761 0.790 0.802 0.008
5-27.3 0.5792 0.819 0.798

5-28.1 0.5223 0.643 0.693

5-28.2 0.6061 0.955 0.907 0.811 0.075
5-28.3 0.5541 0.810 0.832

5-29.1 0.7516 1.278 0.979

5-29.2 0.6083 0.999 0.946 0.966 0.005
5-29.3 0.6449 1.116 0.974

5-30.1 0.6081 0.992 0.889

5-30.2 0.6468 1.013 0.902 0.898 0
5-30.3 0.6305 1.001 0.902

5-31.1 0.6777 2.473 2.101

5-31.2 0.6876 2.549 2.134 2.113 0.004
5-31.3 0.6795 2.476 2.105

5-32.1 0.5155 2.533 2.828

5-32.2 0.5048 2.481 2.829 2.829 0.001
5-32.3 0.5192 2.549 2.831

5-33.1 0.6515 4.500 3.976

5-33.2 0.6066 4.244 4.027 4.005 0.016
5-33.3 0.6217 4.316 4.011

5-34.1 0.6039 5.657 5.392

5-34.2 0.5637 5.380 5.494 5.428 0.006
5-34.3 0.5869 5.410 5.398

5-35.1 0.6616 0.697 6.064

5-35.2 0.6258 0.665 6.117 6.091 0.024
5-35.3 0.6441 0.673 6.093
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Abstract

The application of near infrared spectroscopy (NIRS) in determination of salt content in canned sardines in brine was studied.
The samples were 25 cans (155 g/can) of salt adjusted by adding sodium chloride at 2, 4, 6, 8 and 10 g/can and another 5 cans
were not salt adjusted. The blended samples were scanned with FT-NIR spectrometer (12500-4000 ¢m'). Then salt content was
measured by auto-titrator. Partial least square regression gave determination coefficient, root mean square error of cross
validation and bias of 99.39%, 0.147% and 0.00246%, respectively. The high possibility in applying NIRS was proved.

© 2014 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Scientific Committee of CAFEi2014.

Keywords: Canned sardines; brine; salt content: near infrared spectroscopy: partial least square regression

1. Introduction

Canned fish industry is an industry that is important in the economic development of Thailand. Thailand is an
important exporter of canned seafood of the world among which is canned sardines. Canned fish products of
Thailand have a good quality because of Thailand's labor potential and expertise in the production of canned fish,
Manufacturers in Thailand focus on cost saving in production to achieve maximum benefit. The current competitive
situation of canned fish industry in the global market is more severe. This means that the production canned fish of
Thailand needs to increase the production capacity coupled with the quality control of food products (Department of

# Corresponding author, Tel.: +66(0)-2329-8000 ext. 5120; fax: 466{0)-2329-8336,
E-mail address: rainbow-moonbun@hotmail.com

2210-7843 © 2014 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Scientific Committee of CAFE2014,

69



2 Pongkuan and Sirisomboon / Agriculture and Agricultural Science Procedia 00 (2014) 000-000

industry, 2014). The measurement of the salt content is an important strategy in quality control of the factory. In case
of sardine in brine, the measuring the salt content of sardine is done in many of stages of production including at the
receiving of sardines into the factory, after the steaming process, after brine adding in the can, before can closing
(sardines in brine) and after lid closing (canned sardine in brine). Traditionally, the factory measures salt content by
using auto-titrator where sodium chloride (NaCl) is a standard and silver nitrate (AgNO;) is a titration chemical.
This method requires the use of chemicals, time-consuming and complicated procedures. Near infrared (NIR) is
electromagnetic waves with a wavelength range of 780-2500 nm. NIR spectroscopy needs the modeling (calibration
model) before applying and compare the accuracy with reference method. If the accuracy is acceptable, it will only
take 2-3 seconds to analyze. It reduces the cost and labors in the process of measuring. Some of the previous studies
applied NIR spectroscopy to measure salt content of food such as dry-cured ham, sufu products, processed cheese,
tomato juice and NaCl aqueous solution. In case of dry-cured ham (Collell et al., 2011), the prediction of NaCl
content at the surface during the process using the NIR spectra from remote measurement probe provided acceptable
results with determination coefficients (R* = 0.9) and residual predictive deviation (RPD = 3.33). These results
showed that NIR technique could be included in the resting and drying processes control system to prevent crusting
in dry-cured ham. The salt content of sufu products (Lu and Han, 2005) has been determined using near infrared
reflected spectra obtained by optic fibre and integrating sphere in conjunction with partial least squares (PLS)
method where the model developed gave R of 0.98 using an integrating sphere, and 0.98 using an optic fibre; and
the root mean square errors of prediction (RMSEP) of those were 0.21% using an integrating sphere and 0.28%
when using an optical fibre. In case of processed cheese (Pi et al., 2009) where wavelength range 1000-2500 nm in
diffuse reflectance mode was used provide calibration R* = 0.998, RMSEC = 0.023 and prediction R* = 0.892,
RMSEP = 0.092. In case of tomato juice (Goula and Adamopoulos, 2003), the samples were scanned in 10
wavelength including 2310, 2230, 2180, 2100, 1940, 1680, 1445, 1722, 1734 and 1759 nm. Prediction ability of
overall calibration was very good where R was 0.9560-0.9685, RMSEP was 0.0335-0.0371 and bias was -0.008 to
0.015. In case of NaCl aqueous solution (Lin and Brown, 1992), the concentrations of NaCl in aqueous solutions
were determined by the use of NIR spectra between 1100 and 1900 nm. This technique can be applied for
quantitative analysis of NaCl in the laboratory or can be readily adapted for continuous monitoring in process
control. To date, there has been no report on evaluation of salt content of canned sardines in brine using NIR
spectroscopy. The objective of this research was to evaluate the possibility of the application NIR spectroscopy to
determine the salt content of canned sardines in brine.

2. Materials and methods
2.1. Canned sardines in brine samples

Thirty cans of canned sardines in brine were collected from Thai Union Frozen Product (TUF), Samutsakorn,
Thailand. The 25 cans was adjusted the salt content by addition of sodium chloride for 5 levels of weight (2,4, 6, 8
and 10 g and 5 cans/level). The five remaining samples were not adjusted the salt content.

2.2. Near infrared spectroscopy experiment

Before scanning, each sample was poured in a 250 ml plastic beaker then blended homogeneously and
thoroughly using a homogenizer (T 25 digital ULTRA-TURRAX®, IKA, Germany) with 10000 rpm for 3-4
minutes, The blended sample was put into a Petri dish. It was scanned through the bottom of the dish by FT-NIR
spectrometer (MPA, Bruker, Germany) in a wavenumber range 12500-4000 cm™ with 16 em™ resolution with 32
scans per spectrum. Each sample was scanned in duplicate. The experiments were conducted at room temperature
(25+1°C).

2.3. Salt content measurement by reference method

The salt content measurement was followed AOAC official method 971.27 sodium chloride in canned
vegetables, method 111 (Potentiometric Method) (AOAC, 2005). The 0.5-1 g scanned sample was put into plastic cup
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for measurement of salt content using an auto-titrator (T30, Metler Toledo, USA) by using silver nitrate (AgNO;) as
a titrant and sodium chloride (NaCl) as calibration substance. It was done in 3 replicates per sample.

2.4, Spectrum pre-processing and NIR spectroscopy model establishment

The models for predicting the salt content of canned sardines in brine were developed by partial least squares
regression (PLS). The OPUS, v.7.0.129 multivariate analysis software was used in both spectrum pre-processing and
model development, The NIR spectra used for model development were pre-processed in the following way; no pre-
processing, straight line subtraction, constant offset elimination, min-max normalization, vector normalization
(SNV), multiplicative scatter correction (MSC), first derivatives, second derivatives, first derivatives+straight line
subtraction, first derivatives+SNV and first derivatives+MSC. The models were then validated using full cross
validation. The optimum model was selected based on the coefficient of determination (R?), root mean squared error
in cross validation (RMSECYV), the ratio of standard error of validation to the standard deviation (RPD) and the bias
which were calculated by the following formula (Conzen, 2006).

T, (1 = ey
1M=1(Yl - Ym)2

R2=|1- -100 M

@)
SD
RPD = —mr 3
SEPbias ( )
1 - d 2
e .
SEPyas = |7 z (¥; = ¥7"*“ = bias) )
=1
MY - yred
PR - ) S i
bias = — (5)

where Y is reference value, SD is standard deviation of reference value of prediction set, SEPy, is corrected bias
standard error of prediction, M is number of samples, i is sample number, pred is predicted value and m is mean
value.

3. Results and discussion

The minimum (Min), maximum (Max). mean, and standard deviation (SD) values of the salt content of sardines
in brine are shown in Table 1. The scatter plot displaying the reference data (X) and the prediction data (Y) for the
salt content model is shown in Figure I. The best model developed using first derivative +MSC (17Pts.) pretreated
spectra in the range of 9403.8-5446.3 em”’ (1063-1836 nm) and 5 PLS factors was obtained with R°, RMSECV,
bias and RPD of 99.39%, 0.147%, 0.00246% and 12.8, respectively ( Table 2). It was indicated that an R* of 0.98+
implied that a model was excellent and could be used with all applications (Williams, 2007). Figure 2 shows a plot
of the regression coefficients for the salt content model. It could be seen that the large regression coefficients were
found at 8863, 8686, 8107, 7444, 7236, 7104, 6958, 6873, 6773, 6603, 6132, 5870 and 5631 cm™ (1128, 1151, 1234,
1343, 1382, 1408, 1437.1455, 1476, 1514, 1613, 1704 and 1776 nm). The high regression coefficient peaks found
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in the plot with corresponding bond vibration are illustrated in Table 3. The high regression coefficient at
corresponding wavenumber indicated that the vibration at that wavenumber had high influence on the salt content
prediction. The highest peak was at 5631 em” (1776 nm) which was C-H str.first overtone (Osborne and Fearn,
1986). Figure 3 shows a plot of X-loading for the salt content model. It could be seen that the large X-loading peaks
were found at7228 , 7104, 6919, 5785 and 5608cm’ (1384, 1408, 1445, 1729 and 1783 nm) for factor 1, 8686,
8184, 7205, 7113 and 5909 cm™ (1151, 1222, 1388, 1406 and 1692 nm) for factor 2, and 8694, 8169, 7552, 7166,
6981, 6976, 6426 and 5893 cm™ (1150, 1224, 1324, 1395, 1432, 1433, 1556 and 1697 nm) for factor 3. In the plot,
the high X-loading weight peaks found with corresponding bond vibration are shown in Table 3. The high X-
loading weight, as same as regression coefficient, at corresponding wavenumber indicated that the bond vibration at
that wavenumber had high influence on the prediction of the model. The highest peak for factor 1was at 5608 cm’
(1783 nm), for factor 2 at 5909 cm™ (1692 nm) and for factor 3at 6796 cm™ (1471 nm) which were the vibration of
C-H ste.first overtone, C-H str.first overtone and N-H str. first overtone, respectively (Osborne and Fearn, 1986).

Table 1. Statistical data of the salt content of sardines in brine samples.

Number of samples Max Min Mean SD
30 6.376 0618 3.544 1.89%

Table 2. Result of partial least square regression for salt content of canned sardine in brine validated using full cross validation.

Pretreatment Rank Wavenumber range (cm’) — R? RMSECV Bias RPD

First derivative +MSC (17Pts.) 5 9403.8-5446.3 99.39 0.147 0.00246 128

Prediction vs True / salt content [%] / Cross Validation

4 /ﬂ/'

2 ./31‘/
1 ‘)/
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7

Rank:5 R*=9939 RMSECV=0.147 Bias: 0.00246 RPD: 128
ValidationNo1  New.q2

4

Fig. 1. Comparison of the salt content of canned sardine in brine samples predicted by near infrared (NIR) spectroscopy (Y axis) and measured
by Auto-titrator (X axis).
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Fig. 3. X-loading plot of salt content adjusted samples model of canned sarding in brine,

Table 3. Bond vibration at wavenumber and wavelength with high regression coefficient and X-loading weight aftected the prediction of salt
content of canned sardine in brine (Osborne and Fearn, 1986),

Wavenumber Wavelength  Wavelength Bond vibration Structure Source (Fig. 2 and Fig. 3)
fem™) (nm) (Osbome and Fearn,

1986)

(nmyj
8694, 8686 1150, 1151 1152 C-H str.second overtone CH; FC3, RC, FC2
8184, 8169 1222, 1224 1225 C-H str.second overtone CH FC2, FC3
7166 1395 1395 2xC-H str.+C-H def. CH: FC3
TH3, 714 1406, 1408 1410 O-H str.first overtone ROH FC2,RC, FC1
6981 1432 1430 N-H str.first overtone CONH, FC3
6958 1437 1440 O-H str.first overtone sucrose, starch RC
6919 1445 1446 2xC-H str4C-H def. aromatic FCl
6873 1455 1450 O-H str.first overtone starch, H:0 RC
6796 1471 1471 N-H str. First overtone CONHR FC3
6773 1476 1480 O-H stefirst overtone glucose RC

(intramol, H-bond)

6603 1514 1510 N-H str.first overtone protein RC
5909, 5893 1692, 1697 1692 C-H str.first overtone CH; FC2, FC3
5870 1704 1705 C-H str.first overtone CH, RC
5785 1729 1725 C-H str.first overtone CH, FCI

FC is PLS factor; RC is regression coefficient,
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4, Conclusions

From the results presented in this study, it is interesting that there is a possibility for NIR spectroscopy to be used
as another technique to determine the salt content of canned sardine in brine. It could be applied to the quality
control section in the production process of the factory, which helps save time and evaluation cost.
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