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Introduction: Tick infestation is a major challenge facing livestock production in the Sub-Saharan zone. Most 

species of ticks have developed resistance to most of the available synthetic acaricides. Hence, the need to search 
for and develop ethno-acaricidal products. This study investigated the in-vitro acaricidal activity of aqueous and 

methanol extracts of red cultivar Allium cepa L. on engorged female Rhipicephalus (Bophillus) annulatus ticks. 

Methods: The extracts were prepared using standard method and the final brownish black extracts were kept in 
the refrigerator at 4oC. In-vitro acaricidal bioassay was done using the adult immersion test. Engorged ticks were 

randomly assigned into six groups (I-VI) (50mg/ml, 100mg/ml, 200mg/ml, and 400mg/ml (of the extracts),          

Distilled water (10 ml/kg) and Cypermethrin (10% EC) having three (3) replicates per group and containing 10 
ticks per replicate administered. 

Results: Tick mortality of 66.66 % was effected by immersion in 400 mg/ml aqueous extract of red cultivar A. 

cepa as against 60 % obtained with cypermethrin within the same period. Aqueous extract caused 80 % inhibition 
of oviposition 72 hours post immersion (PI) as against 40 % caused by application of cypermethrin. 

Significance: The tickicidal and anti-oviposition activities of crude aqueous and methanol extract of red cultivar 

A. cepa L. observed in this present study revealed that the extracts possess some acaricidal properties/principles. 
Therefore, the plant could be an alternative source of tick control method with similar benefits compare to  

chemical acaricides such as cypermethrin, but without exposing our environment, animal and human to hazard. 
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Introduction 

Investigations into the biological potentials of medicinal plants 

have become a major focus in the bid to tackle many lingering 

and emerging medical challenges facing both humans and         

animals (Patil, 2013). Compounds derived from medicinal 

plants are being used widely for their potential                      

chemotherapeutic and nutritional values (Zeng et al.,2012).  

Onion (Allium cepa L.) is one of the medicinal plants that have 

been receiving attention over several decades. The genus         

Allium is one of the most popular members of the family          

Liliaceae (Arnault and Auger, 2006). Allium cepa is the most 

widely cultivated species of the genus (Eric, 2010). It is known 

to possess bioactive compounds with many ethnomedicinal 

properties such as analgesic, anti-inflammatory, antidiabetic, 

antihypertensive, and antimicrobial (Taj-Eldin et al., 2010; 

Benmalek et al., 2013; Oyewusi et al., 2017). One of the major 

challenges to the progress of raising domestic and farm animals 

globally is parasitism of which tick infestation plays a key role 

(Adenubi et al., 2016). Ticks have the capacity of transmitting  

 

as much pathogens or even more than any other group of        

blood-feeding parasites that affect humans and animals (Pavela 

et al., 2016). The major economic impact of ticks to several        

animal species is due to their ability to transmit pathogens (Greve 

and Davies, 2012). Theileriosis and anaplasmosis caused by 

Theileria ovis and Anaplasma ovis respectively are examples of 

haemoprotozoan tick-borne diseases of sheep and goats (Aouadi 

et al., 2017). Ticks also have direct effect on livestock production 

ranging from damage to the skin through biting, blood loss         

associated with high parasitic load and severe immunological   

reaction (Bekalu and Angesom, 2016). Several synthetic acari-

cides have been in use for the control of ticks globally, but most 

species of ticks have developed resistance against most of the 

acaricides in use (Pavela et al., 2016). The reduced efficacy of 

many of these acaricides due to development of resistance, has 

led to administration of higher doses and frequency of use than 

recommended. All of these constitute potential risk of chemical 

toxicosis and tissue residue in animal products. The frequent use 

of these chemicals also contributes to environmental pollution 

which by extension has negative effect on the wellbeing of both 

humans          
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humans and animals (McTier et al., 2016). The search for and 

development of ethno-acaricidal products therefore becomes    

essential, for effective control of ticks, and a safe living and 

working environment (Nafiu and Mustapha, 2014; Djebir et al., 

2019). In so doing, the challenges of drug resistance, tissue       

residues, and economic losses due to the attending consequences 

of tick infestation and public health compromise may be              

resolved. Allium cepa has been known to be used traditionally 

for treatment of many disease conditions in   human and animals 

in several parts of the world (Djebir et al., 2010). Though           

scientists/researchers have proved that Allium cepa possesses 

several ethno-pharmacological properties/activities (Shon et al., 

2004; Ogbole et al., 2010; Borborah et al., 2014), there is            

inadequate information on the acaricidal effect of red cultivar A. 

cepa. This study was designed to evaluate the acaricidal effect of 

the aqueous and methanol extracts of red cultivar A. cepa on 

ticks. 

Materials and methods 

Collection of plant and preparation of extract 

Bulbs of red cultivar A. cepa were bought from a popular onion 

market located at Eleweran community, Abeokuta, Ogun State, 

Nigeria. The dry leaves coverings of the bulbs were peeled off. 

The cleaned bulbs were weighed with the aid of an electronic 

bench weighing scale (Camry Emperors Scale) and cut into small 

pieces. About 2 kg was soaked in 3 L of water for 48 hours and 

2 kg was soaked in 3 L methanol for 72 hours. Thereafter, the 

soaked A. cepa were filtered and the filtrate concentrated using a 

rotary evaporator (BUCHI R0210, Switzerland) at 40oC. The     

resultant red cultivar aqueous A. cepa extract (AQACE) and 

methanol A. cepa extract (MEACE) were kept in the refrigerator 

at 4oC until they were needed for the study. 

Collection and housing of ticks 

Engorged female Rhipicephalus (Boophilus) annulatus were 

handpicked carefully from herds of cattle around Abeokuta      

metropolis. The herds of cattle had no history of treatment with 

acaricide in the last two months. The ticks were housed in plastic 

bowls that were labelled and perforated to allow air and moisture 

exchange. With the aid of rubber rings, the bowls were sealed to 

prevent the tick escape. Using both taxonomic descriptions and 

morphological keys, the ticks were identified to the species level 

at the Parasitology laboratory of the Department of Veterinary 

Parasitology and Entomology, College of Veterinary Medicine, 

Federal University of Agriculture, Abeokuta. They were kept in 

a tick rearing chamber at a temperature of 27oC (±1oC), 85%    

relative humidity and 14:10 hour light/dark cycle (Thorsell et al., 

2007). Prior to the beginning of any bioassay, ticks were allowed 

15 to 30 minutes acclimatization period.  

Experimental procedure 

Adult Immersion Test (AIT) 

Engorged female ticks were exposed to different concentrations 

of the extracts with the use of AIT as described by Benavide and 

Romero (Benavide and Romero, 1999). Preferably, the ticks 

used were chosen from the same batch throughout the bioassay. 

This was for the purpose of reducing the degree of variability 

that could lead to different responses that may not be attributable 

to the test samples. The ticks were washed in a sieve with tap 

water and dried on soft absorbent paper to prevent drowning. For 

each extract, one hundred and eighty (180) ticks were divided 

into six groups (I - VI) of 30 ticks each. Each group has three (3) 

replicates of 10 ticks each. The ticks were immersed for two 

minutes in six small transparent containers containing 50 mg/ml 

(5%), 100 mg/ml (10%), 200 mg/ml (20%) and 400 mg/ml (40%) 

concentrations of the extracts (for groups I - IV respectively). 

The control groups (Group V and VI) were immersed for two 

minutes in distilled water and 10 mg/mL cypermetrin for          

negative and positive controls respectively. The immersed ticks 

were dried with adsorbent paper after which they were           

transferred to padded transparent containers through which they 

were observed. The acaricidal effects were observed between 

zero (0) to 72-hour post immersion (PI). The ticks were observed 

for those that are (i) alive but weak, (ii) alive and active, (iii) 

alive and laid eggs, and (iv) dead. All of these were determined 

using photo response and tarsal reflex scoring (Table 1). The   

percentage occurrence of these observations was calculated in 

average of the three replicates. 

Data analysis 

The data generated for this study were presented as the mean and 

standard error of mean (±SEM). The mean mortality from the 

three replicates of each treatment group was presented in          

percentage. The difference between the means in the treatment 

groups and the control groups were compared by two-way      

analysis of variance (ANOVA) at 95% confidence interval using 

the Prism 7 GraphPad® statistic software. The lethal dose (LD50) 

and inhibition concentration (IC50) of the extracts were                

determined using non-linear regression curve by plotting       

transformed data using the Prism 7 GraphPad® statistic           

software. P value <0.05 was considered statistically significant. 

RESULTS 

The results of the in vitro acaricidal effects of different               

concentrations of aqueous (AQACE) and methanol (MEACE) 

extracts of red cultivar A. cepa on engorged female R. (B.)         

annulatus ticks are presented in Figures 1-6.  

There was no significant difference between the acaricidal         

effects of cypermethrin and that of the different concentrations 

of both AQACE and MEACE within the first six hours PI.     

However, at 12th hour PI, average of 20 % of the ticks treated 

with 400 mg/ml AQACE died while there was no tick dead in 

the group treated with cypermethrin at this time. Twenty-four 

(24) hours PI, average of 20 % of the ticks treated with                 

cypermethrin died but there was no significant (p>0.05)             

difference between the tick mortality effect of cypermethrin and 

that of any of the concentrations of either AQACE or MEACE. 

Forty-eight (48) hours PI, 50 % of the ticks treated with                 

50 mg/ml AQACE and 100 mg/ml MEACE died and this was 
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significantly higher (p<0.05) than that of the cypermethrin 

within the same period. There was no significant difference 

(p>0.05) between the tick mortality effect of cypermethrin and 

that of any of the concentrations of both AQACE and MEACE 

seventy-two (72) hours PI except that of 50 mg/ml MEACE that 

was significantly lower than that of cypermethrin There was no 

tick mortality in the group treated with distilled water all through 

the experiment. (Figures 1 and 2).  

The highest percentage tick mortality (66.66 %) was observed 

for 400 mg/ml AQACE at 72 hours PI, as against 60% recorded 

by cypermethrin within the same period. Both AQACE and    

MEACE started exhibiting tick mortality effects 12 hours PI 

while that of cypermethrin started at 24 hours PI. The LD50 of 

AQACE and MEACE at 72 hours PI were determined to be 

14.60 mg/kg and 31.57 mg/kg respectively (Figure 3).  

Figures 4 and 5 show the results of the test samples on the          

oviposition of treated engorged female ticks. There was no egg 

laid by any tick in any of the groups until 24 hours PI when         

average of 13.33 % and 10 % of the ticks treated with 50 mg/ml 

AQACE and 400 mg/ml MEACE, respectively laid eggs. Forty-

eight hours PI, average of 40 % of ticks in the negative control 

group laid eggs. This was significantly (p<0.05) higher than the 

percentage average of ticks that laid eggs in the positive control 

group (cypermethrin) (average of 20 %) and all the groups 

treated with various concentrations of AQACE and MEACE. 

There was no significant difference (p>0.05) in the average      

percentage of ticks that laid eggs in the group treated with          

cypermethrin and that of the various concentrations of AQACE 

and MEACE except for the 100 mg/ml and 400 mg/ml AQACE 

that were significantly (p<0.05) lower. At 72 hours PI, average 

of 80 % of ticks in the negative control group had laid eggs and 

this was significantly (p<0.01) higher than that of the groups 

treated with cypermethrin and all concentrations of AQACE and  

MEACE. The average percentage of the ticks that laid eggs in 

the other groups were significantly (p<0.05) lower than that of 

the positive control group except for groups treated with 200 

mg/ml AQACE, 50 mg/ml MEACE and 200 mg/ml MEACE that 

were not significantly (p>0.05) different. The groups treated 

with 100 mg/ml AQACE had the lowest average percentage (20 

%) of ticks that laid eggs. This is significantly (p<0.01) lower 

than the average percentage of ticks that laid eggs in the positive 

and negative control groups. The IC50 of AQACE and MEACE 

at 72 hours PI were determined to be 18.89 mg/ml and 47.89 

mg/ml respectively (Figure 6).  

 

 

 

Table 1: Tarsal reflex scoring  

RESPONSES SCORING 

No response 0 (Dead) 

Moving 1-2 limbs slowly 1 

Moving 1-2 limbs at fast rate 2 

Moving more than 2limbs but slowly 3 

Moving more than 2, but < 8 4 

Moving all the limbs 5 
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Figure 1: Average tick mortality effect of aqueous extract of red cultivar Allium cepa L. (onions) on engorged female R. (B.) annulatus 

ticks. 
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Figure 2: Average tick mortality effect of methanol extract of red cultivar Allium cepa L. (onions) on engorged female R. (B.) annulatus 

ticks. 
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Figure 3: The lethal dose (LD50) of aqueous (AQACE) and methanol (MEACE) extracts of red cultivar Allium cepa L. (onions) on 

engorged female R. (B.) annulatus ticks. 
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Figure 4: Effect of aqueous extract of red cultivar A. cepa L. (onions) on oviposition of engorged female R. (B.) annulatus ticks. 
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Figure 5: Effect of methanol extract of red cultivar Allium cepa L. (onions) on oviposition of engorged female R. (B.) annulatus ticks. 

0 1 2 3

0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

1 0 0

L o g  [D o s e s ]

P
e

r
c

e
n

ta
g

e
 (

%
) 

o
f 

T
ic

k
s

 t
h

a
t 

la
id

 e
g

g
s

A Q A C E

M E A C E

L o g IC 5 0 (A Q A C E ) =  1 .2 7 6  m g /m l

IC 5 0 (A Q A C E ) =  1 8 .8 9  m g /m l

R
2

 (A Q A C E ) =  0 .5 3 5 8

L o g IC 5 0  (M E A C E ) = 1 .6 7 5  m g /m l

IC 5 0  (M E A C E ) =  4 7 .3 1  m g /m l

R
2

 (M E A C E ) = 0 .5 6 4 6

 

Figure 6: The inhibition concentration (IC50) of aqueous (AQACE) and methanol (MEACE) extracts of red cultivar Allium cepa L. 

(onions) on oviposition of engorged female R. (B.) annulatus ticks.  
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Discussion 

In vitro acaricidal activity of aqueous and methanol extracts of 

red cultivar A. cepa on engorged female R. (B.) annulatus ticks 

from naturally infested cattle was studied. The results revealed 

that the aqueous extract of red cultivar A. cepa exhibited better 

acaricidal effect than the methanol extract and the reference       

acaricide (cypermethrin). It was also observed in this study that 

the LD50 of the aqueous extract (14.60 mg/kg) is significantly 

lower than that of the methanol extract (31.57 mg/kg). This        

indicates that the aqueous extract is more effective and potent 

than the methanol extract. It may be that higher concentration of 

the active principle(s) responsible for tick mortality was attracted 

or dissolved by water than methanol. Though, both solvents are 

high polar solvents, water is of higher polarity (9.0) than        

methanol (6.6) (Snyder, 1974). This also showed that the             

bioactive compound(s) are likely to be highly polar compounds 

(Norlia et al., 2014). The acaricidal activities of both extracts 

were observed taken effect 24 hours PI indicating a faster onset 

of action than the reference acaricide whose effect manifested 

from 48 hours PI. 

 A. cepa belong to the Alliaceae family, numerous members of 

which are known to be ethnomedicinal plants (Kubec et al., 

2013) and whose medicinal activities are linked to their inherent 

bioactive compounds, mostly sulfur compounds.  The analysis of 

chemical constituents of A. cepa revealed presence of sulfur 

compounds such as ajoene, allicin and zwiedelane (Krstin et al., 

2018). Onion and Garlic have been found to possess antiparasitic 

activities (Adenubi et al., 2018) against Trypanosome brucei and 

Leishmania taretolae and these actions were linked the               

sulfur-containing metabolites of these plants (Krstin et al., 

2018). This is an indication that the surfur-containing compound 

may have reacted with certain substances in the parasite to effect 

its antiparasitic actions [Weiner et al., 2008; (Kubec et al., 2013). 

A. cepa essential oil has been known to possess antiparasitic       

bioactivity for a lot of protozoa and worms which include; 

Trichomonas vaginalis, Trichinella spiralis and Leishmania 

(Krstin et al., 2018). Other medicinal plants such as Lippia     

graveolens Kunth (Mexican oregano leaves), Rosemarinus        

officinalis L., and Allium sativum L. produced high mortality of 

90-100% of Rhipicephalus (B) microplus larvae according to 

Martinez-Velazquez et al., (2011). Chagas et al., (2014) reported 

that the chemically modified essential oils of Cymbogopon spp 

and Corymbia citriodora was highly toxic against Rhipicephalus 

(B) microplus and more effective than the original essential oil 

of these plants. The essential oil of Lippia gracilis Schauer was 

also reported to be cause mortality of larvae and engorged adult 

Rhipicephalus (B) microplus (Cruz et al., 2013)] and it was 

found to be effective against organophosphate resistant and      

susceptible Rhipicephalus (B) microplus (Costa-Júnior et al., 

2016). 

Due to inadequate information on the acaricidal activity of red 

cultivar A. cepa crude extracts, we cannot directly compare our 

results with previous publications. However, our results agreed 

with results of similar studies by Sabrine et al. (2012) and    

Aboelhadid et al. (2013), who reported between 56 % and 80 % 

tick death respectively, 72 hours PI in various concentrations of 

A. cepa essential oil. Also, acetone extract of Allium porrum was 

found to possess high repellent effect on Hyalomma marginatum 

rufipes (Nchu, 2004). In this study, cypermethrin was able to kill 

60 % of the ticks 72 hours PI in a 10 mg/ml solution. This effect 

is lower than that of Muhammad et al. (2009) and Ravindran et 

al. (2014) who reported 100 % and 66.66 % mortality following 

adult tick immersion in solution of commercially prepared        

cypermethrin. This is an indication that the acaricidal effects of 

this known chemical is getting degraded over time probably due 

to tick resistance as reported by Costa-Júnior et al. (2016) and 

Akande et al. (2020).  

The results of oviposition inhibition in this study indicate the 

ability of extracts of red cultivar A. cepa to inhibit engorged adult 

female ticks from laying eggs thus reducing proliferation of ticks 

by breaking its life cycle. A similar study by Aboelhadid et al. 

(2013), showed that A. cepa oil dissolved in water was able to 

inhibit eggs laid by Rhipicephalus (B) annulatus from hatching. 

Due to paucity of information on the anti-oviposition effects of 

red cultivar A. cepa L., we cannot directly compare the results of 

this study with previous publications. Allicin, which is present in 

A. cepa and A. sativum (garlic) has been reported to have             

insecticidal properties (Adenubi et al., 2018). The acaricidal      

activities of crude AQACE and MEACE extract of red cultivar 

A. cepa L. may have been due to the presence of Allicin or any 

of the organosulfur compounds (Singh and Singh, 2010) which 

has the ability to bind to and inhibit or inactivate sulphur          

containing compounds which may be very important to the 

growth and survival of the parasites (Krstin et al., 2018). 

Conclusion  

The acaricidal and anti-oviposition activities of crude AQACE 

and MEACE extract of red cultivar A. cepa L. in this present 

study revealed that it could be an alternative source of tick         

control method with similar benefits to chemical acaricides such 

as cypermethrin and organophosphate compounds. The                

attending challenges that resulted from the excessive application 

the chemical based acaricides shall be resolved with mass          

extraction of the bioactive compounds. With further                  

fractionation, chemical modifications or purification and studies, 

the acaricidal activities of the red cultivar A. cepa can be            

improved upon to develop an acaricide of natural origin. 
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