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Evaluation of the chemical defense
fluids of Macrotermes carbonarius
and Globitermes sulphureus

as possible household repellents
and insecticides

S. Appalasamy®?*, M. H. Alia Diyana?, N. Arumugam? & J. G. Boon?

The use of chemical insecticides has had many adverse effects. This study reports a novel perspective
on the application of insect-based compounds to repel and eradicate other insects in a controlled
environment. In this work, defense fluid was shown to be a repellent and insecticide against

termites and cockroaches and was analyzed using gas chromatography-mass spectrometry (GC—
MS). Globitermes sulphureus extract at 20 mg/ml showed the highest repellency for seven days
against Macrotermes gilvus and for thirty days against Periplaneta americana. In terms of toxicity,

G. sulphureus extract had a low LC;, compared to M. carbonarius extract against M. gilvus. Gas
chromatography-mass spectrometry analysis of the M. carbonarius extract indicated the presence
of six insecticidal and two repellent compounds in the extract, whereas the G. sulphureus extract
contained five insecticidal and three repellent compounds. The most obvious finding was that

G. sulphureus defense fluid had higher potential as a natural repellent and termiticide than the

M. carbonarius extract. Both defense fluids can play a role as alternatives in the search for new,
sustainable, natural repellents and termiticides. Our results demonstrate the potential use of termite
defense fluid for pest management, providing repellent and insecticidal activities comparable to those
of other green repellent and termiticidal commercial products.

A termite infestation could be silent, but termites are known as destructive urban pests that cause structural
damage by infesting wooden and timber structures, leading to economic loss. Despite the negative perception that
humans have of termites as pests, termites play a vital role in the maintenance of soil organic matter in natural
habitats and in agroecosystems' in both forests and urban environments. Termites are also an important food
source for various other insects owing to their vast abundance in a range of habitats, with their main predators
being ants*®. Upon facing such strong predation from ants, termites have evolved a defense system involving the
presence of specialized soldier termites amid sterile ones. Termites have both mechanical and chemical defense
mechanisms*®. However, termite defense mechanisms are one of the least explored and reported subjects. This
intriguing insect defense mechanism could reveal the interrelationship and coevolution of compounds and
termite species. The earliest insect defense mechanism was reported in*, and various defense mechanisms in
termites were listed, including sensory organs, physical defenses, and chemical secretion. However, for chemical
secretion, only a few species of termites, such as Macrotermes carbonarius (Blattodea: Termitidae) and Globitermes
sulphureus, and their chemical compounds of interest were reported as of June 20107.

The termite defense fluid helps to protect their colony by secreting acetate-derived compounds (from fatty acid
metabolism) found in Macrotermes and Globitermes®. In a related study, the terpenoid hydrocarbon S-selinene
excreted by Reticulitermes speratus helped fend off the Asian needle ant Brachyponera chinensis and ponerine ant
Myopias amblyops®. Similarly, M. carbonarius and G. sulphureus soldiers can defend themselves from other insects
by secreting defense fluid>!’. In a previous study, termites from the family Mastotermitidae and several from the
subfamily Macrotermitinae produced quinone mono- and sesquiterpenes with macrocyclic lactones that are toxic
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and irritant and have congealing effects on the secretion released into the wound!". This proves that the existence
of chemical compounds in the defense fluid has a particular repellent and toxic effect on other insect species.

The introduction of insect-based products as natural pesticides in industry is especially common. These prod-
ucts utilize pheromones from semiochemicals produced via animal communication'?. In Malaysia, pheromone
traps are currently used as one of the products in the integrated pest management program for Lepidoptera and
Coleopteral®. At present, chemical-based products are still in use, despite the introduction of biopesticides. The
drawbacks of chemical-based products are their negative effects on safety, public health and the environment,
including sublethal effects on nontarget species, such as the effects on the foraging patterns of honey bees'*'>.
In contrast, the production of plant-based pesticides is challenging. The utilization of essential oils as natural
pesticides, such as oils from Mentha spp. and Lavanda spp. that help in the inhibition of acetylcholinesterase,
is affected by the low quality, productivity and factor dependence (i.e., soil acidity) of these oils'*™'%. Thus, the
essential oil composition can change along with changes in various factors.

Natural pesticide product development is more focused on agricultural pests than on urban pests because
of the economic benefits. This can be identified through the trends of publications over the years regarding the
biological control of termites'®. For example, one of the studies described the lack of success in the biological
control of termites, as Nasutitermes species have evolved to resist diseases using biochemical and immunologi-
cal strategies®®. Hence, this research was conducted to study the potential of termite defense fluids as natural
pesticides by utilizing chemical communication. Defense fluids of Macrotermes carbonarius and Globitermes
sulphureus were used in this study. These species were selected due to their high abundance in rural areas of
Kelantan'. In addition, both species are known as defense fluid producers and consist of a high number of soldier
castes that can be found in mounds or colonies’.

Materials and method

Ethics declaration. Allapplicable international and national guidelines for the care and use of animals were
followed in this study. All procedures performed involving animals (insects) were conducted in accordance with
the ethical standards of the institution or practice at which the studies were conducted.

Species collection and identification.  This study was conducted in Kelantan state, Malaysia. The soldier
castes of M. carbonarius and G. sulphureus were collected from mounds around Rantau Panjang and Jeli, Kelan-
tan. The specimens were brought back to the postgraduate laboratory of the Faculty of Earth Science, Universiti
Malaysia Kelantan, Jeli Campus, and maintained at room temperature (23 °C) with relative humidity greater
than 50% in dark conditions. Identification of the termite soldier morphology was performed according to keys
provided in?! with the aid of a MOTIC 2500 5.0 MP Live Resolution (MOTIC, Hong Kong, China) camera
attached to a stereomicroscope.

Extraction of defense fluid. The defense fluid extraction protocol was adapted from?* with modifica-
tion of the extraction duration. Soldier termites were rinsed with distilled water and then air-dried. Then, both
species were dissected, weighed, homogenized and extracted in methanol for 24 h of extraction (HPLC grade;
MERCK, Selangor, Malaysia). The extract was filtered by using a muslin cloth and WHATMAN Filter Paper
No. 1 (SIGMA ALDRICH, Darmstadt, Germany). Then, the solution was dried using a rotary evaporator (IKA,
Staufen, Germany) at 60 °C. The extract was weighed and stored at —20 °C until further use.

Repellency against the termite Macrotermes gilvus. This method was modified from?. The termite
species Macrotermes gilvus was chosen to test the repellency of the extracted defense fluid. Macrotermes gilvus
is the most abundant pest species that attacks the structural buildings in Kelantan'. A colony of M. gilvus was
collected from mounds around Jeli, Kelantan. The boxes (28 L) were filled with a mixture of sand. The defense
fluid extract was diluted to five concentrations using methanol (0, 1, 5, 15, and 20 mg/ml). The concentrations
were used in every assay in this study. Half of the sand area was mixed with the extract. Thirty termite individuals
(25 workers, 3 minor soldiers, 2 major soldiers) were released into the box**. The fungal combs were provided
in small quantities (2 g), and hyphal growth was monitored and removed every 12 h. The positive control used
in this study was a commercial natural insect repellent, WATSON Insect Repellent (WATSON, Hong Kong,
China), due to the unavailability of termite chemical repellents. Each treatment was prepared in three replicates,
and observations were recorded daily at 20:00 h. The repellency data were recorded for seven days for M. gilvus.

Repellency against the cockroach Periplaneta americana. The repellency assay was modified from
the protocol reported in?*?. Adult Periplaneta americana cockroaches were purchased from the Vector Control
Research Unit, School of Biological Sciences, Universiti Sains Malaysia (USM), Penang Island. The repellency
chamber was set up by using two boxes (45 L), and a 30 mm diameter acrylic tube was used as the connector.
Both chambers were supplied with an egg carton for hiding, and cat food, water, and wood shavings were placed
on the chamber floor. Food and water were provided ad libitum. All of the conditions were prepared according
to®. Both chambers were covered using muslin cloths and secured with Velcro tape without a lid. The solution
was applied on the surface of the treated box. Then, the treated surface was dried for 10 min. Ten cockroaches
were released in both areas. The boxes were kept for 12 h under light conditions (approximately 71 Ix) and 12 h
under dark conditions. Commercial naphthalene (GANSO, Johor, Malaysia) was used as a positive control, and
methanol was used as a negative control. The test was carried out for 30 days in triplicate, and data were recorded
by opening the muslin cloth and observing the number of cockroaches in each chamber daily at 22:00 h.
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Class | Repellency rate (%) | Interpretation

0 >0.01-<0.1 Nonrepellent

I 0.1-20 Very weakly repellent
I 20.1-40 Moderately repellent
III 40.1-60 Average repellency
v 60.1-80 Fairly repellent

\% 80.1-100 Very repellent

Table 1. Scale used to estimate the class for mean percentage repellency.

Toxicity against the termite Macrotermes gilvus. The method was modified from*** and tested on
the termite M. gilvus. Filter paper was soaked with the extract at five concentrations. The fungal comb was not
provided as it was a force-feeding-based design. The arena was supplied with a plate of water at 70-80% humid-
ity. Triplicates were examined for every concentration, and the experiment was set up using a 7.5 ml box. The
mortality data were recorded daily at 20:00 h. The commercial product Chlorpyrifos (DYNA-PEST, Kuala Lum-
pur, Malaysia) was used as a positive control, and methanol was used as a negative control.

Toxicity against the cockroach Periplaneta americana. For the toxicity test of the cockroach P. amer-
icana, the method was adapted from?*?”. Test cockroaches were starved for three days before the toxicity test.
Five concentrations of extract were mixed with crushed cat food (POWERCAT, Selangor, Malaysia) and fed to
the cockroaches. Commercial cockroach insecticide (BAYGON, Wisconsin, US) was diluted in methanol at
20 mg/ml and mixed with crushed cat food as a positive control. The data for cockroach mortality were recorded
every hour on the first day and every 12 h subsequently for 30 days. The cockroaches were considered dead when
no movement was observed after they were touched with forceps. The experiment was performed in triplicate.

Compound separation. The compound separation procedure was divided into two parts: thin layer chro-
matography (TLC) and gas chromatography-mass spectrometry analysis (GC-MS). The extract was fraction-
ated and analyzed according to®. Silica gel F,;; MERCK (MERCK, Selangor, Malaysia) and two mobile phases
were used. The mobile phases were chloroform/methanol/water (98:2:1, v/v/v) and hexane/diethyl ether/acetic
acid (8/5/0.2, v/v/v). The fractioned components were visualized by charring the plate at 200 °C under a flame
for M. carbonarius and viewing under 254 nm UV light in a UV Viewing Chamber (UVITEC, England, United
Kingdom) for G. sulphureus. The standards used were lauric acid methyl ester (SIGMA-ALDRICH, Missouri,
USA), pentadecanoic acid (SSIGMA-ALDRICH, Missouri, USA), octadecanoic acid (SIGMA-ALDRICH, Mis-
souri, USA), and tridecane (SIGMA-ALDRICH, Missouri, USA). The TLC results were used to visualize and
preconfirm the presence of compounds. For GC-MS, termite defense fluid extracts were diluted and analyzed
using GC-MS-QP2010 (SHIMADZU, Columbia, USA) with a SLB5MS column. The solvent delay was 2 min,
injector temperature was 280 °C, MS quadrupole temperature was 150 °C, MS source temperature was 230 °C,
and transfer line temperature was 300 °C, with splitless mode injection and a helium flow rate of 0.75 mL/min.
The extracts were diluted in methanol and injected into the GC-MS instrument. The analytical standard was
spiked at 1 ppm. The standards used were as described in the first part. Compound identification was performed
using mass spectrometric detectors and the NIST17 MS library database.

Data analysis. The repellent activity was corrected to the percentage of repellency (PR) using the formula
described in®, as shown in Eq. (1). The PR was classified as in Table 1. Then, the PR and percentage of toxicity
against time were analyzed by ANOVA according to days for the longevity of the extracts and Duncan’s test as a
post hoc test at an alpha level of 0.05. The statistical analysis (ANOVA and Duncan’s test) was conducted using
SPSS Statistics Version 23 (IBM, NY, US). The results are expressed as the mean + standard deviation.

[Nc — Nt]

= Wegng < W

where Nc is the number of insects in the control group, and Nt is the number of insects in the treatment group.

Result
Repellency effect and efficiency against termites.  Globitermes sulphureus produces a higher volume
of defense fluid (2.93 g for 100 soldiers) than M. carbonarius (0.68 g for 100 soldiers). Almost all concentrations
of the defense fluid extracts of M. carbonarius and G. sulphureus showed insect pest repellent activity, and the
fluid was categorized as a class IV to class V repellent (Table 2). Macrotermes carbonarius extract at a concentra-
tion of 1 mg/ml showed the lowest mean percentage of repellency (68.57%) compared to G. sulphureus (83.05%).
The highest mean percentage repellency was observed for extracts of both species at 20 mg/ml, with values of
98.00% and 97.62%, respectively. At 0 mg/ml, the percentage of repellency was zero, and this value was used for
data normalization for other concentrations.

Repellency activities per day observed for M. carbonarius and G. sulphureus extracts against pest termite
M. gilvus are tabulated in Table 2. The minimum repellency of the M. carbonarius extract (1 mg/ml) was 42%,
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Percentage of repellency (%)

Day 1 5 15 20 Positive control
Concentration of G. sulphureus extract (mg/ml)

1 93.33+£1.67° 91.67+1.67 | 91.67+1.67° 85.00+2.87¢ 88.33+£1.67¢
2 91.67£1.67° 98.33+1.67° 96.67+3.33 100.00+0.00° | 100+0.00¢
3 91.67 £1.67* 98.33+1.67° 96.67 £3.33¢ 98.33+1.67¢ 100£0.00¢
4 93.33+£1.67° 95.00 + 2.89° | 98.83+1.67 100.00+0.00¢ | 100+0.00¢

5 86.67 +£1.67° 88.33+1.67 |98.83+1.67° 100.00+0.00¢ | 100+0.00¢
6 38.33+ £1.67* | 80.00+2.89" 91.67+1.67° 100.00+0.00¢ | 100+0.00¢
7 31.67+1.67* | 78.33+1.67° |81.67+1.67° |100.00£0.00° | 100+0.00¢
Mean PR (%) 83.05 90.48 93.81 97.62 98.33
Repellency Class | V \4 \4 \4 \4

Concentration of M. carbonarius extract (mg/ml)
1 56.00+1.00° | 86.67+1.67° |88.33+1.67¢
2 75674233 | 100.00+0.00° | 89.67+0.33° | 91.67+1.67¢ | 100+0.00¢
3 81.67+1.67° | 88.33+£1.67> |98.33+1.67¢ 100.00+0.00¢ | 100+0.00¢
4 85.00+2.89® | 93.33+£1.67° | 90.00+2.89¢ 97.67+1.45¢ | 100£0.00°
5
6
7

98.33+1.67¢ 88.33+£1.67¢

82.00+1.52% 96.67+1.67 | 100.00£0.00¢ | 98.33+1.67¢ 100+0.00¢
72.33+1.45® 88.33+1.67°¢ | 100.00+0.00°¢ | 100.00+0.00¢ | 100+0.00¢

42.00+1.53* 93.33+1.67 |93.33+1.67° 100.00+0.00¢ | 100+0.00 ¢
Mean PR (%) 68.57 91.90 93.33 98.00 98.33
Repellency Class | IV \% \4 \%4 \4

Table 2. Mean percentage repellency with the standard error and repellency class of Macrotermes carbonarius
and Globitermes sulphureus extracts against Macrotermes gilvus. Different letters in the same row indicate

a significant difference (p <0.05, Duncan’s test). Mean PR =mean percentage of repellency. Mean of three
replicates (n =30 termites per replicate). Repellency class=class 0 (>0.01 to <0.1%), nonrepellent; class I

(0.1 to 20%), very weakly repellent; class II (20.1-40%), moderately repellent; class III (40.1-60%), averagely
repellency; class IV (60.1 to 80%), fairly repellent; class V (80.1-100%), very repellent.

whereas for G. sulphureus, it was 31.67% after exposure to pest termites for seven days. Both extracts showed
low repellent activity at the beginning of the experiment (day 1), and the repelling intensity increased from day
2 until day 4. The repellency of both extracts against M. gilvus began to decline from day 5 until day 7. However,
both extracts at 15 and 20 mg/ml showed an increasing trend of repellency after four days of exposure, reaching
100.00% repellency against pest termites. These results were comparable to those of the positive control. Overall,
these results indicated that even at low concentrations, M. carbonarius and G. sulphureus extracts showed repel-
lency activities against pest termites.

Repellency effect and efficiency on cockroach. The defense fluids of M. carbonarius and G. sulphureus
soldier termites were tested on another pest, the American cockroach P. americana (Table 3). The repellent activ-
ity of M. carbonarius extract achieved only class II and III values (28.61% and 56.83%), including no repellence
effect even at the highest concentration, 20 mg/ml. The highest percentage repellency (78.56%, class IV) of the
G. sulphureus extract was observed at a concentration of 20 mg/ml.

The results for M. carbonarius defense fluid at 1, 5, and 15 mg/ml showed significantly increasing repellency
for 25 days (Table 3). However, from day 25 until day 30, the 1 and 5 mg/ml extracts showed a decline in repel-
lence activities. In contrast, the highest concentration of M. carbonarius extract showed the opposite repellent
activity trend, with 14.67% repellency at day 1 to no repellency at day 30 (- 27.00%). The percentage repellency
for G. sulphureus extracts is also shown in Table 3. The percentage repellency of the 1, 5, and 15 mg/ml extracts
increased at the beginning of the experiment and peaked after 20 days, and the extracts at 20 mg/ml showed
increasing repellent activity. The highest performance (98.67%) was observed after 30 days. At 1 mg/ml, the
extracts showed repellency for only five days, after which no further activity was observed.

Insecticidal effect of both extracts on termites. The LC;, results showed a significant effect on ter-
mites, and no insecticidal activity was recorded against P. americana. As observed in Table 4, the LC;, of the G.
sulphureus extract was 16.917 mg/ml, which was lower than that of the M. carbonarius extract. This result may
be related to the repellent activity of M. gilvus. The feed weight after mortality-inducing treatment of M. gilvus
are presented in Table 5. The weight of the filter paper that was treated with M. carbonarius extract at 1 mg/
ml increased from 0.024 g and decreased gradually. At 20 mg/ml, the feed weight increased, in contrast with
the repellent activity of the M. carbonarius extract. Likewise, the mean feeding of P. americana on filter paper
showed a decreasing trend from 0.075 g to 0.015 g as the concentration of the G. sulphureus extract increased.
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Percentage of repellency (%)

Day 1 5 15 20 Positive control
Concentration of M. carbonarius extract (mg/ml)

5 -19.33+1.76* |26.67+2.40° |49.33+1.33° | 14.67+1.76¢ 44.00£2.31¢
10 7.33+1.76® 24.67+1.76" | 69.33+£2.40° | 30.67+1.33¢ 36.67 £2.44¢
15 13.33+£2.67° 41.33+1.33" 4533+1.33° | -19.33+1.33¢ | 6.00+1.15¢
20 52.67+1.76* 22.67+2.67° |49.00+2.52¢ | —19.33£0.67¢ |71.00+2.51°
25 20.00+2.31* 30.67+£1.20° | 62.67+2.67° | —14.33+0.88¢ | 66.67+3.53¢
30 11.33+2.40® 22.67+2.67° |6533+1.16° | -27.00£1.20¢ | -5.33+1.33¢
Mean PR (%) 16.44 28.61 56.83 0.00 98.33
Repellency Class | Nonrepellent | II I Nonrepellent | V
Concentration of G. sulphureus extract (mg/ml)

5 10.67 £1.33* 32.00+1.15° 64.67+1.76° | 32.00+2.00¢ 44.00+2.31¢
10 -5.00+1.53" [52.67+1.76® | 71.33+0.67° |82.00+3.06° |36.67+3.33¢
15 -24.00+2.31° |55.33+£0.67° | 78.67+1.33° | 87.00+1.00¢ 6.00+1.15¢
20 —-21.33+1.33* |42.00+1.15> | 64.33+2.33° | 89.67+1.20¢ 71.00+1.00¢
25 —~24.00+4.00° |26.67+1.33> | 66.00+2.00° | 84.00+0.00¢ 66.67 £3.53¢
30 -31.33+£0.67° |34.00£1.15> | 67.00+1.00° | 98.67+1.33¢ -5.33+£1.33¢
Mean PR (%) 0.00 40.33 68.89 78.56 98.33
Repellency Class | Nonrepellent | III v v v

Table 3. Mean percentage repellency with the standard error and repellency class of Macrotermes carbonarius
and Globitermes sulphureus extracts against Periplaneta americana. Different letters in the same row indicate

a significant difference (p <0.05, Duncan’s test). Mean PR =mean percentage of repellency. Mean of three
replicates (n =30 termites per replicate). Repellency class=class 0 (>0.01 to <0.1%), nonrepellent; class I
(0.1-20%), very weakly repellent; class IT (20.1-40%), moderately repellent; class III (40.1-60%), averagely
repellency; class IV (60.1-80%), fairly repellent; class V (80.1-100%), very repellent.

Treatment n |p LC;, (mg/ml) | Upper and lower boundaries
M. carbonarius extract | 90 | 0.039 | 18.875 17.910-19.627
G. sulphureus extract 90 |0.042 |16.917 15.554-20.39

Table 4. Half-lethal dose concentration (LC,) of the two different extracts against Macrotermes gilvus.

Mean feeding on filter paper (g)

Type of defense fluid extract

Concentration (mg/ml) | M. carbonarius | G. sulphureus
1 0.024+0.002 0.075+0.025
5 0.016+0.001 0.028 £0.001
15 0.015£0.001 0.021+0.001
20 0.103+0.002 0.015+0.002

Table 5. Weight of feed consumed by Macrotermes gilvus after mortality-inducing treatment with the two
types of extracts.

Insecticidal efficiency of the extracts against termites. An increased percentage of termite mortal-
ity per day was detected when the concentrations of the extract increased (Table 6). However, termite mortality
with M. carbonarius extracts at 15 and 20 mg/ml was different from that at other concentrations. A significant
pattern of toxicity was observed for the G. sulphureus extract (Table 6). Extracts at all concentrations showed
toxicity from day 3 until day 7, with 20 mg/ml causing the highest mortality. Both extracts showed the highest
mortality on days 4 and 5 after treatments were administered. In addition, the G. sulphureus extract showed high
mortality on days 4 and 5 compared to the M. carbonarius extract.

Compound profiling of both extracts. Four compounds from the M. carbonarius extract were obtained
with retention factors of 0.11, 0.27, 0.42, and 0.70 by TLC (Fig. 1, Table 7). One of the compounds in band 4 was
identified as lauric acid methyl ester after comparison with a standard in plate b. Thus, the results suggest that
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Figure 1. Thin layer chromatography (TLC) result of the M. carbonarius defense fluid extract shows four
different compounds in plate a and the standard band (red circle) in plate b.

Percentage of mortality per day (%)
Day |0 1 E |15 20
Concentration of M. carbonarius extract (mg/ml)
1 0.00£0.00° |0.00£0.00® | 0.00+0.00° | 0.00+0.00% | 4.44+0.43¢
2 0.00+£0.00* | 0.00£0.00° | 0.00+0.00° | 3.33+0.11¢ | 6.67+0.29°
3 L11£0.37° | 1.11£0.04> | 2.22+0.07° | 1.11£0.04¢ | 7.78+0.08°
4 1.114£0.37* | 1.11+0.35> | 1.11+0.04° | 2.22+0.07¢ |22.22+0.07¢
5 0.00+£0.00* | 1.11+0.04° 3.33+0.11° | 8.89+0.40 |23.33+0.15¢
6 0.00+£0.00 | 1.11£0.04> | 2.22+0.07° | 8.89+0.40¢ |13.33£0.11°
7 0.00£0.00° | 1.11+0.00> | 0.00+0.00° | 6.67+0.11¢ |11.11+0.04¢
Concentration of G. sulphureus extract (mg/ml)
1 0.00+£0.00 | 1.11£0.33> | 0.00+0.00° | 0.00+0.00¢ | 2.22+0.33°
2 0.00£0.00® | 3.33+0.58" 8.89+1.46° | 1.11+0.33¢ 4.44+0.33¢
3 1.11+0.33® | 8.89+0.67° 8.89+0.33¢ | 15.56+1.20¢ | 7.78+0.67¢
4 1.11£0.33® | 556+0.33% | 11.11£0.67° | 17.78+1.20¢ | 24.44%0.67%
5 0.00£0.00° | 3.33£1.00° | 4.44+0.67% | 17.78+2.40% | 28.89+2.40%
6 0.00£0.00° |0.00£0.00> | 0.00+0.00° | 4.44+0.89% | 14.44+0.33¢
7 0.00+0.00* | 0.00£0.00° | 0.00+0.00° | 6.67+0.00¢ | 11.11+2.00°

Table 6. Mean mortality percentage for seven days using Macrotermes carbonarius and Globitermes sulphureus
extracts against Macrotermes gilvus at five different concentrations. Different letters in the same row indicate a
significant difference (p <0.05, Duncan’ test).

Compound Plate Band | Retention factor (Rf) | Compounds identified
- a 1 0.11 Unknown
- a 2 0.27 Unknown
- a 3 0.42 Unknown
a (Extract) 4 0.70
Lauric acid methyl ester Pentadecanoic acid
b (Standard) |1 0.69

Table 7. Retention factor determined by TLC for Macrotermes carbonarius defense fluid, calculated from plate
a and compared to the retention factor of the standard in plate b.

at least four compounds are responsible for the repellent and insecticidal activity of the extract against termites
and cockroaches. A total of six major compounds from M. carbonarius were recognized using GC-MS (Table 8).
The compound with the highest concentration was octadecanoic acid (20.95 mg/l), and that with the lowest
concentration was lauric acid methyl ester (0.76 mg/1).
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Figure 2. Thin layer chromatography (TLC) results of G. sulphureus defense fluid extract in plate a and
standard band in plate b under 254 nm UV light in a UV Viewing Chamber (UVITEC, England, United
Kingdom). The red circle indicates a band obtained on both plates.

Peak Retention time (RT) | Compound name Similarity | Concentration in 100 mg/l
1 6.908 Furanone 95 9.76

2 9.781 Lauric acid methyl ester | 91 0.76

3 11.860 Hydroquinone 91 19.61

4 12.490 Pentadecanoic acid 94 15.0

6 13.476 Cis-Vaccenic acid 84 11.16

7 13.583 Octadecanoic acid 90 20.95

Table 8. Compound profile of Macrotermes carbonarius defense fluid determined by GC-MS, with retention
time, similarity, concentration and compound activity.

Compound Plate Band | Retention factor (Rf) | Compounds identified
a (Extract) 1 0.45
Tridecane Unknown
b (Standard) |1 0.30
a (Extract) 2 0.47
Pentadecanoic acid Pentadecanoic acid
b (Standard) |2 0.50

Table 9. Retention factor determined by TLC for Globitermes sulphureus defense fluid, calculated from plate a
and compared to the retention factor of the standard in plate b.

Figure 2 and Table 9 demonstrate the compound separation on thin layer chromatography (TLC) for the G.
sulphureus extract. In this experiment, two compounds were spotted on plate a after the extract was developed.
The compounds were observed at retention factors of 0.47 and 0.43, and one of the compounds was identified
as pentadecanoic acid.

Eight compounds were discovered in this study by GC-MS analysis (Table 10). The highest concentration
was recorded for octadecanoic acid (16.24 mg/1), and methyl stearate (0.67 mg/l) was the compound with the
lowest concentration.

Discussion

The yield of defense fluid was influenced by insect size and method of defense against threats. Globitermes
sulphureus is smaller in size and does not have dimorphic soldiers that act as major and minor soldiers dur-
ing defense, unlike M. carbonarius. Thus, a high volume of defense fluid production is crucial for the chemical
defense mechanism of G. sulphureus. Small soldiers such as nasutoids usually rely mainly on the chemical
weapons produced by their large front gland, whereas large-jawed soldiers produce less defensive secretion®**31,
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Peak | Retention time (RT) | Compound name Similarity | Concentration (mg/l) in 78 mg/l
1 8.180 Tridecane 95 1.87
2 9.785 Phenol, 3,5-bis(1,1-dimethylethyl)- | 91 1.62
4 12.304 Hexadecanoic acid, methyl ester 91 6.14
6 12.493 Pentadecanoic acid 94 11.32
7 13.392 Methyl stearate 88 0.63
8 13.586 Octadecanoic acid 90 16.24

Table 10. Compound profile of Globitermes sulphureus defense fluid determined by GC-MS, with retention
time, similarity, concentration and compound activity.

Termites also produce significantly more defense fluid than other social insects, such as ants, due to differences
in the mechanism of action®>*.

These chemical cues or pheromones are required for various purposes, such as for the recognition of biological
processes and caste identification. The presence of M. carbonarius and G. sulphureus extracts enabled M. gilvus
to recognize them as isolated chemical cues other than their own. In nature, the presence of different cuticular
compounds in one-piece nesting termites causes avoidance, and they become aggressive*. Specific species, such
as M. gilvus, respond to the situation with some level of alarm or avoidance even at a different distances from
their colonies®. In the present study, the presence of active compounds such as quinone in the M. carbonarius
extract could also influence repellency at the highest concentration®.

The G. sulphureus extracts were also effective at lower concentrations. This outcome is contrary to the study
of Benth plants, in which treatment with Derris elliptica (Fabales: Fabaceae) extract at 5 mg/ml led to a 6.6%
reduction in M. gilvus attack after seven days®. This finding suggested that in addition to existing botanical
insecticides, termite defense fluid has potential applications as a natural repellent. The efficiency of G. sulphureus
extract is likely related to the defense mechanism of the carpenter ant Camponotus spp. (Hymenoptera: Formi-
cidae), which is similar to G. sulphureus. It releases polyacetate-derived aromatic compounds during autothysis
to kill or repel enemies® . It is therefore likely that the repellent activity of G. sulphureus defense fluid is the
same as that of Camponotus spp.

The study shows that both extracts tested in this study share the same trend of repellency activity, but the
longevity and efficiency were concentration-dependent for both extracts. The extracts from this study showed
the same trend for the dose-dependent behavioral response when insects were exposed to pheromones®. Our
findings on M. gilvus repellency at least hint that the defense fluid has the ability to act as a natural repellent, as
the species exhibits the lowest susceptibility to baiting or other chemical pesticides.

Overall, the repellent activities of M. carbonarius and G. sulphureus defense fluid against the American cock-
roach were lower than those against M. gilvus. This difference caused by the differences in function, method,
and reception in terms of chemical communication for cockroaches and termites. Chemical communication
mechanisms of cockroaches involve mainly sex pheromones and aggregation*'. Furthermore, cockroach protec-
tion mechanisms are much more advanced in the presence of nocifensive behavior that is stimulated by sensory
stimuli for potential injury to insects*2. This finding explains the low response of cockroaches to the repellence.
This condition may also be due to the differences in the interpretation of chemical cues between both species.
For instance, male moths are more strongly attracted to pheromone traps baited with a blend of synthetic phero-
mones mixed with some plant-related volatiles than to pheromones alone*’. The same response was observed
in a study on P. americana antennae*.

Generally, the repellent activity of M. carbonarius extract was influenced by extract concentration. However, at
the highest concentration, no repellent activity was observed due to the occurrence of odor generalization. This is
because components of alarm pheromones cause more generalization than botanical compounds in insects with
olfactory receptors**. At low concentrations, repellent activity is present due to low stimulus loads, and olfactory
receptors (ORs) are more narrowly changed**~%. This explains the response of the American cockroach toward
M. carbonarius extract. In addition, the G. sulphureus extract exhibited better performance than the M. carbon-
arius extract due to the differences in specific compounds in the G. sulphureus extract. This can be observed
from the stable repellent activity of the extract at 20 mg/ml. The efficiency of G. sulphureus defense fluid extract
as a repellent against the American cockroach for 30 days makes it a promising alternative as an insecticide.

Macrotermes carbonarius extract has a higher LCs, than G. sulphureus extract. This may be explained by
the presence of toxic compounds such as quinone. This compound has been reported as a toxic, ubiquitous
defensive compound found in arthropods such as the red flour beetle Tribolium castaneum (Coleoptera: Ten-
ebrionidae)*-**. The reason for the low LCs, of G. sulphureus defense fluid is its aggressive and toxic effects.
When threatened, this insect ruptures a large gland and release the thick, yellow fluid that entangles ants or other
insects that are trying to invade their nest”***. The defense fluids of other species, such as Neocapritermes taracua
(Termitidae: Termitinae) and Ruptitermes, also showed to repellent and death-inducing effects®>*°.

In this study, the weight of filter paper consumed by M. gilvus was connected to the percentage of repel-
lency for both extracts. On the other hand, the highest concentration of M. caronarius showed high attraction
of termites, as determined by filter paper consumption. This result is consistent with those of previous studies.
The presence of hydroquinone stimulated termite feeding, as in the Darwin termite, Mastotermes darwiniensis
(Blattodea: Mastotermitidae), and Coptotermes acinaciformis (Blattodea: Rhinotermitidae), which consumed
significantly more wood in the presence of hydroquinone®. Another possible explanation for this is that the
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same substance can act as a repellent or attractant depending on the conditions used in the bioassay*®*. These
findings may help us to understand the importance of concentration and the compound involved in the food
preferences of M. gilvus.

For mortality of termites per day, at high concentrations of M. carbonarius extracts, the mortality corre-
sponded to the highest consumption of filter paper (0.103 g). Continuous feeding caused a sudden increase in
termite mortality. Thus, the compound identity, concentration and behavioral context of semiochemicals need
to be taken into account as tools for insect control®. The G. sulphureus extract had a mortality effect that was
associated with the percentage repellency. The toxicity was not only caused by ingestion but also starvation due
to the high repellency effect. This result is consistent with studies conducted by other researchers®. described that
the strong repellency of a toxic plant led to slow death of G. sulphureus and Coptotermes gestroi due to starvation,
while close contact with the extract led to the termites becoming disoriented and eventually dying. Therefore, as
both studies used extracts to study the toxicity, the similarity is reasonable.

The results highlighted the compounds from the two species. In this study, hydroquinone was shown to be
related to the repellent activity (Table 8). Another study showed that hydroquinone isolated from Formosan sub-
terranean termites, Coptotermes formansus, repelled the same species, and no increase in tunneling activity was
observed in the sand tested®. In contrast, in this study, hydroquinone had an alternate function as an attractant at
certain concentrations, in addition to its insecticidal effect. This compound plays a role as a phagostimulant that
attracts termites such as M. gilvus to the feeding site’>%%. The function of this compound is consistent with a previ-
ous study, which may explain the sudden increase in the consumption of filter paper by M. gilvus at a 20 mg/ml
extract concentration. The compound had the second-highest concentration in the extract, and advanced testing
is required for further confirmation. The insecticidal activity was also contributed to by other compounds with
insecticidal properties, which were observed in a previous study®. Other compounds, namely, pentadecanoic
acid and furanone, were believed to be responsible for the repellency activity, as shown in a previous study, but no
detailed investigation was performed in this study®*®. These compounds were believed to contribute to the LCs.

Repellent constituents of G. sulphureus are influenced by pentadecanoic acid, hexadecanoic acid methyl ester
and tridecane®. Tridecane is widely acknowledged since it was included in integrated pest management as a
semiochemical pesticide for the same species®”. Phenol and hexadecanoic acid methyl ester have dual functions,
as repellent and insecticide, which is consistent with the previous study. This compound may also contribute to
the efficiency of the defense fluid extract as a repellent and insecticide, but further detailed investigations are
needed®**8-7! The insecticidal activity of this extract was contributed to by octadecanoic acid and stearic acid,
leading to a low LCs, of this extract (16.92 mg/ml), as inferred in a previous study. A study described in”* proved
that a formulation of fatty acid methyl ester (FAME) that consists of methyl stearate showed larvicidal activity
against C. quinquefasciatus. The previous study showed that the insecticidal activity of this compound occurred
through ingestion, which is in consistent with and validated the result of the present study.

Our results demonstrated that the similarity and differences of the compounds compared to a previous study
give rise to different effects of repellency and toxicity. The different functions of the two extracts led to different
results and performances. Both defense fluid extracts showed repellent and insecticidal effects. These extracts
were also identified as termiticides. However, G. sulphureus defense fluid has more potential as a natural repel-
lent and insecticide than M. carbonarius defense fluid. Even though the chemical identities of individual extract
components were determined, their specific insecticidal and repellent activities await determination. This may
be considered a promising aspect of new effective potential repellents and insecticides that use termite chemical
communication. Further work is certainly required to unravel the complexities of the synergistic activity of the
compounds, the behavioral context, and field application.

Received: 26 August 2020; Accepted: 9 December 2020
Published online: 08 January 2021

References

1. Batalha, L. S,, Silva Filho, D. FE & Martius, C. Using termite nests as a source of organic matter in agrosilvicultural production
systems in Amazonia. Scientia Agricola 52, 318-325 (1995).

2. Ayuke, E O. et al. Soil fertility management: Impacts on soil macrofauna, soil aggregation and soil organic matter allocation. Appl.
Soil. Ecol. 48, 53-62 (2011).

3. Jouquet, P, Chaudhary, E. & Kumar, A. R. V. Sustainable use of termite activity in agro-ecosystems with reference to earthworms
A review. Agron. Sustain. Dev. 38, 3 (2018).

4. Deligne, J., Quennedey, A. & Blum, M. S. The enemies and defense mechanisms of termites. In Social Insects (ed. Hermann, H. R.)
1-76 (Academic Press, Cambridge, 1981).

5. Grasse, P. P. Termitologia, Tome III (Masson, Paris, 1986).

6. Prestwich, G. D. Defense mechanisms of termites. Annu. Rev. Entomol. 29(1), 201-232 (1984).

7. Chuah, C. H. Chemical Weapons and Defense Mechanism of Malaysian Termites. In Chemistry in Malaysia 4-11 (Institut Kimia
Malaysia, 2010).

8. Tida, M. & Akino, T. Defensive effect of soldier-specific secretion by Reticulitermes speratus (Isoptera: Rhinotermitidae) on the
facultative termitophagous ponerine ant, Brachyponera chinensis (Hymenoptera: Ponerinae). Appl. Entomol. Zool. 51, 111-116
(2016).

9. Kori, N. S. M. & Arumugam, N. Termites of Agropark, Universiti Malaysia Kelantan, Jeli Campus: Diversity and pest composition.
J. Trop. Resour. Sustain. Sci. 5, 104-108 (2017).

10. Alia-Diyana, M. H., Appalasamy, S. & Arumugam, N. Termite species and structural pest identification in selected rural areas of
Kelantan, Malaysia. IOP Conf. Ser. Earth and Environ. Sci. https://doi.org/10.1088/1755-1315/549/1/012053 (2020).

11. Sillam-Dussés, D. et al. Comparative Study of the Labial Gland Secretion in Termites (Isoptera). PLoS ONE 7(10), e46431 (2012).

12. Wyatt, T. D. Pheromones and other chemical communication in animals. In Encyclopedia of Neuroscience (ed. Squire, L. R.) 611-616
(Academic Press, Oxford, 2017).

13. Ahmad, N. & Kamarudin, N. Pheromone Trapping in Controlling Key Insect Pests: Progress and Prospects (Malaysia Palm Oil Board,
Kajang, 2016).

Scientific Reports |

(2021) 11:153 | https://doi.org/10.1038/s41598-020-80018-5 nature research


https://doi.org/10.1088/1755-1315/549/1/012053

www.nature.com/scientificreports/

14.
15.

16.

18.

19.

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.
40.

41.
42.

43.

44.
45.

46.

47.

48.

49.

50.

51.

53.

54.

55.

56.

57.

Matthews, G. Pesticides: Health, Safety and the Environment (Wiley Blackwell, Chichester, 2015).

Desneux, N., Decourtye, A. & Delpuech, J.-M. The sublethal effects of pesticides on beneficial arthropods. Ann. Rev. Entomol.
52(1), 81-106 (2007).

Rattan, R. Mechanism of action of insecticidal secondary metabolites of plant origin. Crop Prot. 29(9), 913-920 (2010).

. Regnault-Roger, C., Vincent, C. & Arnason, J. T. Essential oils in insect control: Low-risk products in a high-stakes world. Annu.

Rev. Entomol. 57, 405-424 (2012).

Pavela, R. & Benelli, G. Essential oils as ecofriendly biopesticides? Challenges and constraints. Trends Plant Sci. 21(12), 1000-1007
(2016).

Chouvenc, T., Su, N. & Kenneth, G. J. Fifty years of attempted biological control of termites—Analysis of a failure. Biol. Control
59(2), 69-82 (2011).

Meikle, W. G. et al. Evaluation of an entomopathogenic fungus, Paecilomyces fumosoroseus (Wize) Brown and Smith (Deuteromy-
cota: Hyphomycetes) obtained from Formosan subterranean termites (Isop, Rhinotermitidae). J. Appl. Entomol. 129(6), 315-322
(2005).

Tho, Y. P. Termites of Peninsular Malaysia (Forest Research Institute Malaysia, Selangor, 1992).

. Krasulova, J. et al. Chemistry and anatomy of the frontal gland in soldiers of the sand termite Psammotermes hybostoma. J. Chem.

Ecol. 38(5), 557-565 (2012).

Bakaruddin, N. H., Dieng, H., Sulaiman, S. F. & Ab Majid, A. H. Evaluation of the toxicity and repellency of tropical plant extract
against subterranean termites, Globitermes sulphureus and Coptotermes gestroi. Inf. Process. Agric. 5(3), 298-307 (2018).

Lee, C. C. & Lee, C. Y. A laboratory maintenance regime for a fungus-growing termite Macrotermes gilvus (Blattodea: Termitidae).
J. Econ. Entomol. 108(3), 12431250 (2015).

Zibaee, 1. & Pooya, B. K. Evaluation of repellent activity of two essential oils and their mixed formulation against cockroaches
(Dictyoptera: Blattidae, Blattellidae) in Iran. J. Entomol. Zool. Stud. 4, 106 (2016).

OECD. Guidance Document on Assays for Testing the Efficacy of Baits Against Cockroaches Health and Safety Publications (OECD
Environment, Paris, 2013).

Syed, R., Manzoor, F, Adalat, R., Abdul-Sattar, A. & Syed, A. Laboratory evaluation of toxicity of insecticide formulations from
different classes against American cockroach (Dictyoptera: Blattidae). J. Arthropod-Borne Dis. 8(1), 21-34 (2014).

Ohta, M., Matsuura, E, Henderson, G. & Laine, R. A. Novel free ceramides as components of the soldier defense gland of the
Formosan subterranean termite (Coptotermes formosanus). J. Lipid Res. 48(3), 656-664 (2007).

McDonald, L. L., Guy, R. H. & Speirs, R. D. Preliminary evaluation of new candidate materials as toxicants, repellents, and attract-
ants against stored-product insects-1 (Agriculture Research Service, 1970).

Johnson, R. A, Thomas, R. J., Wood, T. G. & Swift, M. J. The inoculation of the fungus comb in newly founded colonies of some
species of the Macrotermitinae (Isoptera) from Nigeria. J. Nat. Hist. 15(5), 751-756 (2007).

de Mello, A. P, Azevedo, N. R,, da Silva, A. M. B. & Gusmao, M. A. B. Chemical composition and variability of the defensive
secretion in Nasutitermes corniger (Motschulsky, 1885) in urban area in the Brazilian semiarid region. Entomotropica 31, 82-90
(2016).

Bordereau, C., Robert, A., Van Tuyen, V. & Peppuy, A. Suicidal defensive behaviour by frontal gland dehiscence in Globitermes
sulphureus Haviland soldiers (Isoptera). Insectes Soc. 44(3), 289-297 (1997).

Touchard, A., Dejean, A., Escoubas, P. & Orivel, ]. Intraspecific variations in the venom peptidome of the ant Odontomachus
haematodus (Formicidae: Ponerinae) from French Guiana. J. Hymenoptera Res. 47, 87-101 (2015).

Aguilera-Olivares, D., Burgos-Lefimil, C., Melendez, W., Flores-Prado, L. & Niemeyer, H. M. Chemical basis of nestmate recogni-
tion in a defense context in a one-piece nesting termite. Chemoecology 26(5), 163-172 (2016).

Kuswanto, E., Ahmad, L, Putra, R. E. & Harahap, I. S. Two novel volatile compounds as the key for intraspecific colony recognition
in Macrotermes gilvus (Isoptera: Termitidae). . Entomol. 12(2), 87-94 (2015).

Ismanto, A. & Baedowi, A. Efikasi ekstrak akar tuba dalam mengendalikan rayap tanah Macrotermes gilvus hagen pada pertanaman
kayu putih. Jurnal Ecogreen. 5(1), 57-62 (2019).

Jones, T. H. et al. The chemistry of exploding ants, Camponotus spp. (cylindricus complex). J. Chem. Ecol. 30(8), 1479-1492 (2004).
Laciny, A. et al. Colobopsis explodens sp. n., model species for studies on “exploding ants” (Hymenoptera, Formicidae), with
biological notes and first illustrations of males of the Colobopsis cylindrica group. ZooKeys 751, 1-40 (2018).

Kuwahara, Y. Chemical Ecology of Astigmatid Mites (Cambridge University Press, Cambridge, 2004).

Igbal, N. & Saeed, S. Toxicity of six new chemical insecticides against the termite, Microtermes mycophagus D. (Isoptera: Termitidae:
Macrotermitinae). Pak. J. Zool. 45(3), 709-713 (2013).

Lihoreau, M. & Rivault, C. Kin recognition via cuticular hydrocarbons shapes cockroach social life. Behav. Ecol. 20, 46-53 (2009).
Emanuel, S. & Libersat, E Nociceptive Pathway in the cockroach Periplaneta americana. Front. Physiol. https://doi.org/10.3389/
fphys.2019.01100 (2019).

Deisig, N., Dupuy, E, Anton, S. & Renou, M. Responses to pheromones in a complex odor world: Sensory processing and behavior.
Insects. 5(2), 399-422 (2014).

Nishino, H. et al. Spatial receptive fields for odor localization. Curr. Biol. 28(4), 600-608 (2018).

Sandoz, J. C., Pham, D. M., Renou, M. & Wadhams, L. Asymmetrical generalisation between pheromonal and floral odours in
appetitive olfactory conditioning of the honey bee (Apis mellifera L.). J. Comp. Physiol. 187, 559-568 (2001).

Kreher, S. A., Kwon, J. Y. & Carlson, J. R. The molecular basis of odor coding in the Drosophila larva. Neuron 46(3), 445-456
(2005).

Grosjean, Y. et al. An olfactory receptor for food-derived odours promotes male courtship in Drosophila. Nature 478(7368), 236
(2011).

Vosshall, L. B. & Hansson, B. S. A unified nomenclature system for the insect olfactory coreceptor. Chem. Senses 36(6), 497-498
(2011).

Peschke, K. & Eisner, T. Defensive secretion of the tenebrionid beetle, Blaps mucronata: Physical and chemical determinants of
effectiveness. J. Comp. Physiol. 161(3), 377-388 (1987).

Dettner, K. Solvent-dependent variablity of effectiveness of quinone-defensive systems of Oxytelinae beetles (Coleoptera: Staphyli-
nidae). Entomologia Generalis. 15, 275-292 (1991).

Roth, L. & Eisner, T. Chemical defenses of arthropods. Ann. Rev. Entomol. 7,107-136 (2003).

. Li, J. et al. Odoriferous defensive stink gland transcriptome to identify novel genes necessary for quinone synthesis in the red flour

beetle Tribolium castaneum. PLoS Genet. 9(7), 1003596-1003596 (2013).

Delattre, O. et al. Complex alarm strategy in the most basal termite species. Behav. Ecol. Sociobiol. 69(12), 1945-1955 (2015).
Prestwich, G. D. & Chen, D. Soldier defense secretions of Trinervitermes bettonianus (Isoptera, Nasutitermitinae): Chemical vari-
ation in allopatric populations. J. Chem. Ecol. 7(1), 147-157 (1981).

Piper, R. Extraordinary Animals: An Encyclopedia of Curious and Unusual Animals (Greenwood Publishing Group, Westport,
2007).

Costa-Leonardo, A. A new interpretation of the defense glands of neotropical Ruptitermes (Isoptera, Termitidae, Apicotermitinae).
Sociobiology 44, 391-402 (2004).

Reinhard, J., Lacey, M. & Lenz, M. Application of the natural phagostimulant hydroquinone in bait systems for termite manage-
ment (Isoptera). Sociobiology 39(2), 213-230 (2002).

Scientific Reports |

(2021) 11:153 |

https://doi.org/10.1038/s41598-020-80018-5 nature research


https://doi.org/10.3389/fphys.2019.01100
https://doi.org/10.3389/fphys.2019.01100

www.nature.com/scientificreports/

58. Hasyim, A., Istianto, M. & de Kogel, W. Male fruit fly, Bactrocera tau (Diptera; Tephritidae) attractants from Elsholtzia pubescens
Bth. Asian J. Plant Sci. 6(1), 181-183 (2007).

59. Chen, Z.Y. et al. Insecticidal and repellent activity of essential oil from Amomum villosum Lour. and its main compounds against
two stored-product insects. Int. J. Food Prop. 21(1), 2265-2275 (2018).

60. Reisenman, C. E., Lei, H. & Guerenstein, P. G. Neuroethology of olfactory-guided behavior and its potential application in the
control of harmful insects. Front. Physiol. 7,271-271 (2016).

61. Raina, A. K, Bland, J. M. & Osbrink, W. Hydroquinone is not a phagostimulant for the Formosan subterranean termite. J. Chem.
Ecol. 31(3), 509-517 (2005).

62. Bagnéres, A.-G. & Hanus, R. Communication and social regulation in termites. In Social Recognition in Invertebrates: The Knowns
and the Unknowns (eds Aquiloni, L. & Tricarico, E.) 193-248 (Springer, Cham, 2015).

63. Alia Diyana, M. H., Appalasamy, S., Arumugam, N. & Boon, J. G. A study of a termite chemical defense fluid compound of Mac-
rotermes carbonarius. IOP Conf. Ser. Earth Environ. Sci. https://doi.org/10.1088/1755-1315/269/1/012009 (2019).

64. Environmental Protection Agency. Furanone. Prevention P A T S (National Center for Environmental Publications and Informa-
tion, 1993).

65. Igwe, O. U. & Udofia, D. E. Secondary metabolites of the cuticular abdominal glands of variegated grasshopper (Zonocerus var-
iegatus L.). Int. ]. Spectrosc. 2015, 1-6 (2015).

66. Neoh, K. B., Yeap, B.-K., Tsunoda, K., Yoshimura, T. & Lee, C.-Y. Do termites avoid carcasses? Behavioral responses depend on
the nature of the carcasses. PLoS ONE 7(4), 36375 (2012).

67. Blassioli-Moraes, M. C., Laumann, R. A., Michereff, M. E. F. & Borges, M. Semiochemicals for integrated pest management. In
Sustainable Agrochemistry: A Compendium of Technologies (ed. Vaz, S., Jr.) 85-112 (Springer, Cham, 2019).

68. de Melo, A. R. et al. Toxicity of different fatty acids and methyl esters on Culex quinquefasciatus larvae. Ecotoxicol. Environ. Saf.
154, 1-5 (2018).

69. Xie, Y., Wang, K., Huang, Q. & Lei, C. Evaluation toxicity of monoterpenes to subterranean termite, Reticulitermes chinensis Snyder.
Ind. Crops Prod. 53, 163-166 (2014).

70. Xie, Y. et al. Antitermitic and antifungal activities of eugenol and its congeners from the flower buds of Syzgium aromaticum (clove).
Ind. Crops Prod. 77, 780-786 (2015).

71. Zhang, Z., Yang, T., Zhang, Y., Wang, L. & Xie, Y. Fumigant toxicity of monoterpenes against fruitfly, Drosophila melanogaster.
Ind. Crops Prod. 81, 147-151 (2016).

72. Silva, L. N. D. et al. The influence of fatty acid methyl esters (FAMEs) in the biochemistry and the Na+/K+-ATPase activity of
Culex quinquefasciatus Larvae. J. Membr. Biol. 249(4), 459-467 (2016).

Acknowledgements

The work was supported by the Ministry of Higher Education Malaysia with FRGS Grant (R/FRGS/
A08.00/01330A/002/2016/000375). The research was carried out in the Faculty of Earth Science, Universiti
Malaysia Kelantan Jeli Campus, and GC-MS analysis was carried out in the centralized laboratory, Universiti
Malaysia Terengganu.

Author contributions
ADMH.,, AN, J.GB., and A.S. plan and design the experiments. A.S. and A.D.M.H. performed the experiments,
analyzed the data and wrote the manuscript. All authors read and approved the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to S.A.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:153 | https://doi.org/10.1038/s41598-020-80018-5 nature research


https://doi.org/10.1088/1755-1315/269/1/012009
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Evaluation of the chemical defense fluids of Macrotermes carbonarius and Globitermes sulphureus as possible household repellents and insecticides
	Materials and method
	Ethics declaration. 
	Species collection and identification. 
	Extraction of defense fluid. 
	Repellency against the termite Macrotermes gilvus. 
	Repellency against the cockroach Periplaneta americana. 
	Toxicity against the termite Macrotermes gilvus. 
	Toxicity against the cockroach Periplaneta americana. 
	Compound separation. 
	Data analysis. 

	Result
	Repellency effect and efficiency against termites. 
	Repellency effect and efficiency on cockroach. 
	Insecticidal effect of both extracts on termites. 
	Insecticidal efficiency of the extracts against termites. 
	Compound profiling of both extracts. 

	Discussion
	References
	Acknowledgements


