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Abstract

Termites are social insects that inhabit colonies in the soil. Termites feed on a
wide range of plants found within diverse habitats of Luanda Sub-County.
This study aimed at assessing feed preference of edible termites and analyzing
their phytochemical composition. Termites were exposed to ten different test
plants in their natural habitats to assess feed preference. Forty-seven study
sites were selected as they had high termite abundance from previous studies.
The test plants were Grevillea robusta, sugarcane, maize, blue citronella grass,
Eucalyptus, mango, avocado, neem, bamboo and a mixture of all the ten
plants. Small pits were dug in the ground where the ten treatments were
placed and replicated four times each. The test plants were placed in the
evening then covered with soil block. The number of termites feeding on the
test plants was counted after 12 hours the following day. There were separate
trials for crushed and uncrushed feed substrates. The feed substrates that
showed high feed preference was selected for phytochemical analysis. The
plants whose crude extract was obtained were Grevillea robusta, bamboo,
Eucalyptus, cypress, maize and sugarcane. The results for this study were
analysed using one-way ANOVA. The study revealed that crushed feed sub-
strates had a high level of feed preference by termites p < 0.05. The mixture of
all the feed substrates also showed high termite preference and a mean and SE
of 676.500 + 41.7°. Phytochemical analysis of the crude plant extracts revealed
that Fucalyptus had the highest number of phytochemicals present 9 out of
12. The identified phytochemicals were saponins, tannins, alkaloids, resins,
cardiac glycosides, carbohydrates, phenols and flavones.
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1. Introduction

Edible termites are used as food and feed in many parts of the world [1] [2].
There are many termite species across diverse habitats in the world [3]. Termites
forage on many plants found within those habitats for their dietary require-
ments. The choice of plants to forage on by termites is influenced by the attrac-
tion of the termite towards the plant. Plants produce phytochemicals that differ
in quality and composition [4]. Some plants have a strong attraction to termites
than others. In a study conducted by [5] in Arusha region of Tanzania, termites
were reported to attack crops, and trees in homesteads and in the forests.

[6] documented that termites forage mainly during the rainy season and are
highly limited during the dry period due to variations in feed sources. According
to [7] the distribution and abundance of termites were significantly correlated
with a set of environmental and ecological variables such as the presence of
plants, soil organic carbon, minerals and water. [8] found that termites of the
genus Macrotermes actively foraged on branches and logs of dry trees. Termites
thus play a very important role in forest ecosystems and also cause significant
injury to trees. [9] in his work recorded that termites primarily feed on a wide
variety of food sources like tree logs, deadwood, grasses, humus and fungi.
Feeding preferences of the dry wood termite Cryptotermes brevis were studied
and found that only pine was foraged on in lower quantity compared to cedar.
[10] recorded that carbohydrates were present in wood thus providing the re-
quired nutrients to termites. This study investigated feeding preferences of ter-
mites on ten plant species, namely, Eucalyptus, bamboo, blue citronella grass,
maize, sugarcane, avocado, mango, neem, cypress, mixture and G. robusta. The
study also evaluated the phytochemical composition of the plants which edible
termites highly forage. The significance of this study was to document the most
favourable termite attractant plant that can be used to harvest termites for food
and feed.

2. Materials and Methods

2.1. Determination of Feed Preferences of Termites on Selected
Plants (Uncrushed and Crushed) in an Open Field Bioassay

Test plants were selected from forty-seven termite habitats in the Luanda sub-
county. The plants were sugarcane, bamboo, G. robusta, blue citronella grass,
maize stems, Eucalyptus, cypress, mango, avocado, neem, and a mixture of all
the test plants. The control had no feed material. A field measuring 100 m by 40
m was selected for the study. Rectangular holes measuring 25 cm by 15 cm were
dug at a spacing of 3 m apart. There were eleven treatments replicated four
times. About 200 g of chopped dry materials of the test plants were assigned
randomly in the dug holes and covered with a soil block at 6 pm. The feed traps
were checked the following day at 6 am before termites moved out. The number
of termites foraging on the plant materials was removed and placed into a plastic

basin, counted using forceps. This procedure was repeated in four different loca-
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tions spread 500 m apart. The test plants that showed high feeding preferences
were selected for laboratory phytochemical screening. This procedure was re-

peated with crushed test plants.

2.2. Preparation of Test Plant Material for Phytochemical
Analysis

The bark and stem of fresh mature Grevillea robusta were collected from Luanda
Sub-County of Vihiga County. Forty-seven study sites were identified in
(34.60248E, 0.00748N. A section of the stem was dried at 60°C in a cool shade
for 72 h. The resulting dried sample was ground into powder using a mill (Jeh-
mlich, Germany) and placed in bags and transported to the National museums
of Kenya for further experiments. The same procedure was repeated for Euca-
lyptus, sugarcane, maize, bamboo, and cypress. These were the plants that at-

tracted a large number of termites to feed.

2.3. Preparation of Plant Extracts

About 200 g of G. robusta powder was soaked in Methanol and Dichlorome-
thane at a sample: solvent ratio of 1:20 (w/v) for 48 h at 24°C. The mixture was
filtered in glass jars over cotton wool. The crude mixture was homogenized at
60°C for 4 h using a homogenizer (IKA, Germany). The extracts were filtered
using filter paper on a filter funnel. The filtrate was concentrated at 60°C using a
rotary evaporator (Polylab, India) and freeze-dried for 24 h. All the freeze-dried
extracts were stored at 4°C before further tests were performed as documented
by [11] [12] with minor modifications.

2.4. Analysis of Alkaloids

Alkaloids were analysed using Dragendorff’s test. 2 mg of the methanolic extract
was placed in a test tube and 5 ml of distilled water was added to the mixture.
2M Hydrochloric acid was added to the mixture until an effervescence reaction
occurred. To the mixture, 1 ml of Dragendorff’s reagent was added and shaken.

Formation of orange or orange-red precipitate signified the presence of alkalo-
ids.

2.5. Analysis of Reducing Sugars—Benedicts Test

About 2 mg of methanolic extract was shaken with 10 ml of distilled water in a
test tube, filtered, and the filtrate was concentrated. To the concentrate 5 ml of
Benedict’s solution was added and the mixture was boiled for 5 minutes. Forma-

tion of brick red-colored precipitate showed the presence of carbohydrates.

2.6. Detection of Carbohydrates—Molisch’s Test

Approximately 2 mg of methanolic extract was mixed with 10 ml of distilled wa-
ter in a test tube, filtered and concentrated. Two drops of freshly prepared 20%
alcoholic solution of a-naphthol were added to the filtrate and shaken. 2 ml of
concentrated sulphuric acid was added to the mixture so as to form a layer below
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the mixture. Red-violet ring appeared, signifying carbohydrates which disap-

peared on addition of excess alkali.

2.7. Detection of Monosaccharides—The Barfoed’s Test

About 1 ml of the test sample was placed in a dry test tube. 1 ml of distilled wa-
ter was placed in another tube as control experiment. 2 ml of Barfoed’s reagent
was added in all tubes and Kept in boiling water bath. Time taken to develop a

brick red colour was observed.

2.8. Analysis of Flavonoids

Flavonoids were analysed according to the method described [13] the Shinoda
test. About 2 mg of methanolic extract was dissolved in 5 ml of ethanol in a test
tube and shaken. To the mixture, about 10 drops of dilute hydrochloric acid
were added followed by a piece of magnesium. Formation of pink, reddish or

brown colour indicated presence of flavonoids.

2.9. Detection of Glycosides

Approximately 2 mg of the extract was shaken with 10 ml of water in a test tube,
filtered, and the filtrate concentrated. To the filtrate, 2 - 3 drops of Molisch’s
reagent were added together with 2 ml of concentrated sulphuric acid, carefully
through the side of the test tube. A reddish violet ring appeared signifying the

presence of glycosides.

2.9.1. Detection of Triterpenoids

The Liebermann-Burchard’s test was used. About 2 mg of the dry extract was
dissolved in acetic anhydride in a test tube, heated to boiling, cooled and then 1
ml of concentrated sulphuric acid was added to the mixture along the sides of
the test tube. The appearance of pink colour indicated the presence of triterpe-

noids.

2.9.2. Detection of Resins
Resins were analysed according to the method described by [14]. About 1 ml of
methanolic extract was dissolved in acetone in a test tube and distilled water was

added to the mixture. Turbidity showed the presence of resins.

2.9.3. Detection of Saponins
One drop of sodium bicarbonate solution was added to a test tube containing 5
ml of methanolic extract in a test tube and shaken. The formation of honey-

comb-like structure indicates the presence of saponins.

2.9.4. Detection of Steroids

Approximately 2 mg of dry extract was dissolved in acetic anhydride and heated
to boiling, cooled, and then 1 ml of concentrated sulphuric acid was carefully
added along the sides of the test tube. The occurrence of green colour indicated

steroids presence.
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2.9.5. Detection of Tannins
Tannins were analysed according to the method described by [15]. About 1 - 2
ml of the ethanolic extract, few drops of 5% w/v Iron(III) chloride solution was
added in a test tube and the mixture shaken. A green colour showed the pres-
ence of gallotannins, while brown colour signified the presence of pseudotan-
nins.

Note

These tests were repeated on samples of Eucalyptus, sugarcane, maize, bam-

boo, and cypress.

2.9.6. Data Analysis

Data analysis was carried out in one-way ANOVA for all the experiments. The
experimental data was subjected to Least Significant Difference (LSD) test and
the significant differences were marked with different alphabet letters.

3. Results and Discussion
3.1. Evaluation of Uncrushed Feed Substrates

This study envisaged to find out how termites respond to different plant sub-
strates as food. Could avocado attract termites differently than G. robusta, Euca-
lyptus, cypress, neem, mango, maize, sugarcane, bamboo, blue citronella grass?
and what would be the effect of having no substrate? One-way analysis of va-
riance (ANOVA) followed by the least significant difference (LSD) test showed
statistical significance (p < 0.05) compared to control (Table 1 and Table 2).

Table 1. Analysis of variance (ANOVA) table for uncrushed feed substrates.

Df Sum Sq. Mean Sq. F value Pr (>F)
substrate 11 4,601,105 418,282 34.42 <2e-16 ***
termite 1 1,072,940 1,072,940 88.29 1.05e-14 ***
Residuals 83 1,008,683 12,153

Table 2. Least significant difference(LSD) Means and SE for uncrushed feed substrates.

Substrate Mean + SE

Mixture 676.500 + 41.7°
Sugarcane 552.500 + 33.7°
Grevilea 499.625 + 34.2°¢
Bamboo 475.500 + 29.2°¢
Maize 425.000 * 34.5°¢
Cypress 326.625 + 24.6%°
Eucalyptus 312.375 + 33.3°
Neem 312.375 + 11.6°
Avocado 141.875 +10.5°
Mango 77.500 + 12.8"¢
Blue citronella 18.500 + 0.268

Control 0.625 + 0.098
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Luanda Sub-County has many tree species among them Grevillea, cypress,
Eucalyptus, neem, mango, avocado. A mixture of all the plant species gave the
highest termite attraction (Mean + SE, 676.500 + 41.7%") followed by sugarcane
(552.500 + 33.7%), while the blue citronella grass had the lowest attraction
(18.500 £ 0.26 &) (Table 2).

In this study, the least significant difference was calculated and significant
differences were marked with a different alphabet. Similar letters are statistically
not significant. Sugarcane, grevillea and maize are not different they had the
same level of attraction thus marked with same alphabet letter superscript.
While Grevilea, bamboo, and maize had the same level of attraction. Maize and
cypress had the same level of attractiveness. Cypress and Fucalyptus had the
same level of attractivity. Neem, avocado and mango had the same level of at-
tractiveness. Avocado, Mango, blue citronella grass and control had the same
level of attractiveness. LSD value followed by same letter show the same level of
attractiveness. Blue citronella grass was not attractive to termites just like in the
control pits where there was feed substrate.

Termites visited the feed traps at night as they prefer feeding in darkness.
Variation in wood chemistry is known to affect termite feeding and substrate
preference. In his study [16] recorded that termites prefer small blocks of wood
to large blocks. In this study, the selected plants were chopped into small pieces
and put in the termite traps. Among the tree species used in this study, Grevillea
had the highest attraction followed by Eucalyptus and cypress respectively. [17]
reported that termites foraged on Eucalyptus. [18] reported that Eucalyptus spe-
cies are highly susceptible to termites.

The worker termites were found in large numbers than soldiers. The workers
feed while the soldiers keep guard. Worker termites produce a loud noise when
chewing. This loud chewing generates acoustic emissions that attract more

workers to feed in the dark, as elucidated by [19].

3.2. Evaluation Crushed Feed Substrates

In the crushed feed bioassay, the mixture had the highest mean of termite attrac-
tion (772.25 + 41.7*) while blue citronella grass had the lowest (4.37 + 0.268) the
control had (1.00 + 0.09%). The termites were attracted to the crushed feed sub-
strate p value was very significant p < 0.05 (Table 3).

When crushed feed is used, the feed attractiveness was higher (772.25 + 41.7%)
Table 2 compared to uncrushed (676.500 + 41.7 a®) (Table 4).

Table 3. Analysis of variance table for crushed feed substrates.

Df Sum Sq. Mean Sq. F value Pr(>F)
substrate 11 6,045,179 549,562 34.26 <2e-16 ***
termite 1 2,344,063 2,344,063 146.15 <2e-16 ***
Residuals 83 1,331,227 16,039
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Table 4. LSD, Mean termite count and SE of crushed feed substrates.

Substrate Mean + SE
Mixture 772.25 + 41.7°
Maize 668.62 + 34.5%°
Grevillea 622.37 + 34.25¢
Sugarcane 591.00 + 33.7°¢
Eucalyptus 534.87 + 33.3°
Bamboo 469.12 + 29.24¢
Cypress 411.12 + 24.6°
Mango 218.00 + 12.8f
Avocado 195.25 + 10.5°
Neem 184.87 + 11.6

Blue citronella 4.37 +£0.268

Control 1.00 + 0.098

The mixture had the highest level of attraction (772.250%), while blue citronel-
la had the least attraction (4.375). Sugarcane, maize, Grevilea and sugarcane had
the same level of attractiveness by termites. Maize and mixture had the same ef-
fects (a, ab). Sugarcane, Bamboo, and Eucalyptus have the same effects on ter-
mite attractiveness. Eucalyptus, Bamboo and cypress have the same effects.
Mango Avocado and neem have the same level of attraction but much lower
than the rest. Blue citronella and control had the same effects. [20] recorded that
wood-feeding termites can digest up to 85% and 83% of glucosyl and xylosyl re-
sidues from lignocellulose, respectively. Predigested diets will give termites am-

ple time to forage faster than uncrushed feed substrates.

3.3. Qualitative Phytochemical Analysis of Termite Feed

Test plants, including G. robusta, Eucalyptus, bamboo, sugarcane, maize, and
cypress were evaluated for the presence of phytochemicals. Saponins were
present in all termite feed substrates, excluding Grevilea. Eucalyptus had the
highest quantities (+++) Table 5, while sugarcane had the least (+). [21] isolated
saponins in Periandra dulcis roots evidence of the presence of Saponins in
plants.

Flavonoids were present in Fucalyptus alone, while triterpenoids were present
in cypress. Flavonoids were absent in all the plant samples tested. On the other
hand, resins and carbohydrates were present in all the plant species tested.

Tannins were present in large quantities in sugarcane, G. robusta and Euca-
Iyptus (+++), while bamboo, cypress and maize were absent. [22] also docu-
mented that tannins were present in Samanea saman pods. Alkaloids are organic
compounds that contain nitrogen an important element in insect diets as rec-
orded by [23]. Alkaloids were present in G. robusta and Eucalyptus in large

quantities (+++), while in bamboo, small quantities were present (+). Sugarcane,
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Table 5. Qualitative phytochemical screening of plant metabolites from selected edible
termite feed substrates.

Sample

No Phytochemical Test Bamboo Sugarcane Cypress G. robusta Maize Eucalyptus

1. Saponins ++ + ++ - + +++
2. Tannins - +++ - +++ _ +++
3. Alkaloids + - - +++ - +++
4. Flavonoids - - - - - +++
5. Sterols +++ +++ - - +++ -
6 Resins ++ ++ ++ +++ ++ +++
7. Triterpenoids _ _ +++ - - -

8  Cardiac Glycosides  +++ - + - - +++
9. Carbohydrates ++ +++ ++ +++ +++ +
10. Reducing sugars + +++ _ + +++ -
11. Flavones - - - - - -
12 Phenols - ++ + +++ +++ +++

Key +++ means present in large quantities; ++ means present in moderate quantities; +
means present in small quantities.

cypress and maize alkaloids were absent. [24] also documented the presence of
alkaloids in cypress. Flavonoids were present in Eucalyptus in large quantities
(+++) but absent in the rest. In his study [25] reported that Eucalyptus maculate
had three flavonoids isolated. Sterols were present in large quantities in Bamboo,
Sugarcane and maize (+++) but absent in cypress, G. robusta and Eucalyptus.
Resins were present in all the six feed substrates but were found in large quan-
tities in G. robusta and Eucalyptus (+++) but moderate in bamboo, sugarcane,
cypress and maize. [26] documented that Resins were also present in confers a
termite feed in the temperate countries. Triterpenoids were present in cypress
only in large quantities (+++) but were absent in the rest. This shows why ter-
mites do not forage on cypress in large quantities. Cardiac glycosides were
present in bamboo and Eucalyptus in large quantities (+++), while cypress had
small quantities (+). Sugarcane, G. robusta, and maize had no cardiac glycosides.
Carbohydrates were present in all feed substrates with sugarcane, maize and G.
robusta having large quantities (+++). A study conducted by [27] recorded that
two Cameroonian medicinal plants, Duboscia macrocarpa and Canarium schwein-
furthii contained triterpenes dubosic acid, while bamboo and cypress had car-
bohydrates in moderate quantities (++). Eucalyptus had carbohydrates in small
quantities. In his study [28] analysed the presence of carbohydrates in Eucalyp-
tus. Reducing sugars were found in maize in large quantities (+++) while bam-
boo and G. robusta in small quantities. Sugars are important in the diet of in-

sects mainly termites as they are a major source of energy. Cypress and Euca-
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lyptus had none. Reducing sugars present. [29] showed that fructose and Glu-
cose levels were significantly higher in sugarcane. Flavones were absent in all the
feed substrates. Phenols were present from Maize, G. robusta and Eucalyptus in
large quantities (+++), while sugarcane had moderate quantities (++). Cypress
had small quantities (+), while bamboo had none. Phenols are crucial in the de-
velopment of termites thus diets containing phenols were preferred by termites.
Flavones play a role in providing colour, smell and taste in selected plants which
makes them attractants for insect birds and mammals described by [30]. [31]
noted that the excessive use of plants containing Alkaloids should be used spa-

ringly as some contain antifeedant activity to insects.

4. Conclusion

Termites forage on plants with a variety of phytochemicals. Among them are
saponins, resins and carbohydrates which were found present in all termite feed
substrates. Crushed feed substrates are preferred by termites than non-crushed
feed substrates. This enables them to forage faster. Plants rich in sugars are also

an ideal feed for termites.
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