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NOll Destructive Measurement of Catechin Content in GUlllbir (Um'aria
gal1lbir Roxb.) Using NI R Spectroscopy
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Abstract

Gambir is one of Indonesian export commodities. Catechin content is main
determinant of gambir quality, In tnlditional market. determining of the gambir catechin
content is condllctcdqllalitutively based onexperience ofthe assessor which led to
subjeclivemeasuremenl. Chemical method 10 detennine catechin com~1lI of gamblr
quantil3tively, Thismethodis notefficiem since il requires cxpensivechemical reagenb.takes 3

long lime. and destnlclive. ,t=ar infrared ( IR) ~pec(roscopy is one of Ihe non dcstmctiw
Icchniques which can infonn gumbir quality. The objective of this study was to demonsmlle
of i\IR speclroscopy 10 measure of catechin content in gambir. PaniaJ Leasl Square (PLS)
method by combination pre-treatment between normalization between 0 and I (nOl). and firs!
derivative Savitzky-Golay 9 pOInts (dgt) WilS llsed tu develop calibration model. Value of
consistency and V-Set PRESS was used 10 detell11ine the optimu111 !lumber of ilLS thctor~.

The result showed Ihal calibrmion model with 6 PLS factors was the bcsi prediCli\c models
for catechin content since it provided a high accuracy as well as precise models. \1odel for
catechin conlent showed thc bias value - 0.10 %. SEC == 3.56 0 0 , SEP = 3.27 00. correlalion
coefficient (r) = 0.95, CY = 4.86 %. and RPD = 3.60. The rcsull demonslrated that NIR
spectroscopy might be applied to meClsure catechin content in gambir accur;'lIcly_

K(~\WOl'ds: gmllbil'. carechin, .rv'IR spcclrw;copy, 11011 deslrllcliw:, lHi;'aS/tr(!I!Il'III, PiS

Introduction

Gambir is an extr.lcted product from the leaves andyoungtwigsof gmnbir( (;ncari.,
gambierRoxb.) pl:ml. Gambir is one of Ihe Indonesian export commodities. It contributes to
around 80% of the gClmbir trading in tile world (Glimbira-Sa'id, 2009),50111e studies rdated
the presence of catechin in gambir revealed that it is USllCllly tile most abundant bioacllve
compound (Taniguchi et al.. 2007a: Apca-Bah et al.. ZOOt): Anggraini et al.. 2011). It is
potential as araw malerial in various indllstrie:o.. particularly phannaccuticaJ anucusmetic
inUuslries. Catechin content in gambir is used as one of the quality parameters of garnbir in
accordance with lhe Indonesia gamblr Imding standard. St 101-3391-2000. Tradilionally.
delennining of the gambir catcchin cOlllent is conducled qualitatively based on experience of
Ihe assessor which Jed 10 subjective measurement. rvleanwhile. there is chemical melhod to
delenlline catechin content of gambir quantitatively. However, this method is not efficient
since it requires expensive chemical re,lgCnlS and takes a long time. In addition. this method
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is destructive, Therefore, an efficient and non-destl11ctive method is needed 10 detennine

gambir catechin content,
In recent years, Near Infra Red (NJR) spectroscopy isone of non-destructive

techniques for measLlrillg qualityparamelers of different commodities. NIH. spectroscopy is
particularly sensitive to the presence of molecules containing the C-I-LO-H, and \J-H groups
(Abu-KhalaC 20(2). N1R spectroscopy has deClsive advantages comparcd to traditional
methods, whereby it analyse sample rapidly (a few seconds per sample) and no necd sample
preparation (Guggenbitchler et a!., 2006; Pissard et aI., 2012; Saleh, 2012). In additIon. it is a
chemical-free (limited to the reagents required for reference analyscs1 and no waste is
produced (Yan et al.. 2009; Pissard et al.. 2012) and can be carried Ollt on-hnt (Saleh. 2012)
and can be applied quickly, accurately and nOll destructive which has grown rapidly and can
replacethe old chemical analysis (Chen el 01" 2009). NIR spectroscopy has been applJed to
delennine bioactive compound such as carotenoids, glucosinolates, phenolics, fatty aCIds
(McGoverin et al., 2010),The objecll\'e of this study was to demonstrate ofNIR spectroscopy

to measure of catechin COlllent in gambir.

Materials and methods

SamplcPreparutioll

The 162 raw gambir llsed in this study were randomly divided into two groups of
samples: the first group was used to develop the calibration models (108 samples) and the
other for predicting quality and model vaildation purposes (54 samples). The samples
wereobrainedfromSigunturvillage, Koto IlTarusan subdistrict. Pesisir Selatan District. West

Sumatera, Indonesia,

Methods

Chemical AIIlllysis

Delermining catechin content of gambJr was conductedby reklTing to Indonesia
National standard namely was SNI 0 j -3391-2000. Instrument of SpcclrophotometerU-20 10,

Hitachi was used to measure gambircatechincontent.

Spectra acquisition

This study used inslrumclll Buchi NIRFlex N-500 Fiber optics solids wlmh had
[·esolution of 4 cm- I and 8 scans, to collect samplc spectra, The instrument was operated using
software NIR Ware 1.2 (Bi.ichi Labortechlllk AG, Flawil. Switzerland). Spectnt data was
collected from 10000 to4000cm- 1 (\000 to 2500 nm) WIth interval of 4 cm-

I
• Measurements

of each sample were conducted three times at different positions in a room temperature 01'25
fie. Spectrum which was produced by each samples, was averaged prior to build a calibration

model.

Chemomctrics

Chem01l1etricsanalysis in this study used NIRC1IS.2(Bl\chi LabortechnikAG, Fbwil.
SWitzerland) byusmg Partial LeastSquare(PLS) algorithm. ThiS study did nOI only use Ihe
originalspectra(original), but also combination of normalization between 0 and j

(nOI)witbfirst derivative Savitzky-Golay 9 points (dgl). Selection the number
ofoptimumPLS factors \vas done based on value 0[consistency(80-IIO°/'1) andas smallest as
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possiblt: value of PredicledResidunISumSquareError(PRESS) of Ihevalidalion~ct(V-sel­

PRESS). The number ofPLSfnctorswas )10 15.

Data analysis

Stulislicalpammeli:rsusedloc\ alu31elhe resultc-d model \\ ere bla". )wndard
errorofcalibmlionset (SEC). standard errorofvalidalionsel (SEP). coefficient corrdation
(r).ccoefficienlofvnriation(CY) and ratio of prediction to deviation (RPD).

Bias (%) =AL(XII - Yn)

_1_,\(, _ Y )'
N_l~'n n

SEP (%) ~ N~ 1L(xo - Yo - Bias)'

r = ~~L=(X~'"=-~X0i'i)~(yci"~-==Yo~)~
.)L(X" 'oj' Ley" Yo)'

SEP
CV (%) ~ -_- x 100

x
SD

RPD==
SEP

PRESS =L(x" - Yo)'
SEC

Consistency COlo) =SEpx 100

WhereNisthe number of samples: X n is value of reference catechin: Yn i:-Ihe \altlc
of\IRprediclion clIlechin.

Resulls and discussion

Data of Gambir Catechin allCl Spectra

Table I shows the statistics summa!)' for all samples calechin COtHenl in the calibration
sci and \'alidation seL Standnrd de\intion bd\\een the calibration sel and \alidutlon )et
showed insignificant differences. Therefore. lhe \'ariance of data in the SCi calibration and
validation sel are equal.

Table 1, SIal istieal or value of gilmbir catechincOlltcnt (')/1) \v/w)

Srunpl ~ SCI Number of sample i'vlinimul1l Maxilnllll1 Av-:r:lge St~nd:ud

dc\ Intion
Calibration Set 108 40.71 84.79 65.65 11.88
Vahdalion Sel 54 41.54 83.91 67.21 11.76

The original rencctance spectra of some gmnbir samples revenl some \'illleys III the
region of 1000-2500 nm (Figure 1). The:-e \alle):- exist hecuuse molecule SlrtlClurcs of
catechin contain has many hydnc groups. However, as NIl{ spectra ill thl.: region of22n,~~
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- 2500 nm showed high noise, it wa,> climinated for al1aly'>ls. Therefore spectra in the region
1000 . 2222.22 11m were used to develop the model.

"'
~
0

"E
~
0

"
0.2

'- 1-000 1«.0 I 2OCO
\\ 3\\'ll'ogth (om)

Figure I. The original reflectance spectra of some gambir samples

The influence of differentpre-processing methodsand number offat'lorsto aCl'llrat"~ of
PLS J\lodcl

PLS IS an effective dimension reduclion method in near-infrared spectroSCOP)
analysis. The spectrum infonnmion of sample componems are showed the lalent variable:>.
Funhennore. the selection of number of PLS factors was \ery essential 10 redLln~ nOIse and
use of speclral information fu lly (Chen et a1.. 201 3), Figure2sho\\"s influence of the Ilumber uf
PLS filctorS to consistency and V-sel PRCSS valuc, If spet'tril pre-processing treiltment was
not applied, a minimum of validation en·or was observed in the 15 PLS factors, It provided
consistency value 98.69 % and V-set PRESS value 948.51. Optimal number 01" factor
obtained while using nOI in combination with dgl pre-trealmem method was 6. This number
of factor provided consistency 108.96 0/0 value and V-sel PRI:.SS value 566.126.11 was found
that if spectra pre-processing method W;'lS applil:'d. Ihe number of PLS-faetor. cuuld be
reduced. It could be explained that spectra pre·processing lnl:'thod of tho: deri\mi\~ could
overcome the overlapping spectra and throw other components excepl calechin which left
factot"s thal inform about catechin only,

......~ A to ~ ,'-' ~
-.~o ~ - ...,-

;, t> <> ....... I".,--.-.., ,
, • "'I ''- I' , \

,. ,~.' ,,' ~I' "',....

",.. 6

~l1·J~1 ".
- ,..---.-. , .... • ---, ........... ,

• • \ ........ " ,. ,

"

,.
',,,,
, ..

i:. .'"

,. ,

--.-. .... ......... .. .. ~

__ .....~,..., t
b '.5<1""['"' ~ ~

.,
.. '" II 1~ ,,1.\

...,

Ot~~..1

,," ....-.--....--­....---.-~."

,.'

.~ ,..,

Figure 2. The influence anhe number ofPLSfactorslOconsislency and V-Sel-PRESS

Perfom1ance of paramelers of the model using different pre-processing melhods to
predict catechin con lent of gambir arc given in Table2. Spectra pre-processing method ofnO 1
in combination with dgl increased C01Tc!ation coefficient between calechin references and
predicted from 0.94 10 0.95 whilst SEP value decreased from 4.14 % to 3.27 % and numher
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of PLS factors decreased f!"Om 15 to 6, It could be concluded thai sp('ctm pre-pl'ocessing
methodand number of faclOr had effects on the rrediclion pafonnance of model PLS.

Table 2. The result ofcalibrmionandvalidation ofgambircmcchin content

Prc- PLS Consistency
Calibration Set

processing Factor (° 0 )
SEC ,
(%1

Original 15 98.70 4,09 0.94
nOI. dgl 6 10H.96 3.56 0.95

Validation Sci
SEP , C\' Bias RPD
(°0) (" 0) (U oj

-l, 14 094 6,16 -0,K6 :2 .K"
.1.27 0.96 -U..6 0.10 3.60

Prediction of Catcchin ContE'nt in Cambir

Figure 3 shows calibration model forpredicting catechin contenL II \\as y - 0.91 .\ .~

5,90.The model provided low v<llue of SEC (3,56 %) and SfP (3,27 %). In addition, the SI:::P
valuc was not greater than two times of SEC prevented over fining (HrtlschJ.;a. 1990). The
values of SEC and SEP which were generated by the model indicated that lhe modd has high
precision. Bias values closed to zero indicated thaI the model has high accuracy (Williams
and Norris, 1990). II means thai th.: model will be maintained for the prediction of catechin
content in gambir. Furthennorc. the modelalsoshoweda goodcOlT.:Jationbd\\..:cn therd"er.:nce
calechin content withNIRpredktion catechin, as indicated by thehiglnalue
ofthccorrelationcoeflicicnl(r>O.90) (Williams andNorris, 1990),

The model obtained CVvallle<5%. which indicatedthauhe reslilted modeh\3S
appropriate to predict catechin content of gambir in the newdata set. RPO was measurement
abilit)' of NIR modeltopredicta componenl lefficiently (Williams and Noms. 1990). Bast'd
onobtained RPDvallies (3.6).then theresulted modeh\3S e.\cdlenltoprcdict the gamblr
catechin conten1.RPO value above 3.0 b \c-ry good for predicting {iv!oua7en eta!.. .:!005).\t
could be concluded thaI ll1o{id witharpliciltion of pre-processing mcthod of 1101 in
combination with dgl showed higher aecm<lcyandrrecisionthan the originall1lodel. It
indicated that pre-processing methodwas importanl prior 10 modelingas itwould improve the
accuracy and precision of calibration model (Schulz ctaL 1999: UdelhovenclaJ., 2002: and
Ouyangetal., 2012).
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Figure 3. Scaner plot of measured versus predicted catechin content U''1ng nOI In
combination with dgl and 6 PLSfactors

Conclusion

The prediction modelwas developed using thePLSalgorithm to explain rellilionship
between :'-IIR spectra data and catechin cOIuent.The model hada lowSECandSEP. a hIgh rand
aslighlly difference between SEC and SEP values. These re~lllt were achieved when nOI 11l

combination with dglpre-processing method and 6 PLS 1'actors was applied.Tllls smd}
dcmonstrated capability of l\'IR spectroscopy as a methou which could replace trnuitional ns
well as chemical method to detennine emechin content of gambir. It is also showed that there
is possibility 10 develop non-deSlnlClive method 10 measure gambir catechin content.
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