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Introduction

Pesticide ingredients in plants seem to be familiar
in the agriculture which pesticides contain of harmful
ingredients that are used to maintain the quality of fruits
and vegetables from pests and plant diseases (Zhang, et
Exposure to these harmful
chemicals is pesticide residues that found on fruits
(Osaili, et al.,2022; Umayah, et al, 2021), vegetables
(Amilia, et al., 2016, Hendriadji, et al., 2021), animals that
consume plants containing pesticide residues (Kurnia, et
al, 2023; Nurhalisa, et al., 2023), and also environment
(Badrudin, et al., 2022). Without realizing it, pesticide
residues will enter the human body through the food
consumed, which the higher the pesticide residue, the
more dangerous it is for health (Vutrianingsih, 2020;

al, 2022; Rajak, 2023).

Versari et al., 2021).
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Abstract: Pesticides are one of the substances that are widely used to protect plants from
pests and plant diseases, and their use must be controlled for the public health. Currently,
the pesticide contamination is determined by chromatographic, but this technique is
destructive and not easy to implement. Therefore, this research is proposed to overcome
these problems. Raman scattering technique as a non-destructive testing technique and
easy to implement is used in this research. This technique utilizes Raman scattering
resulting from laser excitation in a sample. Pesticide detection was carried out by
observing the difference in Raman shift wavelength between samples containing
pesticides and samples that did not contain pesticides. The experiments were done on
guava peels with coated pesticide delthametrin 25 g/l. By excitation with laser
wavelengths 532 nm and 785 nm, the differences in Raman shifts at wavelengths 1,225
nm and 1,480 for samples coated pesticide, and Raman shifts at wavelengths 1,008 nm
and 1,480 nm for samples which is treated are obtained, respectively. From this research,
it can be concluded that Raman scattering technique can be used as non-destructive and
easy technique for detection pesticide contamination.
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Currently, Chromatographic techniques are widely
used to determine pesticide contamination. Gas
Chromatography (Kurnia, 2018), Gas Chromatography
Mass Spectrophotonetry (GC-MS) (Duniaji & Suter,
2021), High Performance Liquid Chromatography
(HPLC) (Hasibuan, 2018; Buwono, et al., 2019), Liquid
Chromatography = Mass  Spectrometry  (LC-MS)
(Septaningsih, 2018; Cortese, et al., 2020) are accurate
techniques for detection pesticide contamination and
other harmful ingredients. The working principle of
chromatography is that the gas in a high-pressure steel
cylinder is flowed through a column containing the
stationary phase. A sample of the mixture to be
separated, usually in the form of a solution, is injected
into the gas stream. Then the sample is carried by the
carrier gas into the column and in the column a
separation process occurs. A detector is placed at the end
of the column to detect the type and amount of each
component of the mixture. (Cortese, et al., 2020).
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However, the chromatographic method requires
difficult sample preparation and the testing has to be
donein laboratory (Tankiewicz, & Berg, 2022).

Characterization techniques using lasers with low
power and large wavelengths are widely used as
characterization techniques that are non-destructive and
easy to apply. This technique utilizes the scattering of
light when the object is excited by laser beam, which the
substances or element contained in it will have different
characteristics of the light scattering (Yulianto E., et.al,
2019). The important characteristic of light scattering is
wavelength, by knowing the wavelength, a substance
can be identified (Yulianto E., et.al, 2019).

One of the technique uses of laser excitation
techniques is the Raman scattering technique, by
knowing the Raman shift of a substance, the substance
can be defined. But this technique is still under research
and development to be used as a non-destructive
characterization technique and can be applied easily
(Tegegne, 2020; Hassan, 2019; Nurhalisa, 2022).

Guava fruit is one of fruits that is widely cultivated
and consumed by many people. And in consuming
guava fruit, mostly eaten with the skin as well. In fact, to
prevent pests and diseases in guava fruit, fruit farmers
use pesticides, so that the pesticides in guava fruit will
also be consumed by humans. So it is important to do
research on the pesticide content in guava fruit.

Thus, this research is proposed in order to obtain a
non-destructive and easy-to-apply with Raman
scattering method by modifying the sample in the form
of guava peel. The proposed method is to perform heat
treatment on the samples prior to characterization using
the Raman scattering technique. It is hoped that from
this research a sample preparation method for
characterization with Raman scattering can be found
which is non-destructive and easy to perform.

Method

This study uses the HORIBA RAMAN iHR320
Spectroscopy equipment which has a resolution of 0.06
nm, a step size of 0.02 nm, with an x100 objective lens.
Raman peak data taken is from 1000 nm - 1500 nm and
using 532 nm and 785 nm in wavelength for excitation.
The pesticide wused has the active ingredient
Deltamethrin 25 g/1. The pesticide deltamethrin (has a
molecular formula: C22H19Br2NO3) which has
chemical bonds C-Br, C=C, C=N, C=0, C-H, benzene
ring and N-H (Dong, T., et, 2018). The research
mechanism is described as in Figure 1. Three types of
samples are used in this research, namely guava peel,
guava peel coated with pesticides, and guava peel
coated with pesticides which was given heat treatment,
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all samples are pieces of the same guava. Heat teatment
was done by heating the guava skin at 40°C for about 30
seconds. The three samples will be tested by Raman
spectroscopy to produce spectral Raman.

Samples preparation

1. Guava peel
Guava peel coated with pesticide
3. Guava peel coated coated with pesticide and has
been heat treated
v

Raman Spectroscopy Testing
Laser excitation used is 532 nm and 785 nm in
wavelength

Data analysis and Discussion
Analysis of wavelength Raman shift from Raman
spectroscopy testing :
- For detection pesticide on guava peel
- To know the effect of heat treatment on samples to
Raman shift characteristic

v

Conclusion
- ability of Raman scattering technique to detect
pesticides on guava peel
- effect of heat treatment on samples to improve
raman scattering techniques for pesticide detection

on guava

Figure 1. Flow chart of research of raman scattering
research for pesticide detection on guava peel

N

Figure 2 describes the flow diagram of this research,
methodology of this research. the research began with
the preparation of three types of test samples, followed
by Raman spectroscopy tests to obtain Raman scattering
data. Sample 1 is the guava peel, sample 2 is guava peel
coated with pesticide, and sample 3 is guava peel coated
with pesticide which has been treated. Raman
spectroscopy testing was carried out three times for each
sample and the average results were taken from the
Raman shift obtained, so that the result will be valid.
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Figure 2. Mechanism of detecting pesticides on guava peel using Raman spectroscopy

Table 1. Raman shift of the samples
Wavelength of Raman Shift (nm)

Sample Laser Excitation 532 Laser Excitation
nm 785 nm

Sample 1 1,120; 1,215;  1,060; 1,200; 1300;
1,350. 1440.

Sample 2 1,120; 1,215; 1,008; *,060;
1,225; 1,350; 1,200; 1,300;

1,480. 1,440; 1,480.

Sample 3 1,120; 1,215; 1,008; ,060;

1,225; 1,350;
1,480.

1,200; 1,300;
1,440; 1,480.

Result and Discussion

Figure 3 shows the images from Raman
Spectroscopy’s camera of three samples; guava peel,
guava peel coated with pesticide, and guava peel coated
with pesticide which has been heat treated. This images
show the differences between guava peel, guava peel
coated with pesticide, and guava peel coated with
pesticide and has been treated. On guava peel without
pesticide, it only looks black, in contrast to guava peel
that has been coated with pesticide, there are white
splashes indicating of pesticide. The experiments for
detecting pesticide on guava peel using Raman
Spectroscopy with laser wavelength of 532 nm and 785
nm . Tabel 1 shows some differences in the Raman shift
between pure guava peel, guava peel coated with
pesticide, and guava peel coated with pesticide has been
heat treated. On excitation with 532 nm and 785 nm laser
wavelength, there were some changes in the Raman shift
between the guava peel and the guava peel coated with
pesticides.

Fig. 4a. shows the differences of Raman shift from
Raman spectroscopy with 532 nm of laser excitation on
the guava peel which was coated with pesticides and
guava peel which is treated compared to the guava peel
without coated with pesticide at the wavelength of 1,225
nm and 1,480 nm. And in Fig. 4b, it is shown that the
difference of the Raman Shift from Raman Spectroscopy
with 785 nm laser excitation on the guava peel coated
with pesticide are at the wavelength 1,008 nm and 1,480
nm. From Fig. 4a and Fig. 4b, they can be seen that the
guava peel coated with pesticides and heat treated
guava peel shows the same Raman shift trend.

Figure 3. The image of samples a) guav eel; b) guava peel
coated with pesticide, and c) guava peel coated with
pesticide which has been treated.

From Fig. 4a, the intensity of the Raman shift
resulting from Raman Spectroscopy using 532 nm
wavelength excitation is different and there is a
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proportional increase in the intensity of the Raman shift
from the guava peel, the guava peel coated with
pesticide, and the guava peel coated with pesticide
which has been heat treated. Meanwhile, the Raman
Shift intensity from Raman Spectroscopy using laser

April 2023, Volume 9 Issue 4, 2025-2029

excitation with a wavelength of 785 nm is similar
between guava peel, guava peel coated with pesticides,
and guava peel coated with pesticides which has been

heat treated (Fig.4b).
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Figure 4. Raman Shift from Raman Spectroscopy with laser excitation (a) 532 nm; (b) 785 nm in wavelength

The increase in intensity of guava peels coated with
pesticides and given heat treatment experienced an
increase in intensity of about five times compared to
those without heat treatment, in laser excitation with a
wavelength of 532 nm. Observation of the results of
Raman spectroscopy was carried out at a wavelength of
1,000-1,500 nm, this is because the Raman shift for
pesticides with C-C, C=C, and C-H was detected at that
wavelength. The Raman Shift that occurs is the result of
a reaction between laser energy that excites bonds in the
pesticide molecule. As in Fig. 4a, for 532 nm laser
excitation on guava peel coated withpesticides has been
heat treatedproduces higher intensity than in guava peel
coated withpesticide it can be concluded that the
molecular bonds in guava peel coated withpesticides has
been heat treateds are easier to excite by laser than other
conditions.

Differences in the Raman shift that occur in guava
peel and guava peel coated by pesticides as in Fig. 4a and
Fig4b, can be used as reference to determine the
presence of pesticide layer on guava peels

Conclusion

Raman scattering technique is proven to be used as
pesticide detection technique on guava peel. Pesticide
detection is done by analyzing the Raman shift resulting
from laser excitation, which guava peel without
pesticide coating and guava peel with pesticide coating,
there are differences in Raman shift, which guava peel
with pesticide coating obtained Raman shift at
wavelengths of 1,225 nm and 1,480 at excitation laser
wavelengths of 532 nm, and 1,008 nm and 1,480 nm at

laser excitation wavelengths of 785 nm, and for guava
peel without pesticide coating there are no Raman shift
at these wavelengths. Heat treatment method on guava
peel samples has been shown to increase the Raman shift
intensity by about five times compared to guava peel
samples without heat treatment. So, heat treatment
makes the Raman scattering technique as a non-
destructive technique with easy sample preparation and
is very suitable for detecting pesticides on guava peel
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