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ABSTRACT: Investigations were conducted on phytochemical composition and residual toxicity
of seven plant powders (which had been stored for 4 months) to the merchant grain beetle,
Oryzaephilus mercator Fauvel, infesting kernels of Irvingia gabonensis. Beetle mortality data
taken at days 1,3,5 and 7 post-infestation showed that all test plants excluding M myristica caused
higher level of beetle mortality than occurred in control. Cashew nut shell, Anacardium
occidentale, powder was the most potent (cumulative mean mortality of 52.5 %) matching the
efficacy of pirimiphos-methyl, which served as insecticide check in addition to an untreated control.
It was followed by powders of J. curcas (35.0 %) andP guineense (30.2 %), while the least toxic was
M myristica. Mortality value for the latter ( %), though numerically lower, was not significantly
different from those of C. citratus ( %) and X aethiopica ( %). Mean residual toxicity increased
with duration of exposure The least number of adults emerged from pirimiphos-methyl treated jars,
followed by A. occidentale powder, -while M myristica was the least potent. Phytochemical
analysis revealed varied proportions of typical plant constituents such as phytates, flavonoids,
hydrogen cyanides, alkaloids, tannins, oxalates, phenols and saponins some of which are
responsible for the residual action of the tested plants.
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INTRODUCTION
The bush mango Irvingia gabonensis and I
wombolu are indigenous fruit tree species that
belong to the family Irvingiaceae and are the
sources of the Irvingia kernel commonly
known as "Ogbono" in many southern States
of Nigeria. Both species are usually found
growing wild in the tropical rainforest of West
Africa and rarely are grown or conserved ex-
situ in plantations. Less than 10% of the total
annual crop of the fruit or the kernel is
harvested from planted trees while the rest are
collected from natural forests (Ladipo, 1997).

According to Harris (1996), I gabonensis and I
wombolu are the two Irvingia species that
produce kernels eaten in West and Central
Africa. The edible kernels from both species are
used for culinary purposes and are traded
widely enough to be quoted on the weekly
commodity lists in Nigeria (Ladipo, 1997).
Irvingia kernel is used as soup thickener in

West and Central Africa and also to make "dika
cake" in Central Africa, particularly in Gabon;
usage in pharmaceutical and other sectors of the
economy are being encouraged (Ladipo,
1997). The popularity of Irvingia kernel in local
and international markets [export to Europe and
United states of America (Ladipo, 1997)]
makes its potential as a commercial crop high
resulting in intensive kernel collection in the
forest. Irvingia kernels in storage are
vulnerable to attack by post - harvest insect
pests. One major insect pests is the merchant
grain beetle (Oryzaephilus mercator Fauval),
which lays its eggs between the testa and
cotyledons of the seed or in cracks in the
cotyledons, so that when the eggs hatch the
larvae can feed on the cotyledons (Dudu et al.,
1998). Such insect infestation reduce the
economic value of the kernel (Ashiru, 1996),
thus the need for effective storage protection of
the product.
Usage of chemical insecticides offer effective
protection to kernels. However, environmental
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contamination and health hazards associated
with these chemicals have generally led to
world-wide caution against their indiscriminate
usage (Umeh, 2002). The dilemma presented
by the use of synthetic insecticides have made it
essential that alternative sources of insect pest
control be found that are not only safer,
effective, economical and locally available but
also acceptable to the public (Kolade, 2002). In
this connection, many plant- derived materials,
including Piper guineense (Fasakin and
Aberejo 2002), extracts of Jatropha curcas
seed (Solsoloy and Solsoloy, 1997), seed
powder ofMonodora myristica (Okonkwo and
Okoye, 1996), fruit powder of Xylopia
aethiopica (Dike and Mbah, 1992), have been
used and are still being used in many parts ofthe
world to control various insects of stored .
products. This study therefore was designed to
ascertain the residual toxicity of some plant
materials against the merchant grain beetle on
stored Irvingia.

MATERIALS AND METHODS
The experiment was conducted under
laboratory conditions at the Department of Pest
Management Technology, Federal College of
Agriculture, Ishiagu, Ebonyi State, Nigeria.
The merchant grain beetle was raised in a
culture under room temperature of 27°C±2°C
and 70% ± 2% relative humidity. Prior to the
commencement of the investigations, Irvingia
kernels were disinfested for 48 hours with
phosphine gas which was thereafter allowed to
dissipate by exposure on the desk. The test
materials, fruits of X. aethiopica (Dunal) A.
Rich., cashew nutshell An ac ardium
occidentale L., seeds of J. Curcas L., A.
melegueta (Rosch) K. Schum, P guineense
Schum and Thonn, and leaves of C. citratus
Stapf., were either purchased at a local market
or were collected from bushes within Umuahia.
The seeds were decorticated and air-dried
under shade for 8 days alongside leaves of C.
citratus and then pulverized into fine powder
using Thomas Wiley Machine. The powders
were packaged, labelled and stored for 4
months before use in the experiment. Each

powder was admixed with Irvingia kernels in
Kilner jars at the rate of 1.25 and 2.5 g/50 g
kernel (2.5 and 5 % w/w, respectively) in x
replicates and arranged in y design. A
permethrin-treated and an untreated control
were included. Ten pairs of adult Mercantile
grain beetles were introduced and confined in
each jar using Muslin cloth covering secured
with (rubber band/string etc.). Mortality was
quantified at days 1,3,5, and 7 post-infestation
and corrected for mortality in control using
Abbott's (1925) formula: The F 1 insects
emerging were counted 4 weeks after treatment
storage.

P T = (P 0- PC) / (100 - P Q

Where P T = corrected mortality (%)
Po = Observed mortality (%)
Pc = Control mortality (%).

A phytochemical analysis of the plant materials
was carried out following the procedure
described by Oberlease (1973).

RESULTS AND DISCUSSION
Table 1 compares Mercantile grain beetle
mortality in the different treatments. At 1 day
post-infestation, the highest cumulative mean
percentage mortality occurred in pirimiphos
methyl treatment (give actual % mortality)
applied at the rate of2.5 % w/w but it was not
significantly more toxic than A. occidentale
powder (15.00). Mortality in J. curcas
reatment (8.61%) was significantly lower
compared with pirimiphos-methyl and A.
occidentale but higher compared with other
treatments. Similarly at days 3, 5, and 7 post-
infestation, potencies of A. occidentale and
pirimiphos-mentyl powders were statistically
comparable. M myristica, C. citratus and X
aethiopica showed comparatively little or no
action against the Mercantile grain beetle. .
Mean toxicity to the beetle increased with
duration of exposure and by day 7, corrected
mean percentage mortality ranged from 19.3%
inM. myristica to 57.2% in pirimiphos methyl.
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Table 1: Mortality (%) resulting from the residual toxicity of test plant powders to Mercantile
grain beetle at 1, 3, 5 and 7 days post-infestation

Insecticidal treatments

Cone Amelegueta A.occidenta/is J.curcas Ccitratus M mystistica Piguineense Pirimiphos Xaethiopica Mean

(%per methyl

50g

seed)

Day I

0 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00)

2.5 0.00(0.00) 10.00(15.00) 3.33(8.61) o.~t~.OO) 1.67(4.31) 0.00(0.00) 11.67(19.39) 0.00(0.00) 3.33(5.980

5 01.67(431) 10.00(15.00) 3.33(8.61) 1.67(4.31) 0.00(0.000 1.67(431 ) 10.00(18.05) 167(4310 3.75(7.74)

Mean 0.56(1.44) 6.67(11.02) 2.22(5.74) 0.56(1.44) 0.56(1.44) 0.56(1.44) 7.22(12.64) 0.56(1.44)

Figures in parentheses are arc sines values to which LSD is applicable LSD (P4l .05) for Insecticidal treatments (IT) =4 .86 Concentration (C) -2.97

interaction (IT xC) = 8.41

Day 3

0 5.00(12.92) 5.00(12.92) 5.00(12.92) 5.00(12.92) 5.00(12.92) 5.00(1292) 5.00(12.92) 5.00(12.92) 5.00(12.92)

2.5 5.00(10.45) 38.33(37.99) 11.67(19.89) 1.67(4.31) 3.33(8.61) 833(13.74) 40.00(39.18) 5.00(12.92) 14.17(18.39)

5 11.67(1931) 36.67(37.26) 16.67(23.86) 6.67(12.29) 5.00(10.45) 11.67(19.89) 35.00(36.15) 10.00(18.05) 16.67(22.16)

Mean 7.22(1421) 26.67(29.37) 11.]](18.82) 4.44(9.88) 4.44(10.69) 833(15.49) 26.67(29.23) 6.67(14.61)

Figures in parentheses are arcsines values to which LSD is applicable LSD (P4l.05) for Insecticidal treatments (11)= 5.60 Concentration (C)-3.43

Interaction (IT xC) =9.70

Day 5

0 5.00(12.92) 5.00(12.92) 5.00(12.92) 5.00(12.92) 5.00(12.92) 5.00( 12.92) 5.00(12.92) 5.00(12.92) 5.00(12.92)

2.5 10.70(23.74) 71.70962.86) 33.30(35.17) 8.30(16.60) 10.00(18.05) 21.70(27.22) 78.30(64.55) 13.30(2134) 31.70(33.69)

5 31.70(34.02) 75.00(60.47) 46.70(43.08) 21.70(27.52) 15.00(22.29) 36.70(36.90) 81.70(65.\9) 26.70(31.00) 41.90(40.06)

Mean 17.80(23.44) 50.60(45.05) 28.30(30.19) 11.70(18.94) 10.00(17.69) 21.10(25.53) 55.00(47.15) 15.00(21.65)

Figures in parentheses are arcsines values to which LSD is applicable LSD (p<0.05) for Insecticidal treatments (IT)= 7.42 Concentration (C) =4.54

Interaction (lTx C) =12.85

Day 7

0 5.00(12.92) 5.00(12.92) 5.00(12.92) 5.00(12.92) 5.00(12.92) 5.00(1292) 5.00(12.92) 5.00(12.92) 5.00(12.92)

2.5 20.00(26.1) 81. 70(68.9) 45.00(42.10) 10.00(18.0) 11.70(19.5) 30.00(33.2) 88.30(77.9) 15.00(22.9) 37.70(38.5)

5 40.00(38.9) 90.00(75.7) 60.00(51.0) 30.00(33.2) 20.00(25.8) 50.00(45.0) 95.00(82.4) 35.00(362) 52.50(48.5)

Mean 21. 70(2 5.7) 58.90(52.50) 36.70(35.04) 15.00(21.30) 1220(19.33) 2830(30.20) 62.80(57.18) 18.30(23.59) 31.70(33.07)

Figures in parentheses are arcsines values to which LSD is applicable LSD (P4l .05) for Insecticidal treatments (11)=8.07 Concentration (C)= 4.94

Interaction (IT x C)= 13.97
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Table 2: Residual effect of plant powders on progeny emergence of O. mercator
Calle. Insecticidal treatments

Amelegueta A .occidentalis .l.curcas Ccitratus Mmyristica Pguin eense Pirimiphos Xaethiopica Mean
methyl

0 26.00(5.12) 26.00(5.12) 26.00(5.12) 26.00(5.12) 26.00(5.12) 26.00(5.12) 26.00(5.12) 26.00(5.12) 26.00(5.12)

2.5 10.00(3.22) 3 .33( 1.93) 6.00(2.53) 8.3(2.96) 15.00(3.93) 7.00(2.74) 1.00(1.23) 13.33(3.69) 8.00(2.78)

5 5.33(2.34) 2.33(1.64) 2.67(1.74) 4.00(2.121) 10.33(329) 3.00( 1.79) 0.00(0.71) 8.67(3.00) 4.54(2.08)

Mean 13.78(3.56) 10.56(2.89) 11.56(3.13) 12.78(3.40) 17.11(4.11) 12.00(321) 9.00(2.35) \6.00(3.94)

Figures in parentheses are square root values to which LSD is applicable LSD (P<0.05) for Insecticidal treatments
(IT) = 0.46 Concentration (C) = 0.28 Interaction (IT x C) = 0.8

Plant Materials Phytochemicals

Table 3: Phytochemical composition (%) ofthe plant materials assayed

Phytates Flavonoids HCN

Mimyristica 2.50 7.56 0.24

P.guineense l.l5 4.82 0.38

X aethiopica 0.95 6.28 0.41

C.citratus 0.54 4.36 0.30

J.curcas 2.65 1.42 0.82

Aioccidentale 0.85 1.25 0.95

A.melegueta 2.25 5.45 0.54

Alkaloids Tannins Oxalates Phenols Saponins

2.24 0.04 OJ 3 0.10 0.62

5.68 0.68 0.62 0.47 1.69

2.86 0.28 0.39 0.15 0.34

3.88 0031 0.52 0.21 0039

10.47 1.16 0.70 0.58 6.22

9.88 1.26 0.90 0.67 6.97

6.16 0.44 0.54 0.49 1.34

The result of phytochemical analysis presented
in Table 3 shows typical plant constituents such
as phytates, flavonoids, hydrogen cyanides,
alkaloids, tannins, oxalates, phenols and
saponins but in different proportions in the
different test plants residual toxicity of a neem-
based insecticide, azamethifos, to malathion -
resistant strains of stored product insects
including 0. surinam ensis and residual toxicity
of P guineense to 0. surinam ensis have
previously been reported (Champ and Dyte,
1976; Javier and Morallo- Rejesus, 1986).
In this study, A. melegueta and P guineese
products showed much reduced efficacy in
terms of beetle mortality and F 1 progeny
emergence, 4 months after preparation
compared with pristine products. This could be
attributable to dissipation of their volatile,
pungent fumigant properties during storage. It
is known that insecticidal plant products
especially those characterized by some degrees
of volatility can lose biological activity after
storage for sometime, thus necessitating
frequent applications (Lale, 1994). The result is

in agreement with the work ofEmeribe (1998)
who reported the low residual effect ofJ curcas
powder against the cowpea weevil two months
after storage. Lale and Alaga (2001) also
observed that adults and larvae of T castaneum
were susceptible to the residual deposit of P
guineense seed oil in stored pearl millet during
periods of storage.
Toxicity of test powders to the Mercantile grain
beetle was concentration-dependent and it
increased with duration of exposure. Low
progeny emergence largely is the consequence
of high adult mortality few days after
infestation. However, Fasakin and Aberejo
(2002) had earlier demonstrated that pulverized
powders of P guineense and A. melegueta
significantly inhibited egg hatchability and
adult emergence ofD. maculatus in smoked cat
fish at 10%w/w after 40 days. The exact modes
of action exhibited by these plant powders may
not have been fully determined but De Lima
(1987) suggested that the mechanisms of action



of these inert materials in insect control include
mortalities resulting from abrasion of insect
integument and consequent dehydration, and
physical impediment to insect movement
(Wolfson et al, 1991). Phytochemical study
showed that the more toxic or potent plant
materials such as cashew A. occidentale, J.
curcas, P. guineense and probably A. melegueta
had a high content of the bioactive
phytochemicals like alkaloids, saponins,
phenols, tannins, HCN and comparatively
lower proportions of phytates (exceptJ. curcas)
and flavonoids, which were however higher in
the less efficacious plants such asM. myristica
and X aethiopica. It is therefore likely that the
residual toxicity of these plant products is due
to the compounds still bioactive 4 months after
application.
P. guineense seed is known to contain at least
three different alkaloids responsible for its
broad spectrum of insecticidal activity (Lale
and Alaga 2001). Trakoontivakorn et al. (2006)
have demonstrated that piperine, an alkaloid
found in black pepper seed that has a hot flavor,
and purified piperine, at a dose of 50 ppm are
able to substantially suppress emergence of
rice weevil, Sitophilus oryzae, adults by
50%.The phytochemicals contained in these
plants as previously stated could be responsible
for the residual toxic effects.
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