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ABSTRACT 

Objective: In vitro ovicidal and larvicidal activities of extracts of Citrus aurantifolia fruit were investigated on the eggs and first stage larvae of 
Heligmosomoides bakeri to determine the anthelmintic efficacy of the plant.  

Methods: The fruit peels of Citrus aurantifolia were extracted with methanol. The crude methanol extract (CME) was dissolved in water and serially 
partitioned with hexane and ethylacetate  to give hexane extract (HE), ethylacetate extract (EE) and aqueous methanol extract (AME). Different 
concentrations (0.625, 1.25, 2.5, 5, 10, and 20 mg/ml) of the extracts were prepared by dissolving the extracts in distilled water. Two hundred 
microliters of each concentration was incubated with the larvae and eggs of H. bakeri contained in 0.2 ml solution in a 96-well microtitre plates and 
incubated at room temperature for 24 and 48 h, respectively. Distilled water and albendazole were used as non-treated and treated controls, 
respectively.  

Results: At 20 mg/ml, the CME, EE, HE and AME inhibited the hatching of H. bakeri eggs by 100±0.0, 98.2±2.7, 97.8±0.68 and 97.7±2.8 %, 
respectively. Similarly, CME, AME, EE and HE caused death of the larvae of H. bakeri by 100±0.0, 90.8±4.1, 85.9±3.5 and 83.3±6.0 %, respectively. All 
the extracts showed significant (***p<0.001) anthelmintic effect when compared with the non-treated (DW) control.  

Conclusion: This study demonstrates that Citrus aurantifolia fruit peels possess anthelmintic activity that might be caused by one or more of the 
secondary metabolites contained in the plant. 
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INTRODUCTION 

Helminthosis is an infection of man and animals with parasitic 
helminthes. The disease is debilitating and chronic in nature in 
humans. In livestock production, the disease causes clinical and 
subclinical infections that reduce animal survival, depress growth 
rate, impair reproductive performance and finally lead to the death 
of the animals which in turn affect the economic life of humans 
especially livestock farmers [1-3].  

Chemotherapy still remains the most effective way employed in the 
treatment of helminthosis in the world. However, the high cost of 
modern anthelmintics coupled with the development of resistance of 
most helminth parasites to the available anthelmintics has limited 
the usefulness of these drugs [4]. Other limiting factors to the 
currently used anthelmintics include: unavailability to rural 
dwellers and problems of drug residues in animals intended for 
human consumption, toxicity and slow development of new drugs 
due to high cost of developing and licensing a new drug [5]. This has 
led to increasing use of medicinal herbs by Africans and small holder 
livestock producers [6].  

Citrus aurantifolia (Christm) Swingle belonging to the family Rutaceae 
is one of the most widely used plants especially in African and Asian 
traditional medicine. The plant is used to treat several diseases such as 
gastrointestinal disorders, fever, scabies, cough, constipation and 
malaria [7]. The plant has been shown to possess antioxidant [8], 
laxative, anti-inflammatory, antihypertensive [9], anticancer [10], 
antiviral, antimycobacteria [11], antifungi [12] and antibacterial 
properties [13]. In addition, C. aurantifolia fruits are cheap and readily 
available in many countries of the world. The fruit peels are often 
removed and discarded as waste products especially in food 
processing industries. These fruit peels are also rarely consumed by 
ruminants making the plant a less competitive source of cheap and 
readily available drug. There is always an increased attention in 
bringing useful products from waste materials and citrus wastes are 

no exceptions. Thus, the results of this research can provide 
alternative anthelmintics from industrial waste products.  

Heligmosomoides bakeri (H. bakeri) is a trichostrongyliod that occurs 
naturally in wild mouse populations and has clearly evolved a high 
level of adaptation to the murine immune system. This worm has 
been used extensively as laboratory model in screening for 
anthelmintic drugs [14]. It has a direct life cycle which has many 
similarities to those of the economically important trichostrongyloid 
nematodes of sheep, cattle and humans [15]. The aim of this work 
was to evaluate the in vitro anthelmintic efficacy of the fruit peels of 
C. aurantifolia against the ova and first stage larva of 
Heligmosomoides bakeri. 

MATERIALS AND METHODS 

Plant collection, identification and preparation 

Samples of C. aurantifolia fruits were obtained from some backyard 
C. aurantifolia trees in Adum-ochi, Ankpa Local Government Area of 
Kogi State, Nigeria in the first quarter of the year. The plant material 
was identified at the Herbarium, Department of the Biological 
Sciences, Ahmadu Bello University, Zaria by a taxonomist, Mr. U. S. 
Gallah. A sample of the plant was deposited and given a voucher 
specimen number of 990. The fruits were washed, manually peeled 
and dried under shade to prevent heat destruction. The dried fruit 
peels were pounded to powder using wooden mortar and pestle. 

Plant extraction and partitioning 

The dried pulverized C. aurantifolia fruit peels were weighed and 
extracted by cold extraction (maceration) technique according to 
method described by Handa et al. [16]. About 821 g of the pulverized 
peel was soaked in methanol in the ratio of 1:3 w/v in a seperatory 
funnel, whose neck was stucked with cotton wool to allow for 
filteration of the extract. The set up was allowed to stand for 48 
hours and the extract was drained into clean bottles. The procedure 
was repeated twice using the plant materials and solvent in the ratio 
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of 1:2 w/v. The liquid methanol extract obtained were pooled 
together and concentrated to dryness over water baths at 50-60 ˚C. 
The brown, semi-solid, oily crude methanol extract obtained was 
dissolved in distilled water (1:10 w/v) to form an aqueous methanol 
extract (AME) and serially partitioned with hexane and ethylacetate 
as solvents. The different portions were concentrated to dryness as 
described earlier. The portions were subsequently referred to as 
crude methanol extract (CME), ethylacetate extract (EE), hexane 
extract (HE) and aqueous methanol extract (AME) and were tested 
for anthelmintic activities. 

Phytochemical test 

The extracts were subjected to phytochemical tests using standard 
techniques described by Trease and Evans [17] to detect 
phytochemicals in the extracts.  

Recovery of H. bakeri eggs 

Three grams of freshly passed out faeces from artificially infected mice 
(Mus musculus) was collected using a tea spoon into a centrifuge tube 
and homogenized using a pestle in 12 ml of saturated sodium chloride 
solution. The solution was filtered through a tea sieve and the filtrate 
centrifuged at 5 g for 5 minutes. The supernatant was decanted into a 
beaker and 100 ml of distilled water was added to it. The mixture was 
further centrifuged at 5 g for 5 minutes. Using a 10 ml syringe, the 
supernatant was aspirated and discarded and the sediment re-
centrifuged for 5 minutes at 5 g after adding 90 ml of water. The 
sediment obtained after aspirating the supernatant with a syringe was 
examined under the light microscope at ×10 objective for the presence of 
H. bakeri eggs. The recovered eggs were used for the in vitro egg hatch 
test or cultured at 20 °C for 48 hours to obtain the first stage larvae of H. 
bakeri that was used for larvicidal test.  

Evaluation of ovicidal and larvicidal activity of the extracts  

The in vitro anthelmintic studies involved the evaluation of ovicidal 
(egg hatch inhibition test) and larvicidal activities of the extracts on 
the eggs and first stage larvae of H. bakeri. Different concentrations 
(0.625, 1.25, 2.5, 5, 10, and 20 mg/ml) of the extracts were prepared 
by dissolving the extracts in distilled water. Tween 80 was used to 
aid the dissolution of EE and HE in distilled water. Two hundred 
microlitres of each concentration was incubated with the larvae and 
eggs of H. bakeri contained in 0.2 ml solution in a 96-well microtitre 
plates and incubated at room temperature for 24 and 48 hours, 
respectively. At the end of 48 hours, a drop of iodine was added to 
each well containing the eggs to stop further hatching. Albendazole 
(0.2 ml in each well) of different concentrations (2, 1, 0.5, 0.25, 
0.125, 0.0625 mg/ml) and distilled water (0.2 ml in each well) were 
used as treated and untreated controls, respectively. The plates 
were covered with foil papers to prevent evaporation.  

For the ovicidal test, the content of each well of the microtitre plate 
was pipetted and placed on a glass slide and examined 
microscopically at ×10 magnification. All the unhatched eggs as well 
as the L1 in each well were counted and recorded. 

The percentage inhibition of egg hatching was calculated using the 
formula described by Wabo et al. [18]: 

Hatching rate (%)= Number of L1 larvae × 100 

Number of eggs cultured 

For the larvicidal test, the content of each well was stirred and pipetted 
onto a clean glass slide and then examined at ×4 magnification. The 
number of live and dead larvae were counted and recorded. A larva was 
considered alive if it moved any part of its body or migrated from one 
point to another; but if the larva showed no observable motion after 10-
20 seconds interval, it was considered dead. 

The percent mortality (Mc %) was determined using Abott’s formula 
for corrected mortality [19]. 

Mc (%) = Mce–Mt × 100

Where Mce is the mortality obtained during the test and Mt the 
mortality registered in the untreated control.  

 
                    100 - Mt 

Data analysis 

Results obtained were expressed as mean±SEM. Analysis of variance 
(ANOVA) using GraphPad Prism Version 5.0 was used to compare 
the anthelmintic effects of the different extracts of C. aurantifolia 
fruit peels to albendazole and the non-treated (distilled water) 
group. The mean in different group was compared using Tukey Post 
hoc test. Value of P<0.05 was considered significant. The 50 % 
inhibitory concentration (IC50) and the 50 % larvicidal 
concentration (LC50) were also determined from a log 
concentration-response curve.  

RESULTS 

Extract yield 

The yield and colour of the crude extract and different portions 
obtained from the pulverized C. aurantifolia are presented on table 1. 
 

Table 1: Yield and colour of extracts of C. aurantifolia fruit peels 
extract after solvent partitioning 

  Yield 
(grams) 

Percentage 
yield 

Colour 

Crude methanol 110 13* Brown 
Ethylacetate 4.7 6.7 Brown 
Butanol 17.5 25 Brown 
Aqueous 
methanol 

30.7 43.9 Light 
brown 

*Percentage yield of crude methanol extract from the pulverized C. 
aurantifolia fruit peels 
 

Phytochemical screening 

The CME contains carbohydrates, glycosides, triterpenes, tannins, 
steroids, saponins, sugars, phenols, alkaloids and flavonoids. All the 
metabolites were present in HE except saponins, phenols and 
flavonoids. Similarly, sugar and flavonoids were absent in EE. AME 
also contains all the mentioned metabolites except phenols and 
alkaloids. 

Egg hatch inhibition 

The extracts of C. aurantifolia fruit peels significantly (*p<0.05) 
inhibited the hatching of eggs of H. bakeri in a concentration-
dependent manner (fig. 1). The IC50 for the CME, EE, AME and HE 
were 2.74, 3.39, 4.12 and 4.17 mg/ml, respectively. 
 

 

Fig. 1: Inhibitory effects of different concentrations (0.625–20 
mg/ml) of crude methanol extract (CME), aqueous methanol 

extract (AME), ethylacetate extract (EE), hexane extract (HE) of 
C. aurantifolia peels on the egg hatching of H. bakeri after 48 

hours of incubation 
 

Larvicidal activity of C. aurantifolia fruit peel extracts 

All the extracts of C. aurantifolia fruit peels had significant 
(**p<0.01) larvicidal activity against L1 of H. bakeri. The effect is 
concentration-dependent (fig. 2). At the concentrations of 5-20 
mg/ml, the larvicidal effects produced by all the extracts were not 
statistically different from one another. The LC50 were 0.024, 0.32, 
0.99 and 2.15 for AME, CME, EE and HE, respectively. 
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The ovicidal and larvicidal activities of albendazole are shown on fig. 
3. The anthelmintic effect was significant (***P<0.001) with IC50 and 
LC50 of 0.96 and 0.00084 mg/ml, respectively. 

 

Fig. 2: Effects of different concentrations (0.625–20 mg/ml) of 
the crude methanol extract (CME), aqueous methanol extract 

(AME), ethylacetate extract (EE), hexane extract (HE) of C. 
aurantifolia peels on the first stage (L1) Larvae of H. bakeri after 

24 hours of incubation at 25˚C 

 

 

Fig. 3: Ovicidal and larvicidal effects of different concentrations 
of albendazole on the eggs and first stage larvae of H. bakeri 

 

DISCUSSION 

In vitro anthelmintic strudies of plants provide preliminary 
investigations into the anthelmintic properties of the plant. The 
main advantages of using in vitro assays to test for the anti-parasitic 
properties of plant extracts are that the study is done at a low cost 
and there are rapid turnover which allows large scale screening of 
plants. Most anthelmintic activities of plants reported so far were 
based on in vitro studies [20]. The results of this study revealed that 
CME, AME, EE and HE significantly inhibited the hatching of H. 
bakeri eggs and killed the larvae of the helminth. Even though there 
were differences in activity between the extracts of the plant, they 
are not statiscally significant (*p>0.05), especially at the 
concentrations of 5–20 mg/ml. The effect of CME and AME on egg 
hatching of H. bakeri eggs was not significantly (p>0.05) different 
from the effect produced by albendazole (standard drug). Studies by 
other workers using different plants had shown that plant extracts 
usually produce concentration–dependent effects when tested on 
helminth eggs [21, 22, 12]. Some members of the Citrus (Rutaceae) 
family have been shown to possess anthelmintic properties [23, 24]. 
The egg hatch inhibitory activities of these extracts were more 
effective with the crude methanol extract. The higher effect produced 
by crude methanol extract may be due to the synergistic effects of the 
different chemical constituents of the extract that interacted in 
complex ways to produce an effect higher than the individual 
components [25]. The ovicidal effect produced by these extracts might 
be caused by the penetration of the active phytochemicals into the 
helminth’s egg shell which stopped the segmentation of the 
blastomere, thus, inhibiting the hatching of the eggs [22]. 

This study also showed an increase in the mean larval mortality 
rates with increase in concentration of all the extracts tested. In 
general, the extract with higher concentrations showed more 
activity when compared to extract with lower concentration. An 
increase in concentration represents a supplementary input of 
different active compound [26]. The extracts showed a highly 
significant (***p<0.001) larvae mortality rates at the concentration 

range of 2.5-20 mg/ml. The larvicidal effect of CME and AME on H. 
bakeri larvae was not significantly (p>0.05) different from effect 
produced by albendazole. Significant difference (**p<0.05) however 
existed when the larvicidal effect of EE and HE were compared to 
albendazole. The larvicidal effect produced by these extracts was 
due to the penetration of the active chemical constituents of the 
extract across the cuticle of the larvae into their circulatory system 
when the larvae were brought in contact with the extracts [27]. 

In this study, the anthelmintic effect of C. aurantifolia fruit peels 
could be attributed to one or more of the phytochemicals present in 
the plants [28]. The quantitative phytochemical screening of C. 
aurantifolia fruit peel extracts showed that the plant contained 
carbohydrate, glycosides, steroids, flavonoids, phenol, alkaloids and 
condensed tannins. However, alkaloids were absent in the hexane 
and aqueous methanol extracts. Saponins and triterpenes were 
present in all the portions except in the hexane extract portion. The 
finding of this study agrees with what was reported earlier by other 
workers [8, 12, 13, 24, 27]. 

Previous anthelmintic trials of medicinal plants have shown that the 
presence of secondary metabolites like alkaloids, saponin, 
polyphenols, carotenoids, tannins, coumarine, cardenolides, 
triterpenes, saponoside, embeline, sesquiterpenlactones may be 
responsible for the plants anthelmintic effect [30, 31]. The tannins 
contained in plants have been reported to possess anthelmintic 
activities [32]. The anthelmintic effects of tannins may be attributed 
to its ability to bind free protein available for larval nutrition and 
thus reduced nutrient availability which could result in larval 
starvation or decrease in gastrointestinal metabolism directly 
through inhibition of oxidative phosphorylation causing larval 
death. Tannins can also bind to free proteins in the gastrointestinal 
tract of host animal [31] or glycoprotein on the cuticle of the 
parasite and cause death [31]. The anthelmintic effect of tannins is 
similar to some synthetic phenolic anthelmintics like niclosamide, 
oxyclozanide, bithionol, nitroxynil, etc; which are shown to interfere 
with energy generation in helminth parasites by uncoupling 
oxidative phosphorylation [33]. More so, tannins or their 
metabolites have been shown to have a direct effect on the viability 
of the preparasitic stages of helminths [34]. The fact that tannins 
were present in all the extracts of the plant, perhaps, that is why all 
the extracts showed anthelmintic activities. Saponin contained in 
plants has been shown to be responsible for the anthelmintic 
activities of some medicinal plants. Saponins act by destabilizing the 
membranes and increasing the cell permeability in helminth 
parasites [35]. Limonene was believed to be the active principle in 
citrus fruit peels that caused its anthelmintic activity in ruminants 
[36]. The mode of action of limonene is unknown; however 
investigations suggested that it has inhibitory effects on nematode 
growth and also interfere with parasite enzymes [36].  

In this study, there was variation in the level of larvicidal and 
ovicidal effects shown by the extracts. The extract showed more 
larvicidal effect. This difference could be attributed to the egg shell 
resistance. The egg shell comprises three layers; an external 
lipoprotein layer, a middle chitinous protein layer and an inner lipid 
layer. The middle and inner layers are resistant to salts and 
chemicals and also protects the eggs from desiccation, strong acid 
and bases, oxidants, reductive agents, detergents and proteolytic 
compounds [37]. This egg shell resistance limited the penetration of 
the extracts into the egg and thus, lowered the effects the extracts 
had on the egg when compared to that of the larvae. 

Albendazole showed a higher anthelmintic activity than C. 
aurantifolia fruit peels extracts in this study even though the 
concentrations of albendazole were ten times lower. This superior 
anthelmintic activity of albendazole could perhaps be attributed to 
its purity when compared with the extracts which may have other 
compounds contained in it. Albendazole is a broad-spectrum 
anthelmintics; and it has been shown to possess both ovicidal and 
larvicidal activities [38]. 

CONCLUSION 

From the above results, we concluded that the extracts of C. 
aurantifolia fruit peels proved to have ovicidal and larvicidal 
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properties. They were able to inhibit the egg hatching as well as 
larval survival of H. bakeri. Further studies incorporating in vivo 
studies are required to find out and establish the effectiveness and 
pharmacological rationale for the use of C. aurantifolia fruit peel 
extracts as anthelminthic drugs. 
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