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Abstract. The objective of this study is to evaluate the SIMCA method and NIR spectroscopy
for the non-invasive and non-destructive classification of Indonesian specialty coffees that
come from two geographical origins: Gayo coffee from Aceh 10 samples and Wamena from
Papua 10 samples. All samples were roasted at the same condition (medium roasting at a
temperature of 200°C for 10 minutes) and were ground using a home coffee grinder and then
sieved using 50 mesh to obtain a homogenous particle size of 297 micrometers. Spectral data
in the short and long near infrared range of 650—-1650 nm was measured in a diffuse reflectance
mode using two handheld spectrometers equipped with an integrating sphere (ISP-REF, Ocean
Optics, USA). The result demonstrated that the classification was satisfied with 100%
accuracy, sensitivity, and specificity.

1. Introduction

Indonesia is one of the most important coffee producers in the world (especially for Coffea canephora
or Robusta coffee) with a total production of about 9.4 thousand bags of 60 kg in 2018/2019 [1]. Not
only Robusta coffee, several Arabica coffees (Coffea arabica) are planted in specific geographical
environment in several places in Indonesia and protected as Indonesian specialty coffee such as
Arabica Gayo (Aceh), Arabica Wamena (Papua), Arabica Kalosi (Sulawesi), Arabica Java Preanger
(West Java). Those specialty coffees have great flavor as well as a high score of sensory properties and
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meet the requirement of SCAA (Specialty Coffee Association of America) specialty coffee with a
score greater than 80 [2]. For this reason, Indonesian specialty coffee with labeled as specific
geographical origins are traded at higher prices compared to normal non-specialty coffee.

Recently, confirmation of the geographical origin of specialty coffee is one of the most important
food quality analysis [3]. There are two methods to do this task, in general: targeted and non-targeted
analysis [4]. In a targeted analysis, first, we determine a specific property of the product as a marker to
decide the authenticity of the tested product. For non-targeted analysis, broad information coming
from the spectrum, chromatogram, or fingerprints of both adulterated and non-adulterated samples was
measured. This set of confirmed members was used to characterize the adulterated and non-adulterated
class. The new unknown samples were measured, and then a classification or discrimination method
was used to classify the samples into adulterated and non-adulterated class. Several examples of non-
targeted analysis have been published such as the authentication of peaberry coffee using UV -visible
spectroscopy [5], authentication of wild salmon using 'H Nuclear magnetic resonance (NMR)
spectroscopy [6], geographic origin of wines using UV-visible-near and mid infrared spectroscopy [7],
authentication and discrimination of green tea samples using UV—vis, FTIR and HPLC techniques [8],
geographical origin of honey using near and mid infrared spectroscopy [9-10], discrimination of
Chinese rice using 'H NMR-based metabolomics [11], etc.

A benchtop NIR spectrometer is relatively costly and inapplicable for on-site measurement. For
coffee authentication, NIR benchtop-based spectrometer has been reported [12-15]. To perform coffee
authentication with low-cost analytical methods, it is desirable to use a handheld NIR spectrometer. In
this research, a possible application of soft independent modeling of class analogy (SIMCA) method
and NIR spectroscopy with two different handheld spectrometers equipped with an integrating sphere
for non-targeted classification of two different geographical origins of Indonesian specialty coffees
was presented.

2. Research methodology

2.1. Coffee samples

In this research, a total of 20 samples of Indonesian specialty coffee from two geographical origins
were prepared (Gayo and Wamena). The samples of green bean coffee were purchased from a local
trusted coffee shop in Bandar Lampung, Indonesia. All samples were roasted at the same condition
(medium roasting at a temperature of 200°C for 10 minutes). Samples were ground using a home
coffee grinder and sieved using 50 mesh to obtain a homogenous particle size of 297 micrometers in
order to minimize the influence of coffee particle size to the quality of spectral data [16]. For spectral
acquisition, ground roasted coffee samples were directly placed on the sample holder about 1.33 grams
in weight on a flat surface, as depicted in Figure 1.

1.33 gram

Sample holder

Figure 1. Sample holder for direct NIR spectral acquisition of ground roasted coffee using two
handheld spectrometers equipped with an integrating sphere in the range of 650-1650 nm.

2.2. System for coffee spectral acquisition

Figure 2 showed the system for coffee spectral data acquisition. This system consists of two handheld
spectrometers from Ocean Optics (USA): NIR Flame-S operated in the range of 650-900 nm, and
NIRQuest512 operated in the range of 900—-1650 nm (total the range was 650—1650 nm). The sample
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was placed at the top of the integrating sphere, and a built-in tungsten-halogen light source was
located at the bottom of the integrating sphere. Spectral data was measured in interactance mode
simultaneously by using the two spectrometers via fiber optics, and then the spectral data were
transferred into the computer through a USB cable. The original spectral data (no data pre-processing)
in the full range of 650-1650 nm (short and long near infrared wavelength) was used for
chemometrics calculation, including principal component analysis (PCA) and soft independent
modelling of class analogy (SIMCA).

NIRQuest512 (900-1700 nm)
NIR Flame-S

Sample

ADflame

Fiber optics

The ISP-REF Integrating Sphere

Computer

Figure 2. Spectral acquisition of coffee samples from two different geographical origins (Gayo
and Wamena) using two handheld spectrometers equipped with an integrating sphere in the
range of 650-1650 nm.

2.3. PCA and SIMCA method

The obtained spectral data in the range of 650-1650 nm contained 1206 predictor variables (X
variables). To easier understand this complex data, the original spectral data was decomposed into a
few new variables, the so-called principal components (PCs) data using PCA [17-18]. PCA is one of
the unsupervised classification methods and frequently used for authentication research. One
important result of PCA is the score plot of principal components (PCs). PC1 and PC2 score plots
were usually presented to map the samples and to see the grouping potential of the samples. In the
present research, PCA was applied using original spectral data set in the range of 650—1650 nm (1206
variables).

To perform a supervised classification method, a SIMCA method which focuses on interclass
similarities was calculated [19]. First, the samples were divided randomly into calibration (12
samples) and prediction set (8 samples). PCA was developed using calibration samples for each class
(Gayo class model and Wamena class model). The prediction samples were projected onto each
SIMCA model, and from this process, scores and residuals of each prediction samples were obtained.
The membership of the prediction samples set was then assigned using two parameters: object-to-
model distance and leverage. The object-to-model distance was calculated using combined residuals,
and leverage was measured by using the scores. To evaluate the performance of SIMCA, three figures
of merit were used: accuracy, sensitivity, and specificity. The calculation of those parameters was
performed, according to Luna et al. [20]. All chemometric data pre-processing was performed by
using The Unscrambler X version 10.4 (64-bit) (Camo Software AS, Oslo, Norway).

3. Results and discussions

3.1. Analysis of spectra of coffee samples with two different geographical origins
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Original spectral data in the full range of 650—-1650 nm was presented in Figure 3. There was a high
variation in spectral data obtained by the NIR Flame-S spectrometer in the range of 650—900 nm. On
the other hand, a low variation was observed in the range of 900—1650 nm obtained by NIRQuest512.
Clear peaks were observed between 900—1650 nm at 1150 nm, 1200 nm, and 1450 nm. The peaks at
around 1150 nm and 1200 nm were related to second overtone of C-H bonding in coffee [21]. The
peak at 1450 nm was contributed to the first overtone of O-H stretching in coffee due to the presence
of water in the coffee samples [21].
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Figure 3. Spectra of coffee samples from two geographical origins (Gayo and Wamena) for
original spectra in the range of 650—1650 nm.

3.2. Result of calculation of PCA

Figure 4 showed the score plot of the first and the second PC using short and long original near
infrared spectral data in the range of 650-1650 nm. The first two PCs (PC1 and PC2) could explain
100% of the total variance of the original spectral data. A clear separation was observed between Gayo
and Wamena specialty coffees. All Gayo samples were clustered in the positive PC1 (PC1 > 0),
whereas all Wamena samples were in negative PC1 (PC1 < 0). There were no any overlapped samples
indicated that Gayo and Wamena specialty coffee could be distinguished well using NIR spectral data
in the range of 650-1650 nm.
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Figure 4. PCA score plot of coffee samples with different geographical origins (Gayo and
Wamena) calculated based on original spectra in the range of 650-1650 nm.
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3.3. Classification result using SIMCA method

Table 1 showed the result of the classification of prediction samples (8 samples) using the SIMCA
model. All Wamena samples (4 samples) were classified correctly. Three samples of Gayo could be
properly classified, but only one Gayo sample did not belong to any defined class (Gayo and Wamena).
As presented in Table 1, accuracy, sensitivity, and specificity were 100% both for Gayo and Wamena
class. This result indicated a potential application of low-cost handheld NIR spectrometers to establish
authentication of Indonesian specialty coffee. However, in the future, more samples have to be
measured to draw a more reliable conclusion.

Table 1. The result of classification based on SIMCA using original spectral data in the range of 650-
1650 nm.

Models Predicted Gayo class Predicted Wamena class
Actual Gayo class 3 0
Actual Wamena class 0 4

4. Conclusion

As presented in this research, a potential application of low-cost handheld NIR spectrometers to
establish authentication of Indonesian specialty coffee had been demonstrated. Using the unsupervised
method of PCA on original spectral data in the range of 650-1650 nm, a clear separation was observed
between Gayo and Wamena coffee. Using supervised classification based on the SIMCA method,
accuracy, sensitivity, and specificity of 100% could be obtained. To draw a more reliable conclusion,
it is highly desired to measure more samples.
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