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Non Destructive and Rapid Analysis of Catechin
Content in Gambir (Uncaria gambir Roxb.) Using

NIR Spectroscopy

Andasuryani, Yohanes Aris Purwanto, | Wayan Budiastra, Khaswar Syamsu

Abstract— Quality of gambir is mainly determined by its catechin content. While trading in traditional market, catechin content of gambir is
predicted by a treatment of expert experience which leads to subjective judgement. Meanwhile, quantitative analysis is carried out by using
chemical method. However, this method is destructive, high cost and time consuming, thus not suitable for real time measurement. The
objective of this study was to develop calibration model to predict catechin content in gambir non-destructively and rapidly using near
infrared (NIR) spectroscopy with difference spectra pre-processing treatment and Partial Least Square (PLS) methods. Spectra pre-
processing treatment method used were normalization between 0 and 1 (nO1l), first derivative Savitzky-Golay 9 points (dgl), second
derivative Savitzky-Golay 9 points (dg2), combination between n01 and dgl, and combination between n01 and dg2. Determination of the
optimum number of PLS factors was conducted based on value of consistency and Predicted Residual Sum Square Error (PRESS) of the
validation set (V-set-PRESS). The best spectra pre-processing treatment method was n01 in combination with dgl. Evaluation of model
demonstrated that the model could predict catechin content in gambir. The model had high value of correlation coefficient (r = 0.95), low
values of SEC and SEP (3.56 and 3.27 respectively), and high value of ratio of prediction to deviation (RPD = 3.60). This study
demonstrated that NIR spectroscopy had excellent potential as non destructive and rapid analysis to determine catechin content in gambir.

Index Terms— catechin, first derivative Savitzky-Golay 9 points, gambir, NIR spectroscopy, non destructive, normalization between 0 and

1, PLS.

1 INTRODUCTION

AMBIR extracted product from the leaves and young

twigs of gambir (Uncaria gambier Roxb.) plant. It is a

member of family Rubiaceace and genus Uncaria [16].
Gambir is one of the Indonesian export commodities. It con-
tributes to around 80 % of the gambir trading in the world
[15]. It contains several chemical components, which one of
them is catechin. The catechin is a bioactive compound which
can be found a lot in gambir [1], [2], [28] and is potential as a
raw material in various industries, particularly pharmaceuti-
cal and cosmetic industries. Catechin content in gambir is used
as one of the quality parameters of gambir in accordance with
the Indonesia gambir trading standard, SNI 01 - 3391-2000.
Traditionally, determining of the gambir catechin content is
conducted qualitatively based on experience of the assessor
which led to subjective measurement. Meanwhile, there is
chemical method which can be used to determine catechin
content of gambir quantitatively. However, this method is not
efficient since it requires expensive chemical reagents and time
consuming. In addition, this method is destructive. Therefore,
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an efficient and non-destructive method should be developed

to determine gambir catechin content.

Near Infrared (NIR) spectroscopy is a non destructive
technique, accurate, and fast which can replace chemical
method [7], [12]. Several studies have shown the ability of NIR
spectroscopy technology to determine bioactive component of
agricultural products such as: a) determining of alkaloid and
phenol compound in green tea leaves using pre-processing
method of weighted of multiple scatter correction (WMCS) to
counter the effect of interferences of scatter and transforming
individually through first to third derivatives [26], b) deter-
mining procyanidins in cocoa using pre-processing of stand-
ard normal variate (SNV) as well as detrending scatter correc-
tion and transforming individually by first derivative [30], c)
determining of total antioxidant capacity in green tea by ap-
plying offset correction pre-processing method, detrend, mul-
tiplicative scatter correction (MSC), SNV, first and second de-
rivatives [34], d) determining of carbohydrate, total acid, tar-
taric acid, malic acid, pH and polyphenol content in wine us-
ing pre-processing combination of normalization through de-
rivative [14], e) determining of condensed tannin and dry mat-
ter in red grape homogenates using SNV pre-processing [9], f)
determining of the main catechin content in green tea by ap-
plying three pre-processing methods, namely mean centering
(MC), MSC and SNV [7], g) determining of flavanols in grape
seeds using pre-processing method of MSC, SNV and detrend
[13], h) monitoring of red wine fermentation using a pre-
processing method of SNV, MSC, MSC combination with de-
rivatives [10], and i) determining of phenol compounds of
grape skins during ripening using pre-processing method of
MSC, SNV and detrend [12].
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Rinnan et al. (2009) have reviewed some pre-processing
methods which are most commonly used in the NIR and cate-
gorized them into two parts, namely scatter correction and
derivative method. MSC, Inverse MSC, Extended MSC
(EMSC), Extended Inverse MSC, de-trending, SNV and nor-
malization included in the first group while the derivative
Norris-Williams (NW) and derivative Savitzky-Golay poly-
nomial filter (SG) included in the second group. However,
since researchers do not have sufficient information regarding
characteristics of pre-processing methods and have difficulties
to decide the most appropriate methods, NIR spectroscopy
pre-processing method still involve trial and error process
[32].

The objective of this study was to develop calibration
model to predict of catechin content of gambir non-
destructively and rapidly using NIR spectroscopy with differ-
ent pre-processing spectra treatment and partial least square
(PLS) method.

2 MATERIAL AND METHOD

2.1 Sample Preparation

The samples were raw gambir obtained from Siguntur village,
Koto 11 Tarusan sub district, Pesisir Selatan District, West
Sumatera, Indonesia. The number of samples were 162 divid-
ed randomly into two groups, namely two thirds (108 sam-
ples) as calibration set and one third (54 samples) as validation
set.

2.2 Chemical Analysis

Chemical analysis carried out to obtain data of gambir cate-
chin content. The data were used as reference data while de-
veloping NIR calibration model. Determination of catechin
content in gambir was conducted by referring to Indonesia
National standard SNI 01-3391-2000. Instrument of Spectro-
photometer U-2010, Hitachi was used to measure gambir cate-
chin content. Catechin standard were purchased from Sigma
Co., USA.

2.3 Spectra Acquisition

This study used instrument Buchi NIRFlex N-500 Fiber optics
solids which had resolution of 4 cm? and 8 scans, to collect
sample spectra. The instrument was operated using software
NIRWare 1.2 (Biichi Labortechnik AG, Flawil, Switzerland).
Spectra data were collected from 10000 to 4000 cm? (1000 to
2500 nm) with interval of 4 cm. Measurements of each sam-
ple were conducted three times at different positions in a
room temperature of 25 9C. Spectrum produced by each sam-
ple, was averaged prior to establishment a calibration model.

2.4 Chemometric

Chemometric is a science dealing with measurement of the
chemical system or process through application of mathemati-
cal or statistical methods. Several stages in chemometric are
pre-processing of spectra data, building calibration model and
transfer the model [5]. NIR spectroscopy analysis needs
chemometric in order to extract the hidden chemical infor-
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mation of NIR spectra data. NIR spectra shows wide spectra
features more than the sharp features. It occurs due to over-
tone and combination band.

The wide spectra feature requires chemometric method to
obtain accurate and precision calibration model of NIR [25]. In
addition, Nicolar”, et al. (2007) acknowledged that chemomet-
ric is needed because spectra can be complicated by wave-
length dependent scattering effects, tissue heterogeneities,
instrumental noise, ambient effects and other sources of varia-
bility [21]. As a consequence, it is difficult to determine the
specific absorption band of specific functional group especial-
ly chemical components. Furthermore, chemometric analysis
requires a regression method in order to explain the relation-
ship between NIR spectra data with a single component of
analyzed agricultural product. Chemometric analysis in this
study used NIRCal 5.2 (Biichi Labortechnik AG, Flawil, Swit-
zerland) by PLS algorithm.

2.4.1 Spectra Pre-processing

NIR spectra obtained from NIR instrument do not only con-
tain information of the sample but also information of the
background and noise. Therefore, spectra pre-processing
treatment method is needed before modelling to obtain relia-
ble, accurate and stable calibration models [5]. The physical
properties of solid samples also affect the NIR spectrum which
can cause some problems while evaluating sample aspects
such as identification and composition determination of raw
materials. To cope with this circumstance, spectra pre-
processing treatment method should be used to minimize the
contribution of information which is not relevant with spec-
trum in order to develop reliable model [3].

This study did not only use the original spectra (original),
but also several spectra pre-processing methods such as nor-
malization between 0 and 1 (n01), first derivative Savitzky-
Golay 9 points (dgl), second derivative Savitzky-Golay 9
points (dg2), combination of n01 with dgl (n01,dgl) and com-
bination of n01 with dg2 (n01,dg2). Normalization is used to
eliminate multiplicative spectra effects [27]. The algorithms for
derivative are direct differentiation and Savitzky-Golay [5].
The first derivatives can be used to eliminate additive baseline
effects while second derivatives are used to eliminate sloped
additive baselines [27]. The disadvantage of direct differentia-
tion is bring noises thus can decrease signal to noise ratio. Sa-
vitzky-Golay algorithm is often used to cope with this prob-
lem [5].

2.4.2 Calibration Method

NIR spectra usually contain unselective and widely over-
lapped bands. Therefore, quantification analysis requires
chemometrics analysis such as PLS, principal component re-
gression (PCR), or multiple linear regressions (MLR) [18]. In
recent years, the PLS regression method is a very popular
method for chemometric analysis [4].

There are hundreds or thousands of wavelengths (varia-
bles) in a NIR spectrum that allow two successive wave-
lengths provide similar information which can distract the
process of building a calibration model [19]. Therefore, there is
a need to reduce the variable of original data into several cor-
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related variables and only contains relevant information to the
sample. Principal component analysis is the most famous and
widely used method for data reduction [3]. In this study, selec-
tion the number of optimum PLS factors was done based on
value of consistency and value of Predicted Residual Sum
Square Error (PRESS) of the validation set (V-set-PRESS). Se-
lected PLS factor has consistency value between 80-110% and
as smallest as possible V-Set PRESS [22]. The number of PLS
factors was 1 to 15. To develop the best calibration model, the
value of consistency are used to ensure that the number of
chosen PLS factors is optimal [11].

Statistical parameters used to evaluate the resulted model
were bias, standard error of calibration set (SEC), standard
error of validation set (SEP), coefficient correlation (r), coeffi-
cient of variation (CV) and ratio of prediction to deviation
(RPD). The Bias, SEC, SEP, r, CV, RPD, PRESS and consistency
were calculated by the following equations:

131;;15(0/0):%2@n ~¥Va) @)
SEC(%) = \/ﬁyxn ~yn)? )
SEP (%) = \/ﬁZ(xn ~y, — Bias)? €)

Z(Xn _;“ )(Yn _§n)
V2 = X)XV — V)

Ir=

v (%) = 2EL «100% 5)
X
RPD = SD (6)
SEP
PRESS =" (x, )’ @)
SEC
Consist %) = 100 8
onsistency (%) SEP X 8

Where N is the number of samples; xn is value of reference
catechin; yn is the value of NIR prediction catechin.

3 RESULT AND DISCUSSION
3.1 Data of Gambir Catechin

Table 1 shows the statistics summary for all samples catechin
content in the calibration and validation set. Values of catechin
content in the validation set ranges in calibration set [11], [33].
Standard deviation between the calibration set and validation
set showed insignificant differences. As a result, the variance
of data in the calibration and validation set are equal.
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TABLE 1
MEAN REFERENCE VALUE, RANGE AND STANDARD DEVIATION
OF CATECHIN CONTENT IN CALIBRATION AND VALIDATION SET (% W/W)

Sample Set N Min. Max. Mean S.D.
Calibration Set 108  40.71  84.79 65.65 11.88
Validation Set 54 4154 8391 67.21 11.76

N = number of sample; Min. = Minimum; Max. =Maximum; S.D. = standard
deviation

3.2 Spectra Investigation

The original reflectance spectra of some gambir samples (Fig.
1) reveal some valleys in the region of 1000-2500 nm. Howev-
er, NIR spectra in the region of 2222.22 - 2500 nm showed
high noise. These valleys exist because molecule structures of
catechin contain has many hydric groups (such as: C-H and O-
H). As a consequence, NIR spectra in the region of 2222.22 -
2500 nm was eliminated and only spectra in the region 1000-
2222.22 were used for analysis to develop the model.

Reflectance
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Fig. 1. The original reflectance spectra of some gambir samples
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Fig.2. First derivative spectrum of gambir and catechin stan-
dard

One of the basic problems of NIR spectra was existence of
overlapping spectra. Derivative approach would separate the
overlapping and throw away unwanted component. To en-
sure the analysis using catechin spectrum, gambir spectra
were compared to standard catechin spectra where both of
them were treated by derivative pre-processing (Fig. 2). The
comparison showed that both spectra have similar form. It
proved that the analyzed spectrum was spectrum catechin in
gambir.
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3.3 Effect of Different Pre-processing Methods to
Gambir NIR Spectra

While developing calibration model with PLS algorithm, the
determination of the spectra pre-processing method and the
number of PLS factors were very important stage. Fig.3 shows
the form of average gambir spectra on different spectra pre-
processing methods. Effect of n01 to the original spectrum was
widened the range of reflectance value. If spectra pre-
prosessing was not applied, the range of reflectance value was
from 0.24 to 0.70. However, if n01 was applied, the range of
reflectance value was from 0.00 to 0.99. If dgl was applied,
valleys of original spectrum would be clearer and could sepa-
rate the overlapping spectrum. This effect would be more ob-
vious when dg2 was applied. Spectra pre-processing method
of n01 in combination with dgl produced the same spectrum
shape with dgl. Nevertheless, the range of reflectance value
was widened. If dgl was applied, the range of reflectance
value was from -0.0022 to 0.0082 and if n01 in combination
with dgl was applied, the range of reflectance value was from
to -0.046 to 0.0173. It also occurred for the effect of pre-
processing of n01 in combination with dg2 which produced
the same spectrum shape with dg2. If dg2 was applied, the
range of reflectance value was from -0.0004 to 0.0006 and if
n01 in combination with dg2 was applied, the range of reflec-
tance value was from to -0.0009 to 0.0012.

3.4 The influence of different pre-processing methods
and number of factors to accuracy of PLS Model
PLS is an effective method to reduce dimension in near-
infrared spectroscopy analysis. The spectra information of
sample component is showed by the latent variables. Fur-
thermore, the selection of number of PLS factors is essential to
reduce noise and use the whole of spectra information [6]. The
model will depend on the data set and provide poor predic-
tion if too much number of PLS factors is used. It occurred
because the excess of variable X, which led over fitted solu-
tion. On contrary, the model will not be large enough to ex-
plain the data variability if too few number of PLS factors
were used [8]. Fig.4 shows consistency value and V-set PRESS

value, plotted with the number of PLS factors.

Decision to select optimal PLS factors was based on con-
sistency value from 80% to 110% and the smaller V-set PRESS.
If spectra pre-processing treatment was not applied, a mini-
mum of validation error was observed in the 15 PLS factors. It
provided consistency value 98.69 % and V-set PRESS value
948.51. Meanwhile, if dgl, dg2, n01 in combination with dgl,
and n01 in combination with dg2 were used, the numbers of
PLS-factors were 6, 5, 6 and 5, respectively. It provided con-
sistency value 108.27 %, 100.55 %, 108.96 % and 100.07 %, re-
spectively and V-set PRESS value 702.76, 836.43, 566.23, and
787.27, respectively. It showed that if spectra pre-processing
method was applied, the number of PLS-factors could be re-
duced. Furthermore, derivative spectra pre-processing method
could overcome the overlapping spectra and throw other
components except catechin. This process remained infor-
mation about catechin only.
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Fig. 3. Effect of pre-processing methods to form of gambir NIR
spectra
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Fig.4. The influence of the number of PLS factors to consisten-
cy and V-Set-PRESS of different spectra pre-processing

The optimal number of PLS factors using n01 was 15. It pro-
vided consistency value 90.94 % and V-set PRESS value 974.74.
This large number indicated that few numbers of factor could
not explain the complex correlation between NIR spectra and
catechin content. Chen et al., (2009) also obtain the large opti-
mum number of PLS factors for the four types of catechin in
green tea, which are from 9 to 14 factors when using pre-
processing method of the MC, MSC and SNV. Cozzolino et al.
(2008) in their study also obtain 13 PLS factors to measure
condensed tannins in red grape homogenates using SNV. It
could be concluded that the group of scatter correction pre-
processing methods such as SNV, MSC and normalization
required a large number of PLS factors.

Performance of parameters of the model using different
pre-processing methods to predict catechin content in gambir
is shown in Table 2. Spectra pre-processing of n01 in combina-
tion with dgl produced the best calibration model compared
to other spectra pre-processing. This combination increased
correlation coefficient between catechin references and pre-
dicted from 0.94 to 0.95 whilst SEP value decreased from 4.14
% to 3.27 % and number of PLS factors decreased from 15 to 6.
In addition, the fairly high catechin content in gambir (Table 1)
also caused the application of n01 in combination with dgl
showed a better result than n01 in combination with dg2

method.
TABLE 2
THE RESULT OF CALIBRATION AND VALIDATION OF GAMBIR CATECHIN
CONTENT BY VARIOUS DIFFERENCE PRE-PROCESSING METHODS

Consis- Calibration Validation
Pre- PLS N Set Set
processing  Factor (%) SEC r SEP r CV  Bias RPD
(%) (%) (%) (%)
Original 115 9870 409 0.94 414 094 616 -086 284
n01 15 90.94 388 0.95 426 093 634 -048 276
dgl 6 10827 394 094 364 09 542 -002 323
dg2 5 10055 399 094 397 094 591 -0.09 296
n01+dgl 6 10896 356 0.95 327 096 486 010 3.60
n01+dg2 5 100.07 386 0.95 385 095 573 0.03 3.05

The model with application of pre-processing n01+dgl
method showed higher accuracy and precision than the origi-
nal model. It indicated that pre-processing was important pri-
or to develop a model as it would improve the accuracy and
precision of calibration model [23], [26], [29].

3.5 Prediction of Catechin Content in Gambir

The best calibration model for predicting catechin content was
y =0.91 x + 5.90. It is presented by scatter plots in Fig.5. The
model provided low value of SEC (3.56 %) and SEP (3.27 %)
compared to other models. Since SEP value was not greater
than two times of SEC, over fitting can be prevented [17]. The
slight different values of SEC and SEP indicated that the mod-
el had high precision.

Bias values closed to zero indicated that model has high
accuracy [31]. It led the model would be maintained for the
prediction of catechin content in gambir. Furthermore, the
model obtained high correlation between the reference cate-
chin content and NIR prediction catechin (r = 0.95). The good
model has high correlation coefficient (r > 0.90) [31]. The mod-
el obtained CV value < 5%, which indicated that the model
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was appropriate to predict catechin content in gambir in the
new data set.

The model had RPD value 3.60. RPD is ability of model to
predict component efficiently [31]. RPD values below 1.5 indi-
cated that the calibration could not be used, between 1.5 and
2.0 is possible to distinguish high and low values, between 2.0
and 2.5 is possible for quantitative prediction, while values
between 2.5 and 3.0 and above 3.0 is considered good and very
good respectively [20]. Based on obtained RPD values, the
resulted model was very good to predict the gambir catechin
content.

90 -
y=0.91x +5.90
r =095
| SEP= 3.27 %

N N o)
S [« (=]
I I

Predicted catechin by NIR (%)
3
1

I
(@]

40 50 60 70 80 90

Measured catechin by reference method (%)

@ Calibration set O Validation set

Fig. 5. Scatter plot of measured versus predicted catechin con-
tent using n01 in combination with dg1 and 6 PLS factors

4 CONCLUSIONS

This study demonstrated the capability of NIR spectroscopy
technology could replace traditional as well as chemical meth-
od to determine catechin content in gambir. The prediction
model was developed using the PLS algorithm to explain rela-
tionship between NIR spectra data and catechin content. The
pre-processing methods and number PLS factors could affect
the accuracy of the NIR calibration models. The best calibra-
tion model was obtained when n01 in combination with dgl
pre-processing method and 6 PLS factors were applied. It had
a low SEC and SEP, a high r and a slight difference between
SEC and SEP values. This study showed that there is possibil-
ity to develop non-destructive method and rapid analysis to
measure gambir catechin content.
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