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ABSTRACT: This work evaluated the antifeedant effect of Piper guineense (Schum. and Thonn)
Oil against the insect pests, Sitophilus zeamais (Mostch) and Tribolium castaneum (Herbst)
inTreculia africana (Decne) seeds. P guineense fruits (200 g) were extracted with 500 ml n-hexane
for the spice oil which was dosed at 0,0.25,0.5,0.75 and 1.0% concentrations against 10 adults of
either insect during the toxicity study. The piper guineense oil coursed dose-dependent morality of
both test insects. Tribolium castaneum was more resistant than Sitophilus zeamais against the spice
oil but mortality of both insects increased with exposure time to the oil. In columns' 70 % filled with
Treculia africana seeds, lml oil concentration after 7 days of exposure caused 50 % kill of T.
castaneum and 97 % kill of S. zeamais. Also the lml spice oil concentration in 1.51 air chamber and
exposure time of 48 h caused 72 % kill of T. castaneum and 75 % kill of S. Zeamais in fumigation
tests. Thus,piper guineense oil could be used to protect treculia africana seeds against these pests.
Key words: Antifeedant effect, Piper guineernse oil, Tribolium castaneum, Sitophilus z eama is,
TreculiaAfricana seeds.

INTRODUCTION
Globally, effort is currently geared towards
massive production, preservation and
distribution of food grains as economically
cheap sources of protein (Peace et al., 1988;
Nkama and Gbenyi, 2001). Food grains are
wide and are nutritionally rich (Paschual,
1978), but are adversely destroyed by insect
pests both in the fields and in stores after
harvest. Insect damage in stored pulses and
cereals may account for up to 10 to 40% in
countries like Nigeria where modem storage
faculties are not yet fully developed (Shaaya et
al., 1997). In such countries, the measures to
control insect infestation in food grains rely
heavily on the use of gaseous and liquid
synthetic insecticides, which pose health
hazards (to warm-blooded animals) and are
risks of environmental contamination (Snelson,
1984). Recently, the use of synthetic chemical
for insect control has decreased drastically as
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problems of insect resistance have intensified,
and mounting social pressures from consumers
against the use of toxic chemicals have limited
the introduction of new ones (Nakakita and
Winks, 1981; Lale, 1995; Shaaya, 1997). At
present methyl bromide and phosphine are still
in use but methyl bromide has been identified
as a major contributor to ozone depletion which
cast doubt to its continued use for insect control
(WHO, 1995). Also there have been repeated
indications that certain insects have developed
resistance to phosphine (Mills, 1983; Tyler et
al., 1983).
There is need to develop ecologically friendly
methods, which use natural compounds, and
yet be simple and convenient. A wide variety of
higher plants may provide new sources of
natural insecticides and antifeedants (Grainge
and Ahmed, 1988; Amason et al., 1989;
Ananthakrishnan, 1992). Among the many
plant-derived substances used for insect control
are spices and their extracts which have proven
to have various effects on insect pests,
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including stored-product insects ( Jacobson,
1989; Shaaya et al., 1991). Insect control
agents of plant origin are broad spectrum in
action, safe to apply and easily processed
(Talukder and Howse, 1995).
African breadfruit (Treeulia africana Decne) is
native to tropical region. The plant is a forest
tree growing profusely in southern part of
Nigeria in the rain forest and Sudan savanna
zones. The crop produces numerous fruits with
abundant quantity of seeds. The seeds are of
high nutritional value and are currently
potential source of nutrients in the diet of many
Nigerians (Ajiwe et al., 1992; Iwe and Ngoddy,
2001; Giami et al., 2004). Unfortunately, the
seeds are quickly destroyed after harvest by
three prominent insects, namely Sitophilus
orizae, Sitophilus zeamais and Tribolium
eastaneum (Adindu and Willians, 2003). There
is the need to use natural materials with
insecticidal activity to protect this food grain. In
view of the various activities of powders,
extracts and oils of spices against some insect
pests in stored grains, oil extract of black
pepper fruits (Piger guineense ) was screened
for its insecticidal effect against Sitophilus
zeamais and Tribolium eastaneum on stored
African breadfruit (Treeulia africana Decne )
seeds. Piper guineense is an indigenous spice of
tropical region, widely used in Nigeria in
traditional and intercontinental cousins. The
spice has been reported (Iwu, 1993) to have
many medicinal values, apart from its
flavouring effects. In this study therefore, Piper
guineense fruits were extracted for its oil and
then evaluated for insecticidal effects against
Sitophilus zeamais and Tribolium eastaneum.

MATERIALS AND METHODS
Materials: Dried seeds of African breadfruit
(Treeulia africana Deene) were purchased
from peasant farmers at Ogbede-Aku market of
Igbo-Etiti Local Government Area (LGA) ,
Enugu State while dry fruits of African black
pepper (Piper guineense Sehum & Thonn) were
obtained from commercial stockers at the
Ogige Main Market, Nsukka, Enugu State, all
in Nigeria. Two important primary insect pests
of African breadfruit, namely Tribolium
castaneum Herbst and Sitophilus zeamais
Motseh were obtained from the Department of
Entomology, University of Agriculture,
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Abeokuta, Nigeria.
Extraction of African black pepper (Piper
guineense) oil: The spice oil was extracted
using the methods of Ashurt (1991) and Moyler
(1988). The spice was sun-dried for 4 days and
then equilibrated at 50°C in hot air oven for 48
hours. The spice (400 g) was then milled into
flour in an attrition mill. The flour was divided
into two equal parts. One part (200 g) was
stored in an air-tight vial and was used for
proximate and mineral analysis while the other
part (200 g) was extracted with 500 ml of n-
hexane for its oil. This was mixed for 30 min on
a rotary shaker and then rested for 48 hours. The
supernatant was then decanted and the solvent
(n-hexane) evaporated on a water bath
maintained at 60°C for 30 min. The resulting
fruit oil was stored in Bijou bottle at 18°Cuntil
when used for the insecticidal study.

Preparation of African Breadfruit [Treculia
africana Decne] seeds: Seeds of African
bread fruit were cleaned of dirt, stones and
chaffs. About 1kg of the cleaned seeds was sun-
dried for 72 hours, and then stored for 8 days at
4 °C in a deep freezer to kill any living insects
before being used for the insect' infestation
study.

Rearing of the insect pests: Tribolium
castaneum Herbst were reared on wheat flour
mixed with yeast (10: 1 w/w) while Sitophilus
zeamais Motseh were reared on whole
breadfruit seeds (12 - 13 % moisture content),
all maintained at room temperature (30 - 39°C;
42 - 59 % RH) in Lafia (03.33°N and 08.32°E),
Nassarawa State, Nigeria. Adults of both insect
species were about 2 - 4 weeks old before being
used for the fumigant, post-exposure and
contact studies.

Post-exposure toxicity: The black pepper oil
was tested for post-exposure toxicity as
described by Huang et al., (1997). The spice oil
at 0.00,0.25,0.50, 0.75 and 1.00 ml was diluted
with 1.0 ml of absolute ethanol. The resulting
solutions were impregnated on filter papers.
The filter papers for each concentration were
fixed to the inner floor of each 35-ml glass vial.
Ten adult insects were confined to each filter
paper treatments within each 35-ml glass vial
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for 24 hours. After the 24 hours confinement,
the insects were transferred to holding cages
(70 % filled) with culture medium (Treculia
africana) and kept on laboratory bench at
ambient condition for 10 days. Mortalities of
the insects were recorded for each treatment.
Each of the treatments was replicated four
times.

Fumigant Toxicity: Different volumes (0.00,
0.25, 0.50, 0.75 and 1.00ml) of the spice oil
diluted with 1ml of absolute ethanol were each
mixed with 109 of whole or broken Treculia
africana seeds in 1litre glass vial to give
approximately 25, 50, 75 and 100ml of oil /kg
seed respectively. Ten adults of either insects,
Sitophilus zeamais Motsch or Tribolium
castaneum Herbst were introduced into other
500-ml glass vials. These was sealed
immediately with nylon sieves using rubber
bands, and each inverted with the mouth fitting
into that of each of the bigger vial containing
the treated seeds. Both joined 'mouths' were
sealed with masking tape and kept at the
laboratory bench over time for mortality
assessment. Control samples were equally
prepared but with no spice oil. Each of the
experiment was repeated four times.

Contact toxicity: Whole and broken seeds of
Treculia africana sealed in polyethylene bags
for 8 days in the deep freezer to destroy any
hidden pest were brought out and allowed to
equilibrate to ambient temperature and relative
humidity within 24 hours. The spice oil at

various concentrations ( 0.00, 0.25, 0.50, 0.75
and 1.00 ml) diluted with 1ml of absolute
ethanol were add-mixed with 20 g of whole or
15 g of broken seeds of Treculia africana in 70
% filled columns in 50 ml glass vials (Ho et al.,
1996). The control had no spice oil. Five hours
after treatments, each bottle of treated and
control samples were infested with 10 adults of
Tribolium castaneum or Sitophilus zeamais at
the ratio of 6 females to 4 males. All samples
were replicated 4 times. Insect mortalities were
screened and recorded daily for 10days.

Data analysis: The Probit analysis (Finney,
1971) using maximum likelihood programme
software was employed in analysing the dosage
mortality response ofthe insects to the spice oil.

RESULTS AND DISCUSSION
Effect of Piper guineense oil on survival of T.
castaneum Herbst
To ascertain the effect of Piper guinense oil on
survival of adult T. castaneum in treated
Treculia africana seeds during contact toxicity
test, the adult insects were exposed to15g seed
media treated with different concentrations (0,
0.25,0.5.0.75 and 1.0 ml) of P. guineense oil.
No insect died in all the treated seed samples
within the first day, but from the third day of
storage, different increasing percentage of
insect mortality were recorded for different oil
treatments on each day. Thus, insect mortality
increased with oil concentrations.

Table 1: Mortality (%) of adult T.castaneum in broken Treculia africana Decne seeds (15g) protected
with P.guineense oil in 70% nIled glass vial

Concentration Storage time (Days)

(ml oilllSg broken seeds) 2 3 74 6 8 9 105

0.00 O' 0' 0 5'

0.25 O' 0' Ob 5' 10' 2' 20' 23' 35' 45b

0.50 O' 0' 3' 15b 17bc 2Sb 35b 2S' 40bc 70'

0.75 O· 0' 5' 15b 20b 30b 40'b 45b 53b SO'

1.00 0' 3' S' 40' 40' 50' 50' 60' 75' S5'

LSD, 0.0 3.4 8.2 11.0 8.2 13.6 12.3 11.5 132 23

Means with the same superscript in the same column are not significantly (p>O.05) different. Values are means of 4 determinations ± standard deviation.
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There were progressive increases significantly
(p< 0.05) in mortality of adult T. castaneum
(Herbst) among treatments as both the oil
concentration and storage time increased
(Table I). The spice oil acted as a slow killer,
taking time to penetrate and weaken the insect
cells, finally resulting to automatic death of the
insects. Thus, higher oil concentrations caused
increased mortality of T. castaneum. The
control had no insect mortality until the 9th and
10th day when only 5 %mortality was recorded.
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The 5% insect mortality in the control sample
on the 9th day could be due to some
physiological disorder in the insect body
system rather than of any external factor such as
from the spice oil. The treatment with 0 ml oil
115g seed on the io" day had the highest insect
mortality (85 %) as against the control (no oil)
which had only 5%mortality.

Table 2: Fumigant toxicity of P. guineense oil against T. castaneum on broken Treculia africana Decne seeds at 10% filling
in 1500-ml fumigation chamber

Oil concentration Exposure time (Hour)

(ml oil/I 5 g seeds) 3 6 12 24 48 72

0.00 (control) O± 0· O±O' O±Oc O± 06 O±Od O±Od

0.25 O±O' O±O' 2.5 ± 0.5" 12 ± 4.3b 22.5 ± 4.5" 45 ± 6.0c

0.50 O± 0' O± 0" 12.5 ± 0.9b 12.5 ± 0.9b 47 ± O.5"b 52 ± 0.9c

0.75 O±O' O± 0.0' 20 ± 0.8" 52 ±1.5" 60 ± 2.Iab 75 ± 6.0

1.00 O±O· 2.5 ±0.9 25 ± I" 50 ±4.0" 72± 10.0 92 ± 4.50

LSD 3.4 10.6 16.5 19.3 15.5

Values are means of 4 determinations ± standard deviation. Means with the same superscript in the same column are not

significantly (p>0.05) different.

The result of fumigant toxicity of P. guineense
oil against adult T. castaneum is shown in Table
2. No insect died within the first 6 hours of the
fumigation tests in all the treatments. However,
insect mortality was recorded at different rates
in the treated samples on the 12th and later
hours of the fumigation study. The control did
not record any death of T. castaneum
throughout the 72 hour fumigation study,
indicating that any insect death in the treated
samples was precisely due to toxicity of the
spice oil. The insect mortality significantly
increased (P< 0.05) with increasing oil
concentrations and storage period. The oil
concentrations of 0.25, 0.50 and 0.75mll15g
seeds respectively caused 45 %, 52 % and 75 %
T. castaneum mortality at the 72th hour of the
fumigation test. The highest oil concentration
(1 ml/I 5 g seeds) caused as high as 92 % insect
mortality at the 72th hours of the fumigant test.
The toxicity of a number of essential oil and
their constituents, monoterpenes, had been
evaluated against stored product insects. El
-N abal et al., (1989) reported the toxicity of the
essential oil from Acorus calamis_(L) essential

oil on a number of adults of stored-product
insects. Coats et al., (1991) showed that the
monoterpenes linolool, d-linonene, myrocene
and -terminol were toxic against S. orizae; after
24 hours of exposure at 14 and 19 mIlL air;
respectively. It is very likely that P. guineense
essential oil possess some of these active
ingredients.

Effect of Piper guineense oil on survival of S.
zeamais oncentrations ofPiper guineense oil in
contact and fumigant screening significantly
increased (p< 0.05) mortality of S. zeamais
adults studied (Tables 3 and 4). For contact
toxicity, all the treated samples with 0.25 ml to
1.0ml oil concentrations had significantly
higher insect mortality than the control (Table
3). Treatments with 0.75 ml and 1.0.ml oil
attained 100%mortality on the 8th day when the
control had only 5% mortality. From the 3rd day
of storage study, there was no significant
difference (P >0.05) in percentage mortality of
the insects among treatments with 0.5,0.75 and
1.0ml oil concentrations.
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Table 3: Mortality (%) of adult S. zeamais n whole T. africana Decne seeds protected with P. guineeuse oil in 70% filled
glass vial

Concentration (ml Storage period (Days)
oill20 g whole
seeds) 2 3 4 5 6 7 8

0.00 O± Oc O±Od 2±5c 5± 2.5d 5±2S 5± 2.56 5±2,5c 5±2,5c

0.25 30±4.0c 60±4.0c 65 ± I. 75±2.5b 82± 2S 90±4.0· 90±2.5b 90±2.5b

0.50 50±4a 67 ± 2.5b 70±0b 87± 4.5· 87± 4.5ab 90± 2.5" 97±2.5"b 97± 2.5b

0.75 52 ± 4.5" 67 ± 2.5b 82± 2.5" 90±4.0· 90± 2.5"b 97± 5" 100± 0" lOO±O"

1.00 57 ± 2.5a 75 ± 2.5" 87±2.5" 90±4.0a 92± 2.5" 97± 2.5" 97± 2.5" lOO±O'

LSD 9.6 5.7 7.8 12.4 3.9 10.9 9.0 6.2

Means with the same superscript in the same column are not significantly (p>O.05) different. Values are means of 4

determinations ± standard deviation

This implies that any of the three treatments
could be used on long term storage to achieve
the same percentage mortality against S.
zeamais in Treculia seeds. It would therefore be
more economical to use the lowest oil
concentration of 0.5 m1l20 g seeds to achieve
the same mortality. Table 4 shows the result of
fumigation toxicity test of ten adult of .s.
zeamais Motsch confined in 1500 ml air
column within 72 hours. There was no
mortality of the insect within the first 6 hours of
fumigation (Table 4). Thus, Piper guineense oil
at the used concentration of 0.25 to 1.0 ml did

not significantly (P< 0.05) affect the population
size ofthe insects. However, this does not imply
that the test oil did not affect the physiological
functioning of the test insects. Rather, it
suggested that the insects were able to
withstand, resist and survive all effects of this
spice oil within this first 6 hour: Also within the
first 3 days of storage, samples dosed with 0.25
to 1.0 ml oil concentrations showed
comparable insect mortality. No mortality was
also observed for the control which had no oil.
This observation seems to suggest that the toxic
effect ofP.guineense oil is time dependent.

Table 4: Fumigant toxicity (%) of P. guineense oil against adult Sitophilus zeamais on T. africana Decne seeds at 10%
filling in 1500-ml fumigation chamber

Concentration Exposure time (Hours)

(ml oi1l15 g 3 6 12 24 48 72
vvhole seed)

0.00 O± O± o± O± O± O±
Oa OR Oc O.Oe Od O.Oc

0.25 O± O± 3± 8± 23± 40±
OR Oa 2.5b 2.5c 4.5c 4.0b

0.50 O± O± 3± 18± 23± 48±
Oa OR 2.5b 2.5b 6.2C 2.5b

0.75 O± O± 23± 20± 38± 77±
OR OR 2.5R O.OOab 4.5b 8.5a

1.00 .O± O± 27± 25± 75± 87±
OR OR 2.5a 2.5a 3.0a 9.0a

LSD 6.3 6.4 1.4 15.4

Means with the same superscript in the same column are not significantly (p>O.05) different. Values are means of 4
determinations ± standard deviation.
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Table 5 compares the knockdown (%) of adult
T. castaneum Herbst and S. zeamais Motsch by
P. guineense oil at different concentrations (%)
within the same period of exposure. Very
interestingly, high knockdown of both insects
occurred within 48 hours. After 24 hours of
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post-exposure, T. castaneum did not show its
usual resistance here as in the contact and
fumigant study (Tables 1 and 2). This
demonstrates that increasing the surface
contact between the insects and oil would
improve the level of protection of the seeds.

Table 5: Effect of P. guineense essential oil on survival of T. castaneum and Sitophilus zeamais after 24 hours of exposure.

Concentration (rnl)

Piper guineense oil Knock down effect(%) of adult
insects (rnean± S E)

T castaneum S. zeamais

0.00 O±O O±Oc

0.25 37.5± r.i- 60± 0.71 b

0.50 72.5± 0.83b 62.5±0.83b

0.75 82.5± 0.83b 92.5± 0.50a

1.00 95± 0.50a 97.5±0.25a

Meanswith the same superscript in the same column are not significantly (p>O.05) different.
Values are means of 4 determinations ± standard deviation.

This implies that increasing concentrations of
the oil in the treatments resulted in higher
mortality of the insects. P. guineense oil caused
higher mortality of S. zeamais than of T.
castaneum. In related studies in which various
plant parts were used to protect commonly
consumed food grains against insect pests, it
was noted that most insect mortality was
primarily caused by biologically active
components in the plant products (Lale, 1991;
Okonkwo and Okoye, 1996). Don-Pedro
(1990) reported that biologically efficacy of
fixed vegetable oil against insect pests was due
to the presence of different acids in the oils.
Also Obeng-Ofori and Reichmith (1997)
showed that eugenol was the major active
ingredient in the essential oil of Ocimum suave
(Wild). Piper species have been reported to
contain pipercide, dihydropipercide, and
guineensine, all of which possess insecticidal
properties (Miyakado et al., 1989). Although,
the active ingredients of P. guineense oil were
not investigated in the study, it is reasonable to
suggest that the toxic effect of the spice was
probably due to some active ingredients in the
spices.

CONCLUSIONS

The result of this study showed that piper
guineense oil when added to African breadfruit
seeds (and even other seed grains) protects it by
killing storage insect pests such as T. castaneum
and S. zeamais through contact, fumigant,
antifeedant and toxicity effect. The spice oil
was very potent against S. zeamais than T.
castaneum within the very short time of this
study. Thus it could be very valuable in
preventing grain-feeding insects from eating
and destroying stored grains. Further studies
should be carried out in order to determine the
constituent active ingredients (or components)
of the oil extract for commercial application in
grain storage.
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