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INTRODUCTION

Parasitic diseases are a common problem in 
aquaculture. In particular, ectoparasites are of specific 
note as they can serve as vectors for other pathogens 
(bacteria, fungi, and viruses); and consequently, help 

to spread disease and harm animal performance. This 
can result in financial loss for producers and create 
public health risks (BASTOS et al., 2016).

Monogenetic helminths are a common 
ectoparasite of fish grown in intensive systems, 
as high levels of organic matter contribute to their 
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ABSTRACT: This paper o evaluated different concentrations and exposure times of Mentha × villosa hydrolate for the control of monogeneans 
in Nile tilapia (Oreochromis niloticus). Mentha × villosa leaves (150 g) were homogenized and the hydrolate was obtained by hydrodistillation 
for 4 h in a Clevenger apparatus. Fifty tilapia were then divided into ten groups (five fish each) and subjected to therapeutic baths for 15 
minutes in five different hydrolate concentrations (0, 10, 20, 40, and 80 ml.L-1;× 2 replicates). After a suitable hydrolate concentration was 
identified, another 50 tilapia were divided into ten groups (five fish each) and subjected to therapeutic baths at the identified hydrolate 
concentration for five different durations (0, 15, 30, 45, and 60 minutes;× 2 replicates). In both steps, the mucus and gills were analyzed to 
determine parasitological indices. The hydrolate concentration of 20 ml.L-1 showed an efficacy of 59.9% and the biggest decrease in pathogen 
prevalence, average abundance, and average infection compared to the control and the lowest concentration (10 ml.L-1). For duration, the 
best antiparasitic effects were achieved with the 60-minute therapeutic bath, as it resulted in 89.28% antiparasitic efficacy. Therefore, it was 
concluded that therapeutic baths of M. × villosa hydrolate at a concentration of 20 ml.L-1 for 60 minutes have satisfactory antiparasitic effects 
and could be used to control monogenetic infestations in the gills and mucus of Nile tilapia (O. niloticus).
Key words: herbal medicines, animal health, fish.

RESUMO: Este trabalho teve como objetivo avaliar diferentes concentrações e tempos de exposição do hidrolato de Mentha × villosa para 
o controle de monogenéticos em Tilápia-do-nilo (Oreochromis niloticus). Folhas de Mentha × villosa (150 g) foram homogeneizadas e o 
hidrolato foi obtido por hidrodestilação por 4 h em aparelho de Clevenger. Em seguida, 50 tilápias foram divididas em dez grupos (cinco 
peixes cada) e submetidas a banhos terapêuticos por 15 minutos em cinco diferentes concentrações de hidrolato (0, 10, 20, 40 e 80 ml.L-1; × 2 
repetições). Após a identificação de uma concentração de hidrolato adequada, outras 50 tilápias foram divididas em dez grupos (cinco peixes 
cada) e submetidas a banhos terapêuticos na concentração de hidrolato identificada por cinco durações diferentes (0, 15, 30, 45 e 60 minutos; 
× 2 repetições). Em ambas as etapas, o muco e as guelras foram analisados para determinar os índices parasitológicos. A concentração de 
hidrolato de 20 ml.L-1 apresentou eficácia de 59,9% e a maior redução na prevalência do patógeno, abundância média e infecção média em 
relação ao controle e a menor concentração (10 ml.L-1). Para a duração, os melhores efeitos antiparasitários foram alcançados com o banho 
terapêutico de 60 minutos, uma vez que resultou em 89,28% de eficácia antiparasitária. Portanto, concluiu-se que banhos terapêuticos de 
hidrolato de M. × villosa na concentração de 20 ml.L-1 por 60 minutos têm efeitos antiparasitários satisfatórios e podem ser usados para 
controlar infestações monogenéticas nas brânquias e muco da Tilápia-do-nilo (O. niloticus).
Palavras-chave: fitoterápicos, saúde animal, peixe.
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reproduction and development. These helminths 
have a sclerotic structure, called a haptor, used 
for attachment to the host, that increases their 
pathogenicity and causes tissue damage (PAVANELLI 
et al., 2008). These ectoparasites can cause a loss of 
function in the gills, impairing respiration and salt 
exchange with the water, leading to fish mortality (DE 
MAIO GODOI et al., 2011). In addition, the lesions 
produced serve as a gateway for systemic bacterial 
infections (XU et al., 2007).

Several chemicals, such as formalin, 
sodium chloride, copper sulfate, potassium 
permanganate, diflubenzuron, and neguvon, are used 
to control ectoparasites in fish (MARTINS, 2004). 
However, these products have some disadvantages, 
including high costs, possible toxicity to fish and 
humans, possible development of parasitic resistance 
to active substances, and environmental risks 
(PAHOR-FIHO et al., 2015). Consequently, there is 
a need for more sustainable alternatives.

Herbal medicines have been increasingly 
investigated for their proven efficacy in the 
treatment and prevention of diseases, especially 
those caused by parasites (HASHIMOTO et al., 2016; 
BANDEIRA et al., 2017; RAMAN, 2017), and as 
sustainable alternatives to chemotherapy. Herbal 
medicines are mainly taken via oral routes, in dietary 
supplementation, or in therapeutic baths when 
added to water (LING et al., 2010; DE ANDRADE 
et al., 2018).

Among the plants utilized as herbal 
medicines, mint (Mentha × villosa) is widely used 
in phytotherapy for its anti-inflammatory, anti-
hepatotoxic, anthelmintic, and immunostimulant 
(ARRUDA et al., 2006) properties. Studies have 
shown that M. × villosa hydrolate exerted an ovicidal 
effect on bovine gastrointestinal nematodes in an in 
vitro test (NASCIMENTO et al., 2009). Other studies 
have demonstrated the in vitro biological effects of M. × 
villosa essential oils on S. mansoni worms, which resulted 
in decreased motility and, with higher concentrations, 
mortality (MATOS-ROCHA et al., 2013).

However, no previous studies have 
elucidated the medicinal use of hydrolate, a by-
product of the extraction of essential oils from plants, 
in therapeutic baths for the treatment of parasitized 
fish. Despite having several pharmacological 
effects, hydrolates have typically been discarded 
after the extraction of oils as having no commercial 
purpose. Therefore, this study evaluated different 
concentrations and exposure times of Mentha × 
villosa hydrolate for the control of monogeneans in 
Nile tilapia (Oreochromis niloticus).

MATERIALS   AND   METHODS

Plant material
The botanical species used in this research 

were grown in the Medical Plants Unit at the Instituto 
Federal Catarinense, campus Araquari, located at 26° 
23’ 33.6691” S and 48° 44’ 18.3336” W, at 10.6 m 
above sea level, in the city of Araquari, Santa Catarina 
State, southern Brazil. Plants were cultivated in an 
agroecological system without the application of 
agrochemical products. Mentha × villosa leaves were 
collected from approximately 50 individuals from 
March to June 2018 (Brazilian autumn). A voucher 
specimen of the botanical material was deposited 
at the Botanical Museum Herbarium, located in the 
Botanic Garden of Curitiba, PR, with the number 
358966. 

Obtaining the hydrolate
M. × villosa hydrolate, a by-product 

of essential oil distillation, was achieved by 
hydrodistillation (VENSKUTONIS, 1997) using the 
Clevenger apparatus, adapted to a 2000 mL flask 
in which the mint leaves were placed together with 
1000 mL of distilled water according to CORADI et al. 
(2018). Fresh leaves of M. × villosa (150 g) were used 
for each distillation. The extraction time was 90 min, 
starting from the time of boiling. After the hydrolate 
(mixture of oil and water) was obtained, separation 
of the essential oil was initiated using the organic 
solvent pentane (3 x 50 mL) in a separating funnel. After 
a few minutes of resting, the solution was filtered and 
concentrated on a rotary evaporator at 40 °C, until the 
solvent volume was significantly reduced.

 The hydrolate obtained from the 
hydrodistillation of the leaves of Mentha x villosa 
was treated with chromatographic grade hexane to 
perform a liquid-liquid extraction with approximately 
2 ml of hexane for 100 ml of hydrolate in a separating 
funnel. A fraction of 500 µL of the organic phase 
was collected to perform a chemical analysis of the 
volatile components of the hydrolate of Mentha 
× villosa by gas chromatography with a mass 
spectrometry detector (GCMS, Shimadzu, model 
GCMS - QP2010). A ZB-5MS capillary column, 30 
m × 0.25 mm × 0.25 µm film, was used. The injector 
temperature was 250 °C and the helium carrier gas 
flow was 1.0 mL.min-1. The chromatograph oven was 
optimized with an initial temperature of 60 °C for 4 
minutes until reaching 210 °C, then remaining for 6 
minutes, and the total chromatographic run lasted 35 
minutes. A fraction extracted from the hydrolate was 
diluted 2 times in chromatographic grade hexane,;and 
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subsequently, 1 µL was injected into the GCMS. The 
quantification of each component was determined by 
normalizing the areas (%) of the peaks in the total ion 
chromatogram (TIC), with the total area, which was 
the sum of all areas of the eluted peaks (100 %).

Retention rates were calculated according 
to VAN DEN DOLL & KRATZ (1963) from n-alkane 
standards (C7-C30), with the same chromatographic 
conditions as the samples of the essential oils. 
The identification by GCMS was based on the 
comparison of the mass spectra with NIST-05 
data libraries, and by comparing the retention rates 
calculated with those reported in the literature 
(databases - WebNIST, GMD).

Fishpond
The Nile tilapia (O. niloticus) used in this 

research were reared in a pond (32 m³, 11.6 m × 5.0 
m × 0.5 m) covered with a geomembrane (8 mm). 
The pond had a daily water renewal rate of 10 %. 
Fish were fed four times a day with a commercial diet 
(Guabi, 32% crude protein), and the stocking density 
was approximately 10 fish.m-3.

Definition of concentration
From this pond, fifty Nile tilapias (172.81 

± 31.9 g and 20.5 ± 1.5 cm) were divided into ten 
groups of five fish each. All were submitted to 
therapeutic baths using five different M. × villosa 
hydrolate concentrations (control/0, 10, 20, 40, and 
80 ml.L-1). Fish were kept in buckets with 5 liters of 
water from the rearing pond, each containing five fish 
(stocking density 1 fish.L-1), and each bucket was 
equipped with a constant aeration system (pumped 
air). All baths were performed for 15 minutes.

Exposure/action time
After defining the most efficient 

concentration of hydrolate, another fifty Nile 
tilapias (176.81 ± 4.7 g and 20.9 ± 0.35 cm) were 
collected from the same fish tank as indicated in 
the previous section (definition of concentration). 
All were submitted to therapeutic baths, using five 
different exposure times (control/0, 15, 30, 45 and 
60 minutes) to the Mentha × villosa hydrolate, at the 
concentration identified as suitable in the previous 
section (Definition of concentration). Fish were kept 
in buckets with 5 liters of water from the rearing 
pond, except for the control treatment, for which 
parasitological analysis was performed immediately 
after collection. Each bucket contained five fish 
(stocking density 1 fish.L-1) and was equipped with a 
constant aeration system (pumped air).

Parasitological analysis
After therapeutic baths, the Nile tilapia 

were anesthetized with eugenol (50 mg L-1), the mucus 
was removed by scraping the entire length of the skin, 
and then the tilapias were euthanized via spinal cord 
section. The gills were removed individually and 
analyzed with a stereomicroscope (ZEISS Stemi DV4) 
to determine the levels of infestation (JERÔNIMO et 
al. 2011). Prevalence of parasitological descriptors 
(P), mean infection (MI), and mean abundance (MA) 
were determined as described previously by BUSH 
et al. (1997). According to DOTTA et al. (2015), 
effectiveness was determined as E = MNPCG - 
MNPTG × 100 / MNPCG, where E is effectiveness, 
MNPCG is the average number of parasites in the 
control group, and MNPGT is the average number of 
parasites in the treated group.

Statistical analysis
Data were previously submitted to 

Bartlett’s analysis to verify their homogeneity of 
variance. Second order polynomial regressions were 
performed to evaluate concentration and time. All 
tests were performed using SPSS Statistics software, 
version 25 (ZAR, 2010).

RESULTS   AND   DISCUSSION

Plants of the genus Mentha are valuable 
for industry, as their extracts and derived essential 
oils exert notable effects against a broad spectrum 
of bacteria, fungi, and yeasts, when tested in vitro 
(SALEHI et al., 2018), and their use has also been 
observed in aquaculture (HASHIMOTO et al., 2016). 
Carvone was the most abundant compound in the Menta 
× villosa hydrolate, representing almost 90 % of the 
sample profile (Table 1), the same compound also was 
a predominant chemical (89.7%) in the crude volatile oil 
of Sphaeranthus amaranthoides (MURFADUNNISA 
et al., 2014). This compound has previously been 
investigated as a feed additive for veterinary and 
medicinal use (EFSA, 2014), and may have a role in 
aquaculture as an anesthetic (MORCIA et al., 2016). 

Several studies have confirmed the 
antiparasitic effects of essential oils for fish (DA 
COSTA, 2017; SOARES, et al., 2016), but few 
have used hydrolate as a phototherapeutic. For 
cattle, NASCIMENTO et al. (2009) demonstrated 
that M. × villosa hydrolate has an ovicidal effect on 
bovine gastrointestinal nematodes, and JULIO et al. 
(2017) observed nematocidal activity with hydrolate 
treatments (60 % and 20 % concentrations) of 
Artemisia absinthium against Meloidogyne javanica.
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The main compound of the M. × villosa 
hydrolate was Carvone. Previous reports have demonstrated 
the capacity of carvone as a potential synthetic pesticide 
for agriculture and veterinary applications (SHAH & 
HORSLER, 2012), and have recommended it as an 
environmentally friendly parasiticide and insecticide 
(FRANZIOS et al., 1997). In addition, Carvone can 
be used synergistically with antiparasitic and pest-
control compositions (ENAN, 2011, 2014).

The recent discovery of hydrolates as 
potential therapeutic products means that there 
is a need to assess their ideal concentrations and 
application durations, given the inefficiency of low 
doses and because overdosing creates risks for the 
health of animals, as demonstrated in medical studies. 
The U.S. Food and Drug Administration (FDA) from 
1993 to 1998 detected 5,307 cases of medical error 
with medications; among them, 40.9 % of cases 
involved inadequate dosage and subsequent mortality 
(COHEN, et al., 2000).

The tilapia used in these experiments 
exhibited infestation with monogenoid parasites 
(Monogenea sp.). UEDA et al. (2013) reported that 
the monogenoid group was the most prevalent in 
freshwater fish in Brazil. Parasites of this class are 
potential disease agents and have previously been 
described in other fish species (DUTTA et al., 2015; 
JERÔNIMO et al., 2011).

In this research, the parasitological counts 
performed in the first experiment demonstrated 
that a concentration of 20 ml.L-1 of M. × villosa 
hydrolate obtained the same results as the highest 
concentrations, reducing the prevalence of 
monogenous mucus by 40 % (Figure 1A). MA and 
MI had lower counts of monogeneans in their mucus 
and gills at the concentration of 20 ml.L-1 compared 

to the lowest concentration tested (10 ml.L-1) and 
the control treatment. In addition, the concentration 
of 20 ml.L-1 demonstrated antiparasitic efficacies of 
58.33% and 59.54% against the monogeneans in the 
mucus and gills of O. niloticus, respectively. This 
result was equal to that with highest concentrations 
tested (40 ml.L- 1 and 80 ml.L-1) but better than those 
with the 10 ml.L-1 (Figure 2). This hydrolate showed 
better efficacy than the essential oil of Mentha × 
piperita, in which 40 mg.L-1  was necessary for 41.63 
% efficacy against monogeneans in Nile tilapia (O. 
niloticus) (HASHIMOTO et al., 2016). The 20, 40, 
and 80 ml.L-1 proved to be more effective than the 10 
ml.L-1. Therefore, the lowest concentration, 20 ml.L-1, 
was used in the second experiment to reduce the cost 
but optimize its use.

The second experiment demonstrated 
that increasing the immersion bath time with M. × 
villosa hydrolate gradually decreased the prevalence 
of monogenous mucus (Figure 3A), as well as 
monogenous MA and MI in the gills and mucus of 
the tilapia (Figures 3B and 3C).

The 60-minute therapeutic bath showed 
higher antiparasitic efficacy at 89.29 % and 80.19 % for 
mucus and gills, respectively (Figure 4). According to 
the Ministry of Agriculture, Livestock and Supply 
(Ministério da Agricultura, Pecuária e Abastecimento 
in Portuguese), Ordinance N° 48 of 12/12/1997, the 
registration of antiparasitic products for domestic 
mammals requires an efficiency above 90 %. However, 
for fish and/or aquatic organisms, no legislation has 
defined the degree of medicinal efficacy. According to 
ONAKA et al. (2018), this may hinder the evaluation 
of new drugs or treatments, since the goal of treatment 
is the significant control of parasites, not necessarily 
their elimination above 90 %.

Table 1 - Volatile profile of Mentha x villosa hydrolate. 

Components RIc RIl Percentage (%) 

1.8-cineol 1034 1033 0.69 
trans-Sabinene hydrate  1070 1070 1.06 
Terpinen-4-ol 1183 1181 1.93 
Dihydrocarveol  1200 1202 1.80 
 trans-Carveol  1221 1220 2.41 
Carvone 1248 1246 89.73 
ar-tumerone 1666 1669 2.03 
Total identified - - 99.65 

 
RIc = Retention index calculated, RIl = Retention index of literature, % = percentage of the component in the volatile fraction of the 
hydrolate. 
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Figure 1 - Second-order polynomial regression of prevalence (A), mean abundance (B), and 
mean infection (C) by monogeneans in mucus and gills of Nile tilapia under different 
hydrolate concentrations. y monogeneans in mucus and gills of Nile tilapia under 
different hydrolate concentrations.
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Figure 4 shows an increase in the 
effectiveness of hydrolate in the gills in direct 
proportion to the duration of the therapeutic bath. The 
60-minute bath was 17.13% and 28.6% more efficient 
than the 45- and 30-minute baths, respectively. Similar 
results reported by CORRAL (2014) who confirmed 
that Piper aduncum extract at a concentration of 40 
g.L-1 in 60-minute baths for tambaqui (Colossoma 
macropomum) obtained an average of 4.7 live and 
92.2 dead monogenoids.

The increase in therapeutic bath time 
improved the effectiveness of the treatment for 
the gills, whereas the efficacy of M. × villosa 
hydrolate in mucus suggests a 30-minute 
therapeutic bath at a concentration of 20 ml.L-1. 
We found that these results were equal to those 
for a 1-hour bath. This can be explained by the 
exposure of the parasites to the hydrolate since 
mucus is the layer covering fish integument and 
the most external part of the animal.

The results of this study showed the 
antiparasitic effect of M. × villosa hydrolate against 
monogeneans for Nile Tilapia (O. niloticus). For 
15-min therapeutic baths of M. × villosa hydrolate, 
concentrations of 20 and 80 ml.L-1 were shown to 
have the same antiparasitic effect. It is recommended; 
however, that the lowest concentration be used to 
reduce costs and optimize use of the by-product. 
As a general protocol, one-hour therapeutic baths 
of M. × villosa hydrolate at 20 ml.L-1 are indicated 
to control monogenetic infestations in the gills and 
mucus of Nile tilapia (O. niloticus). However, the 
profile of the hydrolate composition can change due 
to several variables such as raw material, extraction 
method and plant tissues used for extraction, and 
harvesting season. To repeat the results reported 
in this investigation, the hydrolate extract must 
have a similar chemical profile to that used in this 
experiment. An alternative to investigate further is the 
use of synthetic carvone with the same concentration.

Figure 2 - Second-order polynomial regression of efficacy of Menta villosa hydrolate concentrations as 
antiparasitic agent against monogeneans for Nile tilapia in 15-minute baths.
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Figure 3 - Second-order polynomial regression of prevalence (A), mean abundance (B), 
and mean infection (C) of monogeneans in mucus and gills of Nile tilapia under 
different therapeutic bath times.
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