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Abstract Sitophilus zeamais and Prostephanus truncatus, the destructive pests of maize in Africa, cause extensive
tunneling in maize grain leading to conversion of maize grain into flour within a very short time. Small-scale farmers are
often forced to sell maize shortly after harvest to minimize losses during storage, thereby attract low prices and compromising
food security. Most available pesticides have adverse effects on environment and humans. The aim of this study was to
evaluate efficacy of extracts and compounds of Warburgia ugandensis in controlling of S. zeamais and P. truncatus.
Chromatographic fractionation of extracts from W. ugandensis afforded 7α-acetylugandensolide (1), ugandensolide (2),
polygodial (3), warbuganal (4), ugandensidial (5), mukaadial (6) and muzigadial (7). The structures of the compounds
were determined using spectroscopic and physical methods. n-Hexane extract was the most repellent among the extracts
while polygodial (3) was the most repellent compound against the two pests. n-Hexane and ethyl acetate extracts caused
76.3-78.3% and 71.1-75.0% deaths of the insects respectively. Polygodial (3) and warbuganal (4) caused 64.3-70.0 and
61.7-65.0% deaths respectively. n-Hexane and ethyl acetate extracts, polygodial (3) and ugandensolide (2) significantly
inhibited the emergence of the insects. The findings from this study show that extracts from W. ugandensis are effective in
controlling maize insect pests.
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1. Introduction
Maize (Zea mays) is one of the major cereal grains grown
in abundance in sub-Saharan Africa during the raining
season. Maize is ranked fourth most edible grain after
sorghum, millet and rice [1]. The crop accounted for 19.5%
calorie being the world’s highest supplier of calorie for
body growth, followed by rice (16.5%) and wheat which
accounted for 15.0% [1]. Peasant farmers produce huge
tons of maize annually which is usually more than enough
for sale in the markets. This has resulted into wastage
due to inadequate storage structures and insect pest which
cause significant losses. Maize weevil (Sitophilus zeamais
Motchulsky) and larger grain borer (Prostephanus truncatus
Horn) are the most important pests of maize. The extensive
tunneling in maize grain by pests allows the pests to convert
maize grain into flour within a very short time [2].
Small-scale farmers are often forced to sell maize shortly
after harvest to minimize losses during storage, thereby
attract low prices and compromising food security. Chemical
control is the most commonly used and most effective
method at the farm level. However, some of the synthetic
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chemicals have adverse effects on environment and humans
[3]. This underscores the need for affordable alternatives that
are convenient to use and are environmentally friendly. Plant
extracts contain secondary metabolites some of which inhibit
the growth of pests and pathogenic microorganism [4-18].
The use of botanical for pests and disease control is preferred
because they are safe and non-toxic to humans [19-24].
In addition, chances of pests and pathogens developing
resistance to botanical pesticides are highly unlikely [25].
Warbugia ugandensis (Canellaceae) is used as a
remedy for stomachache, constipation, toothache, malaria,
sexually transmitted diseases, diarrhoea, cough and internal
wounds/ulcers in ethno- medicine [14]. Plants belonging to
the genus Warburgia are characterized by the presence of
drimane sesquiterpenes which have been reported to exhibit
antibacterial, antifungal, insect antifeedant, insecticidal and
molluscicidal activities [26-28]. The present study reports
the efficacy of extracts and compounds of W. ugandensis
in controlling of S. zeamais and P. truncatus infestation in
stored maize.

2. Materials and Methods
2.1. General Experimental Procedure
Melting points were determined on a Gallenkamp
(Loughborough, UK) melting point apparatus and are
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uncorrected. The UV spectra were run on Pye Unicam
SP8-150 UV-vis pectrophotometer (Cambridge, UK) using
acetonitrile. IR data were recorded on a PerkinElmer FTIR
600 series spectrophotometer (Waltham, MA, USA) as
KBr pellet. 1H and 13C NMR data were measured in CDCl3
and CDCl3-DMSO-d6 on a Bruker NMR Ultrashield TM
(Darmstadt, Germany) operating at 500 and 125 MHz,
respectively. The MS data were obtained on a Varian MAT
8200A instrument (Bremen, Germany).
2.2. Plant Materials
Warburgia ugandensis stem bark was collected form
Nakuru-Gilgil Highway near St. Mary's Hospital (latitude
0° 24' 42.49'' S and longitude 36° 15' 10.59'' E) and plant
specimen (2014/5/SAO/CHEMMK) was identified at the
Kenya National Museum Herbarium after comparison
with authentic samples. The materials were air dried at
room temperature under the shade until crispy. The dried
materials were pulverized and sieved through a 0.5 mm size
mesh.
2.3. Extraction and Isolation of Compounds
Two kg of powdered W. ugandensis stem bark was
cold extracted with organic solvents of varying polarities
(n-hexane, ethyl acetate and methanol) sequentially by
soaking in the solvents for seven days with occasional
shaking. The mixture was filtered and concentrated using a
rotary evaporator at reduced pressure to yield 20.2, 58.6 and
97.8 g of n-hexane, ethyl acetate and methanol extracts,
respectively. The resultant extracts were stored at 4°C
for bioassays and phytochemical studies. Hexane and ethyl
acetate extracts showed similar TLC profile and were
combined for phytochemical isolation. The combined
extract (50 g) was dissolved in a small amount of n-hexane
- ethyl acetate mixture (1:1) and subjected to in silica gel
for column chromatography using silica gel. Elution was
done using n-hexane, n-hexane - ethyl acetate mixture, ethyl
acetate and methanol to give 200 fractions (each 20 ml)
whose compositions were monitored by TLC and those with
similar profiles were combined to give seven pools labeled I
-VII. Pool I, 3g, which was eluted with n-hexane did not
show any major spot in TLC and was discarded. Pool II (7 g)
was subjected to further column chromatography eluting
with n-hexane: ethyl acetate (95:5, 9:1, 85:15 and 4:1) to
give polygodial 30 mg and warbuganal 55 mg. Pool IV (5 g)
on further fractionation with gradient n-hexane-ethyl acetate
mixture (85:15, 4:1 and 7:3) gave polygodial 35 mg and
ugandensolide 38 mg. Pool V (8 g) on further fractionation
with n-hexane: ethyl acetate (4:1, 7:3 and 65:35) gave
ugandensolide 24 mg, ugandensidial 42 mg and muzigadial
75 mg. Pool VI (9 g) gave ugandensidial 43 mg while Pool
VII gave muzigadial 15 mg, 7α-acetylugandensolide 64 mg
and mukaadial 72 mg.
2.4. Mass Rearing of Test Insects
Adult insects were obtained from infested maize grains

obtained from local market and a new generation was reared
from the stock on dry pest susceptible maize grains [29].
Two hundred unsexed insects were introduced into a
two-liter glass jars containing 400 g weevil susceptible
maize grains [30]. The mouths of the jars were then covered
with nylon mesh held in place with rubber bands and the jars
left undisturbed for 35 days for oviposition. Thereafter, all
adults were removed through sieving and each jar was left
undisturbed for another 35 days. Emerging adult insects
were collected and kept in separate jars according to their age.
Adults that emerged on same day were considered of the
same age [31].
2.5. Repellency Test
The test was done according to (Mwangangi and Mutisya
[29] with some modifications. Transparent plastic tubings,
13 cm long x 1.3 cm diameter were used as test cylinders.
Each test cylinder was plugged at one end with cotton ball
containing crude extracts and compound isolated from the
stem bark of W. ugandensis while the other end was plugged
with clean cotton ball which served as control. Actellic dust
was used as a positive control. Ten-three-day old unsexed
test insects were introduced at the middle of each test
cylinder through a hole at the middle portion of the cylinder
(0.0 cm) and let to move in any direction of their choice with
scoring of distance moved measured in cm using a ruler. The
score time was 2 and 24 hours after exposure time and all
tests were done in triplicates.
2.6. Adult Mortality Test
Contact toxicity assay was done according to Ileke and
Oni [32] with some modifications. Toxicity of the crude
extracts and isolated compounds were tested against adult
insects. The test samples were mixed with talc thoroughly
and the dust was admixed with 20 g of maize held in 12 cm
high x 6.5 cm diameter glass jars covered with ventilated
lids. Twenty-three-day old unsexed insect pairs were then
introduced into each dish and exposed to treatments. Actellic
dust was used as a positive control and all tests were done in
three replicates. Insects were considered dead when probed
with sharp objects and there were no responses [32]. The
number of dead insects in each vial was counted after 21
days after treatment to estimate mortality as follows:

Data on percentage adult weevil mortality were corrected
using Abbott’s formula [33]: PT = (Po – Pc) / (100 - Pc)
Where PT = Corrected mortality (%); Po = Observed
mortality (%); PC = Control mortality (%).
2.7. Growth Inhibition Assay
The test was done according to Ileke and Oni [32]
with some modifications. 20 g of clean undamaged and
uninfected corn grains were placed in 12 cm high x 6.5 cm
diameter glass jars glass jars. Test materials (crude extracts
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and isolated compounds) were thoroughly mixed with the
grains in each jar. Crude extracts and pure compounds were
mixed with talc thoroughly before being applied to the grains
[34]. A mixture of twenty-seven-day old unsexed maize
weevils was introduced in each jar and covered with filter
paper [31]. The female adults were allowed to oviposit on the
seeds for 4 days. On day 5, all insects were removed from
each container and the seeds returned to their respective
containers. Progeny emergence (F1) was recorded at six
weeks (42 days). The containers were sieved out and newly
emerged adult weevils were counted [32]. At week six, the
grains were reweighed and the percentage loss in weight was
determined as follow:

170.9 and 70.2 were attributed to the lactone carbonyl and
methylene carbons at C11 and C12 respectively. The 13C NMR
peaks at δ 171.1, 169.8, 21.3 and 20.8 were attributed to the
two acetoxy groups at C6 and C7. Peaks at δ 69.6 and 66.6
which correlated to protons δ 5.54 (tr, J = 1.7 Hz Hz) and
5.15 (dd, J = 1.3 Hz) in the HMBC spectrum were assigned
to the oxymethine carbons at C6 and C7 respectively. The 13C
NMR peaks at δ 150.6 and 140.3 were assigned to the double
bond carbons at C8 and C9 respectively. The stereochemistry
at C-6 and C-7 followed from the small vicinal coupling
constants of protons at H-5, H-6 and H-7 [35]. High
resolution mass spectrum (70 eV) displayed a molecular ion
peak at m/z 350.1154 [M]+ corresponding to C19H26O6
formula. Spectral data of compounds 2-7 (Table 1) were in
agreement with those previously reported for the compounds
[35,36].

The results from the experiments were expressed as
mean ± SD (n=3). Data obtained from the experiments
were subjected to analysis of variance and means were
separated by least significant difference (LSD) at five
percent significant level.

Table 1.

3. Results and Discussion
3.1. Compounds Isolated from the Plant
Chromatographic fractionation of extracts from W.
ugandensis afforded seven compounds (Figure 1) namely
7α-acetylugandensolide (1), ugandensolide (2), polygodial
(3), warbuganal (4), ugandensidial (5), mukaadial (6) and
muzigadial (7). The structures of the compounds were
determined using spectroscopic and physical methods.
7α-Acetylugandensolide (1) was isolated as colorless
gummy material, melting point 228-230°C, [α]D +24°
(MeOH, c, 0.01). IR spectrum showed the presence of ester
carbonyl, lactone and olefinic bond at 1732, 1680 and 1632
cm-1 respectively. 13C NMR spectrum exhibited 19 distinct
carbon signals corresponding to five methyl (δ 20.6, 20.8,
21.3, 22.9 and 33.1), four methylene (δ 18.3, 36.3, 43.1 and
70.2), three methine (δ 50.5, 66.6 and 69.6) and seven
quaternary (δ 33.3, 35.4, 140.3, 150.6, 169.8, 170.9 and
171.1) carbon atoms (Table 1). The 13C NMR peaks at δ
O
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C NMR of compounds isolated from Warburgia ugandensis
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Figure 1. Compounds isolated from Warburgia ugandensis
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3.2. Repellent Activity

4.4-4.8 cm respectively.

The repellent activity of crude extracts and compounds
from W. ugandensis against the insect pests was recorded
after 2 and 24 hours of exposure and the results were
as presented in Table 2. All the extracts tested exhibited
repellence activity against the test insects. Among the crude
extracts, n-hexane extract was the most repellent against
both insects followed by ethyl acetate and methanol extracts.
Hexane extract had mean repellence ranging from 5.8 to 6.1
cm and 4.4 to 6.2 cm against P. truncatus and S. zeamais
respectively. All the compounds isolated also caused some
repulsion against the insects. Polygodial (3) was the most
repellent compound against P. truncatus followed by
mukaadial (6) with mean repellence ranging between 4.5-4.6
and 4.2-4.4 cm respectively. S. zeamais was most repelled by
mukaadial (6) and polygodial (3) and the two compounds
exhibited mean repellence ranging between 4.3-5.4cm and

3.3. Mortality, Growth Inhibition and Weight Loss
Prevention Activities
The crude extracts and compounds were tested for
mortality and growth inhibition and grain weight loss
prevention activities against P. truncatus and S. zeamais and
the results were as presented in Table 3. Both P. truncatus
and S. zeamais were more susceptible to hexane and ethyl
acetate extracts than the methanol extract. Mortality activity
of hexane ranged between 76.3-78.3% while that of ethyl
acetate extracts ranged between 71.1-75.0%. Among the
compounds isolated from the plant, polygodial (3) and
warbuganal (4) were the most toxic to the insects. Mortality
activity of polygodial (3) ranged between of 64.3-70.0 while
that of warbuganal (4) was 61.7-65.0%.

Table 2. Repellence Activity of Extracts and Compounds from Warburgia ugandensis
P. truncatus

S. zeamais

Test Material

2 hours

24 hours

2 hours

24 hours

n-Hexane extract

6.1±0.1

5.8±0.1

6.2±0.1

4.4±0.3

Ethyl acetate extract

5.4±0.2

5.1±0.3

4.8±0.2

5.5±0.2

Methanol extract

2.8±0.2

2.3±0.5

3.7±0.2

1.8±0.3

7a-Acetylugandensolide (1)

3.8±0.1

3.6±0.1

2.6±0.1

2.2±0.1

Ugandensolide (2)

3.1±0.3

2.6±0.3

3.0±0.2

2.1±0.2

Polygodial (3)

4.5±0.1

4.6±0.1

4.8±0.1

4.4±0.2

Warbuganal (4)

3.6±0.1

3.3±0.1

3.7±0.1

4.0±0.1

Ugandensidial (5)

3.2±0.2

2.9±0.3

3.3±0.3

2.7±0.2

Mukaadial (6)

4.2±0.3

4.4±0.4

5.4±0.1

4.3±0.3

Muzigadial (7)

3.3±0.2

3.1±0.1

4.0±0.1

3.4±0.2

Actellic dust

4.3±0.1

4.7±0.3

3.2±0.2

3.1±0.1

LSD, P ≤ 0.05

0.2

0.1

0.1

0.2

Values are mean ± SD of distance (cm) by weevil from the center of the tube (n=3)

Table 3. Mortality, growth inhibition and weight loss prevention activities
Mortality (%)
P. truncatus

Adult Emergence (%)

S. zeamais

P. truncatus

S. zeamais

Weight Loss (%)
P. truncatus

S. zeamais
2.8±0.8

n-Hexane extract

76.3±2.9

78.3±7.6

15.2±0.7

4.0±1.0

7.4±0.5

Ethyl acetate extract

71.1±3.1

75.0±10.0

19.4±0.1

9.3±0.3

13.5±0.4

6.7±1.3

Methanol extract

48.4±7.2

40.0±8.7

31.1±0.4

21.7±1.5

23.1±0.3

17.5±1.4

7a-Acetylugandensolide (1)

36.5±3.8

37.3±3.4

25.4±0.8

38.2±1.6

26.7±0.7

27.1±0.5

Ugandensolide (2)

41.3±5.2

43.3±2.9

12.5±0.3

11.7±1.5

19.2±0.2

16.5±0.5

Polygodial (3)

64.3±2.3

70.0±8.7

11.4±0.2

7.7±0.6

14.8±0.2

11.9±0.8

Warbuganal (4)

61.7±3.6

65.0±5.0

18.7±0.5

15.3±0.6

21.3±0.3

16.5±0.6

Ugandensidial (5)

35.5±3.3

38.3±2.9

27.3±0.5

26.0±1.0

28.5±0.4

19.7±0.9

Mukaadial (6)

44.1±5.2

41.7±2.9

35.6±0.3

26.7±0.6

31.3±0.8

15.0±0.5

Muzigadial (7)

38.2±3.1

41.7±7.6

39.2±0.5

36.0±1.0

33.6±0.4

23.9±0.6

Actellic dust (2 mg)

100±0.0

100.0±0.0

0.0±0.0

0.0±0.0

0.0±0.0

0.0±0.0

LSD, P ≤ 0.05

0.3

0.2

0.3

0.1

0.3

0.2

Each value is a mean ± SD of three replicates
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In the growth inhibition test, all the extracts and
compounds significantly (P ≤ 0.05) reduced the number of
the emerging insects. Adult emergence of test insects was
inhibited most by n-hexane extract followed by ethyl acetate
extracts. However, the crude extracts exhibited significantly
higher growth inhibition activity against S. zeamais than P.
truncatus. The percentage emergences in S. zeamais were
4.0, 9.3 and 21.7% for n-hexane, ethyl acetate and methanol
extract respectively. For the pure compounds, polygodial
(3) exhibited the highest growth inhibition followed by
ugandensolide (2). The adult emergence for the two
compounds ranged between 7.7-11.4 and 11.7 and 12.5% for
polygodial (3) and ugandensolide (2) respectively. In weight
loss prevention activity tests, n-hexane extracts significantly
protected the maize grains against destruction by the insects.
The weight losses were 2.8 and 7.4% in grains contaminated
with S. zeamais and P. truncatus respectively.
The results from this study are in agreement with previous
studies that reported the efficacy of various plants extracts
in management of stored grain insect pests [37-44]. Extract
and compounds from Warburgia species have been reported
to exhibit antifeedant and insecticidal activities [27,35].
The active principles have been reported to be drimane
sesquiterpenes which are the main compounds in Warburgia
species [36,44,45]. Polygodial (3) showed antifeedant
activity against the silver leaf whitefly Bemisia tabaci and
the green peach aphid Myzus persicae [45]. It also exhibited
insecticidal activity against the yellow fever mosquito
Aedes aegypti [46] and black citrus aphid, Toxoptera
citricida [47]. Ugandensidial showed antifeedant activity
against the yellow fever mosquito Aedes aegypti [46] while
warburganal showed antifeedant activity on Spodoptera
exempta [48].
Botanical insecticides affect insect physiology in many
different ways and at various receptor sites. The mode of
action of complex mixtures present in plants extracts against
insect pests is through neurotoxic mode of action [49,50].
The complex mixtures in plant powders, extracts or oils
inhibit acetyl cholinesterase enzyme (AChE) action [51].
The inhibition of acetyl cholinesterase enzyme (AChE)
activity interferes with the neuromodulator octopamine
[49,52]. It can also block GABA-gated chloride channels
of the insect pest resulting to their death [53]. The extracts
can act on other susceptible sites such as cytochrome
P450-dependent mono- xygenases which may also lead to
the destruction of pests [54]. Drimane sesquiterpenes act by
blocking the stimulatory effects of glucose and inositol on
chemosensory receptor in cells located on the mouthparts of
the insects [55].

4. Conclusions
Plant material and extracts have been used to control
insect pests. The use of plant materials as pesticides is
considered to be environmentally safe. Furthermore, plant
materials are readily available, renewable and chances of
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insects developing resistance are negligible. Future studies
aimed at determining synergism and antagonism effects of
the bioactive compounds from W. ugandensis are necessary
to determine the combinations that offer the best control
against insect infestation of stored Zea mays.

ACKNOWLEDGEMENTS
The authors are grateful to the National Commission for
Science, Technology and Innovation (NACOSTI) and
Biosciences Eastern and Central Africa Network (BecANet)
for financial support.

REFERENCES
[1]

FAO, 2019. What Are the World’s Most Important Staple
Foods? FAO Production Year Book for 2019.

[2]

Islam, T., Iqbal, J., Abdullah, K., Khan, E.A., 2017.
Evaluation of some plant extracts against maize weevil,
Sitophilus zeamais (coleoptera: curculionidae) under
laboratory conditions. Pakistan Journal of Agricultural
Sciences 54(4), 737-741.

[3]

El-Wakeil, N., Gaafar, N., Sallam, A. and Volkmar, C.,
2013. Side effects of insecticides on natural enemies and
possibility of their integration in plant protection strategies.
In: Trdan, S. (Ed.), Insecticides- Developments of Safer and
More Effective Technologies. Intech press, Croatia. pp:
3-56.

[4]

Manguro, L.A.O., Opiyo, S.A., Herdtweck, E., Lemmen, P.,
2009. Triterpenes of Commiphora holtziana Oleogum resin.
Canadian Journal of Chemistry 87(8), 1173-1179.

[5]

Manguro, L.O.A., Opiyo, S.A., Asefa, A., Dagne, E.,
Muchori, W.P., 2010a. Chemical constituents of essential
oils from three Eucalyptus species acclimatized in Ethiopia
and Kenya. Journal of Essential Oil-Bearing Plants, 13(5),
561-567. https://doi.org/10.1080/0972060X.2010.10643863.

[6]

Manguro, L, Ogur, J., Opiyo, S., 2010b. Antimicrobial
constituents of Conyza floribunda. Webmed Central
Pharmacology, 1(9), WMC00842.

[7]

Opiyo, S.A., Ogur, J.A., Manguro, L.O.A., Itietze, L.F.,
Schuster, H., 2009. A new sterol diglycoside from Conyza
floribunda. South African Journal of Chemistry, 62,
163-167.

[8]

Opiyo, S.A., Manguro, L.O.A., Ogur, J.A., Wagai, S.O.,
2010b. Bioactive constituents of Conyza floribunda.
Research Journal of Pharmacology, 4 (3), 55-59.

[9]

Ochung, A.A., Manguro, L.A.O., Owuor, P.O., Jondiko,
I.O., Nyunja, R.A., Akala, H., Mwinzi, P., Opiyo, S.A., 2015.
Bioactive carbazole alkaloids from Alysicarpus ovalifolius
(Schumach). Korean Society for Applied Biological
Chemistry, 58(6), 839-846.
https://doi.org/10.1007/s13765-015-0100-4.

[10] Ochung, A.A., Owuor, P.O., Manguro, L.A.O., Ishola,
O.I., Nyunja, R.A., Ochieng, C.O., Opiyo, S.A., 2018.
Analgesics from Lonchocarpus eriocalyx Harms. Trends in

64

Sylvia A. Opiyo: Insecticidal Drimane Sesquiterpenes from Warburgia ugandensis against Maize Pests

Phytochemical Research, 2(4), 253-260.
[11] Makenzi, A.M., Manguro, L.A.O., Owuor, P.O.,
Opiyo, S.A., 2019a. Chemical constituents of Ocimum
Kilimandscharicum Guerke acclimatized in Kakamega
Forest, Kenya. Bulletin of the Chemical Society of Ethiopia,
33(3), 527-539. DOI: https://dx.doi.org/10.4314/bcse.v33i3.
13.
[12] Makenzi, A.M., Manguro, L.O.A, Owuor, P.O., Opiyo, S.A.,
2019b. Flavonol glycosides with insecticidal activity from
methanol extract of Annona mucosa Jacq. leave. Trends in
Phytochemical Research, 3(4), 287- 296.
[13] Jeruto, P., Arama, P., Anyango, B., Nyunja, R.A., Taracha,
C., Opiyo, S.A., 2017. Morphometric study of Senna
didymobotrya (Fresen.) H. S. Irwin and Barneby in Kenya.
Journal of Natural Sciences Research, 7 (6), 54- 69.

Chemical composition and repellency of Nigella sativa L.
seed essential oil against Anopheles gambiae sensu stricto.
Trends in Phytochemical Research, 4(2), 77- 84.
[25] Siegwart M., Graillot B., Lopez C.B., Besse S., Bardin
M., Nicot P.C., Lopez-Ferber M., 2015. Resistance to
bioinsecticides or how to enhance their sustainability:
A review. Front. Plant Sci. 6, 381-388.
[26] Opiyo, S.A., Manguro, L.O.A., Okinda-Owuor, P., Ateka,
E.M., Lemmen P., 2011a. 7-alpha Acetylugandensolide and
antimicrobial properties of Warburgia ugandensis extracts
and isolates against sweet potato pathogens. Phytochemistry
Letters, 4, 161-165.
https://doi.org/10.1016/j.phytol.2011.02.007.

[14] Kokwaro, J.O., 2009. Medicinal Plants of East Africa.
University of Nairobi Press, Nairobi, Kenya.

[27] Opiyo, S.A., Manguro, L.A.O., Akinyi, D., Ochung,
A.A., Ochieng C.O., 2015. Biopesticidal extractives and
compounds from Warburgia ugandensis against maize
weevil (Sitophilus zeamais). Natural Products, 5(4), 236-243.
DOI: 10.2174/2210315505666150916000539.

[15] Opiyo, S.A., Manguro, L.O.A., Owuor, P.O., Ochieng, C.O.,
Ateka, E.M., Lemmen P., 2011b. Antimicrobial compounds
from Terminalia brownii against sweet potato pathogens.
Natural Products, 1, 116-120.
DOI: 10.2174/2210316311101020116.

[28] Drage, S., Mitter, B., Tröls, C., Muchugi, A., Jamnadass,
R.H., 2014. Antimicrobial drimane sesquiterpenes and
their effect on endophyte communities in the medical tree
Warburgia ugandensis. Frontiers in Microbiology 5 (13),
1-17.

[16] Opiyo, S.A., Manguro, L.A.O., Owuor, P.O., Ateka, E.M.,
2017. Triterpenes from Elaeodendron schweinfurthianum
and their antimicrobial activities against crop pathogens.
American Journal of Chemistry, 7 (3), 97-104.
doi: 10.5923/j.chemistry.20170703.03.

[29] Mwangangi, B.M., Mutisya, D.L., 2013. Performance of
basil powder as insecticide against Maize Weevil, Sitopillus
zeamais (Coleoptera: Curculionidae). Discourse J Agr Food
Sci., 1, 196-201.

[17] Opiyo, S.A., Njoroge, P.W., Ndirangu, G.E., Kuria, K.M.,
2021a. A review of biological activities and phytochemistry
of Rhus species. American Journal of Chemistry, 11(2),
28-36. DOI: 10.5923/j.chemistry.20211102.02.
[18] Opiyo, S.A., Muna, K.K., Njoroge, P.W., Ndirangu, G.E.,
2021b. Analgesic Activity of Conyza floribunda Extracts in
Swiss Albino Mice. Journal of Natural Sciences Research,
12 (12), 1-6.
[19] Ochieng, C.O., Ishola, I., Opiyo, S.A., Manguro, L.O.A.,
Owuor, P.O., Wong, K.C., 2013. Phytoecdysteroids from the
stem bark of Vitex doniana and their anti-inflammatory
effects. Planta Medica, 79, 52-59.
DOI: 10.1055/s-0032-1327880.
[20] Ochieng, C.O., Opiyo, S.A., Mureka, E.W., Ishola I.O., 2017.
Cyclooxygenase inhibitory compounds from Gymnosporia
heterophylla aerial parts. Fitoterapia 119, 168-174.
DOI: 10.1016/j.fitote.2017.04.015.
[21] Njoroge, P.W., Opiyo, S.A., 2019a. Antimicrobial activity of
root bark extracts of Rhus natalensis and Rhus ruspolii.
Basic Sciences of Medicine, 8(2), 23-28.
doi: 10.5923/j.medicine.20190802.01.
[22] Njoroge, P.W., Opiyo, S.A., 2019b. Some antibacterial and
antifungal compounds from root bark of Rhus natalensis.
American Journal of Chemistry, 9(5), 150-158.
doi: 10.5923/j.chemistry.20190905.03.

[30] Bekele, A.J., Hassanali, A., 2001. Blend effects in the
toxicity of the essential oil constituents of Ocimum
kilmandscharicum and Ocimum kenyense (Labiateae) on two
post-harvest insect pests. Phytochemistry 57, 385-391.
[31] Parugrug, M.L., Roxas, A.C. 2008. Insecticidal action of
five plants against maize weevil, Sitophilus zeamais Motsch
(Coleoptera:Curculionidae). KMITL Sci. Tech., 8, 24-38.
[32] Ileke, K.D. Oni, M.O., 2011. Toxicity of some plant
powders to maize weevil, Sitophilus zeamais (motschulsky)
[Coleoptera: Curculiondae] on stored wheat grains (Triticum
aestivum). Afr. J. Agric. Res, 6, 3043-3048.
[33] Abbot, W.S., 1925. A method of computing the effectiveness
of an insecticide. J. Econ. Entomol. 18, 265-267.
[34] Mwangi, E.S.K., Keriko, J.K., Machocho, A.K., Chhabra,
S.C., Wanyonyi, A.W., Tarus, P.K., 2012. Adulticidal
activity and toxicity of extractives from Teclea Trichocarpa
against adult maize weevil (Sitophilus zeamais). Ann Food
Sci and Techn. 13, 215-222.
[35] Kioy, D.; Gray, A.I.; Waterman, P.G., 1090. A comparative
study of the stem bark of drimane sesquiterpenes and leaf
volatile oils of Warburgia ugandensis and W. stuhlmannii.
Phytochemistry, 29, 3535-3538.
[36] Opiyo, S.A., 2019. A review of 13C NMR spectra of drimane
sesquiterpenes, Trends in Phytochemical Research, 3(3),
147-180.

[23] Ndirangu, E.G., Opiyo, S.A., Ng’ang’a, M.W., 2020a.
Chemical composition and repellency of Nigella sativa L.
seed essential oil against Anopheles gambiae sensu stricto.
Trends in Phytochemical Research, 4(2), 77- 84.

[37] Opiyo, S.A., 2020a. Insecticidal activity of Ocimum Suave
Willd extracts and compounds against Sitophilus Zeamais
Motschulsky. Basic Sciences of Medicine, 2020, 9(2), 32-37.
DOI: 10.5923/j.medicine.20200902.03.

[24] Ndirangu, E.G., Opiyo, S.A., Ng’ang’a, M.W., 2020a.

[38] Opiyo, S.A., 2020b. Evaluation of Warburgia ugandensis

American Journal of Chemistry 2021, 11(4): 59-65

extracts and compounds for crop protection against
Prostephanus truncates. Advances in Analytical Chemistry,
10(2), 15-19. DOI: 10.5923/j.aac.20201002.01.
[39] Opiyo, S.A., 2020c. Insecticidal activity of Elaeodendron
schweinfurthianum extracts and compounds against
Sitophilus zeamais Motschulsky. American Journal of
Chemistry, 10(3), 39-44. doi: 10.5923/j.chemistry.20201003.
01.
[40] Opiyo, S.A., 2021. Repellent effects of Ocimum suave
extracts and compounds against Prostephanus truncatus
horn. American Journal of Chemistry 11(2), 23-27,
DOI: 10.5923/j.chemistry.20211102.01.
[41] Kuria, K.M. & Opiyo, S.A. (2020). Characterization of
immunogenic soluble crude proteins from Biomphalaria
Pfeifferi against Schistosoma mansoni. Journal of Natural
Sciences Research 10(12), 28-34.
DOI: 10.7176/JNSR/10-12-03.
[42] Opiyo, S.A., Owuor, P.O., Manguro, L.O.A., Ateka, E.,
Miano, D.W. (2010b). Development of a PCR technique for
simultaneous detection of sweet potato chlorotic stunt virus
and sweet potato feathery mottle. Journal ofPlant Pathology,
92(2): 353-356.
[43] Opiyo, S.A., Owuor, P.O., Manguro, L.O.A., Ateka, E.M.,
Karuri, H.W. (2010c). Survey of sweet potato viruses and
detection of cucumber mosaic virus in western Kenya.
Journal of Plant Pathology, 92(3) 795-799.
[44] Opiyo S.A., 2011. Evaluation of efficacy of selected plant
extracts in the management of fungal and bacterial diseases
which affect sweet potato. Unpublished PhD thesis, Maseno
University, Kenya.
[45] Prota, N., Bouwmeester, H.J., Jongsma, M.A., 2014.
Comparative antifeedant activities of polygodial and
pyrethrins against whiteflies (Bemisia tabaci) and aphids
(Myzus persicae). Pest Management Science 70(4), 682-688.
[46] Inocente, E.A., Nguyen, B., Manwill, P.K., Benatrehina,
A., Kweka, Wu, S., Cheng, X., Rakotondraibe, L.H.,
Piermarini, P.M., 2019. Insecticidal and antifeedant
activities of Malagasy medicinal plant (Cinnamosma sp.)
extracts and drimane-type sesquiterpenes against Aedes
aegypti mosquitoes. Insects 10(11), 373-389.

65

[47] Anese, S., Gambarra, W.P.T., Grisi, P.U., Gualtieri, S.C.J.,
2018. Insecticidal action of Drimys brasiliensis Miers on
black citrus aphid. Revista Ciência Agronômica 49 (3),
484-490.
[48] Warthen, J.D. and E.D. Morgan, 1990: Insect feeding
deterrents. pp. 23-134 in Morgan, E.D., Mandava, N.B.
(Eds): CRC handbook of natural pesticides, volume VI:
insect attractants and repellents. CRC Press, Boca Raton,
Florida, USA.
[49] Trivedi, A., Nayak, N., Kumar, J., 2018. Recent advances
and review on use of botanicals from medicinal and aromatic
plants in stored grain pest management. J. Entomol. Zool.
Stud. 6 (3), 295-300.
[50] Ileke, K.D., Idoko, J.E., Ojo, D.O., Adesina, B.C., 2020.
Evaluation of botanical powders and extracts from
Nigerian plants as protectants of maize grains against maize
weevil, Sitophilus zeamais (Motschulsky) [Coleoptera:
Curculionidae]. Biocatalysis and Agricultural Biotechnology
27, 1-10.
[51] Houghton, P.J., Ren, Y., Howes, M.J., 2006.
Acetylcholinesterase inhibitors from plants and fungi. Nat.
Prod. Rep. 23 (2), 181-199.
[52] Kostyukovsky, M., Rafaeli, A., Gileadi, C., Demchenko, N.,
Shaaya, E., 2002. Activation of octopaminergic receptors by
essential oil constituents isolated from aromatic plants:
possible mode of action against insect pests. Pest Manag. Sci.
58, 1101-1106.
[53] Priestley, C.M., Williamson, E.M., Wafford, K.A., Sattelle,
D., Thymol, B., 2003. A constituent of thyme essential oil, is
a positive allosteric modulator of human GABAA receptors
and a homo-oligomeric GABA receptor from Drosophila
melanogaster. Br. J. Pharmacol. 140, 1363-1372.
[54] Lee, S., Lee, B., Choi, W., Park, B., Kim, J., Campbell, B.C.,
2001. Fumigant toxicity of volatile natural products from
Korean spices and medicinal plants towards the rice weevil,
Sitophilus oryzae (L). Pest Manag. Sci. 57, 548-553.
[55] Gershenzon, J., Dudareva, N., 2007. The function of terpene
natural products in the natural world. Nature Chemical
Biology 3, 408-414.

Copyright © 2021 The Author(s). Published by Scientific & Academic Publishing
This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0/

