
Vol.:(0123456789)

Acta Parasitologica 
https://doi.org/10.1007/s11686-024-00801-6

ORIGINAL PAPER

Acaricidal Efficacy of Thirty‑Five Egyptian Plants Against the Camel 
Tick, Hyalomma Dromedarii

Hanem F. Khater1 · Eman K. A. Bazh2 · Samah Abdel Gawad1 · Abdelfattah Selim3 · Hanan A. A. Taie4 · 
Ibrahim T. Radwan5 · Shawky A. Moustafa6 · Ameer A. Megahed7,8 · Mohamed M. Baz9 · Sahar A. Kandeel3 

Received: 14 November 2022 / Accepted: 3 January 2024 
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2024

Abstract
Purpose Alternative and affordable tick control strategies are crucial to control and prevent tick bites and tick-borne diseases.
Methods In this study, we evaluated the acaricidal efficacy of 35 aqueous plant extracts (17%) against the camel tick, Hya-
lomma dromedarii.
Results The phytochemical profile indicated the presence of various secondary substances. Plants were classified into three 
groups according to their mortality percentage 15 days post-treatment with 17%. This highly effective group (91%–95%) 
comprised Ocimum basilicum, Mespilus germanica, and Viola alpine followed by Carum carvi, Cucurbita pepo (peel), 
and Peganum harmala. A moderately effective group (80%–90%) included Acacia nilotica, Apium graveolens, Capsicum 
annuum, Ceratonia siliqua, Cucurbita pepo (seeds), Equisetum arvense, Eruca sativa, Ginkgo biloba, Plantago psyllium, 
Phyllanthus emblica, Punica granatum, and Ziziphus spinachristi. The 20 remaining plants were assigned to the less effective 
group (< 80%). Viscum album (58.3%), which was the least effective reference plant. The high potency of six plant extracts 
as acaricides may be attributed to the high content of active principles, e.g., phenols, flavonoids, and tannins.
Conclusion All of these highly effective plants are recommended for use as an acaricide, in case of facing acaricidal resist-
ance or limited options for tick control.
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Introduction

Ticks are known vectors for severe infectious diseases 
[1–8] Hyalomma dromedarii (Ixodida: Ixodidae)  is a blood-
feeding ectoparasite that affects the health of camels [9] and 
cattle [10]. The application of synthesized pesticides con-
taminates the environment, milk, and meat products and 
leads to pesticide resistance [11–15].

Natural and medicinal plant extracts are widely used 
for their health benefits [16]. Eco-friendly acaricides [11, 
17–19] are urgently required. Plant-based pesticides, also 
known as botanicals, possess parasiticidal [16, 20–24] and 
insecticidal effects [25, 26], such as ovicidal [27], adulticidal 
[27–29], larvicidal [28, 30–34], insect regulating effects 
[35], as well as deterrent and repellent features [29, 36] with 
different mode of actions and applications [36]. The bioac-
tivity of plants depends on chemical compounds that inhibit 
the feeding of ticks. Toxic effects on pests are produced by 
terpenoids, steroids, phenols, flavonoids, tannins, alkaloids, 
and cyanogenic glycosides [33, 37, 38].

This work screened the novel acaricidal efficacy of 35 
locally available and affordable plants against the camel tick, 
H. dromedarii, and compared their lethal times. Moreover, 
secondary metabolites of the most effective plants were 
determined.

Materials and Methods

Ticks

Adult males of H. dromedarii were collected from areas 
around camels at Toukh (35 km north of Cairo: 30° 21′ 
11.6″N, 31° 11′ 31.5″E), Qalyubia Governorate, Egypt, and 
ticks were identified [39]. The experiment was conducted 
according to the guidelines of the Declaration of Benha Uni-
versity and approved by the Ethical Committee of the Fac-
ulty of Veterinary Medicine, Benha University (BUFVTM 
02-10-22).

Plant Extraction Preparation

34 Plants and an herbal blend were purchased from an herbal 
market in the summer and identified at the Flora and Phy-
totaxonomy Section, Botany Department, Faculty of Sci-
ence, Benha University, Egypt. Plants were dried in an oven 
at 30–35 °C with an air circulation for 2 days. After drying, 
each plant was minced before usage. The aqueous extract, 
17% as a moderate concentration, of each plant (Table 1) was 

prepared [15] with a slight modification. Fifty grams of each 
plant were added to warm distilled water (300 mL) in a glass 
jar and shaken in a dark condition for 24 h. The extracts were 
filtered using a Whatman filter paper (No. 1) and freshly used 
in evaluation in the adult immersion tests.

Adult Immersion Tests

Adult immersion tests, AIT (dipping), were used to evalu-
ate the toxicity of each plant extract against H. dromedarii 
[15] with slight modification using a single concentration for 
each plant. For each test, ten adult males (per replicate) were 
immersed for 60 s in 100 mL of 17% of each plant extract 
diluted in distilled water. The control group was treated with 
distilled water only. Three replicates were used for each extract 
(30 ticks were tested for each plant). After immersing, the 
treated ticks were placed in a Petri dish with filter paper (What-
man N. 1). The tests were conducted at 27 °C ± 2 °C, 80% ± 5% 
relative humidity, and a photoperiod of 16:8 (light/dark). The 
mortality (MO) of ticks was monitored up to 15 days post-
treatment (PT). The experiments were replicated three times 
to validate the results.

Chemical Analyses

Chemical analyses of the six most effective plants were 
performed.

Determination of Total Phenolic Content

The total phenolic content of the aqueous extracts of inves-
tigated plants was determined according to a previous study 
[40]. The absorbance was recorded at 725 nm against a reagent 
blank, and total phenolics were calculated from a calibration 
curve as gallic acid equivalents.

Determination of Total Flavonoid Content

Total flavonoids were estimated [41], and the absorbance was 
measured at 420 nm. Total flavonoid contents were calculated 
as the quercetin equivalent of a calibration curve.

Determination of Total Anthocyanin Content

Anthocyanins from the investigated plants were extracted 
overnight with ethanol and 1% HCl (85:15) at 4 °C. The opti-
cal density of the extracts was measured at 535 nm. The total 
anthocyanin concentrations were calculated [42] using the 
extinction coefficient as follows:
(

E
1%

1 cm
= 98.2 at 535 nm

)
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Determination of Total Tannin Content

Tannin contents of aqueous extracts were determined 
using modified vanillin hydrochloric acid (MV-HCl) [43]. 
A total of 5 ml of vanillin–HCl reagent (50:50 mixtures of 
4% vanillin and 8% HCl in methanol) was quickly added 
to 1 ml extract. Then, the color was measured at 500 nm 
using a spectrophotometer, and a standard curve was 
obtained, and concentrations of tannins were calculated.

Data Analysis

Data were analyzed through SPSS V23 (IBM, USA), 
and tick mortalities [43] were compared via one-way 
analysis of variance  (one-way ANOVA, Duncan's 
MRT, P>0.05). Lethal time values were calculated 
through a Probit analysis and a p value of > 0.05 was 
deemed non-significant. Mortalities were corrected 
according to the following equation [44]: Corrected 
Mortality% = (MT%−MC%)/(100−MC%) * 100.

Table 1  Applied plants for screening tests

Binomial name Plant part English name Family name

1 Acacia nilotica Seeds Acacia Fabaceae
2 Allium cepa Dried cloves Onion Amaryllidaceae
3 Ambrosia maritima Leaves Ambrosia Asteraceae
4 Angelica archangelica Leaves Garden Angelica Apiaceae
5 Apium graveolens Seeds Celery Apiaceae
6 Ballota saxatilis Leaves Samoa Lamiaceae
7 Capsicum annuum Fruit Chili Solanaceae
8 Carum carvi Seeds Caraway Apiaceae
9 Ceratonia siliqua Pods Carob Fabaceae
10 Corchorus olitorius Leaves Jews mallow Malvaceae
11 Cucurbita pepo Seeds Pumpkin Cucurbitaceae
12 Cucurbita pepo Peal Pumpkin Cucurbitaceae
13 Equisetum arvense Leaves Equisetales Equisetaceae
14 Eruca sativa Seeds Rocket Brassicaceae
15 Ferula assafoetida Asafoetida ferula Apiaceae
16 Ginkgo biloba Leaves Ginkgo Ginkgoaceae
17 Glycyrrhiza glabra Leaves Liquorice Fabaceae
18 Hyphaene thebaica Palm Doum Arecaceae
19 Lavandula angustifolia Leaves Lavender Lamiaceae
20 Lupinus luteus Seeds Lupin Fabaceae
21 Mespilus germanica Leaves Hawthorn Rosaceae
22 Moringa oleifera Leaves Moringa Moringaceae
23 Ocimum basilicum Leaves Basil Lamiaceae
24 Peganum harmala Seeds esfand, or harmel Nitrariaceae
25 Phyllanthus emblica Stem Phyllanthus Phyllanthaceae
26 Plantago psyllium Seeds Psyllium Plantaginaceae
27 Portulaca oleracea Seeds Portulaca or purslane Portulacaceae
28 Punica granatum Peal Pomegranate Lythracaea
29 Ruta graveolens Leaves Ruta (Common rue) Rutacae
30 Solenostemma argel Leaves Argel Apocynaceae
31 Terminalia chebula Seeds Terminalia Combretaceae
32 Viola alpine Flowers Violet flower Violaceae
33 Viscum album Leaves Mistletose Santalaceae
34 Ziziphus spina- christi Leaves Christs thorn Jujube Rhamnaceae
35 Herbal blend Mainly Leaves (bazil, violt flowers, Sandalwood, saffron, clove 

puds, rosemary, chamomile, nutmeg seeds, Christs thorn Jujube, 
aleb)

Almashat Several families
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Relative Toxicities was calculated [27] according to the 
following formula:

RT =  LT50  (LC90,  LC95, or  LT99) for Viscum album, 
the reference plant/LT50  (LC90,  LC95, or  LT99) for plant 
extract.

The correlation between mortality percentage and 
phenolic, f lavonoids, tannin, and anthocyanins was 
evaluated using Pearson’s correlation, and a correlation 
matrix was developed.

Results

Acaricidal Efficacy

Based on the obtained results, plants were classified 
according to their mortality%, 15 days PT, into three 
groups. The highly effective group, H group (91–95%), 
included six plants arranged according to their toxicity 
as follows: Ocimum basilicum, Mespilus germanica, and 

Table 2  Mortality percentage of the plant extracts against ticks treated with 17% concentration

Numbers in the same column followed by the same small letter were not significant (one-way ANOVA, Duncan’s MRT, P > 0.05)

Days post-treatments 1st 2nd 3rd 5th 7th 9th 12th 15th
Plants Mortality % ± SE

Acacia nilotica 13.3 ± 0.33e 27.6 ± 0.58de 39.3 ± 0.33cd 55.6 ± 0.58bc 69.2 ± 0.33ab 76.9 ± 0.0a 80.0 ± 0.33a 87.5 ± 0.0a

Allium cepa 16.7 ± 0.33d 24.1 ± 0.33d 46.4 ± 0.58c 48.1 ± 0.33bc 57.7 ± 0.67abc 61.5 ± 0.33abc 68.0 ± 0.33ab 79.2 ± 0.33a

Ambrosia maritima 16.7 ± 0.67c 34.5 ± 0.33b 39.3 ± 0.33b 59.3 ± 0.33a 57.7 ± 0.33a 69.2 ± 0.33a 72.0 ± 0.33a 75.0 ± 0.0a

Angelica archangelica 26.7 ± 0.33c 37.9 ± 0.58bc 50.0 ± 0.33b 74.1 ± 0.33a 73.1 ± 0.33a 80.8 ± 0.33a 80.0 ± 0.33a 79.2 ± 0.33a

Apium graveolens 30.0 ± 0.58c 34.5 ± 0.33c 50.0 ± 0.33bc 63.0 ± 0.67ab 73.1 ± 0.33ab 76.9 ± 0.58a 76.0 ± 0.58a 87.5 ± 0.58a

Ballota saxatilis 20.0 ± 0.58e 20.7 ± 0.33de 25.0 ± 0.58cde 37.0 ± 0.67bcd 38.5 ± 0.33abc 46.2 ± 0.33ab 56.0 ± 0.33ab 58.3 ± 0.33a

Capsicum annuum 30.0 ± 0.58 34.5 ± 0.33 46.4 ± 0.0 55.6 ± 0.58 61.5 ± 0.33 69.2 ± 0.33abc 80.0 ± 0.33ab 87.5 ± 0.58a

Carum carvi 30.0 ± 0.58e 37.9 ± 0.58e 42.9 ± 0.33de 59.3 ± 0.33cd 65.4 ± 0.58bc 73.1 ± 0.33abc 84.0 ± 0.0ab 91.7 ± 0.33
Ceratonia siliqua 16.7 ± 0.33d 34.5 ± 0.67cd 39.3 ± 0.67c 55.6 ± 0.58b 61.5 ± 0.33b 69.2 ± 0.33ab 76.0 ± 0.0a 83.3 ± 0.33a

Corchorus olitorius 10.0 ± 00.0e 20.7 ± 0.33de 32.1 ± 0.88cd 44.4 ± 0.58bc 42.3 ± 0.58bc 50.0 ± 0.33abc 64.0 ± 0.58ab 70.8 ± 0.33a

Cucurbita pepo (seeds) 16.7 ± 0.33c 34.5 ± 0.67b 39.3 ± 0.67b 66.7 ± 0.0a 76.9 ± 0.0a 84.6 ± 0.33a 84.0 ± 0.33a 83.3 ± 0.33a

Cucurbita pepo (Peals) 30.0 ± 0.58e 44.8 ± 0.33de 60.7 ± 0.33cd 70.4 ± 0.33bc 73.1 ± 0.33abc 76.9 ± 0.0abc 84.0 ± 0.33ab 91.7 ± 0.33a

Equisetum arvense 16.7 ± 0.33e 41.4 ± 0.33d 60.7 ± 0.33cd 63.0 ± 0.88bc 76.9 ± 0.58abc 84.6 ± 0.33abc 80.0 ± 0.33ab 87.5 ± 0.0a

Eruca sativa 26.7 ± 0.88d 31.0 ± 0.88cd 42.9 ± 0.33bcd 55.6 ± 0.58abc 69.2 ± 0.33ab 69.2 ± 0.33ab 72.0 ± 0.33a 83.3 ± 0.33a

Ferula assafoetida 30.0 ± 0.58d 34.5 ± 0.67cd 42.9 ± 0.33bcd 48.1 ± 0.33bc 57.7 ± 0.33ab 61.5 ± 0.33ab 72.0 ± 0.33a 79.2 ± 0.33a

Ginkgo biloba 30.0 ± 0.58c 57.1 ± 0.58b 58.6 ± 0.58b 69.2 ± 0.33 ab 70.4 ± 0.33ab 76.9 ± 0.0ab 79.2 ± 0.33a 80.0 ± 0.33a

Glycyrrhiza glabre 13.3 ± 0.33e 20.7 ± 0.33de 35.7 ± 0.58cd 51.9 ± 0.33bc 53.8 ± 0.58abc 57.7 ± 0.33ab 68.0 ± 0.33ab 75.0 ± 0.58a

Hyphaene thebaica 26.7 ± 0.33d 41.4 ± 0.88cd 50.0 ± 0.33bc 59.3 ± 0.33abc 69.2 ± 0.33ab 73.1 ± 0.33a 76.0 ± 0.0a 79.2 ± 0.33a

Lavandula angustifolia 20.0 ± 0.58e 37.9 ± 0.00d 46.4 ± 0.58cd 55.6 ± 0.58bc 65.4 ± 0.0ab 69.2 ± 0.33ab 76.0 ± 0.0a 79.2 ± 0.33a

Lupinus luteus 16.7 ± 0.33e 24.1 ± 0.33de 35.7 ± 0.0cd 44.4 ± 0.0c 46.2 ± 0.33bc 50.0 ± 0.67bc 64.0 ± 0.58ab 79.2 ± 0.33a

Mespilus germanica 36.7 ± 0.33d 37.9 ± 0.58d 57.1 ± 0.58c 59.3 ± 0.33c 73.1 ± 0.33bc 84.6 ± 0.33ab 92.0 ± 0.33ab 95.8 ± 0.33a

Moringa oleifera 13.3 ± 0.33d 24.1 ± 0.33cd 32.1 ± 0.33c 63.0 ± 0.33b 65.4 ± 0.0b 73.1 ± 0.33ab 76.0 ± 0.0ab 83.3 ± 0.33a

Ocimum basilicum 50.0 ± 0.58d 51.7 ± 0.33d 57.1 ± 0.0cd 70.4 ± 0.33c 73.1 ± 0.33bc 73.1 ± 0.33bc 92.0 ± 0.33ab 95.8 ± 0.33a

Peganum harmala 30.0 ± 0.58d 41.4 ± 0.33cd 42.9 ± 0.67cd 59.3 ± 0.33bc 65.4 ± 0.58b 69.2 ± 0.33ab 80.0 ± 0.33ab 91.7 ± 0.33a

Phyllanthus emblica 33.3 ± 0.33e 44.8 ± 0.33de 53.6 ± 0.33cd 59.3 ± 0.67bcd 73.1 ± 0.33abc 76.9 ± 0.58ab 80.0 ± 0.67ab 87.5 ± 0.0a

Plantago psyllium 33.3 ± 0.67e 41.4 ± 0.33de 46.4 ± 0.58cde 59.3 ± 0.33bcd 61.5 ± 0.33bc 76.9 ± 0.0 ab 80.0 ± 0.33ab 87.5 ± 0.58a

Portulaca oleracea 20.0 ± 0.58c 20.7 ± 0.33c 32.1 ± 0.88bc 37.0 ± 0.88bc 50.0 ± 0.67ab 50.0 ± 0.67ab 68.0 ± 0.33a 75.0 ± 0.0a

Punica granatum 23.3 ± 0.33e 37.9 ± 0.00de 39.3 ± 0.33cd 40.7 ± 0.33cd 50.0 ± 0.33bcd 53.8 ± 0.58bc 68.0 ± 0.33ab 87.5 ± 0.58a

Ruta graveolens 16.7 ± 0.33e 31.0 ± 0.33de 46.4 ± 0.58cd 48.1 ± 0.33c 61.5 ± 0.67bc 69.2 ± 0.33ab 80.0 ± 0.33ab 37.5 ± 0.0a

Solenostemma argel 20.0 ± 0.0c 24.1 ± 0.33c 25.0 ± 0.58c 29.6 ± 0.33c 53.8 ± 0.58b 73.1 ± 0.67ab 80.0 ± 0.33a 79.2 ± 0.33a

Terminalia chebula 26.7 ± 0.33d 34.5 ± 0.67cd 39.3 ± 0.67bcd 48.1 ± 0.88abcd 57.7 ± 0.67abc 61.5 ± 0.33ab 64.0 ± 0.0ab 70.8 ± 0.33a

Viola alpine 13.33 ± 0.33e 17.2 ± 0.00e 28.6 ± 0.33de 48.1 ± 0.88 cd 69.2 ± 0.33bc 80.8 ± 0.33ab 88.0 ± 0.58ab 95.8 ± 0.33a

Viscum album 23.3 ± 0.33d 24.1 ± 0.33d 28.6 ± 0.33cd 40.7 ± 0.33bc 38.5 ± 0.33bc 38.5 ± 0.33bc 44.0 ± 0.33ab 58.3 ± 0.33a

Ziziphus spina- christi 20.0 ± 0.58e 24.1 ± 0.33e 46.4 ± 0.0d 51.9 ± 0.33cd 57.7 ± 0.33bcd 65.4 ± 0.0bc 68.0 ± 0.33ab 83.3 ± 0.33a

Herbal blend 26.7 ± 0.33e 37.9 ± 0.58de 42.9 ± 0.33cd 59.3 ± 0.33bc 61.5 ± 0.33ab 69.2 ± 0.33ab 76.0 ± 0.0ab 79.2 ± 0.33a

Control 0.0 ± 0.0d 3.3 ± 0.33cd 6.7 ± 0.33bcd 10.0 ± 0.00abcd 13.3 ± 0.33abc 13.3 ± 0.33abc 16.7 ± 0.33ab 20.0 ± 0.33a
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Viola alpine, followed by Carum carvi, Cucurbita pepo 
(peel), and Peganum harmala (Table 2).

The moderately effective group (80–90%), M group, 
clustered 12 plant species, as follows: Acacia nilotica, 
Apium graveolens, Capsicum annuum, Ceratonia siliqua, 
Cucurbita pepo (seeds), Equisetum arvense, Eruca sativa, 
Ginkgo biloba, Plantago psyllium, Phyllanthus emblica, 
Punica granatum, and Ziziphus spina-christi. The other 
plants were allocated in the less effective group (L group) 
(< 80%). Viscum album (58.3%) was the least effective and 
reference plant (Table 2).

The lowest  LT50 values were recorded for Ocimum 
basilicum and Ginkgo biloba (1.1 days), and they were 
able to kill ticks eight times faster compared to the 
reference plant. The  LT99 values of the H and M groups 
ranged from 19.428 (Acacia nilotica) to 25.920  days 
(Punica granatum), respectively, and killed ticks twice as 
fast as Viscum album, except for Mespilus germanica and 
Viola alpine (2.5 and 2.6 times, respectively) (Table 3).

Chemical Profile

The chemical profile of the highly effective group 
indicated contents of total phenolic, flavonoid, tannin, 
and  anthocyanin compounds. Although all aqueous 
extracts possess active principles, Viola alpine extract 
contained the highest active compounds among the 
investigated plants as follows: 314.01 ± 1.73, 167.57 ± 1.40 
mg/g and 15.37 ± 0.16 mg/100g for contents of phenols, 
flavonoids, and anthocyanins, respectively, which resulted 
in efficiency in killing ticks that reached 95.8 ± 0.33% at 
the end of the experiment (Table 4).

Mespilus germanica  and Ocimum basil icum 
extracts also exhibited high efficiency against ticks 
(95.8% ± 0.33%); they comprised a relatively high con-
tent of phenols, flavonoids, and tannins (135.53 ± 0.40, 
42 .63  ± 0 .38 ,  4 .24  ± 0 .25 ,  and  42 .43  ± 0 .269, 
9.76 ± 0.140, and 0.93 ± 0.040, respectively). However, 
Carum carvi contained the highest total tannin content 
(41.50 ± 0.464 mg/g DW) and achieved 91.7% ± 0.33% 
mortality (Table 4). Pearson’s correlation matrix between 
the tick mortality rate and the concentrations of four phy-
tochemicals (phenolics, flavonoids, tannins, and anthocya-
nins) was revealed (Fig. 1). The correlation matrix plot 
showed that there was a positive correlation between the 
tick mortality rate and the concentrations of phenolic, fla-
vonoids, and anthocyanins in plant extracts, comprised that 
these compounds may have acaricidal properties. Addi-
tionally, the high correlation between phenolic, flavonoids, 
and anthocyanins suggested that these compounds may 
work synergistically to enhance their acaricidal activity.

Discussion

Eco-friendly pest control is important for preventing 
vector-borne diseases [25, 26, 45–47]. Thus, this study 
evaluated the novel use of 35 plants against H. dromedarii. 
An ALT bioassay was used for this study as it is the closest 
test to a spot-on (topical) application and requires a small 
amount of the applied extracts used by farmers. Our 
findings indicate that C. carvi, C. pepo, M. germanica, 
O. basilicum, P. harmala, and V. alpine induced the 
highest (91%–95%) mortality. O. basilicum and G. biloba 
 (LT50 = 1.1 days) killed ticks eightfolds swifter than V. 
album.

Because these applied plants were novel against 
H. dromedarii, their efficacies against other pests 
were also examined in the literature. Analogous to our 
results, it was previously determined that Carum carvi 
oil effectively killed Sitophilus zeamais and Tribolium 
castaneum adults (LD50 values = 3.07 and 3.29 mg/adult, 
respectively) and provoked strong fumigant toxicity (lethal 
Concentration 50,  LC50, values = 3.37 and 2.53 mg/L, 
respectively) [48]. Carum carvi was also effective against 
Callosobruchus maculatus (Coleoptera: Bruchidae) 
[49] (repellence = 66.29%) and the house dust mite D. 
pteronyssinus [50].

Like findings  of this investigation, other studies 
indicated that some plants of the highly effective group 
induced pesticidal effects as follows: Cucurbita maxima, 
2%, showed effects against Cephalopina titillator larvae 
at 24 h PT [28]; Ocimum basilicum induced pesticidal 
effect against Rhipicephalus (Boophilus) microplus [51, 
52]; the toxicity indices three days PT with Vitex castus 
and Zingiber officinale extracts were 96.72 and 100.00% 
against Hyalomma dromedarii [53]. 

Ocimum basilicum and Lavandula officinalis Chaix 
showed effects against tetranychid mites, Tetranychus urti-
cae (Koch), and Eutetranychus orientalis [54]; meanwhile, 
Peganum harmala was effective against Tribolium cas-
taneum [55]. Comparatively, Viola alpine oil provided 8 h 
of protection against Aedes, Anopheles, and Culex mos-
quitoes [56]. The novel acaricidal effect of myrrh (Com-
miphora molmol) and ginger (Zingiber officinale) extracts 
(96.0 and 84.01% mortality, 15 days PT) and their silver 
nanoformulations through laser ablation (100% mortal-
ity, reached 7 and 9 days PT with 12%, respectively) led 
to increased speed and efficacy of the aqueous extracts 
against H. dromedarii [15]. Also, the extracts of Araucaria 
heterophylla and Commiphora molmol were very effective 
against camel and cattle ticks, and flies, which may be 
attributed to the high contents of active principles, e.g., 
phenols, flavonoids, and tannins. V. alpine extract included 
the uppermost active compounds among the investigated 
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plants. Commiphora molmol extracts contain sesquiterpe-
nes, fatty acid esters, and phenols, while Araucaria hetero-
phylla extracts possess monoterpenes, sesquiterpenes, ter-
pene alcohols, fatty acids, and phenols. Both plant extracts 
had a clear effect on killing many insect pests [57].

The toxicity of secondary metabolites (phenolic 
compounds) plays an essential role in plant–herbivore 
and pathogen interaction. Phenolic compounds exhibit 
antioxidant properties, which are the main reason for the 
pesticide effect in nature [37]. A previous study evaluated 
phenolic compounds such as rutin, vanillic, and synaptic 
acid in pepper (Capsicum annum) and reported strong 
effects on larval development and response of the adult moth 
(Oriental leafworm, Spodoptera litura) [58]. The phenolic 
crude extract  of Artocapus lakoocha leaves (1600  μg/
ml) was effective (72%) in getting rid of cattle ticks, R. 
(Boophilus) microplus using AIT and its LC50 of the extract 
was 1050 μg/ml [59].

Tannins possess astringent properties and cause insect 
tissue to pull together, which restricts blood flow and results 
in insect death. Tannins also turn insect skin into leather 
by binding proteins to form water-insoluble substances 
resistant to proteolytic enzymes. The activity and toxicity of 
extracts depend on the concentration and exposure time, but 
every extract contains different concentrations and different 
active principles (which are likely the reason for biological 
activity). Moreover, the combination of active constituents 
in the extract could have a synergistic effect and increase the 
biological activity of the extract. The anthelmintic activity 
of some medicinal plants may be attributed to their content 
of secondary metabolites, tannins, flavonoids, alkaloids, 
coumarins, triterpenoids, and essential oils. The results 
of previous studies confirm the use of medicinal plants in 
combating intestinal parasites [21].

The M group plants in this study (80–90 MO%) 
included Acacia nilotica, Apium graveolens, Capsicum 
annuum, Ceratonia siliqua, Cucurbita pepo (seeds), 
Equisetum arvense, Eruca sativa, Ginkgo  biloba, 
Plantago psyllium, Phyllanthus emblica, Punica granatum, 
and Ziziphus spina-christi). Similarly, the hydrodistilled 
seed oil of Acacia nilotica  results in a strong larvicidal 
activity against  Anopheles stephensi  (LC50 = 5.239, 
LC90 = 9.713  mg/L),  Aedes aegypti, (LC50 = 3.174, 
LC90 = 11.739  mg/L), and  Culex quinquefasciatus 
 (LC50 = 4.112, LC90 = 12.325 mg/L) [60]. In addition, toxic 
and oviposition deterrence effects that were observed against 
Alcaria vulgaris and Apium graveolens L were also reported 
against the potato tuber moth, Phthorimaea operculella [61].

Like our observations, some M group plants were also 
found to be effectively toxic to other pests such as Acacia 
nilotica and Punica granatum against Rhipicephalus 

(Boophilus) annulatus [62]; Phyllanthus emblica against 
the adult cattle tick Haemaphysalis bispinosa and Culex 
tritaeniorhynchus [63]; Apium graveolens against Lucilia 
sericata [64]; and Eruca sativa against Culex pipiens [65]. 
In addition, Lupinus pilosus and Punica granatum repelled 
the carmine spider mite, Tetranychus cinnabarinus, and 
affected its eggs [66]. In contrast, Equisetum arvense 
ethanolic extract had no acaricidal effect against Tetranychus 
merganser [63].

Overall, The  L group plants in this study were less 
effective against H. dromedarii. A similar effect was 
reported for Portulaca oleracea against Dermanyssus 
gallinae [67] and Ruta graveolens against the red palm 
mite, Raoiella indica [67], but it had an acaricidal effect 
against R. microplus [68, 69]. In contrast, some of the L 
group plants effectively controlled other pests such as Allium 
cepa against Boophilus annulatus [70], Ferula pseudalliacea 
against Varroa destructor (Acari: Varroidae) [71], Allium 
cepa and Lupinus luteus against Cephalopina titillator [28], 
and Solenostemma argel against Culex pipiens L. [72].

Some plants that were not applied in this survey 
showed pesticidal effects in some other studies such as 
the commercial oils of rosemary, neem, cyperus, and garlic 
against H. dromedarii [73]; Saussurea costus extracts 
against blood-sucking arthropods of camel and cattle such 
as H. dromedarii, Rhipicephalus (Boophilus) annulatus, 
the louse fly, Hippobosca maculata, and the cattle lice, 
Haematopinus eurysternus.

More botanicals were effective like Artemisia absinthium 
against Ixodes ricinus [74]; Azadirachta  indica against 
Sarcoptes scabiei var. cuniculi [23]; Aloe vera L. against 
the carmine spider mite Tetranychus cinnabarinus 
(Boisduval) [24]; components of botanical acaricides 
against Psoroptes spp. [75]; and Vernonia amygdalina, 
Calpurnia aurea, Schinus molle, Ricinus communis, 
Croton macrostachyus;  and Nicotiana tabacum against 
R. (Boophilus) decoloratus and Rhipicephalus pulchellus 
[76].  In another study, the extent of the danger of the 
newovel photosensitizers against male H. dromedarii ticks 
was evaluated. Methylene blue, safranin, and field stain 
dye showed a wide absorption area, indicating greater 
photosynthetic activity and better phototoxicity, and could 
be used as replacement agents for synthetic insecticides 
[14]. Various findings in pest control may be attributed to 
the species and location of the plants, pests, and extraction 
methods [77, 78]. In another study, the extent of the danger 
of the novel photosensitizers against male H. dromedarii 
ticks was evaluated. Methylene blue, safranin, and field 
stain dye showed a wide absorption area, indicating greater 
photosynthetic activity and better phototoxicity, and could 
be used as replacement agents for synthetic insecticides [14].
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Conclusions

Alternative and affordable tick control strategies are needed 
to prevent tick bites and tick-borne diseases. This study 
screened the toxicity of 35 plants (17%), and Carum carvi, 
Cucurbita pepo, Mespilus germanica, Ocimum basilicum, 
Peganum harmala, and Viola alpine showed highly effective 
results. Even though the applied plants were novel against 
H. dromedarii, few of these plants induced pesticide effects 
against other pests. Using such plant extracts by farmers as 
natural alternative acaricides, especially when facing acari-
cidal resistance or due to limited options for tick control is 
recommended. These extracts also would reduce reliance on 

conventional acaricides and their health and environmental 
drawbacks. it is recommened to develop effective formula-
tions for tick elimination in the form of shampoos or tick 
sprays to be applied to cattle as well as other animals. Future 
studies should be directed toward improving their toxicity 
through nanoformulations and assessing  their field applica-
tions and eco-toxicological profiles.
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