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Abstract
The water buffalo farm with intensive breeding techniques promotes the spread of lice
(Haematopinus tuberculatus), leading to a reduction in meat and milk productions. Current
control measures include the use of chemicals, which in the long-term lead to the develop-
ment of resistance. Given the lack of alternative solutions, the aim of this study was to evaluate
the repellent effect of a low impact by-product, the wood vinegar (WV), againstH. tuberculatus
using a new in vitro bioassay test. The test consisted of a glass Petri dishes subdivided in 3 sep-
arate areas. WV was tested at different concentrations (100%, 75%, 50%, 25%). Each of the 3
replicates was performedwith 10 adults, at 27 °C and 75% relative humidity. Observations were
made 5, 15, 30, 60, 90, 120 and 180min after application to evaluatemovement, the living/dead
ratio and the ability to overcome the obstacle area of the lice, in terms of comparative avoid-
ance (%). Additional in vitro cytotoxicity tests were performed. The test performed showed a
repellent effect of 77% for the 100% WV concentration against lice of both sexes 30 min after
exposure, similar (P< 0.05) to the repellent effect of deltamethrin (77%).The in vitro bioassay
developed during the experiment proved to be reliable and can be used to evaluate the repel-
lent effect of new molecules against lice before testing them in vivo. Furthermore, WV has a
potential to be a valid tool for the control of buffalo pediculosis, although in vivo studies have
to be undertaken.

Introduction

Sucking lice are wingless insects that live as permanent obligate ectoparasites of various mam-
mals, including humans (Fu et al., 2022). Among these, the blood-sucking louseHaematopinus
tuberculatus (Burmeister, 1839) is the key ectoparasite infesting the water buffalo (Bubalus
bubalis) (L.) breeding (Shakya et al., 2022), causing direct damages characterized by various
symptoms such as skin irritation, anaemia, anorexia, restlessness and loss of body condition
breeding (Da Silva et al., 2013), or also indirect damages as a vector of several pathogens,
including Brucella abortus or anaplasmosis, as observed in preliminary studies conducted
by Da Silva et al. (2013) and Neglia et al. (2013), respectively. As an additive subsequent
impairment attributable to lice infestations (pediculosis), there is the reduced productiv-
ity of buffalo herds, which play an important role in livestock farming in several countries
(Bosco et al., 2018; Morgoglione et al., 2020). Ectoparasitic infestations occur more fre-
quently in the winter, as animals tend to move closer together to keep warm (Shakya et al.,
2022).

The Italian Mediterranean water buffalo breed is mainly reared in Italy to produce
high-quality milk, mandatory for the production of the ‘buffalo mozzarella’, a fresh cheese
with a protected designation of origin, according to European Union legislation (Zicarelli,
2004). Although modern intensive water buffalo farming has almost completely replaced the
traditional free range/semi-wild buffalo herd and has greatly reduced helminth infections on
farms, at the same time it has led to a higher incidence of protozoal and ectoparasitic diseases,
due to the high density of animals (Cringoli et al., 2009; Bosco et al., 2017; Morgoglione et al.,
2020).
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The control of pediculosis caused by H. tuberculatus in buf-
faloes is a key issue in order to prevent economic losses (Veneziano
et al., 2017). Common solutions include the use of drugs (i.e. iver-
mectin and eprinomectin) at the same dose and recommended
intervals as those used in cattle breeding (Veneziano et al., 2013).
Pyrethroid-based pesticide insecticides (deltamethrin, cyperme-
thrin and flumethrin) are also sometimes used, but with low
control effects due to the emergence of resistances in the target
parasites (Shakya et al., 2022). Insects can although rapidly develop
resistance to drugs due to their genetic plasticity, with rapid muta-
tions manifested in target genes and leading to the emergence
of resistant alleles, that are passed on to subsequent generations
(Durand et al., 2011; McNair, 2015). The search for alternative
control strategies for pediculosis in the veterinary sector is of
paramount importance to limit insecticide residues in milk, envi-
ronmental pollution and the emergence of resistances in target
organisms, but still relatively low explored.

Recently, the wood-combustion derived products such as
biochar and wood vinegar (WV) have shown promising results
against many different pests in agricultural sector (Dewi et al.,
2020; Bonanomi et al., 2021; Jesu et al., 2022). The WV is a by-
product of wood pyrolysis and has attracted considerable interest
due to its potential applications in agriculture, including plant
growth promotion, and both pest and disease control (Mhamdi,
2023), which antifungal, biopreservative, antioxidant and insecti-
cidal effects are derived from the acidic compounds, phenols and
carbonyls (Faisal et al., 2019). The studies conducted have shown
WV has a repellent action against numerous species of insects
including flies and termites (Mhamdi, 2023; Ouattara et al., 2023),
and in this study the possibility of using this product for the control
of ectoparasites was explored and evaluated.

The aim of this study was to evaluate in vitro the possibility of
using WV as a repellent against the louse H. tuberculatus in buf-
faloes, in attempt to find an alternative to chemicals. In order to
evaluate the possible practical applications, WV was chemically
characterized for both the organic and inorganic fractions while
the cytotoxicity was assessed by cultured kidney cells. The novel in
vitro bioassay was developed ad hoc during the study as a replace-
ment for in vivo tests to reduce the use of animals for scientific
experiments, in accordance with European regulations based on
animal welfare and ethical principles (Verderio et al., 2023).

Material and methods

Collection of lice on the farm

Lice were collected from the skin of 22 animals using a proper
comb in a commercial buffalo farm located in the Campania
region, southern Italy, early in the morning and 1 h before the
start of each in vitro bioassay replication. In this farm, no resis-
tance of lice to pyrethroids has been recorded in the past. The lice
were placed in test tubes under controlled and optimal conditions
(27 °C) and transported to the entomological laboratories of the
Regional Center forMonitoring Parasitic Infections (CREMOPAR,
Campania Region, Italy), where the adults were selected and sexed
under a stereomicroscope before the experiments.

In vitro bioassay

The in vitro bioassay was performed in glass Petri dishes (ø 19 cm)
divided into 3 separate sections, each covered with a layer of
bibulous paper soaked with 3 mL of different solutions. The first

Figure 1. Division in 3 areas of the glass Petri dish for the in vitro bioassays.

(starting) and the third (finishing) area layers were soaked with
distilled water. The layer of finishing area was previously vigor-
ously scrubbed on the host skin and then covered with buffalo fur
after soaking, to increase the attraction to the lice (Figure 1). The
central (obstacle) area was impregnated with different concentra-
tions of the WV to be tested (100%, 75%, 50% and 25%). In the
positive and negative controls, the central layer was soaked with
deltamethrin solution (BUTOX® 7,5 Pour-On,MSDAnimalHealth
Srl) and distilled water, respectively (Figures 1 and 2).

For each biological replication, which included a test trial and
2 controls, 3 Petri dishes were set up at the same time, each with
10 adult lice (n = 5 males + 5 females) placed in the starting area.
Experiments were carried out in a dark, controlled room at opti-
mal condition (27 °C, 75% relative humidity), with observations
made after 5, 15, 30, 60, 90, 120 and 180 min to evaluate the move-
ment, the living/dead ratio and the overall ability to overcome the
obstacle area of the lice in terms of comparative avoidance (%). In
addition, in vitro cytotoxicity bioassay tests for all the tested con-
centrations were also performed, as well as a preliminary chemical
characterization of WV.

Preparation of WV and chemical characterization

The pyrolysis process took place at a facility in Ferrara (Northern
Italy), using pruning residues from pome and stone fruit trees.
The woody residues were cleaned from soil residues, chipped with
pieces of maximum size 8 cm and subsequently subjected to pyrol-
ysis at a temperature of 800 °C. During the process, the gases
were directed into a steel pipe for condensation, and the resulting
pyrolytic liquid, referred to here as WV, was collected in a plastic
container for further use.
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Figure 2. Three petri dishes to evaluate repellent effect of wood vinegar against Haematopinus tuberculatus confronted to negative (distilled water) and positive (deltamethrin)
controls.

TheWVwas chemically characterized for the following param-
eters: total organic carbon (method: UNI EN 15936 2012), acetic
acid (method: IS 08.03/161 2017), propionic acid (method: IS
08.03/161 2017), total phenols (method: EPA 3510C 1996 + EPA
8270E 2018), pH (method: APAT CNR IRSA 2060 Man 29 2003),
electrical conductivity (method: APAT CNR IRSA 2030 Man 29
2003), total suspended solids (method: APAT CNR IRSA 2090
B Man 29 2003), ammonia nitrogen (method: UNI 11669:2017),
sulphates (method: APAT CNR IRSA 4020 Man 29 2003), sul-
phites (method: APAT CNR IRSA 4150 Man 29 2003), sulphides
(method: APHA Standard Methods 4500), chlorides (method:
APAT CNR IRSA 4020 Man 29 2003), total phosphorus (method:
M.U. 2252:08), nitrates (method: APAT CNR IRSA 4020 Man
29 2003), aluminium (method: EPA 3015A 2007 + EPA 6020B
2014), arsenic (method: EPA 3015A 2007 + EPA 6020B 2014),
iron (method: EPA 3015A 2007 + EPA 6020B 2014), manganese
(method: EPA 3015A 2007 + EPA 6020B 2014), hydrocarbons
(method: UNI EN 14039:2005) and acetone (method: EPA 5021A
2014 + EPA 8260D 2018).

To extract non-polar metabolites from WV, the procedure
described by Flematti et al. (2009) was followed. Briefly, 1 L ofWV
was extracted 3 times using 200 mL of dichloromethane (DCM)
per extraction. The combined extracts were dried with anhydrous
sodium sulphate (Na2SO4) and evaporated under vacuum at 40 °C
using a rotary evaporator. The resulting extract was characterized
via mass spectrometric analysis. For this, the DCM extract was
reconstituted inmethanol (MeOH) to achieve a final concentration
of 1 mgmL−1. A 7 µL aliquot was injected into an Agilent HP 1260
Infinity Series liquid chromatograph (Agilent Technologies, Santa
Clara, CA, USA) equipped with a quadrupole time-of-flight mass
spectrometer (Agilent Technologies) and a diode array detector
(Agilent Technologies). Sample analysis was conducted following
the protocol by Staropoli et al. (2021).

TheDCMextract was also analysed using gas chromatography–
mass spectrometry (GC-MS). Before analysis, an aliquot
of the extract was resuspended in ethyl acetate to reach a
final concentration of 100 ppm and derivatized with N,O-
bis(trimethylsilyl)trifluoroacetamide (Fluka, Buchs, Switzerland).
The derivatization reaction was carried out in an ultrasonic bath
(Sonorex, Bandelin Electronic GmbH & Co. K, Berlin, Germany)
for 30 min. The sample was then injected into an Agilent 8890
GC system (Agilent Technologies) coupled with an Agilent 5977B
MSD system (Agilent Technologies). The temperature gradient

and other chromatographic and spectrometric conditions were
adjusted based on the method described by Staropoli et al.
(2021).

Cell culture and cytotoxicity assay

The Madin Darby Bovine Kidney (MDBK) cells were selected as
a model for the in vitro cytotoxicity assay. This choice is justified
by the fact that this cell line originates from bovine and can there-
fore be considered a goodmodel for predicting the effect ofWV on
buffalo host cells. In addition, MDBK cells are a well-established
and widely used cell line in cytotoxicity and toxicology studies.
This means that a large amount of existing data and standardized
protocols are available for their use. Finally,MDBK cells are epithe-
lial cells, which make them a suitable model for the assessment of
potential toxic effects on host tissue.

MDBK cells (CCL22, American Type Culture Collection CLS
Cat# 600396/p848_MDBK_(NBL-1), RRID:CVCL0421) were cul-
tured in Dulbecco’s modified Eagle’s minimal essential medium
(DMEM) supplemented with 2% fetal calf serum, 1% l-glutamine,
1% penicillin/streptomycin and 0.2% sodium pyruvate, and main-
tained in an incubator at 37 °C (in 5% CO2/95% air). Cells (2 × 104
cells/well) in 96-well plates were treated at confluence with WV
(0.03%, 0.1%, 0.3% or 1% in DMEM) and incubated for 24, 48 or
72 h.

Cell viability was determined using the 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay (SERVA
Electrophoresis GmbH Cat# 20395.02). The principle of
this method is that MTT, a soluble tetrazolium salt (3-(4,5-
dimethythiazol-2-yl)-2,5-diphenyltetrazolium bromide) (5 mg
mL−1), is converted to insoluble formazan by active mitochondrial
dehydrogenases of living cells.This conversion of yellowish soluble
tetrazolium into purple formazan can be determined spectrofluo-
rimetrically (Pagnini et al., 2004). In brief, 100 μL of MTT reagent
(0.5 mg mL−1; SERVA) was added to each well and maintained
at 37 °C. After 1 h, 100 μL of solubilization buffer (dimethyl
sulphoxide; SERVA Electrophoresis GmbH Cat# 39757.0) was
added to dissolve the formazan crystals produced by the viable
cells. After 3 h at 37 °C, the optical absorbance was measured
at 570 nm using a spectrophotometer. Data are calculated as
mean ± standard deviation (SEM) of 3 independent experiments
performed in triplicate.

https://doi.org/10.1017/S0031182025000551 Published online by Cambridge University Press

https://doi.org/10.1017/S0031182025000551


4 Antonio Bosco et al.

Figure 3. Trend of the percentage of the total lice
exposed reaching the finishing area of the arena dur-
ing the in vitro bioassay, in time. Purple (CNT): negative
control, obstacle area imbue with distilled water; blue
(deltamethrine): obstacle area imbue with deltamethrin
solution; red (WV 25%): obstacle area imbue with wood
vinegar diluted at 25% in distilled water; orange (WV
50%): obstacle area imbue with wood vinegar diluted at
50% in distilled water; green (WV 75%): obstacle area
imbue with wood vinegar diluted at 75% in distilled
water; black (WV 100%): obstacle area imbue with non-
diluted wood vinegar. The purple line (negative control)
ends before the timestone of 50.

Table 1. Summary of cox proportional hazard model for time to reaching the finishing area of the Petri dish arena, overcoming the presence of the repulsive
treatment

95% CI for Exp(β)

CNT vs β SE Sign. P-value Relative risk of reaching the finishing area Exp(β) Inferior Superior

WV25% −0.077 0.016 <0.001 0.926 0.897 0.956

WV50% −0.049 0.010 <0.001 0.952 0.934 0.970

WV75% −0.040 0.008 <0.001 0.961 0.945 0.976

WV100% −0.033 0.007 <0.001 0.967 0.953 0.981

WV, wood vinegar; β, regression coefficient; SE, standard error; CI, confidence interval.

Statistical analyses

TheCox proportional hazardmodel was used to evaluate the times
to reach the finishing area of the treated individuals compared to
the control ones (Daher et al., 2022). In the present study, this
model was designed for the time to reach finishing area of the Petri
dish arena, overcoming the presence of the repulsive treatment.
In this context, the regression coefficient (β), standard error (SE),
significance (P-value), relative risk (Exp(β)), as well as lower and
upper limits of the confidence interval for the hazard ratio of each
experimental treatment (i.e. theWV concentrations), compared to
the control, are calculated. Three replicate Petri dishes, each con-
sisting of 10 lice (experimental units), for a total of 30 experimental
units, were used for each treatment.

Statistical analyses were performed with GraphPad Prism 7.0
for Windows (GraphPad Software). Statistically significant dif-
ferences between the means of multiple matched groups were
determined by one-way analysis of variance (ANOVA) followed
by a Tukey post-hoc test. P < 0.05 was considered statistically
significant.

Results

In vitro bioassay

The 100% concentration of WV had a similar repellent effect
on 77% of adult H. tuberculatus of both sexes as deltamethrin,
30 min after exposure (P < 0.05). For the other WV concentra-
tions, a dose-dependent effect was observed (Figure 3). However,
deltamethrin led to the death of all exposed individuals during this
period, while WV had not shown any topic effect on the tested
adults, even when they stoppedmoving. In the negative control, all
lice managed to reach the finishing area within 15 min. Regression

coefficient (β), standard error (SE), significance (P-value), relative
risk (Exp(β)) and lower and upper limits of the confidence inter-
val for the hazard ratio of each experimental treatment, compared
to the control, are presented in Table 1. The negative β values,
derived from the statistical analysis, confirm the direct effect of the
treatments on the increasing difficulty of overcoming the repulsive
effect of WV and reaching the finishing area. In addition, the in
vitro bioassay cytotoxicity tests showed no toxic effects.

To determine the effect ofWVon cell viability of theMDBK cell
line, the MTT assay with increasing concentrations (0.03%, 0.1%,
0.3% and 1%) ofWV for 24, 48 and 72 hwas performed. InMDBK,
cell viability decreases only at a concentration of 1%WV and after
48 and 72 h (P < 0.001) (Figure 4).

WV chemical characterization

The WV was acidic (pH 3.2) and had an electrical conduc-
tivity of 1389.10 μS cm−1. The phenol concentration was
high (54.00 mg L−1), as the concentration of acetic acid
(27 840.16 mg L−1), and propionic acid (72 447.06 mg mL−1).
The total suspended solids were 26.00 mg L−1, ammonium nitro-
gen was 8.30 mg L−1, while sulphates, sulphites and sulphides
were 53.70, 0.32 and 0.12 mg L−1, respectively. Chlorides were
29.20 mg L−1, total phosphorus 0.97 mg L−1, nitrates 5.20 mg L−1,
aluminium 0.92 mg L−1, arsenic 0.02 mg L−1, iron 183.00 mg L−1,
manganese 1.11 mg Lv, total organic carbon 15 600.00 mg L−1,
hydrocarbons 77.10 mg L−1 and acetone 320.00 mg L−1 (Table 2).

Additional analysis of the organic extract using LC-MS iden-
tified 54 compounds, with 2 of them putatively matched to an
internal database of plant secondary metabolites.These were iden-
tified as nicotinic acid (also referred to as niacin or vitamin B3)
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Figure 4. The MTT test was performed at different hours after treatment and absorbance was measured as described in the Materials and methods section. The results are
presented as mean ± SD of 3 independent experiments performed in triplicate. Statistical differences between untreated cells and treated groups were analysed by One-way
analysis of variance (ANOVA) followed by Tukey post-hoc test and expressed as probability P. *P < 0.05, **P < 0.01 and ***P < 0.001.
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Table 2. Chemical and biochemical parameters of the wood vinegar

Parameter Unit Result

Acetic acid mg mL−1 27 840.1

Propionic acid mg mL−1 72 447.0

Phenols mg mL−1 54.1

pH U.pH 3.2

Electrical conductivity µS cm−1 1389.1

Total suspended solids mg L−1 26.0

Ammonia nitrogen mg L−1 8.3

Sulphates mg L−1 53.7

Sulphites mg L−1 0.32

Sulphides mg L−1 0.12

Chlorides mg L−1 29.2

Total phosphorus mg L−1 0.97

Nitrates mg L−1 5.2

Aluminium mg L−1 0.92

Arsenic mg L−1 0.02

Iron mg L−1 183

Manganese mg L−1 1.11

Total organic carbon mg L−1 15 600.4

Hydrocarbons mg L−1 77.1

Acetone mg L−1 320.0

and malvalic acid. The DCM extract of the WV was further anal-
ysed using GC-MS, which revealed 133 chromatographic peaks.
Of these, 23 compounds were identified through comparison of
their mass spectra with the NIST library and verification of their
retention indices (Table 3). The detected compounds spanned
several categories, including phenolic derivatives (e.g. guaiacol,
syringol, eugenol, catechol), fatty acids (such as oleic, stearic and
palmitic acids), polyalcohols (glycerol) and pyrimidine derivatives
(2,5-dimethyl-4-pyrimidinamine).

Discussion

The present study is the first to demonstrate the potential use of
WV against ectoparasites in buffaloes. Specifically, the results of
the in vitro bioassay highlight WV’s repellent effect on H. tuber-
culatus without the necessity to kill them, a species with reported
resistance to the commonly used pesticide deltamethrin (Shakya
et al., 2022). Considering the well-documented role of lice as vec-
tors for certain diseases (Da Silva et al., 2013; Neglia et al., 2013)
and their widespread distribution (Štrbac et al., 2023), control-
ling these ectoparasites in farms has proven to be more critical
than previously thought. Moreover, exclusive reliance on ectopar-
asiticides poses significant risks to public health due to residue
accumulation in animal-derived products and potential environ-
mental contamination. In this context, natural products like WV
offer a more sustainable and safer alternative (Sarfraz et al., 2023;
Baz et al., 2024; Ratajac et al., 2024), as their biodegradability and
low toxicity demonstrated in cytotoxicity tests make them suitable
for integrated parasite management.

Table 3. Wood vinegar compounds identified by GC-MS analysis

RT (min) RI

Phenol, TMS derivative 5.617 1064.9

o-Cresol, TMS derivative 6.673 1140.4

m-Cresol, TMS derivative 6.8 1149.4

p-Cresol, TMS derivative 6.938 1162.6

Guaiacol, TMS derivative 8 1234.6

Diethylene glycol, 2TMS derivative 8.231 1250.8

Glycerol, 3TMS derivative 8.699 1283.8

2-Methyl-4-oxo-3,4-dihydro-2H-pyran-3-yl isobutyrate 8.834 1293.3

Catechol, 2TMS derivative 9.279 1326.3

2,5-Dimethyl-4-pyrimidinamine, TMS derivative 9.575 1348.7

4-Methylcatechol, 2TMS derivative 10.242 1399

Vanillin, TMS derivative 10.271 1402

Syringol, TMS derivative 10.374 1409.9

Protocatechuic aldehyde, 2TMS derivative 11.141 1472.9

4-Ethylsyingol, TMS derivative 12.035 1564.3

Eugenol, TMS derivative 12.161 1578.6

m-Ethoxycarbonylaniline 12.301 1594.7

2-Methoxymandelic acid, ethyl ester, TMS derivative 13.429 1776

Syringaldehyde, TMS derivative 13.785 1849.2

Vanillic Acid, 2TMS derivative 13.838 1860.8

Propyl vanillate, TMS derivative 14.586 2044.3

Palmitic acid, TMS derivative 15.24 2223.5

Oleic acid, (Z)-, TMS derivative 15.301 2239.2

Stearic acid, TMS derivative 16.085 2428.2

RT, retention time; RI, retension index.

TheWV has garnered significant attention not only for its effi-
ciency in control pests and diseases but also for its positive effects
in agriculture, such as promotion of plant growth (Mhamdi, 2023).
Its ability to stimulate soil microbial activity while inhibiting
pathogen growth is largely attributed to its antimicrobial com-
pounds, particularly acetic acid. The high concentrations of acetic
and propionic acid in WV have recently been exploited for the
control of weeds (Liu et al., 2021). Furthermore, the presence of
nicotinic acid in WV connects its applications to pharmaceuti-
cal and commercial uses aimed at improving mammalian health
(Rasheed et al., 2023; Yang et al., 2024). The sulphate content in
WV, known to affect the biology of species like Daphnia magna
(Palma et al., 2009) and Myzus persicae (Douglas, 1988), may
also influence H. tuberculatus, though this requires further inves-
tigation. Additionally, the high volatility and significant repellent
properties of methyl isoeugenol (Scolari et al., 2021) known to
deter pests across various orders (He et al., 2023; Niassy et al., 2023;
Santos et al., 2023) enhance WV’s potential. Propionic acid, the
most abundant compound inWV, is a well-known lethal and repel-
lent agent effective against ectoparasites and useful in packaging to
prevent infestations (Germinara et al., 2010). Its dose-dependent
effects, as demonstrated in this study, align with findings from
similar natural products (Germinara et al., 2007).
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TheWV has also shown promising results against mosquitoes,
with lethal effects reported by Paulraj et al. (2011). Its dose-
dependent properties are consistent with those observed in other
natural extracts (Malheiro et al., 2016; Bonanomi et al., 2021) sup-
porting its versatility. Additionally, WV has been studied for wood
preservation (Akkuş et al., 2022), its efficacy against stored-product
pests (Hashemi et al., 2014; Othman et al., 2023) and general in
pest control (Kim et al., 2008; Kiarie-Makara et al., 2010). In a
recent study, Jesu et al. (2023) demonstrated that a similar by-
product could alter the fitness of Bactrocera oleae on field and also
the fly microbiome upon ingestion, despite its congenital plasticity
(Jesu et al., 2024), suggesting that similar effects might occur inH.
tuberculatus. However, further studies are needed to confirm this,
given the differences in feeding behaviour between the 2 species.
Derivatives from biochar production have shown broad pestici-
dal (Bonanomi et al., 2021; Jesu et al., 2023; Oramahi et al., 2023)
and defensive (Chenari et al., 2023; El-Fawy et al., 2023; Gama
et al., 2023) potential, often with low environmental impact while
supporting agricultural systems (Darwesh and Elshahawy, 2023;
Essa et al., 2023).These characteristics makeWV an excellent can-
didate for integrated parasite management strategies under both
controlled and field conditions. A recent study by Iacomino et al.
(2024) further exploredWV’s multifaceted potential, investigating
its bioactivity in various settings, including field trials, greenhouse
experiments and in vitro assays: in olive groves, WV failed to
exhibit repellent effects against B. oleae when applied as an aerosol
bu, conversely, field trials showed that a 1% WV concentration
significantly reduced Meloidogyne incognita nematode infections
in strawberry plants by 15%. These findings underscore the criti-
cal need to optimize WV’s concentration and application methods
to maximize its benefits while minimizing adverse effects. WV’s
varying efficacy across different scenarios highlights its adaptabil-
ity, serving both as a pest control agent and a soil conditioner
and growth promoter.With its abundant bioactive compounds and
environmentally friendly production, WV aligns with the prin-
ciples of a circular economy, presenting a valuable resource for
organic and integrated farming systems. The results of the present
study confirm the hypothesized repellent effect of WV against H.
tuberculatus and indicate the possibility of using this natural prod-
uct to control pediculosis in buffaloes. In addition, the in vitro
bioassay developed proved to be reliable in evaluating the repellent
effect of molecules against lice. However, despite the in vitro bioas-
say cytotoxicity tests showed no toxic effects, further and thorough
analyses must be carried out to better understand the mechanisms
of action before an actual and safe use of WV on field.
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