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Abstract— Electronic nose (e-nose) is a device that plays an
important role for odor assessment due to its low cost and widerange applications. Currently, e-nose is widely used in the food
industry such as coffee, wines, beers etc. Coffee is one of the most
popular beverages in the human history. There are various types
of products, for examples, roast/round, instant/soluble and
ready-to-drink coffees etc. At present, coffee shop businesses are
growing in Thailand and each of which has promoted its identity
of coffee aroma. Nevertheless, the taste and aroma of the coffee
are often not well controlled due to the lack of method to identify
the odor standard. Hence, this problem should be solved to
maintain consumers’ satisfaction. In this paper, we have studied
about the factors that affect on coffee taste and coffee aroma by
using electronic nose. This instrument was designed to be
portable and capable of measuring the coffee samples in both
liquid and solid forms. Metal oxide semiconductors (MOS) were
used as the sensing materials to detect changing of coffee odor at
different conditions. The e-nose is composed of a flow system, a
sensor array and data acquisition/analysis. It was found that the
e-nose is capable to distinguish different brands of instant coffee
products and is able to classify coffee odors at different mixtures.
The results reveal that the concentrations and temperatures can
affect the smell of quality of coffee. Based on this study, we are
very optimistic that this e-nose will be very useful for coffee
industry in Thailand.
Keywords— Electronic nose; coffee odor classification; Instant
coffee odor; Food sensor; Quality control of production

I. INTRODUCTION
Coffee is one of the most popular beverages in the world.
Recently, the coffee industry is growing rapidly in South East
Asia, namely Vietnam, Laos, Indonesia and Thailand.
Presently, the coffee business in Thailand is becoming less
competitive due to increasing imports of coffee from Laos and
Vietnam. Thus, quality assessment and control of Thai coffee
is vital to the industry in order to preserve the uniqueness of
Thai brandings that are still positioned in the better rank.
Since an identity of coffee is smell, coffee’s aroma is a quality
indicator of product of each region. There are many important
processes in the production of coffee, for example, roasting,
grinding, freeze dry and so on [1], [2], each of which affecting
the physical, chemical, structural and sensorial changes of
coffee [3]. So far, the aroma during these processes was
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checked by the human sensory, thereby depending solely on
the skill of the tester. Unfortunately, this method is lacking of
standard required by the coffee industry. Currently, there are
many efforts to apply standard techniques for quality control
in the production of coffee such as gas chromatographs and
mass spectrometers (GC-MS) and chemical sensors [4]-[7].
In this research, electronic nose (e-nose) was developed to
solve the above-mentioned issues. E-nose is an instrument that
imitates the human nose to detect and analyze gaseous
mixtures [8]-[10]. An e-nose consists of an odor sample
delivery system, an array of chemical sensors, electronic
circuitry and data analysis software. The heart of this
instrument is the chemical sensors which can be classified into
several types made of inorganic materials (e.g.,
semiconductors) [11], organic material [12], [13] and
biological materials [14]. During the past years, e-noses had
been shown to be useful in many areas of application
including agriculture, food and healthcare [15], [16]. In the
present case, an e-nose was designed as a complement the
human tester for quality assessment of the coffee smell (see in
Figure 1). This device is portable and very convenient to use,
as it is able to measure the coffee samples in gaseous, liquid
and solid forms. We have examined the capability of this
instrument with instant coffee samples based on varying

Fig. 1.

Electronic nose can be used for odor assessment of
coffee products.

TABLE I.
SPECIFICATIONS OF METAL OXIDE GAS SENSORS

No.

Sensor

Target gas

1

TGS 821

Hydrogen gas

2

TGS 822

Organic solvent vapors

3

TGS 825

Hydrogen sulfide

4

TGS 2600

Air contaminants

5

TGS 2610

LP gas

6

TGS 2620

Solvent vapors

flow rate of 500 ml/min. The gas-flow system is controlled by
solenoid valves to switch between the reference and the
sample bottles. The sensor system consists of eight
commercial gas sensors (Figaro Engineering Inc), each of
which sensor was selected especially to detect the coffee
volatiles, as listed in Table 1.
The gas sensors were installed inside a chamber, designed to
Fig. 2. Schematic diagram of electronic nose.
evenly distribute the gas flow through all sensors. The sample
odor can be transported through an inlet and distributed into
conditions such as brands, temperatures and concentrations.
each sensor as shown in Figure 3. This sensor chamber was
Thus, the preliminary results have shown that our e-nose made from Teflon to prevent the adsorption of odor within the
can successfully distinguish different brands of coffee and chamber.
classify coffee aroma at different conditions of mixtures. Based
A simple electrical circuit is able to convert the change in
on these results, we then hope that this e-nose will be conductivity to an output voltage signal. A multiplexer was
practically applied in the Thai coffee industry in the future
used as the signal selector for the switch to send data from
multiple sensors into a single signal channel. The selected
II. EXPERIMENTAL
signals were converted from analog voltage signal to digital
signal by using a commercial data acquisition (DAQ)
A. Electronic Nose Setup
Our e-nose system was designed appropriately for purchased from National Instruments Corporation. Moreover,
measurement of the coffee samples as shown in Figure 2. This the DAQ card was used to control switching of solenoid valves
system comprises three main components: (i) gas-flow system, and pressure level of the pump. LABVIEW software was used
(ii) sensor system and (iii) electronic circuit and data analysis. to control the e-nose system through the DAQ card as well as
In the gas flow system, a flow-controllable air pump was for data processing and visualization.
used to generate gas flow in the system. The ambient air was B. Experimental Design
used as the reference and the carrier gas to deliver the sample
In this experiment, we used instant coffees (freeze dried) as
odor from the sample bottle through the sensor chamber at a
samples with varying conditions to examine the ability of our
e-nose. Firstly, we have tested this e-nose with brewed coffee
at different temperatures to study the effect of temperature to
the coffee odor. An instant coffee was dissolved in water at a

Fig. 3.

Component of sensor chamber.

Fig. 4.

Sample plots of the resistance signals by the time from six
sensors with brewed coffee odor.

Fig. 5.

Radar plot of percent average gas sensing response of six
sensors with water and coffee brewed.

concentration of 5 mg/40 ml by varying temperature at 5, 10,
25 and 40 degree Celsius. Then the e-nose was tested with
coffee at different concentrations to investigate the effects of
concentration. In this part, the instant coffee was dissolved in
water at 25˚c by varying concentrations of the instant coffee at
1, 3, 5, 8 and 10 mg/40 ml. In addition, various brands of
instant coffees (4 brands of instant coffees) were investigated
by comparing coffee aroma of each brand. Each brand of
coffees was dissolve in water at concentration of 5 mg/40 ml
and controlled temperature of 25˚c. The process of
measurement starts by introducing the reference gas as
extracted from the headspace of the bottle into chamber and
switch to flow the sample gas by using the switching time at
period of 7 minutes and 3 minutes respectively, each
measurement consist of 10 cycles. In the process of this
measurement is based on real time data recording as the
samples of signals were shown in Figure 4.
III. RESULT AND DISCUSSION
A. Sensor Response Result
Before doing this experiment, we have tested the sensors by
observing the response of six sensors to a coffee solution
(brewed coffee) in comparison with pure water to study the
effect of water molecule on the sensors. As shown in Figure 5,
the sensing response from six gas sensors to the odor of
brewed coffee and water can be compared. It can be seen that
the sensors number 1 and 2 yield the highest response to the
coffee odor. Hence, the sensing response was calculated using
equation (1) as follows.
/
100
(1)
Where (Ri) and (Rf) is the baseline and maximum on the signal
data, respectively (see Figure 4).
The results illustrate the difference between gas sensing
response to water and coffee molecules. Coffee odor shows
higher response with gas sensors than water. Then, it implies
that these gas sensors are suitable to measure coffee odor in
this experiment.
B. Odor Classifications
In this experiment, we have tried to distinguish coffee odor
using our e-nose. Besides the mechanics of the instrument,

Fig. 6.

PCA score plot of brewed coffee odor at different
temperatures.

Fig. 7.

PCA score plot of brewed coffee odor at different
concentrations of instant coffee.

software is also an important part. In this work, we have used
LABVIEW software to control the mechanics of e-nose as
well as perform data acquisition and signal processing. In the
part of signal processing, we have used principal component
analysis (PCA) to classify the datasets. PCA is one of the
simplest and most robust ways of doing dimensionality
reduction. PCA also represents the pattern of similarity of the
observations and the variables by displaying them as points in
2D or 3D maps [17].
Figure 6 shows the PCA plot in two dimensions based on
the data sets of six sensors to classify the brewed coffee odors
at different temperatures. The results illustrate the difference in
each data groups. This PCA plot represents 98.8% of the
variation in data as explained by PC1 (98.7%) and PC3 (0.1%).
The bi-plot has confirmed that our e-nose is able to classify
odor of the brewed coffees with different temperatures.
In the next test, we tried to classify the brewed coffee odors
by varying the concentrations of instant coffees. The results
have shown that PCA successfully classified coffee flavors,
where 99.7% of the data variations were explained by PC1
(98.6%) and PC2 (1.1%) as shown in Figure 7. This
classification illustrates the affect of changing concentrations
to the coffee flavor, similar to the aforementioned results. The
result of both tests indicate that, the only slight adjustment of
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Fig. 8.

Classifications of 4 brands of instant coffee on 2D PCA.

method of coffee brewing such as temperature and
concentration have more effects on coffee aroma.
In additional testing, our e-nose was tested with variation in
the brands of instant coffees. Four premium graded instant
coffees (freeze dried) were used for comparison. As seen in
Figure 8, PC1 and PC2 account for 97.1% of total variance.
The results imply the capability of our e-nose that successfully
classifies the unique smells of four coffee brands.
IV. CONCLUSIONS
In this work, the detection of coffee odor by using e-nose
based on commercial metal-oxide semiconductor gas sensors
was demonstrated. In this study, the ability of e-nose was
investigated with various types of tests including variations of
brands, brewing temperatures and concentrations. It was
found that the e-nose is capable to distinguish different brands
of instant coffee products and is able to classify coffee odors
at different mixtures. The results also reveal that the
concentrations and temperatures can affect the smell of quality
of coffee. Based on this study, we are very optimistic that this
e-nose will be very useful for coffee industry in Thailand.
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