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Non-Destructive Technique for Detection of Translucency in Mangosteen by Near Infrared

Spectroscopy in Reflectance Mode
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Abstract

This study was aimed to investigate a nondestructive technique to separate translucent flesh
mangosteen from normal flesh mangosteen based on reflectance near infrared spectroscopy. In the
study, 217 mangosteens were used. All mangosteens were measured for specific gravity and spectrum
using FQA-Near Infrared (NIR) GUN in range of 800-1050 nm in interactance mode at 4 points on
equatorial line. The spectra were pretreated with First Derivative (1D), Second Derivative (2D),
Multiplicative Scatter Correction (MSC) or Standard Normal Variate (SNV) prior to building the best
discriminant model using discriminant analysis. The results showed that when using full range of NIR
spectrum scanned at the first, the third and the fourth sides as predicting parameters the MSC absorbance

gave classification accuracy of 83.9%. For the second side, classification accuracy was 83.4%. Partial
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Least Square Discriminant Analysis (PLS-DA) was also performed to search and select parts of the
spectra at wavelengths associated with separation between normal and translucent mangosteens. In
using NIR spectra at PLS-DA suggested wavelengths, the absorbance at 708 and 880 nm gave
classification accuracy of 83.9% at all sides. However, the best model was created from the 2D
absorbance at 716, 752, 831, 910, 953, 989, 1022, 1038 and 1058 nm (averaged from 4 sides) and the

specific gravity which offered the accuracy of discriminantion of 84.8%

Keywords : mangosteen, multivariate data analysis, near infrared spectroscopy, transtucency
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A EINE 7241% unauni 1 Fuludiesfiuuas fewinnisdadaneies NIRspectropholometer (FQA-
NIR GUN; FANTEC Research Institute, Kosai, Japan) ﬁq‘?{gmmﬂu (Figure 1a)
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ﬁwaﬁ\mmuﬁmLﬂﬂm"ué’qmﬂf}m NIR spectrophotometer fien Integration time 150 ms Tnadgnng
AANAULAIKLIL Interactance mqmwmqmu 800-1050  nm ?iwmmﬂmqmummum m@uuuuméfu
amawas (Equatorial line) 4 49 Tuuuadeann RRY 3 A%e 01IEI Imﬂml,mumaﬂLﬂumwuwmmﬂm@mu@
vﬂmymgm‘lum@‘lﬁmﬂmqmmnmmqmmeaummmmmmﬂ (stigma) A1uleing (Figure 1b) Fariawiinag
Talanpusiazia azfaann1ednA1En98eaInTanaas (Reference) A8 uwiawmnaau (Teflon) #2319 LAY

thiates NIR llfeaunasuiunadinausissns uaztinaads lWinssing

(a) Portable NIR Spectrophotometer (b) Cut-open mangosteen showing measured
(FQA-NIRGUN) locations
Figure 1 Measurement mangosteen using FQA-NIRGUN
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1. AMIANENFUNZUVBINAIIARA

ANMINARBIIAAIATINENIINZ (Specific gravity, SG) 1aeHATiAA WU mmﬂnmummm
faednimnziade 0.96 mmmmummammﬁnuo 03mﬂmLummummwmqmmﬁ \aAE 0.99 mmmmu
mmgmmﬂﬂu 0.03 Lu'ammmmmqmwamwma@ummnm wmﬁmmmmqmm%mmmﬂmu@ﬂﬂm
fuslenmidtaufafimuuananeiuneadia Asziudtddny 0.05 Tmﬂm@mLummqqzummmqmwazq\mm
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Figure 2 Averaged spectrum of normal mangosteens and translucent flesh mangosteens

(a) reflectance (b) absorbance !
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3. MFAATIEANS

’Lumm%’w‘lﬁmmﬁwn']ﬁLmvﬁﬂwﬁ’umnnz\'uﬁ%ﬁ%' Discriminant Analysis lavindayaaulnmiu
NIR reuldanidenndnudl 1, 2, 3, 4, uazAniaieremn sy 41U 217 ua Husaulsdnuunngs uadai]

1. netiimneilealdsulsauunngude m@mmmmﬂaumwmLﬂa@nmﬂmmmmqmmﬂau
Faust 800-1050 nm. AMNNANSAATIETNNTALUNNuAILAnsll Table 1 Avmusudtlun1sduunngueg]
Tuta9se1dne 81.3-83.9% Lﬁ"ﬂﬁmaﬁmﬁmﬂﬁmﬂmLﬂnm%mmé’ﬁw?ié“mLwi@:ﬁ’m’l,umm%ﬁﬂummwiax
Tsag nunAansiuusainasunaunsinssiafigaie 33 MSC delidnisduungegaie 83.9% lag
nslddayaanawnafuiud 2 IHHan1s3UNANgARE 83.4% wazlunsinisldaedaanneiuaansu
wannazlAnan TS UNIATL 83.7% %azﬁqndwmi‘lﬁmiﬁuLwiqmﬂnm”uﬁqﬁ%'%‘u

Table 1 Classification of normal flesh and translucent flesh mangosteen using discriminant analysis with
leave- one-out cross validation using full NIR spectra (800-1050 nm) at each side on the fruit as

predictive variables.

% Classification based on spectra scanned on side of mangosteens

Pretreatment

side 1 side 2 side 3 side 4 average of 4 sides
Absorbance 83.90% 83.40% 83.90% 83.90% 81.30%
1D absorbance 83.90% 83.90% 83.90% 82.90% 83.40%
2D absorbance 83.40% 82.50% 83.90% 83.90% 83.40%
MSC absorbance 83.90% 83.40% 83.90% 83.90% 83.70%
SNV absorbance 83.40% 83.90% 83.90% 83.40% 82.90%

lunsaFinmalaelfanlnaiu NIR mmmfmmﬁmﬁu‘mmm:ﬁﬁmﬂﬁmunn@u (FautlsBiase)
sauinn aghelsfimnunisaasuaufaulsisszdwiuuennguasazinlinisiaeiadie luauwand
?ﬁmnnmﬁaﬁuﬁﬂﬂﬁmvﬂmﬁﬂ Partial Least Squares Discriminant Analysis (PLS-DA) e Aansulsaasei
winnzan Ine PLS-DA LﬂumﬂuﬂmimwimmamuwmuﬂmauwmwmLLﬂ?LLﬂmmm (38 Principal
Components, PC) andieyapudiiussanszindulidass G fuuaziaulsgninus Seuansdiaeed
zif:uuuq'a'mmﬂuﬂm“lwmgamﬁuﬂimmﬁmmmnﬂﬂ (Regression _coefficient) 189siautlsaaszfianansn
YanRensnn@eneeueapauRsir NN LETUNTuLnguiTipe it nadeuiauaziinang Tnaiien
mnm’mmqﬂ%‘uﬁﬁmﬁwmdﬂmmﬁuﬂ?:améﬂﬁmm@ﬂgq wendliluluina

' © normal
X transhucent|

PC2
x
X
»
o

(a)

Figure 3 Score plot between PC1 and PC2 based on 2D reflectance of mangosteen (a) showing all

samples and (b) each point represents average of all samples for spectra of each side (normal

mangosteen = 0 and translucent flesh = x)
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lun99ims1e9i PLS-DA Lﬁfa'l,ﬁ'auamLﬂnmi”u*?iﬂi”mwiaﬁqm'ﬁqu 1BINITTAUARTATUIBIEIBENN
yanun ald score plot ( @aiunsviszudnediauls PC 1 uaz PC 2 Auandlifiuialnsaainenisnsyanasin
sasmantinslnausiazyafie fetne) fusadlu Figure 3a Sewwdn fayaauinainliamsminliifianisuen
ﬂ@Ni‘.M"J’NWJ'ﬂEIW\?NQﬂﬂﬂﬂ[ﬂLL@.,ZNﬂﬂLNﬂLLﬂQiﬂﬂﬂ’]\?‘ﬂﬂL@u atilafinudlelideyenuinaiuaduremnus
fidupine W1 4§ (Figure 3b usiazqafia ARt eRAaunaiuAiate) Tuas PLS-DA
annsausnngusetaflunguilinaieuiouazdenalnilfatinsdmau Toaninasildlsunssuus
Antids 2D

A inailfanlussiiseaiie @enauinaiuiinumandusing  ffidduysntesdusying
nsamneenndn 05 udatiundidusaulsiasy (Faudsauunngs) lunsinssiduunngudeldnanis
Apneiuanalu Table 2 wudn Han1saATIEIinssuuNnguet lugasszudng 82.0-83.9% tnadayasulnniy

BN A199A27NE1IARY 708 UaT 880 nm. AINIsaUNTIANgn 83.9% luynau fanansl Table 2

Table 2 Classification of normal and translucent flesh mangosteen using discriminant analysis and

leave-one-out cross validation based on PLS-DA-selected wavelength NIR spectra

% Classification based on spectra scanned on side of

Pretreatment NIR range (nm.) MaRgoRcens
side 1 side 2 side 3 side4 ~ average
of 4 sides
Absorbance 708, 880 83.90%  83.90%  8390%  83.90%  83.90%
1D absorbance 937, 969, 1034 83.90%  83.90% = 83.90%  83.90%  83.90%
2DmPsIhante 7;25’715022';%f;?bgfs' 82.00%  83.40%  83.90%  82.90%  82.90%
MSC absorbance 773,915 83.90% ~ 83.40%  83.90%  8340%  83.90%
SNV absorbance 775, 917 83.90%  8340% = 83.90%  83.40%  83.90%

2. nedlimanzilee ldFoudssauunngsina mﬂnmuwmmmmaumq | fdanunannnisin PLS-
DA (wwﬂuamﬂﬂmmmmm., aulnmiufiinunsusuusia 4 38) LAZANIANTNAUNE (SG) WU HANNT
Amgzinisnuunnguag lutaesemngng 82.0 - 84.8% Iaedsnisuiunssanlnaiusiae 38 2D aanAraulnaiy
Vansiady A9 ULNATIAM 84.8% fa Table 3

Table 3 Classification of normal flesh and translucent flesh mangosteen using discriminant analysis and

leave-one-out cross validation by the most informative wavelength and specific gravity

% Classification based on spectra scanned on side of mangosteens

Classifying variables

side 1 side 2 side 3 side 4 average of 4 sides

SG, A(708), A(880) 82.50% 83.40% 82.90% 83.40% 82.50%

SG, 1DA(937), 1DA(969), 1DA(1034) 82.00% 82.50% 82.50% 82.90% 82.90%
SG, 2DA(716), 2DA(752), 2DA(831),

2DA(910), 2DA(953), 2DA(989), 83.90% 82.50% 82.00% 82.50% 84.80%
2DA(1022), 2DA(1038), 2DA(1058)

SG, MSCA(773), MSCA(915) 82.50% 83.40% 82.90% 82.50% 82.90%

SG, SNVA(775), SNVA(917) 82.90% 82.90% 82.90% 82.90% 82.90%

SG = specific gravity, A = absorbance, 1DA = first derivative of absorbance, 2DA = sedond derivative of absorbance,
MSCA = multiplicative scattering correction of absorbance, SNVA = standard normal variate of absorbance
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L:J'a‘lw@mmﬂnmummammm 4 mumﬂimmqmﬂ% 2D ‘lv]mmwnnmﬂumm'}u,uﬂ‘llmﬂmu
ﬁ“ﬁzgmﬂmﬂm@ﬂm 84.8 @Wﬂﬂ’ﬁ‘Vl’]u’]ﬂN\‘iﬂﬂW\muﬂ 217 ta LLmLﬂuummuﬂﬂnm 182 1A Lmvmﬂmummq
35 UA mmumﬂmuﬂﬂnm 182 UA wmwmuunimmmm 179 ua Lmvmﬂwmmﬂummmmmma 3 ua (Aeudu
fauaz 98.4 uaz 1.6) mwsumamummq 30 wa wudrauunlagnsies 5 ua uazianaadludenning 25 ua
AEofluFeray 14.3 uay 85.7) a0 Table 3 wudinnsaasziing ldsaulsinunangude ANLENARLTIASN
N1RINNITRI PLS-DA ﬁmmmm?‘iu 716, 752, 831, 910, 953, 989, 1022, 1038, 1058 W lums wazAn
prmrinssne Tnedudiadsainuden 4 fu ‘Lﬁﬁhmifﬁmuﬂﬁﬁqm%@mz 84.8

Lﬁmﬂ?ﬂuLﬁﬂum?‘lﬁ@umLﬂnﬁﬁuLwiavﬁquﬁf?mﬁﬂ%mwi«%ﬂ%‘% 2D gaunu SG lusaundsvinung
nax Aazdunanudn mﬂmauamﬂﬂmmmmuw 1 emmaﬂunaum@ﬂummmmunu SG Tanugnsiesd
%m %qmqmmﬂ@mﬂuanwmmwmﬂmwmmLﬂaanmmm mmmnmmmmu’tmﬂmnmmmnuLuﬂm'l,um

ﬁqﬂﬁﬁmuLufmmw'mumml,ﬂafanmuﬂu
' TNLﬂa‘ﬁlaﬁqmmﬂ Table 3 LmmLﬂuaumim’mﬁi’lﬁNﬂ?:?ﬁwﬁr canonical discriminant function 184817
LLﬂ?ﬁﬂLLunn@:umeﬁmuma‘ﬁ (1)
D = 13.215- 25.368SG + 8646.4R(1058)AV + 6634.9R(1038)AV - 792.1R(1022)AV

+ 20459.9R(989)AV + 872.1R(953)AV - 328.3R(910)AV + 4642.1R(831)AV

- 2054.9R(752)AV + 884 4R(716)AV M
{pef D A Discriminant score
SG AR ANAITHENR AN

ROAV A4 fiaya 2D absorbance m@uﬁmnmmmm 4 §ruiedni finnagnaAau i nm

dlaRansnunann ArdutlsyAnaandusius (Correlation) szuinewisnfiwma Baszudazdaiunisidinas
canonical (Table 4) lun1suUNNguNLAN MQLLﬂ?ﬂQWNﬂQQ@WLWﬁV (SG) HAuguAusTuWs AW as canoni-
cal mn‘wam 38417A8 F1 2D absorbance APANLNIAAL 1038, 989, 1058, 1022, 953, 910, 716, 752 Uax
831 nm. HANNFNAUSAUWI TR meT canonical HataINIFINA1AL

Table 4 Correlation between classifying variables and canonical function

Variable Canonical function
SG -0.680
R(1038)AV* 0.291
R(989)AV 0.271
R(1058)AV 0.228
R(1022)AV -0.167
R(953)AV . 0.129
R(910)AV -0.123
R(716)AV 0.116
R(752)AV -0.077
R(831)AV -0.073

*R()AV = 2D absorbance of the average spectra scanned from four sides on each mangosteen fruit at different wavelength
(i nm)
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Lﬁm‘iﬁﬁmﬁﬂumﬁ Lﬂ?ﬁ:ﬁﬂ’]ﬁ‘ﬁ’nmﬂnzﬂuﬁwﬁgﬁ' Discriminant analysis and leave-one-out cross
validation wudnunldsautlsinunanguas i@:ﬂ@m?@mnﬁuummmLﬂﬁ@ﬂﬁmm%ﬂqqmwmq AR ¥
paugndaslunisdtuunatiutng 81.3%-83.9% uwannisldmalia PLS-DA Aautnianizaiuenaaui
drAtyulflunisiesnzd wudn Tiaaugnaeslunisaiuunayludae 82.0%-83.9% atinqlsfinumuinldsn
ulsinunenguia dayanisaanaunasasildendennainnisldineiia PLS-DA Aautnianizaue1nARuT
dAtyFaniuAtAndas i wudt Wanngnsieslunisdiuunesluda 82.0%-84 8% Tnaianizludau
ﬂfliﬂmmnummummfmmqmeumwnnmmmeumnwiummmﬂmLmn’lm i 14.3% fmmm'mwa
\dgalAeni 4 Fu

dgiuan1aneaag

AMNMTFUATITUNITIUUNNGNGREAT Discriminantanalysisandeyanisganfuiasresulaandaan

v
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