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Abstract: New alternatives for controlling resistant populations of gastrointestinal nema-
todes are being studied, including the use of plant compounds and biological control with
nematophagous fungi. The objective of this study was to evaluate the in vitro anthelmintic
effect of linalool and its association with the fungus Duddingtonia flagrans (isolated AC001)
in controlling gastrointestinal nematodes in sheep. The ovicidal activity of linalool was
assessed via the Egg Hatch Test (EHT), and the larvicidal activity of linalool, alone and
in combination with D. flagrans conidia, was evaluated via the Larval Motility Inhibition
Test (LMIT) on infective larvae (L3). In the EHT, 100% inhibition occurred (at 1.25 and
2.5 mg/mL), with an LC50 of 0.49 mg/mL. In the LMIT, linalool alone inhibited 100% of
larval motility (at 4% and 8%), with an LC50 of 0.42% or 4.2 mg/mL. In the combination of
linalool with D. flagrans, there was a significant reduction in larvae, starting at 24 h, with
100% reduction after 14 days, thus being more effective in reducing L3 compared to the use
of the fungus alone. It is concluded that linalool exhibits ovicidal and larvicidal activity,
and its association with D. flagrans enhances the fungal predation capacity and potentiates
anthelmintic efficacy.

Keywords: helminths; anthelmintic resistance; phytotherapy; monoterpene; biological
control; nematophagous fungi; small ruminants

1. Introduction
Gastrointestinal nematodes represent one of the main threats to the health and pro-

ductivity of small ruminants, causing significant economic losses, which are reflected in
reduced weight gain, decreased productivity, and increased susceptibility to diseases [1,2].

The conventional treatment for controlling gastrointestinal nematodes is based on
the administration of anthelmintic drugs. However, the indiscriminate use of these drugs
has led to the development of resistance in nematode populations, resulting in treatment
ineffectiveness [3].
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In light of this situation, different strategies are being explored in the search for
alternative methods to control helminth infections in small ruminants. Integrated parasite
control consists of implementing combined strategic measures to reduce contamination in
animals and pastures, while preserving the efficacy of anthelmintics, and is mainly used in
cases of anthelmintic resistance [4]. Thus, the combination of control strategies has been
proposed as a viable alternative, aiming for effective management, minimizing the use of
drugs and maintaining nematode populations in refugia [5–7].

Biological control with nematophagous fungi has been widely used as a safe and
effective alternative to conventional chemical methods, promoting a significant reduction
in the availability of free-living parasite stages in pastures [8,9], and can be implemented
in an integrated control strategy to improve animal health as well as the sustainability of
production [10]. Duddingtonia flagrans stands out as one of the most promising species, with
proven efficacy in controlling gastrointestinal parasites in livestock through its use alone,
via co-administration, and, more recently, with a commercial formulation made from the
fungus’s chlamydospores (Bioverm®) [11–16].

The use of plant-derived compounds, such as monoterpenes, has also been the subject
of multiple studies, showing efficacy in controlling gastrointestinal nematode popula-
tions [17–19]. Monoterpenes are the most abundant natural secondary metabolites in
plants, renowned for their diverse biological properties [20]. Among them, linalool, an
alcoholic monoterpene, is a prominent compound found as a primary constituent in the
essential oils of over 200 plant species. This compound is notable for its wide range of bio-
logical activities and has been extensively studied as a potential alternative for controlling
helminthiases due to its bioactive properties [20–22]. The mode of action of monoterpenes,
such as linalool, is suggested to be related to the disruption of membrane function and the
inhibition of acetylcholinesterase (AChE) receptors, leading to neurotoxicity [23].

Studies have already been conducted to evaluate the association of natural plant-
derived products in the control of nematode infections in small ruminants [18,21,24,25],
and promising results have been obtained in studies investigating the combination of
different fungal species, as well as their association with chemical compounds [26–28].
However, there are no reports on the evaluation of the combination of nematophagous
fungi with plant-derived compounds.

Therefore, the objective of the present study was to evaluate the in vitro anthelmintic
effect of linalool and its association with the fungus D. flagrans in controlling gastrointestinal
nematodes in sheep.

2. Materials and Methods
2.1. Collection of Eggs and Larvae of Gastrointestinal Nematodes

For the collection of eggs and larvae of gastrointestinal nematodes for the experimental
assays, feces from naturally infected Santa Inês sheep from the Sheep Farming Sector of
the Federal Institute of Paraíba (IFPB), Sousa campus, were used. The flock consists of
approximately 60 animals, maintained for educational purposes and regularly monitored
due to a selective parasitic control program [29]. Fecal samples for egg and larval isolation
were collected between January and May 2023. Samples were obtained directly from
the rectal ampulla of the animals, stored in sterile plastic bags, and immediately sent
for processing. The collection followed a randomized protocol, including all sheep in
the flock that were naturally infected during the experimental period. To standardize
conditions and minimize environmental variations, all samples were collected in the
morning, during the coolest part of the day. Coprocultures were performed according to
Roberts and O’Sullivan [30], and subsequently, for the recovery of infective larvae (L3), the
recommendations of the Baermann method were followed [31]. The composition of the
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parasitic population was determined by identifying infective larvae (L3): Haemonchus sp.,
86%; Trichostrongylus spp., 10%; and Oesophagostomum, sp. 4%.

2.2. Fungal Isolate and Conidia Solution Preparation

The D. flagrans nematophagous fungus isolate AC001 was used, obtained from a
commercial product (Bioverm®, GhenVet Animal Health, Paulínia, São Paulo, Brazil).
Fungal conidia were inoculated onto 9 cm diameter Petri dishes containing 2% potato
dextrose agar for 10 days, in the dark. After this period, to obtain the conidia solution,
10 mL of distilled water was added to the cultivated Petri dishes [14]. The release of conidia
fragments was facilitated by gently brushing the culture with a brush, and the resulting
suspension was collected using a Pasteur pipette and transferred to 15 mL Falcon tubes.
The quantification of conidia was carried out using a Neubauer chamber.

2.3. Linalool and Synthetic Anthelmintics

The monoterpene linalool (≥97% purity) (Sigma Chemical Co., St. Louis, MO, USA)
was used. Also, technical-grade thiabendazole (Sigma Chemical Co., St. Louis, MO, USA)
and ivermectin (Sigma Chemical Co., St. Louis, MO, USA) were used as positive controls
in the assays.

2.4. Experimental Assays
2.4.1. Assay A—Egg Hatching Test (EHT)

The assay was conducted to evaluate the ovicidal effect of linalool on gastrointesti-
nal nematode eggs from sheep, following the methodology described by Coles et al. [32].
Initially, a pre-experiment was carried out to assess the anthelmintic resistance of the
gastrointestinal nematode population in the sheep flock at IFPB. The discriminatory dose
established for the experiment was 0.1 µg/mL for thiabendazole, the lethal dose required
to inhibit 50% of a susceptible population (LD50), according to the guidelines of the World
Association for the Advancement of Veterinary Parasitology (W.A.A.V.P.) [33]. The nema-
tode population was therefore classified as resistant, as it showed an LD50 of 6.40 µg/mL,
with this dose being used as the positive control.

Fecal samples were homogenized and filtered using a set of sieves with serial sections
from 1 mm to 25 µm, where gastrointestinal nematode eggs are retained on the 25 µm sieve.
The sieve was flipped, and the eggs were recovered using distilled water. The suspension
containing the eggs was centrifuged at 1000× g for 10 min to obtain a concentrate containing
20 eggs/50 µL.

For the assays, 250 µL of the concentrate containing 100 eggs was incubated with
an equal volume of linalool at six different concentrations: 0.007% (0.07 mg/mL); 0.015%
(0.15 mg/mL); 0.031% (0.31 mg/mL); 0.062% (0.62 mg/mL); 0.125% (1.25 mg/mL); and
0.25% (2.5 mg/mL). Thiabendazole, used as the positive control, was diluted in a 3% DMSO
solution (Sigma-Aldrich®, St. Louis, MO, USA). The negative control consisted only of the
diluent (3% DMSO).

For each experimental group, 8 replicates (100 eggs each) were performed, and the
tests were incubated for 48 h in a Biochemical Oxygen Demand (BOD) incubator, with
temperatures ranging from 27 to 28 ◦C, with relative humidity between 85 and 90%. A 2%
iodine solution was added to interrupt larval hatching. The efficacy percentage of linalool
in inhibiting egg hatching was determined using the following formula:

% Egg Hatching Inhibition =
Number of eggs

Number of eggs + Number of larvae (L1)
× 100
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2.4.2. Assay B—Larval Motility Inhibition Test (LMIT)

The test was conducted to evaluate the effect of linalool on the inhibition of L3 motility
and was developed as described by Ferreira et al. [34]. A pre-experiment determined
the lethal dose to inhibit 50% of the population (LD50) with ivermectin, at concentra-
tions of 0.15; 0.31; 0.62; 1.25; 2.5; 5 and 10 mg/mL, resulting in a LD50 of 0.53 mg/mL
(IC95% = 0.38–0.67), which was used in the positive control group.

Infective larvae (L3) were obtained from co-procultures [30] and recovered using the
Baermann method [31], resulting in a concentration of 20 L3/50 µL. For the assay, 250 µL
of the concentrate containing 100 L3 were incubated with an equal volume of linalool at
the following concentrations: 0.12% (1.25 mg/mL); 0.25% (2.5 mg/mL); 0.5% (5 mg/mL);
1% (10 mg/mL); 2% (20 mg/mL); 4% (40 mg/mL); and 8% (80 mg/mL). Distilled water
was used as the negative control, and ivermectin was used as the positive control. Eight
replicates (100 egss each) were made for each group, and the tests were incubated for 72 h
in BOD. After this period, the motility of the L3 in each well was counted using a light
microscope at 100× magnification. For motility criteria, L3 were considered alive if they
were mobile and dead if they were immobile. The motility inhibition efficacy of L3 was
determined by the following formula:

% Larval Motility Inhibition =
L3 mobile in NCG − L3 mobile in TG

L3 mobile no NCG
× 100

NCG: negative control group; GT: treated group.

2.4.3. Assay C—Larval Motility Inhibition Test with Linalool and D. flagrans

To evaluate the effect of D. flagrans associated with linalool, the L3 motility inhibition
test was performed. Ten (10) experimental groups were set up in 1.5 mL microtubes, with
a final volume of 500 µL, in eight replicates containing 100 eggs each (Table 1). In the
groups containing linalool, the LD25 and LD50 were obtained from the results of Assay
B. The groups were maintained in a BOD incubator, and after 24 h, 7 days, and 14 days of
exposure to the treatments, the motility of the larvae was assessed using optical microscopy
(100× magnification), with quantification of live and dead larvae. The motility inhibition
efficacy of L3 was determined by the following formula:

% Larval reduction =
Mean number of L3 in NCG − Mean number of L3 in TG

Mean of L3 in NCG
× 100

NCG: negative control group; GT: treated group.

Table 1. Experimental groups designed to evaluate the isolated or combined use of linalool and D.
flagrans (AC001) on the infective larvae of sheep gastrointestinal nematodes.

Experimental Groups Composition

Group 1 (Negative control) 250 µL (100 L3) + 250 µL (distilled water)
Group 2 (Positive control) 250 µL (100 L3) + 250 µL (LD50 ivermectin)

Group 3 250 µL (100 L3) + 250 µL (10,000 conidia)
Group 4 250 µL (100 L3) + 250 µL (100,000 conidia)
Group 5 250 µL (100 L3) + 250 µL (LD25 linalool)
Group 6 250 µL (100 L3) + 250 µL (LD50 linalool)
Group 7 250 µL (100 L3) + 250 µL (10,000 conidia + LD25 linalool)
Group 8 250 µL (100 L3) + 250 µL (10,000 conidia + LD50 linalool)
Group 9 250 µL (100 L3) + 250 µL (100,000 conidia + LD25 linalool)
Group 10 250 µL (100 L3) + 250 µL (100,000 conidia + LD50 linalool)
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2.5. Statistical Analysis

The Probit analysis was performed on the results of Assays A and B, using the software
Polo-Plus (LeOra Software, 2003) to determine the LD25 and LD50 with a 95% confidence
interval (CI 95%). The results obtained from the assays were interpreted using one-way
analysis of variance (ANOVA), followed by Tukey’s Test at a 5% probability level, using
GraphPad Prism 8.0. Tukey’s test was chosen due to the nature of the comparisons, with
balanced groups and homogeneous variances, characteristics that make this test suitable
for performing multiple comparisons between experimental groups while controlling for
Type I errors and ensuring the robustness of the results.

3. Results
3.1. Ovicidal Activity of Isolated Linalool (Assay A—EHT)

He results obtained in Assay A (EHT) are presented in Figure 1. Linalool showed
inhibitory activity on egg hatching, with 100% efficacy at concentrations of 1.25 and
2.5 mg/mL and a LD50 of 0.49 mg/mL (CI 95% = 0.47–0.51), which differed statistically
from both the negative and positive controls (p ≤ 0.05). At a lower concentration of
0.62 mg/mL, 78.8% inhibition was observed, with results similar to the positive control
with thiabendazole (57%), showing no statistically significant difference (p > 0.05).
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Figure 1. Percentage inhibition of egg hatching of gastrointestinal nematodes in sheep, with standard
deviation. Negative control: 3% DMSO; positive control: 6.40 µg/mL thiabendazole. Different letters
above the bars indicate statistical differences according to Tukey’s test at a 5% significance level.

3.2. Larvicidal Activity of Isolated Linalool (Assay B—LMIT)

In Assay B (LMIT), linalool inhibited 100% of the motility of L3 at the highest concen-
trations tested (4% and 8%) after 72 h of incubation, differing statistically from the other
experimental groups (p ≤ 0.05; Table 2). Inhibition greater than 80% was observed at the
2% concentration, significantly differing (p ≤ 0.05) from the positive control (ivermectin).
The LD50 value for linalool was 0.42% or 4.2 mg/mL (CI 95% = 0.29–0.57) and the LD25
was 0.15% or 1.5 mg/mL (CI 95% = 0.08–0.23).
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Table 2. Mean number of live larvae ± standard deviation and percentage of inhibition of motility of
infective larvae of gastrointestinal nematodes in sheep after 72 h of incubation.

Experimental Groups Mean ± SD % Inhibition

Negative control (NC) 96.9 ± 2.7 A -
Positive control (PC) 70.7 ± 6.8 B 20.9
0.12% (1.,2 mg/mL) 56.2 ± 18.3 C 41.9
0.25% (2.5 mg/mL) 50 ± 25.9 C 48.4

0.5% (5 mg/mL) 64.5 ± 20.2 C 34.4
1% (10 mg/mL) 38.6 ± 20.6 D 60.1
2% (20 mg/mL) 17.9 ± 7.9 D 81.5
4% (40 mg/mL) 0 ± 0 E 100
8% (80 mg/mL) 0 ± 0 E 100

Negative control: distilled water; positive control: 0.53 mg/mL ivermectin. Means followed by different letters in
the columns denote statistical differences (p ≤ 0.05) according to Tukey’s Test at 5% probability.

3.3. Larvicidal Activity of Linalool Combined with D. flagrans Conidia (Assay C—LMIT)

In Assay C, a significant reduction (p ≤ 0.05) in the number of infective larvae was
observed in the treated groups compared to the control group, starting at 24 h of treatment
(Table 3). Groups 5 (LD25 linalool) and 6 (LD50 linalool) showed an average reduction in
larvae of 41.5% and 72.8%, respectively, after 24 h, reaching 100% reduction after 14 days
(D14). It was also observed that groups 7 to 10, treated with D. flagrans conidia associated
with linalool, also inhibited larval motility starting at 24 h, with a significant increase in
L3 reduction throughout the experiment, showing high percentages of reduction after
14 days (100%). Throughout the experimental period, groups G3 (10,000 conidia) and
G4 (100,000 conidia), treated only with conidia, were significantly less effective (p ≤ 0.05)
compared to groups treated with both the fungus and linalool (G7 to G10). During the
evaluation, in groups consisting of conidia, either alone or combined with linalool, the
formation of traps and the predation of infective larvae were observed, confirming the
predatory action of D. flagrans. There was no statistical difference (p > 0.05) between the
larvicidal activity of the groups treated only with linalool (G5 and G6) and the groups
treated with conidia associated with linalool (G7 to G10).

Table 3. Mean number of live larvae ± standard deviation and percentage of reduction of infective
larvae of sheep gastrointestinal nematodes.

Experimental Groups

Hours/Days After Treatments

24 h Day 7 Day 14

Mean ± SD R (%) Mean ± SD R (%) Mean ± SD R (%)

Group 1 96.3 A ± 2.2 - 94.2 A ± 1.8 - 92.1 A ± 1.6 -
Group 2 86.2 A ± 3.9 10.5 0 C ± 0 100 0 C ± 0 100
Group 3 76.7 B ± 5 21 68.3 B ± 6.3 27.5 30.8 B ± 4.4 66.5
Group 4 85 A ± 4.7 11.7 71 B ± 7.1 24.6 27 B ± 4 70.7
Group 5 56.3 B ± 9.4 41.5 15.6 C ± 4.1 83.4 0 C ± 0 100
Group 6 26.2 B ± 6.4 72.8 5 C ± 0 94.7 0 C ± 0 100
Group 7 45.3 B ± 5.6 53 5 C ±1 94.7 0 C ± 0 100
Group 8 16.2 B ± 6.5 83.2 0 C ± 0 100 0 C ± 0 100
Group 9 37.3 B ± 5.2 61.3 12.1 C ± 3.6 87.1 0 C ± 0 100

Group 10 29.4 B ± 3.6 69.5 0 C ± 0 100 0 C ± 0 100
SD: standard deviation; R (%): percentage of reduction. Means followed by different letters in the columns denote
statistically significant differences (p ≤ 0.05) according to Tukey’s Test at 5% probability.
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4. Discussion
Numerous studies have demonstrated the anthelmintic activity of bioactive com-

pounds derived from plants, as well as the action of nematophagous fungi on gastroin-
testinal nematodes [15,22,35–38]. In an effort to enhance these effects, combinations of
control strategies have been proposed. This study represents the first investigation into the
efficacy of a combination of a nematophagous fungus and a monoterpene for controlling
gastrointestinal nematodes in sheep.

The procedures established for evaluating the efficacy of new molecules, drugs, and
natural compounds are carried out using in vitro techniques [21]. In this research, linalool
was evaluated in isolation for its inhibitory activity on egg hatching, as well as its effective-
ness in inhibiting the motility of infective larvae.

In Assay A (EHT), linalool caused a complete inhibition of egg hatching (100%) at a con-
centration of 1.25 mg/mL. Similar results were obtained by Ureña et al. [39], who reported a
94.7% inhibition of eggs (2 mg/mL) when evaluating the essential oil of Lippia dominguensis,
rich in linalool (33.85%). In the present study, an inhibition greater than 70% (0.62 mg/mL)
and an LD50 of 0.49 mg/mL (CI 95% = 0.47–0.51) were observed, which is similar to what
was reported by Katiki et al. [24], who found an LD50 of 0.29 mg/mL (CI 95% = 0.27–0.31)
in drug-resistant strains using linalool with 99.63% purity, demonstrating the promising
anthelmintic potential of linalool at lower doses. However, Zhu et al. [40] reported a lower
ovicidal activity of linalool at a higher concentration (10 mg/mL), with a maximum inhibi-
tion of 65.8% and a LD50 of 5.63 mg/mL (CI 95% = 4.66–7.07) against Haemonchus contortus
eggs. Sousa et al. [18] obtained an LD50 of 1.75 mg/mL (CI 95% = 1.65–1.86) against a
H. contortus strain resistant to benzimidazoles, which was higher than that observed in
the present study, which also involved a population classified as resistant. This suggests
that the efficacy of linalool in inhibiting egg hatching varies depending on the population
studied and its resistance to anthelmintics.

The EHT was developed for the phenotypic diagnosis of anthelmintic resistance of
nematodes to benzimidazoles [33]. However, with the aim of exploring new strategies for
controlling gastrointestinal nematodes, it has also been applied to assess the efficacy of
natural products with anthelmintic properties and biological control agents, considering
eggs that do not hatch as non-viable [41].

In the present study, the EHT was performed to evaluate the efficacy of linalool as
an ovicidal agent, as studies with other monoterpenes have already demonstrated this
effect [17,19,42,43]. It is worth noting that in the present study, linalool was not evaluated
in combination with D. flagrans in inhibiting egg hatching, as previous investigations have
shown that this fungus does not possess ovicidal activity, with only the adherence and
colonization of conidia on the surface of the eggs being observed, without any morpho-
logical damage. Its action is, however, confirmed to be predatory [14,44–47]. Considering
the efficacy of linalool in inhibiting egg hatching, further studies could be conducted to
investigate its association with fungi that have ovicidal activity.

For the analysis of larval predation, the LMIT serves as an indicator of the viability
of parasites after exposure to different anthelmintic substances and is recognized as the
gold standard [48,49]. Linalool demonstrated 100% efficacy in inhibiting the motility of L3
gastrointestinal nematode larvae at concentrations of 4% and 8% after 72 h of exposure in
Assay B. Additionally, at a concentration of 2%, an inhibition greater than 80% was observed.
These findings are consistent with those of Helal et al. [21] and Helal et al. [22], who
reported 87% and 97% inhibition when testing 1% and 10 µg/mL (0.01 mg/mL) of linalool,
respectively. These results show that even at lower concentrations, this biocompound
promotes a high rate of inhibition of larval motility.
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The LD50 value for linalool in Assay B was 0.42% or 4.2 mg/mL (95% CI = 0.29–0.57)
after 72 h of exposure. However, for Helal et al. [21], the values obtained ranged from
0.51% to 1.76% after 24 h of exposure. These differences can be attributed to variations in
incubation conditions and exposure time to linalool. Prolonged exposure may have led
to greater toxicity, resulting in a lower LD50, while shorter exposure might not have been
sufficient for linalool to exert a more toxic effect.

This study was the first to evaluate the predatory activity of a nematophagous fungus
associated with a monoterpene in the control of sheep gastrointestinal nematodes. In Assay
C, the combined use of D. flagrans and linalool, comprising Group 7 (10,000 conidia +
LD25 linalool), Group 8 (10,000 conidia + LD50 linalool), Group 9 (100,000 conidia + LD25
linalool), and Group 10 (100,000 conidia + LD50 linalool), significantly outperformed the
use of the fungus alone (p ≤ 0.05) starting from seven days of interaction, resulting in a
100% reduction of L3 larvae after 14 days, indicating that the combined treatment was more
effective. There are reports on the antifungal action of linalool [50–52]. However, when
using the LD25 and LD50 doses in combination with D. flagrans, no antagonistic effect was
observed, as linalool did not interfere with trap formation or the larval predation capacity
of the fungus.

Studies have already been conducted evaluating the association between D. flagrans
and synthetic anthelmintics on nematodes [16,27,53,54]. The results obtained in the present
study corroborate those reported by Hao et al. [28], who also observed a greater reduction
of L3 nematodes in sheep with the combination of D. flagrans and ivermectin, without
compromising the predatory activity of the fungus. These findings emphasize that the
combination of biological agents, such as nematophagous fungi, with drugs or natural
compounds can enhance the anthelmintic efficacy.

In the present study, the larvicidal activity observed in the groups treated exclusively
with linalool (G5—LD25 and G6—LD50) and the groups treated with conidia associ-
ated with the monoterpene (G7 to G10) did not show a statistically significant difference
(p > 0.05). However, the results obtained in the groups with the combination revealed
promising effects and advantages over the isolated treatments. While linalool may exert a
direct effect on the parasitic stages present in the host organism, D. flagrans can act on the
infective larvae in the environment. Its combined use is capable of disrupting the nematode
life cycle, providing a more effective and sustainable control strategy.

The mechanism of action of linalool is not yet fully elucidated; however, it is suggested
that it causes neurotoxic lesions similar to those of organophosphates, inhibiting acetyl-
cholinesterase (AChE) receptors and causing damage to the nervous system of nematodes
through intense lipolytic activity [23,55]. On the other hand, the use of D. flagrans repre-
sents a biological control strategy that stands out for its action targeted at combating the
free-living larvae of nematodes, its ability to germinate in fecal material, and its resistance
to adverse conditions, such as passage through the digestive tract [11,56]. It works by pro-
ducing adhesive, three-dimensional hyphae that ensure the immobilization, penetration,
and destruction of infective larvae, promoting a reduction of larvae in the pasture and
reinfection of animals [9,15,57].

In the groups treated only with D. flagrans conidia (G3 and G4), the maximum larval
reduction was 66.5% and 70.7%, respectively, after 14 days (D14). These results reinforce
that the combination of D. flagrans with other control agents can minimize the shortcomings
of isolated administration and increase fungal predation capacity [12].

Thus, the combination of D. flagrans with linalool represents an innovative and promis-
ing approach in the management of parasitic infections. However, in vivo experiments are
needed to clarify the synergistic interaction between these agents, ensuring their effective-
ness in field conditions for the control of helminth infections.
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5. Conclusions
It is concluded that linalool exhibits ovicidal and larvicidal activity and that its combi-

nation with D. flagrans enhances the predation capacity of the fungus and potentiates the
anthelmintic efficacy, making it an alternative method for the control of gastrointestinal
nematodes in small ruminants.
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