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Abstract

Distillation process of aromatic plants produces a considerable amount of solid residues, which are rich in
secondary metabolites known as bioactive compounds. In this context, residues from hydrodistillation of selected
aromatic plants such as Mentha piperita L., Cymbopogon citratus Stapf and Eucalyptus camaldulensis Dehnh,
have been studied for their total polyphenol content using Folin-Ciocalteu Reagent (FCR) method, total
flavonoid content using aluminium chlorid (AICl;) and antioxidant properties were determined as DPPH
radical-scavenging ability (ICsq). The anti-termite activity was evaluated by a direct non-choice test. The higher
antioxidant activity (ICso = 0.20 mg/ml) and polyphenols content (224.32 mg GAE/g of dried extract) were
showed with E. camaldulensis aqueous extract. However, M. piperita and C. citratus ethanolic extracts showed
higher flavonoid content (190.99 and 185.19 mg QE/g of dried extract). The most active extract against termite
Reticulitermes flavipes was E. camaldulensis ethanolic extract presenting toxicity at 5% and 10% w/w as
concentrations. All these data showed that strategic extraction of residues from hydrodistillation can provide
interesting bioactive compounds as novel anti-termite agents in plants protection and allow to give an
added-value to aromatic plants.

Keywords: antioxidant, bioactive compounds, flavonoids, non-choice test, plant extracts, polyphenols,
Reticulitermes flavipes

1. Introduction

Aromatic plants are generally exploited for their essential oils, known for various biological activities throughout
history. These well documented volatile substances can be extracted from different parts of plants such as root,
wood, bark, foliage, flower, fruit, bud and stem (Irshad et al., 2019). Volatile terpenoids are major constituents of
these essential oils largely studied and used for their biological activities. In addition, other secondary
metabolites such as saponins, tannins, flavonoids and alkaloids present in plants are also of interest (Miean &
Mohamed, 2001; Texeira et al., 2013). If the yield of essential oil from an aromatic plant can range from 0.05 to
18%, it generally stays below 5% and consequently a large amount of residues generated during the extraction
processing remain a source of various natural bioactive products (Sankarikutty & Narayanan, 2003). These
bioactive compounds have demonstrated their potentialities for health benefits and pest management
(Santana-M¢éridas et al., 2012, Olufunmilayo et al., 2012). Therefore, to face the limited bioresources, and in the
scope of a sustainable green chemistry, using these wastes to isolate and characterize active molecules is of
major interest (Garcia-Serna et al., 2007; Hannon & Zaman, 2018; Santana-Meridas et al, 2014; Mirabella et al.,
2014). In this context, several studies have showed that residues from distillation process are rich in phenolics
which can be exploited as health-promoting compounds, antioxidants in food and feed or anti-aging ingredients
in cosmetic products (Navarrete et al., 2011; Torras-Claveria et al., 2007; Moure et al, 2001).
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Amidst the plant species widely available in Burkina Faso, Cymbopogon citratus (Stapf, 1906) (Poales: Poaceae),
Eucalyptus camaldulensis (Dehnh., 1832) (Myrtales: Myrtaceae) and Mentha piperita (Linné, 1753) (Lamiales:
Laminaceae) respectively called commonly lemongrass, mentha or mint and eucalyptus are of interest as they are
known for their biological activities and are used in folk medecines (Lawal et al., 2017; Mahendran & Rahman,
2020; Zerbo et al., 2011; Morin et al., 2017). The compounds extracted from C. citratus (Negrelle & Gomes,
2007) exhibited antibacterial, insecticidal and antifungal activities. Ilboudo et al. (2016) have established that
flavonoid extracts obtained from M. piperita leaves reduced in vitro the mycelium growth of Phoma sorghina
(Sacc.) (Boerema, Dorenbosch, & van Kesteren, 1973) (Pleosporales: Pleosporaceae) and Fusarium moniliforme
(Link, 1809) (Hypocreales: Nectriaceae) by 72% and 55%, respectively, when used at a concentration of 5
mg/ml. Many studies have highlighted E. camaldulensis biological properties and its application against many
diseases (Abu-Jafar & Huleihel, 2017; Ghasemian et al., 2019). Its leaf extracts were studied and showed to
contain tannins, saponins, triterpenoids (Adeniyi & Ayepola, 2008; Siddiqui et al., 2000), many potential
antioxidant compounds as chlorogenic acid, phloroglucinol derivatives, galloyl-HHDP glucopyranose or
ellagitannin dimers (Singab et al., 2011). The n-Butanol extract of these leaves controlled efficiently black spot
pathogen of Pisum sativum (Linné, 1753) (Fabales: Fabaceae) with 78% growth suppression (Shafique & Ahmed,
2017). According to Espana et al. (2017), E. camaldulensis ethanolic extract provided 98% of Colletotrichum
gloeosporioides (Penz & Sacc., 1884) (Incertac sedis: Glomerellaceae) growth inhibition at 5000 mg/L. As
human medicine, Abu-Jafar & Huleihel (2017) reported the potential antiviral activity against some herpes virus
by ethanolic extract of E. camaldulensis leaves. The extract of E. camaldulensis was also evaluated for its
anticorrosive potentiality (Ghareeb et al., 2018). The important biological properties of no-volatile active
compounds from aromatic plant residues could be used as bio-pesticides for integrated pest management.

Amongst the insects present in West Africa, and therefore in Burkina Faso, termites are of major interest (Kaiser
et al., 2015). They play an essential role in ecosystems due to their diversity, and, their service in organic matters
decomposition, hydrology, as well as soil fertility (Jouquet et al., 2011; Kaiser et al., 2015; Korb et al., 2019).
However, some termite species are major pests which attack various crops, household materials, wood and plants
(Schyra & Korb, 2019) and can cause major economic losses (Ibrahim & Adebote, 2012). To avoid chemical
pesticide use in crops production and forests plantation, investigation was done with natural products to control
termite infestation. In the course of search for cheap naturally-occurring products for termiticidal activity by
valorization of residues after hydrodistillation of aromatic plants, we aimed to investigate phenolics as they
present potential pesticidal activities. In this work, we have tentatively quantified the phenolic compounds
present in the residues after the hydrodistillation of M. piperita, C. citratus and E. camaldulensis and evaluated
their antioxidant property and anti-termite activity towards Reticulitermes flavipes (Kollar, 1837) (Blattodea:
Rhinotermitidae) under laboratory conditions.

2. Materials and Methods
2.1 Chemicals and Reagents

All the chemicals, reagents and solvents used were analytical grade: butanol, acetic acid, distillated water and
ethanol for extraction (as bioethanol 70%).

Formic acid, gallic acid as well as the thin layer chromatography (TLC) plates (60 F254 silica gel plate on
aluminum support) were purchased from Merck (Darmstadt, Germany).

Methanol (HPLC-MS grade), both flavonoid standards (quercetin and gallic acid), diphenyl-1-picrylhydrazyl
(DPPH), Neu (diphenylboryloxyethylamine), Aluminium chlorid AICl; 2%, Sodium carbonate, Trolox from and
sodium carbonate were provided by Sigma-Aldrich (Steinheim, Germany). Folin-Ciocalteu Reagent was
purchased from Fluka Analytical.

2.2 Plant Material Collection and Treatment

The aerial parts (fresh leaves) of each plant (1) M. piperita, (2) C. citratus, (3) E. camaldulensis were collected
at Ouagadougou (Burkina Faso), March 2018. The plant material was washed with distilled water, air dried at
room temperature (r.t.) for seven days and then powdered.

2.3 Extraction Procedures for Aqueous and Ethanolic Extracts

Sample (100 g) of air dried plant powder was hydrodistilled using a Clevenger type apparatus. The remaining
crude mixture was filtered to obtain an aqueous solution and a solid residue. The aqueous solution was submitted
to lyophilization with a LABCONCO FreeZone 2.5 Plus apparatus to obtain the aqueous extract. The solid
residue obtained was dried for 72 h at r.t., and then, macerated under continuous magnetic stirring with 1 L of
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ethanol (70%) for 24 h at r.t. The solvent was evaporated using rotavapor R-100 at 40 °C under 175 mbar to
obtain the ethanolic extract.

From the three plants, six extracts were obtained and named; Cymbopogon citratus Aqueous and Ethanolic
extracts: CA and CE respectively; Eucalyptus camaldulensis Aqueous and Ethanolic extracts: EA and EE
respectively; Mentha piperita Aqueous and Ethanolic extracts: MA and ME respectively.

The extraction yield for the six extracts was expressed in % w/w as ratio between the obtained mass after
extraction and the mass of air dried plant powder used (100 g).

2.4 Ash Determination

Ash determination was performed by combustion of the biomass. A sample (2 g) of the air dried powder or the
extract was weighed in a crucible and placed in a furnace at 550 °C during 3 h. The crucible was cooled in a
dessicator and weighted. The ash percentage was calculated using the following formula:

Percentage of ash (%) = _weightofash 1 ) €8

weight of sample

2.5 Qualitative Identification of Flavonoids by TLC Development

Flavonoids were investigated in the six extracts by thin layer chromatography (TLC) with the reagent of Neu as
developer. Each extract was dissolved at 20 mg/ml in methanol. A volume of 5 pul of each solution was charged as
spot on the plate. After the application of the spots, the chromatogram was developed in a glass chamber (20x20
cm) satured during 25 minutes with the elution’s solvent and in the presence of a No. 1 Whatman filter paper. The
eluent system used was Butanol-Acetic Acid-Water (65/15/20-v/v/v). After elution, the plate was air-dried, heated
for 5 min at 105 °C and observed at the wavelengths 254 nm and 365 nm under a UV lamp. Once sprayed with Neu
reagent (1% w/v in MeOH), the detection of flavonoids was observed at 365 nm.

2.6 Total Phenolic Content Measurement

The content of total polyphenols (TP) of extracts was determined by the Folin-Ciocalteu colorimetric method
(Singleton et al., 1999). To 1 mL of each extract solution was added 1 mL of Folin-Ciocalteu reagent (2 mL diluted
10 times in distilled water) and after 8 minutes, 2 mL of sodium carbonate (1.6 mL of 7.5% Na,CO; prepared in
distilled water) were added. After 1 h of incubation in the dark at r.t., the absorbance was measured at 765 nm
using BMG Labtech SPECTROstar Nano spectrophotometer against a blank. The standard calibration curve
(0.00048-0.03125 mg/mL) was prepared from gallic acid, and the total phenolic content was calculated as the
average of triplicate data for each sample in milligram equivalents of gallic acid per gram dry extract (mg
GAE/g). Linear regression analysis equation (y = 0.015x + 0.026, R* = 0.9994), was applied to calculate TP in
which y is absorbance at 415 nm and x is the amount of gallic acid equivalent (GAE) in mg per gram extract.

2.7 Total Flavonoid Content Measurement

The total flavonoid (TF) content was determined using the method AICl; (Woisky & Salatino, 1998) with
modifications. Two (02) mL of aluminium chloride AICl; 2% methanolic solution were added to 2 mL of plant
extract solution. Extracts were evaluated at a final concentration of 0.25 mg/mL. After 40 min incubation at r.t,
the presence of a yellow color indicates the presence of flavonoids. The absorbance at 420 nm was then
measured using BMG Labtech SPECTROstar Nano spectrophotometer against a blank. The amount of
flavonoids in the extract is calculated was expressed as milligram equivalent of quercetin per gram of dry extract
(mg QE/g), using a calibration range with quercetin as a standard.

2.8 Determination of Antioxidant Activity by DPPH Method

The 2.2-diphenyl-1-picrylhydrazyl (DPPH) inhibition assay was performed using the modified Brand-Williams
method by Miliauskas et al. (2004). The solution of the DPPH radical (6 x 10 M) was prepared by dissolving
2.36 mg DPPH in 100 mL of methanol. At 150 pL of methanolic solution of each extract were added 4.5 mL of
DPPH solution. The solutions were incubated at 28°C in a water bath for 20 min before reading the absorbance at
515 nm. The absorbance was measured using BMG Labtech SPECTROstar Nano spectrophotometer against a
blank. The percentage of DPPH inhibition was calculated as the average of triplicate data for each concentration
of sample according to the following formula:

Ag

e Ap—
% inhibition = BA—
B

x 100 2
where, Ap: blank absorbance and Ag: sample absorbance.

The percentage of inhibition was plotted against sample concentration and using linear regression the ICs,-value
in mg/mL was calculated. All samples were prepared and analyzed in triplicate. Absorbance of Trolox, taken as a
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reference, was measured and was I1Csy: 0.15 mg/ml. The rate of inhibition of the radical was calculated to the same
formula.

2.9 Anti-termite Activity Evaluation

Reticulitermes flavipes were collected in Saint Trojan les Bains forest, Oleron Island, France. Once collected, the
termites were kept in breeding boxes, in dark climatic chambers at 27 °C, Relative Humidity (RH) above 80%,
and fed with poplar (Populus spp.) timber.

Anti-termite activity was conducted using a non-choice test against R. flavipes using a 1 cm? Joseph filter paper,
made of pure cellulose (grammage 25g/m?, Filtatrech). Aqueous and ethanolic extractives were diluted in ethanol
w/w at concentrations 2.5%, 5% and 10%. A volume (30 pL) of each diluted solutions was impregnated on the
filter paper samples using a micropipette. Filter papers were also treated with the same amount of ethanol or water,
as solvent and virulence controls respectively. Each treatment was done in triplicate. The treated papers were left to
dry at room conditionned (20 °C) for 15 min. Petri dishes (9 cm in diameter) were filled with 30 g of wet
Fontainebleau sand (1 vol. water/4 vol. of sand). The wet sand is distributed at the periphery of the Petri dish,
leaving its center free of sand, where the treated paper was fitted. The treated paper was placed of a plastic mesh to
avoid waterlogging during the test. Twenty termite workers were introduced in each Petri dish, the test being done
in triplicates (Figure 1). The test devices were placed in a dark room at 27 °C, with a RH above 75%, observed
regularly, the sand being re-humidified at regular intervals. The test was carried until total degradation of the filter
paper or up to 24 days. In the case of water and ethanol controls, the filter paper was replaced when totally
degraded, in order to keep feeding the termites along the test. At the end of the test, the surviving termites were
counted and the survival rate was calculated according to:

%SR =" x 100 3)
where, %SR: Survival rate % and NST: Number of surviving termites.

The surface degradation (SD) expressed in % of the paper was evaluated (using a tracing graph paper) and
expressed as:

%SD = 22 x 100 )
where, %SD: Surface Degradation percentage, SFP: Surface of the filter paper at the end of test (mm?) and ISF:

Initial Surface of the filter paper (mm?).

Figure 1. Non-choice termite tests

2.10 Statistical Analysis

Analysis of data was carried out by ANOVA one way. Comparison of mean values was performed with the
Student-Newman-Keuls range test at the (P = 5%) level using the SPSS 22.0 program.

3. Results
3.1 Extraction Yields and Ash Contents

The results on the extraction yield are given for the six extracts (Table 1).
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Table 1. Extraction yields data (% w/w)

Plant C. citratus E. camaldulensis M. piperita
Aqueous extract 17.80 28.60 26.85
Ethanolic extract 04.63 13.64 04.45
Total 22.43 42.24 31.30

Values of extraction yields varying from 4.45% to 28.6% are observed for the three plants. Ethanolic extracts of C.
citratus and M. piperita present the lower yields around 4%, while E. camaldulensis presents aqueous extraction

yield found at 28.6%.

The ash contents are evaluated for crude powder and aqueous water and represented on a histogram (Figure 2).

10

C. citratus

® Crude powder

H 25.9

E. camaldulensis

Aqueous extract

14

H94

Figure 2. Histogram of ash contents (% w/w)

i 26.9

M. piperita

Aqueous extracts contained minerals in contrast to ethanolic extracts which present no residual ash for the three
plants. Regarding the ash percentage, E. camaldulensis has the lowest value (8%) for the crude leave’s powder
and M. piperita the highest value (29.6%). Aqueous extract of C. citratus gave 25% as ash part corresponding to
the 17.8% of extract. This means that aqueous extract of C. citratus can be partitioned about 4.4% of minerals
and 13.4% of organic extractives for the all powder.

Eucalyptus camaldulensis presents a low level of minerals (8%) in the crude powder, and in its aqueous extract, the
percentage of minerals increases lightly up to 9% because of the high extraction yields with water. As opposite to,
water extraction of M. piperita and C. citratus increased the ash content by far.

3.2 Total Polyphenol (TP) and Total Flavonoid (TF) Contents

For polyphenols and flavonoid contents (Table 2), the TP of the six extracts present variation ranged from
224.31+16.69 to 47.12+3.69 mg GAE/g.

Table 2. Contents in phenolics, flavonoids and antioxidant activity of plant extracts

Contents in polyphenols TP

Contents in flavonoids TF

Extracts (mg GAE/g dry extract) (mg QE/g dry extract) DPPH ICso (mg/ml)
CA 66.2177"+4.15 17.1186%+0.34 1.67+0.21

CE 74.1738%+13.53 185.1948°+£16.93 1.39+0.14

EA 224.3173+16.69 20.2999%+5.23 0.20+0.25

EE 106.6803°+12.51 48.3302°+1.50 0.63+0.24

MA 117.7052°+10.94 12.9476%+2.96 1.12+0.26

ME 47.1230°+3.69 190.9917°+14.58 3.08+1.53
Probability 0.000 0.000 -

Signification HS HS -

Note. CA: Cympopogon citratus aqueous, CE: C. citratus ethanolic, EA: Eucalyptus camaldulensis aqueous, EE:
Eucalyptus camaldulensis ethanolic; MA: Mentha piperita aqueous; ME: Mentha piperita ethanolic. HS: Highly

Significant
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Aqueous extract of eucalyptus (EA) has the highest total polyphenol levels assessed at 224.31 mg GAE/g of dry
extract. The lowest content is showed by the mentha ethanolic extract ME with 47.12+3.69 mg GAE/g of dry
extract. The qualitative analysis of flavonoids by TLC was done the six different extracts (Figure 3).

< w

3 8 S o =

M

Figure 3. TLC plates of extracts from the three plant after Neu reagent pulverization
(Observation under A = 365 nm)

Note. CA: Cympopogon citratus aqueous, CE: C. citratus ethanolic, EA: Eucalyptus camaldulensis aqueous, EE:
Eucalyptus camaldulensis ethanolic; MA: Mentha piperita aqueous; ME: Mentha piperita ethanolic.

After the revelation with the Neu reagent on the TLC plates, yellow spots which are characterizing flavonoids are
presents for some extracts.

3.3 Antioxidant Activity

In general, aqueous extracts of mentha and lemongrass have lowest ICs, than their ethanolic extracts. However,
the aqueous extract of eucalyptus presents the lowest value of antioxidant activity as ICs,, 0.20 mg/ml compared
to Trolox which ICs, 0.15 mg/ml.

3.4 Effect Towards Termites

The non-choice screening test was valid as the survival rate of the controls (water and ethanol) is above 50%,
and the paper (being changed twice during the 18 day test) has been totally degraded (Bedoungindzi et al., 2020).

The effect of C. citratus, E. camaldulensis and M. piperita extracts on termites are evaluated (Table 3). The
anti-termitic efficacy of one extract conducts to the mortality of termites when the treated paper is degraded by
termites. With applied concentrations of 2.5, 5, and 10% (w/w) of extract, some extracts present anti-termite
activity.
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Table 3. Results of termite non-choice screening tests

Concentration of

extract % (w/w) 25 > 10
Exposure Survival Exposure  Survival Exposure  Survival
Extract Duration Rate SD (%) Duration Rate SD (%) Duration  Rate SD (%)
(days) (%) (days) (%) (days) (%)
CA 7 76 100 7 66 100 7 80 100
CE 7 85 100 11 91 100 7 83 100
EA 7 75 100 7 96 100 7 83 100
EE 7 58 100 24 0 20 24 0 10
MA 10 95 100 6 83 100 21 75 100
ME 10 82 100 10 87 100 12 67 100
W.CL 18 90 100 18 90 100 18 90 100
E.CL 18 85 100 18 85 100 18 85 100

Note. CA: Cympopogon citratus aqueous, CE: C. citratus ethanolic, EA: Eucalyptus camaldulensis aqueous, EE:
Eucalyptus camaldulensis ethanolic; MA: Mentha piperita aqueous; ME: Mentha piperita ethanolic, W. CL:
water control, E. CL: ethanol control; SD: Surface Degradation (of paper loaded with extract or solvent).

4. Discussion

Farmers from Burkina Faso commonly use the aqueous extracts of plants as biopesticides (Pretty, 2005), but a
significant part of polar constituents remains in the solid residue rejected after filtration. The aqueous extract
after hydrodistillation of aromatic plants constitutes a decoction containing hydrosoluble substances. From three
studied aromatic plants, six extracts were obtained as aqueous and ethanolic extracts of the residue after
hydrodistillation for each sample: C. citratus, E. camaldulensis and M. piperita. Aqueous extraction process of
powders gave higher quantity of product compared to ethanolic extraction. The ethanolic extract of E.
camaldulensis gave the higher percentage with 13.64% of extraction yield which is about three times higher than
the other yields. In addition, high total extraction yield was obtained with E. camaldulensis with 42.24% followed
by M. piperita. Before collecting any information on the nature of the chemical constituents in different extracts,
the calcination gave a previous view on organic and inorganic parts. The six extracts were submitted to calcination
to evaluate the residual ash which could be assimilated to minerals contents. Minerals compounds are present in
biomass after absorption by the plant from roots for plant vital growth and development. Some minerals represent
nutritional value for plants: (Ca, Cu, Fe, K, Mg, Mn, Na, P, S and Zn) and some heavy metals in minors levels (Cd,
Co, Cr and PDb) are pollutants. When the dried biomass is calcinated through combustion, the ash is composed by
these mixtures of minerals as oxides. It is known also that some minerals can interfere in chemical reactions during
the organic compound’s extraction. Therefore, before polyphenolic and flavonoid quantification, the percentage of
mineral must be evaluated. There was no ash for ethanolic extract from the three plants. The different evolution in
ash contents observed between plants during water extraction depends on the types of minerals and the biomass.
For example Mentha piperita, well known aromatic plant, has a nutritious value and the minerals determined in the
ash were K: 1.16% w/w, Ca: 1.25% w/w and Mg: 0.210% w/w (Esetlili et al., 2014). Eucalyptus camaldulensis
leave powder has a low content in minerals and water extraction generated more extractives as organic compounds
than minerals. One can note that aqueous extract has the advantage to collect high mineral quantities in addition
to organic substances. Minerals are more soluble in water that is why percentage of ash in aqueous extracts
presents higher values that the ash from the air dried powder. When the crude powder present less, ash percentage
as for eucalyptus, the percentage of ash from the aqueous extract is also the less.

All polyphenolics are not totally extracted by water during hydrodistillation, so they can partly remain in the
solid residues (Espana et al., 2017, Abu-Jafar & Huleihel, 2017). The ethanol additional extraction of these solid
residues proved to be very effective as it made possible to exhaust from the solid residue further important
quantities of organic compounds. Polyphenols with high molecular weight are considered with less solubility in
water but according to Navarrete et al. (2011) ethanolic extract of solid residues from hydrodistillation are
particularly rich in polyphenols.

The total polyphenol content in the aqueous eucalyptus extract which presents the highest value (224.31 mg
GAE/g of dry extract) found in this study is different from the one reported by Singab et al. (2011), who found
that the total polyphenol content of the water extract was the lowest (110.10£18.10 mg GAE/g) compared to
their methanolic extracts (653.5421.50 mg GAE/g and MeOH 60% v/v (701.10£16.70 mg GAE/g). Concerning
flavonoid content of extracts, ethanolic extracts seems to have highest flavonoid contents compared to the aqueous
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extracts of the three plants particularly for lemongrass and mentha. Alcohol like ethanol, and water are the most
commonly used solvents to extract flavonoids because they form strong hydrogen-bonding interactions with the
hydroxyl, carbonyl groups of flavonoids as shown for rutin (Gullon et al., 2017). Indeed, the highest-content in
flavonoids for the mentha ethanol extract (190.99+14.58 mg QE/g of dry extract) is followed by the lemongrass
ethanol extract: CE (185.19 mg QE/g of dry extract). The mentha aqueous extract showed the lowest content
(12.94 mg QE/g of dry extract) in flavonoids followed by the aqueous extract of C. citratus: CA (17.11-0.34 mg
QE/g of dry extract). These results are consistent with the study conducted by Singab et al. (2011), where the
total flavonoid content is the lowest in the aqueous extract (53.00-0.60 mg QE/g of dry extract) compared to the
methanol extract. It is depicted that alcohol, like methanol, is a successful solvent for extraction of flavonoid
contents from plants. Glycoside flavonoids found mostly in plants and polyhydroxide aglycones are extracted
with alcohol or hydroalcoholic mixtures (Andersen & Markham, 2005; Gullon et al., 2017). The extraction
process can also explain the co-extraction of minerals with organics by water as showed for fulvic and humic
acids (Harper et al., 2000). The yellow color of spots on TLC plate is an indication for flavonols and the
fluorescent one is an indication for flavones.

One can note for the three plants, the more the ethanolic extract presents high content in flavonoids, the more
powder contents minerals represented by ash percentage. This is in accordance with Kasprzak et al. (2015) view as
flavonoid accumulation was attributed to a protection mechanism against metal ion toxicity in plants. This
hypothesis is verified with three plants in our case. Mentha piperita presented the highest-content in flavonoids
for the mentha ethanol extract (190.99+14.58 mg QE/g of dry extract) and the higher percentage in ash (14%
w/w) for the dry powder followed by the lemongrass. Eucalyptus ethanolic extract showed the lowest content in
flavonoids (48.33+1.5 mg QE/g of dry extract in correlation with the lowest percentage of ash (8% w/w) for the
dry powder.

The data on antioxidant potential of extract is more in line with the polyphenolic contents than with the flavonoid
contents. Consequently, mentha ethanolic extract, the richest extract in flavonoids presented the lowest antioxidant
activity.

Analysis of data of surface degradation (SD) and termite survival rate showed that the extracts at a concentration of
2.5% were found ineffective. At 5% concentration, the extracts exhibited also no significant termiticidal activity,
except for eucalyptus ethanolic extract (EE). At 5% and 10%, EE treated paper was degraded up to 20% and 10%
respectively, and the termite mortality was total after the paper ingestion, showing a toxic activity towards termites.
No repellent or toxic activity was noted with the eucalyptus aqueous extract. This anti-termite potentiality in a first
view seems to not be due to total phenolic content as E. camaldulensis aqueous extract EA with higher
antioxidant activity (ICsp = 0.20 mg/ml) and polyphenol content (224.32 mg GAE/g of dried extract). From
literature data, flavonoids identified in E. camadulensis leaves are quercetin, a flavonol confirmed by the yellow
color on TLC plate and 3-O-monoglycosides kaempferol (Ashraf et al., 2015). Between polyphenolics found in
E. camaldulensis leaves, many acids are identified: gallic, betulinic, ursolic, vanillic and syringic acids (Ashraf
et al., 2015). In the same analysis, M. piperita and C. citratus ethanolic extracts with higher flavonoid contents
(190.99 and 185.19 mg QE/g of dried extract) presented no effect on termites. The particularity of ethanolic
extract of eucalyptus compared to the two others could be that it contents no minerals and there is the highest
content in polyphenols 106.68+12.51 mg QE.GA/g of dried extract and the interesting antioxidant activity (ICs
= 0.63+0.24 mg/ml). The main functional components including phenolic acids and flavonoids are known for
antibacterial properties.

Phenolic acids and flavonoids have been shown to be active against termites, but the extent of their antifeedant
and toxic properties depend on their structure (Boué & Raina, 2003; Ohmura et al., 2000) and this could
therefore explain the observed termiticidal properties of E. camaldulensis leaves. Flavonoids in mentha are more
glycosides which are found less bioactive as antifungal compounds than aglycones (Ilboudo et al., 2012). As the
ethanolic extract of E. camaldulensis gave the highest extraction yield (13.64%) which is about three times
higher than other values, it can be a source of interesting active ingredients for anti-termite formulations.
Litterature review showed some data on various extracts screened for termicidal activity potential (Krupal et al.,
2017; Pardede et al., 2018; Azab, 2018). Data on four selected plants tested for anti-termiticidal activities
showed that methanol extracts of the stem of Terminalia arjuna (Myrtales: Combretaceae) exhibited the highest
potential for termite mortality. This extract registered higher amounts of flavonoid and tanin contents (Krupal et
al., 2017) than others extracts rich on alkaloids, saponins, phenols, carbohydrates and proteins. On the opposite,
a n-hexane extract of Prosopis farcta (Fabales: Fabaceae) with low polyphenol content presented the highest
antifungal and anti-termite activities when methanolic and aqueous extracts with high contents in phenolics
present least activity (Azab, 2018). Five compounds were isolated from Coreopsis lanceolata (Asterales:
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Asteraceae) stems and identified. Their antitermitic effects against Coptotermes curvignathus (Blattodea:
Rhinotermitidae) were evaluated. 5-phenyl-2-(1-propynyl)-thiophene (1) and 1-phenylhepta-1, 3,5-tryne (2)
showed strong potent antitermitic activity in comparation with other compounds: B-sitosterol (3), succinic acid
(4), and protocatechuic acid (5) (Pardede et al., 2018). Between four plants tested Maranta arundinaceae
(Zingiberales: Marantaceae) and Acorus calamus (Acorales: Acoraceae) were found to possess maximum
phytochemicals compared to Alpinia galanga (Zingiberales: Zingiberaceae) and Hedysarum coronarium
(Fabales: Fabaceac). These last ones were tested positive for termicidal activity against two species of termites,
Coptotermes gestroi (Blattodea: Rhinotermitidae) and Coptermes curvignathus (Blattodea: Rhinotermitidae) but
presented few major phytochemicals as proteins, carbohydrates, oils, saponins, terpenoids, alkaloids, steroids,
flavonoids and cardiac glycosides. The authors noted that phenylpropanoids and p-hydroxybenzaldehyde were
identified in the rhizome of 4. galanga (Sowmya, 2016). We noted that the organic phytochemicals responsible
for the termite activity are various and need to be still clarified.

Futher studies to elucidate the contribution of the minerals on anti-termite activities for mentha and cympopogon
species are currently underway, as the tendency of polyphenolic compounds to chelate metals by complexation is
crucial in anti-oxidant activity and biological activities. (Kasprzak et al., 2015; Meera et al., 2019; Khater et al.,
2019), R. flavipes as rhinotermitidae termite gain nutrients from food sources and some for soils as Ca, Fe, Mg
and Mn were uptaked from the soil (Janzow et al., 2015). They can regulate their diets based on the availability
of several inorganic nutrients by adjusting their intake from multiple resources (Poisonnier et al., 2020). In the
experimentation, the food consumption based on cellulosic paper charged with extracts suggests that termites
also have internal systems to detect the levels of several inorganic in aqueous extracts and it is possible that these
insects prefer foods with higher levels of minerals to meet their own nutritional demands (Judd et al., 2017).

5. Conclusion

Polyphenols as phenolic acids or flavonoids are present in the three different aromatic plants used is this study.
Valorization of the hydrodistillation residues as extractives in aqueous phase and ethanolic extract of solids
residues showed relative anti-termite activity. Ethanolic extract of E. camaldulensis presenting no minerals,
lower contents in polyphenolic compounds compared to aqueous extract had the highest anti-termite activity, for
the concentrations used. This content in polyphenolics is the highest compared to ethanolic extracts of M.
piperita and C. citratus. Our data pay the way for development of bioproducts for potential application in plant
protection against termites. This valorization constitutes an added-value for aromatic plants from Burkina Faso,
which are abundant, cultivable and produce interesting, high value co-products to essential oils production.
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