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Abstract— Conventional production process of gambir often produces gambir with low content of catechin. Engineering of 
production processes of gambir leaves to produce gambir powder has been developed by previous researchers. The objective of this 
study was to develop a calibration model to predict the content of catechin in gambir powder from dried gambir leaves quickly using 
FT-NIR PLS model.  Reflectance spectra of gambir powder from dried gambir leaves obtained at a wavelength of 1000 to 2500 nm. 
Spectra pre-processing treatment method used was a combination between normalization between 0 and 1 (n01) method and first 
derivative Savitzky-Golay 9 points (dg1). The result showed that correlation coefficient and standard error of prediction (SEP) were 
0.99 and 2.10 % respectively, obtained when used 6 factors of partial least square (PLS). Calibration model developed has shown 
higher accuracy and precision to predict catechin content of gambir powder from dried gambir leaves. 

Keywords— gambir, catechin, FT-NIR spectroscopy, PLS. 
 
 

I. INTRODUCTION 

Leaves and young twigs of gambir (Uncaria gambir 
Roxb.) are part of the plant were processed into gambir. 
Gambir is used as a complement to eat betel, medicines, raw 
materials of pharmaceutical and food industry [1]. In 
addition, gambir widely used by other industries such as 
batik fabric, paint, leather tanning, biopesticides, growth 
hormone, and as a ingredient of supplementary foods [2]. 

Processing of gambir done simply through several stages 
which are boiling, pressing, sedimentation, molding and 
drying. However this production process generated raw 
gambir with low quality and unstandard. Some of the factors 
that cause the low quality of gambir produced from 
traditional processing are 1) raw material: harvesting the 
leaves and twigs with different harvesting time, leaf damage 
due to pests and diseases and delay the processing of the 
leaves and twigs after harvest, 2) human resources: lack of 
knowledge, awareness and commitment to maintain the 
quality of gambir and prioritize to quantity of production 3) 

environment: the presence of multiple sources of impurities 
in producing such as from ground floor, area of 
compression, sap reservoirs, ash and soot from the furnace 
and drying area, 4) facilities: facilities used in producing 
gambir cannot guarantee low levels of impurities in gambir 
and 5) working methods: method does not produce high 
quality of gambir [3]. 

In order to meet the quality requirements, gambir 
production process should obtain catechin extract as much as 
possible. Reference [4] has studied the production of gambir 
powder from dried leaves which meet export quality 
standard using a spray dryer. The study found that the 
highest level of catechin obtained was 93.4% and the lowest 
was 24.36%. Gambir powder produced from the processing 
of dried gambir leaves can replace the raw gambir 
production. 

To fulfill the standard of export quality, it is necessary to 
test the quality of chemical gambir that can be done by 
measuring its chemical components. Near Infrared (NIR) 
spectroscopy is one of measurement methods that can 
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analyze chemical components quickly, precisely and 
accurately. This method has been successfully used to 
determine the chemical components of the material, 
including determination of alkaloids and phenol compounds 
in green tea leaves [5], the determination of carbohydrates, 
total acid, tartaric acid, malic acid, pH and poliphenol 
content in wine [6], determination of condensed tannins and 
dry matter in red grape homogenates [7], determination of 
the major catechin content in green tea [8], and 
determination of catechin content in raw gambir in the form 
of powder [9] and solid [10].  

NIR spectroscopy method requires a calibration process 
that NIR wave data obtained can be used to determine the 
chemical content of material being measured. Therefore, 
calibration methods are needed that can provide information 
related to the chemical content of the material being 
measured. One of the methods is partial least squares (PLS). 
The objective of this research was to develop a calibration 
model to predict the catechin content in gambir powder from 
dried gambir leaves quickly using Fourier Transform (FT) -
NIR PLS model.  

II. MATERIAL AND METHOD 

A. Sample preparation 

Samples of gambir powder were made from dried gambir 
leaves obtained from Siguntur Village, District Koto XI 
Tarusan, Pesisir Selatan District, West Sumatera. Other 
materials that were needed for chemical analysis of materials 
were catechin standard (≥ 98%) (Sigma Aldrich), aquades 
and ethyl acetate. 

Production process of powder gambir from dried gambir 
leaves samples refered to procedure performed by [4] which 
were: 1) drying fresh leaves, 2) size reduction, 3) extraction 
with solvents (solid: solvent, 1: 5), 4) shaker waterbath (T 
=500C, t = 90 minutes), 5) maceration (3 x 24 hours), 6) 
filtration, and 7) drying. Gambir powder produced from the 
dried gambir leaves subsequently used for analysis. 
References method used to determine the catechin content of 
gambir powder from dried gambir leaves was spectroscopic 
ultraviolet method that refers to the Indonesia National 
Standard (SNI) 01-3391-2000 [11] by using an instrument 
spectrophotometer U-2010, Hitachi. 

The data were used as reference data while build NIR 
calibration model to predict the catechin content in gambir 
powder from dried gambir leaves. The number of gambir 
powder from dried gambir leaves samples was 73. Based on 
the reference value of the laboratory, the sample was divided 
into two parts randomly. The first group consists of two 
thirds of the total sample used for the development of the 
model called the calibration set (C-set) and the second group 
as many as one third of the total samples were used for 
testing the model called the validation set (V-set). 

B. Spectra acquisition 

Measurement method of gambir powder from dried 
gambir leaves sample spectra was similar to the method used 
by [9] for gambir powder from raw gambir. This method 
started by placing the sample in a petri dish using a 
spectrophotometer Buchi NIRFlex N-500 solids. Software 
NIRWare 1.2 (Büchi Labortechnik AG, Flawil, Switzerland) 

used to operate the instrument and colect spectra data at 
room temperature of 25 0C. Original spectra data were 
collected by measuring the reflectance of the sample with a 
data interval of 4 cm-1 on a scale of 10000 to 4000 cm-1 
(1000-2500 nm) (See Fig.1). Measurements were taken three 
times at different positions for each sample. Spectrum 
produced by each sample were averaged and then used for 
analysis and stored as reflectance (R). 

 
Fig.1 The original spectra of gambir powder from dried gambir leaves 

 

C. Chemometric analysis 

Chemometric analysis done using software NIRCal 5.2 
(Büchi Labortechnik AG, Flawil, Switzerland). Calibration 
model developed using PLS algorithm with 1-15 PLS 
factors. Meanwhile, selection of the optimum number of 
PLS factors based on the value of Predicted Residual Error 
Sum Square (PRESS) in validation set (V-set-PRESS) and 
the consistency value that have V-PRESS set as small as 
possible and the value of consistency between 80-110% 
[12]. Pre-processing of spectra data used in this study was 
combination of normalization between 0 and 1 (n01) and 
first derivative Savitzky-Golay 9 point (dg1).   

Statistical parameters used for the analysis the model 
were: 

(a) Bias 

Bias � 1N�	x� � y�� 
 

(b) Standard error of calibration set (SEC) 

SEC � � 1N � 1�	x� � y� � Bias�� 
 

(c) Standard error of validation set (SEP) 

SEP � � 1N � 1�	x� � y� � Bias�� 
 

(d) Coeffisien of correlation (r) 

r � ∑	x� � x���	y� � y����∑	x� � x���� ∑	y� � y���� 
 
 

(e) Coefficient of variance (CV) 

CV in C-Set:  CV � ����� 	x	100  

CV in V-Set:  CV � �� �� 	x	100  
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(f) Ratio of prediction to deviation (RPD).  
 

RPD � SDSEP�����	 
 

N = number sample; xn = reference value; yn = predicted 
value by NIR. 

III.  RESULT AND DISCUSSION 

Table 1 shows the statistics of catechin content in gambir 
powder from dried gambir leaves in the calibration set and 
validation set were measured with a reference method. The 
result of measurements of catechin content in validation set 
was within the range of value of catechin content in 
calibration set. These results were similar to study by [13] 
that acknowledged that the set of calibration had the highest 
and lowest value of the properties. 

 

TABLE I 
 STATISTICS OF CATECHIN CONTENT IN GAMBIR POWDER 

FROM DRIED GAMBIR LEAVES 

Sample 
set 

Mean 
(%) 

Standard 
deviation 

(%) 

Maximum 
(%) 

Minimum 
(%) 

SN  

Calibration 
set 

82.16 12.89 99.69 61.79 49 

Validation 
set 

82.88 13.47 99.36 62.56 24 

 

A. Effect of Pre-processing 

A reliable, accurate and stable calibration model could 
explain relationship between NIR spectrum data and the 
desired chemical content. Pre-processing is required in order 
to obtain a good calibration model, because data obtained 
from NIR spectrophotometer sample contains not only 
information but also noise. Pre-processing of normalization 
was designed to reduce baseline variations caused by 
differences of particle size [14]. Pre-processing of 
derivatives may reduce the effect of the baseline and 
improve the absorption peaks [12].  

 

 
Fig.2 NIR spectra of gambir powder from dried gambir leaves obtained 
from combination pre-processing of n01 and dg1 

 
The shape of gambir powder from dried gambir leaves 

reflectance spectrum with pre-processing method 
combination between n01 and dg1 (n01, dg1) is shown in 

Fig. 2 with the reflectance values range from -0010 - 0.020. 
It can be seen that the original spectra (shown in Fig. 1) has 
become close to one another and baseline variations caused 
by differences in particle size has been discarded. 

B. Calibration Development 

To obtain a large amount of spectra information provided 
by NIR spectrophotometers were needed in building the 
model calibration as well as to obtain a high correlation in 
the spectra, a method was needed to reduce variables are not 
correlated. It only left variables contained relevant 
information to the sample. Principal Component Analysis 
(PCA) is a well-known method and has been widely used 
[15]. Reference [16] acknowledged that PCA is a technique 
to reduce the amount of spectrum data that is intended to 
find the main component (PC) which linear combination 
with the original variables. Furthermore, the result of the 
analysis showed that 6 components or factors were the 
optimum number of PLS factors to predict catechin content 
in gambir powder from dried gambir leaves. The number of 
PLS factors provided value consistency (comparison 
between SEC and SEP) of 100.27% and the value of V-sets 
PRESS (sum of squared error on the validation set) of 
101.93%. 

Model with pre-processing combination n01, dg1 showed 
a good calibration model to predict catechin content in 
gambir powder from dried gambir leaves. It also showed a 
better performance of calibration model compare to the 
original model (Table 2).  The model showed a low value of 
SEC and SEP, high r value and small difference between 
SEC and SEP.  The use of a combination pre-processing 
(n01, dg1) caused the value of the correlation coefficient 
between the reference catechin and predicted NIR increased 
from 0.96 into 0.99, the value of the SEC declined from 
3.69% to 2.11%, the value of SEP decreased from 3.48% to 
2.10%, the value of CV on the set calibration and validation 
sets successively decreased from 4.49% and 4.19% to 2.57% 
and 2.54%, RPD values increased from 3.88 to 6.40 and the 
number of PLS factors was reduced from 9 to 6. The value 
of r above 0.90 is high [17] and value of CV at calibration 
set <5% and at validation set <10% showed a reliable 
calibration model [18] and fit to predict catechin content in 
gambir powder from dried gambir leaves in the new data set 
of gambir. Based on RPD values obtained, the resulting 
model showed an excellent model in predicting catechin 
content in the gambir powder from dried gambir leaves. This 
is because the RPD values obtained was > 3. In accordance 
with that acknowledged by [19], if a model had a value of 
RPD > 3, the model was able to predict very well. RPD 
value obtained was highly dependent on the diversity of 
data. The greater the diversity the greater RPD values 
obtained. 

 
 
 
 
 

 

 

All Spectra

Bilangan gelombang (1/cm)
40005000600070008000900010000

-0.010

-0.005

0.000

0.005

0.010

0.015

0.020 Calibration Spectra
Validation Spectra

R
ef

le
ct

ra
nc

e 
(n

01
, d

g1
)

Wavenumbers (1/cm)

3



TABLE II 

PERFORMANCE PARAMETER MODEL TO PREDICT CATECHIN CONTENT IN GAMBIR POWDER FROM DRIED GAMBIR LEAVES  

Pre-processing 
 F 

 Consistency 
(%) 

Calibration Set  Validation Set  

SEC 
(%) 

r CV 
(%) 

SEP 
(%) 

r CV 
(%) 

Bias 
(%) 

RPD 

Original 9 106.06 3.69 0.96 4.49 3.48 0.97 4.19 -0.03 3.88 

n01, dg1 6 100.27 2.11 0.99 2.57 2.10 0.99 2.54 0.05 6.40 

 
 
Fig. 3 shows a plot of actual data and data of NIR 

predicted of catechin content in gambir powder from dried 
gambir leaves. Based on the value of R2, the resulting model 
could predict catechin content in gambir powder from dried 
gambir leaves very well (R2 > 0.91) [19]. R2 indicated the 
percentage of of variance of variable Y specified by variable 
X. The results indicated that 97% of catechin content value 
of NIR predicted was determined by value of reference 
catechin content. 

 

 
Fig.3 Plot of actual data and data of NIR predicted of catechin content in 
gambir powder from dried gambir leaves  

IV.  CONCLUSIONS 

This study demonstrated the capability of NIR 
spectroscopy technology to determine catechin content in 
gambir powder from dried gambir leaves using the PLS 
algorithm.  The pre-processing methods combination n01 
with dg1 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.  

NOMENCLATURE 

C-set  calibration set 
CVc  coefficient of variation on calibration set 
CVv  coefficient of variation on validation set 
dg1 first derivative Savitzky-Golay 9 point 
F factor PLS 
FT-NIR Fourier transform-NIR 
n01  normalization between 0 and 1 
n01, dg1 combination between n01 and dg1 
NIR  near infrared 

nm nanometer 
PCA  principal componet analysis 
PLS  partial least square 
PRESS  predicted residual error sum square 
r correlation coefficient 
R2 determination coefficient 
SD  standard deviation 
SEC  standard error of calibration set 
SEP  standard error of validation set 
SG  Savitzky-Golay 
SN  sample number 
SNI  Standar Nasional Indonesia 
V-set  validation set 
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