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Synthesis of N-acyl glycine surfactant from
palm oil as green repellent and toxicant
to termite (Microcerotermes diversus)
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Abstract: This study described for the first time, the synthesis of a greener, safer, and
more effective termiticide using a bio-based surfactant, N-acyl glycine derived from
palm oil for the control of Microcerotermes diversus. Laboratory findings showed that the
highest repellent activity was observed in N-acyl glycine surfactant (83.33%) at 50 ppm.
In addition, N-acyl glycine surfactant also exhibited substantial time and concentration-
dependent anti-termiticidal activity in which the highest termite mortality was observed
after 3 days of exposure at 50 ppm of the surfactant (100%). Furthermore, 3249 ppm
concentration of N-acyl glycine surfactant (LC,, = 32.49 ppm) attained 50% of termite
lethality. The current innovated termiticide with the use of N-acyl glycine surfactant
offers a better efficacy, lower cost, and prevents the use of dangerous termiticides that
are critical in creating a more sustainable environment, and controls Microcerotermes
diversus at the same time.

Key words: Green termiticide, bio-based surfactant, N-acyl glycine surfactant, Microc-
erotermes diversus, repellency, toxicity.

INTRODUCTION

Termites are the most common and destructive
pests of crops, forests, and other cellulose
products, such as papers, houses, and plastics
(Su & Scheffrahn 2000). They feed on a wide
range of organic detritus, such as decaying
leaves, humus, dry grass, and living or dead
wood, and serve as an essential ecological
role by converting dead materials into organic
matter (Kuswanto et al. 2015). Termites’ natural
activities will potentially help increase pH,
organic carbon content, water content, and
soil porosity by recycling dead organics in
their natural environment (Ghaly & Edwards
2011). Nevertheless, as termites continue to
function as an ecological engineer, they cause

many serious problems in which many objects
become highly destructive, resulting in major
losses in many parts of the world (Oludairo et al.
2016). Since termites do not leave any obvious
shreds of evidence to their presence, their
existence is typically found after severe damage
has been discovered, which makes it difficult to
control because of the cost needed to treat the
damaged buildings and other wood products
(Ugbomeh & Diboyesuku 2019). It is therefore
necessary to use termiticides to control termites
and also to prevent these damaging pests from
continually causing loss to the world.
Traditionally, chemical methods are the
most common method of termite control and
are likely to remain a significant component of
control strategies in the future (Toughan et al.
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2017). The repellence and toxicity of the chemical
barrier avoid tunnelling and penetration of
termites into soil and structure, and thus
preventing infestation. Bifenthrin, disodium
octaborate tetrahydrate (DOT), calcium arsenate,
and chlorpyrifos (Kuswanto et al. 2015) which
are either contact or systemic poisons are the
active ingredients contained in termiticides
(Acda 2018). Chlorpyrifos or also known as
organophosphate is one of the examples of
chemical termiticides that has been commonly
used to combat termites by causing paralysis,
convulsions, and finally death through the
inhibition of acetylcholinesterase enzyme, a
neurotransmitter that results in overstimulation
of termites’ nervous system (Dar et al. 2019).
Organochlorine termiticides, like heptachlor,
have also been used for termite control in some
countries such as China, where it is mainly
combined with seeds such as grain and corn to
kill termites in soil (Qiu et al. 2018). In addition,
bifenthrin, a synthetic pyrethroid with the
advantages of high efficiency, low toxicity, high
spectrum, and long effective time (Hua et al.
2015) was a common treatment for repelling and
killing termites, particularly for the preservation
of wood products (Kotlarewski et al. 2019).
Non-repellent termiticides such as fipronil
(Acda 2018) and imidacloprid (Henderson et
al. 2016) are another preferable approach used
in controlling termites especially for colony
management in which they act as toxicants to
termites (Henderson et al. 2016). However, due
to the environmental concerns over toxic and
non-green compounds in the formulation of
chemical termiticides, termiticides have been
banned in certain countries (Chand et al. 2018).

In recentyears, the use of greener pesticides
orinsecticides has received great interestamong
scientists (Abid et al. 2020, Attaullah et al. 2020,
Boris et al. 2016, Khanikor et al. 2018, Oliveira
et al. 2017, Rasib & Aihetasham 2016, Roszaini

SYNTHESIS OF GREEN TERMITICIDE

et al. 2013). As part of our continuous effort in
the field of green and sustainable chemistry
and education research (Abdullah et al. 2021,
Asseri et al. 2017, Chia et al. 2019, Ruslan et al.
2020, Yap et al. 2020), we would like to report
the synthesis of the bio-based surfactant as a
termiticide or repellent against Microcerotermes
diversus, which is the most destructive termite
that causes serious economic damage for
wooden products in buildings (Habibpour
2010). In this research, a bio-based surfactant,
namely the N-acyl glycine amino acid surfactant
was synthesised from the palm oil to act as
a natural repellent and toxicant to termite
(Microcerotermes diversus). In particular, the
N-acyl glycine amino acid surfactant has been
widely used in various areas (Reznik et al. 2010),
such as personal care products, household
products, cosmetics, and detergents due to their
physicochemical properties and antimicrobial
activities (Xia et al. 1995). Due to the enormous
use of hazardous chemicals as pesticides for
termite control, there is a growing concern about
these chemicals whereby they can potentially
harm the environment and give negative impacts
on living things. As such, the use of green bio-
based surfactant, N-acyl glycine as a repellent
and toxicant to termites is an alternative to the
conventional one. According to the literature,
N-acyl glycine amino acid surfactant is generally
considered low in toxicity, non-irritating, low
allergenic potential, good biodegradability, and
harmless to the marine environment (Yea et al.
2018). Therefore, this research aims in reducing
the use of hazardous termiticides in which
the concept of green chemistry for toxic waste
and pollution prevention can be empowered.
Besides, the environment and humans can also
benefit from this approach.
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MATERIALS AND METHODS
Materials and equipment

In this study, all chemicals and reagents
were obtained from Sigma-Aldrich (Malaysia),
including sodium hydroxide, hydrochloric
acid, glycine sodium salt hydrate, and thionyl
chloride. These chemicals were directly used in
the current experiment. The characterization of
N-acyl glycine surfactant was performed using
the Fourier-Transform-Infrared (FT-IR). The Gas
Chromatography-Mass Spectrometry (GC-MS)
was utilised to analyse the molecular mass, and
the values were given in the unit of mass divided
by charge ration (m/z).

Termites collection

The population of subterranean termites,
Microcerotermes diversus was collected from a
termitarium at Universiti Malaysia Terengganu,
Kuala Terengganu. The termite mound was dug
up usingashovelandthe collected termites were
then deposited in plastic containers. Termites
inside the container were fed with dry wood and
the container was covered with a muslin cloth.
The container carrying termites was placed
in a cool dark area inside the laboratory until
needed.

Synthesis of N-acyl glycine surfactant

The N-acyl glycine surfactant was prepared
following the previous literature with slight
modification on it (Zhang et al. 2016). Initially,
a 250 mL three-necked round bottom flask
suspended with glycine sodium salt hydrate
(3 mmol) was added with a catalytic amount
of sodium methoxide and palm oil (1 mmol).
The reaction mixture was heated at 160°C and
left for stirring for 5 h. After cooling to 60°C,
the reaction mixture was added with water (30
mL) and acidified with aqueous HCl (2 M). The
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N-acyl glycine was collected in the form of white
precipitate after filtration.

Characterisation of sodium N-acyl glycine
surfactant

Fourier-transform infrared (FTIR) spectroscopy

About 100 pg of sodium N-acyl glycine surfactant
was placed on a clean stainless-steel plate of
Fourier Transform Infra-Red (FTIR) Spectrum 400
(Perkin Elmer, USA) equipped with GladiATR™
Attenuated Total Reflectance (ATR) (Pike
Technologies, USA). The spectra were measured
at a resolution of 4 cm™ within the range of
4000-450 cm™, with 32 scans per sample. The
wavenumber of the FT-IR spectroscopy peaks
was coordinated to the respected functional
group (Lucarini et al. 2018, Suk et al. 2019). The
N-acyl glycine surfactant derived from palm
oil: yield 96%. IR (mmax, cm™): 3450 (N-H), 1702
(C=0), 1640 (amide band 1), and 1580 cm™(amide
band I1).

Gas-Chromatography-Mass spectroscopy (GC-
MS)

The mass spectroscopy analysis of the N-acyl
glycine surfactant derived from palm oil was
characterised over the GC-MS Shimadzu model
(QP2010SE), mounted with a silica capillary
column. The electrospray ionization mass
spectroscopy (ESI-MS) was m/z= 284 (myristoyl
glycine), 312 (palmityl glycine), 336 (linoleoyl
glycine), 338 (oleoyl glycine), and 340 (stearoyl
glycine), respectively.

Differential scanning calorimetry (DSC)

About 5 mg of N-acyl glycine surfactant was
transferred into 40 pL Tzero aluminium pans
and was carefully sealed with Tzero Hermetic
Lid using a Tzero sample press. The pan and
lid were transferred to the sample holder of
DSC Q20 Difference Scanning Calorimetry (TA
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Instruments, USA). An empty Tzero pan, and
lid was used as a standard. The DSC was set to
ramp at 10 °C min™ to 250 °C in the presence
of nitrogen gas at flow rates of 30 mL min™ (Jin
et al. 2014). The melting temperature of the
sample was evaluated from the sharp peak in
the thermogram.

Determination of critical micelles
concentration (CMC)

Critical micelles concentration (CMC) of the
N-acyl glycine surfactant was investigated using
surface tension, turbidity, and DLS techniques
(Saxena et al. 2017, Teo et al. 2011). The N-acyl
glycine surfactants of 0.005, 0.010, 0.015, 0.020,
0.025, 0.030, 0.035, 0.040, 0.045, and 0.050 g mL"
in deionised water were prepared and left to
homogenise overnight at room temperature.
The surface tension, turbidity, and DLS of each
sample were measured in triplicates at room
temperature. The results were plotted against
the N-acyl glycine surfactant concentration.

Morphological observation

The morphology, size, and distribution of N-acyl
glycine surfactant micelles were observed
using computer-controlled High-Resolution
Transmission Electron Microscopy (HRTEM)
JEM2100F (JEOL, USA) equipped with Gatan
software (Gatan Inc, USA). A day old sample was
spiked on to a 400 mesh copper-coated carbon
grid, followed with a drop of 3% phosphotungstic
acid as a negative staining agent (Suk & Misran
2017). The excess liquid was carefully removed
using a clean filter paper. The grid was incubated
in the desiccator overnight. The micrograph
was taken immediately after the satisfactory
replica was observed to prevent micelles from
disintegrating due to exposure at high kV of
energy source.
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Average hydrodynamic radius and surface
charge

The average hydrodynamic radius and surface
charge of the micelles prepared from the N-acyl
glycine surfactant was measured using Zetasizer
in the Centre for Fundamental and Frontier
Sciences in Nanostructure Self-Assembly (FSSA),
UM. The sample was carefully transferred into a
clean gold plated U-shaped capillary cell. The
average hydrodynamic radius and surface charge
of the micelles were measured in triplicates at
30°C (Suk et al. 2020).

Toxicity determination

This method was done based on Roszaini
et al. (2013) study (Roszaini et al. 2013) with
some modifications. Solutions of 30 ppm, 40
ppm, and 50 ppm were prepared by dissolving
N-acyl glycine surfactant in distilled water. The
solutions were then applied to Whatman No. 1
filter paper samples with a 9 cm diameter and
dried for 1 h. Filter papers treated with distilled
water were used as control and three replicates
were used for each test. Ten termites were
introduced onto each petri dish and they were
kept in the dark at room temperature. Termite
mortality was counted and recorded every 24
h for 3 days. The percentage of mortality was
determined using a formula based on a current
literature (Cynthia et al. 2016):
No of dead termites

Percentage mortality = - »* 100
Total no of termites

Repellence test

This method was done based on Roszaini et
al's (2013) study (Roszaini et al. 2013) with some
modifications. Solutions of 30 ppm, 40 ppm,
and 50 ppm were prepared by dissolving N-acyl
glycine surfactant in distilled water. One mL
of different concentrations of N-acyl glycine
surfactant solutions were applied to half of the
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filter paper measuring 9 cm in diameter and
another half of the filter was treated with 1 mL
of distilled water. Both parts of the filter paper
were then dried for 1 hour and were immediately
re-joined with adhesive tape. Next, each re-
joined filter paper was placed in a petri dish
and ten termites were introduced at the centre
of the petri dish. The experiment was replicated
three times with ten termites in each replicate.
The number of termites was counted on both
treated and untreated filter papers after 1 h. The
percentage of repellent was determined using
the following formula (Roszaini et al. 2013):

Repellent t Ne= Nt 100
epellert ercentage — ———
P P g Nc+ Nt

Where,

Nc = Number of termites present in the

control
Nt = Number of termites present in the
treated half

Data analysis

The repellency percentage of the N-acyl
glycine surfactant was analysed using a one-
way analysis of variance (ANOVA), followed by
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Tukey post-hoc test from the IBM statistical
package for the social science (SPSS) software
Version 20.0. The percentage mortality rate
for each concentration was also determined.
For toxicity, the value of lethal concentration
0 (LC.,) of the N-acyl glycine surfactant was
determined by plotting a graph of percentage
cumulative mortality (%) against the N-acyl
glycine surfactant concentration (ppm) using
probit analysis.

RESULTS AND DISCUSSION

Characterization of N-acyl glycine surfactant

DSC thermograms of surfactant

Figure 1 shows the thermogram of N-acyl
glycine surfactant. The sharp peak, indicating
the melting point was observed at 147.8°C. The
obtained melting point value was in agreement
with the previous reported melting points of
amino acid-based surfactants (El-Sayed et al.
2018). The glass transition temperature, which
is the temperature range where the surfactant
changes from a rigid to soft material, appeared
within 25°C to 35°C. Degradation peak was

L 147.8 °C
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Figure 1. Differential Scanning Calorimetry (DSC) thermogram of N-acyl glycine surfactant.
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not observed in the thermogram-tested
temperature, indicating that the N-acyl glycine
surfactant was thermally stable up to 250°C.

Determination of critical micelles
concentration (CMC)

The CMC was determined at the inflection
point of surface tension, turbidity, and DLS
curves. The inflection points occurred due to
the spontaneous formation of large micelle
particles. Table | shows that the minimum
concentration needed to form the N-acyl glycine
surfactant micelles was less than 01 g ml™. The
average CMC was 0.0174+0.0021 ¢ ml™. This is
compatible with the average hydrodynamic size,
as depicted in Table II. All data are presented as
means + standard deviation of the mean (SD).
Surfactant is known to adsorb at the
interface of the two immiscible systems and
reduce their interfacial free energy (Rosen
& Kunjappu 2012). At a low concentration of
surfactant in the solution, there were a few
monomers present in the solution. Therefore,
the solution appeared as a clear colourless
solution. The molecules were diffused from the
bulk, concentrated, and re-orientated so that
their hydrophobic groups were directed away
from the solution at the liquid-gas interface,
and thus affecting their interfacial free energy.
The interfacial free energy, y, is a minimum work
needed to create a boundary at the interface
per unit area and is usually called an interfacial
tension for the liquid-liquid interface and the
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surface tension for the liquid-gas interface. The
interfacial free energy of deionised water was
measured as 71.2 mNm™. As the amount of N-acyl
glycine surfactant in the solution was increased
gradually, the presence of its monomers at
the liquid-gas interface was proportionally
increased, and the interfacial free energy was
measured to be 33.6 mN m™. Further addition
of N-acyl glycine surfactant will cause its
monomer saturating at the liquid-gas interface
and spontaneously forming the micelles in
order to reduce the free energy of the system
by removing hydrophobic groups from contacts
with the water (Tan & Misran 2013). The solution
has gradually become cloudy and larger
particle was detected. This phenomenon can be
detected by the inflection point of the graph.
The concentration where the monomers were
saturated and spontaneously formed a particle
is called CMC and this phenomena were also can
be observed by turbidity and DLS plots.

The equilibrium interfacial tension profiles
of the liquid-gas interface were constructed
by plotting interfacial pressure, 1 against the
natural logarithm concentration of N-acyl
glycine surfactant. Interfacial pressure, 1 is the
difference in y of the given liquid-gas interface
in the absence (yug) and in the presence
of N-acyl glycine surfactant, (ng) which is
related as 1 = Ay= Yisg ™ Viessa The equilibrium
interfacial profile presented that interfacial
pressure, I was affected by bulk N-acyl glycine
surfactant concentration, which indicated that

Table . Critical Micelles Concentration (CMC) (gml”), maximum adsorption density, I, and minimum surface area

per surfactant molecule, A

'min?

Critical Micelles Concentration (CMC) (gml™)

of N-acyl glycine surfactant at room temperature.

Minimum surface area

Maximum adsorption per surfactant molecule,

Turbidity DLS Surface tension Average denSItyzzr i
technique = technique technique (mol m?) (R)
0.0185 0.0150 0.0186 0.0174+0.0021 4.06x10° 40.86
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it was adsorbed efficiently at the given liquid-
gas interface. The data were then fitted into a
linear equation and yielded a straight line with
the linear equation of y = -10.24x - 1.70. The
regression coefficient was 0.94, proving that
N-acyl glycine surfactant was considered pure,
probably because of the absence of surface-
active impurities (Lunkenheimer et al. 1995).
The interfacial pressure, 1, and bulk
surfactant concentration were related to the
maximum adsorption density, I, which can be
determined through Gibbs adsorption equation
as dn/d ln C = -nRTI, where R is the universal
gas constant, 8.314 Nm mol™ K", T is the absolute
thermodynamic temperature, 30315 K, n is the
number of molecular species involved, and dr1/
dInC was the slope of equilibrium interfacial.
For a single surfactant component, n=1(Matuura
et al. 1959, Tadros 2013). Next, the value of I
can be related to the demand for minimum
surface area per surfactant molecule, A . by
using the equation A_ =1/ (N,I), where N,
stands for Avogadro number, 6.02x10%. The
A . value indicated the area occupied by one
surfactant molecule at the saturated surfactant-
air interface (El Feky et al. 2016). The and A
of N-acyl glycine surfactant were calculated and
presented in Table I, showing that N-acyl glycine
surfactant is comparable to other amino acid
surfactants and has the highest tendency to be
packed more orderly and tightly (Sreenu et al.
2014). Altering the active groups, chain length,
conformation, and degree of unsaturation of
the hydrocarbon chains will affect the area per
surfactant molecule as well as the orientation
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of surfactant at the interface (Petelska &
Figaszewski 2011).

Morphological observation

High-Resolution Transmission Electron
Microscopy (HRTEM) was employed to study the
morphology of the micelles due to its ability to
deliver the energetic electrons to the surface
of the specimen and provide the information
on the morphological, compositional, and
crystallographic arrangement of the sample
up to atomic-scale. Figure 2 shows the N-acyl
glycine micelles and its HRTEM micrograph,
where the formation of light or dark halos
around the structures was due to the negative
staining methods using phosphotungstic acid.
The micrograph was corrected by aberration
mode in order to avoid the presence of fringe
lattices, improved the contrast as well as
visibility of micelles (House et al. 2016). The
micrographs showed the presence of spherical
micelles particles less than 100 nm dispersedly
distributed in the micrograph (Sreenu et al.
2014). However, aggregation of the particles was
observed which may due to the intermolecular
association of micelles as well as the drying of
the process of the samples. The aggregation of
the particles raised the average hydrodynamic
radius of the N-acyl glycine surfactant micelles
as displays in Table II.

Average hydrodynamic radius and surface
charge

The average hydrodynamic radius of N-acyl
glycine surfactant micelles was measured using

Table II. Melting point, average hydrodynamic radius, zeta potential, conductivity, and mobility of N-acyl glycine

surfactant at 30°C.

Melting point Average Hydrodynamic Radius
(°0) (nm)

147.8 207.60+12.17

Zeta Potential Conductivity Mobility
(mv) (mS/cm) (umcm/Vs)
-87.40+5.38 0.163+0.002 -6.85+0.42
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dynamic light scattering (Anderson et al. 2013,
Storey & Ymén 2011). Table Il shows the average
hydrodynamic size of N-acyl glycine surfactant
micelles, where the average size was 207.60+12.17
nm. The large hydrodynamic size of micelles
was mainly due to the micelles growth and
aggregation of particles (Sreenu et al. 2014).
Evaluating the electrical charge of the
particles provides important information in
definingthe properties of a colloidal suspension,
such as flotation, flocculation, and stability
of suspended particles (Hunter 2013). Zeta
potential of N-acyl glycine surfactant micelles
was found to be negative, which was -87.40+5.38
mV. This was due to the distribution of ionised
fatty acid (Fameau et al. 2014) surrounding the
particles that increased the counter ions close
to the surface and formed the electrical double
layer around the particle. The less negative zeta
potential values that were observed explained
that the micelles were less forced to contact to
each other, adhered, or aggregated due to the
attractive van der Waals forces that overcame the
electrical double layer repulsive forces (Crooke
2007) as observed in the HRTEM micrograph.

Repellent activity of N-acyl glycine surfactant

Subsequently, the repellent activity of N-acyl
glycine surfactant was studied on termites at
different concentrations, 30, 40, and 50 ppm,
respectively, as shown in Figure 4. The result in
Figure3showsasignificantincrease in repellence
activity as the concentration of N-acyl glycine
surfactant increased from 30 ppm to 50 ppm.
The 50 ppm of N-acyl glycine surfactant showed
the highest repellency activity towards termites
compared to the other concentration with 83.33
+ 8.82% (p = 0.01) which was quite similar to the
repellency activity reported in previous literature
using an essential oil (Dipterocarpus sp.) against
termites which was 84% (Roszaini et al. 2013).
Meanwhile, the lowest repellency was noted at
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Figure 2. High-Resolution Transmission Electron
Microscopy micrographs of N-acyl glycine surfactant
micelles observed at room temperature. The
concentration was 0.20 g ml" and the scale is 100 nm.

30 ppm of the surfactant with 23.33 + 8.82% (p
= 0.01). The 40 ppm concentration showed no
significant difference, either from 30 ppm or
50 ppm. Mainly, the N-acyl glycine surfactant
is made up of several fatty acid components
which can serve as a potential repellent towards
termites, as described by many researchers in
the previous studies. This was supported by a
research carried out by Rasib & Aihetasham
(2016) in which wood extract, Morus alba shows
100% repellency activity at a concentration of
30% w/v when treated on termites, Coptotermes
heimi due to the presence of fatty acids, a major
compound found in Morus alba.

Toxicity activity of N-acyl glycine surfactant

As N-acyl glycine surfactant shows good
repellency properties towards termites, the
toxicity activity of the surfactant was also
studied in this research. In particular, fatty acids
are known for being biologically active against
pest anthropods in which the toxicity of these
compounds increases with the length of the
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carbon chain (Sims et al. 2014) along with the
existence of chemical bonds, saturated and
unsaturated (Baldwin et al. 2008). These have
been proven by the earlier research carried
out by Oliveira et al. (2017) (Oliveira et al. 2017)
in which vegetable oil containing fatty acids
composition was able to kill 50% of mites even
at low concentrations. In the GC-MS analysis, the
fatty acids that were detected in N-acyl glycine
surfactant were linoleic acid (C18:2), linolenic
acid (C18:3), myristic acid (C14:0), palmitic acid
(C16:0) as well as oleic acid (C18:1) and stearic
acid (C18:0) resulted a higher termiticidal ability
against termites. Figure 4 shows that N-acyl
glycine surfactant had a major impact on the
mortality of the subterranean termite in which
all of the concentration tested, 30 ppm, 40 ppm,
and 50 ppm showed significant toxicity. From the
result obtained, the highest termite mortality
was noted at 50 ppm of N-acyl glycine surfactant
which indicates the highest toxicity, while the
percentage of mortality gradually increased with
an increase in exposure time between 30 ppm
and 40 ppm, respectively.

Figure 4 demonstrates that 50 ppm of
N-acyl glycine surfactant is more effective than
the other concentrations in terms of termite

Figure 3. Repellency
activity of
Microcerotermes
diversus to different
concentrations

of N-acyl glycine
surfactant. Different
letters above bars
indicate a statistically
significant difference
at p < 0.05.

50 ppm

mortality in which the complete lethality
of termite (100%) was obtained in day 3 of
exposure time. Meanwhile, 30 ppm of N-acyl
glycine surfactant reported the least mortality
rate, 55%. When comparing the current study
with the previous one (Khanikor et al. 2018),
N-acyl glycine surfactant is more likely to act
as a potential termiticide since it only requires
a maximum of 50 ppm concentration to cause
complete mortality (100%) of termites. Besides,
a study conducted by Roszaini et al. (2013)
revealed that the analysis took 25 days to reach
100% of termite mortality, whereas N-acyl glycine
surfactant only took 3 days to result in complete
lethality. As shown in Table Ill, N-acyl glycine
surfactant only requires a concentration of 32.49
ppm to cause 50% of termites’ lethality (LC,).
The results were comparable with commercially
available termiticides that were tested on
subterranean termite such as Bifenthrin (up to
98% mortality after 1 day treatment), Fipronil
(up to 91% mortality after 1 day treatment),
Chlorfenapyl (up to 42% after 1 day treatment),
and Indoxacarb (up to 27% after 1 day treatment).
This show that N-acyl glycine surfactant is
possible to be developed as a termiticides.
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Mortality rate (%) against Time of treatment (Days)
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Figure 4. Graphs

showing the

mortality rate
e Conirol O SUDterranean
termite after
treatment of
40ppm  N-acyl glycine
at different
concentrations.

30 ppm

50 ppm

140
120
% 4 1 I T[
L 80 | | .
£ 40 7 T
= > L
+ 20 # ;
55, /
= 20 Dal 0 day 1 day 2

-40

Time of treatment (Days)

day 3

Table Ill. The values of LC_, of N-acyl glycine surfactant against subterranean termite, Microcerotermes Diversus

obtained from probit analysis.

Bio-based surfactant LC,, value (ppm)

N-acyl glycine surfactant 32.49

CONCLUSION

The result of this study clearly shows that the
bio-based surfactant, N-acyl glycine surfactant
can be developed into a new repellent or
toxicant against termites. In this study, N-acyl
glycine surfactant was a strong termiticide
against subterranean termite causing complete
mortality in the laboratory at the concentration
of 50 ppm. Besides, the value of LC,, of N-acyl
glycine surfactant obtained in this study
was 32.49 ppm. Several advantages were
identified using the N-acyl glycine surfactant
as termiticide including the elimination of the
use of hazardous termiticides, inexpensive, and
biodegradable. Additionally, the desired product
was synthesised using a natural product,
palm oil which is considered environmentally
friendly and does not cause harmful impacts to
humans and the environment. Biosynthesis and
electrochemical methoxylation could possibly be
the alternatives in preparing the surfactant with
minimum involvement of HCl and heat. Above
and beyond, this research also helps to empower
the concept of green chemistry for toxic waste

Regression equation R? (2df)

y = 94.78In(x) - 279.93 0.99

and pollution prevention which begins with the
collaboration among academics, industry, and
government. Finally, the researchers anticipated
that the current innovation of termiticide with
better efficacy and low cost will be an attractive
method for termite control in the future.
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