3 — 3= . gr; f‘q

SrRnwIneRy rennue L s mmﬁzguﬂmﬁusvmmmtm‘nﬁ m

mz!a,ﬁa‘{ﬂ

Y ON COMPOSITIONS AND S"i‘?ﬁ"‘ﬁ‘:} :‘_‘t‘:\"!‘ IFICATIONS OF
.jcm BY NEAR INFRARED SPECTROSCCOPIC TECHNQUE

a8n
SCPPAKIT § Or- 'I‘L%?TO?&

- - 3!!3 T . ‘ =
T lEus LN US IR ITEN T AN YIS sm“n T IS InEIS AT

SIS TIEISTININGRT
EES I INTINE AT

*F g*

& = e
»s :..nsﬁﬁWS%"'l’iﬁiiﬁ?ﬂ'ﬁ”? IRIRETINS

® = 2532
KIMTTL-2008-EN--180-090



dilnnomyanany wizseundianszly

nsAnyestlszaeuvenihmsiidinasgnlaal¥imafiadiosdursusa

annlasalnll

STUDY ON COMPOSITIONS AND STANDARD IDENTIFICATIONS OF
HONEY BY NEAR INFRARED SPECTROSCOPIC TECHNIQUE

LA

AANY NBIUTUNT
SUPPAKIT HOWVIMANPORN

mny........ ™
CTRER |

mynziion..... L .::f.&.?.g.g.....’ ;

T, fou ﬂizwgm | esnasveasesces ssssvessaseases
a a ¢ 1 e = v a ar e
Ineniivusitihanumivemstimnanminganigeninnsumansmiadia

AW INNTTIMAUAS
A IRnINTsuMmans

aenfumalulatiwszesundudigemmisnanseils
‘ N.f1. 2552
‘ KMITL-2009-EN-M-100-090



STUDY ON COMPOSITIONS AND STANDARD IDENTIFICATIONS OF
HONEY BY NEAR INFRARED SPECTROSCOPIC TECHNIQUE

SUPPAKIT HOWVIMANPORN

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN AGRICULTURAL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2009
KMITL-2009-EN-M-100-090



COPYRIGHT 2009
FACULTY OF ENGINEERING
KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG



ANIAINITUMANS

amumalulagnszoesndudinammsaanszia

(7] - = d
lususeInenninus

o & 4 a -
WadeInendinug  misAnyiesRdsznouvenidsi Idinasgu lasldmatiaiiessunsusaan Tasaladl
Thesis Title Study on Compositions and Standard Identifications of Honey by Near Infrared

Spectroscopic Technique

WnANY WIWAAND NOIIUNS

shadszdn 47060901

Py INITUAMAASUN T UNA

MUY INTTUNYAT

esdiSnineniinug sAasa i #3auysal

HINRVIN NS KMITL-2009-EN-M-100-090
ANZATINMITOUINENINUS awilede -

WALAS. Bl IN o3 lu¥se Slmdon o J{

AT ANNS unfuiudis 4%?%5’ //vﬁ/ﬁ/vl

ATAUING NYNT1I DY /O 5ns S

as.lszdud yulongy dﬂ‘; 'S

sf.as. it A5 eruysal o], phemTT

T/ ewd Naey ‘?umﬁ 27 NOHAIAY WA, 2552 1981 09.30-11.30 .
aowfimey o 0113 A ﬂm 3 ‘H’ENI]':'»‘]{U 2
A Tu TagWT 20N a N 1IN0 1EEAIE
KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG

AN IAINTINMANT SUTPINE?

M\Mv

d o
(FOIMANTIVNIGE ATNOUYE IAYH 'Iig)

AR AlzdaInssumans

@

Ui 27 nquMAN WA, 2552



¢ e d d
Yave Inaiinug arsAnyIsnlseneuveniden 1Auas g laold

matisiios ourswsaanlnlasanll

UnfinM UWANNAS NOITUNI

wdsvé 47060901

Wiasan NTINNAAIUN N UNA

a1 IN IINTIWABAI

A 2552

ewsdilmninniing sA.ashnnia Aauysel
unfatio

nsfmnitls SaqiszaeditedhunsAmann Winaiiadledaurseanalnlmalnil
2902101 1100-2500 nm Tuarsinnessfitlszneuveni dqunzmmﬁmfjmfwdqﬁ'ld
wasgnazlildnasgn TaednsziesisznemimanynTaa nglaa uas glasaves
i 101935 TnsinTansifuuuvean DIMITIAUYY  (High  Performance Liquid
Chromatography HPLC) uazmamanifnaveudefiazaiod (anumau) uasnndudan
M3 1a01¥ Refractrometer uaz 14imaiiniiosdudsusaanlnlTasa Intladennuduwus
sevdnanlnaiuuazaiesdlszasundnveniiia deumsiyadeya calibration 1814
MATiA Principal Component Analysis (PCA) as19meudeyaiinaUnaninngy adruvudiass
#2078 Partial Least Square Regression (PLSR) Tao1§aulnafudu nie tiuudsanlnaiudae
First and Second Derivative (Savizky-Golay algorithm with segment, 10 and 20 nm, second
polynomial), Full Multiplicative Scatter Correction (MSC) 11a% Standard Normal Variance
(SNV) uuiaeavesdin Taaimsiffuuasanlnaul® derivative with segment of 20 nm 31
fulseAnFanudiniug @) QoA AY 0.851 AARANDIALIATIINYEINIHIUG (SEP)
MU 7.69%  Aibias AU 0031 % fuuusiassvesnglaafimsyiuudsanlnady
1"derivative with segment of 20 nm Hf1dulszEnEAINFRLS () gafiqa 0i1dy 0.807
AANATALATEIMYBINITN UG (SEP) MY 6.15 % A1 bias (1AL 0.47 % Auuudiaesves
glasaiimalfuudsaninaiy 2% derivative with segment of 20 nm HfdlsrAnG
anmduRuT (o) gaiiqa 0iiY 0.937 AAana1ALIATE1YeIN 1SRN (SEP) 1Y 4.07 %
fibias 1AV 028 % Auvuitassvesveaudeiiazawld (Auman) Hnsdiuuds
alnafy 2 derivative with segment of 20 nm ImduilszAnBANUTURUT (1) gaiiga iy
0.965 MAANDIAUIATEIUYBINIINMWY (SEP) 1NN 0.57 % Brix A1 bias INAY -0.23 %Brix



fuuuiiasevesnnuiy Amstiuussaninaiu Msc Sadulszansanuduniug @ .
figga 1AV 0.979 MAANAIANIATIINYEINIRINIG (SEP) AU 047 %A1 bias MY
0.11%

daun1suianguueniA1921955 Partial Least Square Discriminant Analysis (PLS
DA) i8¢ Soft Independent Modeling of Class Analogy (SIMCA) mnﬁuﬂmq'mfﬁfaﬁ‘lﬁ
mmpuunz'lﬁ'lé‘mmj1u1funm'ﬁ§ PLS-DA emmamiantjmfﬁqﬁ'lﬁmmgmua::f:‘lﬁq
#hi&inasgi&gndesniituun stMca éwhnwuﬁmq’mfuwuhtmuimawau’?ﬁaﬁ
Thinasgnaginnodueslfgndes 923 % uazdinnengudulégndes 100 % dau
wuuiiaeaveninei hildinasgezinned e ¥gndes 100 % uazinnesnnguniald

gnABs 92.3 % minnelassndinugndes 95.8 %

11



Study on the compositions and standard Identifications of honey by near

infrared spectroscopic technique
Student Mr Suppakit Howvimanpomn
Student ID. 47060901
Degree Master of Engineering
Year 2009
Title Advisor Assoc. Prof. Dr. Panmanas Sirisomboon
ABSTRACT

This study aimed to use near infrared spectroscopy (NIRS) (1100-2500) in prediction of
the honey composition and in identification of honey authenticity. The reference laboratory used
high performance liquid chromatography (HPLC) to measure frugtose, glucose, and sucrose of
honey and digital refractometer to measure soluble solids (sweetness) and moisture content. NIRS
was used to obtain NIR spectrum of major composition of honcy. Before developing of
calibration set, principal component analysis (PCA) was used to detect outlier spectrum. Partial
least square regression (PLSR) was used to develop calibration model using raw spectrum or pre-
treated spectrum by first and second derivative (Savigky-Goley alqorithm with segment 10 and 20
nm, second polynomial, full multiplicative scatter correction (MSC) and standard normal variance
(SNV). To predict frugtose the model developed from spectra of first derivative with segment of
20 nm prediction correlation coefficient (r) of 0.851, standard error of prediction ( SEP) of 7.69%
and bias of 0.03%.To predict glucose, The model developed from first derivative with segment of
20 nm spectra provided r of 0.87, SEP of 6.15% and bias of 0.48%.To predict sucrose, the
model developed from second derivative with segment of 20 nm provided r of 0.937, sep of
4.07% and bias of 0.29%.To predict soluble solids (sweetness) ,the model developed from second
derivative spectra with segment of 20nm provided r of 0.965, SEP of 0.57% Brix and bias of
0.23% Brix. To predict moisture content, the model developed from MSC spectra provided r of
0.979, SEP of 0.47 % and bias of 0.11%

For identification of honey authenticity, partial least square discriminant analysis (PLS-
DA) and soft independent modeling of class analogy (SIMCA) were used. PLS-DA showed better
performance in classifying groups of real honey and false honey than SIMCA. Model of real

1




honey could self-predict with 92.3% correctness and other group-predict with 100% correctness.
Model of false honey could self-predict with 100% correctness and other group-predict with
92.3% correctness. The percentage of overall correct classification was 95.8 %.
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2.5 HPLC: HIGH PERFORMANCE LIQUID CHOMATOGRAPHY (7]

HPLC Shumniianisuonaisilszney (Substances) IAUBINEHANNISANUUANAI
vosdasmsnasuivesmsisznoulu Stationary Phase ¥8inBul Inoll Mobile Phase it
gl dieded iy Detector szaNII0AII IR HiBeNnuInINABAMN (Analytes or Solutes)
‘M’m'moitﬂmmu'lmnnv’imfaﬁaqmnm (Qualitative ~ Analysis)  uazi¥alinu
(Quantitative  Analysis) thuhajﬁuu'lﬁms1=1vfmnhzmmﬂumumn (Low Volatile
Substation ) u?mfmﬁn‘lmnqnqa( High Molecular Weight Compounds )

2.5.1 Snuaizdesaminninngy
HPLC nsodinsienas ldnatoviia vy m3dunis msdszneumisiinm Ind
- - J 1l J o
aof guiiTensed mulsznovitidoramidie mmilszneuiiszmonn lessuvnaian

Tulns Tuana Fretuminninnzideuiiuvewdmisveuna dosazaeld

100 % (n793d70) anuenmmeslizaun e Widedlensiisannmmdewitn
andedumolunedinl  silsznoufigruemiuszindeuihlawmmmeninmves
nodwni Taoll Mobile Phase (Hudm 1/

Coluvn Oetoetor Intorface

I

a2l aaulsznouvsunies HPLC [7]
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HPLC 1sznpudioduangndfgammiim nmn 2.2

Mobile Phase

Reservorr

v

Purap
— v

Pressure G auge

Filter
o
CGuard
Column

¥

cohzrrm
A nalytical

¥

Recorder (g Detector —®| DataSystem

4

Waste

Collector

—— R
AMN 22 UHUAINITNIUYBUATEY HPLC [7]
ﬁﬂuzﬁlﬂiqlﬂmamrﬁ(hlobne Phase reservoir)

Furadmivldarhazawilfidurtandount auqilszina 1 das udlu
Preparative HPLC mwwawﬁmn:umﬂhﬁ’ wazesiiginsalfidlums ldenmaitaz e
of yalizmedvosnsldeime Ao AesnudiiauftesndisudernsinljAseiy
mmadeuiyiald mslaufmszdenindedniazmeiumsiivs (Polar Solvents) 1n3eq

HPLC vosunuismaunsol¥nuszuun lidedlaunaneuld
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it 2.3 nmsi‘mwﬂumﬂauﬁ‘ (71

o
umoaﬂu( Pumping System )
- A " a ' > o A& a o
fanudumums  Inavearanadoui Nz Inarunedunl Fadioymannman
. Ay o & 4 o dm < - -
uss9eg Anudmmuns naiihiiszinnidie1Feymadnquazasdunilivnanndndis 31
d i
fufludesldanuduiigedummatoun i ina il
Puisesnily 2 ¥iia
§ o7 o ar et v =
1. Mechanical pump uilufinrugulidasms Inavearmadeuiifismpai
2 4 o P
2. Pneumatic pump tuihfimuguldanuduvesms Inaveurandeuniinnem
- A
#dnmM31aen Pumping System 1el¥ iy HPLC #Weea
- [] o J [ @ [ [ ) [ J
1. thuazdmlszneunisssidiniaginudenisiansoudisdaniazaions  f
L EL 2 ; .
iihumadouit Watlsaunaie fittings uaz flow cell A28 151 Mdoman ¥ailungunings
1% polytetrafluoroethylene ( PTFE ) ,ruby 11a¢ sapphire
-1 A - oot T | o
2. asezdssmsailummadeu  # AlfTwennn q lReddedios Inolifinis
dadoq
ar ‘ ~ ﬂ' " ar
3. ennso i 1881 4,000-6,000 psi  sitethuliiandeud Tnarunedind
vuadn 01w 30 9. Faussydweymannadn1f uoe edwteodeslinimdin1di
YUIA 500 psi
o A 4 - ' -
4. e idaIms naveamndeun1Ageda 3 mL/ uw  duedloounzai
5. AmunmAamasuveImInuMs Inaveurmadouiides lifu 1-2 %
a s A a
6. avsezifSnmsmoluduftenazminuazsaada lumsnldoummadou
7. Aea luiwad (pluse) n3oiidai 14aawad (pluse damper) 130 livh1Mifia Dectector
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qtlnm‘ﬁi'mn’iammﬁ'u (Pressure Monitoring Devices)

g ¥ ar ar o 4 4 ' b w o o o
g lddmivarndanwdy  Fegizninmadwesnedninuily gunsal

- : o ‘ -' ' L] o 4 A d' L] ¥ el -
asaviatizuenauduvsaiamdeun  nowdhgrednl iudsihisuenhiinigadu
o I d
L] o L] L ‘ ) &
nio 'l nTemsmnuvesiludumainie li uenvinil MINTIWANUAUVBAATOILY W

Wmstfumsiimeian q i ljedummzmmiga

ginsaliilddm¥ush Gradient Elution 1nid14 2 uuy

1. UL low pressure gradient ShunuuldSinswaudhazaefinnuduussome
unzAsnmiufezgniludelidrenudugadigredind

2. 1iuY High pressure gradient g nharawildly Gradient Elution wQn
Tapi7u high pressure pump 191g low volume mixing chamber fipuszihgaadINg

Sample Introduction Devices
' & ] o . a f a':' a o
myruesa20813497 1183 Liquid chromatography (LC) AgauY  Wulinnudng

4 i .” -' A o » 3 » s Ll o
AeuthannAensuens Natiiieswnasdies i W lunedinindswegludnuuy
» v ] ] o [ ¥
Fidhauouinnunniigarifissdhld dniuitmedie R ldlinewd®  ualitionldfe
microsampling valve fhu’i%‘ﬁq'wﬂqnﬁa'lﬁiﬁamsﬁmdmhu septum fo microsyringe

o A @
uazasdsssyTuiissnnarudumelug

Velve

il 2.4 uamansiamsduados HPLC (7]
Micro sampling Valve
AIHIEIII9 Liquid chromatography (LC) aedunilael¥  micro sampling valve
arsdetiiuin lszegluviedsagnousniinerhiy valve i micro sampling valve A1%
aéluﬂtgﬂummxnﬁmﬂ#ﬁumso‘md'uqﬁ'ﬁﬂmm’;"euei o5mL  sunszimmeilinaans
valve 11izmm'f&'qmmsa'linu'lﬂﬁmmqﬁa 5,000-6,000 psi Tao#i LiiAams3aua
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Guard column
- o 2 o UK - o A -
miloufiy Column 3ANTIN 1 elute NTBBYMIAIIN | INBUABIGYBI Column

dnwaiia11lves Column
ABAINIAY Stainless steel
durnuguinaianiouenyszaa 10 mm

uriguinaianiolu 1 ,3,4.6 mm

A3 10,12.5,15,25 cm

WIRBYMIA 3,5,10 fm
- Yata-Medao Stainless steel gauze
- Reducing unions
Mol Column 921339AI0BYNINVEIMTINUIAN %aqmm'fa:ﬂmm:gﬁuﬂuun:'lﬁﬁ
o931 azdesldilusrelidmiaraw o qungiives Coumn  mnsonugu1dlas

o
n13AARY Column 1314 Heater Column 199171 Column fivina@inasifondt Micro bore colum

e e

2 2.5 1A Column uaz gunsal (7]

1938115299 ( Detector )

Feitdoans Ae annrhveuniemeiadiennsoaneiadsiiesnnanaednl 16
etreriies Ay lﬂ?ﬁ!ﬂi?ﬁﬂiﬂﬂﬂﬂﬂaﬂﬁflﬁﬂﬂmzﬁﬁf

- a'hge uas 1 dognamendy ( response ) imanzi 1

- Wdgyauasuiu( response ) TAnumINnYiia

- ‘hiﬁﬂndanmﬂi';auuﬂmqmﬂqﬁunzé'mu?wmmﬂummuﬂﬂm#nwﬂ

- iWedolRuazddens1Fau

- anwdmiuivessnududuuaz dyguncuivveuniswmsnianisiianmisa
1ffu( linearity ) Tusaanha

- hivhawans
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N 1P’f'§ﬂiilﬂlﬂ£l’lﬂqualﬂ"lﬁ?lﬂ‘i'le'(’n'Hi'U peak ﬁﬂl’}iﬂﬁﬁi’ﬂﬁﬂﬂ

1n384n320FAU81 Liquid chromatography (LC) annseunieidd 2 viia
I. bulk property #38  gencral detectors filumsiansnfdoulasvesauiani
menmysarmAdeuiis nfYesdIQNazaIe (9 refractive index UAE conductivity detectors
2. solute property H38 selective detectors ti'lum:5ﬁmsu}?'mumlm-umﬁ'1gnﬂ:aw

[ 4
INGBUIUAL AN TITY 1YY UV-VIS , fluorescence n?a electrochemical detectors lﬂuﬁu

g3-Iatlia Amanei( UV-VIS Detectors )
osmaganduLTgivescsiaeis dnvaziiies Ao lildemsnldsunlasyeams
Tnauazgamail uareudiinahgafumsisenoudunidiudning @3- 3adadidon
1¥1u #eLC wivdlu 3 viia
1. Fixed-wavelength UV detector
2. Variable UV-VIS detector

3. Photodiode-array detector

insesardimemuFaaiusalniined (Differential Refractometers)

fionnnlu HPLC sesaunvininiesgd Amamed  Idasasaeuniuuandiaves
ATIFTIHNM (refractive index RI) othadsiiios seniavmeadon  Adummadeuiind
aslsznsuvssdlgnazatsazatuey vaizrusensInAedI munse  INdyanatudni
azaw1damun anufiagrazatsiimnssyilinmannnmlandeud indes rI Adweiied
3 ¥l

1. Fresnel Refractometer

2. Deflection Refractometer

3. Interferometric Refractometer

Amane ivigesiiaivua (Fluorescent Detector)
fianmanuliguamz (elective) tiipsnniudinnuannsalums Yangees awua
- ar o A " = o d = d.’
flAssninNindignaza ity wiadiognn Iz (excited) Aouayd Amawosviiatl
L s o o ' . . '
fillss Tvmbnadisinnasesmias luesdaet1an1a¥10 1w ( biological samples ) #1149

nifsnentes q



MISIaen ¥ Az M SN UNATIAN I HATIZYINKT Liquid Chromatography LC

m'su:xﬁanmﬂﬁn'lﬁ'iumsuunmsﬁ'mth-ufuéum_iﬁ'uﬂsi’min 7 iRBaRe3 andai
1. BIINHIAYDIAIAIDLN
2. S5 ideamninnldusnansiei
3. anuazaIn lunsnanss
4. szaunseliuis i $uonarsdedn

W
5. wazfladu q Ne1snIIsan

msWannIEmIusansTaE
1. MAAeNITY83 LC
2. mstApnaeMni MmNz A
3. MIAMUATAIZYBINMINATBITIMINZ TTY

- o - - )ld-lr
4. mannsanms mataumatalunsudilygminsusnliasu

mathgnald it
1.Petrochemical Analysis (%% Aliphatic + Aromatic Hydrocarbons
2 Environmental Analysis (% PAHs , Pesticides , Herbicides
3.Pharmaceutical Analysis {94 Drugs , Steroids
4 Natural Products %M Terpenoid
5.Biochemical Analysis 1% Carbohydrates , Proteins
6.Thermoplastic Polymers
7.1%'1‘;1117“15ﬁﬂu'li'luuamﬁuﬁﬂ'nuu?qnfilru
.15 lununugugunwysndadael

9. Maamunduiivllvenlfisouniilunsinszeansd q

YednAvsIMALA
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ﬂﬂ.ﬂ L ‘ ar - -
Tunsainiinsaeyey numatauuaalnInsms (Ms)
2. dalumsuesngniralunsdiiensdeislinnududou
a FE Aa < &
3. o lumsdmnevasud e siunane 2 ¥ lue

@ o 0 » = o
4. suiludpuassudled1anoumMs AR 1T
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X »
2.6 NQUANUEIUYBINTS TALUY NIR speectroscopy [8]

NIR Spectroscopy (i385 s 1z luanadi hivhmedrees Taserdonisasaeia
KinaumiignganaulasdredudhiFimsilinaiiauaziada  gminnldlunsaseia
ﬂﬁﬂﬁmﬁ%‘lm%ﬂ?ﬂwsmzqmmw ﬁ‘;"mémsmnﬁeu%\qﬁu'lﬂwﬁamms'nﬁemmz
Yiuljsnanmesandaiasin1g

NIRS (Near-infrared Spectroscopy) 1Agminnlsanlusanlarwveanmisiy 1970
haimsinne luagai ihawdesn  TasmsasaeiafSinauasiigndleseaandu
Tusnanuenadulszana 7002500 w1TuWAs NIR  Spectroscopy uanudfigAo
gammns summeq Sulasmmzdnemisuazn 3118gminniflumsiwunesdilsznou
ua:qmﬁuﬁ'ﬁmqmumwdNqumﬁ'zadaqv‘?a'lu:%mmn1mm=t§4ﬂ?mm'lﬁﬁ'lumiuﬁ

winms dientouaslugrsanuendu NIR adlluudaeds uasiiimdaamufiome
i:qngﬂnﬁuunm‘s:é’u'lﬁsﬁnﬂnt?wﬂﬂumqn'lu functional groups A199] 2 AnNYAIE AiB M3
fiana (stretching) ttaz M3tfAeray (bending) ¥29218 overtones (102 combination YBIHY
feiFu O-H, C-H, N-H uae s-H Jailu Twagandnvesmisdunid drinseadeTuanaves
anmetuianiainududeuminaiui Wesddinsdoutudunniy  devns
Snmzdanlnaumeiiisdesimsuonuezinzurasdnyazmme Taoth3smsme
AGIAMAASLOSAEA (Chemometrics) 11 lun1sTnsmimsganduntiuiiesdursisaves

a - ‘ = 1 1 ol d..
Twanamsdunis vrmaudunsusaaunsouisesndiu 3 933 @i 2.1)

4 [ A 1 o [ =
AN 2.1 ymaugimanguaunisa (8]

r A L) I3 a
¥anau ¥R IABY (nm) $naunau (cm™)
gursusatu1nd (near IR,

780-2,500 12,800-4,000
NIR)

FUNTUTAEIUNATI (mid IR
2,500-50,000 4,000-200
or fundamental IR)

suriusatuina (far IR) 50,000-1,000,000 200-10
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i 4
autlszneuvsun’ss NIR [8)
1] o i 1 =
ﬂ?ﬂll'.izﬂﬂv" anasng UﬂﬂllUBlﬂTBQﬁﬂ Specu'ometer unn:ﬂizmﬂiznmm
ndwnnedu lanlsznoulUde unasdutiauas AudenyiennusnadundsImId U

29ADHN

unasfuiia¥adluys NIR

Taodulngjszldmasaiimaumsznagauas 1o 1dnui ud ¥ amesvae
maquﬁq1mhm11g:€i‘ﬁ'hi§amﬁaamﬂaﬂeqﬁu'hi'lﬁﬁ"mdu%’amutﬁu'lﬂ wiel¥ LED
dhumdstiiialaesamenaaui e tudunsiléhds  LED edwlséawiep
aunsolfanuenaauluse 1,700-2,500 nTuwas1d FufusaefitonilFaou uad
mnzdmiundesteruumnmmszdeamsmidalifintes e ldamiermuas

[ o o= dy » - :’ £ Y - o & w o " 8 =
11n:lnuﬁsmnanmnWn'lumquulmvzum'smun‘Im‘mmmﬂmmmmﬁ

Tululasuunes (Monochromator)

sawlunsnszaouaslaserdensans uazaugulfeglusimiurindundesnts
Arovearuuaad (Entrance Slit) uaz¥esruuaesn (Exit Slit) A1810eziimsganau nis
Euaau‘lﬁfqﬁn:qmuﬂ?aﬂzﬁ’aunﬁuén Tufughinnnazesfilszneuvesiietiugy

vo¥ Younad silavu aisuvIuase Hudu

AUMHITINA 881
wdedldiunuesnuuufiinnuminzay  fugpluuuvesnsdinnzduazina
Pt o ' © or 1o 1 o e oA 9/
vosoynanlFimad 1wy dwdmivlddednzminzdmiudsiuiiiiuasneuu
J.’ U =i = 1 s =1 ar ar '
wislunsdindednihffnaanadiomariiszlimemyu  dudu  waddmivlddledn
maniiszdenhniniagiivenIfuasluyie NIR aunsonzgrin1d wu aeadwioud uaz

T zosMARAUYDAEINMINS ANT T UAIBE14

< a o
qunsaidmiunI193a (Detector)
Hlunsasieialfnaumainzgriaiedis Taseiondnmisnia Photoconductive

- A o : J & A o v
Effect ﬂ'ﬁlﬂﬂﬂlﬂiﬂiﬁ‘i'Ji'lﬂ‘Ll‘lﬂluﬂ'llf‘]@ﬂ')'mtﬂ']ﬂﬁullﬁgﬂ’ﬁBf}ﬂilUUﬂ‘lli'ljiﬁ'N"} Y3

Spectrometer
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2.7 M31uNAs NIR Spectra fBUAITHATIZH (Pretreatment of spectral data) [9)]

2.7.1 MIDAKANISNUIINTYYIUIVAIY
ni I'l A o ar b 1 =t A ;

in3eaitevia 1) M¥Taculnaiuvesiaddim NIR szgnosnuuuliiinnuamanasudiiums

o . 4 . o v do S ae

Jam log (1/R) uazmanuemnau i lsnmudygnamlnaiunialdnmisslidygu

E ' T [ L ey —~ o o - 1 A l!
sunmsnidn daraldanaiuhitoy Himsnawisnm ddygrasoudention ¥
> i
wiiadygnusumussnnnailnaiuld idleduiiszswaadyanusuniusensehld
» » ]

Tas msdaaulnaiunaisgais lanhdmedaunaununaisqass uazldrundovesaulnasy
o o el - o't o 4 a - =
Fmiviimamuadamaainmusainnlfaadygasuniuuenmilennds

dekukindnitiould de

4 4
2.7.1.1 mimgumntmn (Running mean smooth or N-Point smooth)
: : o ". i 1
Siden Ao Thiiinawiga Tasiindnmsfio N1sunum log(I/R) uAnzyANs®
¥ A - ' ' A s s
uRazANEINAY AroAuRaAovesm log(I/R) Tusnaumnduniligaguinnaves s
- - - - o - - - A -
fugafignuneil $1uanvesgaihinnmds fie n = 2m+1 Taoh m fie §nuvesganamesdn
o - & 3
yoagaguena dueraslunmi 2.5 luntmden m = 2 ¥1zld 0 = (2x2)+1 = 5 38 nswAY
A‘ 1 "J o T i 1 J - ¥
Guanmaie log(1/R) vema § yaunsiuudmaunde thaueasnadeaalnaiulmni
L] 4 L] L
Taslusramenaduusn @memadusndmnuenaduil 5) Tamhirndedandin
flusmannasuiinuentui 3 visanusmauiigrquInaYae ABnIMiuzIAeNY N
° 4 ' - o o & [
Thmevn 1 38 udrdnnmsisunsuaceaynnuenau Jeyaanlaaiunad wiulmily

#iga sziidnnudoyarauiudumoly m foya uazyrahionoly m doya

phip
A

log (1/R) /"ﬂh"u/
/

ANNENIARY

L3 ! > - ¥
M 2.6 $1UANEABIAM (m = 2, n = 5) YOIM3IRAG [10]
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2.7.1.2 Savitzky-Golay smooth

v
=

Qs 1 o o o A ni.n 4 A
dhasminWdyanaonlaaiusunioulfinahige seesdenlFlunsdin
1. feyaiidyanusuninnn luioy
¥ ° 1Y Py o 4 (9 -~ o aa
2. gpamam IfdygnaissunasdnsglsavesanlnaiumiloununGudy
3. disgils wvesanlnaudissaunaudiuinnann
¥
[ 0 ] A ar
ninnsvesdtiife Amuadeyalusisnimenndy @ = 2mt+l) miloufuasms
P & o e 14 o - H oo < o
waundeud 1hieyaanlnaiy n3e log(/R) Tusafidmua TaoSunindeyaiam 2m+1
gausn nmauns Indludisa Aousainndnaumannaiviudazganisudazan
4 - ; Sl .
srnaulug1dlndifosiiqa 18075 Least square tiio launudninndnnumanlaaiy
P o i e 1t de i o a d - & F .4
yaguinattveaye udnhmndnou himummnaiuAunganisnnusamniu amn
Annaldfeiuduailndfssmeiunnnhanlnasuisuduiignunun  issnndygu
» [ ] »
sunuldgnidnsenTuds dunsudeliifie M@eusisiinhiuiilimeun 1 9a (@i 2
Fy P4 i o - 5. 8 & o~ ar
om %39 4 nmAuegiunnuaz@oavesdeya) udnhdmuduasudnanddu sunsens
1 o 4 _' L H J 1 ]
Fuanuennau gaideu ilsuaseunquanuonaduniegagaie aulnadufiad el
o 9 9/ e - o = o A ot
selifuteyaludndunard nohe meldviiy m yamiioudnidl namdanaoun
or 3 A d‘ ' ol &
dleufvudouiuiimacadeuisswu m31933 Savitzky-Golay sedensinu
wavssseauvan luanlnaiuIdTivinaridumlnaiusudu hitwaduveaunauitisw

y A o
NINUIBY THUALAARTY

2.7.2 msaanansznunnedsniinademaninaiu
2.7.2.1 ilsivniinanemeanlnaiy
Hedonanqgimh Idifanadindndeanlnaiufis ¥iNaoynIAYBIAIBEN (Particle size)
-; o ' = v > =t o o o ar
uazanusuludiedis (moisture content) Tasiledevsmessziinnuduiiuslasasaiums
- . - o : = o
A2 (scattering) Fuihulsingmssimi Iiuaafdoufiens Sudurasinmisaziou
ugra mavam viemsidisanuuas ussidanmsnszifez hinggnazdnaslludredana
uazszaztounmnniifavesdiedia laounue: hififeyamsganduuas  manszBauiee
a & & 1 Aa d & = o & & -
avuludlsoeniieymanquenaImiuudINsn sz uaIsIUBgAUANNEIAAUYDI
A d e A " w - T Y- T
ueedae  rifesninanud e wasiiinnusaduuana iy himileududisras Tyl
ar 1 = [y 4 3 [ - 4 ' Y e
fMethdniu  suhldniusnesu @S uransznunnunasynaiuandis Ty
A o da P 1w . o e
aasanuenay  lasaalnasuilinnuenaiugeesuandsiunoahaanaiuniinnu

A 3
anIAauUf
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2.7.2.2 Fmiaarannilioniaeonlnaiu

bt ‘l‘ L] b o i i

anlnaiui ldnnmaganduuasludnudisisudswadiuanlnaduilimamasy
3 L) 1 . ar n': Y = ° a [ vl
Journunuey (Overlapping band) Auiulumsimswddmnihlliuuaadedimsma

= o A o ar et L. .: A ¥
adiamaasnoy mediuanlnaduldiinnududanniy uazaannuaniandeuliiesas
Fmantion 14l 2 75 fe
1. Derivative transformation

A3 Derivative yoaalnaiuduisi M)z Tonllunsudilgmnsdeuiuiuvesyasen
Tuanlnaiy

1.1 First derivative 1131478 Derivative #38 a2 usuvesalnasuannsam 1ddaums
First derivative = Slope= B-A 2.1

Taoft A une B Aesundsanlnaies Segments filg1aniiiu wazegaadu
TunsfnudestmuavIAYes Segment 1T Gap ABY FIVUIA Segment AN
vesrmemaduisrhnsndoidgm midedudmumdumiga  udahmsdusi
arwernan Toidusuaves Gap lﬁm's;nﬁu‘nusn'lumsﬁmam Segment A8 11 @286
dalumnii 2.6 duannadufiianuenaty Hudasgarieiu 2 nTumas e Segment
1oz Gap MY 12 Uz 10 i Tumas mudidy Tasiiga A Aogait ldnnmsmaundsluy
AMUBTIAAY 12 W THINAT (VUIA Segment) anifudly 10 wiTuwns (voa Gap) Ua39
mavBnasalusienuenndy 12 i Tuwns melfiluga B udninh A aunind1 B waii 18
ﬁ1‘lﬂtmuﬁlmﬂﬂnfuﬁqaéué’uuae Segment usn#ammmsnszﬁmﬂ Segment dAeiflpaiu
Tlsunasanmonniay denmiviviy Segment 11M13¥71 1 g8 nie 2 wiluwas udr
fnmdunileufinamnauaiedu First derivative 1418nafudetiitiieminme ua
finsnszdaniznovesnymaniiuaueiate wenvIMTuud) First derivative vosanlnniuse

i e o ot 8 & | ‘ A
Tjﬂllﬁﬂm“‘l“ﬁlﬂﬂﬂiuur’nl‘"uvuﬂQ“ﬁﬁﬂﬂﬁq‘iﬂ')‘uUT}ﬂﬁu



log€l/R>

p——t

-
ATHETARY (nm)

4 o - a0 v A o 5 =
NN 2.7 Segment size 1182 Gap size NMua luanlnaiuNoR 8 Derivative[ 10]

L] v v
1.2 Second derivative ABNIATUIUAAAUYOIATN 1A91N First derivative NAANUIILIBS H3D

dhmiinduiiiumsdsuamasnidounlammusuvesanlnainnen

2
aums dlog(1/R) 22)
dA
i
Fuvouunud
d*log(1/R)
aunsomuiuldnn

Second derivative = change in slope
= First derivative U3 — First derivative 0A1
=(C-B)-(B-A)
=C-2B+A 2.3)

Tauh A, B uaz ¢ dusundvaninaiuves Segments Nogantuaziivrwmdu
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x 10

pury
wn

-
[=]

(=]

originel absorbance
1st. dor. absorbance
L4

‘
wn

o

200 400 600
1st. derivetive data

2nd. der. absorbance
[=]

-5
0 200 400 600
2nd denvanve data

NN 2.8 First Derivative 1482 Second Derivative f3susunuanlansify [10]

MsAIund 1Y First derivative Iaolun1sfns) Second derivative ¥833aK3N ABINT
f1 ¢ Fuiludunavvesanasilusefiam wis C uddnnunaauvesimasy Segment
USN U0¥ Segment Tie Fande B-A udfwImumaauvessundslu Segment fiaeauay
Segment fict #eAAe C-B udnhwaouAwTMNALEBATINKAALMTIEeY AWEUMS MAa
augameihliinusoninaiufigausnues Segment usn uozAnuwaauamaums T
MAsUARBAYIIAIIITIAANABMTNTude Ty en 1 @ 139 2 nTuwms udnih
mswsuidemngsal 11319 Second derivative $¥¥I0ARANIENUNNAINTZR LN TaR
HuraFannimfvneanaiuiidunsinaeatmamendy iazHaFaguii Iy
wnavesrlnadumutuAAEIAAY Sccond derivative 141AnaRRUA Bt eTiNINR
BYAAAN HAUHATUUBY First derivative Warmmnedlusmmusnaduiiudazanuem
Aty Foildinlanumingsnndt Second derivative 34185 uRMuiionnant issnn
Second derivative 3¢ 1Hgaspansaiugaseavesmlnasudy udheendua

2. Multiplicative Scatter Correction (MSC)
hiaimaivwaasannminsziteveas Jalaowa lminsziSeveauna (Scattered light)
@0 NIR aualnasy 71180 1nmsSauu diffuse reflectance 42U transmission TagiaTms
nszRwaah fanuFuvesanlnaiuTassunlaoy T nfsueiousuhanlnasugaild

MYUIBLFANANU1INAUA YA (Multiplicative effect)
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M3 MSC ﬁar‘hmsux;umﬂna%’wmawiazﬁ'wcinlﬁmmqﬁuml}ﬁm"nmﬁa'iﬂuﬁfunau
fio Tundazimetidemmmasinmilanms m log (I/R) veamnagamerivanuiues
anlnafuiinlaou niendemsilsum log (IR) Wiutumioonauiudadanuie Wiim
assfuanlnadunis

031478 Msc Miwadegilsnvesanlaaiuiand11910ms1dis Second Derivative
soruu1d¥a wihmaveamsliudssdiullund@onulunsinsed Tasguitues
aulaafunmdamsl$is Msc  whesiipdihivrndunnalaaiudeumsSundinmin
Tuvaiziigisnvesalaaiumdnins Second Derivative szuandennanlaniuGudueda

a - [ A o i
Faums 1435 Msc sz Idnaldangadiimsliuudnmsteudvesanlaniuney

absorbance

A wavelength

absorbance

4 wavelength

absorbance

c

Y

wavelength

ami 2.9 msdSundsanlnasuTaold MSC (a fie aulnasuaundsnnmsmy Taoguvug
A70e1971] pathlengths uana1fiu b fie anlaafindy c Ae anlnafingmlfuudmamenh

MSC) 101
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2.8 myuanziveyasnaniaaii NIR [10]

m3 BRI zHYeyaninaninai NIR diznouTidaotunen 2 sunsundniiuei
Yoo Ao 1. Sunsumadieoumaii$inng (Calibration) oz 2. TunBUAIATINABUAIY
Qnﬁawmﬂumsﬁﬂhﬁum (Validation) 1431 Calibration fifte 1 1¥aumsinasg i
Flumsinnsinudnyazgun mrdaiaiasInss aonmiudesfimsihouns
1Asg A 1§910M5M Calibration WA IsTEUAINgRABMIUEWBITIMTINATT I IUMS
MuwRunIN Fa¥uneuiiGuniinisii Validation e Verification tenaaeuaunsi 144
fianummnzoy wiswivduiiodla dieldkanadeuiivdeteudReehaumsi 8WE

wueiuinsurideansfinnnnannaiy NIR ihnsiand [10]

2.8.1 ¥uABUNIIM Calibration [10]
» » E 4
defusiusadeynuudunia1ddu 3 duneudsil fe
2.8.1.1 fimuad)sdes2 (Independent Variables) #az@ti1/sa 1 (Dependent Variables)
@unlsdase  (Independent Variables) Minnlflunisadwaumsfenanenldun
anlnafy NIR (hu 61 log (1/R) dhudu
#1015  (Dependent Variables) MiNedIA ™ 18NN UATICHAIID  Reference
k4
Laboratory Methods 111131 1uitfls #2673% Oven drying method
2.8.1.2 M3a3 NaUNT Calibration
: A o o o - od @ o do 1 ar
lunmsadwaumaiutidighe memaanlidaszmiesianuduiuituanag
J - o aF A L] et @
wlsafzimslinnedguam nisfadenmidanlsdaszannsowis 1Al 2 35ndn fie
ar ar - I = o o do w
1. Wavelength selection 1ihu3smsfaidendunlsdassminsianudniusiusunls
awfszihimsimszdmaiialumsideniivawuuusy 1) @ennnamudanudnng wie
- J . r 4 i T L] o & o r 4!! ° -~
NI dedintwendranuenatunimaininefuRuEius N msanTed - 2)
9 - e o o A o o - o e d U .
o198z l¥matianeatalunsdad@enanuoadufinminiesdianuduwus (¥u Multiple
& -
regression niemiadn correllelogram Taomsada correllelogram lﬂﬂﬂﬁﬁf‘l!ﬂi‘lﬂ
- ar L] A - ¥ L L]
ANUFUAUTIZHINWAY X ABANENIAAY AUUAY Y ABAY comelation BHIIOUDI
& & & 1 . 4 & o 1a o o
AMUTUWUBTITZHIN optical data &1 AMMEAAMUUNUAIIATIEH NN TARI0TT Reference
A L o oo ar A : 3 ar
measurement #9990 1MinIsornsodadenanueaauniianunihuly 1dnee duus
o L { I'A " - o o
AUAIMINIIEH Famsad19aums Calibration LY Wavelength selection 8IROHAN 1AZIBMS

nueatanyslunsadisauns 1dun Simple Linear Regression, Multiple Linear Regression
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A3 1erunTs Calibration 1At 1% Simple linear regression ¥38 Single term linear regression
tumniin NIR  dlumsidenldimaganduuasidmiuisumndesmalinnerifissnny
4 o 4 o ' . P ] ‘e ° .
p1IARUAS? ¥ 1A correlation N 1ANAAR Titisaninn1dlumsadaaums calibration
Multiple Linear Regressions (MLR) i5138ms 14daunlsdase x) wnn 1 s lumsyszana
' o« J ' o “‘ o ﬂ'
mdanlsan () Suiluadunlsildein Reference Methods 1 47 seviliaunisildaa
anudanaalunslsznadadld  mianssanlusensdmatia NIRs  Tunism
o o a o U d -5 - ¥ - P
audunuRFufnavesdlsiuinueiimsinsendinsganauuasiivaisanue

ARITLOY UM regression AB
aunI regression y = btb X +b, X +.. . +b X, (2.4)
model regression Y =b,+b X, +b,X,+...+b X + e 2.5)

&b, b, b,,...b, = (partial regression coefficient) ¢ ABETFAA (residual)

2. Full spectrum analysis (HAfnrsdadenaimemaduiiminzay (Selective
wavelength) nnATETIRANT AR TumnAT A auns calibration §9357140A12
wudr vuniewiaderanmnldtiinsadeaumsi higndes  erwdatlguiinlii
dnodinimioganiiluieie (Underestimation) Suiionnsinms@aniunmaniousin
asadeeunts (Interference)  W3oiRallamudiodisnnuimeiieiinnl$lumsadreaums
vmneidfes  Soh IR runsididunlsdasanadulluouns  lideyaliviudede
(Over fitting)

ms'lﬂﬂqnf;"muﬂ'?;ﬁ'luunmmunﬂ%mmmﬂnﬂi'u (Full spectrum) 19ziilu
nuw‘cmﬂ'ﬂumiuﬁ'luﬂtgmﬁ'antinmhq'li fauilymiiiiog Aensiiigunlsdaszann
wu'l

mslfiineadalunsianquuonlssinndaunlsiianudoadestin  uazing
adrdunls Tniidannndunlsdusssenh Wudilgwidandn 1 SBnsmasdaiionld
18un

Principal Components Regression (PCR) n13%1 PCR sEunANIIM Principal
Components Analysis (PCA) fiudeyafitludualsdaszit ldinnndeyavesanlnaiiniie
wineiilizneunsedunlsmifiGenh New Factors feu udasniwhdaalslmifiatha
onmmaudiuifdnlaufnun1deni Referonce  Methods  (floadiaaunts

calibration 1A 1¥ManNNI5¥Y8s MLR
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Principal Components Analysis (PCA) Hhumaiiafi ¥ lumsaasnvesiunlsdase
Tunsdifdaunsdaszisnmmnn  sndetasu  Sasnmsganduuasvesannaiuii 700
anwennay  Swouanlnadudingn  Aesnmuvesmlnaiudaaniues  msaanses
$wudulsiidsnsae uu'antjuﬁ"mﬂsﬁﬁﬂawﬁnﬁ'aﬁﬁwﬁnﬁ%’né’mﬂi{uuﬂuﬁt?uﬂ:h
factor W30 BaAUSTNBY factor MEdI4BY ﬁﬂﬁundqﬁﬁﬂnmmvauhmﬂnni’uunmmﬂn
ARt MInuANA AU factor 3251 1&MA10 factor TABUAAZ factor T MTTnUARAIIAY usf
aulnafufinuenndudien Falszaeufudiu factor g factor usm:gnﬁ?u%um'lﬁ'
t'mn:ina'ﬁuwmmm]nh'Juvmd1mﬂnai’u1ﬁmnﬁqa factor fiere0FIEAMUI T
e #vh Y factor uAaz factor imuez hiifinnuduRuTABAY (Non-Co linearity) duihiton
dmiumsins e awisi deminsm factor Goudeoua 1 factor AR Regression
fudmaniilaoldimdsaoadesiiqa MIWIRM Chemical loading 3o Calibration
coefficient

Partial Least Square (PLS) Regression (Humatialumsasdmudulsivu@onduis
PCR  mszvunmsimswdeyaaunaiuszdludaszannszumsiaumsoanssves
aumsdnne #du pLs  veaesnssuumsssgadenTondhidefy  Taefiasih
petlszneumaniinAalunszuumsm facor 20 F11&e5eds LS Tuiumaiialu
myamzideyauuudunlmmeaunls Taomsadn facior nuuoumsiFuduasanndoyn
vearnaududy uazi factor # 1K1 IuNsadHauNI0R000 TAY factor 71 1401NM3
adnaumsdeisada PLS Asseunseeimeanuulslsuvesdoyn uasieadesiunts
Uszdiusmaniilunauderdiu Jagiszasdves PLS tﬁsﬁmmsaaiwmé’nqumﬂnﬁu
'lﬂ'lﬁ'mmz‘ﬁ'ﬂgnmﬁm?uﬁﬁmmﬁﬁmﬁumithuwfhmuﬁﬁi"iau'lminfu weliamnso

- 1 = 9 J'
szidiudmuniilagndeanniu

2.82 M3 Validation
¥ »
ndanni ldaieaumsuds Aesddiminaaeulszannmuesaumsiiu Aeu
° a & da a aaa
I Faueds Famnadevaumsiiiondi 2 33 fe
2.8.2.1. Full cross validation
dumsnazsuaumsmolunnuninefie Aretwiiumaseuaums iiudatinga
3 4 - . =l ..a =S : g d'
wasgunanua fldaduaumslszdivamaniniues Iduaeudail
1. ARAI861NATIIUAIN | BBNINYAAIBETNNATIIU
2. et anasgiimdeiinsadwauns

- a o P o ' o a4 Ao
3. ihaumsh Rilsadiugmianiivesdredrnnasgudam | fidasen
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4. ladedanasgmaam 1 adufws bl

5. ARAIBINNIATIINAIN 2 DBNIINYAAIBHINNATII
b : .’ @ 1
6. MIuABUIITIAU WATUNNAIBY
»
$1M11111N151191 Root Mean Square Error of cross validation (RMSECV)
2.8.2.2 MINANBUHANTTI 321U (Prediction testing)
¥
Tiisznageuaumsuuuniousn  laonsasoudlsdigs Ininnhasins izl
] L 4
aN1IZNINAABY ITWRLINUYAAIBENNNATI U Bonyadieduminmaassaumstin ga
o - ' J o ' o A‘ d
NAAOY (Testing set) Anlidase (X) nnannitsdrlunmsdszsinamannlsaw (y) dam
P ! i - a
dousziafe manmaniinldmacevdesgluvranasgn nawnldmlnaiusings
a ’ 3 L > A »
nageuMitin 14 ldnnammSnasmuaisinaums  simiugeamssnounldnng
an & 1 and = - ' & - ' = 1 ' + e
NNADA FIAMRATANNITRIAIAD A1 Bias Fudlusimdovesnadsszninamldnnis
- 1 J el i \
NIR s 1491035 Reference 14a¢A1 Root Mean Square Error of Prediction (RMSEP) #3061
P o
Standard error of prediction (SEP) #uaraserunis luadie 2.9

2.9 meuiidwihumnbszdhamuniviuazanugadesveshiaa (11]

adaf 149 lumsilszdiug NIRS calibration
29.1 Aunde (The mean)

Aundoiludmundamaniverfoynil#duts 0 wie deyamulnaiuiilden
insoaiammlnaiy (V) ﬂ'm?;mfngnﬁm'mnﬂum')mmﬁ X W38 Y uazgnmiilag

A = e -i’
$nuvesdoya (N) ¥udlowiluauns 18dail
X bar = 2X/N (2.6)
2.9.2 Standard deviation (SD)
' - = 3 <&
daudloauninasg (SD) uaastenmsnaounlas nieamunlsdsauludeya v
fie :1naes vearnulslsau gaslunmsme SD (3o SD) Al

SD, = {(&X™{(&ZX)'NDAN-1)} Q@1

2.9.3 Coeflicient of variability (CV %)

[ t 4
cv Avlsz#n3 SD x 100 Misdloaunasveslszins uasauihuaunis1daail
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CV = (SD*100)/Mean X (M7 Y) (2.8)

" ¢ d 4
1 oV ugauilunlesiua

3 o ' P e W
f1 Coefficient of variability (CV %) gauaassenmnlumenvealesidud dadh v fiduug
' ar 4 o & s o o o ' &

f1 SD fiu AumAe uardwaasiamanudniusvesnmualilsnlungulsznsdaily
dasznnmieilflumsia aswn 22 uaadldtudledialunmsfuaue Coefficient of

variability (CV %) ¥83@11/3

A15197 2.2 #ID61INIAIUIUAT Coefficient of variability (CV %) [11]

dwiu anfhinahilsfuvenudatnana maon minld
1 9.7 N 12

2 119 Mean 13.08
3 17.3 X 157.0
4 14.2 X 2106.56
5 12.6 SD +2.18
6 10.3 CcV% 16.67
7 15.1

8 14.8

9 11.1

10 12.4

11 13.5

12 14.1

2.9.4 Bias (Runasvesn muAnmznamiimnalag NIRS uazdeyaii$119)
diennnoiiusidesnsvosdoyaluimmiintia Validation 1 Bias Manwdanas
uandsgn i uswarmiminnelas  NRs  uaziiumsiaamuaiuéilassauwes
calibration TuTananuilusiveimanisfuazgaaimnssy Bias Huwitsludsiiddgann
tumea@a Bias aunsamatyldudidesadadulszAntanuduiuiuay SEP uaasien

¥ ]
calibration MuRBe
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gAITIMIUNIA I Bias A

(ZXN) - (ZY/N) (2.9)
A 1 = ] o - od
e X = 181381 uaz Y = mil lde1nnisinne Tag NIRS swnsatluinnuieaun 14

o
295 i'uﬂt:ﬁn'innu&'uﬁui‘ (CoeffTicient of correlation, r)
ar a o e ar =& o
dnlszanianuduiut () uariszdu defeyazam (feyaduay X waz Y)
4 o - 4 et ' e .
apandesdaiuuaziu  anuasandesiauyseies hifinnuuandeiuasiznig 2 m
} 4
foyn wavesn r wzmidy 1.00 himalfimbhudhuhihild X vas v ewszlinauduing
= a o
dhugawannieavild

gasdmIuNIfa r fio

- Ex=y)-[E x=L ¥)/N]
{Ex2-[E X)2ND=(ZY2- [T V)2 /NP2

(2.10)

2.9.6 dnlizansmifiadule (Coeflicient of determination, r)
' - a
uaasdadnvesnnualslsndudoya x  Aannsaefinglasarualsysuly
doya Y Awes ¢ sufluuaimawe TaghimilsdunSeanuoves r wadszTonilumalioa @

Tideyauinndt ruazl$munnnd r manlannuminevesn ruas ¢ sglumsn 2.3

2.9.7 Regression coefficient (b) Ua¥ intercept (a)

dunlsz@nt Regression, b, (33601 slope B0d20) uazyAda a uaRsdeszAufin y
gminnenin x luanuduiusiouysalsznin X uay Y @aita X uay Y dufeyaiia
@iy iy Ysnalilsdulasanlnasy NIR uazlagi581989) A1 r uag b sy 1.000
wax a Y 0,000 uAissnni liaunsandndosd emor 18 ufu b e1szIANIMIe
Yieundn 1.000 (AT a WA1I9IN 0

A13190 2.3 maulaanuvansyes ruas r [11]

el r v manfaamming
Upto+/-0.5  Upto0.25 Tiensaldlu NIR calibration
+-0.51-0.70  0.26-0.49 uanuduiuinug asnungua

+-0.71-0.80  0.50-0.64 OK M5 UMIAAIDNBEI1NNEILY
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+-0.81090  0.66-0.81 oK thuiumsfamenuazmstlsyunaniedianeiug

+-091-0.95  0.83-0.90 ¥ wanussiasz R lumalszgnalddulng) souds
39

+096098  0.92-0.96 Hlumsdszygnaldadmlng soudemsdsziuqgunm

+40.99+ 0.98+ fivoy 1918 UM segnals

lumnTuTad NIRS 3281 error Y04 optical data sxAnifeyndieducue Fudunadlums
14 Multiple Linear Regression (MLR) lun1sWamn calibration é%ﬂutﬁ’iﬂﬁfl error lufi1 X
(optical data) I¥UIRGINUNTAIYBY I, #unlsz@nd Regression UAZYARAR faushe W 18asuan
HazAaudnAIY

gaslumsfan b fie

(EX=Y)-[(EX~Y)/N] _ r=SDy

= 2.11
EY-[EY)?/N} SDy @10

gaslumsfin a fie

a=Y bar * (b*Xbar) (2.12)

2.9.8 MIUINUSINMMANANIEHIIIMTIININEIAY NIRS a2A181984

suuumiemsusnusinuuandszndiedmiiingg  NIRS uazidngs adsee
Anndmiunng M3 calibration Mgl lémagemndeu & 9 pluvudnvazarusuves

. . ¥ "

anuduiuisznhedeyaiineen NIRS uazadeds dailldefine 1 lumsen 2.4 ms
= o = < [ ' . - -
fnnuiunldouerziandouqiufum bias TasswdidhuunnieauTasmeudly A
o = ‘r ‘; o 13 )
Fiubias 01992 15152 Tomi 14 Bias (fszinm 8 uazo) munsafiavu & Tashinnudi liiina
HANAN

M3 2.4 JuvuveInNuIU(11]

No. méredad md1sBags
1 YL Hduou

2 wivou q

3 ONTGIY i

4 0 iln

5 M 9
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A 1 ar . AS' @ o o
'l‘i.lul'ﬂﬁﬂuﬂ'l] RMSEP lau SEP 1umm'i'mnu bias SEP ATUIWUAINADMINIUWY

» } 4 .
vouanaodh hildgnlFlunisimun calibration 1¥MAI06131IAG Prediction 1¥MAIBG1IN

o~

gn1¥1u validation Y9 calibration YszneuAwdIndstia@eINy tuRenwhineIdes
1 v o ' ] A o ' = . 1 & .

BUNTUYIAUABITNAIOGI calibration 1BUATINAIDGIN validation APAIUNIIIYBY single

: o ' P o - - 1
population 91N 3FNAIBL1 calibration a validation 53U Tuidouluil Munsaindunlu

4 ;4
M3 19imen SEV (HeiaAd Standard error of validation 113gas 19 N-2 vaizhiduq 1§ N(2)"”
' } 4
uwnu N-1 lumalfid  aonffounlaamarivi ififasnuuansmafioudnies  Taodl
A ' o o 1§ o~
(3oulyduem validation Ao aiind101Tes 40-50 #0614
1 = & i ' 3 i
A Standard error of calibration (SEC) ¥3f18f1 SD ¥89AMMHANANTZHIAMNNIUY

o L] ' - @ . @ ‘ 4 ) ar =1

Tas NIR unzd0613A18198911mamA20013 calibration n1sgaduniunuEIAdUAAiY ]
s o 4 - o L] J ‘ ﬂ. 3 -
anufumiussaiuuaziuediannuasdld MLR, r uaz SEC svAvuiiiomuinudwnlsdu
J -: o . © - ) 1 :

YU TeiiTon 11 overfitting ¥8998YA (multicollinearity) 111311 validation UARIAT r A1
waz SEP gaouoeniuhild @m calibration wunsagminnouazquamizudazdoya SEC

o - A - L : o 9 1 -:u!
eszuaas MUl outliers 1 MiouANIMIL Mmsewenewszilia r oz SEP Avy

AWNANA1 SEP A1582 4N 31 SEC (aue

2.9.10 A1 error MIATFIUYBA cross-validation (SECV)
S5 @ O | . . A
Cross-validation eriuninldrsdnyadeanuiunldlunsads calibration Tuaaiie
° " - 4 d’o o o U 4 o i - ' o '
W validation @i laesndaedesnniliiisdanienguusanaioA 89 INgA
calibration wazmMstiulyalaaa calibration AavAletmdesy Aetengniiaiiud
¥
-] ar L -_ LI L] ar ar o  ar L J
prinnetasiufindnnuianan  udnhdedniundunudindiessdusen hiluas
C’ Q.ﬂ = Ll : or J Y - v
ndnsruunssunsensdeiiauagnFlumsiannTusauasinie  Suludinm
- . @ 1 1 o ar 4 o .
anudanma sz hifidedengnminnegalflunsiannTusadus18ldnne duersen
»
oafiaz 1 @286 1IFUGEAT “full” M5B “onc-out” cross-validation AM1yARIDE1IBBNY
P * . - [ o . (] 3
(30N “segmented” cross-validation duidlsaUuINATEMYBIRNULANATIMABBYTEH I
1 J ° i -
AN 1aY NIRS 1azA181984 i The standard error of cross-validation (SECV)
Cross-validation 1A3uMsgeusvBEn v uazgnldlunatonisAiu  uadl
[] . »
dodonilulideyaifeddy bias w36 AIMFWintercept MTITNIEIBEINIMUAGNTRBDA
nngalsznnsderiy dimiuyadiediudn @1 N=100) fiould cross-validation 11ANIID
- o o U o T
test-set TUMTAATIZH 1A calibration IMgRANAEYARIBIIMNAdMAuiinImnigalely

@ L] 1 o o L] z T A
mitaendstntiudamuyesddecnaieyreFuilu )18l testset.  Onme-out  cross-
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validation 19ifiwaus 2-3 Turfidaeneuiiame uazldnmiuieswealszininmusaluaa
calibration

drugada00 e NINN (300-400+) maserldilszine 20% weswaedia i
validation test set 115n B 20% A M3V validation test set neouaz1diman 60% Mo
Tuiaa calibration

2.9.11 Root mean square of the difference (RMSD, RMSEP)

(Thumens Root mean square of the prediction (RMSEP) i1 Root mean square V89
amuuanAesznhemiinnelas NIRs wazmdndaiusfuaanlss@nsnmesaums
calibration i1 RMSD 1#32u#1 bias error #1ifif1 bias 8¢ SEP tay RMSD sefifwniiu ns
141064 RMSD gnuuziinnnnii SEP

gATMSAIMIU RMSD fio
RMSD = {[Z(x — V)2]/N — 1)172 (2.14)

o - ' o (-] A
M3Twauna lasld SEP A Bias uaasdnnuaiudivesnsvinelda tiessin

RMSD (ne2989n1 Bias ita 111 1@Uaavinauaznssave

2.9.12 Ratio of SEP to the SD (RPD)

RPD 8811910 Ratio of (Standard error of) Prediction (Validation) to (Standard)
Deviation BAT18IUYD4 (A1 error MIATFI) NMINY (validation) MudnuTivsnnanas U
w3e RPD Aoadastiedheimdaunsofinmanuduiuives SEP lumeuvesdnaiisau

wasgvesfeyadeds Annalasmsmis sD e 19841y validation (SD,) Rt

SEP
RPD = (SD, (A2084 validation))/SEP (2.15)
a as & a

anituilsfeldgas

RPD = 1/(1-r)" (2.16)

A ' ] 1
¥ igd nonamuims 1gasusndionn
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1 o. 1 A & L] 1T e 1 o o L -
f1 SEP A25AIN71 SD 11A9q #I8ATIEIUATIONNL 5 HIBUINNT UNAIEIAI8ENT

H | \ & 1 ' ° ' v o
anwasiuawoann M SD 33 Tige ¥ RPD o199z hige uadh SEP @101 SD 1nn Aviu RPD

oY 2.5-3.0 ivnauaaidamsdns e iwiug it SD lAufss 0.4-0.5
2.9.15 Ratio of the SEP to the range (RER)

Py - - o o o [ I ]

Fouq nlFluvisinasg SEP Aemsmianuduiusues SEP aeyaeninves

i d
Joyad1ade Sas1dauves SEP Ae¥21 RER uaasdagasae il
RER = (¥291udioya validation §1984)/SEP (2.17)
' 4 VA ' 4 1 A - @ b i

fi1 RER Aasszgangamiiidiu 18 uddemnsogeiuedisdailind Tavinedn@eaniinn
Wudugaun vas sp As hilikansznusind1 ANALI A1319N 2.5 8TUWHAYBIAI RPD Uaz

RER

A13190 2.5 AMM1IAGA RPD tag RER [12]

f1 RPD f1 RER psniangy malsvgealy
0.0-2.3 w6 ugn Tinuzii

2430 7-12 e GLLI NG
3.1-4.9 13-20 nold fAndon

5.0-6.4 21-30 @ mm}mjmmu
6.5-8.0 31-40 aun muquuﬁau

8.1+ 41+ Aivoy Ténnnisilszgnald
2.9.16 aql

mm'ﬁmumiﬂzﬂumﬁmﬁﬁmfhi‘: SEP uamsnnmlsiulunnndisavuves X
1N Y UAY bias AURALFIEAINIMIUANAIIVBIHA SEP 32U Bias uamInmumivé
Tavsauveanszuaumsnaaeum RPD a3eanuduwus SEP iy sD vosdeyadieds uas
aanasgvesmsulaniminoyes SEP i RPD figs (8dnhidu 5 niewnn udd
ptioefien 3) uaaulsz@niamlumsinne NIR SEP fednudissunanasgu Sl

doiayu@eady sp
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mdulseanianudunus, r wiemmsaaduls, ¢ urasnulndvesnny

o a o - 4 v o o
apandparznIndeyannmIniuwves NIR uazdoyadnds mduszansanuduniuini
qaffuA1 SEP 1y Bias é1 534420 slope Mdh1nd 1.0 nunwanuiwa NIRS gndvalusng
9 a'w ar L yA . v Qﬂ: Q ar 1) -: -1 ar "
Joyainia uaziinsegiionulaitew lyhmadail ldnninnudeiininaiivane @edn

Ay » 15 W A R - |
asliseties 25 Medndmiuynganuenadulasld MLR unshediesiiqa 15
ar L] L] o L = A‘ o ar i ar 1 A
dr061aeilsdulun1s 19 PLS regression mdanlszanBanuduiusngs (>0.95) Auf1 bias

a ' 4 a o < < e - A
Tauaaea wivetnlasduwilimiensassiuniiga  wnsaNuhdmslianuaaanaou
2613 UBY
o Aﬂl " 4:1 L o ' < ’ L J 3
Slope ttaavszAuMInfaounlasverNduNUTuA181984 A1 slope Y 1 AvA
3 r v
fosy  mozhuaaehsanmsnidounlaslusnisresvesdeyamiiouiuymlszns
AnusuuueIn 1.0 funndr 0.05 asezdeaudly slope uazAbias Nowidluld anw
- P 1 - ar ar ar * .
diesuuinanh 0.1 ihfodigun uazdsamsmsduaaulUdaoung A1 regression N
aa &
aod b uaz a annsalFluaums y = a + bx eud luligndesves slope 1az bias Tuma
= asay 4 T o .'f 1 A ¥ ar o o
U§iiA msnldeu siope inash Taetaly) e slope Tinrumandweieiiisd v 1.0
- . ret o ar o
Tuaa calibration 81992 Taid lumsvinned mivdedianan
- L] [3 L3 L L 1 ' L] o 3 ¥
M3ty slopebias  szva liinnededniiimgunn lduiviwy  Taoe
ar - q( ar @ L) dl 1 o “ 4 o o -
dulszandanudmiuseshinffou Smdmbzdniarudiiuites (<0.8) Tanlinase
i ai18% NIRS sxvinne1dsiusgeaniuaue Saniiheziliulge slopeias udunszh
' e a o o {0 a0
TuiAa calibration 91992 Tinsnl#14 mdunlsza@ntianuduiuiidsznindeyaininne
Tao NIRS unzdoyadredaminonnuinsinse NIR hidszaumadude Haunques
Jofianan (error) ¥03Ha NIR 1 1id TAgnAnnedsziiaseds saudnsdnsizndnss
] o vet =2 - [ - [4
uAnadne i@ uamsds NIRS v biminzaulunisinszy
= ﬂl - ar J 0 - 1 - J
mdulszanianuduiug, ¢, bias uaza1 RPD Aeamuadanianudfguniga

a =

d ity mstszdiusanuihlsz@niamlumsiniied 1ag NIRS

2.10 Yazlawivesmsl¥imaiia NIR [13]

sz loninnmsld NR §fefunnniuienSoufoudumsinssimanil nienms
Snszigdton  dwmdumniunies NIR iszgndldluganmnssuemsinliz Towd
WINUTY 1FU
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dunsinsed thaa Winlaa nglaa taza i Inoldediaianun 161
dredTaosy 1daedreimuuil 1992(46),1995(58) uaz 1996 (57) MINATIEHEB 9214
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(DPLS) regression 1@ linear discriminant analysis (LDA) Fretrni ey 50 §2861910 2
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HAYBINISRIBIzEBNINA (R™>0.95%) uazldnTmilswesdedislunsatralunanai 14
el (R’=0.87 )1 bias A1 0.005% uazA1 SEP fifd = 0.13% aqif18 w1914

o’ J JJ d o : 1 v ar -’ J 1 &
hanHe TN une NI MU avocado uAe: 19 i 1&MnIwenInumase sy q




38

Unn 3

asf o A = s
IBAUHUINIUIBY

a o 1 5 X da
3.1 MIUAIBUAIBHTIHINUBINARDY

o o+ o4 & i - ' el
AIDINUINININUA 90 maun'lﬁqmwnumfnmmmsmuw asaaiunHaan

v e & 3L A 1e dao ' " o
uanasfuisiidhnisiiinnngndesuaz hilnmnalismihseghulszimaine uaz vhns

o -4 4'. ' A' = : J 4 o ' -’ : - :' J -
Tuiingo i misuarsammrdavenhima ldiudoyaninuvaniideilan i

Thnezgniiiuigamgiives

3.2 MIIATIZHA198Y

a o a A ‘ I’J
321 ﬂ'liﬂﬂﬁﬂi']lﬂi13“5’1\16Ql“01’11ﬂ'11111ﬂl1iﬂ~1u1ﬂ~'l

ar o
Faquazgilnsal

| 3
2,
3.
4.

' o P
refractometer JU (ATAGO — PAL2 Japan) A4 1WY 3.1
T -
A200101HITINU 90 AdBUN
» "
gunssiinnuazemindu nszA NN

" - o
mes luiiwes

ImnmInaasfanlaninisnis AOAC [14]

L.

2
3.
4

Wi Tavezutinidseenidh 2 nqulunilidaetig
Viugamgiidesiildlunsialineii 28 esridoaidon)
Wimnieatalasldiindudiudins iadwsa
num’hadm&yﬁqm'luﬂ'w'umim'lﬁﬁ'md'twmm?muaznaﬂuzmﬁmﬂémsz
ymsiaunzuaaskasenuiveuaana nafuaaszesnuuiiuan/iina
wesiFusvewdsitazaw18mruman)

Yufinawewdeiinzan1® (anumamivesiiadazdets
Thawewdsfiazawld (o) Timsifouienia Refrective Index T
A1319 MARUIN N

Yi1e Refrective Index #1148 Ilifouvlefidudanudulumse nanuan v
uazAeuldmsezihmsdivudgamgiinudemusuuzieaiing

ar 4 I .’ J ' ar L)
uuﬁnuammmw'umummnnzmama



@ " -I' ‘: o o L]
AIBUTIUIAG 3TUIU 90 AIDUN

v

'

NATeUR AT NIR

!

39

a e -
AATIHITMI 51»10&

I

mdnasy

a o« s J o
NATFIUMIARTIRHINHIAR]aa9n

AOAC[14]

»
| —— - wfSunanhaaviiadig  18un ng Ine vgn
Taa uaz glnse 1as3% HPLC
- & a
4 J | 0] '
WEFTERRRMAIN - m1audu 1au3T Refractometer 11141 14A
v
- o = - " .’
y AnsemiFaisng anuvu wasima
WATITHNQUAIBE NN
v
Yeya HPLC ¥ ¥
Calibration set Prediction set
¥ ¥ !
i HERAR :
MRS e hildunasgu O O -
1 1
A L \ 2 L 4
ibration T | Prediction T Calibration F | Prediction F » Yinnem
[ |
WaAUMIHUIG T a¥aunsie F HanI MUY
v
MINenInauMs T HAaMIMIUWNAUNS F

y

ajUwamsvinne

[] ¥
o 3.1 Yuaeulumisnaass




mm'; 32 tﬂ?m refractometer iu (ATAGO —~ PAL2 japan)

322 Fmrdinnzimesdilszney nasguveniis hmaiaglaa w3e D-Fructose
smataning n3e D-Glucoses 1211710 Sucrose ) [14]
'Iau'limﬁmnzu' 1111 High Performance Liquid Chromatography (HPLC) 1of
o o » J
pamlsgneunanyenims
o o
Taquazgunsal
ar L] .’ J ar Al
1. #IBt1iHe 90 AI861
2. 1A304 High Performance Liquid Chromatography (HPLC) wieugunsel
3. insed Tnned Tula vaaud vinada q
4. wipadansmeanunziBoATiniion 3 Aumia
»
5. enall 1h (HPLC 1n39) uae o2 TaTulast (CH,CN)
IBNINAToY
1. High Performance Liquid Chromatography (HPLC)
anmzlunsuonfienedind Luna Su NH, Y118 250x 4.6 mm Jgnn lua ovd
Ta'lulasn A (60201a031nA3) Sa3ms Ina 3.0 Haddasdewn i AuRueuNYT
Ae@Nii 40 ssruniFun 1379 TANATAYTINAM(RD)
2. MsazawhmIaNIAIEIY
v v
2.1 thaangnTlan 3.804 n¥uld U u Volumetric flask ¥u1@ 100 mL azaiwlavii1 50
mL uaziAuezd 1alu'las (CH,CN) wlRszdudy
¥ »
2.2 vinang Ina 3.010 n3% 1a'191u Volumetric flask ¥118 100 mL azawlaii 50
mL wazdAuezdTalulas (CH,CN) i 1&szAuiay
» »
2.3 thaagTase 0.602n3uld 1T Volumetric flask 118 100 mL agaoTavh 50

mL uazidvezd 1alulasi (CH,ON) suldsedudy




41

& |
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s 1 e hilnesnnadndenednih 10 mL unziAvezdTalulasi CHON 10
mL'lfuvimu'lﬁﬁ’u{mzawlum:nzmumuummzmmﬂmﬁnmafsmn 0.45 pm
4. Chromatography
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Jannugavesiin uazhmsindanianils idh Tasldmsazaefisenagey Annanffn
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» 4 . . .
nledidu Tashwmiinveniaia = 100 (PH/PH) x (V/V) x( W /W) G.1)

- . A 4 s & s o
dle  PHuayPH  AowunldnsmlvesmsazaihduasmsazaioniasyuauiIay
, - e & 4
V uaz Vv fie YSinmmsazmoihiuazmsazaennasg i (@omiu 20 uag
100) AUA AL
wuazs W  AsvhwinvenhEsminimagey (1 niu) uasiimimnasgues
¥
1haa nglae (3.010 i) WinTae (3.804 nituazyInse(0.602
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: e A i 4
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avangui Iviialecalumsda 180 et
i
2. 193933A NIR spectrum (BRAN+LUEBBE InfraAlyzer 500, Germany)w3ougunsal
(A 3.3)
1o Ll J
3. qunsaild@20619 Sample cell (MW 3.5)
4. apunAABiszudanNa

» v
5. gasalimnuazemingu uaz Ay
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ANl 3.6 Sample cell @i ldd0619

33 mylaneriveyasinaninaii NIR fudeyadieds

33.1 ginsalnazvevinimitinnzideya
1. inSesneuiuned
2. 5oW127 The Unscrambler Version 9.8 (CAMO, Oslo, Norway)
332 mylmnsvisaling
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A32900Y (outlier FUNTT 3.2)
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r D’ J ‘;q = L] ' el ar
anlnasuvenhanAang lidnqu (outlier) gnas219428735 PCA dayamulnaiy
e 4 Y & ¥ a o ' 3 o a ¢ ﬂ " oA
vauhasz i umendwazinsuugateyan iy lumsinsizvesnitlu 2 nquae
¥
nQY Calibration 11aznGY Prediction Iav1¥das1du 52 niniwhimsdSuuasan)naiy
»
Tumsimsiwuazadrsuuuirasniusy 1¥doyannngu  Calibration lunmsadrs
uuusasszlfuuudnem ldninmanlnasuduuazninmannadun 185 un s uuds lae
E
WA
1. matfuudsmaninaiud 2073 Full multiplicative scatter correction (MSC)
2. madfuudsmaninaiudu33 First and Second Derivative Iag1§423d01as ya (10
nm) Ua 10 9@ (20 nm) (Savizky-Golay algorithm, second polynomial)
3. msdTuuAsimnaiuA103% Standard Normal Valiant (SNV)
ar o ar v ar ad o o ' o n’ :
nasnnhinsdiuuasanlnaivaniiam ldnanuwduaidunimiuee
-4 ° - = « ' .’ J’ b 4 o e F
ahauuieesnlflumsszdivesilsznaudis queniia 42078 33 Partial Least Square
. 4 . 4 4 s < °
(PLS) Tagl¥¥9n21me190AUTEN19 11002500 nm  Fuife lduvuiaewdniveni
a A [ ! = u’ J 2 = al II’II o
unusass lduminneaniSinaesfilszneuvenime Vatidation ndsnmiviniwanis
o a = o aa v o [T | ¥ =i
i indimsizimeada uuudiassewdazesilszaougasmdsniuthuudiaesh
AngauuRugvesmdulsz@nanuduius () figafiqe A1 Standard error of prediction
(SEP) i@ Ng(A A1 bias A TigA M1 6as1dIusenInyndeyade SEP (RER) AIIQUNINLS
W18 SanlesnimIamiiy 6 liuushlumsilszinam 7-12 mnzdmiumsfaden
HUUMENYY 13-20 tminedmiumsAai@sn 21-30 ARBMIAUAUANIM 31-40 Aunluns
AUAUNTLUIUNS UAZAISATIAIUIEN I SD @0 SEP (RPD) Asgand1 3 e 3.1-4.9
wol¥dmsunsAal@onuuuneun 5-6.4 AABNITAIVAURUAIN 5.58.0 AMINFIMTUATS

AIUAUNIZUIUNTS [11]

3.4 M3dRNsviBaqaam
4 - ¢ o e L 4 4 A T o &
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o : J T e = L4 L=} v = 5
anlnainvenihHulasuszmisgadeyanldlumsimazviesnidlu 2 aquienqu Calibration
’ o [l o .’ -&' " -1
UALNGY Prediction TasldBasidau 5:2 Jeyamulnaduvenidumezuisgadoyainldluns
Ed
nsizioeniilu 2 nduiiengu Calibration azngu Prediction Tagl¥dasiaau 52 vimiui
maTuuasaninaiy
¥
lumsmswruazadrauiiasniusz 14deyaninngu  Catibration lunmisad
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1. midTuuaemanlngs VAU Full multiplicative scatter correction (MSC)

2. matTunAamenaiuA 2973 First and Second Derivative lng14933d0yas ya (10
nm) Lag 10 3@ (20 nm) (Savizky-Golay algorithm, second polynomial)
3. mSuudsmannasude33 Standard Normal Valiant (SNV)
o ° o 3 o oo A U - 4 n’ :
wdannhinsdSuudsalnaiuadiaai Idnanuud uaSsdusimiuee
: ; - = 2 ¥ >z ke
afuuuuinsuislflunisinnsdnmsuinguueniifsuiuazimalasud 63t soft
Independent Modeling of Class Analogy (SIMCA) t1az1% Partial Least Square Discriminant

Analysis (PLS-DA)

34.1 mﬁmﬂzﬁﬁmmmw 11UV Soft Independent Modeling of Class Analogy (SIMCA)
maanTEiuuy SIMCA Wunsdinawd Taol$33 pca riundinszinisuangy
veuhAa Inothanlnafuveniien bildinasgiluga Calibration imitms sz Tnvld
Fuudiase pca e lluniminnouaz 1¥anlaaiuve vuirdsd 1duas g luga
Calibration i PCA 91 1&uuudans PCA voahien 1inasg vhuyuiaes
PCA vosnahAs Idnasgnuaz i ldinasgnaninneariniialuga Vatidation iy

nqulauaziinnzdinuiiasslinmusiuér lumsinneldgndeanielu

342 mﬁmnxrﬁ?eqmmw U Partial Least Square Discriminant Analysis (PLS-DA)
MI AUV PLS- DA 1ilumsinsizd lasld3s PLS handmsevmsuingu
F . ; . 72
vonihrs laodunlsdufeanlnasunisganduumesns NIR uazdulsawdearuihnins
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#ldnasgunaniimlildmasgiu ieaduuvudiassTasdudsanlunisadi
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Y > 0.5 sannnhnunay 3edaeglunguuess 1
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4.1 HONINARBINTHIBINYTZNOU VO IR
4 o o S 5 = a e .| g
NNNMINARBINLTIBIALTZNIUNANYBRMIz BT nouNdhAyAe  Wiaans
2 d
Taar nglae glasa (§MIANUIN 9) UOZANUFU (GNIARUIN A) NN 4.1 NI raw spectra
¥ 3 o j
vonhmanynlaa nglaa glasa uasih aulnasuvenhmanynlaadiNaiausan 1470
nm 1Az 2100 nm (the combinatio of O-H deformation band and C-O stretch band) [15] 81984
@ g = 4 " ) 4 g
910 [19] anlnafuvenihmanglnafifinfivudai 1589 nm uag 2103 nm Hufinvenien
ﬂQIﬂ’d [15] 1 2280 nm (combination of C-H stretch band and deformation band[lS]ﬁ'Nﬁ\‘Hnﬂ
@ 1 Aa A 1w oA P
[19] aulnafuvenimaglnsaiiiniaudai 1586 nm 2073 nm uag 2255 nm widlufinves
H o A { + o A
vmagTase [15] wazenlnaiuvesnnuiueinfieudai 1450 nm uaz 1950 nm sziiu
g. ¥
WAYDIUI[15]
¥ X, o + da ¥ X dg gﬂy ¥ y X
INMINANBINLINUHITIUIU 90 R LAV RISV RN (T EA VR TG

o 1 -] a a v o = w A 1 [ [
i'mﬂuaqmnznﬂ?mmmﬂﬂﬁznwﬂmannNnuu.azmnﬂnmwLmnmaﬂu ﬂ‘iﬂﬂhlﬂ'l'i
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nanodu
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4.1.1 anlnaiuveaning

NN 42 uaselnatuRy RACYBNIAY AAWINAY 11002500 om Az
ﬂaumsqm'uqmqa'n 1204 nm (C-H stretch second overtone) ﬂ 1468 nm (C-H stretch second
overtone) o911 AL 1940 nm (C-H stretch first overtone) wammsqnnnuuﬁm 2102 nm
()4 C-H deformation and combination ¥3® C-O stretch combination overtones) [15] [16] [17]
1909910 [18] uag ‘71 2280 nm (combination of C-H stretch band and deformation
band[15]813984910 [19]

A 4.3 uansanlnady 2% derivative vouiAs uaz NIR uaRnAUNIQATUT
fiqafl 1442 om 1Q% 1924 nm ﬂﬁumiqaq?uﬁ\hmﬂuﬂﬁuqai'uﬂuufﬁmﬁamwﬁuﬁwm
AR 2™ derivative V318 2102 nm uﬂmm‘mmsqﬂi'u C-H deformation and
combination 138 C-O stretch combination overtones ﬁ 2276 nm (C-H combination, C-C stretch
overtones 138 C-O stretch combination overtones UAEV ABIATMEIAANSEUMSUAAYES
maluil (1511611718984 1aw [18] uag # 2330 nm tﬁufhmsgm‘immnq'lna‘lmfﬁq

A A dw ' o a A
[15] taz ¥ 2480 nm AMweTIRdAL hiszyhnilunsgaduvesas laluenmsdrededu

Log (1/R)

1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 200 2300 2400 2500
Wavelengh (nm)
S — i ——————————

' : | v - s d
mﬂﬁ 4.2 mmawmmﬂﬂnsmﬂwaqum:




0001 -
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< 1100 1200 1300 ua)(/m 1600 1700 1800 1 \(17/ 2200 m\é&m 2600
-0.001 * 2102 2330 2480
| 1442
0002 o
} 1924
0003 |
|
i
0004

Wavelengh (nm)

: > L
M 4.3 andnadu NIR (2™ derivative) Y838 111HY

4.1.2 Ha¥Y04 PLS regression
= < o o 1 . ' = '
INATTIN 4.1 LTAIDIVIUIUAIBUN (n) neﬁ’fmgn (range) AUNAY (mean) LLATA
oA s 4
duiioaunnnasgiu (SD) ¥eyadoyn Calibration 1OYA Prediction YOIHH
& ' o & '
9INA15 171 4.2 HTAINAYDI PLS regression YoMARZeIAUIzNBUVBITIN WUT
lid L ﬁ.‘ L4 @ d' 1 J IJ "
pamlsznoumiimdnlszdnianuduius () gaiigafe nudusziiniegh 0.979 % M

AANAIALIATFIUYEINT UG (SEP) (M1 0.47 % LATAT bias YBIATUHU MU 0.11 %

1 1 aa : J
A19190 4.1 AMIADAYOIYA Calibration AZYA Prediction vosvIAlszNBUYBNIIH

Calibration set Prediction set

parameters n Range mean SD n range mean SD

Al 126 0.64-4952 249 1456 SO 1.13-4952 2579  14.66
nglaa 126  2.37-39.76 2441 1027 S50 521-39.76 2508  10.02
g lnse 126 1534458 1241 105 50 1714458  13.08 1115
wowdfi 126 7235-8555 7842 236 S0 73558230 7858  2.18
azawld

ﬂ‘)'lllé'u 122 15.20-24.80 19.11 2.17 50 15.20-24.40  19.11 2.29
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3 ¥ [ '4;
A131N 4.2 WAYBY PLS regression vBdAazesnliznouveniie (@1snsuaasluy

NARUIN ?)
yin Pretreatment | PCs Calibration Prediction
r | SEC Bias r | SEP | Bias | RPD | RER
Winlaa | Istderivative | 2 | 0872 | 7.12 | 9.43E-04 | 0.851 | 7.69 | 0.03 | 629 | 1.89
with segment
of 20 nm
nQlner | Istderivative | 6 | 0906 | 436 | 1.27E-06 | 0.807 | 6.15 | 048 | 562 | 1.63
with segment
of 20 nm
9lnsa | 2ndderivative | 3 | 0856 | 542 | 4.13E07 | 0937 | 4.07 | 029 | 10.53 | 2.74
with segment
of 20 nm
vouwdeil | 2nd derivative | 4 | 095 | 0.73 | -2.60E06 | 0965 |057| - | 152 | 38
aza1w'ld | with segment 023
of 20 nm
AT MSC 2 |0933| 0.78 | -547E-07 | 0979 | 047 | 0.11 | 19.6 |49

] » ¥
VNN 4.4 wamsinne hamangn lnanfSoudsuduniniaess Tasmsiade7s

&4 . Sa o a o o = =
HPLC Fswsilsznoy shmagnlaaiifimdunlszinSrowdiniug @) qeiige figar®

derivative with segment of 20 nm r 1MUY 0.851 AIHANAIAMIATFIMYBIMIVINNY (SEP)

M1 7.69 % A1 bias (M7 0.03 % A1 RER (M1 1.89 (ae A1 RPD tMfY 6.29
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N 45 Regression coefficient 1la4u1maﬂ;n'(aﬂ nanlnasy NIR voaiHe

; : 1 P
Regression coefficient 1iiluitugmusnlumisasasnanssnuvenuonauINg
o o ar P g
(X-variable) Tumsinnedaunlsa (v) uazmduysaiues Regression coefficient NITIA1GIY
= @ ) A : [ ¥ - o [ 3
fannudnguazdnswavesnnuentuiude luaasiiiisdAg [20]
97NN INA 4.5 N3 Regression coefficient ¥oniadinIaaianlnaiy NIR veq
.’ .: Ao oo o & ' i A o - " _
hrsiifaniinudAgyas 1 2102 nm AAUN3GAFY C-H deformation and combination n3io
C-O stretch combination overtones M 2278 nm (C-H combination, C-C stretch overtones Hie C-
2 - z |
O stretch combination overtones tarMaenIMoIMAUITTuMIuTadnimalnie
[15](16}(17]8 9B Ao [18] wazh 1432, 1928, 2348, 2454 nm lurmisgaFuf finanizny

ae luAa
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X-loading weight plot fudanuenadudaiia X-loading weight 41NLLEIA9713]
anudngungemMsvuealsoase VINAMT 4.6 1EA X-loading weight plot yoathaa
snTaafionnadu NIR vourhia PC 123 e 4 asouagquaNuisUsmlumlnaiu 933 1
1Azl % MuaIAY X-loading weight 484 PC 1 uaasienenAduRinoninade Tuea X-
loading weight 111450 (O-H stretch first overtone) Y9411 [15] 1892 19281aY 2044 nm vniui
1412,1580,1792,1912,1948,1974,2136,2254,2314,2358,2412 nm @IUY04 PC 2 FIWuT
ennAufiauTaleninade Tuna 2276 nm (C-H combination, C-C stretch overtones H3® C-O
stretch combination overtonesANETIAAU UM IRt nhma s (1501611718798
Tao [18] daufl 1460,1594,1778,1964,2072, 2314,2400 nm 92 Liifiwany Tumadau X-loading
weight 484 PC 3 Laasianueanauiisinadu Tuiaa 19162250 nm d2u ves PC 4 51099

; A "
NANUINDY 2252 nminany Tuna

X-loading weight
o

-0.15 1
-0.2 A

-0.25 -
Wavelengh (nm)

—PC 01 —PC02 PC_03 PC_04 f

- ) . o v -4
MNN 4.6 X-loading weight plot ¥84 Wyn Iaer Nera)nas NIR yo91iHg

1NN 4.7 Han15¥ LY ffwmnq'[ﬂmﬂ?umﬁuuﬁ'mi'tﬁi'ﬂﬁw1n1§1ﬁa Tansiagaed
HPLC Feoarilsznou 'wananqIﬂﬁﬁﬁﬂ'ﬁuﬂizﬁ'ﬂ?ﬂ’;mﬁnﬁuf (1) qafiga figal”
derivative with segment of 20 nm 111 0.807 ATHANAIANIATFIUVOINITVIIUIY (SEP) IM1HY
6.15 % A1 bias M1V 0.48 % A1 RER 41N 1.63 1A A1 RPD 4N 5.62
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Predicted
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| Reference

] i
A 4.7 womainnebhaiang Inaiuaidredalaeds HPLC

AN 4.8 A3 Regression coefficient mmtfwmnnglnﬁ fmlnasu NIRveniie
AnfifinIdWyqeRl 2280 om (combination of C-H stretch band, and deformation
band[14]$1984910 [18]uazf 2330 nm lﬁuﬂﬁ‘umsqai‘uuaaﬁ’mmnﬂﬂﬂ[lﬂ uazdnling
fnfidwaiiioninase uan Aefinanundy 1410,1442,1488,1714,1910,2072,2130,2208,

2394,2442 nm

400 7 1910 2208 2442

Regression coefficient

Wavelengh (nm)

4 H < " o &
AN 4.8 Regression coefficient ¥84 1ha1ang Ina Nanlaaiy NIR venima
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; 4 " Y
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42 HAMSANEMSUBINGNVR AN
4.2.1 HONMILNNGUULL Soft Independent Modeling of Class Analogy (SIMCA)
Nammﬂaﬂ'sjwmﬁﬁﬂumﬂﬁm':'miaﬂtjuunn Soft Independent Modeling of
Class Analogy (SIMCA)Iasl¥ alnasuRafY (Raw spectrum) wazanasuiitinmssans
anafudoedtu 2 53 1dun
1. Mm3diuudsmaanaiudae3% First and Second Derivative lao 19952390305 90 (10
nm) Lo 10 9A (20 nm) (Savizky-Golay algorithm, second polynomial)
2. M3svFundsmat)naiudae3s Full multiplicative scatter correction (MSC)
Tauilonfsuifvuanugndeslumssausndasmsad sy snesnnanaiuves
hitautiazthiaaen1ae3s SIMCA faansaeil 43 wudh wusinesiiadrenn mlnasy
vosthistaenTausantsalnasuda 2 derivative scgment of 20 nm NIOAAULNNGN
R lAgnAegega 80.8 % uaxﬂ“’ﬂuun'lunzjnﬁwﬁquﬁ'ﬁﬁqﬂﬁwmsﬁ“ﬂmsmﬂﬂn%’uﬁ'w?ﬁ
MSC fie 77 % dauuusassiiadrann ﬁu]ﬂﬁ%'wuaaﬁﬁaﬁ‘lﬁmmgm‘[ﬂuﬁ'ﬂmimﬂnn?

L 1 : a d. Ll H o
AW MSC annsafauennguiiieh 1 1duasguldgndesiigane 96.2%uazAauonlu
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¥ .’ J dl dd‘ ar @
nquihan 1 g uangadasmsiamsanlnaiud1e3s 1" segment of 10 nm 20 nm, 2

derivative segment of 20 nm 9 95.5 %

; T . e
13190 4.3 wamspanemitien 1dnasguas hildinasguesnaniudwds SIMCA

No. of Model
e Honey group | Honey for 114 4 % correct
spectra
prediction WATEIM | INATEIY
raw 1Rwnasgu 26 Honey of correct |  69.3 92.3 61.5
spectra | Tailduasgiu 22 classification 4.5 81.8 13.63
59U 48 s | 39.58
1"segment | lAuasgu 26 Honey of correct 77 84.6 61.5
of 10nm | lildumnasgu 22 classification 0 95.5 0
5 48 59U 333
1" segment 'lﬁmmj U 26 Honey of correct 69 84.6 538
of20nm | hi'ldwasgu 22 classification 9 95.5 4.54
59U 48 s | 3125
2 segment | 1A1AIFIU 26 Honey of correct 76.9 923 69.2
of 10om | hi'ldwasg 22 classification 9 86.4 1
5 48 5| 39.58
2"segment | 1Auasgiu 26 Honey of correct |  80.8 88.5 69.2
of20nm | Tiléinasgu 2 classification 0 95.5 0
59U 48 T 37.5
1dmasgu 26 Honey of correct 19.2 96.2 3.84
MSC
nilduasgu 22 classification 77 27.3 0
59U 48 3 2.08
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raw spectra  1st segment of 1st segment of 2ndsegment of 2ndsegment of
10 nm 20 nm 10 nm 20 nm

pretreated spectra

AN 4.19 Han3RNE % AUYNABS
At 19 funanaie % anugnAoaudasn pretreated spectra fiafiqARoe raw
spectra LAz g segment 10 nm
4.2.2 WAMIUUINGUUVY Partial Least Square Discriminant Analysis (PLS-DA)

W3 uﬁmrjwanﬂﬁﬂumﬂﬁimi Partial Least Square Discriminant Analysis
(PLs-DA) Tao¥aulnasy Aady (Raw spectrum) uazannaduiiinssams aulnady
ok 235 1dud

1. m315uuAananlnasuA073 First and Second Derivative lag 1992990105 0 (10

nm) Az 10 §A (20 nm) (Savizky-Golay algorithm, second polynomial)

2. MsdSunAnalnaiud838 Full multiplicative scatter correction (MSC)

TaudenSsudsunrugndeslumsfauondrensadn  wuudassnnaalnady

voni e IRinasg et i 1dnassn uandaaseil 44 nudwwudioes #
ahennannady veniren i 1dnasg tn:mnﬁ'mwnnq'mﬁr‘faﬁ’lﬁ'lé’mwigm'lé'
Qndea 100% aunsadausnngniian 1dnasg 18 92.3% daunuuiaes fndrenn
| - anlnady umtfﬁa’r’hﬁmmgmmmsnﬁ’mwnmim;'lgﬁ;'lﬁmas;m'lﬁ'qnﬁ'm 92.3%t2u
msuianguiiae hilfinasgnidinnugndes 100 % dawnsiamsanlnasuni hifina de
msﬁ'mwnuamuuhnan‘;"wou‘i":ﬁaﬁ'lﬁmmgmunzxfﬁqﬁ‘lxi'lﬁum's;1u MIR MY

Taoswiinugndes 95.8 %
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msNied  maniifauomiAen 183 guuaz lildnasgussnaindudlouuuiiass
PLS-DA
No. of Model
sl Honey group | Honey for 14 18 % correct
spectra
prediction WASEI | WASTIY
raw TRnaszu 26 Honey of correct |  92.3 9.3 923
spectra | ulAmasgiu 22 classification 100 100 100
| 48 s | 958
1“segment | 1Anasg 26 Honey of correct |  92.3 92.3 92.3
of 10nm | lilAwasgu 22 classification 100 100 100
| 48 | 958
1"segment | 1AWIAT§IU 26 Honey of correct |  92.3 92.3 92.3
of20nm | lildumasgw 22 classification 100 100 100
s | 48 s | 958
2™segment | 1Aasg 26 Honey of correct |  92.3 923 923
of 10nm | hildwmasg 2 classification 100 100 100
s | 48 | 958
2™segment | 1AuAT§IU 26 Honey of correct 923 92.3 92.3
of20nm | hildinasgw 2 classification 100 100 100
sm| 48 | 958
1Ainasgu 26 Honey of correct |  92.3 923 923
MEC Nhildinasgu 2 classification 100 100 100
P 48 U 95.8
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5.1.2 maveesnilizneuvesiiladl¥imatia NIR

13 14imatin NIR spectroscopy Tunsimu wesslszneuvening Taolduuines
#l&ninmanlnaimdn aulaniugniiuudsanlnaiud203% Ful multiplicative  scatter
correction (MSC) 138 Second Derivative (Savizky-Golay algorithm, second polynomial) 1t 1%
PLS regression aruisniinnoesdilszneuvenine adnimavynlad nglaa glnsam
voudeftazaol® ( mamma) wazanmduiazivms S uudsalnaudi03s Msc 14
() qa"r’;qnf‘mmmfu axfif10gi 0.979 % AIRANAIALIASFINYBINITIUIG (SEP) (1Y
0.47% Az bias ¥BIRNUFU 1Y 0.11 %dairdnlsy@ndanuduius qagan (1) 0.95-

0.98 1 lumsnilszgndlddn Ingisnmdimalseiugunm [11]
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AMNANUIN N
Ralation between Brix value (%) and refractive index (nD)[Digital hand-held pocket prefractometer PAL]

% n 20/D % n 20/D % n 20/D
0 1.33299 35 1.39032 70 1.46546
1 1.33442 36 1.3922 71 1.4679
2 1.33586 37 1.39409 72 1.47037
3 1.33732 38 1.396 73 1.47285
4 1.33879 39 1.39792 74 1.47535
5 1.34062 40 1.39986 75 1.47787
6 1.34175 41 1.40181 76 1.4804
T 1.34325 42 1.40378 77 1.48295
8 1.34477 43 1.40576 78 1.48552
9 1.34629 44 1.40776 79 1.48811
10 1.34782 45 1.40978 80 1.49071
11 1.34935 46 1.41181 81 1.49333
12 1.35083 47 1.41385 82 1.49597
13 1.3525 48 1.41592 83 1.49862
14 1.35408 49 1.41799 84 1.50129
15 1.35568 50 1.42009 85 1.50398
16 1.35729 51 1.4222 86 1.5067
17 1.35891 52 1.42432 87 1.5094
18 1.36054 53 1.42647 88 1.5122
19 1.36218 54 1.42863 89 1.5149
20 1.36384 55 1.4308 90 1.5177
21 1.36551 56 1.43299 91 1.5205
22 1.3672 57 1.4352 92 1.5234
23 1.36889 58 1.43743 93 1.5262
24 1.3706 59 1.43967 94 1.5291
25 1.37233 60 1.44193 95 1.532
26 1.37406 61 1.4442

27 1.37582 62 1.4465

28 1.37758 63 1.44881

29 1.37936 64 1.45113

30 1.38115 65 1.45348

31 1.38296 66 1.45584

32 1.38478 67 1.45822

33 1.38661 68 1.46061

34 1.38846 69 1.46303

*Refractive index values for Brix 0 to 85% in the above table have been

Officially determined by ICUMSA (International Committee of Uniform

Method of Sugar Analysis held in 1974)
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Table 969.38 Relationship between refractive index and water contents of honey

69

Water Refractive index Water Refractive index Water Refractive index
content,% | 20°c® | 60°F° | 40°C | content,% 20°C° | 60°F° | a0°c | content,% | 20°c" | 60°F° | 40°C
13 1.5044 | 1.5053 | 1.4998 17.6 1.4925 | 1.4935 | 1.4881 222 1.481
13.2 1.5038 | 1.5048 | 1.4993 17.8 1.492 | 1.493 | 1.4876 224 1.4805
13.4 1.5033 | 1.5043 | 1.4988 18 1.4915 | 1.4925 | 1.487 22.6 1.48
13.6 1.5028 | 1.5038 | 1.4983 18.2 1.491 | 1.492 | 1.4865 228 1.4795
13.8 1.5023 | 1.5033 | 1.4978 18.4 1.4905 | 1.4915 | 1.486 23 1.479
14 1.5018 | 1.5027 | 1.4973 18.6 1.49 | 1.491 | 1.4855 232 1.4785
14.2 1.5012 | 1.5022 | 1.4968 18.8 1.4895 | 1.4905 | 1.485 234 1.478
14.4 1.5007 | 1.5017 | 1.4962 19 1.489 | 1.49 | 1.4845 23.6 1.4775
14.6 1.5002 | 1.5012 | 1.4957 19.2 1.4885 | 1.4895 | 1.484 23.8 1.477
14.8 1.4997 | 1.5007 | 1.4952 19.4 1.488 | 1.489 | 1.4835 24 1.4765
15 1.4992 | 1.5002 | 1.4947 19.6 1.4875 | 1.4885 | 1.4829 242 1.476
152 1.4987 | 1.4997 | 1.4942 19.8 1.487 | 1.488 | 1.4824 244 1.4755
154 1.4982 | 1.4992 | 1.4937 20 1.4865 | 1.4875 | 1.4819 246 1.475
15.6 1.4976 | 1.4986 | 1.4932 20.2 1.486 | 1.487 | 1.4814 248 1.7745
15.8 1.4971 | 1.4981 | 1.4927 20.4 1.4855 | 1.4865 | 1.4809 25 1.474
16 1.4966 | 1.4976 | 1.4922 20.6 1.485 1.486 | 1.4804
16.2 1.4961 | 1.4971 | 1.4916 20.8 1.4845 | 1.4855 | 1.4799
16.4 1.4956 | 1.4966 | 1.4911 21 1.484 | 1.485 | 1.4794
16.6 1.4951 | 1.4961 | 1.4906 21.2 1.4835 | 1.4845 | 1.4788
16.8 1.4946 | 1.4956 | 1.4901 21.4 1.483 | 1.484 | 1.4783
17 1.494 | 1.4951 | 1.4896 21.6 1.4825 | 1.4835 | 1.4778
17.2 1.4935 | 1.4946 | 1.4891 21.8 1.482 | 1.483 | 14773
174 1.493 | 1.494 | 1.4886 22 1.4815 | 1.4825 | 1.4768
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a Values for 20°C and 60°F are Wedmore’s calculation (Bee world36 ,197(1995): 40°C values are
calculated from Auerbach and Borries equation( Z Nahr. Genussm. 22,353-358(1924)]. Values>
22.0% were extended by FAO/WHO Codex Committee on Method of Analysis and Sampling (1968)
b If refractive index is measured at temperature above (below) 20°C,add(subtract) 0.00023/°C
above(below) 20°C before using table.

C If refractive index is measured at temperature above (below) 60°F,add(subtract) 0.00013/°F
above(below) 60°F before using table.
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" 7 I d " : :
MINTURIHANINARB % ANUFUYBNNHINNIWUHAINN TUYA calibration BINAMTHIAINIA

Refrectrometer
uHaTYBNIAG | Brix | Water content, % UMBITIBNI S | Brix | Water content, %
1 | Utaradit 1 70.8 >25 46 | bouy longe 1 798 17.6
Utaradit 2 71.3 >25 bouy longe 2 79.5 18
2 | Peerapan 1 81.1 16.4 47 | imperial I 80.2 174
pelapan 2 79.4 18.2 imperial 2 80.4 17.2
3 | Payao | 74.9 228 48 | mong fang | 79.1 18.4
Payao 2 75.2 236 mong fang 2 77.0 20.6
4 | Doikum 1 81.2 16.4 49 | lamyai fasion 1 79.4 18.2
Doikum 2 81.2 16.4 lamyai fasion 2 789 18.8
5 | Pakbog | 78.7 19 50 | alavan 1 784 19.2
Pakbog 2 78.7 19 alavan 2 789 18.8
6 | Wangnuae | 76.3 21.4 51 | langnees 1 813 16.2
Wangnuae 2 76.4 21.2 langnees 2 79.6 18
7 | makajan 1 76.9 20.8 52 | writrose 1 81.2 16.4
makajan 2 78.6 19 writrose 2 814 16.2
8 | Doi saked 1 78.4 19.2 53 jarol 793 18.4
doysaket 2 78.3 19.4 aro 2 79.9 17.6
9 | Chantaburi 1 783 194 54 | valalom lopburi | 75.9 218
Chantaburi 2 78.3 19.4 valalom lopburi 2 75.6 222
10 | Konkaenl.1 783 19.4 55 | valalom pitsanulok 1 | 76.4 21.2
Konkaenl.2 TS 20.2 valalom pitsanulok 2 | 77.5 20.2
11 | Konkaen2.1 73.8 24 56 | vatchapong 1 81.1 16.4
konkan 2.2 729 248 vatchapong 2 809 16.6
12 | Konkaen3.1 74.1 23.6 57 | hoybong 1 80.3 17.4
Konkaen3.2 74.6 232 hoybong 2 80.3 17.4
13 | Konkaen4.1 74.3 234 58 | yasotorn 1 73.6 242




(nAsTiveaii | Brix | Water content, % indsiveniie | Brix | Water content, %
Konkaend.2 73.3 24.4 yasotomn 2 73.6 242
14 | Konkaens.1 753 224 59 | thai honey 1 80.3 17.4
Konkaen5.2 759 21.8 thai honey 2 799 17.6
15 | km8 1 78.3 19.4 60 | motor way 1 77.8 19.8
km 8 2 78.7 19 motor way 2 71.6 20
16 | charvala fram 1 79.6 18 61 | siam honey 1 80.5 17
charvala fram 2 73.9 23.8 siam honey 2 79.3 18.4
17 | bangkok 1 726 >25 62 | chonburi B | 78.1 19.6
bangkok 2 724 >25 chonburi B 2 783 19.4
18 | esam 1 783 19.4 63 | huytakay kan 1 75.7 22
esarn 2 78.6 19 huytakay kan 2 74.5 232
19 | pattananicom 1 79.8 17.6 64 | kokpai 1 79.3 18.4
pattananicom 2 80.8 16.8 kokpai 2 78.3 19.4
20 | varuka 1 79.8 17.6 65 | panjasri | 80.1 17.4
varuka 2 779 19.8 panjasri 2 79.8 17.6
21 | mouth five 1 79.4 18.2 66 | ladkrabang taa 1 81.3 16.2
mouth five 2 78.2 19.4 ladkrabang taa 2 81.2 16.4
22 | suppa | 79.7 17.8 67 | pakdeeL 1 78.7 19
suppa 2 78.9 18.8 pakdee L 2 794 18.2
23 | suppag | 793 18.4 68 | pakdee paa 1 79.8 17.6
suppa g 2 76.3 214 pakdee paa 2 79.1 18.4
24 | authai 1 75.7 2 69 | pakdee five | 81.3 16.2
authai 2 80.6 17 pakdee five 2 81.5 16
25 | Tarad thai | 79.5 18 70 | pednantawan | 773 20.4
Tarad thai 2 793 18.4 pednantawan 2 774 202
26 | kosit 1 78.6 19 71 | jutalos 1 79.4 18.2
kosit 2 782 19.4 jutalos 2 78.7 19
27 | kan 1 77.2 20.4 72 | pattawan 1 774 20.2
kan 2 76.1 21.6 pattawan 2 79.3 18.4
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um'hi';uweqﬁvﬁfq Brix | Water content, % imii-:'ﬁuwmﬁ'ﬁq Brix | Water content, %
28 | petchaboon | 77.8 19.8 73 | labdoun 1 744 234
petchaboon 2 71.7 20 labdoun 2 39 238
29 | sukothai | 76.9 20.8 74 | sapanmai boylongl | 77.7 20
sukothai 2 77.6 20 sapanmai boylong2 | 77.8 19.8
30 | plaal 79.1 18.4 75 | sapanmai prom | 723 >25
plaa2 79.4 18.2 sapanmai prom 2 74.4 234
31 | plaaB 1 81.1 16.4 76 | sapanmai 100 | 75.8 22
plaaB2 81.0 16.6 sapanmai 100 2 76.1 2L.6
32 | ambrosia L | 80.9 16.6 77 | jitlada 1 804 17.2
ambrosia L 2 81.2 16.4 jitlada 2 78.9 18.8
33 | ambrosia T | 79.5 18 78 | namchem 1 77.3 204
ambrosia T 2 80.3 17.4 namchem 2 76.1 21.6
34 | prama 1 76.7 21 79 | pufal 79.1 18.4
prama 2 76.7 21 pufa 2 71.7 20
35 | loungkean 1 80.0 17.6 80 | pulong 1 85.6 <13
foungkean 2 79.3 18.4 pulong 2 80.1 17.4
36 | pattananicom T | 79.3 18.4 81 | Tesco 1 79.6 18
pattananicom T 2 79.2 18.4 Tesco 2 79.4 18.2
37 | suppa lamyai | 78.7 19 82 | imgergold | 79.6 18
suppa lamyai 2 793 18.4 imgergold 2 79.5 18
38 | china 1 75.1 22.6 83 | namgom 1 76.7 21
china 2 74.6 23.2 namgom 2 76.9 20.8
39 | lang phing | 823 15.2 84 | phoumdin 1 754 224
lang phing 2 82.1 154 phoumdin 2 759 21.8
40 | pudin 1 80.3 17.4 85 | nakonpatom 1 80.8 16.8
pudin 2 80.4 17.2 nakonpatom 2 80.7 16.8
41 | songsarm 1 79.2 18.4 86 | fresh 1 80.2 17.4
songsarm 2 79.7 17.8 fresh 2 79.2 18.4
42 | chomchon 1.1 80.8 16.8 87 | lanna 1 80.9 16.6
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(MAsTi W niWa | Brix | Water content, % (nasfnvenie | Brix | Water content, %
chomchon 1.2 804 17.2 lanna 2 79.2 184

43 | chomchon 2.1 80.4 17.2 88 | heltymeat 1 79.4 18.2
chomchon 2.2 80.4 17.2 heltymeat 2 80.4 17.2

44 | ban lai 1 T3 20 89 | chaiyapom ! 719 19.8
ban lai 2 1.7 20 chaiyapom 2 719 19.8

45 | phang van 1 80.2 17.4 90 | joho honey. 1 82.3 15.2
phang van 2 80.1 17.4 joho honey.2 81.8 15.8
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AANUIN 3
Ay 1:namsnnaaqmﬂ?mmfi’mmnqhﬁ winlaa uazginse 42675 HPLC
&y | wndsin | Wynlag | nglaa glasa | dwu undsin | ynlaer | nglea ylnsa
1 | Utaradit 68.16 | 92.43 7.30 46 | bouy longe 4207 | 3393 | 4.36
2 | Peerapan 13.73 | 2719 | 1182 47 | imperial 3668 | 3976 | 363
3 | Payao 48.39 | 39.19 8.14 48 | mong fang 18.73 | 18.12 | 13.39
4 | Doikum 1713 | 2306 | 7.62 49 | lamyai fasion 3842 | 2974 | 9.09
5 | Pakbog 19.07 | 31.90 7.71 50 | slavan 39.57 | 30.13 | 859
6 | Wangnuae 1077 | 17.72 | 27.16 51 | langnees 38.78 | 3085 | 4.81
7__ | makajan 331 | 1139 | 1645 52 | writrose 4041 | 3624 | 297
8 | Doi saked 293 | 862 22.97 53 |aro 4043 | 3794 | 1.78
g | Chantaburi 667 | 1280 | 3372 54 | valalom lopburi | 1 13 1227 | 29.76
valalom
10 | Konkaen 1.52 8.59 44.58 55 | pitsanulok 3717 | 31.96 | 3.25
11__ | Konkaen 0.64 5.21 35.09 56 | vatchapong 3867 | 2854 | 10.42
12 | Konkaen 4.44 9.53 27.08 57 | hoybong 37.84 | 2759 | 9.97
13 | Konkaen 1367 | 1865 | 11.06 58 | yasotom 1.09 2.37 | 24.32
14 | Konkaen 483 | 875 26.97 59 | thai honey 16.37 | 2260 | 1.65
15 | km38 15.84 | 1848 | 10.32 60 | motor way 2258 | 2935 | 444
charvala
16 | fram 4157 | 34.16 2.78 61 | siam honey 3714 | 31.77 | 525
17 | bangkok 21.83 | 28.17 1.71 62 | chonburi B 1054 | 2147 | 17.72
18 | esam 44.42 | 34.35 9.44 63 | huytakay kan 1050 | 1540 | 16.84
19 | pattananicom | 3880 | 36.21 4.30 64 | kokpai 2752 | 3598 | 598
20 | varuka 40.17 | 32.74 7.93 65 | panjasti 1593 | 17.89 | 20.64
21 | mouth five 21.97 | 28.51 5.63 66 | ladkrabang taa 6.45 6.86 | 30.78
22 | suppa 41.42 | 33.01 5.72 67 | pakdeeL 36.11 | 2645 | 9.31
23 | suppag 509 | 5.18 36.31 68 | pakdee paa 36.96 | 3027 | 462
24 | authai 7.81 8.71 29.98 69 | pakdee five 37.23 | 30.96 | 4.59
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&6y | umasiun | Wynlaa | nglaa | glaso | undsin | Wynlaar | nglanr | ylnsar
25 | Tarad thai 39.56 | 38.32 4.78 70 | pednantawan 24.78 | 2627 | 4.90
26 | kosit 36.16 | 26.79 8.07 71 | jutalos 2560 | 37.35 | 365
27 | kam 11.50 | 21.51 | 2447 72 | pattawan 2437 | 2589 | 4.90
2g | petchaboon | 3998 | 29.16 9.34 73 | labdoun 1404 | 2077 | 153
sapanmai
29 | sukothai 4343 | 37.46 3.82 74 | boylong 1243 | 1494 | 16.06
30 | pla 4222 | 3966 | 570 75 | sspanmaiprom | 427 10.32 | 21.15
31 |pimB 36.88 | 31.88 7.53 76 | sapanmai 100 3.63 567 | 26.10
32 |ambrosial | 4149 | 3208 9.12 77 | Jitlada 38.34 | 33.17 | 940
33 |ambrosiaT | 4475 | 37.31 5.08 78 | namchem 6.17 7.38 | 30.05
34 | prama 40.25 | 35.94 4.22 79 | pufa 27.02 | 2506 | 7.81
- 35 | loungkean 26.09 | 2956 | 553 80 | pulong 3415 | 26.19 | 9.52
pattananicom
3 |T 4852 | 25.17 2.96 g1 | Tesco 3454 | 26.83 | 7.10
37 |suppalamyai | gg3 | 882 30.25 82 | imgergold 38.82 | 3232 | 450
38 | china 2072 | 2879 | 7.26 83 | namgom 2013 | 2367 | 10.10
3g | lang phing 9.08 | 11.06 | 3451 84 | phoumdin 1267 | 1695 | 15.14
40 | pudin 39.34 | 2883 | 11.35 85 | nakonpatom 3747 | 3062 | 6.22
41 | songsarm 2585 | 2313 | 7.73 86 | fresh 41.30 | 3452 | 3.77
42 | chomchon 1149 | 14.14 | 38.39 g7 | lanna 36.04 | 2863 | 7.37
43 | chomchon 10.52 | 13.10 | 35.47 88 | heltymeat 19.99 | 2322 | 515
44 | banlai 26.37 | 35.66 4.30 89 | chaiyapom 3.60 8.53 | 17.91
45 | phang van 37.00 | 32.49 5.18 90 | joho honey. 33.71 24.37 | 9.31
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ANHUIN 2

Results of PLS regression of honey

YA Pretreatment | PCs Calibration Prediction
r | SEC | Bias r | SEP | Bias | RPD | RER
vinlaa raw 3 | 087 | 7.16 |-2.72E-06 | 0.849 | 7.764 | 027 | 6.23 | 1.88

1st derivative 2 |0872| 7.12 | -6.18E-07 | 0.85 | 7.7 0.14 6.28 | 1.89
with segment

of 10 nm

Ist derivative 2 (0872| 7.12 | 9.43E-04 | 0851 | 7.69 | 0.03 6.29 | 1.89
with segment

of 20 nm

2nd 2 | 0871} 7.13 |-5.57E-07 | 0.833 | 8.12 0.74 596 | 1.79
derivative
with segment

of 10 nm

2nd 2 {0869 7.2 |-7.29E-08| 084 | 795 | 0.55 6.09 | 1.83
derivative
with segment
of 20 nm

MSC 2 |0869| 7.2 |-1.58E-06 |0835]| 8.08 | 0.27 599 1.8

SNV 2 |0869| 7.2 |-1.64E-07 | 0.835| 8.08 0.27 5991 L8




Results of PLS regression of honey (AB)
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YUR Pretreatment PCs Calibration Prediction
r SEC Bias r SEP | Bias | RPD | RER
anﬂn‘ raw 5 0.88 | 4.88 | -3.56E-06 | 0.797 | 6.17 | 0.23 | 5.6 | 1.62
Ist derivative 3 0.87 | 5.05]-2.20E-07 | 0.786 | 6.29 | 0.43 | 549 | 1.59
with segment of
10 nm
1st derivative 6 |0906| 436 1.27E-06 | 0.807 | 6.15 | 0.48 | 5.62 | 1.63
with segment of
20 nm
2nd derivative 3 (0883|1482 227E-07 | 0.767 | 6.51 | 0.63 | 5.31 | 1.54
with segment of
10 nm
2nd derivative 5 092 | 404 | 1.47E-06 | 0.776 | 6.59 | 0.83 | 524 | 1.52
with segment of
20 nm
MSC 6 |0914|4.16 | 1.47E-05 | 0.793 | 6.55] 0.11 | 527 | 1.53
SNV 4 | 0882|482 1.14E-05 [ 0.804 | 6.06 | 0.18 | 5.7 | 1.65




Results of PLS regression of honey (n'a)
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. Calibration Prediction
YU Pretreatment PCs
r SEC | Bias T SEP | Bias | RPD | RER
Gﬂﬂiﬂ’ raw 7 |0.887 | 4.85 | -7.80E- | 0.916 | 4.5 0 9.53 | 2.48
06
Ist derivative with 4 10861533 428E- | 0934|425} - 10.09 | 2.62
segment of 10 nm 07 0.06
Lst derivative with 3 0852|549 | -6.70E- | 0.936 | 4.28 | 0.09 | 10.02 | 2.61
segment of 20 nm 07
2nd derivative with 5 | 092 |413]|-1.09E-| O |493| 041 871] 226
segment of 10 nm 06 .898
2nd derivative with 3 10856542 | 4.13E- | 0.937 | 4.07 | 0.29 | 10.53 | 2.74
segment of 20 nm 07
MSC 4 10852 55 | 8.25E- | 0924 | 452 - 9.48 | 247
07 0.12
SNV 4 108521549 |-7.72E- | 0923 {455} © 942 | 245
07




Results of PLS regression of honey (#8)
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PC Calibration Prediction
¥UA Pretreatment
s r SEC Bias % SEP | Bias { RPD | RER
raw 3 |0938)|0.82|-1.82E-06 | 0961 | 06 | -1.3 | 146} 3.6
1st derivative 3 1093910381 | -2.48E-06 | 0.963 | 0.583 | -0.09| 15 3.7
with segment of
10 nm
Ist derivative 3 094 | 0.8 | -2.66E-06 | 0.964 | 0.579 | 0.1 | I5.1 | 3.8
, P with segment of
ATYOILN
2 20 nm
nazaw'ld
2nd derivative 4 | 095 | 073 ]-2.60E-06]0.965]05761-023} 152} 38
(A .
with segment of
HU)
10 nm
2nd derivative 4 10936] 083 |-2.60E-06}0965|0603} -02 | 145} 3.6
with segment of
20 nm
MSC 2 10936 |0.83]-248E-06| 0963|0594 ]-0.19 | 147 | 3.7
SNV 2 | 0936 0.83 | -2.60E-06 0963|059 | -0.19| 14.7 | 3.7




Results of PLS regression of honey (Fiﬂ)
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- Calibration Prediction
FUR Pretreatment | PCs
r SEC Bias r SEP | Bias | RPD | RER
raw 3 (0933 0.78 -5.16E- | 0.975 | 0.51 | 0.12 18 4.5
07
Ist derivative 3 {0938 075 ~4.14E- (0977 | 049 | 0.13 1881 4.7
with segment 07
of 10 nm
Ist derivative 3 10939 0.74 -4.53E- | 0977 | 049 | 0.13 188 4.7
with segment 07
of 20 nm
mm§u 2nd derivative 5 0964 | 0.576 | -3.67E- | 0954 | 0.69 | 0.14 133 33
with segment 07
of 10 nm
2nd derivative 5 [0945| 0.71 -5.71E- | 0973 | 053 | 0.13 174 43
with segment 07
of 20 nm
MSC 2 10933 0.78 -547E- | 0979 | 047 | 0.11 196 | 49
07
SNV 2 10933 0.78 -2.81E- | 0979 | 047 | 0.11 19.6 | 4.9
07
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MARUIN A

o X a e o &£
RN AOAC 1Nﬂ'ﬁ'Jﬂﬂ?'ll!'ﬂ'ullﬂﬁlj‘iu‘lﬂ!u'lﬁ'm'dﬂiu'IFN

44.4.04
AOAC Official Method 969.38
Moisture in Honey
First Action 1969
Final Action

A. Direct Drying

Proceed as in 925.45C or D (sed 44.1.03)) using test portion
weighed to yield ca 1 g solids. Add, i Sary, few mL H,0 to
incorporate test portion thoroughly with the sand. Dry at <70°C
(preferably 60°C) under pressure <50 mm Hg (6.7 kPa).
B. By Means of Refractometer

Determine refractometer reading of honey at 20°C and obtain cor-
responding percent moisture from Table 969.38. If determination is

made at temperature other than 20°C, correct reading to standard
temperature of 20°C according to footnote.

Reference: JAOAC 52,729(1969).

44.4.13
AOAC Official Method 977.20
Separation of Sugars in Honey

Liquid Chromatographic Method
First Action 1877
Final Action

A. Apparatus

(a) Liguid Chromatograph.—Equipped with isocratic solvent
delivery system, manual injector, refractive h@i‘aacptgr, and re-
cording/computing integrator. o

(b) Column.—300 x 4 (id) mm p-Bondapak/Carbohydrate (Wa-
ters Associates, No. 84038).

(€) Test solution clarification kit.—Available in kit form from
chromatography suppliers; 0.45 um filters stable in organic - solvents
are suitable.

(d) Syringes.—10 pL (No. 701-N) point styleNo. 1,2 x0.020in.
od, 25 gauge needle (Hamilton Co.).

B. Reagents
(a) Mabile phase—LC grade ace:cmizile diluted with H,0

(83 + 17). Degas mobile phase daily by magnetic stirring 15 min un-
der vacuum.

(b) Sugar stasidard solution.—Place 3.804 g fructose
(Mallinckrodt Chernical Works), 3.010 g glucose (Mallinckroc-lt
Chemical Works), and 0.602 g sucrose into 100 mL volumetric
flask, dissolve in 50 mL H,0, and add CH,CN to volume. Composi-
tion of standard apy ;oximates 5 g honey dissolved in 50 mL aqueous
CH,CN (1 +1).

C. Operating Condiiions

Fructose, glucose, and sucrose are baseline separated and
quantitated in 20 min under following conditions: flow rate,
1.0 mL/min (3.45 M[:a; ca 500 psi); temperature, ambient (ca 23°C);

detector set so that 380 pg fructose gives full-scale peak. Mono-, di-,
and trisaccharides are cluted from column in order of MW.

D. Preparation of Test Solution

Weigh 5.000 g test portion in small beaker and transfer to 50 mL
volumetric flask with 25 mL H,0. Immediately dilute to volume
with CH,CN and fiiter through 0.45 pm filter, using clarification kit.

E. Chromatography

Inject 10 pL standard solution into chromatograph. Establish re-
tention times, measure peak heights, and check reproducibility. Re-
peat for test solution. Calculate glucose, fructose, and sucrose from
integrator values or from peak heights as follows:

Weight percent sugar = 100 x (PH/PH'") x (VIV) x (W/W)

where PH and PH' = peak heights (or integrator values) of test solu
tion and standard, respectively; Vand V' = mL test and standard (5¢
and 100) solutions. respectively; and W and W' = g test portiol
(5.000) and standard, respectively.

References: JAOAC €9, 838(1977); 62, 515(1979).

s sl AT

C;\.S '57"‘!‘8'7 (fxu\—-.u;\..
CAS-50-99-7 (glucosz)
CAS-57-50-1 (sucrosz)
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Determination of Soluble Solids of Honey by Near Infrared

Spectroscopy

Panmanas SIRISOMBOON', Suppakit HOWVIMONPORN™

Abstract

The objective of this research was to determine the soluble solids of honey by Near [nfrared Spectroscopy
(NIRS). The honey samples from different sources were subjected to NIR transflectance to obtain the absorbance
spectra (1100-2500 nm). NIR models were developed based on partial least square (PLS) using raw spectra, and
pre-processing spectra including first derivative, second derivative, multiplicative scatter correction (MSC), standard
normal variance (SNV), and normalization (mean, maximum, and range mean). The result showed that among the
different types of spectra of honey, the second derivative spectra had the highest correlation coefficient between
predicting and reference values (r=0.89), and the lowest standard error of prediction (SEP) of 0.93 % with bias of

0.065 %.

[Keywords] Near Infrared Spectroscopy (NIRS), Honey, partial least square regression (PLS) &

I Introduction

Honey is a natural biological product of complex and
variable composition. Within the European Union, it is
defined (Council Directive, 2001, cited by Downey e al.,
2003) by council Directive 2001/110/EC as “the natural
sweet substance produced by Apis mellifera bees from the
nectar of plants or from secretions of living parts of plants
or excretions of plant-sucking insects on the living parts of
plants, which the bees collect, transform by combining with
specific substances of their own, deposit, dehydrate, store
and leave in honeycombs to ripen and mature,” Fructose
and glucose together account for 83-95% of honey
carbohydrates (Crane, 1976 cited by Garcia-Alvarez et al.,
2000) The amount of water in honey is of major importance
to its stability against fermentation and granulation (White,
1978). The refractometer reading of honey can indicate the
percent of moisture in honey (AOAC Official Method
969.38, 2000). Therefore the soluble solids in honey also
related to fermentation and granulation of honey. In the
reviewed literature some articles were found that described
honey analysis by NIR spectroscopy (Cho and Hong, 1998;
Haet al., 1998; Qiu et al_,1999; Garcia-Alvarez et al., 2000,
Anthony et al., 2002; Dvash, et al. 2002; Downey,
Fouratier and Kelly, 2003; Gerard et al., 2003; Corbella and
Cozzolino, 2003;). However, there was' no article reported
on soluble solids of honey. Therefore, the aim of our work
was to determine the soluble solids of honey by Near

Infrared Spectroscopy (NIRS).

Il Materials and methods

The 90 honey samples were obtained from different
sources in Thailand
Reference analysis
Soluble solids of honey samples were analyzed by
handheld refractometer (Atago PLA-2, Japan). Each sample
was measured for 2 replicates.

NIR spectroscopy

A NIR wavelength scanning instrument (BRAN+LUEBBE
InfraAlyzer 500, Germany) were used to scan the samples
of honey in a 0.3 mm pathlength transflectance cell with a
scanning range from 1100-2500 nm and wavelength
increments of 2 nm. The scanning was conducted
simultaneously with reference analysis at room temperature
(about 27 °C). Data were recorded as log (1/R) where R is
the transflectance energy. Data processing and development
of appropriate chemometric method were carried out with
the analysis program Unscrambler 9.8 software (Camo
ASA, Oslo, Norway). A preliminary examination of the
spectra datasets for unusual or outlying samples was
performed by principal component analysis (PCA). NIR
models were developed based on partial least square
regression (PLS) using raw spectra, and pretreatment
spectra by used first and second denivatives of the Savitzky
Goley method with two different derivative segment, 10
and 20 nm, with polynomial order of 2, multiplicative
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scatter correction (MSC), standard normal variance (SNV)
and normalization (mean, maximum, and range mean). The
calibration accuracy 1s described by correlation coefficient
(r) (equation 1), standard error of prediction (SEP)
(equation 2) and bias (equation 3) (Williams, 2007).

XY -[ExEr)N]
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IIl Results and Discussion

Fig 1 (a) shows the average raw spectrum of honey
different source. Due to their high water content, the NIR
spectra of the honey were influenced by the two broad
water bands at 1450 nm (stretch of the O-H bond first
overtone, De Belie et al., 2003) and 1940 nm (stretch of
the O-H bonds and O-H deformation, De Belie et al..2003)
Absorption bands around 2100 nm assigned to combination
of O-H deformation band and C-O stretch band, at 2280 nm
the combination of C-H stretch and deformation band
(Osbome et al., 1993 cited by Garcia-Alvarez et al., 2000),
and at 2330 nm which are mainly associated with glucose
(Osborne and Fearn, 1986) in honey.

Fig | (b) shows the average second derivative spectrum
by Savitzky Golay method at 20 nm derivative segment
with polynomial order of 2 of honey. The all peaks
appeared in average raw spectrum appeared again in the
second derivative spectrum except 2480 nm where there 15
no band assignment in any literature.

Table | shows the statistic values of heney soluble solids
of calibration and prediction sets. Table 2 shows the results
of PLS regression for each pretreatment of spectra. All of
the calibration models had correlation coefficient of 0.97
with standard error of calibration (SEC) of 0.51-0.54. The
most accurate model for prediction was second derivative
pretreatment spectra. The second dernivative model had the
highest value of correlation coefficient between predicting
values and reference values (r=0.89) With the standard error
of prediction (SEP) of 0.93 % and bias of 0.065%.

IV Conclusions

The near infrared spectroscopy (NIRS) can be used to
predict the soluble solids of honey. The r of 0.81-0.90 is
appropriate for screening and some other “approximate”

BN The 11 Aan sl Panfananan nf Tha! Qacinb of Amain de.innl Sma - o amine

calibrations (Williams, 2007). Therefore, the described NIR
spectroscopy technique has potential to replace the existing
quality control standard methods which are mostly very
time consuming.
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chemical composition of commercial honey by near infrared Williams, P. (2007). Near-infrared Technology — Getting the best
spectroscopy. J. Agric. Food Chem 47, 2760-2765. out of light Edition 50. A short course in the practical
White, J.W., Honey, Jr, (1978). [n Advances in Food Research; implementation of near-infrared spectroscopy for the user. PDK
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Fig. 1(a) Average raw spectra of Honey Fig. 1(b) Average second derivative raw spectra of Honey
Table 1
Statistic values of honey component of calibration and prediction sets
Parameters Calibration set Prediction set
n range mean SD n range mean SD
honey 125 78.6-82.3 78.6 2.2 48 78.6-81.5 74 2
Table 2
Results of PLS regression of honey
Pretreatment PCs Calibration Prediction
r SEC Bias r SEP Bias
raw 3 0.97 0.52 -9.7665e-07 0.88 0.97 0.096
1* derivative with segment of 10 nm 2 0.97 0.54 -1.038e-0.6 0.87 0.99 0.1
1* derivative with segment of 20 nm 2 0.97 0.52 -0.155e-07 0.87 1.07 0.35
2™ derivative with segment of 10 nm 3 0.97 0.53 -1.038e-06 0.84 I.1 0.07
2% derivative with segment of 20 nm 4 0.97 0.51 -7.324e-07 0.89 0.93 0.065
MSC 2 0.97 0.53 -1.038¢-06 0.88 0.98 0.106
SNV 3 0.97 0.34 -9.766e-07 0.87 0.98 0.106
Mean Normalization 3 0.97 0.51 -1.282e-06 0.89 0.95 0.1
Maximum Normalization 3 0.97 0.52 -1.038e-06 0.88 0.96 0.098
Range Mean Normalization 3 0.97 0.51 -1.221e-06 0.89 0.96 0.1
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