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Coffee from diverse place will serve a diverse flavor, especially the 

accidity and bitternes, could be easily detected by human’s sense of 

taste. This is due to the differences of the chemical content, in this 

case the chlorogenic acid (CGA) and trigonelline, inside the green 

beans. In coffee industry, the assesment of coffee quality usually 

done by the sertified quality grader (Q-grader). However, the Q-

grader could not provide the exact concentration percentage inside 

and the information only could be determined using the chemical 

method such as the LCMS and HPLC method. These method are 

expensive, time consuming and destructive the opposite with the 

need of industries. Near Infrared Spectroscopy (NIRS) method 

could be used to answer the requirement. In this study, the CGA and 

trigonelline concentration in coffee beans could be determined by 

several most representative NIR wavelenght. A hundred samples 

(96 grams coffee beans) were subjected to NIR measurement in the 

wavelength of 1000 – 2500 nm, followed by the chemical analysis 

by LCMS method, then calibrated by the Stepwise multiple linear 

regression (SMLR) method to obtain the representative NIR 

wavelength. Result showed that the NIR spectroscopy could be used 

to determine the CGA concentration by using 24 NIR wavelenghts 

indicated by high r, RPD and consistency value of 0.949, 2.59 and 

88.78%, respectively. However, the trigonelline could not be 

assesed by the SMLR method due to its small amount and its 

chemical bounding inside the beans. 
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1. Introduction  

Coffee quality become the most important aspect in coffee industries that could be assesed by the 

bean color and size, percentage of damaged seeds, and flavor. In coffee industry, the evaluation 

is done by the sertified quality grader (Q-grader). Besides that, the chemical content of coffee 

bean is actually needed to be known, since it contains more than 700 compounds [1], which are 

responsible and used to form the coffee flavor and quality. The concentration of chemical content 

in coffee beans is diverse according to its origin and also the postharvest processing. Chemical 

content of coffee bean reflects the coffee flavor, also there are several compounds that can exert 

beneficial biological activities for human health, such as the caffeine and chlorogenic acids 
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(CGA) [2], with concentration of 0.78-1.55% (w/w) and 3.30-7.65% (w/w) [3], respectively. 

Besides that, there is trigonelline as the second abundant alkaloid in coffee bean, range from 0.62 

to 1.27% (w/w) [3], which also contributes to the overall bitterness in roasted coffee [4]. CGA 

could exhibit a radical scavenging effect that is similar to ascorbic acid, can chelate transition 

metals such as Fe2+ to scavenge free radicals and disrupt chain reaction. Therefore, the CGA 

content can act as antioxidant and beneficial for health [5].  

The determination of chemical content could be measured by the chemical method, such as 

HPLC and LCMS method [6]. This method offers accuracy; however not with the cost, time and 

its character that need a smaller size of samples, that is not suitable for industries. Therefore, a 

new method that could solve those problems is needed, one of which is by using the near infrared 

spectroscopy (NIRS) method that could assess the chemical concentration inside the coffee beans 

[6-16]. NIRS is a technology that is for the most part based on the actual number of molecules of 

individual compounds. Chemically, all of the organic material, including coffee beans, consists 

of atoms, mainly carbon, oxygen, hydrogen, nitrogen, phosporus and sulphur, with minor amounts 

of other elements. These atoms combine to form molecules, and because of the nature of bonds, 

and the electrostatic charges on the atoms and molecules themselves, the molecules are constantly 

in motion and vibrate in frequencies corresponding to wavelengths in the infared region or the 

electromagnetic spectrum. This is the reason NIRS could be used to assess the chemical 

information inside material since it affords a method to translate those vibrations of molecules 

into simple, rapid and environmentally friendly analytical procedures [7, 17].  

Coffee could have a different flavor, especially the accidity and bitternes, which can be 

detected by human’s sense of taste. This is due to the differences of the chemical content inside 

the green beans [3,12], in this case the chlorogenic acid (CGA) and trigonelline, for accidity and 

bitterness, respectively. NIR study combine with chemical data and chemometrics method has 

been widely used in determining the chemical concentration in green bean coffee [6-15]. Beside 

that, the use of machine learning to enhance the NIR model performance has also expanded 

recently [16, 18-19]. The calibration of both chemical and NIR data could be done by several 

method such as partial least square (PLS), principle component analysis (PCA), artificial neural 

network (ANN), stepwise multiple linear regression (SMLR) method, etc. The PLS model of 

CGA and trigonelline concentration have been developed and showed a good model prediction 

indicated by the high value of coefficient correlation in both components of 0.936 and 0.975, 

respectively [6]. However, the actual representative wavelength for CGA and trigonelline in 

coffee beans have not been obtained, which can be used to build a faster detection and sortation 

system for coffee industry. SMLR method could solve the problem, since this method could 

reduce the wavelength numbers which also could reduce the running time compare to PLS [20]. 

In this study, the representative wavelength for both CGA and trigonelline is assesed. 

2. Methods 

A hundred samples of Arabica Java Preanger coffee bean were prepared to be subjected to NIR 

measurement (96 grams per sample) using NIRFlex N-500 Merk Buchi and chemical 

measurement (0.2 grams per each sample) by LCMS. After that, followed by the calibration 

method using SMLR method that conducted using unscrambler sofware v.10.3 (CAMO, 

Norway). 

3. Results and Discussion  

Figure 1 show the NIR absorbance of Java Preanger green beans coffee, the absorbance pattern 

in this case is quite similar to the others such as Lintong, Mandailing and Sidikalang bean. The 

difference could be seen at the amount of the absorbance [7-10]. Development of NIR model by 

PLS method for trigonelline and CGA have been conducted actually and the result showed a good 

model with high r value of 0.975 and 0.936, respectively [6]. However, to reduce the amount of 

wavelength, another data processing is needed to obtain the most representative wavelength. In 

fact, range of wavelength from 1000 to 2500 nm not only contain variables that include 

informations about the component but also contain noise or variable that is not contain 

information that could affect the strength of prediction result and could build an overfitting 

regresion model [20-21]. Therefore, selection of wavelength could improve the performance of 

the model with no preprocessing data needed. 
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Table 1 explain the concentration of trigonelline and CGA content in arabica Java Preanger 

coffee beans. The concentration is in accordance to the percentage range of both components that 

has been reported [3]. It is also shown that both of the components have abundant percentage in 

coffee beans; therefore, they can be well predicted using all NIR wavelength combined with the 

PLS method [6]. This percentage will absolutely affect the selection of the representative NIR 

wavelength as shown in Table 1.  

. 

 
Figure 1. NIR absorbance for coffee beans 

Table 1 shows the result of calibration by SMLR method for CGA and trigonelline content. 

This method will select the wavelengths that exhibit the best single term calibration as the first 

independent variable, then finds the best wavelength to add as a second variable in a two terms 

regression, and so on until some stopping criterias are met [17]. Moreover, in SMLR method the 

data pretreatment process is not required. Results showed that by using 24 selected NIR 

wavelength, the CGA content can be well predicted, this indicated by a high coefficient 

correlation (r) value and standard error calibration (SEC) of 0.949 and 0.129, respectively (Figure 

2). Besides that, this model also showed a high consistency of 88.78% and high residual prediction 

deviation (RPD) of 2.59. Result of r value shows that this model indicated a strong positive linear 

relationship between both of NIR data predictions and references [22]. In addition, the obtained 

RPD value also indicated an excellent model since it was higher than 2 [23,24].  

Table 1. Result of calibration by SMLR method. 

Parameter 
Concentration 

(%) 

Selected 

wavelength 

(nm) 

r 
SEC 

(%) 

SEP 

(%) 

CV 

(%) 
RPD 

Consistency 

(%) 

Trigonelline 

 

0.87 – 1.14 - - - - - - - 

CGA 

 

5.42 – 6.89 7496, 7556, 

7820, 8505, 

8540, 8796, 

8812, 8900, 

8908, 8956, 

9088, 9148, 

9196, 9224, 

9272, 9380, 

9408, 9460, 

9492, 9272, 

9380, 9408, 

9460, 9492, 

9724, 9380, 

9408, 9460, 

9492, 9724, 

9744, 9780, 

9804, 9808 

0.949 0.129 0.145 2.41 2.59 88.78 
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On the other hand, the wavelength selection for trigonelline can not be done (Table 1), while 

in PLS method which use a large range of wavelength from 1000 – 2500 nm, the model 

determination for the trigonelline in Java Preanger coffee has been obtained with r value of 0.975 

[6]. Furthermore, it is shown that the number of the selected wavelengths also determined by the 

observed concentration percentage and the bond relation with the other chemical components in 

the molecules [25], which caused not all of the chemical content can be determined by SMLR 

model. In fact, wavelength from 1000 to 2000 nm could contain variables that bring information 

or not, and could influence and lead the prediction result to an overfitting model [26]. Therefore, 

wavelength selection is a method used to increase the model performance with no data 

pretreatment needed.  

 

   
Figure 2. CGA prediction using 24 selected NIR wavelength 

(k is calibration data; v is validation data) 

 

The selected 24 wavelength is a combination of the CGA and several wavelengths that 

accommodate the scatter and intercorrelation effects between chemical components in the 

material [25]. As in [26], the MLR method has been used to examine the roasting degree of coffee 

beans, which resulted 5 selected wavelength of water content of 1940, 1725, 1225, 1111, and 

1450 nm. The wavelength of 1940 and and 1225 are indicated as water content wavelength [26], 

and the other 3 wavelengths are used to accommodate the scattering influence and the relation 

between chemical compounds inside the material. 

4. Conclusion  

Result showed that by using 24 NIR wavelengths, the CGA content in coffee beans could be well 

predicted by NIR spectroscopy indicated by the high value of r, RPD and consistency of 0.949, 

2.59 and 88.78%, respectively. However, the trigonelline content can not be determined using 

SMLR method. 
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