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1 ABSTRACT

In tropical environments, goat rearing faces numerous challenges especially those related to
poor feeding and gastrointestinal nematodes infections. This present study aimed at
assessing the in-vitro effects of maize silage on Haemonchus contortus, a gastrointestinal
nematode in Red Maradi goats in Benin. After planting and harvesting the maize at 6 and 8
weeks old, the Maize stalks were used to produce silage. The silage was then reduced into
powder and extracted using distilled water, hydroethanol and chloroform. Extracts solutions
were then prepared at different concentrations and put in contact with H. contortus infesting
larva and adult worms. Both 6- and 8-week-old maize silages significantly inhibited H.
contortuslarva migration (P<0.05) and adult worms’ motility (P<0.05). The effect on the larval
migration depended on the solvents (P<0.05) and the concentrations (P<0.05) but was only
concentration-dependent (P<0.05) on the adult worm motility. The highest larval migration
inhibition rate (52.25%) was recorded with the 8-week-old maize silage. Among 6-week-old
maize silage extracts, the best larval migration inhibition (LMI) rates were recorded at 1200
pg/mL of the hydroethanolic and chloroformic extracts (72.46% and 67.00% respectively). As
regard the 8-week-old maize silage, the best LMI rates (72.49% and 71.07%) were respectively
observed in the aqueous extracts (600 pg/mL) and the hydroethanolic extracts (150 pg/mL).
The inhibition rate of adult worms’ motility, 6 hours after incubation, ranged from 33.33% to
66.67% and was of 100% after 12 hours of incubation. These inhibitory effects are attributed
to chemical compounds contained in the extracts such as alkaloids, anthocyanins, reducing
compounds, mucilages and triterpenoids. This potentiality of the maize silage could be
further considered while designing a sustainable programme to control H. contortusin goats,
particularly in dairy goats as Red Maradi goats.
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2 INTRODUCTION

Small ruminants farming is a traditional activity
practiced by 60 to 87% of local populations,
either as a main activity or as a secondary activity.
Goats are important in subsistence farming
because of their unique ability to adapt and
maintain themselves under difficult
environmental conditions. As sources of raw
materials for the agricultural industries, their
manure is also used in biogas production (Adua
and Hassan, 2016) and fertilizers for plant
production. Beside their use in teaching and
research, small ruminant also play important
sociocultural roles that are difficult to quantify in
monetary terms (ceremonies and festivals,
sacrifices and rituals), serve as insurance against
poor crop harvest (Hassan e7 al., 2013). Due to
their short reproductive internal compared to
cattle, goats are recognized for their meat
production capabilities for human consumption
which is not subject to any religious taboos.
Despite all these benefits, low performance
(meat and milk production) and high rate of
mortality are the most important difficulties that
face West Africa farmers nowadays. In rural
areas, health problems are the more evident and
prevalent in goat production, particularly those
related to gastrointestinal nematodes (GINs)
(Hounzangbe-Adote ¢t al, 2005) whose
infections impair animal health, welfare and
productivity for their presence results in
increased mortality rate, poor growth and
reproduction (Andrea ¢# al., 2011; Mirhadi e al.,
2011). Among those gastrointestinal nematodes,
Haemonchus  contortus is the most important
(Jiménez et al., 2010; Khan e al, 2010) causing
significant growth reduction rates in goats in
tropical environments (Bizimenyera ¢ al., 2008;
Mirhadi e# a/., 2011). Red Maradi goats, a foreign
breed of goats newly introduced in Benin

3 MATERIALS AND METHODS

3.1 Framework of study: The culture of
larvae of H. contortus and the zn-vitro biological
tests took place at the Laboratory of
Ethnopharmacology and Animal Health (LESA)
of the Faculty of Agronomic Sciences (FSA),
University of Abomey-Calavi (UAC) that is

Republic, are more affected by GINs infections
due to their low adaptation to the local
environmental conditions. In northern Benin
Republic, as in many parts of the world, the
repeated use of chemical drugs is the usual and
main mean by which GINs infections are
controlled in goats (Knox e a/, 2006; Torres-
Acosta and Hoste, 2008) as well as in Red Maradi
goats. However, the inaccessibility to those
chemical drugs for subsistence and small-scale
livestock farmers in developing countries and
the resistance development of the parasites
against chemical drugs are the major factors that
limit the use of chemical drugs. For many
decades, alternatives methods of control have
been identified and are still under investigations.
Biological control, vaccine, improvement of
food quality of host and the use of traditional
medicinal plants are approaches that have been
investigated by researchers from different parts
of the world (Knox et al, 2006; Wabo et al.,
2012). The effect of energy source supplements
such as maize grains and forage maize on the
development of resistance and resilience in goats
against GINs has already been assessed in
several studies; but very few was conducted on
the potential anthelmintic properties of maize
silage. Mainly used as feed resource for dairy
ruminants such as Red Maradi goats, maize
silage is well recognized for its nutritional values
that enhance dairy productivity in ruminants. Its
use in controlling GINs might present a double
benefit (feeding and deworming) for subsistence
and small-scale farmers. Therefore, the objective
of this current study was to assess the zz-vitro
effects of maize silage on Haemonchus contortus
collected from artificially infested Red Maradi
Goats.

located in Abomey-Calavi (Altitude 17.4 m,
06°24'N, 02°20'E) in southern Benin Republic.
The town is characterized by a Guinean type
climate with two dry seasons (mid-November to
mid-March and mid-July to mid-October) and
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two rainy seasons (mid-March to mid-July and
mid-October to mid-November).

3.2  Maize silage production: For this
study, maize seeds (variety EVTD) were
purchased at the International Institute of
Tropical Agriculture (IITA) at Abomey-Calavi.
EVDT 1is an improved variety of maize
developed by the West African Agricultural
Productivity Project (WAAPP-Benin) through
its Regional Centre of Specialization in Maize.
Today, this variety is one of the most used by
smallholding farmers in Benin Republic. On the
same site, at the Production and Research Farm

Plate 2: Harvested maize leaves and stems

SO\ =
) A '\‘(‘._i

(left) and 1eaves and stems cut and shopped into small

of the Faculty of Agricultural Sciences located at
Sékou (Southern Benin Republic), two maize
farms were established according to the
harvesting stage considered: 6- and 8-week-old
maize farms (plate 1). At these stages, the maize
stems and leaves were harvested, chopped and
cut into small pieces, then dried for 48 hours
under shade in the laboratory for reducing the
moisture content. Then, they were separately put
in containers for the silage production phase,
which lasted three weeks. The maize silages
obtained were dried using an oven and ground
to get the powders (plates 2 and 3).

>

pieces (right)
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3.3  Animal management and
prophylaxis: Ten young Red Maradi goats
(average weight 12 kg) were acquired and used as
donors both for larva culture and the adult worm
collection. They were propetly housed in a
sheepfold and dewormed with albendazole (7.5
mg/kg body weight). Throughout the
experiment, the goats were fed hay of Panicum
maximum var. Ciin the morning, concentrates
(wheat brans, cotton seeds and palm kernel cake)
with cassava peels in the afternoon, and were all
provided lick stone and ad-libitum water. Faeces
were collected every three days and analysed to
establish the parasitic burden of the goats using
the Mini-Flotac technique. Deworming was
ended when the number of eggs per gram of
faeces was null (equal to zero). The animals were
then artificially infested with 2000 pure-source
larva of Haemonchus contortus. Twenty-one (21)
days after artificial infestation, faeces were
collected daily using a specific clothe for larva
culture in the laboratory using the Baermann
device.

3.4 Phytochemical analysis of maize
silages: Samples of maize silage powders and

" Plate 3: Chopped leaves and stems in the hole (left) and maize silage powder (right)

extracts were subjected to phytochemical
analysis at the Laboratory of Pharmacognosy
and Essential Oils of Porto-Novo, southern
Benin Republic.

3.5 Biological tests techniques

3.5.1 Extraction technique: From each lot
of maize silage powder, fifty grams (50g) was
collected and mixed with 500 mL of the solvent.
The volumes and solvents used were 500 mL of
distilled water, 500 mL of chloroform and a
70:30 mixture of ethanol and distilled water (350
mL and 150 mL respectively). The extractions
were carried out by maceration. The silage
powders and solvents were mixed and macerated
using a magnetic stirrer for two hours. Then, the
mixtures (powder and solvents) were filtered
using absorbent cotton and the filtrates were
collected and evaporated under vacuum using an
evaporator. The aqueous phases obtained were
put in an oven at 40°C for 2 days for drying by
evaporation. The extracts obtained were putin a
box and kept in the laboratory at room
temperature.
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Plate 4: Maize silage extracts (obtained from the oven)

3.5.2 Larval Migration Inhibition Test
(LMI)

3.5.2.1 Preparation of the larvae solutions
(Ls): The L; larvae were obtained by culture
from faeces of the donor goats previously
infested artificially by pure strains of H. contortus,
kept in culture in the laboratory for 10 days.
They were then collected from the device,
counted and stored in small boxes in fridge.
3.5.2.2 Test of Larval Migration Inhibition
(LMI): 2000/mlL of I; larvae solution was in
contact, for 3 hours at 20°C, with the extracts at
four different concentrations (150, 300, 600 and
1200 pg/ml) with 6 replicates per
concentration. Negative (PBS buffer, pH=7 and
0.15M) and positive controls (Levamisole at
250pg/mL) were used to evaluate larval
migration without the extracts. 200 pL. of the
mixture (larvae and extract solution) were
collected from each replicate for determining the
number of larvae. Then, the following formula
was used to calculate the percentage of /larval
migration  inhibition (LMI in %) according to
Alowanou (2016):

LMI :ﬂx

100

Where T is the total number of L larvae that
have been in contact with PBS and M the
number of I; larvae in contact with silage
extracts or Levamisole.

3.5.2.3 Adult worm motility test: The
solutions of the extracts were prepared using
4 RESULTS

Phosphate Buffered Saline (PBS) in six (06)
different concentrations (75; 150; 300; 600; 1200
and 2400 pg/ml) with 3 replicates per
concentration. Two (02) Red Maradi goats were
selected among those artificially infested after
facces analysis, then slaughtered. The adult
worms were directly collected from their
abomasum and poured into a physiological
liquid. The worms having good motility were
each placed in 1 mL of physiological fluid in
wells of NUNC plates and put in oven at 37°C.
After one hour, a volume of 800 pL of
physiological fluid was removed and replaced by
the extracts. Negative (PBS solution) and
positive controls (Levamisole at 500; 250 and
125 pg/mL) were constituted. After introducing
the worms into the solutions, the motility was
observed with a magnifying glass every 6 hours.
The observation stopped when the immobility
of all the worms contained in the PBS was
observed.

3.6 Statistical analyses: The different
values collected (data on the rates of larval
migration and adult worms’ motility inhibition)
were analysed using a two-step custom-made
analysis of variance model
(concentrations/doses and extracts) following
the general linear model (GLM) in Minitab
version 18. The average inhibition rates per
concentration and extract were separated using
LSD test. The level of significance of the
differences was considered at 5%.
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4.1 Phytochemical analysis of maize silages powders. On the other hand, the

silages: Table 1 below shows the results of the
phytochemical analysis of both the maize silages
powders and extracts. Several chemical
compounds were found in the maize silage
powders: alkaloids, mucilages, triterpenoids,
reducing compounds, cyanogenic derivatives
and anthocyanin. However, the alkaloids were
more abundant in the 6-week-old maize silage
than that of 8 weeks. Mucilages and triterpenoids
were abundant in both silages while the
anthocyanins were only observed in the 6-week-
old maize silage. The reducing compounds were
only present in the 8-week-old maize silage while
the cyanogenic derivatives were observed in
abundance only in the 6-week-old maize silage.
However, tannins, flavonoids, steroids and
saponosides were totally absent in both maize

8691

phytochemical analysis of the extracts revealed
the presence of alkaloids, reducing compounds,
mucilages and triterpenoids in all the extracts
even though the alkaloids were more abundant
in the 6-week-old maize silage extracts and the
reducing compounds more abundant in the 8-
week-old maize silage extracts. Mucilages and
triterpenoids were abundant in all the extracts.
However, tannins were only present in the 6-
week-old maize silage extracts with higher
concentration in the hydroethanolic extract.
Furthermore, the steroids were present in all the
extracts except in the chloroformic extract of the
0-week-old  maize silage.  Finally, the
anthocyanins were abundant in all the extracts
except in the aqueous extracts of both maize
silages.
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Table 1 Phytochemical composition of maize silages powders and extracts

Chemical compounds Maize silage powders Maize silage extracts

searched 6-week-old 8-week-old 6CHL 6DW 6DWE 8CHL 8DW 8DWE
Galician tannin - - - + ++ - i _
Catechin tannin - - - . - - . -
Anthocyanins + - ++ - ++ ++ - ++
Leuco-anthocyanins - - - - - - . _
Flavonoids - - - - - - _ _
Alkaloids ++ + ++ ++ ++ + + +
Reducing compounds - + + + + ++ ++ ++
Mucilages ++ ++ ++ ++ ++ + ++ ++
Saponosides - - - - - - _ _
Cyanogenic derivatives ++ - - - - . - -
Triterpenoids ++ ++ ++ ++ ++ ++ ++ ++
Steroids - - - + + + + +
Cardenolides - - - - - - _ _
Coumarins - - - - - - _ -
Quinone derivatives - - - - - - . ,
Athracenics free - - - - - - _ _
O-Glycosides - . - - . - - B
C-Glycosides - - - - - - , ,

Legends: -: Absent; +: Present; ++: Abundant.

6DW: Aqueous extract of 6-week-old maize silage; 6DWE: Hydroethanolic extract of 6-week-old maize silage; 6CHL: Chloroformic extract
of 6-week-old maize silage;

8DW: Aqueous extract of 8-week-old maize silage; SDWE: Hydroethanolic extract of 8-week-old maize silage; SCHL: Chloroformic extract
of 8-week-old maize silage.
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4.2  Larval migration inhibition Test
(LMI): The maize silage extracts as well as the
positive control (Levamisole) exhibited a
significant zz-vitro inhibitory effect on the
migration of H. contortuslarva (P <0.05). Extracts
and tested concentrations (150, 300, 600 and
1200 pg/mL) had all significant effects on larva
migration (P<0.05). The inhibition rate
regardless of the extract ranged from 17.80% to
72.46% with the 6-week-old maize silage and
from 22.69% to 72.49% with the 8-week-old
maize silage. The inhibition rate was 100% in the
positive control (Levamisole). The average
inhibition rates of H. contortus larva migration
were 52.25% and 47.51% respectively for the 8-
and 6-week-old maize silages. A significant effect
of the interaction between extracts and
concentrations tested was also recorded
(P<0.05) (figure 2). At 1200 pg/mL, the
hydroethanolic and chloroformic extracts of the
6-week-old maize silage had given the best
inhibition rate (72.46% and 67.00% respectively)
followed by aqueous extracts of 8- and 6-week-

120.00
100.00
80.00
60.00

40.00

[IHnHHH—o=

Inhibition Rate (%)

20.00

0.00
6DW 6DWE

6CHL 8DW

O

old maize silages powders (respectively 51.61%
and 36.53%). At D600, the highest inhibition
rate (72.49%) was recorded with the aqueous
extract of 8-week-old maize silage. While at 300
wg/mlL, the inhibitory effect remained the same
with  the highest levels recorded in
hydroethanolic extracts of the 8-week-old maize
silage (66.89%) and the chloroformic extracts of
8- and 6-week-old maize silages (63.43% and
02.36% respectively). Also, at 150 pug/mL, the
inhibitory effect remained almost the same as the
previous concentration (D300) except the
aqueous extract of 6-week-old maize silage
which showed a significant increase in the
inhibition rate compared to 300 pg/mL (56.23%
against 27.06%). Besides, inhibition of larval
migration was solvent-dependent (P<0.05).
Regardless of the concentrations, the
chloroformic extract of 6-week-old maize silage
and the hydroethanolic extract of 8-week-old
maize silage showed the best inhibition rate
(56.30% and 55.44% respectively).

d
mD1200
F D600
# D300
=D150
8DWE 8CHL LEV.250

Extracts

Figure 2: Variation of Haemonchus contortus larvae migration inhibition according to the extracts

concentrations

a, b, ¢, d and e: means bars with different superscripts (letters) are significantly different a 5%.

6DW: Aqueous extract of 6-week-old maize silage; 6DWE: Hydroethanolic extract of 6-week-old maize silage; 6CHL:
Chloroformic extract of 6-week-old maize silage; 8DW: Aqueous extract of 8-week-old maize silage; SDWE:
Hydroethanolic extract of 8-week-old maize silage; 8CHL: Chloroformic extract of 8-week-old maize silage and LEV.250:

Levamisole at the concentration of 250 pg/mlL..
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4.3  Test of inhibition of adult worms’
motility: Adult worms of H. contortus in contact
with maize silage extracts at different
concentrations (2400; 1200; 600; 600; 300; 150
and 75 pg/mL) were all immobilized after 6
hours of incubation, except the chloroformic
extract of 6-week-old maize silage (Table 2). In
contrast, during the same time, complete
inhibition of worms’ motility was observed in
the levamisole at all tested concentrations (500,
250 and 150 pg/mL). Inhibition of adult worms’
motility was highly influenced by the
concentration (P<0.05) while the extracts as well
as their interaction had no significant effects
(P>0.05). However, both maize silages
significantly inhibited the motility of adult
worms of the parasite compared to the negative
control (PBS). In the PBS solution, 66.67%
inhibition of the adult worms’ motility was
recorded after 24 hours of incubation and all the
worms were immobilized 36 hours after
incubation. At 6 hours of incubation, a reduction
in motility of adult worms was observed only in
the hydroethanolic extract of 6-week-old maize
silage while all the extracts of 8-week-old maize

silage showed an inhibitory effect on motility of
adult worms during the same time period (Table
2). This effect was concentration-dependent
(P<0.05). Regardless of the type of silage and
extract (solvent), only the high concentrations
(2400, 1200 and 600 pg/mL) had significant
inhibitory effects on the motility of adult H.
contortus worms. The rate of inhibition of motility
of adult worms ranged from 33.33% to 66.67%
6 hours after incubation. However, at the level
of the 8-week-old maize silage, only 2400 and
600 pg/mL had significant inhibitory effects on
the motility of adult worms of the parasite. The
chloroformic extract of the 8-week-old maize
silage at 600 pg/mL reduced the motility of adult
worms to 33.33%. This same extract, but at 2400
wg/mL had a similar inhibition rate (33.33%). It
can therefore be concluded that the
chloroformic extract of the 8-week-old maize
silage at the 600 pg/mL and the ethanol extract
of the 6-week-old maize silage at the same
concentration (600 pg/mlL) showed the best
result in terms of zz-vitro effects on the motility
of adult worms of H. contortus.
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Table 2 Effects of extracts of maize silages on H. contortus adult worms’ motility during 36 hours of incubation

Treatments Solvents Con. (ug/mL) | Times (Hours)
6 12 18 24 30 36
PBS - 100 100 100 33.33 33.33 0
LEV. 500 0 0 0 0 0 0
- 250 0 0 0 0 0 0
125 0 0 0 0 0 0
6MS Aqueous extracts 2400 33.33 0 0 0 0 0
1200 66.67 0 0 0 0 0
600 100 0 0 0 0 0
300 100 0 0 0 0 0
150 100 0 0 0 0 0
75 100 0 0 0 0 0
Hydroethanolic extracts 2400 33.33 0 0 0 0 0
1200 33.33 0 0 0 0 0
600 66.67 0 0 0 0 0
300 100 0 0 0 0 0
150 100 0 0 0 0 0
75 100 0 0 0 0 0
Chloroformic extracts 2400 100 33.33 0 0 0 0
1200 100 0 0 0 0 0
600 100 0 0 0 0 0
300 100 0 0 0 0 0
150 100 0 0 0 0 0
75 100 0 0 0 0 0
8MS Aqueous extracts 2400 66.67 0 0 0 0 0
1200 100 0 0 0 0 0
600 100 0 0 0 0 0
300 100 0 0 0 0 0
150 100 0 0 0 0 0
75 100 0 0 0 0 0
Hydroethanolic extracts 2400 33.33 0 0 0 0 0
1200 100 0 0 0 0 0
600 100 0 0 0 0 0
300 100 0 0 0 0 0
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150 100 i 0 0 0
75 100 0 0 0 0 0
Chloroformic extracts 2400 66.67 0 0 0 0 0
1200 100 0 0 0 0 0
600 66.67 0 0 0 0 0
300 100 0 0 0 0 0
150 100 0 0 0 0 0
75 100 0 0 0 0 0
Legends: PBS =Phosphate Buffered Saline; LEV. =Levamisole; 6MS =Silage of 6-week-old maize; 8MS =Silage of 8-weck-old maize; Con. =

Concentrations.
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5 DISCUSSION

5.1 Phytochemical composition of maize
silage: The phytochemical analysis of the maize
silage powders and extracts revealed different
results. Indeed, the phytochemical of the
extracts showed more chemical compounds
than the powders. This might be due to the
presence of plant debris in the powders since the
extraction process allows to purify the powder
before evaporating the solvent. Since both the
maize plants were produced on the same soil
(types and fertility) following the same
production techniques and their silages made
using the same materials and following the same
process, differences between extracts could due
to the age of the plants. The 6-week-old and 8-
week-old belong respectively to the vegetative
stage and the pre-flowering stage of the maize
variety “EVTD”. This may affect their contents
in secondary metabolites. The 8-week-old maize
silage extracts contained more reducing
compounds than those of 6-week-old maize
silage while the alkaloids were more abundant in
the 6-week-old maize silage extracts. In addition,
tannins were only found in the 6-week-old maize
silage extracts. Based on this result, it can be
concluded that in maize, tannins are only present
in young plants and its concentration in the
extract is solvent-dependant.

5.2  Larval migration and adult worms’
motility inhibition tests: The principles of
larval migration and adult worms’ motility
inhibition tests have been used in this study for
determining the effects of maize silage on H.
contortus although data on the anthelmintic
properties of maize silage are scarce in the
literature. The tests conducted revealed that
both 6- and 8-weeks-old maize silages reduced
significantly H. contortus larvae migration and
adult worms’ motility. On the larvae migration,
this effect was solvent and concentration-
dependent whereas the effect on the adult
worms’ motility were only concentration-
dependent. The overall result shows that 8-
week-old maize silage extracts gave the highest
inhibition rate (52.25%) despite the fact that its
extracts contained no tannins and less alkaloids.
This could be explained by the abundance of the

reducing compounds in 8-week-old maize silage
extracts; which are also known for their
pharmacological activities (Nene Bt e a/, 2009).
As regard to the adult worms’ motility inhibition,
the 8-week-old maize silage chloroformic extract
and the hydroethanolic extract of 6-week-old
maize silage at 600 pg/mL showed the best
results. These effects on the adult worms’
motility could be attributed to the presence of
families of chemical compounds identified in the
extracts such as tannins, alkaloids, mucilages,
triterpenoids, reducing compounds, cyanogenic
derivatives ~ and  anthocyanin. Indeed,
antiparasitic potentials of the alkaloids and
terpenoids  family compounds have been
reported by several studies (Kayser ez a/, 2002;
Fernandez et al., 2010; Sylvester and Ignatius,
2017; Widiarso ef al., 2018). Widiarso ez al. (2018)
reported significant anthelminthic properties of
condensed tannins and alkaloids extracts isolated
from seven different plant species on goats’
parasites while Olounladé e a/. (2017) reported
the role of tannins from Newbouldia laevis and
ZLanthoxylum zanthoxyloides on GINs in sheep.
Dedehou ez al. (2014), Olounladé e al. (2017),
Alowanou (2016) and Bogning e a/. (2016) also
reported the effects of tannins and alkaloids
extracted from several medicinal plants on H.
contortus larvae migration and adult worms’
motility. This study also revealed a significant
effect of the extracts and the concentrations on
larval migration. The 8-week-old maize silage
extracts showed the highest rate of inhibition of
larvae migration and this result might be due the
abundance of reducing compounds in the 8-
week-old maize silage. The lowest rate of
inhibition has been observed with the 6-week-
old maize silage despite its high content of
alkaloids compared to 8-week-old maize silage
extracts. This could be due the presence of
undesirable particles in the 8-week-old maize
silage powder that might hide the identification
of alkaloids during the phytochemical analysis
and the type of solvent used (Dedehou e al,
2014; Olounladé ef al., 2017; Alowanou, 2010).
Several researches conducted on plant materials
extracts in  controlling  gastrointestinal
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nematodes parasites in small ruminants revealed
almost similar results. Hounzangbe-Adote ¢ a.
(2005) reported a reduction of eggs excretion
and the fertility of H. contortus adult female
worms with daily consumption of Fagara leaves
in sheep while Olounladé ez a/. (2011) reported
an zz-vitro inhibitory effect of extracts of
Newbonldia laevis and Zanthoxylum zanthoxyloides
on H. contortus larvae migration. Minaflinou ef al.
(2016) observed a significant inhibition effect of
the same plant on H. contortus larvae migration
but a non-significant inhibition effect on the
adult worms’ motility with the highest rate
recorded at the highest concentration (2400
pug/mL).. However, of this study revealed
contrary results with the best H. contortus adult
worms’ motility reduction rates observed with
the highest concentrations. According to the
same author (Minaflinou e al, 2016), that
inhibitory effect recorded is associated to the
high presence of tannins in the plants. As regard
to concentration-dependent effect of the
extracts on H. contortus larval migration
inhibition recorded in this study with the best
results showed by the hydroethanolic and
chloroformic extracts, similar results were found
by Olounladé ez 4/ (2011) when they reported
the dose-dependent effects of extracts of
Newbonldia laevis and Zanthoxylum zanthoxyloides
on H. contortus larvae migration with more effect
recorded with the hydroethanolic extracts
especially at high doses. In addition, Dedehou ez
al. (2014) also reported an effect of acetonic and
hydroethanolic extracts of Prerocarpus erinaceus and
Parkia biglobosa on H. contortus larvae migration
with high efficiency variations depending on the
dose used. Administrating leaves powders of
Zanthoxylum zanthoxyloides and Newbouldia laevis to
sheep in station Minaflinou ez a/. (2015) revealed
the similar results with this study.. These two
plants were therefore found to disturb the
prolificity of H. contortus while the application of
their ~methanolic extracts alone or in
combination, reduce their viability. In that study,
the tannins, the flavonoids, the alkaloids and the
phenolic compounds were the most suspected.
The rates of inhibition of H. contortus adult
worms’ motility recorded in this study with both

maize silages were higher than those obtained by
Minaflinou ez al. (2016). This might be due to the
difference in the type of test (direct
administration of the extracts to the animals for
three consecutive days) and extracts used.
Regardless the extracts, the average inhibition
rates of H. contortus larval migration recorded in
this study (52.25% for the 8-week-old maize
silage and 47.51% while 6-week-old maize silage)
were higher than those reported by many other
studies. In an /n-vitro research, Zangueu et al.
(2016) revealed an inhibitory effect of aqueous
extract of  Crassocephalum  crepidioides  on
Haemonchus - contortus larvae migration up to
35.30% at 1200 pg/ml.. The same way, Zangueu
et al. (2018) concluded an zz-vitro inhibition rate
of 37.77% of H. contortus larvae migration using
the aqueous solution of the extract of Maytenus
senegalensis stem bark at 2400 pg/mL. This might
be explained by the differences in the doses used
which is the double of the highest dose used in
this study (1200 pg/mL). However, at that same
dose (2400 pg/ml), Zangueu ef al (2018)
recorded almost the same the inhibition rates
with that of the aqueous extract of 6-week-old
maize silage but a higher rate compared to those
observed with the hydroethanolic and
chloroformic extracts of the 8-week-old maize
silage. In contrary, Botura e a/ (2011) had
reported no significant effect of Agave sisalana on
H. contortus worm burden in goats. On the other
hand, another set of studies have revealed higher
inhibitory effects on both gastrointestinal
parasites larvae migration and their adult worms’
motility compared to the extracts of both maize
silages. Indeed, Mbogning e al (2014) also
recorded hatching inhibition rates ranging from
00.3 to 92.8% on H. contortus eggs with aqueous
and hydroethanolic extracts of Moringa olezfera. In
an zn-vitro study, Zinsou (2015) showed a higher
rate of inhibition of H. contortus larvae migration
using the aqueous extract of Pleiocarpa pycnantha
compared to the chloroformic, aqueous and
hydroethanolic extracts of both maize silages
tested in this study. Similar way, the in-vitro
assessment of the effects of different types of
extracts of Bridelia ferruginea, Combretum glutinosum
and Mitragyna inermis carried out by Alowanou
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(2016) revealed various inhibition rates ranged
from 17.36% a 67.52% with B. ferruginea, 14.79%
to 68.17% with C. glutinosum and 21.22% to
61.74% with M. inermis on H. contortus larvae
migration at the highest tested doses (300; 600
and 1200 pg/mL). Even these minimum
inhibition rates are higher than those recorded
with maize silage extracts while the maximum
inhibition rates are lower than those recorded
with the extracts of the maize silages at the same
concentrations. These plants were also found to
have a significant reduction effect of the motility
of H. contortus adult worms (Alowanou, 2016). A
higher inhibition rate of the motility of H.
contortus (74%0) has been reported by Zubair ef al.
(2014) at the same concentration (0.47 mg/mlL)
using aqueous extracts of _Azadirachta indica,
Dalbergia  sisso and  Morus  alba while higher
inhibition rate of H. contortus larvae migration
(90%) has been observed by Widiarso ez al.

6 CONCLUSION

The objective of this study was to assess the
anthelminthic effects of maize silage on
Haemonchus contortus, the most prevalent and
important gastrointestinal nematode in goats in
West Africa regions. The results revealed that
maize silage has anthelmintic effects on both the
larval migration and the motility of adult worms
of H. contortus. These effects were associated with
the presence of some chemical compounds well
recognized for their anthelmintic activities such
as alkaloids, mucilages, triterpenoids, reducing

7 ACKNOWLEDGEMENTS

This study would have not been completed
without the technical support of the Laboratory
of Ethnopharmacology and Animal Health
(LESA/FSA/UAC), through its Director Prof.
Hounzangbé-Adoté M. Sylvie. The authors
would also like to acknowledge the financial
support of the West Africa Agricultural
Productivity Project (WAAPP-Benin) in the
tulfilment of this study.

Funding: This work was conducted through a
MSc study supported by the West Africa

(2018) using extracts of Apus bamboo leaves at the
concentration of 0.47 mg/mL. Recently, Zaheer
et al. (2019) using the hydroethanolic extract of
Camellia sinensis and Albizia lebbeck found a higher
in-vitro rate of 88% and 95% mortality of H.
contortus adult worms respectively at 6 and 8
mg/ml after 8 hours of treatment. All these
studies showed and confirmed the anthelmintic
potentialities of vegetable plants which could be
valued in the control of the GINs in small
ruminants in general and goats in particular. As
a vegetable plant, maize plant also has the
properties to reduce worms burden in goats.
However, all the noticed differences in the
results compared to the previous studies might
be due to several factors but mainly the plant
species and parts used (phytochemical
composition), environmental location, the
solvents used and the tested concentrations.

compounds, cyanogenic derivatives,
anthocyanin and tannins even though they were
just present in trace in the maize silages extracts.
Therefore, in addition to its nutritional value in
small ruminant production, maize silage could
also be considered while designing programme
of controlling H. contortus infections among
goats, especially Red Maradi goats, imported
breed that are more sensitive to local strains of
GINGs.

Agricultural Productivity Project (WAAPP-
Benin).

Ethics approval: The present study has been
approved and conducted in accordance with the
guidelines of the Ethics Committee standing at
the National University of Agriculture (UNA),
Republic of Benin. It has therefore been
performed in accordance with the ethical
standards laid down in the 1964 Declaration of
Helsinki and its later amendments.

8699


https://doi.org/10.35759/JAnmPlSci.v48-2.

Zinsou et al., 2021 Journal of Animal & Plant Sciences (J.Anim.Plant Sci. ISSN 2071-7024) |3 ="k 4
Vol.48 (2): 8686-8702 https://doi.orq/10.35759/JAnmPISci.v48-2.5

| ARIMAL
i

FLAMT

| SCIEHCES
L P T

8 REFERENCES

Adua MM. and Hassan DI: 2016. Prevalence of
nematode infestation in goats reared in
Nasarawa State, Nigeria. Nigerian
Journal of Agriculture, Food and

Environment 12: 79-84.

Perr.) against gastrointestinal nematodes
in goats. Veterinary Parasitology 177:
104-110.
https://doi.org/10.1016/j.vetpar.2010.1
1.039 PMid: 21156340

Alowanou GG: 2016. Utilization of Bridelia Brightling T: 2006. Livestock Diseases in

ferruginea Benth, Mitragyna inermis
(Willd.) Kuntze and Combretum

Australia, CH  Jerram.  Science
Publishers.

glutinosum Perr. ex DC.,, in the control Dedehou NG, Olounladé PA, Adenilé AD,

of Haemonchus contortus in three
genetic types of sheep in Republic of
Benin. PhD  Thesis, Faculty of
Agronomic Sciences (FSA), University
of Abomey-Calavi (UAC). 281 pages.
Andrea BDW, Davidson R, Conington J,
Roughsedge T, Hutchings MR. and
Villanueva B: 2011. Implications of host
genetic variation on the risk and

Azando  EVB, Daga F. and
Hounzangbé-Adoté MS: 2014. In vitro
effects of Pterocarpus erinaceus leaves
and Parkia biglobosa fruit pods on two
stages of the development cycle of
Haemonchus contortus Small ruminant
gastrointestinal ~ parasitic  nematode.
Journal of Animal and Plant Sciences 22:
3368-3378.

prevalence of infectious  diseases Fernandez LS, Sykes ML, Andrews KT. and

transmitted through the environment.
Genetics 188: 683-693.
https://doi.org/10.1534/genetics.110.1
25625  PMid: 21527777  PMCid:
PMC3176547

Bizimenyera ES, Meyer S, Naidoo V, Eloff JN.

Avery VM: 2010. Antiparasitic activity of
alkaloids from plant species of Papua
New Guinea and Australia. Int J.
Antimicrob Agents 36: 27-59.
https://doi.org/10.1016/j.ijantimicag.2
010.05.008 PMid: 20580535

and Swan GE; 2008. Efficacy of  Hassan DI, Mbap ST. and Naibi SA: 2013.

Peltophorum africanum Sond. (fabacae)
extracts on Haemonchus contortus and
Trichostrongylus colubriformis in sheep.
Journal of Animal Veterinary Advances
7:364-371.

Bogning ZC, Olounladé PA, Alowanou GG,
Nguemfo EL, Dongmo AB, Azebaze
AGB. and Hounzangbe-Adote S: 2016.
In vitro anthelmintic activity of aqueous
extract of Crassocephalum crepidioides
(Benth.) S. Moore on Haemonchus
contortus. Journal of Experimental and
Integrative Medicine 6: 7 pages.
https://doi.org/10.5455/jeim.061215.0
r.144

Botura MB, Silva GD, Lima HG, Oliveira JVA,
Souza TS, Santos JDG, Brancoc A,
Moteira ELT, Almeida MAQO. and
Batatinha MJM: 2011. In vivo
anthelmintic activity of an aqueous
extract from sisal waste (Agave sisalana

8700

Prevalence of Worm Infection in
Yankasa sheep and West African dwarf
goats in Lafia Town and Environs,
Nigeria. Journal of Agriculture and
Veterinary Science (IOSR-JAVS) 4: 84-
90. https://doi.org/10.9790/2380-
0448490

Hounzangbe-Adote MS, Paolini V, Fouraste I,

Moutairou K. and Hoste H: 2005. In
vitro effects of four tropical plants on
three life-cycle stages of the parasitic
nematode, Haemonchus contortus.
Research in Veterinary Science 78: 155-
160.
https://doi.org/10.1016/j.rvsc.2004.05.
009 PMid: 15563923

Hounzangbe-Adote MS, Zinsou E, Hounkpel V,

Moutairoul K. and Hoste H: 2005. In-
Vivo effects of Fagara Leaves on Sheep
infected with Gastrointestinal
Nematodes. Tropical Animal Health and


https://doi.org/10.35759/JAnmPlSci.v48-2.
https://doi.org/10.1534/genetics.110.125625
https://doi.org/10.1534/genetics.110.125625
https://doi.org/10.1016/j.ijantimicag.2010.05.008
https://doi.org/10.1016/j.ijantimicag.2010.05.008
https://doi.org/10.1016/j.rvsc.2004.05.009
https://doi.org/10.1016/j.rvsc.2004.05.009

| ARIMAL
i

FLAMT

| SCIEHCES
L P T

Zinsou et al., 2021 Journal of Animal & Plant Sciences (J.Anim.Plant Sci. ISSN 2071-7024) |3 ="k 4
Vol.48 (2): 8686-8702 https://doi.orq/10.35759/JAnmPISci.v48-2.5

Production 37: 205-214. Extracts on Three Life-Cycle Stages of

https://doi.org/10.1023/B:TROP.0000 the Parasitic Nematode, Haemonchus

049295.16925.3d PMid: 15747857

Jiménez AE, Fernandez A, Alfaro R, Dolz G,
Vargas B, Epe C. and Schnieder T: 2010.
A cross  sectional  survey  of
gastrointestinal parasites with dispersal
stages in faeces from Costa Rican dairy
calves. Veterinary Parasitology 173: 236-
246.
https://doi.org/10.1016/j.vetpar.2010.0
7.013 PMid: 20810217

Kayser O, Kiderlen A. and Croft SL: 2002.
Natural ~ Products as  potential
antiparasitic drugs.  Parasitology
Research 1-15.
https://doi.org/10.1016/81572-5995
(02)80019-9

Khan MN, Sajid MS, Khan MK, Igbal Z. and
Hussain  A:  2010. Gastrointestinal
helminthiasis: prevalence and associated
determinants in domestic ruminants of
district Toba Tek Singh, Punjab,
Pakistan. Parasitology Research 107:
787-794.
https://doi.org/10.1007/s00436-010-
1931-x PMid: 20532913

Knox MR, Torres-Acosta JFJ. and Aguilar-
Caballero AJ: 2006. Exploiting the effect
of dietary supplementation of small
ruminants on resilience and resistance
against  gastrointestinal  nematodes.
Veterinary Parasitology 139: 385-93.
https://doi.org/10.1016/j.vetpar.2006.0
4.026 PMid: 16765520

Mbogning TG, Wabo PJ, Komtangi MC, Yondo
J, Alidou MN. and Mpoame M: 2014.
Anthelminthic  Activity of Moringa
oleifera Leaf Extracts Evaluated in Vitro
on Four Developmental Stages of
Haemonchus contortus from Goats.
American  Journal of Animal and
Veterinary Sciences 25-32.

Minaflinou IYSS, Alowanou GG, Olounladé
PA, Dedehou VFGN. and Hounzangbé-
Adoté SM: 2016. In Vitro Combined
Effects of Zanthoxylum zanthoxyloides
and Newbouldia laevis Methanolic

contortus. Journal of Animal Health and

Production 4: 128-133.
https://doi.org/10.14737 /journal.jahp/
2016/4.4.128.133

Minaflinou IYSS, Azando EVB, Olounlade PA,
Hounzangbe-Adote MS. 2015.
Combined effects of leaves of
Newbouldia laevis and Zanthoxylum
zanthoxyloides ~ on  gastrointestinal
parasitic nematodes of Djallonké sheep.
International Journal of Biology and
Chemical Sciences 9: 2078-2090.
https://doi.org/10.4314/ijbcs.v9i4.30

Mirhadi K, Yagoob G, Saeid S. 2011. The effect
of Ivermectin pour-on administration
against natural Nematodirus spathiger
infestations and prevalent rate of that in
cattle. African Journal of Microbiology
Resources 5: 3858-3861.
https://doi.org/10.5897/AJMR11.446

Nene Bi SA, Traore I, Tianga Yaya Soro TY.
and Souza A: 2009. Phytochemical and
pharmacological studies of Bridelia
ferruginea Benth (euphorbiaceae) on
motricity of Taenia coli in guinea pigs.

Africa Science 05: 305-320.
https://doi.org/10.4314 /afsci.v5i2.6174
5

Olounladé PA, Azando EVB, Attakpa EY,
Gbneou JD, Alowanou GG, Tchétan E,
Dansou CC, Hounzangbé-Adoté MS,
Gbaguidi F, Moudachirou M, Hoste H.
and Valentin A: 2017. In vitro study on
the role of the tannins of Newbouldia
laevis and Zanthoxylum zanthoxyloides
on infective larvae of Trichostrongylus
colubriformis.  Affrican  Journal of
Agricultural Research 12: 3513-3519.

Olounladé PA, Hounzangbé-Adoté MS, Azando
EVB, Ha TBT, Brunet S, Moulis C,
Fabre N, Fouraste I, Hoste H. and
Valentin A: 2011. In vitro study of the
effect of tannins from Newbouldia laevis
and Zanthoxylum zanthoxyloids on the
migration of infesting larvae of
Haemonchus contortus. International

8701


https://doi.org/10.35759/JAnmPlSci.v48-2.
https://doi.org/10.1023/B:TROP.0000049295.16925.3d
https://doi.org/10.1023/B:TROP.0000049295.16925.3d
https://doi.org/10.1016/j.vetpar.2010.07.013
https://doi.org/10.1016/j.vetpar.2010.07.013
https://doi.org/10.1016/S1572-5995
https://doi.org/10.1007/s00436-010-1931-x
https://doi.org/10.1007/s00436-010-1931-x
https://doi.org/10.1016/j.vetpar.2006.04.026
https://doi.org/10.1016/j.vetpar.2006.04.026

Zinsou et al., 2021

Journal of Animal & Plant Sciences (J.Anim.Plant Sci. ISSN 2071-7024) |3 ="k 4
Vol.48 (2): 8686-8702 https://doi.orq/10.35759/JAnmPISci.v48-2.5

| ARIMAL
i

FLAMT

| SCIEHCES
L P T

Journal of Biological and Chemical
Sciences 5: 1414-1422
https://doi.org/10.4314/ijbcs.v5i4.8

Sylvester WF. and Ignatius VN: 2017. In vitro
nematicidal activity of plant species
possessing alkaloids and tannins. Animal
Husbandry and Veterinary Science 3: 1-
12.
https://doi.org/10.1080/23311932.201
7.1334295

Torres-Acosta  JF]. and Hoste H: 2008.
Alternative or improved methods to
limit gastrointestinal parasitism in
grazing sheep and goats. Small Ruminant

Research 77: 159-73.
https://doi.org/10.1016/j.smallrumres.
2008.03.009

Wabo PJ, Yondo J, Fossi TO, Marie CK, Bilong
BCF. and Mpoame M: 2012. The in vitro
effects of Chenopodium ambrosioides
(Chenopodiaceae) extracts on the
parasitic nematode Heligmosomoides
bakeri (Nematoda, Heligmosomatidae).
Journal ~ of  Pharmacognosy  and
Phytotherapy 3: 56-62.

Widiarso BP, Nurcahyo W, Kurniasih K. and
Prastowo J: 2018. In-vitro ovicidal and
larvicidal of Apus bamboo leaf
(Gigantochloa apus) infusion against
Haemonchus Contortus. Jurnal Sain
Veteriner. 36:95.
https://doi.org/10.22146/jsv.38430

Zaheer S, Hussain A, Khalil A, Mansha M. and
Lateef M: 2019. In vitro Anthelmintic
Activity of FEthanolic Extracts of
Camellia sinensis L. and Albizia lebbeck

L. against Haemonchus contortus.
Punjab University Journal of Zoology
34: 41-45.

https://doi.org/10.17582 /journal.pujz/
2019.34.1.41.45

Zangueu BC, Olounladé PA, Alowanou GG,
Nguemfo EL, Dongmo AB, Azebaze
AGB. and Hounzangbe-Adote S: 2016.
In vitro anthelmintic activity of aqueous
extract of Crassocephalum crepidioides
(Benth.) S. Moore on Haemonchus
contortus. Journal of Experimental and

8702

Integrative Medicine 6: 7 pages.
https://doi.org/10.5455/jeim.061215.0
r.144

Zangueu CB, Olounladé AP, Ossokomack M,
Djouatsa  YNN, Alowanou GG,
Azebaze AGB, Llorent-Martinez EJ,
Coérdova MLFd, Dongmo AB. and
Hounzangbe-Adote MS: 2018. In vitro
effects of aqueous extract from
Maytenus senegalensis (Lam.) Exell stem
bark on egg hatching, larval migration
and adult worms of Haemonchus
contortus. Veterinary Research 14: 147-
158.  https://doi.org/10.1186/s12917-
018-1475-3 PMid: 29716590 PMCid:
PMC5930434

Zinsou L. Aimée: 2015. Ex vivo evaluation of
the aqueous extract of Pleiocarpa
pycnantha (k.schum) on Haemonchus
contortus, a gastrointestinal parasitic
nematode of small ruminants. MSc,
Cellular Physiology and Pharmacology,
University of Abomey-Calavi. 63 pages.

Zubair M, Nawaz M, Mahmood Sajid S, Hussain
J, Abbasi Z. and Waqas M: 2014. In vitro
and In vivo anthelmintic activity of
leaves of Azadirachta indica, Dalbergia
sisso  and Morus alba  against
Haemonchus contortus. 13: 996-1001.



https://doi.org/10.35759/JAnmPlSci.v48-2.
https://doi.org/10.1186/s12917-018-1475-3
https://doi.org/10.1186/s12917-018-1475-3

