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Abstract

Background: Dermestes maculatus is a destructive pest of smoked-dried fish. Due to its implications, this research
was aimed at investigating the insecticidal activities of edible plant extracts on smoked Clarias gariepinus as
protectants against Dermestes maculatus.

Result: The extract of Piper guineense at 4%, 8%, and 12% concentrations recorded between 8–92% and 33–100%
mortalities, respectively, for the first 4 weeks and 0% mortality was observed in weeks 5–8. The extracts of Capsicum
frutescens and Dennettia tripetala at 4% concentration recorded between 8 and 92% mortalities in the first 4 weeks and
5 weeks, respectively, and no mortality was recorded in the remaining weeks. At 12% concentration for Dennettia
tripetala extract, 8–100% mortality was recorded throughout the experimental period. At 12% concentration for
Capsicum frutescens, 8–92% mortality was recorded in weeks 1–7 and 0% in week 8. Positive control recorded 33–67%
mortality in weeks 1–4 and 0% mortality in weeks 5–8. Negative control recorded no mortality in the first 3 weeks, but
few larvae were found dead in the remaining weeks. The mean value of 106, 36, and 96 progenies emerged at 4%, 8%,
and 12% concentrations, respectively, in the smoked fish treated with Piper guineense. Mean value of 0.50 and 0.50
progenies were recorded at 4% and 8% concentrations, respectively, while no emergence was observed at 12%
concentration of Dennettia tripetala extract. Extract of Capsicum frutescens recorded mean value of 1.00, 3.00, and 3.50
progenies at 4%, 8%, and 12% concentrations, respectively. Weight loss of 66.47%, 31.46%, and 56.25% at 4%, 8%, and
12% concentrations was observed for Piper guineense extract respectively. Extracts of Dennettia tripetala and Capsicum
frutescens recorded weight loss of 3.46%, 2.11%, and 0.02% and 27.77%, 12.30%, and 22.90%, respectively, at 4%, 8%,
and 12% concentrations. Positive and negative controls recorded 4.36% and 81.18% weight loss, respectively.

Conclusion: They can therefore serve as affordable substitutes for synthetic chemicals which had been proven to be
detrimental to the health of its consumers.
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Background
The fish beetle, Dermestes maculatus (Coleoptera;
Dermestidae), is one of the most destructive pests of
stored smoked-dried fish in Nigeria. Johnson and
Esser (2000) reported that it accounts for about 71.5%
losses in both quality and quantity of smoked fish.
Dermestes maculatus proliferates and feeds on the
flesh of smoked fish, thereby changing its appearance,
making it unfit for consumption and marketing (Food
and Agriculture Organization, 1981).
Due to the economic loss and mental torture procured

by fish mongers, the use of synthetic chemicals has been
employed to protect their stock from insect infestation
for lack of credible alternatives. Many synthetic chemi-
cals such as pentachlorophenol (PCPs), polychlorinated
biphenyls (PCBs), atrasine (S-triazines), organochlorines
(OCs), organophosphates (Ops), and carbamates are no
doubt effective against the pests of treated smoked fish,
but some attendant problems such as insecticide resist-
ance, lack of technical-know-how, high cost of purchase,
and mammalian toxicity are better imagined than real.
These reasons have brought to fore the need to seek

alternative method(s) of controlling insect infestation on
smoked fish, and one of these is the use of plant-based
insecticides which are eco-friendly and safe for con-
sumption as well as having insecticidal properties.
Prior to this time, some studies had been carried out

by renowned researchers to vindicate the use of botan-
ical insecticides as safe and reliable alternative to curb
pest menace on stored products Akinbuluma, Adepetun,
and Yeye (2015); Akinwumi (2011); Anyaele and
Amusan (2003); Echezona (2006); Echo, Osuagwu,
Agbor, Okpako, and Ekanem (2012); Olayinka-Olagunju
(2014), and Owoade (2008); and Sowumi (2007).
Therefore, the aim of this study which was to evaluate

the efficacy of ethanolic plant extracts of Piper gui-
neense, Dennettia tripetala, and Capsicum frutescens as
possible protectant of smoked fish (Clarias gariepinus)
against Dermestes maculatus infestation was achieved
though the following objectives:

� Determine the level of mortality caused by each
extract on the test smoked-dried fish at different
concentrations.

� Examine the reproductive performance of the
beetles on treated smoked C. gariepinus.

� Determine the level of damage done on the test
smoked-dried fish.

Materials and methods
The research was carried out in the Advance Research
Entomology Laboratory of the Department of Zoology
(7.44° N, 3.93° E), University of Ibadan Oyo-State, from

the month of July–October, 2015, at 27 ± 5 °C and 82 ±
5% temperature and relative humidity, respectively.

Preparation of plant extracts
Fresh fruits of Dennettia tripetala (pepper fruit), Cap-
sium frutescens (bird pepper), and Piper guineense
(black pepper) were purchased from a local herbal
store at Moferere market in Ondo town, Ondo state,
Nigeria. Each of the plant samples was air-dried in
the laboratory because the active ingredients which
may be thermolabile or volatile and ground into fine
powder. The extraction process was carried out in the
Advance Research Entomology Laboratory of the De-
partment of Zoology, University of Ibadan, where 400
g of each pulverized parts were subjected to cold ex-
traction method so as to avoid denaturing of the ac-
tive ingredients by soaking in 99% analytical grade of
ethanol for 72 h and stirred every 24 h to ensure
proper dissolution of the active ingredients. After 72
h, the filtrate was gotten using Whatsmann no. 1 fil-
ter paper which was taken to the Organic Chemistry
Laboratory of the Department of Pharmaceutical
Chemistry, University of Ibadan, for concentration
using rotary evaporator at 40 °C.

Collection and maintenance of test insect
The initial source of culture was obtained from infested
smoked Clarias gariepinus collected from a dried fish
market in Ondo town, Nigeria, and acclimatized for 30
days. The culture was maintained separately in a kliner
jars covered with muslin cloth under laboratory condi-
tion and kept at temperature 25 ± 5 °C and relative hu-
midity 80 ± 5% at the Advance Research Entomology
Laboratory in the Department of Zoology, University
of Ibadan, Nigeria, for a month as being described by
Akinwumi et al. (2006). New generations were pre-
pared by removing the beetles from the stock culture,
into a fresh uninfested fish, then removing the parent
adults after 2–3 weeks oviposition period. Water was
supplied with pieces of soaked cotton wool in order
to induce oviposition.

Collection and preparation of fish samples
Samples of African mud catfish Clarias gariepinus
were bought from Bodija market, Ibadan, Oyo state,
which was later taken to the General Research La-
boratory to disinfect by heat making use of Gallen-
kamp oven at 60 °C for 60 min and was later air-dried
to prevent mold growth (Adedire & Lajide, 2000),
and 25–36 g of the disinfected fish sample was
weighed into different jars.
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Effects of plant extracts on larvae of D. maculatus
Three different nominal concentrations namely 0.4 ml,
0.8 ml, and 1.2ml of Dennettia tripetala, Capsium frutes-
cens, and Piper guineense ethanolic extracts corresponding
to 4%, 8%, and 12% were used. The concentrations were
applied separately in 9.6 ml, 9.2 ml, and 8.8 ml of analytical
grade of ethanol to make up 10ml of the concentration
which was thoroughly rubbed using Camel brush on the
disinfected dried fish (Clarias gariepinus) in each separate
plastic container. The treated fish samples were exposed
to dryness for 2 h to remove traces of the solvent.
Six unsexed 4th instar larvae of D. maculatus were in-

troduced into each container containing different con-
centrations of the extracts and covered with muslin
cloth held tightly in place with rubber bands to provide
aeration and prevent entry/escape of insects which was
kept under ambient laboratory conditions of 27 ± 5 °C
and 82 ± 5% R.H. In like manner, vegetable oil was
mixed thoroughly with each plant extracts at different
concentrations of 4%, 8%, and 12% and the set up was
done as the above. Two control treatments were set up:
one was treated with only vegetable oil and the other
was without any treatment. Two replicates of the treat-
ments and controls (treated and untreated) were laid out
in completely randomized design (CRD). Dead larvae
were replaced to make up the total number of insects in-
troduced initially after every 7 days, and mortality counts
were taken for 60 days. Weight loss was measured by
re-weighing the fish after 90 days of treatment to assess
the level of damage done. Percentage weight loss was
calculated by dividing the difference over the initial
weight multiplied by 100.

%weight loss ¼ intial weight−final weight
intial weight

� 100
1

Statistical analysis
Data were subjected to analysis of variance using IBM
SPSS Statistics version 20, and where significant differ-
ences existed, treatment means were compared at 0.05
significant level using Tukey’s test.

Results
Effects of ethanolic extracts of P. guineense against
Dermestes maculatus larvae
The pesticidal effects of the ethanolic extract of P. gui-
neense on the mortality of D. maculatus larvae are
shown in Fig. 1. At 4% concentration, highest mortality
of 92% in week 1 decreases to 8% in week 4 and no mor-
tality was observed in week 8 (p ˂ 0.05). At 8% concen-
tration, highest mortality of 92% was recorded in week 1
which reduces to 50% in week 2 and 0% in week 8,
(p ˂ 0.05). At 12% concentration, highest mortality of
100% in week 1 which decreases to 33% in week 4 and
no mortality in week 8 was recorded (p ˂ 0.05). The posi-
tive control recorded 67% mortality in week 1, 33% in
week 4, and 0% in week 8. The negative control re-
corded no mortality in the first 3 weeks although few
larvae died in the later week.
Furthermore, Table 1 shows the progeny production

and weight loss in different concentration of fish treated
with extract of Piper guineense. The extract exhibited
highest progeny production of 106 at 4% treatment con-
centration and lowest production of 36 at 8%

Fig. 1 Pesticidal effect of ethanolic extract of Piper guineense
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concentration. However, in the control set ups, positive
control had 3.50 on the average while negative control
recorded 110 progenies (p < 0.05). The highest weight
loss of 66.47% at 4% treatment concentration and lowest
weight loss of 56.25% at 8% concentration was observed
(p < 0.05). In the control set up, positive control at all
treatment concentrations recorded a weight loss of
4.36% while the negative control had 81.18% weight loss.

Effects of ethanolic extracts of Dennettia tripetala against
Dermestes maculatus larvae
Results on mortality of D. maculatus in smoked fish
treated with ethanolic extract of D. tripetala are pre-
sented in Fig. 2. At 4% concentration, highest mortality
of 100% in week 1 decreases to 50% in week 4 and no
mortality was observed in week 8 (p < 0.05). At 8% con-
centration, mortality of 100% was recorded in week 1
which reduces to 8% in week 7 and 0% in week 8,

(p < 0.05). At 12% concentration, highest mortality of
100% in week 1 which decreases to 24.50% in week 7
and 8% in week 8 was recorded (p < 0.05). The positive
control recorded 67% mortality in week 1, 33% in week
4, and 0% in week 8. The negative control recorded no
mortality in the first 3 weeks although few larvae died in
the later week.
Also Table 2 shows the progeny production and

weight loss in different concentration of fish treated with
extract of Dennettia tripetala. The effect of D. tripetala
extract produced 0.50 on the average as the highest
number of progenies at 4% and lowest number of emer-
gence of 0 at 12% treatment concentration (p > 0.05),
compared to both positive and negative controls which
produced 3.50 and 110 progenies, respectively. Highest
weight loss of 3.46% at 4% treatment concentration and
lowest weight loss of 0.02% at 12% treatment concentra-
tion was recorded (p < 0.05). In the control set up, posi-
tive control had 4.36% while the negative control
recorded 81.18% weight loss.

Effects of ethanolic extracts of Capsicum frutescens
against Dermestes maculatus larvae
Results on mortality of D. maculatus in smoked fish
treated with ethanolic extract of C. frutescens are pre-
sented in Fig. 3. At 4% concentration, highest mortality
of 92% in week 1 which decreases to 8% in week 5 and
no mortality was observed in week 8 was observed
(p < 0.05). At 8% concentration, mortality of 100% was
recorded in week 1 which reduces to 41.50% in week 4

Table 1 Pesticidal effect of ethanolic extract of P. guineense on
emergence and weight loss

Plant extract Concentration (%) Weight loss (%)
Mean ± SE

Emergence
Mean ± SE

Piper guineense 4 66.47 ± 2.07b 106 ± 4.00a

8 31.46 ± 18.20c 36 ± 34.00b

12 56.25 ± 8.68ab 96 ± 1.00a

Positive control 0 4.36 ± 1.72d 3.50 ± 1.50c

Negative control 0 81.18 ± 1.15a 110.00 ± 10.00a

Means with different superscripts in each column are significantly different
(p ˂ 0.05) by Tukey’s test

Fig. 2 Pesticidal effect of ethanolic extract of Dennettia tripetala
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and 0% in week 8, (p < 0.05). At 12% concentration,
highest mortality of 92% in week 1 which decreases to
8% in week 7 and 0% in week 8 was recorded (p ˂ 0.05).
The positive control recorded 67% mortality in week 1,
33% in week 4, and 0% in week 8. The negative control
recorded no mortality in the first 3 weeks although few
larvae died in the later week.
In addition, Table 3 shows the progeny production and

weight loss in different concentrations of fish treated
with extract of C. frutescens highest progeny emergence
of 3.50 on the average at 12% treatment concentration
and lowest emergence of 1.00 at 4% concentration (p >
0.05) was observed, compared to both positive and nega-
tive controls that produced 3.50 and 110 progenies, re-
spectively. The highest weight loss of 26.77% was
recorded at 4% treatment concentration, and the lowest
weight loss of 12.30% at 8% concentration (p < 0.05). In
the control set up, positive control (vegetable oil)

recorded a weight loss of 4.36%, while negative control
had 81.18%.weight loss.

Discussion
The study compared the efficacies of ethanolic extracts
of Piper guineense, Dennettia tripetala, and Capsicum
frutescens as protectants against the insect-pest of fish,
Dermestes maculatus on smoked catfish, Clarias gariepi-
nus. The result showed varying degree of pesticidal ac-
tivities. Extract of P. guineense recorded highest
mortality of 100% at 12% concentration in week 1, and
then, the potency decreases with time up to week 4 until
no sign of mortality was seen. Whereas at 8% concentra-
tion of the extract, there was sustained protection up to
the first 4 weeks until no significant mortality was re-
corded after week 4. The emergence of numerous pro-
genies of D. maculatus on fish treated with P. guineense
suggested that the extract was no longer effective in the
outright killing of the larvae due to the deterioration in
the potency of the extract, thereby resulting in signifi-
cant weight loss of the smoked fish at the end of 90 days
post treatment compared to the negative control. How-
ever, the extract of D. tripetala recorded 100% mortality
at all concentrations in the first week, and 12% treat-
ment concentration protected the smoked fish longer
even though the potency reduces with the length of stor-
age. There was negligible number of progeny emergence
recorded both 4% and 8% and significant reduction in
weight loss at the end of 90 days compared to the nega-
tive control. Likewise, the extract of C. frutescens

Table 2 Pesticidal effect of ethanolic extract of D. tripetala on
emergence and weight loss

Plant extract Concentration (%) Emergence
Mean ± SE

Weight loss (%)
Mean ± SE

Dennettia tripetala 4 0.50 ± 0.50a 3.46 ± 3.46a

8 0.50 ± 0.50a 2.11 ± 2.11a

12 0.00 ± 0.00a 0.02 ± 0.02b

Positive control 0 3.50 ± 1.50b 4.36 ± 1.72a

Negative control 0 110.00 ± 10.00c 81.18 ± 1.15c

Means with different superscripts in each column are significantly different
(p ˂ 0.05) by Tukey’s test

Fig. 3 Pesticidal effect of ethanolic extract of Capsicum frutescens
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recorded highest mortality of 100% at 8% concentration
in week 1, and then, its potency declines with time up to
the week 4 until no mortality was recorded from weeks
5–8. Nevertheless, the rate of progeny emergence was
significantly low as the weight loss at the end of the ex-
periment was moderately high compared to the negative
control. Production of frass started from week 3 post
treatment at 8% and 12% concentration of P. guineense
and C. frutescens extracts as a result of unhindered
voracious feeding habit of the insects. The observed low
progeny emergence of D. maculatus treated with D. tri-
petala and C. frutescens could not only be due to high
mortality of the larvae but also the anti-feedant property
of the extracts. Odeyemi, Owoade, and Akinkurolere
(2000) had suggested that cases of high mortality re-
ported in the larvae were partly because of their inability
to detoxify plant toxins during feeding activity, especially
at 1st–4th larval stage. Credland (1992) reported that
the mode of action of plant oils include physical barrier
to respiration of insects, eggs and young larvae toxicity,
and repellence by constituents. The above observations
are in agreement with the studies of Akinwumi (2011);
Asawalam, Emosairue, Ekeleme, and Wokocha (2007);
Aslam, Ali Khan, and Bajwa (2002); Echezona (2006);
Mahdian and Rahman (2008); Nadra (2004); Okonkwo
and Okoye (1996); Olayinka-Olagunju (2014); and
Owoade (2008).
The positive control in this study exhibited a signifi-

cant level of protective and preservative potential by re-
cording 67% mortality in week 1 and later declined in
potency to 33% in week 4 after which no sign of insecti-
cidal activity was seen compared to the negative control
which is in agreement with Golob and Webley (1980)
which reported that vegetable oils, particularly ground-
nut and palm oils, are known to be effective in control-
ling some pests of stored pulses. Don-pedro (1989) also
reported that applying vegetable oil and shark liver oil at
the rate of 56 ml/kg and 112 ml/kg on D. maculatus
effectively reduced progeny production. Likewise,
Don-pedro (1989) reported that administration of vege-
table oil at the rate of 14 ml/kg on cowpeas resulted in
3% egg hatchability compared to 76% on the untreated

controls. Haghtalab, Shayesteh, and Aramideh (2009)
and Pacheco et al. (1995) reported inhibited population
growth and recorded 80.83% and 86% mortalities of Cal-
losobruchus maculatus on cowpea when treated with
hazelnut oil and castor oil and soybean and crude castor
oil, respectively, which is in agreement with the present
study. The mode of action of oils is yet to be confirmed
but Don-Pedro (1989) suggested that insect death
caused by oils is due to anoxia or interference in normal
respiration resulting in suffocation. Also Obeng-ofori
(1995) stated that oils could act as anti-feedants or mod-
ify the storage micro-environment, thereby discouraging
insect penetration and feeding. Weaver and Subrama-
nyam (2000) also noted that oils can act as insect growth
regulators (IRGs) by affecting metamorphosis.

Conclusion
The overall results imply that ethanolic extract of P. gui-
neense, D. tripetala, and C. frutescens was only able to
protect the smoked fish maximally for 30 days at all con-
centrations as also observed in the positive control. High-
est potency of the extracts was recorded at 8%
concentration for both P. guineense and C. frutescens, and
12% concentration for D. tripetala. These explain the high
significant weight loss and number of progenies produced
by the extracts of P. guineense and C. frutescens. However,
extract of D. tripetala act as an anti-feedant by deterring
the larvae from feeding resulting in a number of moribund
larvae. This accounted for the negligible weight loss and
progeny recorded in both treatments.
The effectiveness of Dennettia tripetala in reducing dam-

age done, progeny emergence, and overall control of D.
maculatus infestation in smoked fish during storage was
exceptional and could serve as a possible means of ensuring
a steady supply of good quality smoked fish as against Cap-
sicum frutecsens and Piper guineense which were also effect-
ive but not as the former. It can therefore serve as an
affordable substitute for synthetic chemicals which had
been proven to be detrimental to the health of its con-
sumers because often times smoked fish may be eaten as
snacks without washing or further cooking. This study also
proved that polishing smoked fish with vegetable oil as
commonly done by fish merchants in Nigeria conferred
some kind of protection against D. maculatus infestation.

Recommendation
There is however the need for repeated application of
the extracts and vegetable oil in order to achieve full
protection of stock as being proved in this present study
that the insecticidal strength decreases with the length
of storage. Further studies are hereby advocated for, as
to investigate whether or not higher dosages of these ex-
tracts could confer longer protection on smoked fish
from D. maculatus infestation.

Table 3 Pesticidal effect of ethanolic extract of C. frutescens on
emergence and weight loss

Plant extract Concentration (%) Emergence
Mean ± SE

Weight loss (%)
Mean ± SE

Capsicum
frutescens

4 1.00 ± 1.00a 26.77 ± 21.20a

8 3.00 ± 1.00a 12.30 ± 3.26b

12 3.50 ± 1.50a 22.90 ± 11.35a

Positive control 0 3.50 ± 1.50a 4.36 ± 1.72c

Negative control 0 110.00 ± 10.00b 81.18 ± 1.15d

Means with different superscripts in each column are significantly different
(p ˂ 0.05) by Tukey’s test

Philip-Attah The Journal of Basic and Applied Zoology            (2019) 80:7 Page 6 of 7



Abbreviations
C. frutescens: Capsicum frutescens; D. maculatus: Dermestes maculatus; D.
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