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Abstract: Coccididiosis is responsible for significant production losses due to mortality and
weight loss in chickens. The traditional control using chemotherapy and vaccinations has
suffered setbacks, prompting the search for alternative measures. Plant preparations are being
researched for alternative and sustainable control methods of. Some trials have been conducted
on the efficacy of some herbal products, and many have shown measurable efficacy in the
prevention of coccidiosis. Plants of the genus Vernonia are widely used in ethnomedicine and
ethnoveterinary practice. There are documents on the antiparasitic efficacy of Vernonia
amygdalina extracts, especially in the control of apicomplexan protozoa. In this study, the
protective efficacy V. amygdalina and its fractions was evaluated based on clinical signs,
mortality, faecal and caecal scores, faecal oocyst output, and production performance against
the standard treatment with amprolium. The experiment was carried out in a randomized
complete block design where 210 broilers with similar body weight were assigned to seven
experimental groups designated A-G, represented by two replicates of 15 birds each, and
100,000 of sporulated oocysts were administered per os on the 21 d of age except group A
which served as negative control. Groups B and C, treated with normal saline and amprolium
125 mg/kg, served as positive (PC) and standard controls (SC), respectively. Birds were treated
with methanolic extract (group D) 1,000 mg/kg; hexane, aqueous, and butanol fractions (groups
E-G, respectively) at 500 mg/kg each, from 1 day before infection through 5 day post-infection
(pi). All treatments were administered per os. It was observed that all treatments demonstrated
good anticoccidial efficacy in the experimental chickens. There was a reduction in the severity
of the clinical signs associated with coccidiosis in birds treated with methanolic extracts and
their fractions (groups D-G). The methanolic extracts and their fractions prevented mortality
(0%) compared with that (33.3%) recorded in the group administered with placebo (group B).
Faecal score drastically reduced in birds treated with methanolic extract and its fractions, with
the butanol fraction recording the lowest (1.00) by 6 dpi. By the end of the experiment, faecal
scores returned to normal except for the positive control group. Caeca lesion score was
significantly (p<0.05) higher in the PC group (3.00) and lowest in the methanolic extract and
butanol fraction groups (1.00). Oocyst output (oocyst per gram of faeces, opg) was significantly
high (p<0.05) in chickens treated with butanol fractions (763 opg) compared with the positive
control group (125,213 opg). Additionally, feed intake, weight gain, and feed conversion ratio
in chickens treated with methanolic extracts and their fractions were significantly better than the
PC group by the end of the experiment. It can therefore be concluded that methanolic extract of
Vernonia amygdalina and its fractions have profound anticoccidial activities in broiler chicken
experimentally infected with Eimeria tenella.
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Introduction

In Nigeria and other developing countries in Africa and
Asia, the poultry industry occupies an important position in the
provision of animal protein to man. Worldwide, poultry meat
represents 28% of the meat supply compared with 26.5% for beef
[ poultry diseases remain one of the major threats to boosting
poultry production in Nigerial®. Coccidiosis is a major parasitic
disease with a substantial economic impact on the poultry industry
in Nigeria; it is a major limitation to the production and marketing
of poultry®®.

One of the most economically significant illnesses in the
poultry sector is avian coccidiosis, which is brought on by several
species of parasitic apicomplexan protozoa of the genus
Eimeria®®. The parasitic illness that has the biggest financial
impact on the global chicken business is coccidiosis!®™. The
yearly costs of coccidiosis to the poultry industry worldwide are
estimated to be over 14.4 billion US dollars, based on estimations
of production losses and the financial impact of prophylactic
measurest®!,

Impaired feed conversion, decreased growth, downgrading
at processing, death, and the expense of regular preventative and
therapeutic medicines are the main causes of economic losses®/*?!,
Although coccidiosis in chickens is typically caused by seven
species of Eimeria—E. tenella, E. necatrix, E. acervulina, E.
maxima, E. brunetti, E. praecox, and E. mitis—the first four pose
the biggest threat to chicken production, primarily because of their
combination of pathogenicity and distribution4*2, Clinical
symptoms include diarrhea, dehydration, weight loss, rectal
prolapse, dysentery, and frequently death result from extensive
destruction to the intestinal epithelial*®. Chickens may experience
immunosuppression in a subclinical form, which can lead to
secondary illness states, particularly necrotic enteritis brought on
by Clostridium perfringenst4tIiel,

The three most common species in broiler chickens are
Eimeria tenella, E. acervulina, and E. maximal* 81, The most
harmful parasite that parasitizes developing chicks is Eimeria
tenella, which costs the poultry business a significant amount of
money™*®2% Because of the species’ presence in the caeca, caecal
or "bloody" coccidiosis is characterized by inflammation and
hemorrhage. Bloody droppings and the buildup of blood in the
caecal lumen are indicators of it?!],

The two main methods of control are chemoprophylaxis,
which is the mainstay in the control of coccidiosis?2?124 and, to
a lesser extent, vaccination. However, the widespread and
prolonged use and misuse of the drugs have led to the emergence
of drug-resistant strains of Eimeria species. The cost of
prophylactic administration of anticoccidials is high. In parallel,
the development of new anticoccidials is prohibitively high, and
coupled with the possible future bans on the use of anticoccidial
drugs in commercial poultry production, there is an urgent need for
novel approaches and alternative control strategies??¢!,
Vaccination as a means of control faces the cost of production as
live vaccines are produced using living birds®”. The attenuated
forms of the vaccines can revert to virulence and cause clinical
coccidiosis.

Recently, some trials have been conducted on the efficacy
of some herbal products, and many have shown measurable
efficacy in the prevention of coccidiosis®@?IE% plants of the

genus Vernonia are widely used in ethnomedicine and
ethnoveterinary practice, as extensively reviewed PUE2IE] There
are documents on the antiparasitic efficacy of V.
amygdalinal4EEIEEIET 1n addition, reports also abound on the use

of the plant extracts in the treatment of apicomplexan
Protozoal 8401,

But only by adding them to broiler feed, which reduces
oocyst generation and increases bird weight gain, have the
beneficial effects of V. amygdalina against avian coccidiosis been
proven a4 Therefore, a thorough investigation into V.
amygdalina's anticoccidial properties in broiler chicks is required.
It is hoped that the findings of this investigation would advance
knowledge of V. amygdalina's anticoccidial properties. In order to
assess the anticoccidial properties of V. amygdalina leaf
methanolic extract and its main fractions, this study will be
conducted on broiler chickens that have been experimentally
infected with Eimeria tenella.

Materials and Methods
Plant collection, identification, and processing

At the flowering stage, a single batch of fresh, disease-free
V. amygdalina leaves was gathered from a private garden in Jos
town. Jos is situated between longitudes 8o 32' and 100 38' E and
latitudes 80 24' N. It is made up of plains, hills, and depressions of
different sizes, and its average elevation is 1,250 meters above sea
level. October through April is the dry season, and May through
September is the wet season. December and January temperatures
are below 15°C, and there is an average of 1,100 mm of rainfall
every year®. Voucher sample number 7183 was placed in the
Department of Biological Sciences' herbarium for future use after
the sample was identified and verified at Ahmadu Bello University
in Zaria. After being cleaned with tap water, the leaves were
allowed to air dry on galvanized wire screens in the shade,
occasionally moving, until their weight remained consistent. Ten
kilograms (10 kg) of leaves were then ground into a powder using
a mechanical grinder and kept in an airtight plastic container until
they were needed.

Extraction and fractionation of V. amygdalina leaves

In a Soxhlet system, a 2 kg sample of the powdered leaves
of V. amygdalina were extracted using 10 L of absolute methanol
at 70 oC™, in order to produce a methanolic extract. A rotary
evaporator was used to turn the extract into powder at 40 oC, and it
was then refrigerated until it was needed in an airtight amber-
colored glass bottle*”.

Phytochemical Analysis

Using conventional protocols as outlined by Hashemi et al.,
chemical tests were conducted to screen and identify the bioactive
chemical elements of the plant's methanolic leaf extract!*®].

Parasite propagation and purification

The study made use of a local strain of E. tenella that had
previously undergone molecular characterisation and was kept at
Ahmadu Bello University's Department of Veterinary Parasitology
and Entomology in Zarial.

To propagate the oocysts, a seed stock of 1 x1 0%oocysts
suspended in 1 mL of distilled water was administered orally to 5
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broiler chickens at two weeks of age as recommended by
Holdsworth et al.®%. Large numbers of sporulated oocysts were
then obtained and used for the subsequent main experiment®™Y.
Sporulated oocysts were cleaned and counted by the McMaster
technique®. The required concentration of sporulated oocysts
(100,000/mL) was maintained with phosphate-buffered saline.

Experimental birds, housing, and management

Three hundred (300) heads of one-day-old broiler chicks
were purchased, brooded and managed in an isolated fly-proof pen
designed to prevent contamination of extraneous coccidial
infection. The brooder pen had litter composed of wood shavings
to a depth of 5 cm. To meet the nutrient requirement of the broilers
during the experimental period, a coccidiostat-free commercial diet
formulated for the two stages of growth and water were provided

ad libitum, and birds were routinely vaccinated against Newcastle
disease and Gumboro disease.

Experimental design

A randomized full block design was used to conduct the
experiment. As advised by Holdsworth et al., 210 broilers with
comparable body weights were chosen for the investigation®“4],
The birds were divided into seven experimental groups, A-G, each
of which had two replicates of fifteen birds.

As directed, 100,000 sporulated oocysts were implanted
into each chick on day 21 of life®™1%I54 Group A, which acted as
a negative control, was the exception. In accordance with the
following schedule, birds received treatment from one day before
infection to five days after infection (Table 1). Every treatment
was given in accordance with OS.

Table 1: Experimental infection and treatment of Broiler chickens

Group Infection status Treatment Duration
A - Negative control (NC) Uninfected Normal saline ad libitum
B - Positive control (PC) Infected Normal saline ad libitum
C - Standard control (SC) Infected Amprolium 125 mg/kg 7 consecutive days
D - Methanolic extract (ME) Infected ME 1,000 mg/kg 7 consecutive days
E - Hexane fraction (HF) Infected HF 500 mg/kg 7 consecutive days
F - Aqueous fraction (AF) Infected AF 500 mg/kg 7 consecutive days
G - Butanol fraction (BF) Infected BF 500 mg/kg 7 consecutive days

Parameters used to assess anticoccidial efficacy include
clinical signs, mortality, faecal oocysts count, faecal score, lesion
score, weight gain, feed intake, and feed conversion ratio according
to standard procedures.

Ethical approval

Ethical approvals for the use of live animals were obtained
from the Ethical Committee of the National Veterinary Research
Institute, Vom, and that of Ahmadu Bello University, Zaria

Data analysis

The body weight gain, FCR, lesion score, and oocyst
counts were expressed as the mean and pooled standard error
(xSE). The mean values were compared by one-way analysis of
variance (ANOVA) followed by Tukey’s post-hoc test. Statistical
analysis for categorical lesion score and faecal score data was
assessed using the Kruskal-Wallis test and separated by Dunn’s
test. The statistical analysis was performed with SPSS version
20.0. The differences between groups were considered significant
if p<0.05.

Results

Phytochemical composition

The results of the phytochemical analysis of methanolic
extracts of Vernonia amygdalina leaf have been reported in a
previous work(®®!.

Clinical Findings

Classical signs of caecal coccidiosis, including depressed
feed and water intake, ruffled feathers, wing drooping, huddling,
and haemorrhagic diarrhea, were observed in all infected groups at
d 5 pi. In addition, prostration and somnolence were observed in

some of the birds. Reduction in the severity of the clinical signs
was conspicuously observed in birds of groups D-G.

Mortality rate

Mortality of chickens in the magnitude of 13.33% was
recorded for birds in the uninfected unmedicated group, as
presented in Table 2. In terms of mortality, chickens treated with
methanol extract, the hexane fraction, aqueous residue fraction, and
butanol fraction were all devoid of death.

Fecal score of birds on days 5, 6, and 7 post-infection

On day 5, the faecal score was highest in the PC group
(3.00) and lowest in the BF group (1.00). In the same manner, the
faecal score was highest in the PC (2.50) group and lowest in the
ME, HF, and BF with scores of 1.50, 2.00, and 1.00 on day 6 pi,
respectively. The faeces of infected birds all returned to the normal
values except for the PC group, which had an average faecal score
of 1.50 by d 7 pi (Table 3).

Lesion Score

The caeca lesions of birds selected from each group was
determined 6 d pi (Table 4). The lesion score of 3.00 was
significantly (<0.05) higher in group PC group compared to groups
treated with the methanolic extract, and hexane, aqueous, and
butanol fractions which had scores of 1.00, 1.50, 2.00, and 1.00,
respectively.

Oocyst output

The oocysts produced and excreted by experimental birds
on 5, 6, 7 and 14 dpi is presented in Table 5. The highest number
of oocysts (125, 212 opg) was shed by birds in the positive control
group on d 7 pi, whereas the lowest among the treated groups were
shed by chickens in the butanol fraction group (762). The birds in
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all the groups did not shed further oocysts by 14 dpi except those
in the positive control group which passed few (325) opg.

Performance of birds

The performance of birds as assessed by body weight gain
(BWG), feed intake (FI), and feed conversion ratio (FCR) is
presented in Table 6. Significantly (p <0.05) higher body weight
gain was recorded in the NC treatment and significantly (p <0.05)
lower body weight gain was observed in the PC treatment in the

first week pi but, there were no significant (p >0.05) difference in
mean body weight gain among the various treatments 2 weeks pi.

As shown in Table 6, there were no significant differences
in feed intake among the groups in weeks 1 and 2 pi. The feed
conversion ratio (FCR) was significantly (p <0.05) higher in the
PC treatment in the first week pi than in birds of the other groups.

Table 2: Mortality rate in birds experimentally infected with E. tenella and treated with the methanolic leaf extract of V. amygdalina and its

Group Treatment % Mortality
A Negative control 0.00%

B Positive control 13.33°

C Standard control 0.00%

D Methanolic extract 0.00?

E Hexane fraction 0.00?

F Agueous fraction 0.00?

G Butanol fraction 0.00?

a, b differ significantly (p<0.05) from one another

Table 3: Faecal scores of birds infected with E. tenella and with methanolic leaf extract of V. amygdalina and its fractions determined on

5, 6 and 7 dpi.
Group Treatment Days Post Infection
5 6 7

A Negative control 0.00° 0.00° 0.00°
B Positive control 3.00% 2.50% 1.50%
C Standard control 0.00° 0.00° 0.00°
D Methanol extract 1.50° 1.00° 0.00°
E Hexane fraction 2.00% 1.00° 0.00°
F Aqueous fraction 2.00% 1.00° 0.00°
G Butanol fraction 1.00% 1.00° 0.00°

SE+ 0.189 0.189 0.268

a, b, c differ significantly (p<0.05) from one another

Table 4: Lesion score of the caeca of birds infected with E. tenella and treated with methanolic leaf extract of V. amygdalina and its fractions
determined at 6 dpi.

Group Treatment Lesion Score
A Negative control 0.00°
B Positive control 3.50°
C Standard control 0.00°
D Methanol extract 1.00*
E Hexane fraction 1.50°
F Aqueous fraction 2.00°
G Butanol fraction 1.00*
SE+ 0.268

a, b, c differ significantly (p<0.05) from one another

Table 5: Oocyst output of birds experimentally infected with E. tenella and treated with the methanolic leaf extract of V. amygdalina and
its fractions at 5, 6, 7 and 14 days post infection.
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Oocyst Output
Days Post Infection

Group Treatment 5 6 7 14

A Negative control 0.00° 0.00° 0.00° 0.00°
B Positive control 2,375.00° 47,662.50% 125,212.50% 325.00%
C Standard control 0.00¢ 0.00° 0.00° 0.00°
D Methanolic extract 237.50° 1,150.00° 612.50° 0.00°
E Hexane fraction 425.00° 1,387.50° 1,487.50° 0.00°
F Aqueous fraction 237.50° 5,037.50b 6,325.50" 0.00°
G Butanol fraction 0.00¢ 187.50° 762.50° 0.00°

SE+ 31576 438.850 520.645 13.082

a, b, c differ significantly (p<0.05) from one another

Table 6: The effects of treatments on body weight gain (BWG), feed intake (FI), and feed conversion ratio (FCR) of broiler chickens at

the end of the first and second weeks pi with E. tenella.

Performance Post Infection

Weeks Post Infection

Week 1 Week 2

Groups Treatment BWG (g) FI (g) FCR BWG (g) FI (g) FCR
A Negative control 294.65° 590.60 2.01° 384.28 1010.39 2.63
B Positive control 182.59°¢ 582.43 3.20° 321.92 1121.32 3.50
c Standard control 257.34% 637.95 2.48% 378.08 1007.16 2.67
D Methanol extract 245.90° 588.84 2.40° 371.15 1001.35 2.71
E Hexane fraction 241.41° 585.74 2.31° 348.43 997.89 2.88
F Aqueous fraction 243.08° 585.00 2.41° 330.77 999.96 3.03
G Butanol fraction 276.80% 590.14 2.14° 396.01 1005.73 2.54

SE+ 8.052 16.078 0.130 15.909 35.935 0.201

a, b, c differ significantly (p<0.05) from one another

Discussion

Typical signs of coccidiosis, particularly haemorrhagic
diarrhoea, depressed feed intake, ruffled feathers, huddling and
depression were observed in broiler chickens in the positive control
group. However, the signs were absent or milder in the groups
treated with the methanolic extract of V. amygdalina leaf and its
fractions. The finding in this study concurs with the haemorrhagic
diarrhea, reduced feed intake, ruffled feathers, huddling, and
depression observed in similar studies®eIP 15859 The progressive
reduction in the severity of the observed clinical signs in the
treated groups compared with the infected but untreated group
could be attributed to the anticoccidial effects of the
phytoconstituents in the leaf of the plant. V. amygdalina leaf
administered in the feed of broiler chickens has been shown to
inhibit the invasion of caecal endothelial cells by sporozoites; this
supports its anticoccidial role as Eimeria parasites must invade,
and multiply in the endothelial cells of the caecum before infection
is established®™®Y, Qutbreak of coccidiosis in a poultry farm
usually results in a devastating economic loss as a result of the high
morbidity and variable mortality associated with the disease!®?.
The mortality of 13% was only recorded for broiler chickens in the
positive control group in this study. The methanolic extract of V.
amygdalina leaf and its fractions likely contained phytochemicals
that ameliorated the debilitating effect of coccidiosis in the treated
birds and eliminated the mortality that is usually associated with
the disease.

The bloody diarrhoea observed in all the infected groups
except in the standard treatment group, from the fifth to the seventh
day post infection is in agreement with the findings of other
authors®®. The intensity of the bloody diarrhoea was

significantly lower in the treated broiler chickens compared with
those in the positive control group. In similar studies using other
plant extracts!®®*¢ bloody diarrhoea was observed in infected
chickens compared with the uninfected control. The limited
invasion of the epithelial cells of the caeca of infected birds as
shown by scanty pathological lesions might have resulted in the
limited production of schizonts and subsequently fewer
gametocytes with resultant decreased disruption of blood vessels
and reduced blood in the faeces.

This study also used gross lesion score as an indicator of
the anticoccidial effect of the methanolic extract of V. amygdalina
leaf and its fractions. Macroscopic lesions were significantly less
severe in the group of birds infected and treated with the
methanolic extract of V. amygdalina leaf and its fractions
compared with birds in the positive control group. This suggests
that the methanolic extract of V. amygdalina and fractions contain
substances that protect the caecum from excessive damage by E.
tenella.

The number of oocysts excreted in the faeces of birds may
be an important indicator of the severity of coccidiosis®1®®. In the
present study broiler chickens in the groups infected and treated
with methanolic extract of V. amygdalina leaf and its fractions
excreted significantly fewer oocysts than birds in the positive
control group. This suggests that the methanolic extract of V.
amygdalina leaf and its fractions had an ameliorative effect on
oocysts excretion and may play significant role in the control of
avian coccidiosis. Several plant extracts and their derived
phytochemicals have displayed efficacy in the control of
coccidiosis in experimental studies adjudged by their ability to
reduce oocyst output in infected chickens®77 performance,
evaluated in the forms of feed intake, weight gain, and feed
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conversion ratio, has been recognised and extensively measured in
the evaluation of the efficacy of anticoccidial productst’27I74L7],
The degree of protection against coccidiosis defined by the body
weight gain is an acceptable and reliable measure for quantifying
the efficacy of control by anticoccidials™®. The efficacy of plant
extracts and phytoconstituents has been determined on comparative
body weight gain following experimental challenge with
coccidiosis as described previously! /53154,

In this study, weight gain was broadly similar for all the
treated groups compared to that recorded in the negative control
group. A significant effect of treatments with methanolic extract of
V. amygdalina leaf and its major fractions was noticeable, as the
positive control group showed significantly lesser body weight
gain compared with all treatments. The reduction in the body
weight gain in the positive control group was not surprising
because coccidial infections are known to cause extensive damage
to the intestinal mucosa with resultant nutrients malabsorption and
subsequent reduction in weight gain®78. In addition, parasitic
infection is known to result in nutrient resource allocation to
immune response, which result is evident difference in body
weight gain. Numerous studies investigating the effects of dietary
inclusion of plant extracts have revealed improved weight gain in
experimentally induced coccidial infections®"*IE% v/ariations in
weight gain may occur due to reasons advanced by Crouch et
al.® who maintained that some breeds of broiler chickens, when
raised in cages were more varied in their weight gain to virulent
coccidiosis challenge.

In this study, there were less remarkable differences in feed
intake among birds in the different treatment groups compared
with the birds in the positive control group. The anticoccidial
efficacy of the methanolic extract of V. amygdalina leaf and its
major fractions as adjudged by feed intake indicated effective
control against infection with E. tenella. Other authors recorded
similar results to this finding, where several experiments were
conducted to study the effects of herb extracts on performance,
particularly, feed intake during coccidiosis®®4, In contrast,
Nghonjuyi et al.®¥ showed there was no significant difference in
the feed intake between groups of Kabir chickens infected with
Eimeria species and treated with leaf extract of Carica papaya. A
major challenge encountered in this study was the accurate
determination of feed intake. Waste of feed as a result of
overturning of feeders was common place and the feed wasted
could not be adequately measured.

Feed conversion ratio has also been used as a performance
attribute to determine the effects of plant extracts against
coccidiosis®I®I |n this study, the birds in the positive control
group exhibited the least value of feed conversion ratio. Inefficient
feed conversion ratio as a result of experimentally-induced
coccidiosis has been reported by Kurkure et al.®® who recorded
lower feed conversion ratio value for coccidiosis-infected broiler
chickens medicated with a proprietary polyherbal preparation
“coxynil” as compared to positive control birds. Similar findings
are also documented by Kheirabadi et al.® who stated that birds
treated with granulated extracts of Artemisia sieberi had better feed
conversion ratio when infected with Eimeria parasites. These
findings are strongly supported on the research of Tanweer et al.®")
who observed a lower feed conversion ratio value for broiler
chickens infected with coccidial parasites and treated with
Peganum harmala extracts.

Conclusion

10

This study has demonstration that methanolic leaf extracts
of Vernonia amygdalina and its major fractions have anticoccidial
activity against Eimeria tenella in broiler chickens. Methanolic
extract at 1,000 mg/kg body weight showed profound activity on
the parameters measured compared to the other fractions. It is
therefore, recommended that thorough phytochemical analysis be
conducted on the leaf of V. amygdalina to identify the
phytocomponent(s) that may be responsible for these biological
activities and as well, determine their mode(s) of action.
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