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Abstract

Indonesia is one of the main suppliers of Patchouli oil in the world market. It has high
economical value. Indonesian Patchouli oil is mostly produced by SMEs using the
distillation technique. However, the high demand and price of Patchouli oil led to the
fraud of adulteration. SMEs intentionally mixed Patchouli oil with cheaper oils. This
paper presented the vapor measurement of Patchouli oil by using an array of metal oxide
semiconductor gas sensors (MOS) which may apply to indicate the presence of
adulteration substance in Patchouli oil. A total of nine MOS gas sensors were tested. All
MOS are driven with temperature modulation technique. We built an acquisition unit
based on the PSoC device to acquire the MOS outputs to a computer. We tested two
adulteration substances (palm oil and biodiesel oil), and two compositions (1:3 and 1:5) on
two levels of Patchouli oil. Individual response of MOS was examined. The Principle
Component Analysis (PCA) method was used to show the classification performance to
distinguish the adulteration types in Patchouli oil. We found that there was no single MOS
that able to distinguish the adulteration individually, and there were many overlapping
responses to adulteration substances and compositions. The PCA results showed that on
each level of Patchouli oil, nine MOS gas sensors can distinguish clearly between the with
and without adulteration substances (palm oil and biodiesel oil).

1. Introduction
Patchouli oil is a leading export commodity in
Indonesia. Indonesia is the three larger suppliers to the
world market of Patchouli oil (Hapsari, 2018; Schmidt,
2016). Among the various essential oils in Indonesia,
Patchouli oil has good prospect and price in the
international market. The quality of Indonesia’s
Patchouli oil is known to be the best and holds a world
market share of up to 85%. (Haryono, 2015). Patchouli
oil has a high priced value in the oil industry. The price
of Indonesia’s Patchouli oil in August 2020 was 52.30
USD to 62.10 USD per kg for a minimum order quantity
of 1000 kgs (Jandico, 2020).

which is taken from a separator tank. In general, the
separation is done by waiting for the oil to cool in order
to avoid the water particles move to Patchouli oil. Oil
contaminated with water will reduce shelf life that leads
to lower price. However, the quality of Patchouli oil
produced by many SMEs has not been met the
requirement.

Due to the high economic value and high demand of
Patchouli oil, the Patchouli oil is subjected to be
adulterated with other cheap oils to get economical
profit. SMEs intentionally added Patchouli oil with
cheaper oils to increase the weight. The practice of
adulteration becomes an issue for consumers, producers,
and regulatory bodies. The lack of knowledge and the
In Indonesia, Patchouli oil is mostly resulted by availability of tools to detect the presence of impurities
SMEs from steam distillation of leaves, stems and in Patchouli oil cause local collector/SME to experience
branches of patchouli plant (Pogostemon cablin Benth). a lot of economic losses when selling their products to
The Patchouli oil has a fresh and distinctive aroma of the exporter or industries (Haryono, 2015). Thus, it is
plant which cannot be substituted by synthetic material. needed an instrumental technique to assure the
Patchouli oil is obtained through a distillation process authenticity of Patchouli oil by indicating the presence of
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sufficient accuracy for the level of SME.

Currently, the determination of Patchouli oil contents
accurately and widely applied is using the Gas
Chromatography-Mass Spectrometry method. GC and
HPLC physico-chemical analysis are the most advanced
methods among them. Some adulterations can be
detected simply by GC-MS tests with technology such as
GC-IRMS and SNIF-NMR (Schmidt and Wanner, 2016).
However, this method may not be used by SMEs because
of the complexity of use and the price of the equipment
is very expensive, beyond the ability of SMEs.
The gases and volatiles of essential oils can be
captured using an array of Metal Oxide Semiconductor
(MOS) gas sensors. The MOS gas sensor is small and
compact, and are multi-series to detect a wide variety of
compounds. Several studies that have utilized the MOS
sensor gas line, including Kim et al. (2013) distinguished
essential oils from sweet oranges, chamomile flowers,
and jasmine flowers, and Gorji-Chakespari et al. (2016)
detected and classified the variety of Rosa Damascena
oil into three categories. And one technique that has been
studied for a long time and succeeded in increasing the
sensitivity and selectivity of MOS is temperature
modulation (Ortega et al., 2001; Sun et al., 2004; Huang
et al., 2004; Liu et al., 2007). This technique was further
developed by Sudarmaji and Kitagawa (2015) known as
Temperature Modulation with Specified Detection Point
(Temperature Modulation-SDP). Sudarmaji et al. (2018)
used this technique to measure volatility and were able to
clearly distinguish between Patchouli oil and clove oil.
This paper presents the vapor measurement of Patchouli
oil by using an array of MOS gas sensors operated in
Temperature Modulation that may indicate the presence
of adulteration substance in Patchouli oil as adulterated
or unadulterated Patchouli oil.

Gas Chromatography-Mass Spectrometry method. We
chose two levels of Patchouli oil (26.94%, and 29.52%).
Patchouli oil content is defined from the content of
Patchoulol (patchouli alcohol). And, we used palm oil
and biodiesel oil as the impurities of Patchouli oil. We
tested two portions of the impurity oil to Patchouli oil,
namely 1:3 and 1:5. Thus, we had 5 categories of each
level of Patchouli oil, i.e. without adulteration (pure),
Patchouli oil + palm oil (1:3), Patchouli oil + palm oil
(1:5), Patchouli oil + biodiesel oil (1:3), and Patchouli oil
+ biodiesel oil (1:5). Each measurement of the sample
was five times repeated.
2.2 Measurement and experiment setup
The measurement diagram of Patchouli oil using
static headspace and static measurement can be seen in
Figure 1. The nine MOS gas sensors (Table 1), which
pointed to sense several odorous gases and volatiles,
were employed to capture the vapor of Patchouli oil. All
MOS have operated in dynamic mode with temperature
modulation-SDP technique. The temperature Modulation
-SDP used was square modulation on 0.25 Hz. All
sensors were put inside a sensor chamber made of 5 mm
acrylic and formed into 693 cm3 square box (11x9x7)
cm. The outputs are acquired to a computer through
PSoC CY8C28445-24PVXI based interface unit.
Array of MOS
gas sensors

Acquisition
unit

pump
inlet 1
silica
gel

Sample
headspace reference

Injection
hole

sensor chamber

outlet
S
pump

Figure 1. Diagram of static measurement for capturing vapor
of Patchouli oil

A 15 mL glass bottle with rubber cap was used as a
static headspace vial. An aliquot (1 mL) of Patchouli oil
solution was put inside the static headspace vial. The
2. Materials and methods
sample was heated to the boiling point of Patchouli oil
2.1 Sample of Patchouli oil
(280oC) for 5 mins. The vapor of Patchouli oil was
The samples of pure Patchouli oil are from SMEs in manually delivered to the sensor chamber using a 3 mL
Banyumas regency, Central Java, Indonesia. The syringe. One cycle measurement consists of three steps:
samples have tested the level of Patchouli oil using the heating the sample, Patchouli oil vapor measurement
Table 1. MOS gas sensor for capturing gases and volatiles of Patchouli oil
No
1
2
3
4
5
6
7
8
9
eISSN: 2550-2166

Type
TGS-2602
TGS-2620
TGS-2600
MQ-5
MQ-135
MQ-138
FIS-12A
FIS-30SB
FIS-AQ1

Gas Target
Odorous gases (Ammonia, Ethanol)
Solvent (organic) vapors
Air Contaminants (H2, CO)
Natural gas, Coal gas
Air Quality Control
Wide volatile compound
Methane
Alcohol
Volatile organic compound

Range
1-100 ppm
50 – 5,000 ppm
1-30 ppm
200-10,000 ppm
10-200 ppm
200-10,000 ppm
300-7,000 ppm
1-100 ppm
10-10,000 ppm
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Heating sample
(5 minutes)

measuring Rg
(1 minute)

Purging
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(a)
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(Rg), and purging phase as shown in Figure 2. The
pumps were switched on when measuring the Ro and
purging phase, while the pumps were stopped when
measuring the Rg. The output was defined as Rg where
Rg is resistance when measuring vapor of Patchouli oil.
Dry air (filtered by silica gel) was constantly pumped to
the sensor chamber and was used as a reference. An
acquisition software was developed under Visual Studio
2019 to set the temperature modulation and to show and
store the MOS outputs into an MS Excel file.
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(b)

Figure 2. Measurement steps of Patchouli oil.

3. Results and discussion
3.1 Measurement system of Patchouli oil
Figure 3 shows the measurement apparatus, software
interface, sample of Patchouli oil inside the static
headspace vial, and injection step. The interface unit,
PSoC CY8C28445-24PVXI, was programmed to
generate the temperature modulation signal and acquired
the output of MOS gas sensors. We configured the pair
of XBee (IEEE 802.15.4) into direct transmission (point
to point) using XCTU software, as coordinator and as a
router (Digi, 2008). Both XBees were configured on
19200 bps, 8 bit, no parity, 1 stop bit and none flow
control
which
accorded
with
PSoC
serial
communication. Sudarmaji et al. (2018) applied these
configurations to measure the Clove Oil and Patchouli
oil, and the use of 0.25 Hz temperature modulation led to
distinguish between Clove Oil and Patchouli oil clearly.

(c)

The Temperature Modulation signals are settable and
the output sensors are acquired respectively into personal
computer wirelessly using developed software under
Visual Basic.Net 2019. The software creates a file
(Excel) to store data and determine automatically the
average value of each sensor for each measurement. The
acquisition software creates automatically 3 worksheets
to store the values of Ro, Rg, and their ratio.

(d)

3.2 Individual response of MOS gas sensors on various
Patchouli oil adulterations
We investigated the response of each MOS gas
sensor on 5 kinds of adulteration Patchouli oils, namely:
pure Patchouli oil, 1:3 Patchouli oil with palm oil, 1:5 Figure 3. (a) measurement apparatus, (b) software interface,
Patchouli oil with palm oil, 1:3 Patchouli oil with (c) static headspace vial, and (d) vapor injection process.
biodiesel oil, and 1:5 Patchouli oil with biodiesel oil. The
measurements were acquired 150 data/sample of
For example, the box plot graphs of resistances of
Patchouli oil (30 data and repeated 5 times). For the each MOS gas sensor to sense the 5 adulterations on
individual response of MOS gas sensor, we used box plot Patchouli oil of 26.94% are shown in Figure 4, 5, and 6.
analysis to show the ability of MOS to sense and It can be seen that the MOS sensors can sense vapor of
distinguish the five kinds of Patchouli oil adulteration.
eISSN: 2550-2166
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Patchouli oil with different adulterations. We found that
among the MOS tested, the TGS and MQ series tended
to have a lower resistance value when sensing Patchouli
oil without adulteration than when sensing Patchouli oil
with adulteration. Meanwhile, the FIS series tended to
give the opposite response. And, Figure 5 also reveal that
MQ5 was the least sensitive to the various adulteration
types which its box plots show almost at the same range
of resistance for the 5 treatment of adulteration.

Besides, the MOS sensors tended to drift (Hierlemann
and Gutierrez-Osuna, 2008) and to have poor selectivity
(cross-sensitivity) to other gases (Bermak et al., 2005; Di
Carlo and Falasconi, 2012). MOS sensor could be
selective to a certain gas but its cross-sensitivity to other
gases was not negligible (Wilson and Baietto, 2009).
Table 2. Peaks detected by means of GC-MS method of
Patchouli oil
Sample

Patchoulol level GC-MS Peak detected

Patchouli oil 1

26.94%

80

Patchouli oil 2

29.52%

100

3.3 Identification of Patchouli oil adulterations

Figure 4. Response of individual TGS Series on 5
adulterations of 26.94% Patchouli oil

We used the loading plot of Principal Component
Analysis (PCA) to know the effect or significance of
each MOS gas sensor to the resistance in sensing the 5
samples of adulteration. As shown in Figure 7, the length
of loading plots of all MOS gas sensors was closely
similar, either on 26.94% Patchouli oil or 29.52%
Patchouli oil. Therefore, we applied the 9 MOS gas
sensors to evaluate their performance for indicating the
presence of adulterant substance in Patchouli oil.
(a)

Loading Plot of MOS Gas Sensors to 26.94% Patchouli Oil
TGS2600

0.0
MQ5

Figure 5. Response of individual MQ series on 5 adulterations
of 26.94% Patchouli oil

Second Component

-0.1

TGS2620

-0.2
-0.3

MQ138
TGS2602

FIS12A

FISAQ1

-0.4

MQ135

-0.5
-0.6

FISSB30

-0.7
-0.4

(b)

-0.3

-0.2

-0.1
0.0
0.1
First Component

FISAQ1

0.3

0.4

MQ138

0.1

TGS2602
TGS2620
TGS2600

0.0

Figure 6. Response of individual FIS series on 5 adulterations
of 26.94% Patchouli oil

0.2

Loading Plot of MOS Gas Sensors to 29.52% Patchouli Oil
0.2

Second Component

FULL PAPER

87

-0.1
-0.2

FIS12A
MQ135

-0.3
-0.4
-0.5

MQ5

However, it also clearly seen that almost all MOS
-0.6
gas sensor has high overlap response among 5 kinds of
-0.7
FISSB30
adulteration. So that there is no single MOS gas sensor
-0.3
-0.2
-0.1
0.0
0.1
0.2
0.3
0.4
0.5
First Component
used (i.e. general gases and volatiles sensor) that able to
distinguish them. It might be caused by the compound Figure 7. Loading plot of MOS gas sensors to (a) 26.94%
complexity of Patchouli oil vapor. Table 2 shows Patchouli oil and (b) 29.52% Patchouli oil
detected peaks using GC-MS when measuring the 2
samples of Patchouli oil. Van Beek and Joulain (2017)
We utilized the Principal Component Analysis
reported that it is found 32 detected peaks and their odor (PCA) to evaluate the selectivity performance in
descriptions of Patchouli oil using GC‐MS analysis. discriminating among the 5 adulteration treatments.
eISSN: 2550-2166
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Figure 8 depicts that by using the first two principal
components, the nine MOS gas sensors able to
discriminate clearly the Patchouli oil with adulteration or
Patchouli oil without adulteration (separated by a linear
dash line). However, it also reveals that there are some
miss-clustering among groups of Patchouli oil with
adulteration to discriminate the kind of substance and
composition. It seems that there is similar substance
between palm oil and biodiesel oil since the biodiesel is
made from vegetable oil. Recent Indonesian biodiesel is
a mix of 20% palm oil-based biodiesel with 80% fossil
fuel (called B20) (Silalahi et al., 2020).
(a)

Score Plot of MOS Gas Sensors to 26.94% Patchouli Oil
2

Kategori
1:3 diesel oil
1:3 palm oil
1:5 diesel oil
1:5 palm oil
Pure

Second Component

1
0
-1
-2
-3
-4
-6

-4

-2
0
First Component

2

4

(b)

4. Conclusion
This paper presents a test of MOS gas sensors (TGS2600, TGS-2602, TGS-2620, MQ-5, MQ-135, MQ-138,
FIS-AQ1, FIS-SB30, and FIS-12A) for measuring
Patchouli oil in various impurities and concentrations.
Those MOS gas sensors, which basically designed to
sense odorous gases, volatile compound, and organic
solvent, had a good response for indicating the presence
of impurity substances (palm oil and biodiesel oil) in
Patchouli oil as adulteration. The impurity compositions
for Patchouli oil were 1:3 and 1:5. By using the PCA
tool, the MOS gas sensors had a strong performance to
discriminate the Patchouli oil with adulteration or
Patchouli oil without adulteration.
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