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1 - Spectroscopy

2 - Near-infrared

3 - Multivariate

4 - Chemometrics
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1 - Photodiode Array

2 - Moving Average

3 - Multiplicative Scatter Correction
4 - Soluble Solids Content

5 - Titratable Acidity

6 - Tongue’s Sensitivity Constant

7 - Hierarchical Cluster Analysis
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1 - Euclidean Distance

2 - Soft Independent Modeling of Class Analogies
3 - Partial Least Squares

4 - Leave-one-out Cross Validation

5 - Latent Variables

6 - Root Mean Square Error of Cross Validation
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1 - Principal Component Analysis

SYYFY-



(S

by ek éﬂ °J§‘,m ]
W@@%@D@ﬂﬂm@bym&p\

THAP oo csogs | ) U9 — sgio gy elSiiols

S0 95y3) (o2t il W3 &) o5 oS 8 5 ol S iz ol 4y 53 50 slacib (S5 oo
Wle ole (glaog S pl Jolis ogu0 (5953 (oliowd OluS 5 dm cdale b canlizo N-H (L) 3 C-H O-H _Lole slaog,S
el Slo sen L dmgh plw laa sl Ly a s ol (Jamshidi et al., 2013a) asog Jwl g a8
(Cayuela and Weiland, 2010; Magwaza et al., 2012; Suphamitmongkol et al., 2013)
b 039350 13) NIR (glacils ab p 1y JWy slaaiges HCA I odalcumas (oslpe dldes (53,0 ,k3le ¥ S5

S5 allas w3 e Lt (5,8 S5 ool Aol oy 5olisS |y Soluead Sy ol 1 &S (AF—1$0+
s S g (i B 55 4 ygmals g budlly slaa g & bgsye iy 4B g A (i SIS ags >
b Bgw S35 S5 dly len sladiges S & g gpSTite slaades & Sy an)ly po olle cnl Bl Gres
SS 5 padd (o Ulys HCA oaiso)las o0 (cwlily (39) 5 NIR e b (959 iSesl iy 2 ey ol &
ST (saipadgd (698U 503 (sgm I - g Sl (g3 4y (ygmuals g Lunilly) 050 oglisie gl Shag b JUisyy slaati)lg
St ey NIR clacib 4l 5 candids sl o s el dlbdiged (osilye abudes 5550 ,ksles ;o osnlite 5

=
3

g

19)
=

=

<

2 A

=

2—-

<

>

o 1 2 3 4 5 6 T g 8 10

Relative distance

NIR (clacab b p» J&, cladiges HCA jlodslcana  dlhe dhade 35,0 ,i3le =Y JSWd
Fig.2. Hierarchical dendrogram obtained from HCA of orange samples based on NIR spectra

SIMCA L;.\_uddb.lo 0 uwl) 9 L-.m.«J‘g lﬁl‘bd“")‘ﬁ L;I)J b.kwu.:g.\) PLS L;L&aJ.—\A )‘ l) JLO.:)J dl.bcbw alols Y Jiw

3 oo MolS jo b dy ygunli g Luwly dids 93 29 0 0000 S5 )3 &S oS ylad > 0 yLis NIR (slacals 4l

1 - Overtone

SYYYE-



(S

s ol 30 04535 sodits
ME@@@%@DM@%&%M\

THAP oo csogs | ) U9 — sgio gy elSiiols

Cladiges ¢ pinpd il Alold (Koo anjly 4y bayye PLS Juo I 81 olil 4 a ly yo (sladioed 5 48,5 )18 K0S
4 dlly o BrimA oS 5 050 (23l ulwl y 0ddpeds PLS (cla Jio 0l 5 SIMCA g, 4 odd gaddds ad sl
S35 295 adib 4 by po PLS Juo ) (355 b & (315 pie g0 ) b g w335 (315 355 4 bgsje adb 4y (095
iaiib dmd o (Lits & C8)S5 (3l alb 93 4 Glojen b 4 b ol ddl 4 (dlaiges g K03 (sow I 09,
dLad g NIR (slacab 4l » SIMCA sasc;lla il cuiy cpl a4 .Conl jbyes y doyd Vevlael 1 o ploo!

.

-
040 o
1o fs, |

.’T: 1 /’%’% ‘l
Gy '8
S5 1 0&F 1
T 008 | |5 |
e} 8 .I ‘{ ' it )
S g 71 |% | 'Valencia
E o 4 da le :
R '
= g 1! b X
Ay 006 — o -y

. l}
g 7 i 10513& a0l
SIS \ !
Cb 3\, 7 \ !
[ 4 !
28 1
g% 00— [y
2 s
28
Q= 1
£ 32 00
s E J
vy O

= ) Thomson

. g~
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

Sample distance from PLS model of Valencia oranges (5% significance level)

NIR (¢lacib b, SIMCA (candib j3 Jli, claas g 4 bgpe PLS (cla Jio I aaiges alols ¥ IS0
Fig.3. Sample distances from PLS models of orange varieties in SIMCA classification based on NIR
Spectra

sleJis p bte (BrimA (asli) oje wlel p JW&y slaan)ls S8 gl 1) SIMCA sundids gls V Joio

dbliie  ovwlsl  Siwwed o s g RMSECV iy LV olawi Jols a8 amd oo i aiylg o (gly 0addyp95 PLS
Gdas ol il adds 4y 4 S Hladiges sy (sandids Cous) ladiges Cuwyd (gaidtls CBY fodd el (sla Jde ) (Tey)
51098 0 (False positive) Sloas ool 3le addo 93 4 ylojen jobo 4 &5 o ladises 2l ¢ (False negative) slazs S
AV/ 5 gandib gedd L) (oo Lulel p) b iy S Ul NIR glacal 4l 5 SIMCA (gasdilb o) oy

adb g 4y Hlojen b oldl adb 4 (glasged aSipl e Cadild ool dylg (gl o pd Vov g Luuidly 4yl (gl oy

D9y doyd WY aslial gladiges JS gandals cBd (pinpn (o Vo v gandib jlicl) s 02ld olaisl

—YYEO-



(S

oy 3 ol éﬂ 9;‘,‘}4““
W@@%@D@ﬂﬂm@bym&p\

THAP oo csogs | ) U9 — sgio gy elSiiols

d&.Jo 2 dl).: bMqu..\: PLS L;LQJ.\A P (a0 040 u»l.w‘ 2 LEJLOJ)J &S.m dl).: SIMCA d.b.:«b.\o C,{l.u —\J’Ae'

Table 1. SIMCA classification results for discrimination of oranges according to their taste based on
developed PLS models of each class

@,y LVs RMSECV r b 3> False negative False positive
Varieties Classification accuracy

Lewdlly 5 0.44 0.86 97.06 0 0
Valencia

gl 8 0.71 0.75 100 0 0
Thomson
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Fig.4. Discrimination power of different wavelengths in classification of oranges according to taste index
of BrimA
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Table 2. SIMCA classification results for discrimination of oranges having the same taste based on

NIR spectra
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Varietes Classification accuracy
Lilg 3 91.67 0 0
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Oyl 6 100 0 0
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Fig.7. Discrimination power of different wavelengths in classification of oranges having the same taste
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Abstract

In recent years, application of near-infrared spectroscopy (NIR) as a non-destructive
technique combined with chemometric methods has been widely noticed for quality
assessment of food and agricultural products. In chemometric methods, quality analyses
are important issues which could be attributed to the problem of pattern recognition. In
this research, the feasibility of pattern recognition methods combined with reflectance
NIR spectroscopy for non-destructive discrimination of oranges based on their taste was
investigated. To this end, both unsupervised and supervised pattern recognition
techniques, hierarchical cluster analysis (HCA) and soft independent modeling of class
analogies (SIMCA) were used for assessing the feasibility of variety discrimination and
classification (according to their taste), respectively based on the spectral information of
930-1650nm range. Qualitative analyses indicated that NIR spectra of orange varieties
were correctly clustered using unsupervised pattern recognition of HCA. It was also
concluded that supervised pattern recognition of SIMCA for NIR spectra of oranges
provided excellent results of variety classification based on BrimA index at 5%
significance level (classification accuracy of 98.57%). Moreover, wavelengths of
1047.5nm, 1502nm, and 1475nm contributed more than other wavelengths to
discriminate two classes. Samples having the same BrimA index were also correctly
classified with high classification accuracy (95.45%) at 5% significance level. The
discrimination power of wavelengths of 1475nm, 1583nm, and 1436.75nm were more
than those for other wavelengths to achieve this classification. Therefore, reflectance
NIR spectroscopy combined with pattern recognition methods can be utilized for
determination of other attributes related to taste.

Key Words: Classification, Near-infrared Spectroscopy, Non-destructive, Pattern

Recognition, Taste
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