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Abstract

Borax is classified as a chemical hazard in food. It can be used to improve shelf-life, appearance
and texture in meatballs but borax toxicity is clearly dangerous for both children and adults. Reflectance
near infrared (NIR) spectroscopy in the wavelength range 680-2500 nm was carriéd out as a non-
destructive technique in order to classify groups of meatball without borax and containing borax in various
_concentrations (50, 100, 300 ppm). The averaged spectra of meatballs were used as well as spectral
pretreatments were investigated in this study. Partial least squares discriminant analysis (PLSDA) was
performed to establish a model for classification using partial least squares regression in a calibration set
(N=648) using values of 0 for meatball without borax and 1 for meatball containing borax. The results
showed that a group of meatball containing borax had higher texture and related to concentration. The
model from the original spectra obtained the best accuracy (99.78%) for classification in a prediction set
(N=454). Therefore the reflectance NIR spectroscopy is possible to use for nondestructive classification of
meatball containing borax.

Keywords: meatball, borax, classification, quality, food safety
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- s T o 1 =) BG}/ = 1 [ 1 =

INYADIYARUDII NN UNIMUA Lazlina launsInpD 82 ¥09319Me (15141, 2529)
Tlunsain1d5uesilsynau Tusowdissasuaorlusiuiuning wie lasudaneiu
¥

Watense vznumsazauved luseuld luauewazdy szuuilszamaiunanignsuniuy

3/ 1
(central nervous system irritation) TUDIUINA imsnsvealatia AIYNNIAY (“]Jﬂtfl, 2529)



a d
2.1.4  oimailuiiyveavensnd
113l a.er. 1904 1@Ts199un1snaasalionaaiasus Inansauesauinnii 500

o roas

a a I~ W 1 =1 4 [
Haansuan iy Wuszezal 50 Juaziiomssowmde 1Koo111s SUAIUSLUUEDEBINT AL
w3 2 A < @ T 2 oy @ 5
UM AaiuANUrunIIMs lusewilusuanieasguniudaliminunnay lunaissy
= o & =
494 1950 o135 luseualimamulFiluasavusueimis luneunalan (15141, 2529)
Gosselin et ol (1984) Anwwaznaaodluay Taslyormaiasmesiviu 12 au
v < o o = @ o o
FSudszmuuensnd Wunai 30 - 70 71 lassuaanissuilsemuivaz 4 - 5 a5 uazan
PSmaunio 3 nFuAp iU AONIAAAUNAD 0.5 NTNADTU HATINNMITANE1TIYI B1E AT
1 g/ = 1 = d‘l 1 ci Yo ol
wmaiu eimseeuiwde ioowis uazlunynaasssinglwyh laSuveusndvionia
= = = 1 o ch o Y = = a ¥
uo3n lulSmage aenenwilunannug sshlinsesyny lnvanyanas Avetmsla

-

9 a w oAy Y @ v q 9 £ A

os AU maznasaen taga lususnguuIa 1,750 = 5,250 ppm luemisnliny
a olf F A& =t o Y o 1 1 EY) Bl o

AU 90 IUADIUDY ﬂxuﬁﬁﬂjﬂlﬁﬂmmgdﬂ ﬂ’]fﬂﬂul"ﬂﬂﬂﬁq LLﬁtﬂ"llWlJ’e)Lﬁﬂ“lﬁJM’lﬂ 1,000 — 2,000

a L o = o Y  ad 9/ ) =
ppm UIUAARDNU 60 IU ﬂzﬂwﬁﬂ'ﬂﬁﬁ!ﬂiﬂ (sperm) aANUDYAN mﬂmiﬂﬂamu"!ﬂmmiﬂn‘m
£ = ' ) 3 A e

qw‘ﬁuaxwymamaﬁﬂaaﬂﬁnnﬂ‘uumt‘iﬂ% Lluu’lﬁllﬂlﬂﬁﬂ‘lq{“lﬂlﬁﬂ”li Nﬁmmaﬂﬂaaﬁ 20%

1 a/ o T L g} =
‘if.liJﬂlJ“UﬂLﬁﬂ"l? 1.5% (1.1750 ppm) L‘T‘Junm 3 ﬁﬂﬂTﬁf wmmEmmuumﬂmmi;uuiaﬁamﬂ

s

' AN Yo 3 WA s =
uaznu My 1asueusnsmaniv i luseuazauegnay la tazaus

dal ot o
2.1.5 vmavesvansnamiuduase
Tl w.et 2536 NazNgmIsIIUgY 19 lde0n “UsznIANTZNI1@ITITUTY (509

mmuaiagiiulfluemis» adui 151 (w.a. 2536) 105Ul 4 QuAUS 2537 IN51AiBVDS

L3

A 1 1 o 3 : = a ad '
vousndiulnanowanuedi19n1e lunyydnounauagIeziinuralnAnwa guisa
o = o & X Vi v AR Yo
srautpeu lfeguuseszaumnn FuegnulSuannududuvesueus ngni g lasy

anumusalumsazaueuansng lueie1A199999319018 1A5 1 uazazaui

= o q ¥ = (Y = o a as = A
Usnansiela i ldmamsonay Taammwizluan vinsudsemunu 5 a5y luiidedns

o

o U T = - 1 o | 2 °
aunsorilimeld daudlugdrisoludSuanunna 15 a5y Tufi@eanvzawnsoila

o

e ldruny (2510301, 2542)



T d

2.1.6 MSTUDIEUBITNGDONDINTIINIE
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2.2 duvlsusagulng andninsalnil
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2.2.1 ﬂqyﬁﬁug1mjaasnﬂﬁﬂﬁuﬂﬁusﬂd1u‘lnﬁmﬂnimﬂnﬂ

1uln.f1. 1800 Sir William Herschel lafunungdsansadiumanth arudemlng
Butl5115 (infrared radiation) F1ifunasfidaogoinudsduns ingiindanuiiganin umis i
Musavea ualnasy (spectrum) 14 Taolunganuethanil Ruana1991n1d 9535 0a
AoA1U3 o ULKHS IR (radiant heat) tazmlansuniuiou (thermo metrical spectrum) (FJUTNT,
2555)

TuilA.f. 1949 NsTNITINEATVE N IMATN S FOWT AT (USDA) BUAUIHLIUS
waiaon1y Tag Karl Noris 1dRedodTanl sugeiineuiiuld (visible light) Tuninsiaael
(AUINT, 2555)

103l .41, 1980 18T s wannadiunses NIR dwlnTnsiitaes Tasaulnasuves NIR 3
FnyaizndaRe (broad band) FOUIAY (overlapping) 11AZANMITUA (low absorptivity) L1Ag
Tuiln.a. 1985 1n3paile NIRS Bufiniiieilszuaana (microprocessors) 11i18A11MF1 (memory)
firunsaldlse lonlldnarsesraamsafudoyaunansdu (calibration set) tazlddoya
1aTilszan3nnge nagamnsadmsiziea lataswaaodduas Tums 1o wu as
Y5115 80 (smoothing) M3 UHsLIEUTRS (curve-fitting) N15DADDY (regression) (FUINS,
2555)

aunserialud) aa 1990 1@Tnsthmaiam Tuam3nd (chemo  metric) H30n13

Auaaneada luFaail ihndszuiara tazsanmsdoyaanlnasy NIR hldimanis 1y

152 Tomivpa¥19AAUNIR (FUINT, 2555)



222 alninsalni (spectroscopy) (FHINT, 2545)
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adnInsalniliduisinisTauazinsigrsaquuman Iia (electromagnetic
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22215 Qﬁuﬁmﬁﬂulﬂ ﬁ”] (electromagnetic radiation)
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(refraction) N131A8VY (diffraction) NIDNTNIZIDY (scattering)
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2.2.2.2 andnaSuiiman Tnlvh (electromagnetic spectrum)
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glnd Twiana
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a o

N1 UNUT (2545)
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fuasnIedana Aen1sn Imanaaanauisaounsuseadulndun luinanenisduves
o 1 . =% | 1 = :%2’ d' A‘l 1 é
Wusza1e luTuana s2AUMIRANaUsITVaIaEITA19Y) ILNATUNANVEIIAAUAI FIDY

< o 4 o o a o a =
Usingeenuuiluanlaasy et lilvimsilszwianalumsiinsz iisaganimuazis

YTuna (fuINg, 2555)



10

ar9af 2.3 mslFlse Temianmslasunilasveandsau lusenauuuman Wi

Saasnvian lvlvh

U5z Tl

= o o
1ona13e (X-Ray)

dani1 1 Toma-1mia

(UV — Visible)

dunsuinulngd (NIR)

aunsuITAEIUNA1L (MIR)

"lnf[ﬂmvl (microwave)

= a o ng o

ANYINISUNTUTFUINADIUS AU (ground  state) 1) Faaraius
Y ; @ o a o

nIsau (excited state) 1u3$ﬂUWﬁﬂﬂjuﬂlﬂﬂﬂ‘iﬂu (electron

pa o o o 4 1
energy level) NUHMBIRUAIDUAMTIYL 1, 2 ¥5D 3 WBLARLEY

"
£

= a £y o = 1 o £ g
nAMsuNsugFyuaz lindsuoanuuiuamwizarduiu
AULARWIZVDUATZ 519 TIUANEINTULAZAN WD UUD
o A ! 4 B a Cé ¥ Y
Jiandantaogeenuiiuaz 1o lunsdiasiensignaluaiu

= = o
ﬂﬂ!ﬂ’]WLlﬁzﬂ‘ilJ"lfN'JLﬂ‘ﬂz‘l’?

o A w k1

=2 = aa A
AnbINsaAnausd oans1 1 Tetan3dda Tag Tuanaues

£y
£

A19818 Maganauudaine Mifaman/deun)asaaiuzves

o

a o s o 4 =
drinasoudIuanga 1 aagnnszduliinfouasnainooiia

Y
= £

5 és!J o J - o
Tasaorugiulddsaniuzgnnszdu nisganaudaliuny
a d = o w
Taseadeaianasauuved luanailud1asy
Tuanafidlszneuals X-H, X=C,N, 0,... annsanasuasnsul
@ o = o Y = & = o @
nusaai ln Tuanamanisdunas asuszauna1eIueIn
ool 2 .
aaugiu lddaniugnszduun iy aunsalyanlnasy
A 9 A = ad a a
nisgandusaaNIR il 1#ienisTins g iiFaqanimuazids

SIERTRLY

Anpnisduvos Twana 19lumsdnsginiani onimy
fandu Tasfinsannnmanudvesmiduvesnsdares il
ANUTUNIE

msfnsimanyuvesTuana Twanafaunsanyuldszdes
T lumudiageiens wu co, Hal e Tumnanyusziia

o

aww hifhnvid§asersawduduidluau lwivesaau

TuTasnld

N3: AUINT (2555)



11

o

2.2.4 sliwunTagiilfnsenaenasiulnadursusa

o 1

IA599 NIR spectroscopy 9¢¥1MItassuasmuuInaI0813 ua1az1fian1s

%’ada

0w o 1 o = =t [ o 1 ' o
nszihAums ludedildnaegluny duiussuiludodinsdanisnediodianauriings

'
a s =

Jade NIR 1o 11 1dailnasudilianuduius fulS uasfniinauls (quins, 2545)
Ak < L o A T o ' a @
22.4.1 transmission WumsiadSunauasnasarualeselunaniensanu
4 o = @ =
FuiuAIuNLEIANNIZNY Aan 1WA 2.1 (a)

g o { =
2.2.4.2 reflection 1Wum3itasinauminaziouasnunnUaInannIENULY

3

A s s 1 = d’. 9 d” W 1 1 d‘ IS o 1 3/ @ s!'
WHHIUDINIDU Llﬂ85’JJJQQLLﬁQﬂET&V]BH%'IﬂLuﬂﬂ’)ﬂﬁﬂﬂuﬁ?ﬂ‘ﬂiﬂﬂﬂ?ﬂ’mﬂﬂﬂ?ﬂ AINTNN
2.1 (b)

: <3| o T oo = =
2.2.4.3 tranflection l'ﬂUﬂ"Ii'Jﬂlr%Iﬂﬂlllﬁd%'lﬂliﬁﬁ\‘lﬂ"lluﬂllﬁﬂﬂﬁﬂﬂi3‘V1‘l_lﬁ\‘1°]_|u

T £
o

T £y

#0613 udaruiedias linsenudunrusoues1iin noe vsessgifion Negyudialdge

HA2EENBUNAVINEA detector 4NN 2.1 (c)
~ A =& = 1 o oA '
2.2.4.4 interaction 1% 1un5a! fiber optics probe HILFIAUAAINUWDINTUUA &1L
g ' ' ] N 1 v 2 Pu ) &
lndounsusa dearuandana0819 1HAUAIUUON VINUULEINALNOUDONLIVINIUD
Arve1atuazgna lldans Iuved detector NUSIVAIUNATIVDN fiber optics probe AINTNA

2.1(d)

i e S

B R ETEEAE ATt R
Raaflecenrice

(53 transoualtasee {b} refleciace

Inernctanog

Trannfloctaiee
{3 vransflectancs {c} interactanes

AN 2.1 ] 1J1U1N1579 (a) transmittance, (b) reflectance, (c) transflectance
1Az (d) interactance

N1 datilasnn Kawano (2007)
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2.2.5 Yo ldnfSauvesmslimaiin NIRS (1136, 2545)
d| oe 1 1o o ' ¥ an ~ W 1 '
2251 Wuitnaaeun liaedi061e saunIsnsas oua10619 ligeen
wazldaeealuilSunanies
| g am = P =] @ = A A Y
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= o
uanuilananegs

=~ Py 1 a o = o
2053 Lﬂulﬁﬂﬁ’]ﬁﬂiﬂi“ﬁﬂﬂlmuﬂ'li’Jlﬂi'iS‘HﬂNlﬂiJulﬂ Liﬁ$1u3585813
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v w

Y = v = q Y ~ =1 @ [l = a [
ﬁWiJ’]iﬂﬂﬂﬂuT]UﬂﬁNﬁﬂhlﬂ ‘E]ﬂVNENLllltl“]fﬁﬁlﬂllcluﬂﬁlﬂiUllﬂ’JE]U'I\”I udunnsae

A1: Kawano et al. (1992)
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2.2.54 1uﬂ'15’mﬁl.ﬂﬂﬂimmﬁ&ﬂiﬂfﬁhTiﬂHWIJ"I’J!.ﬂ‘i18’;1’”‘1#1‘01“1“8?1151'1\1"] rlﬂ
nanea lunanfenu
Tatal s3mples
Clbaflonst Validetion set
Anzlysis s2mpla
| 5 e -
- |
R 2nalysis Referenced method Referenced methad

1

|

Prediction difference

i 2.2 Tuaeulumsiinsizideya NIRS
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2.2.6 muﬂaum‘nmﬂ:ﬁﬁ’faga near infrared spectra
o ¥ o a % ] Aq Y o
Usznoulidre 2 Tuneunang A Tunsumsaiaaun1sh 1 luasiiuie
- : % ! ] S
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v
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a1 A A Y 2 o Y o w = v = 9
nadeuniuFedoudvuhauns hlshueguanyasideansanyininanlnasy NIR 7
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pENUNLIND (Kawano ef al., 1992)
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: . reel B
AIHANTENVAD AUMIINES 19U (Kawano, 2007)

(v T 1 = < o d
2.2¢7 ﬂ1‘31]5‘l]!lﬂ~3%63q~.||ﬂﬂﬂ‘l—lﬂTi‘Jlﬂ5131"i (BUYWUS, 2545)

2.2.7.1 MINIAUNGE (mean)
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o ] [ = ~
szitlumsaelunsulsear 1dlu@anSsuiey
o 9 o ' 2 J
2.2.73 MimIAiuA1nTsIU (standardization)

= o ) = g U o o A !

Wunsildamnesgiunduamanlaasunanuennauaiuns
9 T q: (Y] c:i Aﬂi s:; FI ) o o
areandoauuinasguvesdlnasuianueinau wai ladeszilianuulsdsiuves

1 3

= A A A oI5l L) S
aupasuinng anwenaauduiaumnu 1 ¥seenaminaluds lulueauus Iaunnu

a

3y
& =2 -

94 J:i.dld s
naviua Fanonlyluasanuvalenduls
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2.2.7.4 MIaAdyyIMIUNIY
Taonsesiiom Ui lddrvsunisTamdnasuueaseaddrulngd
surlsusa azgneonuuuliiinnuaaamaoud lumsiani log (1/R) wazAIANNEIAAY
5 2 = 1 = o -1 1 =
Fauensorunaninauy s eauiman liihvesginsel luvhieglndifewse
aungdus Newsodwarldana iy liGey
am = o o s Y A = A =
uenIMITNIRAAMmansudsliaTousnntionly Aensmaunaoun
(running mean smooth or n-point smooth), A131/3VFEVUVVLITAF InIAd (savitzky — golay
smooth)
i e _ :
2.2.7.5 MIRagAA0UN (running mean smooth or n - point smooth)
[~ { ~ @ P 2 "
Hhasnaeigalae ldudnnisnisunuie log (1/R) 1531@3"14114;1%3@@
o luuAayANEAAUS R IR AIYeIAT log (I/R) AT lUE VB IANEINAY
Eslss o 1 1 @t c.; 4:{ é o = ‘ﬂ' &
NUIAFUINAINVDITIIBYA TANUYANYAUNUN FID1UIUVDIPAAD 0 = 2m + 1 lagfim Ao
: £ 3 % LG & I b S
UIUYDIPANIAD IIUVRIIANINAN IBRALNADUN A Iog (I/R) vesmlnasull
yaATIYAN (narrow peak) AT LA NASUBEATITIUN A UAY
2.27.6 mslFuiSsuniuaniagn lnas (Savitzky = Golay smooth)

= ==Y = o o ° Y ar @ A £
nludsnteuldunngadmsumsi i dygiamdnnsuiG oy Faey
Ay = Y o Y o v
onldlunsain Joyaldyanasuniuming, Assmsmhlidyanaissunazdidosnsgsig
v Ay T ' @ Y A o3| o
yosemlnasuisuduld, magﬂiNmmmﬂﬂmummuuuﬂammamﬂummumﬂ
Tagnanmsisuduaiems dwmualitiuaudeyalusisniuenadu
H T 1 ¥
MounUITMImaenasuR (n=2m + 1) Mnruihdeuamilnasu log (1/R) unsaimua

A vy ¥ A ] < v o = o 1
least square lwaiﬂqﬂﬁnﬂ13ﬂﬂﬂ31ﬂﬂﬂluﬂﬂ LLﬁ$ﬁ'13JT§ﬂL‘]J'HSU'E]iiuﬁﬁ'ﬂllﬂusﬂﬂx‘lﬂimmﬂﬂﬂﬁ'n

1a
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ISR el S Lo R

LoG /R

= -

e ]

- & = : -

Ltk \ A
3 1 L 4 £

. ;
L;m 1498 188 2208 2808

: VAVELENCTH o

1

et i i

WA 2.3 HAVDIMIIRALAADUN LAY Savitzky-Golay smooth NiiAvsoavesmlnasy A

= 1 = o

A [ =1 o d.r & (9 4:} ' c; d‘i nﬂl
fio anlnasuSudu B Ao anlnasuhidyaiusuniu ¢ de anlnasuirumsmaonioun
D fio aulnasuirumsni IfiFeuds Savitzky-Golay

N Hruschka, (1987)

=Y . (v awy d
2.2.8 madamsaanansznudadeiiinaneminasi (euWus, 2555)

sy

2281 MslasmAI8ITOUNUS (derivative transformation)
1. DUWUBOUNY 1 (first derivative)

= a s ] Y = @ A

Aumsmanuiuvesalnafuamnsoseuntymnana sl
Ll q' 2 gi’ ::: 1 d‘l =} d‘l 3 o @/
MNNUTUAINAABAYIIANNENATY HID NS UAIvoIalansu AL Y o)
A a s 3 Ad o @ = =
ounananiwavesn nusuiiiuowlszaeuluingau tazautavesoyninfiniy

ety o B e q ¥ YLgy & o alaie Ymmy
UANANINYU HIN15917 first derivative 92 1dmsulan Nurweiy 1ldon 39y ldviuan 1935

e g ' = . 4 =Y 3) o Y 1 | o o
second derivative ¥1nN31 first derivative B39z HeN 1FNUA 089NN A uauaAULaz A1

NIZ91LAIVDIDYNIABEINNIN

first derivative = slope

first derivative = B — A 2.1

{ I~ 4 q o o i L) 1w 1a o
Tavh A uaz B illunundsanasuus usniuud (segments) NIF MR UL DIAANL
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v oo

2. 9UNY UA 2 (second derivative)

T

=1 o ~ ) o o LVt
Wunisrinmsulasunlasanusuvesanlnasy sealoasunla

]
o = 1

unaziizUnanan ldunanlaasuGudu sadumsmimsnldounlasvesnudu awise

v
= 1 =)

= A 9/ @ mn w o vy dy = o d
ugnypgeaiimaoutaunueodla tazmilnasufirunmsySunadieisil ezlivaseaniauilu
9 o £ 1 L7 3 :::1 T A:i a
I ludmudnauazd 11 AIUgAEAAIINANIZEgAIUATITINNLA N AgALaZ S W
1 H v
asenugageasudu lumsiuiamndsumlasnnuFuvesanaimivaunsonenyga

Y
o w

T | v o v A& oy P ) Ay ¥ o Ty
EJ’EJﬂ"U'ENfﬂﬂﬂﬂiﬂ]ﬂlﬁﬁﬂﬂcﬁﬂuﬂumﬂ\‘iﬁlﬂﬂﬂiuliuﬂu'{lﬂ ﬂﬂuu"u@ﬂgﬂﬂktﬂ‘\]’lﬂﬂ’ﬁ‘]J'illllﬁi'lﬂﬁﬂ

= qd.d.’m

A = | aey T
U 3&&ﬂmﬁ1ﬂuauummm& first derivative

second derivative = change in slope
= first derivative T — first derivative oA
= (B-4)—(C-B)

second derivative = 2B—A—-C (2.2)
= o3 U i o T @ v i1 e
Taeh A, Buaz Ciluamdsvousnwudnegaatuiazisusnmuanmn

3. MU DUAMINT LB WLUHAYA (multiplicative correction, MSC)

¥

=] = = =1 3 4 { =~ a
Flumatianadiamaas nas el UL N aaRaNIAAINNITATEID

L4 (scattered light) Apalnasu NIR 71 1a1nnsazioulng (diffuse reflectance) LLAZLLIY
e inan .
@BIHIY (transmittance) MSC. gnas1aduuuie liaunsaaaransznUULUHAAA (multiple
Iy & Ao q 9 o G 23 el A BT e "
effect) 1dAde n3emansznuimInmlnasunamuaiiauiuiunioaansldmitunasnyas
YBIANWEIINAY TENMTAeMIHyUalnasuvewanzaeg AT uanlnasumas A

7124 ugaadedledenTvmasyniaLanARfuABuINSUSUUAR I8 MSC LAz 7IWh 2.5

=2 o ' Ao v o o v
Ltﬁﬂﬁﬂﬂﬂ’.]'ﬂEJN‘I"IiJsllu"Iﬂﬂlgﬂ1ﬂTiﬁd“l‘ﬂﬂ'l'iﬂi‘uuﬂﬂﬁﬂ MSC

o= ithic (2.3)

w
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Tagh X, = f1log(1/R) UDIAI0819AAU W UDI6I081991 p A2INEIAAY
et o A& s
X, = AURag log (I/R) NUANUEIINAY w YDIRIDENNINLA

W= 1..p

a. 1Az b, = MANAIMTUAUNIIAIINOADDEVDIAIDY i

Coarse
: -/ ¢ medivm

Absorbance

Wavelength (rm}

. o v | r s ' o o 3
fﬂ‘ﬂ“ﬁ 2.4 mamaﬁﬁmumaummmﬂm\‘mu ﬂi’]ll“l/ﬂﬂ"liﬂﬁﬂlkﬂﬂ’!ﬂl MSC

o o

N DUWUT (2545)

-

Absorbance

Wavelength {nm)

d‘ o 1 PP () [ v
NN 2.5 ATDYWNNUVUIADUNIA naemmsusuLAae MSC

N DYWUT (2545)

ag [ o o .
2282  AsastsvanumlsdsuIdiiuinasgiuuazmsUSuuua 1w (standard
normal viriate, SNV (18 detrending)

U

@ 2 < i o T @
msdfuanulsdsuldidunasgiu (snv) duisfiin g dumsdSunua Ty
o udumilnasy (detrending) Taeldnsisuudde sNv udavemudlremasunduul Ty

o
o o

& Y o EY @ gd & a 3 A a a -
1’1"5'[’]ﬂ']iﬁﬂﬂ'l'lﬂiuﬂlﬂﬂﬂ”ll@ﬂﬁuﬁ!ﬂﬂﬂiu NaAmeYs VLI HaNNAINNT NI LR ALLAINTNYY

149342
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T o r 1 & [ 3 kY v A o 4
denaluuuraguaennisganaunad lagnannmsdiuuiszaaienuismsdsuuniuy
' an o & ' § . o A a o {
MSC aaudsmsiSunua Tdutiez19ae9103% SNV ievimsdsuudiiu@n Taoezdluisn
ci o Y = d‘i o 2 b [ % 1, 1
annnuulsdsrunmlminamamas udrluuuifaveudualnasy (bascline  shift) ua

Tasria lludrmsdSuuuuas SNV sgrafodtifisane

A —a
Af(smf) = p( i) (2.4)
Z(Az:.f ~a)
=1
O

L 4

Tagil A, D A1N15ganauNaINeInaY j (A1 WEAAULNIVNA p AWE1INTY) VBT

A70814 i Uag a, AD ALRABVDIAINITEANILITINAEAY AN AT UV 310814 |

o o 1
2.2.83 MsUsuilua1ns31U (normalization)
< = o ' o 4 o Ao
Taena laziilunisdsundnauaesmalnasmie i ldanlnasuii
o ar g1 & 3 = o @ | [ ~ 1y
gadAy liaudean uazilunismaannuinlsilsaudwieanondioaigg s ludeanis
& v = o 3 v @ ; v @ 1 a P
aon 1 Fuagldisiansadnyhianudh laanuduius sz el pasuiuaiing e
= A =3 w 9 =] 1 J o 3 [ o
maall vsesilumsaan nudugouvesyammIvzasinisihveyavesmlnasulilvi
(Tt 4
aumsiSouiey (calibration equation) 1Ad41883vU
[ | i
2.2.84 MIYTULAWIYT smoothing
=] 1 = A A e [ A 1 A
Wunsmaumaemasui NIMIENUAIANAULETILAAZAINEIINAY
P A ' = 1 A sy & ‘ A A
AUAURAIVDIAINITRAN AU WA NUEIAAUNTYAFUINAIVBINNNEIAAUNAT
[ a - 2‘; = A ! £ A Y o [ 2
Augangaunu nluiinisdouss llvilsnnuenaau udhinsmulagauasunaen
1 A 2 T A o 1 1 = kY
$39U09ANNBIAIY WauIaRvaalym luSesdyayiusuniunemmsganaundla

Tavaz laanlnasunlidnyazmilouanasuRumaziinnui sutaza gt uauen

IR
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2.2.9 mmaananiylumsnoisanmsaaaums
1 s = g o ) 1 dr
2291 MdulszANTanduUWUS (correlation  coefficient; R) An ALAAS
[ w & 1 ar = o = EY F2 - e W | ()
ANUFUNUTTEH19Al50a 52 (X) tazautlsau (Y) winkal R |w11na 1 saNaunny
1 9 ' " :
1 uana aumsnasvutiuaiusashu ldesuieaiviuiennaainonsnaveadauls
= (%) 1 @ tﬁld [ w oo
a5 (X) NUMUDIA1Llsa (V) NANUauWuUs iU

1= 1 ¥ . .
2292 ﬂiNﬂWﬁWﬂM1ﬁ§g1u1uﬂq3Jf'fiNmJﬂﬁ (standard error of calibration;

1A

b L . . . :

SEC) Aomnvondiaumsnas evuynivavsosi 1 lunisiuiede 1 1danse 1y wag
Tumsanmuraeanin ladaislianiess

2.2.98 ?i‘]ﬁﬂwmmJMiimcluﬂfjimﬂﬁallﬁnm'i (standard error of prediction;

A ° = Z 2 ° = i
SEP) ﬁ@ ﬂmmﬂﬁaﬂﬁmmmumi‘nﬁ%’wwuuuuTﬂmwﬂ‘smmmaamﬁ'ﬂi:ﬂauwmmm

z'a :‘J v 1

v A & 4 (. ! & AT & & oy
I‘lﬂ'ﬂWﬂl'ﬂﬁaq NIR GN%?J'F]?HJJLHJHEHQQﬂEBWIHH ﬂ'ﬂQf}ﬂ'] SEP uu],ﬂ%']ﬂﬂ-liﬂ']ujm PN

1 T d' 9/ g A:slId T o
Uy LLﬁﬂQ’J'llelﬂ'l‘i‘ﬂﬂ‘i'N"’\JH‘I-IZJFI'J'}JJHMHH'@'Q

as 9 1

2.2.9.4 AUnAY (mean) A9 N131AMVDIHANITEHIIAN 110D 19BN VAN

1A21a NIR (average of difference between actual value and NIR value; bias) A0 AUNDBUDINT

o o

Wnedeyanalsaiy (V) imeuivaundsdeyavesiiulsoass (X) dulinnuuanaianiu
A T .-_!3 o =L
50 1 @evanmsAuaamasinidon
2295 89dUVIANTOUVUNINITIUVRINGN (validation set ADAT SEP
(ratio of standard deviation of reference data in validation set to SEP; RPD) A0 Aveadadiu

1
=

' e ° P R iy ¥ a o
331’7'J'N‘ﬂ']f"lﬂwa']ﬂll'lﬂ3@11!1’11’]11118"1@]"1]“"] NIR ﬂ‘lJﬂ']Nﬂ"Wﬂ'lﬂlﬂﬂij'Iu'ﬁ‘lﬂil'lﬂﬂ'ﬁ'{!!,‘ﬂi'lzﬂ

e Sy Y o o =
239 FINT RPD nNan 1ﬂﬂ1ﬂﬂ15ﬂ'luDﬂ!ﬂ?‘iﬂzﬂﬂﬁhﬂ'@ﬁﬂ

2.2.10 3FMIATNANNS calibration (FHINT, 2545)
2.2.10.1 wavelength selection
2 A 2 = a e A,
Wunsiaenniuenaawmnizaailudlssasz Idaquwusnuaiaals
CRETAIRT] Tﬂﬂﬁ]ﬂﬁﬁmimﬁ]‘lﬂ‘lTﬂiJuﬁV]”lﬂﬁaﬁ o Simple linear regression (SLR) L@i¥ multiple

linear regression (MLR)



20

2.2.10.2 full spectrum method

=3 A v A A ¥

L‘]Juﬂ’]ﬁlﬁ@ﬂ%’lﬂﬂ’ﬂuﬂ’nﬂﬂumlﬂ3J’l$ﬁllﬂ']ﬂﬂ’nuElTJﬂaHVIQ‘HiJﬂclH
ainasu (full spectrum) mﬁ%’wﬁmnTﬂEjﬁwﬂﬁﬂﬂﬁwmuﬁmﬂiﬁﬁiz (X) wazadannls
ﬂau“lﬁmum ABNNADAN Hual‘lsfmlﬂuﬂ principle component regression (PCR) LL@¢ partial least

square regression (PLSR)

2.2.11 3Msnaaeuauns (Validation test) (AUTWS, 2545)

& v : ; ¥ ) o TR i o

110 1AaUN1T calibration WA %A011AUNTN AN UNINIUADLIND IR

szansmmvosaumsnansolsanuldass eunsoihunldlunisdszdiva ldusuudunn
W 7 £
Youiioala ¥938 046

nddyd o @
22111 full cross validation 3pHdlumsvinisnadeuludnuuznaaoy

nelu (internal validation) @d%:ﬁwﬂ@ﬁ'l RMSECV (root mean square error of cross validation)

]
1=y

] & | ' | Y a ) ; : @
Tun13IAAIRNUANATITE Y197 1arnn1silsediu Taenis 1981015 calibration AUAIN

= o\ 3/ = 1 o 1 = = =
31n5129 18 (measured value or true value) H1UAANANAUIDY LAAITIANAT calibration

cl;v%,;d. : o

=L R I~ 1A ar 9/ Iy A £ = o
Fuudlszansnimaluaineousula ¥31uns 1935 Full cross calibration Heul¥AUAFAS

SinTz11ne3% PLSR ins liflen 197053 3519410038 MLR tilee01nT3 MLR 11334
1¥@r08191109 nwswxwaﬁ“lﬁaaﬂmmimx"higﬂﬁ'm

2.2.11.2 Managouralsziliu (prediction testing)%ﬁtﬂumimﬁaﬂﬂﬂmi
1hnguiog1ayalng (extemnal validation) uTlszifiugninmunis calibration 114 Tnedaoens
ﬁgﬂiﬂﬁ&uﬁmﬁmmzﬁﬁmﬁmsm‘%ﬂm‘”’mémmzﬁm’:‘i’ﬂmﬂﬂmﬁ”ﬂuﬁmazmiwmam
wmitoudu s hlfimsndeunlasdoynvesdinasuszdounilousungy calibration set T

il T

3 A @ [l ] g 2 =1 -y = 9 1 1 1
10n1535¢3970 droeelungulniiiazdeslinaindeanisdsziliudesogluritvoinguy
p y: o gc:l:sd A o w T 1 ] = d A J
calibration set M3naaavludnyuziiITNsAe 1havdnguInunimsizimandoins
wu m 115U Tae 1935 31R 312 DY reference  methods  Unuswoyaya x  uavilida
1 9 ) 1 T A«l‘
anlnasudlenses NIRS vinmiuthan 18 ldununluauns calibration unuidedoyaya y
1hwait I8 niaaesitninsannReudioulaolameasan 19 iafon SEP (standard error
of prediction) 130A1 RMSEP (root mean square error of prediction) LAY bias FINMNNADA

o
Ma1lzuendlseANTAINUDIANMT calibration  9IRANISNNINBLTINARIRUTZADUMA
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N191909 uazlamaaaang uaasnaunisnlylunisviuielsuiw

= %’J b : o o L7 L} 1 1
psntsznoumaniiiusensyla nazawnsoi ldldhue ludiedae li ldedragndoa

Value of R Value of R® Interpretation
Upto+0.5 0.5 Up to 0.25 Notusable in NIRS calibration
+0.51 to 0.7 0.26t0 0.49  Poor correlation, research the reasons
=0.71 t0 0.8 0.50—0.64  Rough screening
=0.81 t0 0.9 0.66t0 0.81  Screening and approximate calibration
+0.91 to 0.95 0.83 t0 0.90  Usable with caution for most applications,
including research
+0.96 to 0.98 0.92 t0 0.96  Usable in most applications, including quality
assurance
+0.99 > 0.98> Usable in any application

N3 Williams (2007)

= T

2.2.12 Taduninanensliinatia NIRS

v
L o

Y98N UHAR DN 1T NI UVDUNALA NIR

r
=

Meanuiets dazdadsnifoantslginveusinii Laainsn1sien 2.5

:i s z:s‘.::! T £ =
15199 2.5 Lanataveninanons 1¥mailn NIRS

A o A as A = o
Ao Ja9aneInuLAs0lo Tade

v dr o dri = o d’ VRV ) A
ﬂi]i]ﬁi!ﬂ[l')ﬂ‘l.llﬂiﬂx‘lllﬂ ‘ﬁ‘i)'i]?.llﬂtl'!ﬂUﬂ?ﬂEl'N

v £74 d‘.
1A1HUIN

tadefenumsifiaves

' A s =
1RITIUANNENINAU p3AdsznoUMIAAL

sEAUANUEULAY ANUHULUY MIATUAIDE1

= 4 [ =Y o '
m‘iﬂ'mﬂllqmﬂﬂ“mmdm?aaﬁa ANHUENINYNTNUDI MINUINEINIDYN

A79814

. 1 { o = Ad‘.l:!. T o/
hilanSeuaiunldtlaginsal  Tesuasuninanodnumy

o 1

flagoes N19AIYATN A9814

MIASAUNTUARILTFY

nsussyaegaluginselld
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j QJ Q. = r T
ANUFUFUING gauniiveifnd1e
1 = A = 1 = 3
a1 hinsRveunsosiions GEET N
A
150410
o 1w o o o o
nmstSunasdyanamns wlnwasdmSunisualsiu
= 4
AflAMAAS

SR =
N: aaulaaninngal uaz AuINS (2555)

= s 4:5 A 9/
2.3 NNV
b4 oq 9 %
Bechmann and Jorgensen (1998) ulﬂﬂiﬁglﬂﬁcl“]f NIR diffuse reflectance aunuilainoa
" & o [ ' S ¥ 1 a @ =
UBHYIDTUIU 115 18U 1’194']uﬂ"liﬁﬁ:‘l']ﬂll'lll‘ﬁ&IﬂUﬁILﬂHNTUW'ﬁﬁ‘HQ‘UEN‘II@"I cl“]?!,‘ﬂﬂuﬂ
principal component analysis (PCA) lunisapsiuiugandsaulnasuaaaunie 459 dauls
Y o ¥ o T s ~ = SN Y / i
wanh lWadeeuasiinsniesdlsenoumanil 4 maimes 180 water holding capacity,
Total volatile basic nitrogen, Formaldehyde 8¢ Di-methylamine wuiwaumiﬁ"lﬁﬁm“mgﬂﬁ'm

Weuminums lsenlnasumsganaunasiuy liaaswauaans Taswuf5inaniluh

-1

& ' ' ) o ¢ A
iolmdmannaiugnies lumsiiuisesidsneumaniious
Nilsen and Esaiassen (2005) 19 VIS- NIR spectrometer 14m131anuduwussznang

1 ' & : & g 1
Aganaulaaz A aan NYAAveiela1 Felagia lludrezldanauea (freshness)

3 kY = o w i1 = mg ,
veuolaaglsnisysaiugumumalsgamdunaldnzuuunuas Son5171 quality

'
= [ |

: A ~ ' ' o 2 s
index method (QIM) lagAzuuuN 1AGEAI1 QIM score 8813 13T UANTIUAUAITTMS

o ¥ oo blﬁ]?].:'ycid

3/ 1
Ysziiiuguaimmalszmndudmiuiini 19910ge vazdnnadido 19 atianuderna
" An v Y ga A o 1 9 @ 1
W1z uazai Iduuniinundsdsauidesninnatedauils 1y dnaaey daed1e
3/ a e v A EY 9 = 1 = EL o U
AnMLIARDY NUITERT UL lauaasliviuiunatia NIR amuisaldlumsiinesi QM
score Ulﬁf

4
Lu et al, (2009) ¥11M13ATIMIMNTNAINUUTNT luunre Taams 14 NIRS taz 1y

NANMINUTIUVOA least squares-support vector machine (LS-SVM) tiaz 14 PLS-DA %381ums

o T

dautiengu (PC) aonillu 2 nau Tasazuuudoyalu 2 nquusngminnldluldlu Ls- svm

P 1
@ o)

AR UABUNY PLS - DA 9252 ansnnmIniauuee LS - SVM dudnaa i

¥ [
ANUUNUGFIDI 100 % NI lunqunado (training set) HaznguURUATHF U (testing set) F
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1
~ o !

4
lumsasaoumaswandunsgns luuun ansan ldludSunafdinii 1 ppm agild
T 1 o a g o = < LIS
T NIRS 590AUMIAATIEN LS- SVM udsmsnsiasnazududiamnsaldnisasionuy
Een
AT N luuum
o == ° g 3 = Y

Kapper et al,, (2012) msfinysineganinveaiionyalsma lulad NIRS Tuiioq

uall Taelida0e193 Tnsanyianua 131 @708 Tagiinsadeaunisiinesn % s
= Sof o 1 j 1 1 1 l:i o o dl o

guidetiludaeeiuilony, Ma (L*, a*, b*), wazaminsa-a1ngs dmsuaumshlémsiuieg

= = A = Aa 3 1 2 > R G
Huaaaned Insanyliqaniwihaiula A1 R” > 0.70 uazAN residual prediction deviation (RPD)

U
£
°

¥
o o o a 1 Y 1 2
> 1.9 sy % magydetihludredraiiony aun1sn Ia IA1 R’ =0.73 uaz RPD = 1.9 uag

.

1 %}’ =1 2 1
UNITIANFUNT calibration set 76% IINAIDYWNNIHUA %Qﬂ?ﬁ L* (R 0.75 llag RPD 2.0) ﬂ']%

a* (R”0.51 taz RPD.1.4) M@ b* (R 0.55 uaz RPD 1.5) uazA1nsa-A19nga (R 0.36 1az RPD

¥
= o

1.3) i ldanansai vaglaymsiune 1 % msgadeludlediaiiony uaz A1
L aunsaldlunsinneganinglns iy ld

o o g st e .
Balage er al. (2015) mmimuwﬂmmwmwgiﬂamﬂ%’ Visible Il@1% near infrared

"
= 1

] q 99 a T ¥ = @ 6 .-_31‘
reflectance spectroscopy (Vis/NIRS) lalumsviuieg ansa - arsiigs, ad, luiulundwiile

@ "

o g o 1 .-_ﬂ’ s 1 :: g

uaznIIRATINHBNYAI9818 taz a3 1ansAauen it usalena Lo A UA L BNEIN
g o g gt T = e T g‘a @ 1

Twiio Tagaalaasunloaglugia 400 — 1495 nm lasisioenananua 134 @013 Ty 1

o v oAy 9/ 1 s o o @ 1 & v o 1 = 3
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anuuyug lumsiinsmun msdiuuasdeyamilnasudmaiinniendiasans g
1 A 2 w ' o Y an . w T [
WU IBAITUDY original, N15USULAImlnasUA287F smoothing tazmsdSuuasalnasy

k1 ey st ¥ 3 q v d 2 o 1 o o U 4:1 9t 9y %’; =
A073 17 derivative THANassudnuiud Tumshenguldlumsadeaumsiui

]
=

AMULLUETFINGA (100.00%)

L %
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g < ; ilse ° £ iq 1 o e
M1 45 uaaaleSirudannumind lumsiinegaFunyildmsveusnd 41e35ms

YSuuasmsmatina1anndiamaniaie (30°C)

pork meatball pork meatball
spectral factor % total
without borax containing borax
pretreatment accuracy
correct incorrect correct incorrect
original 5 54 0 162 0 100.00%
smoothing 5 54 0 162 0 100.00%
1"derivative 5 54 0 162 0 100.00%
2"derivative 3 52 2 162 0 99.07%
MSC 6 51 3 156 6 98.61%

P b W d 2 2 Haq v s Yy
M990 4.6 uaaaleddgudanuiud Tumsiuneansunydlamsueusad (anududu

50 ppm, 100 ppm L@ 300 ppm) YOINGUATF IUATTATIAUATIUASNATDUAUMIAILIT PLS-

DA (30°C)
number of samples
sample factor calibration set prediction set

without borax 5 54 38
correct 54 38
incorrect 0 0

100.00% 100.00%
containing borax 5 162 114
correct 162 114
incorrect 0 0

100.00% 100.00%

% total accuracy 100.00% 100.00%
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1 A @ 19 o 9 = = o 1 Y =
watsnaenmsdTuuasioyacilnasudramalianienalnmaninieg 428350150
original 1312 Tk U pretreatment HazihuhinsmageuaNuiutesaums Tavldngu
Al " ) Y1 S o 1w
NAADUAUMT (prediction set) WUNNGUAlFNAToUTUMS TR UBIIFUA 100.00% 1HUNY

aanaaaluaisan 4.6

1.50

1.00

) ey v

Predicted Value

0.00

-0.50
Actual Value

NN 4.4 UTAINITUINNGUVIINGUGNTUNYATAAITVOUTNY (AW U 50 ppm, 100

ppm 1182 300 ppm) Laznqugnaunyi luldasiusnsad (30°C)

T
=

INNTNN 4.4 ABNITUTAINITHENAGUNFUny A ldesuausnduas luldarsue

U

& ~ :

o 1 o, 9y o Y =) 1 1 1 o 2
3N Iunqu prediction set Taglaiin1simualid o Aongugaduny luldasueusnd &

L)

It Y "

2 H 1 ' 1
winanuasa lumsihunegnaunyd lilaasveusnd Tinasinitesdn 0.5 uaaan
o 9 £ 19 @) 1 1 o 1 3 L] 1 q.y 4:1 1
e lagndes uad1dunna1 05 uaasiwinngligndes daunguansunyildmsue

¢ o Y 2 o 1 A ' 1iksd’o o
usnd Mvualiity 1 maanuamsalumsinnenguiliniuinnai 0.5 naasn iunela

¥ 13 o 3 " 1o 1 .y
anavd uan e ladosnat 0.5 uaasiiing ligndoa

' & & = a o 3 ¥ ; .
ﬂﬂu’nﬂ'lﬂ'ﬁWﬂaﬂﬂ1ugﬂ“ﬁuﬁ¥ﬂuﬁ}mﬂﬂun 40 C ¥MMINITAINAUNT (calibration set)

Taorhmsdsuuasdromaiianadiamansaieg  wunmsdSouasannasudie3s

EY

. o 1 s s st . z 9 J o 4 T
smoothing tazMIUsvLAImInaTuA1875 1 derivative Iandasiuannuaiugrlums

Y

o i { - 5 T = IR ) 1 e
Wenguildlunsafeaums 1adnga (97.22%) Felamlesidudnuindu uaaumsng
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£
v v v

msUSuuaelaasu@ie3s 1 derivative 119119 factor N0INT AINUIUADNAUNITINS
Al nasuA283% 1” derivative Tumsuionguin 1 lunsadiasunis (F=7, total accuracy

=97.22%)

o Vs A Aaa - % o ' N

AT aUMINANGANIINAIT NN 47 FeRnsannaulesidua

anuudug lunismiesyimnadeuanuutudivesaunis Tasn1sl¥nqunaaoy
s 1 Ay 3/ Y o o o 1 b = o

TUMT (prediction set) WUNMNANNlInacouaums ldauloiiFudnnuuiud Famsmue

Ed 9 ¥ ! - 4
AN lsdeyagniunyitnue 152 #0619 Saudaalumsien 4.8

= e L 0 PR o o2 g 2 Y am
A1314N 4.7 Elﬂﬂﬁlﬂ@il“ﬂuﬂﬂ]'}ﬂllﬂuEncluI:niﬂ’]u?ﬂ@ﬂmuﬂnmc[ﬁﬁ'ﬁﬂauﬁﬂ“])' AIYITNIT

C1}

YSuuaamiumainaamepniasmaninieg (40°C)

pork meatball pork meatball
spectral factor % total
without borax containing borax
pretreatment accuracy
correct incorrect correct incorrect
original 8 48 6 161 1 96.76%
smoothing 8 49 5 161 1 97.22%
1"derivative 7 49 5 161 1 97.22%
2"derivative 4 34 20 157 5 88.42%
MSC 4 32 9 155 7 86.57%

H 1 1 _ & 1 Sty o 7
NN 4.5 UN15LINNGY calibration set UANGW prediction set Taslinsinuala 0

=

1 £ § ] 1 & & [ 2 { T 1
Aenquansunyi lulamsveusnd Famnanuansalumsiuneansunyi lilamsue

U

o v '

@ = o to y oy SR ' 1o '
LINY UINUNNUDYI 0.5 Llﬁﬂ\i”)']‘lmu'lﬂ]lﬂgﬂﬂﬂd J,Wlﬂ'lllﬂll'lﬂﬂ’l"l 0.5 uﬁm’nmuw'lu

T U .:%’ 1 o o =~ o ]
nApa aaungugnyunyldmsvensnd dmualiidu 1 maanuansalumsiunengu

q
Ao ! ' o kY ¥ 19 o Y 1 L) l.l i £
HUATUINNIT 0.5 Llﬁﬂﬁﬂ‘l‘ﬂuﬁlqﬂgﬂﬂﬂﬂ mmmma“lﬂu@aﬂ'n 0.5 HaAIMIUIY ugnaey
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= TR ' ur & 2 g < CV )
135140 4.8 Llﬂﬂﬁlﬂ'ﬂik%uﬂﬂ'.!”lmllluﬂ'ﬂuﬂ13W1u1ElQﬂ‘])’uﬁﬂall‘l/lslﬂﬁ't‘iﬂmliﬂ“]f (MNULVUUM

50 ppm, 100 ppm KAz 300 ppm) YoInguRlFlumsadnaumsuaznagoUaunIA1835 PLS-

DA (40°C)
number of samples
sample calibration set prediction set
without borax 54 38
correct 49 38
incorrect o) 0
90.74% 100.00%
containing borax 162 114
correct 161 114
incorrect 1 0
99.38% 100.00%
% total accuracy 97.22% 100.00%
150 -
160, ]
& .
=,
=
>
E 0.50 |
(5} b d
5 0
o ,
a
0.00
050 |
Actual Value

MW 4.5 udaImsuennquyesngugnyunyhlamsveusnduaznqugndunyh lildms

o o
UDILITNY (40 C)



a0

3 £
= 1 o =

3 H H 4
nndummsnuggnyunynlgunaiaienu Tasihgnyuryiigangil 20°C N

U

£
=

MIUsuuAIenynaTuITNITULY original - whwIenqugnFuNyATguval 40°C  Tums

G q

E ¥ 1 H
naiRaonms 9o yagniunyiavua 152 @913 Fauaasluaisi 4.9

q 9

Y < ' o ° £ iq 1 '
M 49 uaaalefisudanuuiudlunsinnegnsunyildasususnduosnguinls

Tumsafeaumsiaznaaouaumsale3s PLS-DA (20°C ¥i1118 40°C)

number of samples

sample factor calibration set prediction set
without borax 5 54 38
correct 44 30
incorrect 10 8
81.48% 78.94%
containing borax 5 ' 162 114
correct 150 106
incorrect 12 8
92.59% 92.98%
% total accuracy 89.81.% 89.47%

d' 1 Qy 1
MNNNN 4.6 utraImstenngugnaunyldmsuousnd (50 ppm, 100 ppm LAY 300

1 1 | 1 U 3 , ' R =
ppm) LlﬁzquiﬂHWSﬂﬂLLiﬂG}fllﬂﬁl!‘uﬁﬂqn calibration set LAZA[N prediction set Taelinis

¥
=

o 1 2 ~ q ot o & o '
Amualit 0 Aengugnunyd luladmsveusnd Famnarwawisalumsyiusansunyi

U

1q 1 7 = s g 1o [N N ) ! '
Tuldensuousnd finusindosdn 0.5 naasinhuielagndos uadldunndn 05 waneh
o 1 o 1 1 2 T < o Yo
e lugndes daunqugniunyldarsueusnd svualiiilu 1 miannuaunsalunis

. v Ao Ve vy 1Y o gy ' '
ﬂ‘lHTEJﬂE;JJulJﬂm"Iﬂﬂ’J’I 0.5 Llﬁﬂﬁjmiquﬂgﬂﬂﬂﬂ llﬁﬂ1ﬂ1u‘lﬂqﬂuﬂﬂﬂ'ﬂ 0.5 UAAIN

° ' Y
mueligndos
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i b
a4

Predicted Value

Actual Value

4 ¥

il 4.6 naaamsiunglagimua ldgnsunlaungll 20°C imnegadunligungi 40

o

@

=g 3

y oa ' q o | —sq o 1
M3191 4.10 uaaalesiguanauniudilumsinegadunyilamsuousndveanguin 1y

TumsadeaumsiasnaadUaUNTa2895 PLS-DA (20°C ¥11118 30°C)

number of samples

sample factor calibration set prediction set
without borax ) 54 38
correct 44 30
incorrect 10 8
81.48% 78.94%
containing borax 5 162 114
correct 154 106
incorrect 8 4
95.06% 96.49%

% total accuracy ' 91.66% 92.10%




az

MInAaeInAAeiIgnFuMyguugl 20°C  Ansisuuasalansuismsuuy

£
original  UWUWAFUNTUNYRUNYN 30°C  MIAMTINMIEAAIINMS IFToyagnFuny

a

.2

=

Wavua 152 dree Fauaaalunisdd 4.10 LATNINT 4.6 HAAIMIUENNGNANFUNY ldas

VLT AF (AWTUTU 50 ppm, 100 ppm tag 300 ppm) taz lildasueusnd

1.000 &

0.500

Predicted Value

.00

-6.500

Actual Value

v )

=

M 4.7 uapsnisiinnelasimualdgniunlisagl 20°C vhuegnsuiitigaumgil 30°C

E7

INMINARRUNDIIAUNT calibration VYOIGNFUNNGUMAN 20 IR UHATFE U

o

MUY (prediction) AUGATUNNYMNAN 30 DIRUYAFAE 1Az 40 DIAUFATHT ATUAIAD

= [

s - c
WU N1sMgngarulgungivazIninian uuuﬁHammunum‘nﬁﬂmmaamﬁn
17

v [t ) d
waesu 'l mﬁmmmﬁmmmn gavgiiinam ldnuauianienmeningnreignyu

H (] 1 I~
nasula) iy anudangu ludu
. o 4 (e 5 D SR
Fanmananeuleimulasugungignruvaz faanudanguiu lugniuila

U

A5UBUTNF IUUAAZAIMATUTY HAAIAIANT19T 11 (a), (b) 1A (c) AD 50 ppm 100 ppm LAz,

300 ppm MUMAL
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MM 4.11 (a) uaasAIANNIAMguYEInIU YA lda1suonsAFITuTU 50 ppm

qmwgﬁqﬂ%’umm:i’ﬂ AMGIga (g/em) AR (gem) AURAY (g/em)
20°C 4.9 33 4.1
30°C 4.7 2.5 3.2
40°C 3.4 2.3 29

v 1
= =

A13197 4.11 (b) LAAINIANNIANGUVDIGNFUN YN lda 15 VOUTAFITUTU 100 ppm

G

Egﬂeﬁgﬁ@ﬁusuﬂ;ﬁﬂ ATIgA (gfom) AR (glem) Aunde (gem)
20°C 4.5 3.6 4.1
30°C 3 2.7 3.2
40°C 2.8 24 2.5

MINN 411 (o) uaRIMINNUBANgUYDIgnFUMYR ldd1s UoLS AFA LAY 300 ppm

)

QUNUGNIUVYLIA A9 (g/cm) AMqa (g/em) An Ao (gem)
20°C 6.1 4.8 55
30°C 4.7 3.7 4.1
40°C 3.8 3.0 34

i1 "
= =

101190 411 W11 gangildn (20°C) Brarir Irgnrunyldmsveusndgiinau

WU

1
=1

g '
HAAIUINAMQUUYUNGA (30 °C Az 40 <€) G]NElﬂ"]fu‘l'flmc!ﬁﬂ'liﬂmliﬂ‘h’ﬂﬂ'J']iJl"lm‘Uu

= [

300 ppm QU 20 IR U DITHA 1%’mﬂumsﬂﬂmﬂﬁqﬂﬂa 6.1 g/em lunianaunu

by Ed

= CYR 1 0 g = 4 o & i a 2
YSnamsveusnd vuiinariedrivgasunylinnuudsivulusas ilgungligeau

3 ¥
ilosninidlogungin/deunagll gung giruazinarh liguauianianienmuegniu

18

waouy gy arwdangu arwgusini dudu

[ a R dJ qu
4.2 mseaumslumsaauenndagniunyinlildmsveusndeanvinndagniiu

Y o J
nyhlaasvensnd muszauANTNTUveIT VBN

£ 1 ﬁ,’ Ll
msadeauns lunsaanenngugniuny luldamsusnsndeanannquaniunyld

o ! o 3 1
MsvausnT MinmsuteszauanutuTuvssmsuensndeonilu 3 ngu fie a1suBLIAG 50



aa

ppm, A1TUBLINF 100 ppm LALAITUBUTAS 300 ppm T1UIU FEAUANUTNTUAY 54 FI0814

(1AzQUNYNVBINFUYUZIAND 20 DIAITATYT 30 DarsaIFodiay 40 odruwaFod

q ot

¥ . H 1 L] U qa}
UM insziuenngugnunyh lildasveusndoansinnguanunyild

MFVOUTAT NIZAVANUATUTY 50 ppm, 100 ppm 1Az 300 ppm lasns Iaunmsainns

v ! ' o

o T W s [ =3 1 1 é’.’
YSuuasdoyanisdsauduu e 21na13190 4.12 szmiuiinquanyuny ldasuousndin
=~ 15 e b o o 4
AU NAY 300 ppm Ao Hanuuiudielumsihuie 100.00 WefiFud 1dafaa sesaan
= ' £ 1 o 9y Y )
Wunqugnsunylamsvousndianududu 100 ppm WAz 50 ppm MNAIAD LAY
o Iq ~ =~ " )
anuansa lumssaueaLaatia la lunnh 4.5 () (b) uaz (c) WuawiaanNnuuug

1 & ) U 1 £ J & el
muenngqugnrunylilamsvousngeonvinngugniunylamsvousadgnanududu

7199

~ - PO v d ' 2 At P
M3 4.12 uaastlesgudarmmiudlunsuenngugniunyi ildarsveusndoonain

nquanFuUHY lamsvausnda s s AU I NI LA

sample set number of pork meatball pork meatball %ototal
samples without borax containing borax accuracy
correct  incorrect correct  incorrect
control 324 162 0 162 0 100.00%
50 ppm 324 133 9 161 1 96.91%
100 ppm 324 161 1 162 0 99.69%
300 ppm 324 162 0 162 0 100.00%

VNNNT 4.8 (a), (b) 11AZ (c) UHUIAINN 45 (o) munsavinneldgndesianua

= : N & {q 1 = Y o 1
100 lasius) Fenqugniunyildasvensndnszdunnududy 300 ppm viueldandn

2 Aﬂ'-' lﬂ' o/ o o
NgUENBUHYN Ida 50U NFNTLAVANUTUTY 100 ppm 1AL 50 ppm Awa1AL Tae

U

o E =) ' 2 ~ q 1 Jd I o " 2 ~ 1
mmuali 0 Aenqugnyui hildasvensnd dranuansalumsiuienguansunyill

Taesuousnd Sanuemuisamsineldinaaitosndn 0.5 uaasinhiuneldgndes uad
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1 1 1 o L} T 1 Qs’ ﬂ' 1
e laannd 0.5 uaasiwhuie ligndes dau 1 Aenqugniuviyildensveusnd lag

a

E
=

o 4 1 o 1 T ' o
fanumunsalumsiuegnunyildmsveusnd ldaunnii 0.5 uaaaivinne 1@

gnaes uad e ldieenii 0.5 uaasinihnnegligndos

1.5000

1.00CC

0.5000

Predicted Value

0.0000

0.5000
Actual Value

(a)

1.5C00

1.0000

: L
0.5000
|
L

-0.5000

o

Predicted Value

Actual Value

(b)
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1.5000
1.00C0
o
=
£ »
D 05000 »
:E i
=
qj.
j -
(0l
00000 !
.
05000 °
Actual Value
(0)

Fd H k4
=

M 4.8 idasanuiudilunmsuennaugniunyi luldasususndeannnnguaniuny
Hq 1 o ) A 2 g 7 Y 9
nlamsvensngniuszauaItudna e @) gnsunyhldmsueusngnaududu 5o
AU ot v S 0} /d
ppm (b) gnFunynlaaIsvouTAENANMAILIY 100 ppm taz(c) gnrunynlamsvousnah

ANUUY 300 ppm

4.3 M3a313aUMIMUIBAIANHEARG UV IGNTURY

o [ [} Ag" = < 1
Mg i aums lunsiinemawiantiuvegniuuly Suanasiiudoyaniniy

[} Qy ) @ T o = 1 ny =4 [
HANGUVBINTUNY 11U 486 Ar8810 11NN TautisgnTunyeanilu 2 nquie

1
1 o ~

nquilddmTuadiaeaunis (calibration set) 91U 486 @196 Laznquil¥dmSunaney
auns (prediction set) I 162 §106719 AATIzHAINITganauLaIdIulnddususa
Tusanueaan 680 - 2500 wiluwas udr s izinIAINNEANGUVBIgNTUNY
£y E
wasnniuadnaunslumsineaanuianguueagniuny Tasmulaninnuduwus
T @ Y] 1 & ] :3’ Yo o d Y = 2
serINalnaTu NIRS Aumnnudanguvesgniuny Iaoliisinsizialemaiia partial

least square regression (PLSR) tazilfSeufiouuuy cross-validation #28T151A5131A512H114

T

=

@0A The Unscambler (version 9.7, Camo, Oslo, Norway) ﬂ’fjim FEMSUMIAT AUNTIZAD



a7

nmanugangunggauazigaedlunguil 910A15197 4.13 uaaeAnanAveInguiily

LY 9

dmfumsadnaumsuaznquiildlunisnadeuaunisveinsiiueninuianguun s

gnrunynldamsuousnd

' '
= o 4 =

M0 4.13 uamsmmadavenqui lddmsuaswaunsuaznauilddmsunagey

AuMIvBIMI e InNNEanguveIgnsun ldasuousndg

item the calibration set the prediction set
number of sample 486 162

unit g/cm g/cm

range 2.10-6.10 2.30-4.10
mean 3.67 343
standard deviation (SD) 0.72 0.44
wavelength 680 - 2500 680 - 2500

A9 4.14 uaasma s lumsadnaums lumsiiennnuanguvesgniumy

nlamsvousnd aaeisn1slsunasdouaaninasudomaianmantiaman e

spectral pretreatments N F R RMSECV
(g/em)
original 648 9 0.87 0.44
smoothing 648 11 0.87 0.44
1" derivative 648 10 0.87 0.44
2" derivative 648 1 0.72 0.49
MSC 648 3 0.62 0.70
SNV 648 14 0.86 0.44
SNV + MSC 648 11 0.84 0.48
smoothing + 1" derivative 648 10 0.88 0.42

smoothing + 2" derivative 648 11 0.81° 0.53
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naea iy hdeyamilnasunnadsaumsmsiueamanudanguainaisiai
1 1 =] [ o a ]
4.14 WUNMIAINTUNMIAILITUUY smoothing TAlesiFudnuuiud lunsiunengu

4 lumsadeaumsidanga ndsnnmsiSuudsdoyaanlnasudremaiianendinmeans

q

ad

1 ! 9 : & o Al =2 o 9 o AT

199 WUNMITATNAUMNIUUVIT U cross-validation ¥imaaNge sethdoyaminasuiiniu
o ==} = 9 ° 1 = ] Qy Yo =

MINVUIT smoothing W1ATANMIMINIUIEMIANNEANIUTUgNFUNY Tau 14975 partial

least square regression (PLSR) 34 1@na Ao R = 0.88 a¥ RMSECV = 0.42 g/em Haa91niuth

v
=

Twaanaald hinadeulunguinladmivnaseuaums 1da1 R = 0.92 1z RMSEP = 0.34

g/em Fauana1¥lumsian 4.15

i £
M3 4.15 LdANENS AT IZHAImMATA PLSR 04n13viingmaudanguueagnaumy

model pretreatment F N R RMSEC RMSEP

(g/cm) (g/cm)

calibration set smoothing+ 1" derivative 10 648  0.88 0.42
prediction set smoothing+ 17 derivative 10 162 0.92 0.34
i

= R=0.

= 88

S

oa RMSEC = 0.42

L)

S 5

o

2o

O

o

o3

O

y

02z -

2 3 4 5 6 7

actual value (g/cm)

(a)
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= R=092
e *t %
20 RMSEP = 0.34 ,‘:
Cl:J 5 i‘ 3
- ™
g @
®
E 4 ® e e
© *
o)
v
Q.
2 7
2 3 4 5 6 7

actual value (g/cm)

(b)
AT 4.9 Waessan vieAansgavduluanuny
(@) nguiilddmiuadiainas

(b) niunlddmTunndoaNns

a9



T

=
unn s

asUdnamsIDBuaz Vota ULy

¥
o

¥ 1 1 1 =
INNANINAADI NIATIVALAMMNVBIgNTUYR L ldasueusndnugagum

&

h.

T o 1 o F7 = 1 Y= 9 [
nlaasveusaguuyluvihas TasnislFmatinugsdiulnddunsusauuuazsRounay 9

ee

3 , 2 i G R
HUIHaNIsNeaoIonilu 3 aou ﬁammi”nﬁumﬂumsﬂmwﬂﬂmnmﬂumaﬂww ynla

.

msveusngivgnunyh luldasvousad mmﬁafmms”J,umﬁﬂmwﬂnauammww'lu

Tamsvousndosnamnaqugnsunyiildmsvousndmusefuninududuseguaamsue
usNT warmsadauMELIBAIANNIANGUYD N FUNY

lumnvesmsadnaumslunsdauennunimvesgniunyildmsveusndiy

[

gnyuny hildarsveusnd Nlgaungivasin 20 smwadva 30 ssmimaea uaz 40
¥ i g 1 £ —q
oariwAlFEa SmAU NuNnsuenaqugnsuryn hildasueusnduazgayunyildmsue
s A o o o ' 2
UG iehwmhnmareuiunqunaaeuTNNIs Asanen 1404 100.00%

Mndummsaiaumanauenngugniungi bildmsueusndoanninngugniu

v v
= =

7
nyhldmsveusagaiuszaunuuduaIvessuslng nuanFunyildaisue
o a 1 1 g d‘ ] 1 A_-.{ né
usnd 300 ppm armNIDAALENguEBnInngugnFun hilddsususnd laanga ¥4
aunsahmsdaien 1an9100.00% Iaslisnmsdsuuasanlnasufae35 smoothing

Tudrumisiuisgunimman danguvesgniunyitldas veusnd (aau
iud 50 ppm, 100 ppm Az 300 ppm A% UMY AUV 1A 20 DIraTYa 30 DeRIYALTED
ez 40 BIREAEYA TIUAU) 283D smoothing JaufHOYIUS 17 derivative U1 tiforun
nagavlunqudmsunarouauns maiuesanuBanguusagniuny 141 RMSEP=

0.34 g/em R = 0.92 c‘ﬁw’ﬂumaﬂmrhuwﬁmmmﬂ“ﬂmm"lé’ﬁmwmfuq

ilogniuny ynigunglvazia 30 uaz 40 sermuaaden ulslumsnaaeuaums
calibration ”luan%uwyﬁﬁqmﬁg 5 20 osruaEe arhinsRe (prediction) W31 n13
muwmﬂ%unamwgﬁmm amqmaﬂuuuuwaﬂmmmuamaﬂmmaamwnmﬂaﬂullﬂ ail

mmmuaammn qnmguuwam“lmmﬁummamamwgﬂmmgﬂwmﬂaﬂu"lﬂ (WU AW

" 3 A =1
gangu nazilSmanhlusmsiulaeunlasly Wudu
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Nondestructive Classification of Pork Meatball Containing Borax
by Near Infrared Spectroscopy

Sirikarn Boonpiam', Nattaporn Suttiwijitpukdee” and Sontisuk Teerachaichayut'*
'Faculty of Agro-Industry, King Mongkut’s Institute of Technology Ladkrabang, Bangkok
10520 Thailand, E-mail: sontisuk.teZokmitlac.th
*Kasetsart Agricultural and Agro-Industrial Product Improvement Institute (KAPI), Kasetsart
University, Bangkok 10900, Thailand

Abstract

Borax is classified as a chemical hazard in food. It can be used to improve shelf-life, appearance and
texture in pork meatballs, but borax toxicity is clearly dangerous for both children and adults. Reflectance near
infrared (NIR) spectroscopy between 680-2500 nm was carried out as a non-destructive technique in order to
classify groups of pork meatballs without borax and containing borax in various concentrations (50, 100, 300
ppm). Spectral pretreatments were investigated in this study. Partial least squares discriminant analysis (PLS-DA)
was performed to establish a classification model for classification using partial least squares regression in a
calibration set (N=648) and assigning values of 0 and 1 for meatballs without borax and meatballs with borax,
respectively. Our data revealed that the original spectra obtained the best results for establishment of the model.
The excellent accuracy (100.00%) for classification was acquired in a prediction set (N=152). In summary, the
reflectance NIR spectroscopy has potential as a non-destructive technique to identify borax in pork meatballs.
Keywords: pork meathalls, borax, discrimination, quality, food safety
Introduction

Food safety is an important scientific discipline to prevent harm to consumers. Public health problems
may be directly caused by the toxicity of food additives. The Food and Drug Administration and the Thailand
Ministry of Public Health (1999) have declared borax as a prohibited substance in Thai food because of its
toxicity to humans. Adverse effects include reproductive development toxicity and neurotoxicity, which effect
human cellular development and function. Borax can be used as a food additive to improve the texture of foods,
despite its illegality in Thailand. Common screening methods for toxins in food are destructive, so the aim of
this project was to develop a nondestructive method to detect borax in foods. Lu ez a/. (2009)' reported that NIR
spectroscopy can be used to detect melamine in milk powder. Our research will focus on using NIR
spectroscopy to detect borax in pork meatballs.
Materials and methods
Sample :
One inch diameter pork meatballs were produced with manufactured minced pork (BM Food,
Thailand) and a meatball making machine (MIXING Machine, Thailand). The pork meatballs containing borax
(50, 100 and 300 ppm) and without borax (control) were divided into four groups, with each group having a
sample size of 92. During measurement, meatballs were placed in a water bath at a controlled temperature of
30°C.
Spectral acquisition

A reflectance NIR spectrophotometer (SpectraStar 2500, USA) in the wavelength range of 680-2500
nm was used to measure spectra of each pork meatball at the equator on two opposite sides. An averaged
spectrum of each pork meatball was used for analysis.
Data analysis

Samples of pork meatballs from groups without borax and containing borax in various concentrations
(50, 100, 300 ppm) were classified for a calibration set (N= 216) and a prediction set (N=152). The spectral
pretreatments were investigated in order to obtain the optimal conditions for a classification model. The model
was developed and cross validated using partial least square discriminant analysis (PLS-DA), assigning values
of 0 for meatballs without borax and 1 for meatballs containing borax. Data were analyzed using the
Unscrambler software (Camo, Oslo, Norway).
Results and discussion
The average absorbance spectra of meatballs from the group without borax (N=54), the group containing borax
(N=162), and the averaged spectra of pure borax are shown in Figure 1. The PLS-DA results using spectral
pretreatments, including original, smoothing, the 1% derivative, the 2™ derivative (Savitzky Golay method), and
MSC in the calibration set are present in Tablel. The results from cross validation showed that the original,
smoothing, and the 1% derivative spectra obtained 100% accuracy with the same number of factors. Therefore,
the original spectra were used for establishment of the classification model.
Table 1. The results of spectral pretreatments for classification in the calibration set using PLS-DA.

Spectral | Factor | Meatball without borax | Meatball containing borax |-/ % Total - |
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pretreatments Correct Incorrect Correct Incorrect Accuracy
Original 5 54 0 162 0 100.00%
Smoothing 5 54 0 162 0 100.00%
1* derivative 5 54 0 162 0 100.00%
2™ derivative 3 52 2 162 0 99.07%
MSC 6 51 3 162 6 98.61%
T 1.5 .
24 ; o
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Figure 1. Averaged absorbance spectra of meatballs Figure 2. The scatter plots of classification using
without borax (N=54), meatballs containing borax PLS-DA. (0 = meatballs without borax and 1 =
(N=162) and pure borax (N=4). meatballs containing borax).

Figure 2 shows the performance of the classification model for discrimination. A cut off value of 0.5
was used for prediction. If the predictive value was equal or less than 0.5, samples were classified as meatballs
without borax. If the predictive value was more than 0.3, samples were classified as meatballs containing borax.

Table 2. PLS-DA results for classification of meatballs (without borax and containing borax).
Sample Classification model Calibration set Prediction set
Without borax Number of samples 54 38
Correct 54 38
Incorrect 0 (Accuracy 100%) 0 (Accuracy 100%)
Containing borax Number of samples 162 114
Correct 162 114
Incorrect 0 (Accuracy 100%) 0 (Accuracy 100%)
% Total accuracy 100.00% 100.00%

Table 2 shows the performance of the classification model. The accuracy of prediction was 100%
(correct =38 / 38) for the meatballs without borax and 100% (correct = 114 / 114) for the meatballs containing
borax. Therefore, the overall aceuracy was 100% (correct = 152/ 152).

Conclusion

The classification model for pork meatballs containing borax and without borax was established by the
original spectra using PLS-DA. The overall accuracy of prediction was excellent (100.00%). The results support
our hypothesis that the NIR can be non-destructively used to classify pork meatball toxicity.
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