
-.

NIGERIAN ~OURNAL OF ENTOMOLOGY (2003) 20:105-115

Evaluation of Neem Products (Azadirachta indica A. Juss:
Meliaceae) for the Control of Dermestid Beetle (Dermestes
maculatus Degger) (Coleoptera: Dermestidae) on Dried Fish

ONU, Land BABA, G.O.
Department of Crop Protection,

Institute for Agricultural Research,
Samaru, Zaria, Nigeria

(Accepted 02 June, 2003)

ABSTRACT

The efficacies of three neem products (Azadirachta indica A. Juss.) were evaluated
for the control of dermestid beetle (Dermestes maculatus DeGeer) on dried fish. Only
neem kernel oil (NKO) at 1 ml/35 g of dried fish caused higher mortalities in both the
larvae arid adults of the insect. NKO and neem kernel powder (NKP) at 1 ml and 5
g per 35 g respectively of dried fish significantly suppressed oviposition and adult
emergence of the insect. Neem leaf powder (NLP) at 5 g per 35 g of dried fish caused
the formation of moribund and dead F 1 generation of the insect as well as disrupting
their developmental stages on the dried fish. Only NKO was found not to have post-
treatment residual effect on the dried fish after palatability test was carried out. The
result is indicative of the potential ofNKO for the control of Dermestes maculatus on
dried fish.

INTRODUCTION
Dried or smoked fish is a highly favoured item of many traditional dishes in

Nigeria, and it is a condiment that greatly enriches the flavour of various dishes and
often a good alternative to fresh fish, which in many places is not readily available
(Osuji, 1976). It furnishes about 20010 protein and essential amino acids such as lysine
and methionine, and it compares favourably with the protein content of egg, milk and
meat (Rawson, 1966).

However, large scale deterioration in quality and losses in quality of processed fish
result from insect infestation as well as from other physical and biological agencies
under the hot and generally humid conditions of the tropics where fish are produced
(Green, 1967), Amos, 1968; Toye, 1970; Osuji, 1974; Sarah and Ann, 1976).

In Nigeria, losses in quality and quantity of dried fish especially during storage,
transportation and marketing has been due mainly to infestation by insect pests with
Dermestes maculatus Degger as one of the major pests (Rollings and Hayward,
1963; Osuji, 1974). This pest accounts for about 71.5% of dried fish infestation
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recorded in most of the producing areas with a substantial loss in dry weight of about
43 - 62.7% from both the larvae and adults (Osuji, 1974).

Attempts have been made by several workers to control this destructive beetle on
dried fish, and this has largely been based on the use of physical and synthetic
chemical means (Aref et al.,1964; Shokoohian,1977; Keshvani,l964; Osuji, 1974;
Green, 1967; Proctor, 1972, 1976). However, the non-availability as well as the high
cost of synthetic pesticides and irradiation equipments coupled with the resistance of
both the larvae and adults of the beetle (Ellis, 1964; Llyod and Dyte, 1965; Osuji,
1974) to some of these synthetic pesticides and the potential hazards posed by these
pesticides to the environment, human and livestock have necessitated the search for
various local plant products for use in the control of this beetle on dried fisR-(Don-
Pedro, 1985). In Nigeria, many local plant products have been used successfully for
the control of insect pests of stored produce by many workers. Neem products such
as NKO, NKP and NLP are some of such plant products (Ivbijaro, 1983; Sowunmi
and Akinnusi, 1983; Ogunwolu and Idowu, 1994 Okorie et al., 1990). This study
reports the results of using one application rate of three neem-based products(neem
kernel oil, neem leaf powder and neem kernel powder) for the control of dermestid
beetle, D. maculatus, on dried fish.

MATERIALS AND METHODS

Neem leaves and ripe seeds from neem trees (Azadirachta indica A.Juss) which
is widely distributed in the Nigerian savanna were collected from the premises of the
Institute for Agricultural Research (IAR) Samaru (lloll'N and 07°38'E) Nigeria.
Medium-sized dried cat fish (Clarias sp.) weighing 35 g each were purchased from
Sabon-Gari market (11 °13'N and 07°52'E) Zaria, Nigeria.

The neem leaves and seeds were air-dried for two days and decorticated to
separate the kernel from the seed coat. .The decorticated kernels were then ground
using pestle and mortar and subsequently boiled in water to form a paste. The paste
was later squeezed in cheese cloth to extract the neem kernel oil (NKO). Neem kernel
powder (NKP) was obtained by decorticating the air-dried neem seeds, which were
then ground into powder using pestle and mortar. Neem leaf powder (NLP) was
prepared by grinding the air-dried neem leaves using pestle and mortar. The
experiment was divided into two sets using the larvae of the test insect in experiment
one and adults in experiment two.

The dried fish were disinfected in an electric oven set at 50°C for 2 - 3 hours. A
culture of dried fish and D. maculatus were set up at laboratory temperature for 6
weeks to ensure regular supply of both the larvae and adults of the insect. The three
neem products were then weighed into a single lot of lml, 5 g, each ofNKO, NKP
and NLP, respectively, in two places, using a pipette and metler balance. For
experiment one, one dried fish (35 g) was transferred to one kilner jar and the three
neem products treatments corresponding to l ml, 5 g, each ofNKO, NKP, and NLP
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were added to the dried fish in each jar and allowed to stand for 5 minutes after which
tour late instar larvae of D. maculatus measuring 13 - 15 mm in length (Osuji, 1973;
Haines, 1991) were introduced into each jar and ccvered with perforated plastic caps
lined with muslin cloth. The experiment which consisted of three treatments plus a
control was replicated three times.

In the second experiment, two each of the disinfested dried fishes were placed in
the jar and the three neem treatments applied as in the first experiment and allowed
to stand for 5 minutes. Adult insects were sexed based on the presence of a shallow
pit at the centre of the 4th abdominal sternite and the shape of the abdominal sternite
and the genitalia, and two pairs of teneral adults obtained from the laboratory
culture were introduced into each jar. The jars were then covered with perforated
plastic caps lined with muslin cloth to prevent the escape of the test insects and to
allow for free exchange of gas. The experiment consisting of three treatments plus a
control was also replicated three times. The two experiments were arranged in a
completely randomized design (CRD) on a table at laboratory temperature, which
fluctuated between 25 and 27°C and 60 and 75% RH.

Mortality was recorded at 24, 48, 72 and 96 hr thereafter on a weekly basis for
a period of 4 weeks Post Experimental Period (PEP) to assess larvae and adults
mortalities. At 4 and 8 weeks PEP, the number of Fl generation of D. maculatus
formed from the late instar larvae in the first experiment were assessed while those
resulting from the adults of the test insects in the second experiment on the dried fish
were assessed at 4, 8 and 12 weeks PEP. Palatability test was also carried out on the
dried fish treated with the three neem products to determine if there would be any
post-treatment residual effect on the taste and aroma. This was done after 12 weeks
of the study using all cooking ingredients (salt and spices) except onion and later
served to randomly selected eleven respondents separately at different times.

All the data obtained were subjected to square root transformation (SQRT - VI
+ 0.5) before analysis of variance was carried out, and the treatment means separated
using the least significant difference (LSD) at P = 0.05 (Steel and Torrie, 1960).

RESULTS
The level of larval and adult mortalities of D. maculatus recorded at 24 hours and

7 days PEP interval is shown in Tables} and 2. NKO at the rate of Iml/35 g dried fish
.esulted in a high mortality of D. maculatus larvae at 24,48 and 96 hours PEP, with
:. significantly high mortality (P = 0.05) of the larvae at 48 hours PEP when compared
.:.:thNKP and NLP (Table 1). The application of 1mV35 g dried fish also resulted
-:.higher mortality of D. maculatus adults at 24, 48, 72 and 96 hours PEP with a
;.~nificantly higher (P = 0.01) mortality at 48 hours PEP, which was statistically
:.::erent when compared with NKP and NLP, both of which were not significantly
:.::erent during the same period (Table 2). The cumulative mortality values following
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Table 1. Effect of neem products on the mortallryof Dermestes maculatus larvae on dried fish

Mean number of dead larvae per period of observation
Treatments. Rate per Hours Post Experimental Period (HPEP) Days Post Experimental Period (DPEP)
(Neern Products) Dried

Fish 24 48 72 96 Cum. 7 14 21 28 Cum.

Neem kernel oil Irnl 0.88 1.068 0.71 1.06 3.711 1.468 0.88 0.88 1.00 4.22"
(NKO)

NeemKernel 58 0.71 0.71b 0.71 0.88 3.01b 1.06b 1.27 0.71 0.71 3.75b

Power(NKP)

Ncem Leaf 5g 0.71 0.71b 0.71 2.84b 0.71b 0.71 0.71 0.71 0.71 2.84'
Powder (NLP)

Control - 0.71 0.71b 0.71 1.06 3.19b 1.46" 0.88 0.71 0.71 3.76b

SEDV' - 0.12 0.12 0.00 0.22 0.22 0.16" 0.29 0.20 0.02 0.14

LSD (P = 005) - 0.28 0.28 0.00 0.51 0.51 0.57 0.67 0.46 0.46 0.32

Significance - NS • NS NS • •• NS NS NS ••
Fvvalue significant at P = 0.05: •• Fvvaluc significant at P = 0.0 I. NS = Not significant

Mean followed with the same alphabet on the same column do not ditTer statistically.

Table 2. Effect of neern products on the mortality of Dermestes maculatus adults on dried fish

Mean number of dead larvae per period of observation
Rate per Hours Post Experimental Period (HPEP) Days Post Experimental Period CDPEP)

Treatments Dried
(Necm Products) Fish 24 48 72 96 Cum. 7 14 21 28 Cum.

Neem kernel oil Iml 0.88 1.69' 1.00 0.88 4.40' 2.12' 0.71 0.71 0.71 4.25
(NKO)

Neem Kernel 5g 0.71 0.71' 0.88 1.18 3.48' 1.95'" 1.06 0.71 0.71 4.43

Power(NKP)

Neem Leaf 5g 0.71 0.71' 0.88 0.71 3.01' 0.88 0.17 0.88 1.06 3.99
Powder (NLP)

Control - 0.71 0.71' 0.06 1.00 3.48' 0.53 1.71 0.06 0.88 4.18

SEDV' - 0.12 0.18 0.29 OA1 0.34 0.25' 0.22 0.16 0.16 0.20

LSD(P = 005) - 0.28 0.42 0.67 0.95 0.78 0.58 0.5\ 0.37 0.37 0.46

Significance - NS •• NS NS • .. NS NS NS NS

• F-value significant at P = 0.05: •• Fvvalue significant at P = 0.01; NS = Not significant
Mean followed with the same alphabet on the same column do not differ statistically.
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96 hours PEP showed higher mortalities of D. maculatus larvae and adults from
NKO and this was significantly different (P = 0.05) from the values recorded from
NKP and NLP, both of which were statistically similar (Tables 1 and 2). At 7 day
PEP, NKO resulted in a significantly higher (P = 0.01) mortality of D. maculatus
larvae than NKP and NLP both of which were similar during the same period whereas
the level of adult mortality of D. maculatus recorded showed NKO at the rate of
1mV35 g dried fish and NKP at the rate of 5g135g dried fish resulted in a significant
higher mortality of adult D. maculatus (P = 0.01) than NLP at the rate of 5g135 g
dried fish. The cumulative mortality values following 28 days PEP showed a
significantly higher mortality (P = 0.01) ofD. maculatus larvae from NKO which was
statistically different from NKP and NLP. The figure obtained from NKP also showed
a significantly high mortality of D. maculatus larvae than that obtained from NLP
during the same period. However, there was no significant difference in the level of
mortality recorded from the three neem products and the control after 28 days PEP
on D. maculatus adults.

The effect of the neem products on the rate of oviposition and emergence of F 1
generation of D. maculatus adult is shown on Table 3. At 7 days PEP, significantly
fewer number of eggs were deposited on dried fish treated with NKO and NKP. NLP
resulted in a significantly higher (P = 0.05) rate of oviposition than NKO and NKP.
However, at 14,21 and 28 days PEP, the rate of oviposition recorded from NLP and
the control were higher, but these were not significant statistically from NKO and
NKP.

Table 3. Effect of neem products on the rate of oviposition and emergence of FI generation of Dermestes
maculatusoa dried fish

, Rate per Mean number of eggs per period of Mean number of emerged FI per period of,
: Treatment 35g dried observation observation
(neem) Product fish 7 days 14 21 28 Cum. 4 weeks 8 weeks 12 weeks Cum.

days days days

Neern kernel oil l rnl 0.71b 0.71 0.71 0.71 284b 0.71b O.71b 0.71b 2.13b

(NKO)

Neern Kernel 5g 071 b 0.71 0.71 0.71 2.84b 0.71 0.71b 0.71b 2.13b

Power (NKP)

Ncern Leaf 5g 1.87" 1.80 0.71 0.71 0.09ab 0.71 071b 0.71b 213b

?owder (NLP)

Control - 1.00·b 2.12 1.10 1.87 6.09" 0.71 2.40" 2.37b 5.48'

:;ED'v' - 0.47 0.81 0.27 0.82 1.27 0.00 0.59 0.69 1.24

~SD (P = 0.05) - 1.08 1.87 0.62 1.89 2.93 0.00 1.36 1.59 2.86

Significance - • NS NS NS • NS • • •

F-value significant at P = 0.05; •• F-value significant at P = 0.01; NS =Not significant
Mean followed with the same alphabet on the same column do not differ statistically.
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After 28 days PEP, there was no significant difference in the cumulative oviposition "
rate between the three neem product treatments, but the control resulted in a higher
rate of oviposition that was significantly different (P = 0.05) from NKO and NKP, but
'similar statistically with NLP.

At four weeks PEP, there were no emergence ofF1 generation of D. maculatus
in all the treatments. At 8 and 12 weeks PEP, there were no emergence of Fl
generation of D. maculatus from the three neem products except from the control,
which resulted in a significantly higher (P = 0.05) level of emergence ofF1 generation
of D. maculatus during the same period.

The result presented in Table 4 shows the level of emergence ofFl generation of
D. maculatus from the late instar larvae at 4 and 8 weeks PEP. At 4 weeks PEP, both
NKO and NKP suppressed the emergence ofFl generation of D. maculatus from the
late instar larvae than NLP, although the observed differences were not significant
statistically. At 8 weeks PEP, 1\TLP resulted in a significantly higher (P = 0.01)
moribund and dead FI generation of D. maculatus, The level ofFl generation of the
insect from NKO and NX..P do not differ statistically during this period. The
cumulative PI generation observed after 8 weeks PEP, showed that beth 1\TKOand
N.KP completely suppressed the development ofFl generation of the insect from the
late-instar larvae while NJ.....P resulted in a significantly higher (P = 0.01) developmen
of moribund and dead PI generation of the insect from the late instar larvae whet
compared with NKO and hTKJ:"}.

Tau!e 4. Effect of neem products on the rate of emergence of Fl generation from late insta
larv ae of Dermestes maculatus on dried fish.

Mean number of emerged F I per period of
Rate per 35g observation

Treatment (neem product) Dried Fish 4 Weeks 8 Weeks Cumulative

Neem kernel oil (NKO) 1m! 0.71 0.71c 1.42c

Neem Kernel Power (NKP) 5g 0.71 0.88e 1.59c

Neem Leaf Powder (NLP) 5g 0.88 1.958 2.838

Control - 0.88 1.46b 2.34d

SEDV' - 0.18 0.16 0.16

LSD (P = 0.05) - 0.42 0.37 037
Significance - N ** **

*' . F-value significant at P = 0.05; ** = F-value significant at P = 0.0 I; NS = Not significant
Mean followed with the same alphabet on the same column do not differ statistically,
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DISCUSSION
The resultant high mortalities of larvae and adults of D. maculatus observed on

dried fish treated with ~O could be due to high toxic effect of the product on both
developmental stages. This toxicity has been attributed by various authors to the
presence of many chemical ingredients such as triterpenoids, which includes
azadirachtin, salanin, meliantriol (Butterwoth and Morgan, 1968). The present
observation thus corroborates those made by Kilonzo (1991), Jackai and Oyediran
(1991), and Gerard and Ruf (1995) who found NKO to have a high toxic effect on
feeding and survival of different pest species including fleas, Maruca vitrate and
Keratinophagous insects under.laboratory conditions. Similar observations have also
been made on a number of storage pests such as maize weevil (Sitophilus teamais)
and rice moth (Corcyra cephalonica) with NKO having high toxic effect on their
. survival (Cobbinah and Appiah-Kwarteng, 1989; Senguttuvan et al., 1995). The
observed low mortalities of larvae and adults of D. maculatus from NKP and NLP
could be due to low toxicities of the two treatments to the insect forms. Cobbinah and
Appiah-Kwarteng (1989) found that NLP was not effective against maize weevils. On
the contrary, Jotwani and Sircar (1965) and Sharma (1995) found that NKP and NLP
were effective against the lesser grain borer on maize and wheat (Rhyzopertha
dominica)'whenexposed for a prolonged period.

The fewer number of eggs laid on the dried fish treated with NKO and NKP could
be as a result of high mortality of D. maculatus, thus disrupting mating and sexual
communication as well as deterring females from laying eggs (NRC, 1992). However,
the higher number of eggs laid on dried fishes treated with NLP could be due to low
morality of D. maculatus and the inability of the product to prevent and/or disrupt
egg-laying by the females ofthe insect. The observed non-emergence of'Fl generation
of D. maculatus on fish from the three neem products could be as a result of
complete suppression of the developmental stages of the insect. Although higher
number of eggs were laid on fish treated with NLP, the product prevented further
development of the insect. Similar observations have also been reported by several
workers on various insect species using different neem-based products that were
effective in reducing fecundity and emergence (Ivbijaro, 1983; Senguttuvan et ai.,
1995; Sharma, 1995).

The observed non-emergence ofFI generation of D. macula/us on dried fishes
treated with NKO and NKP could be due to high mortality of the late instar larvae
resulting from toxic effects of the two products. These two products resulted in total
suppression of larval development. It was reported by Warthen (1989) and NRC
(1992) that various neem products caused disruption and/or inhibition of eggs, larvae,
pupae and adults development of different insect species. However, the formation of
moribund and dead Fl generation of D. maculatus from the late instar larvae on dried
fish treated with NLP suggests that the product was not effective in outright killing
of the insect larvae, but was effective in disrupting the normal development of these
larvae. Similar observations have been reported by several workers on the disruptive
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effect of various neem products on developmental stages of various insect such :....::
desert locust and Colorado potato beetles with their adults having malformed \\'ir.~:
and sterile (Schmutterer, 1990; Radcliffe, 1992). The palatability test carried out : ~
the fish treated with the three neem products after 12 weeks PEP showed only NkC
at the rate of 1ml/3 5 g dried fish did not impart any unpleasant taste on the fish 5:

treated. Both NKP and NLP at the rates of 5g/35 g dried fish were found to induce
some bitter taste on the treated fish and this was more pronounced on fish treated with
NLP. This could be due to high dosages of the neem products used.

In the Nigerian savanna where this study was conducted, these neem-based
products can easily be obtained from the widely available neem trees requiring no
specialized technology. The non-bitter characteristics of the NKO could endear it to
consumers. The results of this study demonstrate the potential ofNKO for the control
of larvae and adults of D. maculatus. This simple technology can readily be adopted
by dry fish traders for the control of dermestid beetles during processing, storage,
transportation and marketing of dry fish.

Further investigation is therefore advocated to identify and determine other local
plant products having insecticidal properties for effective control of this insect on
dried fish with minimum application technology and optimal consumer acceptability.
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