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Abstract Despite presence of anticoccidial drugs and
vaccines in the market, coccidiosis continues to result in
substantial economic losses to the poultry industry. There
is wide-spread resistance to already known anticoccidial
drugs. It is an infectious disease of poultry and rigorous
management is required during vaccination. In addition
there is possibility of drug residues in meat and other
byproducts of such treated animals and consequently
makes more imperative to explore and understand the role
of natural products in livestock parasite management.
Therefore a study was designed to evaluate the anticocci-
dial activity of aqueous extract of Ganoderma applanatum
in broiler chicken. In-vivo anticoccidial activity of aqueous
extract of G. applanatum was measured in comparison to
the reference drug amprolium on the basis of oocysts per
gram of faeces, weight gain and feed conversion ratio.
Oocyst output was measured with the help of Mc-Masters
counting technique. The results of this study established the
virulence of coccidian oocysts and the effectiveness of both
amprolium and aqueous extract of G. applanatum against
coccidian oocysts, confirmed by the fact that treatment
with aqueous extract of G. applanatum resulted in a
noticeable reduction in coccidian oocysts output, leading to
improved weight gain and better feed conversion ratio.
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The study highlighted the potential of G. applanatum as a
natural source of bioactive components for controlling a
protozoan parasite, which can be isolated and tested in a
bioassay-guided manner and harnessed in the form of an-
ticoccidial drugs.
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Introduction

Coccidiosis is a managemental disease of poultry and ranks
among the most important diseases of poultry worldwide
(Lee et al. 2009). It has been documented that coccidiosis is
the most consistently reported health problem in poultry
(Biggs 1982; Williams 1999). In all parts of the world
where confinement rearing is practiced, coccidiosis repre-
sents a major disease problem demanding the attention of
poultry producers, feed manufactures, and poultry disease
experts (Reid 1978). Coccidiosis is alleged to be a uni-
versal depreciator or even a potential killer of our poultry.
The control of these coccidian parasites is accomplished
largely through the use of commercial synthetic anticoc-
cidial drugs. However, these drugs can leave their residues
in food (Nagata and Saeki 1986) and also pose threat to
environment (Waller 2006). Besides this, widespread
resistance to drugs is emerging in coccidian parasites
(Long 1982; Ruff and Danforth 1996). The resulting let-
down of treatment, pooled with side effects, make it crucial
to seek out for new drugs by pharmacological screening.
Feed supplements with natural medicinal products have
been widely used as growth and health promoters in farm
animals in China for years (Li 1998). The mushroom is a
macrofungus with a distinctive fruiting body large enough
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to be seen with the naked eye and with over 2,000 species
that possess medicinal properties (Chang and Miles 2004).
Medicinal mushrooms such as Pleurotus ostreatus and
Ganoderma lucidum are used as food supplements and
medicines in certain disease conditions (Chang and
Buswell 1996; Chang and Mshigeni 2001; Anthony and
Joyce 2007). Qualitative and quantitative analysis of these
mushrooms have shown the presence of some biologically
active compounds (Kadiri 1990; Ketiku and Ola 1999;
Ogbe et al. 2008). These bioactive compounds belong to
the group of polysaccharides and antioxidants, which pro-
tect the body against free radicals that damage body cells to
induce diseases (Monro 2003; Oei 2003). The presence of
polysaccharides in mushrooms suggests they can be useful
as natural health promoters against parasites, bacteria and
viruses (Oei 2003). Besides Ogbe et al. (2009) has reported
effectiveness of aqueous of G. lucidum extract against
Houghton strain of E. tenella. With this outlook a study
was designed to confirm such studies and to evaluate
anticoccidial activity of aqueous extract of a wild mush-
room (G. applanatum) in vivo using broiler chicken.

Materials and methods
Ganoderma applanatum (Ganodermataceae)

Ganoderma applanatum known as conk is a general term
used for a fungus that destroys wood and digest the brown
lignin as food source and leave behind the white cellulose.
G. applanatum, appropriately dubbed a shelf fungus due to
its shape, a fan-shaped polypore ranges from 30 to 70 cm
long, that makes it noticeable in the woods. It has a thick,
hard, lumpy, brown top with several radiating zones. The
spore surface is ochre in color and after scratching the
spore surface becomes brown. The pores of the spore
surface are tiny and regular in shape. G. applanatum cre-
ates a new pore surface each year, giving it a “stacked”
appearance.

Identification and processing of mushrooms

Mushrooms collected were firstly identified at Kashmir
University Herbarium (KASH), Centre of Plant Taxonomy,
Department of Botany, University of Kashmir. A voucher
specimen (voucher no. 1801) was also deposited in KASH.
Mushrooms were then washed with distilled water. After
washing they were processed for shade drying in a well
ventilated room. To facilitate complete drying, the fruit
bodies of mushroom were cut into small pieces and then
dried in shade conditions. The dried mushrooms were
milled to a fine powder using an electric blender.

The mushroom powder was again dried for about 3 h in an
oven at 40 °C before extraction.

Preparation of aqueous extract

The crude aqueous extracts of the selected mushroom was
prepared according to the techniques described by Igbal
et al. (2004). The powdered mushroom parts (100 g) were
extracted with distilled water (500 ml) at 90-100 °C in a
Soxhlet extractor for 8 h. The aqueous extract was filtered,
and stored at 4 °C until used.

Broilers and experimental design

Day-old broiler chicks were purchased from local market
and screened for coccidial infection. The broiler chicks
were reared under standard management practices in the
animal house of the Department of zoology, University of
Kashmir, for 5 weeks. The birds were maintained in a
coccidian free atmosphere. The method of housing the
broilers was an intensive deep-litter system. Before birds
were placed, the houses were cleaned, washed, disinfected
and provided with saw dust. The ambient temperature in
experimental house was maintained at 29 °C during the
first week and after than gradually decreased by 3 °C in the
third week, and finally fixed at 22 °C thereafter. All birds
were reared in cages, kept in strictly isolated room. To
meet the nutrient requirements of the broiler chicken dur-
ing the entire experimental period, a complete basal diet
was formulated for each of the two stages of growth; starter
and grower. The diets were formulated to meet the nutri-
ents requirements of broilers as recommended by the
National Research Council (N.R.C. 1994). The chicks were
provided with standard coccidiostat free feed. The feed and
water was provided ad libitum during the study period.
Lighting of the environment was provided for 24 h. At
22nd day age, the birds were used for experimental pur-
pose. All the birds were tagged to maintain their identity.

On day 22 the body weight of all chicks were taken and
grouped into four experimental groups A, B, C and D each
having ten chicks by random allocation. Underweight and
weak chicks were excluded from the experiment. The birds
in groups A, B and C were inoculated with mixed coccidial
oocysts of Eimeria species at the rate 3,850—4,000 sporu-
lated oocysts per bird (Williams 2001) introduced directly
into the crop of each bird at 22nd day of age. They were
finally treated with mushroom extracts and recommended
medicine according to the following schedule: Group-A:
Infected and treated with extract of mushroom (1) in water
for 5 consecutive days. Group-B: Infected and treated with
recommended medicine for 5 consecutive days. Group-C:
Infected and un-medicated group. Group-D: Uninfected
and un-medicated group.
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Group D served as uninfected and un-medicated control,
groups A-C were infected with sporulated oocysts of
Eimeria on the 22nd day of age. Group C was infected and
left untreated. Group B was infected, and treated with the
allopathic drug amprolium. The Group A was infected and
treated with aqueous extract of Ganoderma applanatum.
Drinking water was provided ad libitum throughout the
entire period of study.

An inventory of birds for procuring infection

An inventory of poultry birds in nature was made for
getting the coccidian infection in nature. Coccidiosis sus-
pected guts were collected from different poultry farms. All
the intestines and caeca were opened and their contents
(faeces) were collected in a beaker. The oocysts thus pro-
cured were kept in a medium for experimental infection.

Parasite inoculation

Feacal samples from all experimental groups were col-
lected and examined for any contamination by coccidia
parasites prior to the experimental infection. All groups
were found negative for coccidial oocysts. On 22nd day of
age each group was inoculated by coccidial oocysts of
Eimeria species by direct gavaging with the help of a
graduated syringe. The sporulated oocysts were given at
the dose rate of 3,850-4,000 oocysts per bird (Williams
2001). One ml of oocyst suspension in distilled water was
orally inoculated directly into the crop using a flexible
plastic tube fitted to 5 ml syringe.

Determination of weight gain and feed conversion ratio

Performance of broilers was evaluated by recording body
weight (BW), daily body weight gain (DWG), daily feed
intake (DFI) and feed conversion ratio (FCR) during the
entire experimental period. Mortality was recorded as it
occurred.

FCR =
Total feed consumed by birds in a cage

Weight gain of surviving birds + Weight gain of dead birds
(1)

Collection of faecal samples and laboratory
examination

The birds started shedding oocysts 128 h post infection. The
fecal droppings in each cage were collected on a polyethyl-
ene sheet placed on the fecal tray of the cages. The faecal
samples were continuously observed after a time interval of
24, 48 and 72 h and severity of infection was confirmed.
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Diagnosis of Eimerian oocysts in faeces is an easy to get an
impression of the infection level, direct smear method and
both qualitative and quantitative techniques can be done to
faecal sample. McMaster’s oocyst counting technique was
used for counting the coccidian oocysts (Soulsby 1982).

Oocysts counting

To obtain accurate information with regard to severity of
an infection, egg counting methods were carried out to
determine number of eggs per gram (EPG) of faeces. For
this purpose McMaster counting chamber was used. This
method is generally used in litter oocyst counting proce-
dures since the percentage of sporulation and oocyst
dimensions are not required in this measurement. The
McMaster chamber method is documented by Hodgson
(1970), Long and Rowell (1958), and Long et al. (1976).

Statistical analysis

The whole data was fed into Microsoft Excel 2010, a
computer programme (SPSS 11.5 for windows). The data
was represented as mean of replicates followed by standard
deviation i.e. mean = standard deviation (SD). ANOVA
was carried out to determine the variance of the data reg-
istered followed by Tukey’s test, to detect significant dif-
ference among groups. Differences between means were
considered statistically significant at P < 0.05.

Results and discussion
Oocyst per gram (OPG) counts

The OPG counts of different groups of chickens are rep-
resented in Table 1 (Fig.1). The highest oocyst count per
gram of faeces (OPG) was recorded in group C as it was
untreated group. Prior to treatment at 26th day the oocyst
output of birds was 7,300.68 £ 32.792 oocysts/g faeces
(group A), 7,658.12 £ 31.652 oocysts/g faeces (group B)
and 7,013.89 &£ 32.048 oocysts/g faeces (group C). The
faeces of uninfected group D were free of coccidial
oocysts. After treatment the oocysts detected in the
G. applanatum treated group (A) on 27th day had reduced
in number (4,700.92 + 24.414 oocysts/g faeces) compared
to un-treated group (C) which showed increase in oocysts
released (5,709.61 £ 26.285 oocysts/g faeces). By 28th
day, the oocysts released in A and B group had reduced to
2,886.67 £ 16.230 and 196.09 £ 3.864 and by day 29
the birds in group B were almost free of infection
(16.44 + 0.701) where as group A showed further reduc-
tion in number of coccidial oocysts (1,490.58 £+ 13.652),
while group C continued discharge high number of oocysts
(6,200.45 £ 30.336 oocysts/g faeces).
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Table 1 Oocyst output of broilers infected with coccidian oocysts (Eimeria) and treated with aqueous extract of Ganoderma applanatum

Age in days Oocyst output per gram of faeces
Group A Group B Group C Group D
After infection 26th day 7,300.68 + 32.792° 7,658.12 £+ 31.652% 7,013.89 + 32.048* oP
During treatment 27th day 4,700.92 + 24.414¢ 3,178.74 + 23.259¢ 5,709.61 + 26.285* o°
28th day 2,886.67 + 16.230¢ 196.09 + 3.864° 6,057.32 £ 29.497* o°
29th day 1,490.58 + 13.652¢ 16.44 £ 0.701° 6,200.45 + 30.336" o°

Group A Infected and treated with aqueous extract of Ganoderma applanatum at 1,000 mg/kg body weight, Group B Infected and treated with
amprolium at 100 mg/kg body weight, Group C Infected but not treated, Group D Neither infected nor treated

Differences between means were considered significant at P < 0.05 Superscripted letters a—d represent significant differences within one age

group, where same letters represent no significant difference
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Fig. 1 Reduction in oocyst output of different treatment groups

Body weight gain records and feed conversion ratio

The impact of oral administration of sporulated coccidial
oocysts on body weight gain of different groups of chick-
ens followed by administration of G. applanatum extract
are represented in Table 2 (Fig. 2). The mean initial weight
of chicks for all groups was almost similar which was
recorded on day 1-22nd day. Among the treated groups the
significant improvement in body weight was recorded in
group B. Chickens of group A gained the next highest body
weight on the same day. The results further showed that
infection with coccidial oocysts results in poor feed con-
version ratio. Feed conversion ratio was higher in group C
as compared to all the other groups. The mean weight gain
of the birds in group C at day 35 was also significantly
lower (1,220.77 £ 12.739 g) than other treated groups.
The experimental infection of the broiler chickens with
coccidial oocysts showed clinical signs of weakness,
reduced appetite, diarrhoea, and presence of oocysts in
faeces. The experimental trials in all the infected birds
showed a significant reduction in faecal oocyst output in
birds that were treated with either aqueous extract of
G. applanatum or amprolium. However the lowest OPG
was recorded in amprolium treated group indicating the
highest prophylactic efficacy among all groups. The reason
for better efficacy of amprolium could be that it is already
in the pure state and we can expect a bit low efficacy in the

crude extracts of G. applanatum. In this study a gradual but
significant differences in oocyst output of both infected-
untreated and infected-treated groups were recorded. The
results in terms of use of aqueous extract of G. applanatum
to suppress oocysts of coccidia in broilers was in full
agreement with Conway et al. (1993) who studied the
effects of different levels of oocysts inocula of Eimeria
acervulina, E. tenella and E. maxima on plasma constitu-
ents, packed cell volume, lesion scores and performance in
chickens and Elmusharaf et al. (2006) who investigated the
effect of a Manna-oligosaccharide (MOS) preparation on
Eimeria tenella infection in broiler chickens. Besides
reduction in oocyst output there was reduction in severity
of clinical signs of bloody diarrhoea which was consistent
with the studies of (Ogbe et al. 2008) and Ogbe et al.
(2009). Moreover the results of this study are also in
agreement with (Willis et al. 2010), they strongly suggest
that a diet supplemented with 5 % FMG as an alternative
control method in reducing Eimeria oocyst numbers during
grow out.

The highest feed conversion ratio observed in the
infected, untreated birds (2.390) was observed provides an
evidence of depression of feed intake due to infection with
coccidian oocysts (Table 3) (Fig. 3). The highest feed
conversion ratio reported in infected broilers resulted in
significant reduction in the body weight. The study
revealed that groups of birds not infected with coccidial
oocysts consume more feed, while infected groups showed
lower feed intake was due to coccidial stress. Hayat et al.
(1991) supported the results of the present study and
reported that coccidial infection decreased feed intake.
Conway et al. (1993) also reported that a significant
reduction in body weight occurred in broilers infected with
a dose of 10,000 sporulated oocysts of E. tenella. The less
effect of infection on growth performance may be related
to the mildness of the infection. Under conditions of more
severe infection with Eimeria, weight gain is generally
reduced (Johnson and Reid 1970; Conway et al. 1993;
McDougald 2003; Chapman et al. 2004).
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Table 2 Group mean weight gain (in grams) of broilers infected with coccidia (Eimeria) and then treated with aqueous extract of Ganoderma

applanatum and amprolium

Age in days  Group mean weight gain (in grams)
Group A Group B Group C Group D
Initial weight 1 39.33 £ 0.493* 38.72 £ 0.562° 37.88 £+ 0.581° 38.12 £ 0.620°
At pre-infection 22 57221 £ 2.72* 580.95 + 2.69° 564.85 £ 2.27* 583.36 + 2.31°
At infection time 24 597.87 £ 2.704* 604.54 + 3.171* 607.64 £ 2.962% 625.75 & 3.105°
Before treatment 26 761.54 + 4.143¢ 816.17 + 4.864° 720.29 + 4.295% 836.61 + 5.169°

Three days after the treatments 28 1,012.74 + 8.672¢

Seven days after the treatments 35

1,318.59 + 12.004¢

1,244.52 4+ 9.657°
1,570.36 + 14.640°

1,165.4 £+ 8.973°
1,496.63 £ 13.597°

984.29 + 8.380"
1,220.77 £+ 12.739*

Group A Infected and treated with aqueous extract of Ganoderma applanatum at 1,000 mg/kg body weight, Group B Infected and treated with
amprolium at 100 mg/kg body weight, Group C Infected but not treated, Group D Neither infected nor treated

Differences between means were considered significant at P < 0.05 Superscripted letters a—d represent significant differences within one age

group, where same letters represent no significant difference
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Fig. 2 Mean weight gain of chicks in different treatment groups

The results of the present work showed in first experi-
ment the birds of group A, infected and treated with
aqueous extract of G. applanatum extract had higher mean
weight gain (1,318.59 £+ 12.004 g) and lower feed
conversion ratio (FCR) (1.925), whereas birds of group C,
infected but not treated gained lowest weight
(1,220.77 4+ 12.739 g) and highest FCR (2.390). Thus the
poorest FCR was observed in birds which were infected but
non-medicated. These results are supported by Voeten
et al. (1988) who found that coccidiosis adversely affected
growth and feed conversion.

Bioactive compounds or polysaccharides are known to
block colonization of the intestine by pathogens, thereby
improving their elimination from the body (Elmusharaf
et al. 2006; Guo et al. 2004; Hughes et al. 1958). Many
substances with immunomodulating effects have been
found in mushrooms. Most medicinal mushrooms contain
biologically active polysaccharides, glycoproteins and
other valued substances. There is little doubt that mush-
room-based products can serve as good dietary supple-
ments. It is still up in the air exactly how these products
work, but with the heightened interest around the world,
the answers are forthcoming soon. Some biologically
active compounds or organic acids, resins, and glycosides
which include steroid and triterpenoid saponins are known
to have therapeutic uses against microbes and parasites

@ Springer
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Table 3 Feed Conversion ratio of broilers infected with coccidia
(Eimeria) and then treated with aqueous extract of Ganoderma ap-
planatum and amprolium

Age in Feed conversion ratio = Feed
days consumed/weight gained
Group  Group Group  Group
A B C D
Not infected 1-10 1.188 1.187 1.190 1.192
11-22 1.247 1.240 1.251 1.243
Infected 23 1.344 1.349 1.352 1.340
24 1.645 1.656 1.639 1.452
25 1.863 1.855 1.852 1.530
During 26 1.890 1.879 1.896 1.527
treatment 27 1920 1732 2126 1518
28 1.937 1.725  2.464 1.522
After treatment 29-35 1.925 1.738 2.390 1.361

Group A Infected and treated with aqueous extract of Ganoderma
applanatum at 1,000 mg/kg body weight, Group B Infected and
treated with amprolium at 100 mg/kg body weight, Group C Infected
but not treated, Group D Neither infected nor treated

(Anon 2006; Die et al. 2004; Guo et al. 2004; Hobbs 1995).
Some mushrooms contain polysaccharides that play a role
in stimulating the activities of many interdependent cell
types such as T and B-lymphocytes, macrophages, and
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natural killer (NK) cells, inducing production and secretion
of cytokines and complement (Guo et al. 2004). Other
mushrooms (e.g. Fraxinella, Boletus and Lactarius spp.)
have also been reported to prevent intestinal coccidiosis in
poultry (Guo et al. 2004; Harkonen 1998; Pang et al. 2000).
Besides some mushrooms contain chemical substances that
enhance the immune response and control certain parasitic
and viral diseases (Anon 2006; Guo et al. 2004; Oei 2003;
Wachtel et al. 2004; Wasser 2002; Zakhary et al. 1983).
However, the active principles and the mechanisms of
action of these mushrooms have not been fully elucidated,
and should be the subject of future studies. This study
showed that treatment with G. applanatum resulted in a
marked reduction in the number of coccidian oocysts shed
in the faeces, leading to improved weight gain and better
feed conversion ratio. The results confirmed the virulence
of coccidian oocysts and the effectiveness of both ampro-
lium and G. applanatum extract against coccidian oocysts.
Hence, the utilization of G. applanatum has potential as an
alternative to other methods in coccidiosis intervention in

elimination of clinical Eimerial infection in broiler
chickens.
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