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ABSTRACT

In Mexico, the Oesophagostomum dentatum is considered one of the main gastrointestinal endoparasites
affecting the most important breed in rural pig farming, the hairless pig [Cerdo Pelon Mexicano (CPM)]. In
this research, it was evaluated the in vitro biological efficacy of vegetable extracts of ginger, mint, thyme
and oregano, with the aim of finding new natural alternatives for the control of Oesophagostomum dentatum;
being compared its efficiency with ivermectin (IVM) and dimethylsulfoxide (DMSO). During the investigation,
380 samples of excrements (extracted directly from the anus) of CPM were collected, with an average
weight (zSD) 40+5 kg per animal. These samples were analyzed by means of McMaster technique,
achieving to identify Oesophagostomum dentatum eggs. The evaluation of the treatments' effectiveness
was carried out in cell culture microplates incubated for 48 h at 25+1 °C using different doses of the
vegetable extracts and comparing their control effectiveness with IVM and DMSO. Obtaining that the
biological effectiveness of the ginger extract (3%) is similar to that of the IVM (1%), achieving the elimination
and immobilization of the Oesophagostomum dentatum larva in 62%. While the extracts of oregano, thyme
and mint presented a percentage of biological effectiveness of less than 20%.

Keywords: parasites, gastrointestinal, nematodes, Sus scrofas domesticus, ginger.

RESUMEN
En México, el Oesophagostomum dentatum es considerado uno de los principales endoparasitos

gastrointestinales que afecta a la raza de mayor importancia en la porcicultura rural [Cerdo Pelén Mexicano
(CPM)]. En esta investigacion se evalué la eficacia bioldgica in vitro de extractos vegetales de jengibre,
hierbabuena, tomillo y orégano, con el objetivo de encontrar nuevas alternativas de caracter natural para
el control de Oesophagostomum dentatum; siendo comparada su eficiencia con ivermectina (IVM) vy
dimetilsulféxido (DMSO). Durante la investigacion, se colectaron 380 muestras de excretas (extraidas
directamente del ano) de CPM, con un peso promedio (+DE) 40+5 kg por animal. Dichas muestras fueron
analizadas mediante la técnica de McMaster, logrando identificar huevos de Oesophagostomum dentatum.
La evaluacion de la eficacia de los tratamientos se realiz6 en microplacas de cultivo celular incubadas
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durante 48 h a 251 °C utilizando diferentes dosis de los extractos vegetales y comparando su eficacia de
control con IVM y DMSO. Obteniendo que la efectividad biol6gica del extracto de jengibre (3%) es similar
al de la IVM (1%), logrando la eliminacién e inmovilizacion de la larva de Oesophagostomum dentatum en
un 62%. Mientras que los extractos de orégano, tomillo y hierbabuena presentaron un porcentaje de
efectividad bioldgica menor al 20%.

Palabras claves: paréasitos, nematodos, gastrointestinales, Sus scrofas domesticus, jengibre.

INTRODUCTION

During the last years, in Mexico, pork production has generated more than 350,000 direct
jobs and 1.7 million indirect jobs, causing an exponential growth of 10.79%, as a
consequence of production increases and an improvement in prices in the market for
consumption of this meat (Rebollar et al., 2016). One of the most important activities in
the country is rural pig farming, being the Mexican Hairless pig (CPM) one of its main
protagonists, since it has been characterized mainly by its rusticity and varied diet (Lemus
and Ly, 2010). This type of production is affected by the presence of parasites that limit
the productive potential of pigs, causing loss of appetite and immune response;
consequently, a decrease in live weights and alterations in food conversion rates (Louie
et al., 2007).

It is important to highlight that the prevalence of parasitosis depends exclusively on the
management system, the sanitation and hygiene conditions and on different types of
variables, such as climate, temperature and humidity, which influence the life cycles of
parasites (Frontera et al., 2009); where one of the parasites with the highest prevalence
in pig production is Oesophagostomum dentatum (Cordero et al., 2000). Currently the
control methods that have been chosen for this type of parasitosis have been less and
less effective, because these nematodes have had a rapid evolution and development of
resistance against the chemicals used for their control, which represents a risk for human
health (Taylor et al., 2009%). Currently, three large families of antiparasitics are frequently
used by pig farmers, macrocyclic lactones (IVM, moxidectin, doramectin), imidazoles,
tetrahydropyrimidine  (levamisole, moratel) and benzimidazoles (fenbendazole,
oxfendazole and albendazole), depending on the areas in which production is developed
(Encalada et al., 2014). The abuse of these chemicals has caused a problem of resistance
to antiparasitics (Kaplan and Vidyashankar, 2012). Furthermore, their misuse can cause
them to enter the environment as an equal compound (unchanged) or as a metabolite; to
later be transported and distributed in water, sediments, soil and flora (Horvat et al., 2012),
causing considerable alterations in the ecosystem.

For this reason there is a growing interest in exploring natural alternatives, with properties
capable of acting as bacteriostats, bactericides and antiparasitics (Aguilera, 2012). Plants,
as part of their metabolism, synthesize different components called secondary metabolites
(Davila et al., 2017). Various investigations carried out have shown a great diversity of
plants that possess these metabolites capable of inhibiting the growth and development
of pathogens (Rizo et al., 2017).
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The objective of this study was to evaluate the biological efficacy of different plant extracts,
such as: ginger (Zingiber officinale), oregano (Origanum vulgare), thyme (Thymus) and
peppermint (Mentha spicata); previously reported for their active compounds capable of
acting as bactericides; comparing them with commercial products that are currently used
for the control of Oesophagostomum dentatum present in CPM.

MATERIAL AND METHODS

Study area: The study was carried out at the Center for the Conservation of the Mexican
Hairless Pig and at the Laboratory of Parasitology and Biological Control, of the Division
of Life Sciences of the University of Guanajuato. The samples were collected from CPM,
with average weights 40 = 5 kg, originating from rural areas of the municipality of
Huehuetla, Hidalgo and Zacapoaxtla, Puebla, Mexico. A total of 380 samples taken from
the rectum were collected and placed in properly identified polyethylene bags (Aguilar et
al, 2016). These were transferred to the laboratory, where they were stored at a
temperature of 4 £ 1°C until their processing, which was not greater than 48 h.

Vegetative material: Fresh leaves of mint (Mentha spicata), thyme (Thymus) and
oregano (Origanum vulgare) (approximately 1kg per sample) were collected in the
Zacapoaxtla municipality, Puebla, located at an altitude of 1825 m. a.s. |., as well as ginger
bulbs (Zingiber officinale) (approximately 2 kg) in Huehuetla municipality, Hidalgo, located
at an altitude of 520 m. a. s. I. The material was stored and transferred under refrigeration
at 4 °C in a portable mini-refrigerator (Chefman/RJ48-BLACK; Cooling & Heating
Company, United States), to avoid changes in its composition (Salem et al., 2006). Later
they were subjected to a drying process under the shade for a week, and finally both the
leaves and bulbs were crushed in a semi-industrial mill to a size of approximately 1 mm.

Obtaining the hydroalcoholic extract (HA): 100 g were used for each sample and they
were subjected to a maceration process with a mixture of water and methanol (70:30 v/v)
for 24 h, then the solution was filtered through different filters, using (gauze and filter
paper) to obtain an extract free of impurities. Once the extract was obtained, it was frozen
at -42 °C and finally the lyophilization process was carried out (lyophilizer 7670520;
LABCONCO, Kansas City, United States). The lyophilized extract was frozen for later use
(Salem et al., 2006).

Biological material: the parasitological diagnosis was made using the anaerobic egg
storage technique, described by (Coles et al., 2006) modified; which consists of
processing the samples using the sedimentation technique found in the fecal content and
allowing the parasite eggs to concentrate at the bottom of the falcon tube. Thus, 30 mL of
water and 4 g of feces were placed in each falcon tube, the sample was homogenized,
pouring it into a sieve and centrifuged for 5 min at 300 rpm. Subsequently, the flotation
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technique was performed with 30 mL of glucose solution with a density of 1: 200 (Cringoli
et al., 2004); achieving in this way that the parasite eggs at the bottom of the falcon tube
float due to the density of the solution; the mixture was again centrifuged for 5 min at 300
rom. Finally, the sedimentation technique was performed again with 30 mL of distilled
water to concentrate the eggs at the bottom of the tube, centrifuging at 300 rpm and
establishing the concentration of eggs per mL of sterilized distilled water.

McMaster’s technique: The McMaster coproparasitoscopic technique was performed,
using a saturated Sheather solution with a specific gravity of 1,200 to estimate the amount
of eggs per g of excrement, the appropriate gravity being to carry out the technique
(Cringoli et al., 2004). 2 g of excrement and 28 mL of saturated solution were used; the
sample was homogenized and placed in the McMaster chamber (MM-OP; PROLAB,
Jalisco, Mexico), using a pipette with gauze as a filter, avoiding obstruction when
reviewing the sample. The necessary volume was placed to perform the reading on one
side of the chamber, letting it rest for 2 min before being observed under the microscope
and carrying out the egg count (Rodriguez et al., 2016).

To estimate the number of eggs per g of excrement, the total volume obtained from mixing
the excrement and the 30 mL solution was adjusted; considering that each compartment
of the chamber measures 1 cm? with a height of 0.15 cm, therefore the reading of both
compartments is 0.30 mL of the total initial volume of 30 mL (Rodriguez et al., 2016). The
concentration of eggs per g of feces of the parasite found was obtained by means of the
McMaster formula (Bowman, 2013).

Total. vol.
Total (no of eggs) counted eggs x (Vol. cells)
otal \ ——— ) =
g of feces g of feces

The parasite eggs were identified with the morphological keys (Coffin, 1952), and the
larval diagnosis was made with the morphological keys of Van Wyk et al., (2004), being
able to observe the cranial limb of the larvae, the terminal appendages and the
morphology of the tail.

Experimental design: the experiment was established under a completely randomized
design of 19 treatments of 20 repetitions each, having a total of 380 experimental units.
Each experimental unit consisted of 1200 pL (1100 pL of ginger extract plus 100 pL of
solution with 70 nematode larvae). Each experimental unit consisted of a total of 100 uL
of live nematodes (with an average of 70 larvae).
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Inhibition test of larval migration: a larval culture was carried out to bring the nematodes
to the third stage of the larva. For this, the necessary conditions were provided for the
hatching of the egg, making modifications to the technique of McArthur et al., (2015).
Excrement was placed in perforated plastic containers, in order to provide an aerobic
environment, sterile sawdust was added and the excrement was homogenized by adding
sterile distilled water. The mixture was covered at 23-25 °C for 10 d, with a daily visual
evaluation in case of requiring the addition of moisture and oxygenating the samples,
stirring the culture with the help of a spatula. Once the incubation time had concluded, the
culture was placed in a Baermann funnel; in this way the larvae of Oesphagostomum
dentatum were separated from the fecal content. After one day in the funnel, the liquid
was obtained and the larvae were concentrated by centrifugation, to later carry out their
counting and dilutions, being identified with the morphological keys described by Quiroz
(2011).

Dose and number of applications: Evaluations were made with doses of ginger extract
(Zingiber officinale) at 0.1%, 0.3%, 0.5%, 0.7%, 0.9%, 1%, 3% (Gawel et al., 2003);
oregano (Origanum vulgare) at 1%, 3% and 5%, as mentioned by Borbolla and Velasquez,
2004 (citado en Guerra et al., 2008); thyme (Thymus vulgaris) at 1%, 3% and 5% (Ramos
and Hernandez, 2018); peppermint (Mentha spicata) at 1%, 3% and 5% (Lagarto et al,
1997); comparing the effect of each one with the water control, DMSO 5% (Rendal et al.,
2004) and IVM at 1% (Chavez et al., 2006).

For the dilution of the nematodes, a pipette graduated in 100 uL was used, with which the
sample collected from the funnel was extracted, deposited in each well of the cell
microplate of 1200 pL volume, a sample of 100 pL of nematodes; repeating the same
procedure for each experimental unit. For the experimental units of the extracts of the
organic treatments to be evaluated, a 5% extract stock solution was used (equivalent to 2
mL of extract + 38 mL of distilled water = 40 mL of solution); thus calculating the
equivalents to each percentage as mentioned above for each experimental unit according
to its inclusion percentage.

For the dilution of each treatment dose, the necessary amount of distilled water was
deposited to complete the 1200 uL volume, in each experimental unit. The Control
treatment was added with 100 pL of nematodes and a total of 1100 pL of distilled water.
During the experiment, a single application of the antiparasitics was carried out, and with
the help of a manual counter, the live and dead nematodes of each experimental unit were
counted through a microscope with a 10x and 40x objective.

Statistical analysis: For the evaluation of each antiparasitic, its effectiveness was
determined, comparing it with the control group (Barrere et al., 2013). Mortality
percentages were adjusted with the Abbott formula (Abbott,1987), and an analysis of
variance of the different treatments was performed and a comparison of means was made
using a Tukey test at 95% confidence, with the statistical package Statgraphics 9.0
(Cosialls et al., 2000).
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RESULTS AND DISCUSSION

The percentage of biological effectiveness of the different antiparasitics evaluated was as
follows: first evaluation (0 h), it was 0% in each treatment; this for being the first count
after the application. For the second evaluation (24 h after the application of the
treatments), no significant differences were shown in the mortality of nematodes between
the evaluated treatments. In the third evaluation (48 h after the application of the
treatments), it was observed that the percentage of biological effectiveness of the different
treatments increased. However, IVM (1%) and ginger extract (Zingiber officinale) (3%)
were the ones that showed the greatest effectiveness for the control of
Oesophagostomum dentatum (Table 1).

Table 1. Percentage of biological effectiveness of the dewormers and plant extracts evaluated

Dewormers % Inclusion Evaluation 1 Evaluation 2 Evaluation 3
(0 hours) (24 hours) (48 hours)
%
T1: Control H,O 0 0 0
T,: Ivermectin 1 0 32.56 62.72
Ts: DMSO 5 0 0 10.02
T4 Ginger 0.1 0 1.19 2.08
Ts: Ginger 0.3 0 2.37 5.19
Te: Ginger 0.5 0 6.15 11.46
T+ Ginger 0.7 0 12.74 24.27
Te: Ginger 0.9 0 19.54 36.09
To: Ginger 1 0 22.69 45.36
Tio: Ginger 3 0 32.54 62.93
T1:: Peppermint 1 0 1.67 3.04
T:2: Peppermint 3 0 2.54 5.98
T3 Peppermint 5 0 4.66 9.53
T.s: Thyme 1 0 1.49 2.49
Tis: Thyme 3 0 271 5.80
Tie: Thyme 5 0 3.85 8.03
T.7: Oregano 1 0 3.29 6.48
T1s: Oregano 3 0 5.48 11.18
T1e: Oregano 5 0 8.80 17.02

Figure 1 shows that the biological effectiveness of ginger extract (Zingiber officinale) (3%)
is similar to that of IVM (1%), in 62%; This extract has an exponential growth of 26.76%
on average as its concentration percentage increases; while the extracts of oregano
(Origanum vulgare), thyme (Thymus) and mint (Mentha spicata), maintain a percentage
of biological effectiveness of less than 20%; being these little effective in the mortality of
the evaluated nematode. As reported by a study by Taylor et al. (2009%), a multiple
resistance of gastrointestinal nematodes to the main families of antiparasitics
(benimidazoles, imidazoles and microcyclic lactose) has been verified. Geurden et al.
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(2015), reported that IVM has been one of the most used dewormers in the last 40 years,
due to the resistance that parasites develop in different sites in Germany, France, England
and Italy. 40 Animal Production Units (753 animals) were studied, keeping a record of the
eggs observed in the excrement and observing a decrease in the effectiveness of IVM
and moxidectin in the 8 Animal Production Units.

Biological effectiveness against larvae of Oesophagostomum dentatum
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daa: days after application

Figure 1. Percentage of biological effectiveness of each dewormer used on the larvae of
Oesophagostomum dentatum during the evaluation 1 (to 24 h after applying the treatment) and in
the evaluation 2 (to 48 h after applying the treatment)

In Mexico, Alonso et al., (2015) evaluated in 21 Animal Production Units in Veracruz state,
during the period of January 2012-April 2013; among which only 2 Animal Production
Units have parasites susceptible to IVM, being the other 15 those that present resistance;
Furthermore, they were able to identify through questionnaires that this problem originates
mainly because an inadequate deworming practice is carried out; being one of the main
problems in the state of Guanajuato, since the producers indicate deworming without
adequate control, which generated that only 2 Animal Production Units present parasitosis
susceptible to IVM. Paraud et al., (2016) have verified in France, that the latter can not
only modify the effectiveness of IVM, but also the existence of a cross resistance is
possible, reporting a resistance to macrocyclic lactones in sheep, as they demonstrated
the first multiple resistance of gastrointestinal nematodes against the same family of
antiparasitic; This could be a problem in the present study, because 60% of the Animal
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Production Units evaluated presented resistance to IVM, and cross resistance in France
was observed in farms suspected of resistance.

Paradoxically, research carried out in Mexico by Rizo (2017), shows the great diversity of
plants that present metabolites capable of inhibiting the growth and development of
pathogens (Phytophthora ssp., Colletotrichum gloeosporioides, Moniliophthora roreri);
One of these plants evaluated has been the extract of ginger (Zingiber officinale). Studies
reported by Lin et al. (2010), have verified the effect of ginger (Zingiber officinale) as a
dewormer with respect to mortality and reduced mobility in the larvae of Anisakis simplex,
a species of gastrointestinal nematode present in marine mammals, fish, crustaceans and
humans.

The effectiveness of the extract of ginger (Zingiber officinale) at 3% to eliminate and
immobilize the larvae of Oesophagostomum dentatum, is similar in an efficiency to 62%
to that of IVM1% at 48 h, proving in this study that the biological effectiveness of the
Ginger extract (Zingiber officinale) has a growth with respect to the dose response curve
of this extract. Research has been conducted in Japan on the anthelmintic activity of
compounds isolated from ginger root (Zingiber officinale), syhogaol, shogaol, and
gingerol. They have shown that the above compounds kill and reduce mobility in Anisakis
simplex larvae, a species of gastrointestinal nematode present in marine mammals, fish,
crustaceans and humans between 24 and 72 h (Lin et al., 2010). In turn, Acufia and
Torres, (2010) in a study conducted on the medicinal properties of ginger (Zingiber
officinale), have reported Gingerol as the most studied active component for its various
pharmacological effects, among the most prominent anti-inflammatory and anthelmintic.

According to these results, verifying the effectiveness of ginger (Zingiber officinale), to
eliminate and immobilize the larvae of Oesophagostomum dentatum, an adequate
parameterization has been made to the Gompertz mathematical model to estimate the
lethal doseso (LDso) of the ginger extract; as shown in table 2, taking the following values
for the parameterization, according to the Solver application of the Microsoft Office 2017
Excel program (Correa, 2004).

y= a* exp(-b* exp (-c*t))

a= 62.40846543
b= 6.979583949
c= 2.910435786

y= 62.40846543 * exp (-6.979583949* exp(-2.910435786 *t))
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Table 2. Parametrization of the Gompertz model to determine DLso of ginger

% Inclusion % BE Gompertz SS
0.1 2.07868 0.338436046 3.028449019
0.3 5.19798 3.382901301 3.294510684
0.5 11.4595 12.24378442 0.615102049
GINGER 0.7 24.2727 25.12103484 0.719671995
(Zingiber officinale) 0.9 36.0928 37.53441718 2.078260097
1 45.3562 42.67651026 7.180737091
2 60 61.13021894 1.277394859
3 62.9262 62.33817928 0.345768365

BE: % Biological effectiveness. SS: Sum of squares

The results adjusted to the Gompertz parametric model have determined that the LDso of
ginger (Zingiber officinale) is obtained with an inclusion of 1.1858% of this extract; thus
being able to combat 50% of the larvae of Oesophagostomum dentatum present in the
race of CPM evaluated. Various studies carried out to estimate the LDso have verified that
the Gompertz mathematical model is one of the most accurate, without presenting a large
margin of error, compared to other models such as polynomial, logistic and linear
regression (Molina and Melo, 2010).

With respect to the other vegetable extracts evaluated, the results obtained by the
Statgraphics 9.0 software have not been relevant, since its percentage of effectiveness
does not exceed 18%.

CONCLUSIONS

The biological effectiveness of ginger extract (Zingiber officinale) (3%) is similar to that of
ivermectin (1%) in 62% of the samples evaluated. Therefore, the effectiveness of the
extract to eliminate and immobilize the larvae of Oesophagostomum dentatum is
demonstrated, with a lethal doseso is 1.1858% estimated by the mathematical model of
Gompertz. Although the vegetable extracts of oregano (Origanum vulgare), thyme
(Thymus) and peppermint (Mentha spicata) were evaluated, although they had reports of
being previously evaluated as antiparasitic of gastrointestinal nematodes and reports of
antibacterials, they do not present a relevant percentage of biological effectiveness ( less
than 18%), against Oesophagostomum dentatum larvae.

It is necessary to continue with the evaluations to be able to verify in vivo the effects of
ginger (Zingiber officinale), as an antiparasitic in the productions of backyard pigs against
the larvae of Oesophagostomum dentatum, and thus be able to compare its dose and
profitability per kilogram of the animal, with regarding ivermectin.
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