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Summary

Several extraction methods were utilized to study the insecticidal activity of a Melinis minutiflora grass
extract. Four concentrations (10, 20, 40, 80%) of the product which had the highest yield (i.e., a wax-free
hexane extract) were tested to establish its insecticidal activity on S. calcitrans flies (adults and larvae).
It is hypothesized that an 80% plant extract has a lethal effect similar to or higher than cypermethrin on
flies and larvae. Mortality rates were assessed by survival analysis comparing the Kaplan-Meier mortality
curves against the standard pyrethroid (cypermethrin) or against the solvent (ethyl acetate). The median
mortality (time to kill 50% of the population) of adult flies exposed to cypermethrin over an eight-hour
period was one hour, while it was three hours for the highest concentration of the extract tested. Both
medians were significantly lower than those of the other treatments. The median mortality of larvae
exposed to cypermethrin for a 30 minute period was four minutes, while it was eight minutes for the
highest concentration (80%) of the plant extract. These values were significantly lower than the medians
obtained for the other concentrations of the extract. These data suggest that extracts obtained from Melinis
minutiflora grass could be a safe substitute for chemical insecticides.

Key words: insecticidal activity, Melinis minutiflora, Stomoxys calcitrans.

Resumen

Después de evaluar tres métodos para obtener un extracto del pasto Melinis minutiflora, cuatro
concentraciones (10, 20, 40, 80%) del producto que tuvo el mayor rendimiento —un extracto hexanoico libre
de ceras— fueron comparadas para establecer su actividad insecticida sobre moscas Stomoxys calcitrans
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(adultos y larvas). Se plantea como hip6tesis de investigacion, que una concentracion de 80% del extracto,
tiene un efecto letal similar o superior al de la cipermetrina. Las tasas de mortalidad se evaluaron mediante
analisis de supervivencia comparando las curvas de mortalidad de Kaplan-Meier para un piretroide
(cipermetrina) y el solvente (acetato de etilo). La mediana de la mortalidad (o sea el tiempo requerido
para matar el 50% de la poblacion) de las moscas adultas expuestas a cipermetrina durante un periodo
de ocho horas fue de una hora, mientras que fue de tres horas para el extracto al 80%. Ambas medianas
fueron significativamente menores que las de los otros tratamientos. La mediana de la mortalidad de larvas
expuestas a cipermetrina para un periodo de 30 minutos fue de cuatro minutos y de ocho minutos para la
concentracién mas alta (80%) del extracto del pasto. Estos valores fueron significativamente menores que
las medianas obtenidas para las otras concentraciones del extracto.

Palabras clave: accion insecticida, Melinis minutiflora, Stomoxys calcitrans.

Resumo

Neste trabalho foram testados varios métodos de extragdo quimica para obter diferentes extratos
do pasto Melinis minutiflora para estabelecer com qual obtém-se maior quantidade e maior atividade
inseticida. O extrato obtido em maior quantidade foi o extrato hexanico livre de ceras em 0.60%, o qual
determinou-se sua a¢ao inseticida sobre larvas e adultos de S. calcitrans reproduzidas no laboratorio. A
mortalidade que produzem quatro concentracdes (10, 20, 40, 80%) do extrato livre de ceras, percebe-se
mediante a andlise estatistica de sobrevivéncia comparando as curvas de mortalidade de Kaplan-Meier
frente ao padréo de referencia mosquicida cipermetrina (piretroide), e solvente acetato de etilo. As analise
estatistica da atividade inseticida das concentracdes do extrato sobre S. calcitrans adultos em um periodo
de oito horas, expressa pela mediana (tempo no qual se morrem o 50% da populagéo), do efeito inseticida
da cipermetrina foi de 1 hora, por enquanto na mediana do efeito inseticida do extrato a concentragéo de
80% sobre moscas adultas foi de 3.0 horas. Ambas as médias foram significativamente inferiores quando
comparados com os dos demais tratamentos. Quanto a atividade inseticida de mortalidade, 50% das larvas
expostas a cipermetrina ou acetato de etila por um prazo de 30 minutos a 4 minutos e a eficacia inseticida do
extrato a 80% das larvas foi de 8 minutos, valores significativamente inferior ao de outras concentrages.

Palabras-chave: atividade inseticida, Melinis minutiflora, Stomoxys calcitrans.

Introduction

There is increasing interest in the use of plants
as alternative sources of insecticidal agents in the
fight against insects, which are the main causes of
many tropical diseases (Autran et al., 2009). One
of those plants is M. minutiflora grass. It belongs to
the Glumiflorales order, Gramineae family, Melinis
genus, minutiflora species (Secoy and Smith, 1983;
Bernal, 1994). It is a resilient, invasive, and fast-
growing grass used as fodder.

This grass (known by the names “Chopin” or
“Yaragua” in Colombia) seems to be responsible for
the decline of ticks in animals that graze on it. It is
widely distributed in fertile and well drained lands,
but also thrives in poor soils. It grows in warm and
temperate climates, between 18.3 and 26.6 °C, and
at elevations between 200 and 2.500 meters above
sea level.

Previous studies revealed biological activity
of this plant on arthropods, livestock pests such
as ticks (Boophilus microplus), demonstrating
evidence of insecticidal effects (Castafieda, 1982;
Ahumada, 1984). It has been also demonstrated that
chromatographic fractions of Melinis minutiflora
extracts have effective repellent action on the
adult Stomoxys calcitrans fly, a hematophagous
ectoparasite. This cosmopolitan fly, widely
distributed throughout the world is commonly
known as “barn fly”. It likes to feed on sensitive
parts of cattle (spine, bottom of the thighs, legs,
nostrils, eyes) and to a lesser extent on horses and
humans (Tobdn, 1986; Sandino, 1986).

Bites from S. calcitrans are painful, producing
irritability, —anxiety, restlessness and feeding
difficulties in beef and dairy cattle, leading to various
degrees of anaemia, weight loss and decreased milk
production (Byford et al., 1992; Peggy, 1995). S.
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calcitrans is important in veterinary medicine and
medical entomology because of its negative impact
on milk and meat production, especially in tropical
and subtropical regions. This fly lays eggs on
another fly named Dermatobia hominis, which then
contaminates open wounds in humans and animals
causing myiasis (Nziani et al., 1994; Botero and
Restrepo, 1995; Carrol, 1996). It can become a direct
problem of public health (Metcale and Flint, 1972;
Tobon, 1986; Lopez and Gomez, 1995).

The purpose of this study is to contribute
to the understanding of the potential effect of
M. Minutiflora for controlling S. Calcitrans,
considering that this grass could be used as an
environmentally-friendly insecticide option.

Materials and methods

Before conducting the experiment, various
chemical methods were assayed to obtain the plant
product intended to be tested on S. Calcitrans. An
extract was obtained from the epicuticular area of
M. minutiflora leaves. Two products were obtained
from the aerial parts of the plant, i.e., essential oils
(by distillation with water steam), and a wax-free
hexane extract. Due to the low yield of the other
products, only the wax-free extract was later tested
for bioactivity against adults and larvae of the
insect, which were reproduced in the laboratory.

The Lethal Dose, 50% (LD, ) was determined by
exposing adults and larvae confined in Petri plates
or plastic boxes, respectively, to one of several
treatments: the wax-free hexane extract, a control
(saline solution), a standard reference (Ciba Geigy,
1985), or a solvent (ethyl acetate). Plates and boxes
contained either 1cc or 5 cc of the substance to be
tested, respectively. Four solutions of the extract
were tested: 10, 20, 40 and 80% wax-free hexane
extracts. To prepare the 10% solution, 10 mg of the
plant extract were diluted with 90 cc of ethyl acetate
solvent. Similarly, the other solutions (i.e., 20, 40
and 80%) were prepared using the corresponding
amounts of extract and solvent. Ten adult flies or
larvae were tested in each plate or plastic container.
Each extract solution was compared with the same
concentration (i.e., 10 or 20 or 40 or 80%) of
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cypermethrin or ethyl acetate solvent, and also with
a 0.9% isotonic saline solution, as a control. The
study had tree replicates per treatment.

The study started when adults or larvae were con-
fined in the containers or plates. The adults were left
for eight hours in the containers, while larvae were
left in the plates for 30 minutes. Adult fly mortality
was evaluated eight hours after starting the test, while
mortality of larvae was evaluated 30 minutes after the
test was initiated. This Bioassay was conducted as il-
lustrated in the diagram shown in figure 1.
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Figure 1. This flow chart illustrates the general methodology used to
obtain an extract of M. Minutiflora, and to test its insecticidal activity on S.
calcitrans larvae and adults.

BIOLOGICAL TESTS

Collection and processing of plant material

The process to obtain the extract of M.
minutiflora grass was as follows:

1) Plant material was collected from natural
grasslands in which no agrochemicals have been
used. Collection was conducted in rural areas
of Marinilla municipality (Antioquia) and San
Cristobal (Medellin), Colombia, 2) The grass was
taxonomically identified in the herbarium of the
University of Antioquia, 3) Then it was dried in
the sun for three hours, and foreign material was
eliminated, 4) The plant material was cut into small
pieces and kept at room temperature for 5 to 7
days, 5) The material was ground and submitted to
Soxhlet extraction with hexane, for 24 hours. Then it
was filtered and concentrated in a rotary evaporator
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(BUCHI Labortechnik AG, Flawil, Switzerland) y 6)
The extract was dissolved in ether plus methanol (10
ml). Then it was cooled for 24 hours to precipitate the
waxes in order to obtain a wax-free hexane extract
(Castafieda, 1982; Ahumada, 1984; Tobon, 1986).

Animals

Flies were produced under laboratory conditions
following the recommendations by Tobdon (1986).
Reproduction of the flies was conducted in the farm
of the Jaime Isaza Cadavid Polytechnic Institute,
located in Marinilla (Colombia) at 2.050 meters of
altitude, and at 17.2 °C average temperature.

The flies were identified using a stereoscope
(International ~ Stereoscopic ~ Union,  Zurich,
Switzerland) in the entomology laboratory of the
School of Medicine, University of Antioquia,
following the procedure reported by Harris (1978).

Statistical method

Regression analysis was conducted using the
Probit analysis (Wardlaw, 1980). The effect of the
extracts was compared with that of the standard
reference (Ciba Geigy, 1985), the solvent (ethyl
acetate) and the saline control through Kaplan and
Meier survival curves, using the generalized Gehan
test, followed by the Bonferroni least significance
difference procedure (Lee, 1980). Statistical
probability of p<0.05 was considered significant.
Data were analyzed using the Statistica 7.0 program
(StatSoft Inc., Tulsa, USA).

Results

The hexane epicuticular extract only yielded
0.20%, which was not enough to conduct the tests.
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The extraction of essential oils yielded even less:
0.02%. The hexane wax-free extract yielded 0.60%,
and was later tested for its insecticidal activity
against larvae and adult S. Calcitrans. The LD,
of the plant extract on adult flies was obtained at
a concentration of 16.8% (95% CI: 10.5 - 26.9%)),
according to the Probit method.

The effect of the wax-free extract on adult flies is
shown in figure 2 and table 1
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Figure 2. Kaplan-Meier survival curves of adult S. calcitrans flies for
several treatments during 8 hours.

Figure 2 shows the Kaplan-Meier survival curves
of adult S. Calcitrans during 8 hours of exposure
to four concentrations of the extract. According to
the generalized Gehan test, statistically significant
differences in the mortality curves were found
(*=48.3, p<0.001). The mortality of adult flies at
80% concentration was significantly different from
that of other concentrations (y>=11.5, p=0.021).
Mortality had a similar trend for the other treatments
(> =5.12, p=0.12).

Table 1. Confidence interval mean and median for survival time of adult Stomoxys calcitrans flies during 8 hours of a Melinis minutiflora extract.

Mean Median
95% Confidence Interval
Treatment Std Lower Upper Lower Upper
Estimate error bound bound Estimate  Std. error bound bound
Ethyl acetate 3.92 0.508 2.92 4.92 4.00 0.44 3.14 4.86
Cypermethrin 1.37 0.122 1.14 1.61 1.00 000* 000* 000*
Extract 10% 5.17 0.404 4.37 5.96 6.00 0.42 5.17 6.83
Extract 20% 4.53 0.412 3.73 5.34 4.00 0.450 3.12 4.88
Extract 40% 3.87 0.444 3.00 4.74 4.00 0.516 2.99 5.01
Extract 80% 3.20 0.352 251 3.89 3.00 0.679 1.67 4.33

*Std. Error not calculable.
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Table 1 shows descriptive statistics and mean
and median confidence intervals for survival time
(adult flies). The median for the 80% concentration
of the extract was three hours, meaning that 50%
of the population of flies S. calcitrans died during
the first three hours after being exposed to this
concentration of the extract.

The larvae mortality (LD, ) was 17.4% (95% CI:
12.6%, 24.0%) in the first 10 minutes after starting
the treatment, according to the Probit method.

The effect of the wax-free extract on larvae flies
is shown in figure 3 and table 2. Figure 3 shows the
survival curves of S. Calcintrans larvae comparing
the mortality rates observed for each concentration
of the extract. Mortality curves are counted
similarly as previously explained for the adult flies,
but now it was after only 30 minutes of exposure.
The generalized Gehan test indicated that there
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are significant differences between these curves
(6*=99.0, p<0.001).

1.00

— Ethyl acetate

—— Cypermethrin

— C(10%)

— C(20%)

— C(40%)
C(80%)

0.75

0.50

0.25

Acumulative Proportion Surviving

]

0 5 10 15 20 25 30

0.00

Time (hours)

Figure 3. Kaplan-Meier survival curves of Stomoxys calcitrans larvae for
several treatments during 30 min.

Table 2. Confidence interval mean and median for Survival Time of Stomoxys calcitrans larvae at ten minutes of exposure of a Melinis minutiflora extract.

Mean Median
Treatment < — 95%UCOn:‘|dence Interval — T
Esimate ot pound  bound  ESUMmate Std.eror ol
Ethyl acetate 3.40 0.27 2.86 3.94 4.00 000* 000* 000*
Cypermethrin 3.47 0.25 2.97 3.96 4.00 0.27 3.48 452
Extract 10% 16.45 1.88 12.78 20.15 15.00 1.51 12.05 17.95
Extract 20% 14.57 1.61 11.42 17.72 15.00 1.00 13.05 16.95
Extract 40% 14.17 1.86 10.52 17.81 10.00 0.75 8.52 11.48
Extract 80% 7.13 0.46 6.24 8.03 8.00 0.54 6.95 9.06
*Std. Error not calculable.
Table 2 shows descriptive statistics and mean  organophosphates, carbamates, organochlorines,

and median confidence intervals for survival time
(S. Calcintrans larvae). The median for the 80%
concentration of the extract was eight min, meaning
that 50% of the population of larvae S. calcitrans
died during the first eight min after being exposed to
this concentration of the extract.

Discussion

Usually, the insecticidal control of S. calcitrans
fly has been directed towards the adult stage, but not
to the larvae, using repellent substances that prevent
it to attack its host. A variety of chemicals, such as
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arsenic and pyrethroids, commonly used against
ticks are also used to repel flies. These traditional
insecticides have not had a satisfactory response,
because they generate resistance. This creates the
need to search for bioactive substances naturally
present in some plants, such as M. minutiflora, which
shows insecticidal activity on larvae and adults of S.
calcitrans. The purpose of this study was to explore
a M. minutiflora extract as an alternative substance to
control S. calcitrans, without the negative impact on
the ecosystem generated when traditional insecticides
are used (Secoy and Smith, 1983; Albert, 1999;
Vallejo; 2000; Austran et al., 2009).
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The S. calcitrans bite serves as a mechanical
vehicle for transmitting microorganisms that cause
infections shared by animals and humans. These
include parasites such as Plasmodium falciparum
(Malaria), Leishmania braziliensis (Leishmaniosis),
Entamoeba histolytica (Amibiosis) and Trypanosoma
cruzi (Chagas). Subsequent parasitosis is usually
associated with precarious life conditions in human
populations. Flies can also transmit some bacteria.
Among them S. calcitrans can transmit: Bacillus
anthracis (Carbunco or Anthrax), whose spores are
resistant to environmental factors. For example,
carbunco is an endemic disecase and essentially is
an occupational hazard of veterinarians and farm
workers. Other bacteria transmitted by this fly are
Escherichia coli, Salmonella sp., Staphylococcus
epidermidis, Staphylococcus aureus and
Streptococcus pyogenes. Its reservoir is usually the
man and domestic animals. S. calcitrans can also
transmit Arbovirus (yellow fever) (OPS, 1978; Vélez
and Agudelo, 1996; Colombia MSP, 1999; Rodriguez
and Prado, 2006).

It can be inferred that this fly directly and
indirectly generates significant economic losses in
livestock production. However, the literature does
not report accurate data, owing to the difficulty of
conducting controlled studies (Pretezelca, 2003;
OMS/OPS, 2004; OPS/MSF, 2005). This study was
intended to determine the insecticide effect of M.
minutiflora on adult flies and larvae of S. calcitrans.

The effect was proportional to the time of
exposure. That is, the actions on larvae and adult
flies varied over time but not with the concentration
of the substance. The median for the standard
(cypermethrin) was one hour, i.e., after one hour
it had already killed 50% of adult flies. The
median for the 80% concentration of the wax-free
hexane extract was three hours, indicating that this
concentration killed 50% of the flies at a time no
longer than three hours.

The median time of dead for the other
concentrations was similar among them, and equal
to four hours (X?=5.12, p=0.12). According to these
results, it can be concluded that the treatment that
caused the fastest death was cypermethrin, followed
by the 80% concentration of the plant extract, and

after this, with similar killing times, were the other
treatments. The insecticidal effect of the 80%
extract on adult flies was 3.2 hours (arithmetic
mean), while it was 1.4 hours for cypermethrin.
The time range at which mortality occurs in
adult S. calcitrans was 1.4 to 3.2 hours for either
cypermethrin or the grass extract (Tables 1 and 2;
Figures 2 and 3).

The effect of the plant extract on larvae was
between 80% to 100 after 10 minutes, killing
50% of the larvae in eight minutes. Cypermethrin
had the highest mortality, followed by the ethyl
acetate solvent, and then by the 80% concentration
of the plant extract. The 10, 20 and 40% extract
concentrations had similar effects on the larvae, but
less than the other treatments (y*>=1.24, p=0.54).
Both cypermethrin and the solvent ethyl acetate
killed 100% of the larvae in six minutes (with a
median of 4.0 minutes). The median time of death
for the other treatments was about 15 minutes.
Similarly, the potency of the extract on the larvae
was proportional to the time of exposure for any of
the four concentrations tested, where the number of
dead larvae varied with time and concentration of
the treatment.

Survival of adult S. calcitrans, once applied
each treatment, was represented by Kaplan and
Meier mortality curves, which showed the time
of death of flies for a 10-hours period. Similarly,
according to the evidence of Gehan test, there were
statistically significant differences in the mortality
curves (X*=48.3, p<0.001). See figure 2. It is worth
mentioning that at 10 hours, all treatments had a
100% insecticide effect on adult flies.

Survival of S. calcitrans larvae was subject
to the same treatments as adult flies, but during a
30-minutes period, and was also represented by
Kaplan and Meier mortality curves. At the end of
this period, 100% of the larvae had already died in
all treatments.

The results of this exploratory study suggest
that the bioactivity of the 80% free-waxes extract
against S. calcitrans adults and larvae was similar
to cypermethrin, as outlined in the hypothesis of the
study. It is assumed that this extract has a naturally

Rev Colomb Cienc Pecu 2011; 24:123-130



Tobodn FA. Insecticidal activity of Melinis minutiflora 129

occurring insecticide that could have fewer adverse
effects on animals, humans and the ecosystem
compared to the harmful effects of cypermethrin
and the ethyl acetate solvent. Given that the purpose
of the solvent in an insecticide is to increase its
lethal power, these results are consistent with our
hypothesis, which stated that a high concentration of
the extract (80%) has an insecticidal effect similar
to cypermethrin, when dissolved in ethyl acetate
for a better lethal action. Then, cypermethrin can
be interchangeable with the 80% free-wax hexane
extract. Although cypermethrin kills in one hour and
the 80% extract in three hours, the time difference
is not an impediment in the use the extract. It can
be considered that the 80% extract effect is also
fast. In addition, the plant extract does not have the
toxic effects of cypermethrin (dermatitis, asthma,
rhinitis), or organochlorines and organophosphate
insecticides (neurotoxic, hepatotoxic and
nephrotoxic effects). Therefore, the 80% M.
minutiflora extract could become an alternative,
naturally occurring insecticide, against S. calcitrans
infestation in cattle (Vallejo, 2000; Albert, 1999;
Organization Pan American Health/OMS, 2004).

There were difficulties in reproducing and
maintaining the third and fourth stages of larvae,
and adults of S. calcitrans, perhaps due to abrupt
climatic changes. However, it was possible to
standardize the fly population, although there were
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