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Abstract: Maintenance of an adequate immune response is essential to goat
health. CorPet biomass is a mushroom (Coriolus versicolor) based
probiotic used as an immune-stimulant in man, horses and small animals.
Fifteen BoerXSpanish goats were used in a crossover design to evaluate the
effect of a commercial mushroom based probiotic across two periods on
resilience of goats to gastrointestinal parasites in pasture based systems.
Following initial screening for infection, goats were assigned to three
groups of five (n = 15) individuals. Powdered CorPet was soaked in hot or
cold water and sterile filtered. Goats were drenched daily with 10 mL of the
hot (treatment I) or cold (treatment II) extract daily for an 8 week period. A
control group of five age-matched goats received sterile water (treatment
IIT). Body Weight (BW), Fecal Egg Count (FEC), FAMACHA scores,
Packed Cell Volume (PCV) and White Blood Cell Differential counts
(WBC) were determined weekly. The concentration of total serum protein,
8 Pro-inflammatory cytokines and Prostaglandin (PGE2) secretion was
evaluated using commercial ELISAs for each. Treatment had no effect on
BW, FEC, FAMACHA scores, PCV and WBC. Total serum protein
concentration (p<0.001) increased. Increased levels of interferon
production regulator (IFNr), Rantes and Granulocyte-Colony Stimulating
Factor (GCSF) and decreased levels of Granulocyte Macrophage Colony-
Stimulating Factor (GM-CSF) were observed in treated goats. The
concentration of PGE2 decreased in all groups over the study period of 8
weeks. Greater changes were observed in treated goats (65-80%) compared
to control (50%). Thus in goats CorPet may modulate innate immunity
through differential regulation of the secretion of serum proteins including
cytokines and PGE2 to impact goat health.
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Introduction

Goat production is a growing industry in the United
States of America due to stable ethnic markets rapidly
increasing demand for grass-fed or organically produced
livestock and the growing popularity of specialty meat
type goat breeds (Joshi et al., 2011). However, this
production is negatively affected by several factors:
Respiratory diseases such as pneumonia, feed toxicity,
infectious and parasitic diseases. Goats are vulnerable to
viral diseases, such as foot and mouth disease and
bacterial diseases such as mastitis. Gastrointestinal
Nematode (GIN) parasites are an important limiting
factor in goat production systems globally, especially in
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humid climates (Rinaldi et al., 2007; Terrill et al., 2007).
There are many parasites that cause an array of health
problems in sheep and goat production, but none more
significant than the nematode Haemonchus contortus
and Coccidia (Miller and Horohov, 2006). Pathogenic
coccidia in goats include FEimeria arloingi, Eimeria
christenseni and Eimeria ovinoidalis (Orzechowski et al.,
2012). At weaning, goats encounter lowered immune
function, creating favorable conditions for an outbreak of
diseases such as coccidiosis that can rapidly spread in a
herd of flock, causing devastating consequences of
diarrhea, dehydration and even death (Bowman, 2009).
In the United States and other countries around the
world, resistance to current drugs by to gastrointestinal
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nematodes and a lack of interest in developing new
drugs by companies are challenges that are impacting
small ruminant production (Zajac, 2002). Better treatment
methods include the use of non-chemical alternatives,
improved production practices and the use of genetics
based breeding schemes. These approaches also include,
inclusion of ingredients that modulate immune functions
into animal feed to stimulate host defense (Gallois and
Oswald, 2008; Hoste et al., 2008). Plant-based
anthelmintic are being explored for use in the elimination
of gastrointestinal parasites including extracts such as:
Garlic, neem, wormwood, tobacco and Sericea Lespedeza
(Worku et al., 2009; Worku et al., 2016a).

Mushrooms are widely appreciated and consumed for
their nutritional value and medicinal properties (Wasser,
2002). Mushrooms are produced on natural materials
from agriculture, woodlands, animal husbandry and
manufacturing industries (Foluloke et al, 2014).
Mushrooms are good sources of vitamins, minerals,
proteins and carbohydrates in addition to their low levels
of lipids and low caloric contents (Wasser, 2002; Kalac,
2013). They contain almost all the essential and non-
essential amino acid with lysine as the most essential
amino acid (Oei, 2005). Additionally, mushrooms are
rich in many bioactive metabolites of high medicinal
value such as lectins, polysaccharides, phenolics,
terpenoids and volatile organic compounds (Zhou et al.,
2007; Kalac, 2013). Mushroom extracts have been shown
to exhibit immumomodulatory, antitumor/anticancer,
antibacterial and antiviral, antioxidant and
antihypoglycemic activities (Tsai et al., 2009). In human
medicine, mushroom is also used as probiotics to
modulate human health (Chang and Wasser, 2012).
Research has shown the potential use of mushroom
extracts as an additive to feed resource for livestock and as
an alternative to antibiotic growth promoters in broiler
chicken (Guo et al., 2005). There are reports on beneficial
effects of mushroom, which are used as feed supplements
and medicines in chickens (Ogbe et al., 2009). However,
their use in treatment and or/prevention of diseases of
economic importance in ruminants remains limited.

The objective of this study was to evaluate the effect of
extracts of the edible mushroom CV on the resilience of
goats to gastrointestinal parasites in pasture based systems.

Materials and Methods

Animals

Fifteen female BoerXSpanish goats (Worku et al.,
2016b), from the goat herd at the North Carolina
Agricultural and Technical University Small Ruminant
Research Unit were used in this study. Animals were
clinically healthy and not under any treatment. Initial
sampling was carried out to determine the health of the
animals. The study was approved by the Institutional
Animal Care and Use Committee.
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Housing and Feeding

Animals were maintained on pasture and housed in a
shed overnight. The animals were supplemented with a
commercial balanced feed (Southern States Quality kid
and Goat Feed, Colfax, NC) which contained a high
crude protein, crude fat, crude fiber, acid detergent fiber
and fortified with vitamins and minerals such as calcium,
phosphorus, copper, chloride, Selenium and Vitamin A.
The goats were fed two pounds of feed per animal once a
day. Water and hay were provided ad libitum.

Preparation of Mushroom Extracts

CorPet (CV) powder was purchased from Mycology
Research Labs Ltd (United Kingdom). CorPet extract
contains both the mycelium and the primodia (young
fruit bodies) of Coriolus versicolor grown aseptically
into a biomass. The biomass is then dried and milled into
fine powder. Hot extracts (treatment 1) was prepared by
weighing 25 g of CorPet powder in 250 mL of sterile
endotoxin free water and heating to 100°C with stirring for
20 min. Twenty-five (25) grams of CorPet was stirred in
250 mL of sterile endotoxin free distilled water and served
as cold extract (treatment II). Endotoxin assay was done as
previously described by (Adjei-Fremah et al., 2016). The
extracts were left to cool and then stored at 4°C until it was
used. Distilled water (treatment III) served as control.

Experimental Design

Fifteen BoerXSpanish goats were used in this study.
The study involved a balanced crossover design (3
treatments X2 periods), with 4wk/period. There was no
interval between periods. Experimental animals
receiving control treatment (water) were maintained
throughout the 8 weeks study period. Testing procedures
were performed weekly and constituted of body weight,
body condition scores, FAMACHA scores, Fecal Egg
Count (FEC), Packed Cell Volume (PCV), white blood
cell count, total plasma protein concentration, detection
and secretion of cytokine Prostaglandin (PGE2).

CorPet Drench Administration

Ten (10) mL of the hot and cold extracts were given
to each goat (5 goats per group) daily. Ten (10) mL of
distilled water was administered to the control group
daily for 60 days. Extracts were administered using a
10 mL syringe.

Sample Collection

Goats were weighed on a portable scale in
kilograms before feeding in the morning. Body
condition score was evaluated by physically assessing
the rib areas using firm pressure with the fingers and
running fingers down the goat’s spine from the
shoulders to the tail head and degree of fat cushion over
these bones determines the score (Villaquiran et al.,
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2004). Blood and fecal samples were collected and
evaluated once a week throughout the experiment.
Fecal samples were collected directly from the rectum
of each animal. The Modified McMaster's technique
(Whitlock, 1948) was used to measure fecal egg
count. The number of strongyle eggs and coccidia
oocyst were counted in duplicate, the average was
calculated and then multiplied by 50 to get the Eggs Per
Gram (EPG) of feces for each animal (Kaplan et al.,
2004). The color of the conjunctival mucosa
membranes of each animal was evaluated as classified
into five categories according to the FAMACHA eye
color chart (Kaplan et al., 2004). Blood samples (10 mL)
were collected from the jugular vein into tubes containing
ethylenediaminetetraacetic acid for cell count analysis and
tubes containing Gel and Lithium Heparin (BD, Franklin
Lakes, NJ) for serum collection. Blood samples were
processed within 2 h of collection.

Packed Cell Volume (PCV) as a measure of anemia
was evaluated using an aliquot of blood with
anticoagulant. Blood was collected in micro-capillary
tubes and centrifuged for 5 min at 14,000 rpm in an IEC
MB Micro Hematocrit centrifuge (Damon/IEC
Division). After centrifugation, samples were analyzed
for percentage of packed cell volume using a micro-
capillary reader (Damon/IEC Division).The white blood
cell differential counts were determined as described by
Schalm ef al. (1975). White blood cell differential counts
were performed using an Olympus B 201 microscope
using a 100x magnification

Total serum protein concentration was evaluated
from whole blood collected in Gel and Lithium Heparin
tube as described by Adjei-Fremah et al. (2015). The
tubes were centrifuged at 3600 rpm for 20 min to separate
serum from blood cells. Serum was stored at -70°C until
further analysis. The Pierce™ BCA Assay kit (Rockford,
IL) was used to determine the total protein concentration
in serum as recommended by the manufacturer.

The concentration of 8 pro-inflammatory cytokines
was assessed using the Human Inflammation ELISA
kit (Signosis Inc, Santa Clara, CA) as described by
Worku et al. (2016a). The cytokines assayed included
Tumor Necrosis Factor-alpha (TNF-a), interferon
regulator (IFNr), Granulocyte-Colony Stimulating Factor
(G-CSF), Granulocyte Macrophage-Colony Stimulating
Factor (GM-CSF), interleukin-la (IL-1a), interleukin-8
(IL-8), interferon inducible protein 10 (IP-10) and
Regulated on Activation, Normal T Cell Expressed and
Secreted (RANTES). Serum samples were pooled
together and assayed in triplicate for each treatment
group for week 0, 4 and 8.

The concentration of prostaglandin E2 (PGE2) was
measured in triplicate samples from treated and control
groups using a  commercial  Enzyme-linked
immunosorbent assay kit (Cayman Chemical, An
Arbour, MI) as described by Asiamah et al. (2016).

110

Statistical Analysis

Data was analyzed with SAS using a mixed model
ANOVA with repeated measures (Cody and Smith,
1997; SAS Institute Cary, NC), with treatment, periods
and the interaction of treatment and periods as the fixed
effects and goats receiving treatment as the random
effect. Results were considered statistically significant if
p<0.05. Each goat received both treatments; period was
included in the model for analyses. A Pearson
correlation and coefficient was used to determine
correlation between variables.

Results

All animals were in good health at the beginning and
end of the experiment. In addition, no clinically
significant differences were found in clinical indexes,
including vital signs of anemia, before and after
administration of mushroom extracts.

Effect of Mushroom Supplementation on Body Weight

Goats used in this experiment had an initial average
weight of >52 kg across all groups. There was no
significant difference in body weight between treatment
and control groups (p<0.1045) at the end of the study.
There was no effect of CorPet mushroom on body
weight. The average mean weight for control was 66.1
kg (Table 1), CorPet treatment resulted in a mean weight
of 62.7 kg in the treated animals. Repeated measures
analysis showed that body weight increased over time.
Correlation between body weight and lymphocyte cell
count (p<0.028) was observed. At week 4, there was an
observable trend. The goats receiving the cold extract
had the lower body weight gain (58 kg) compared to the
other two groups (61 and 66 kg) and remained the same
when treatments were switched.

Effect of Mushroom Supplementation on Body
Condition

CorPet mushroom probiotic had no effect on body
condition. There was no significant difference in body
condition scores between animals in the control and
treatment groups (Table 1).

Effects of Mushroom  Supplementation
Indicators of Infection Fecal Egg Count

on

Strongyle eggs and coccida oocytes were detected in
fecal samples indicating infection. A mean number of
350 strongyle epg and an average of 114 cocidia oocyst
were recorded across treatments. There was no
significant difference between control and treatment
groups (Fig. 1a). There was no effect of CorPet extracts
on the coccidia oocyst count. Strongyle sp egg count
and Coccidia oocyst count started off high but were
lower after the first 4 weeks in treated and control
animals (Fig. 1b).
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Fig. 1. (a) The Effect of CorPet Extracts on Haemochus contortus eggs per Gram feces over a period of 8 weeks, (b) The Effect
of CorPet Extracts on coccidia oocyst per gram feces over a period of 8 weeks

Table 1.Mean and standard error of Body Weight (BW), Body Condition (BC), Famacha and Packed Cell Volume (PCV) of

goats based on the different treatments

Control Cold Hot
Parameter Wkl Wk4 Wk8 Wkl Wk4 Wk8 Wkl Wk4 Wk8
BW(kg) 52.8+7.4 68.6£3.6 76.4+4.0 54.2+4.9 62.8+£5.8 62.8+5.8  52.0+£12.7 51.4+6.3 74+£5.4
BC 2.0+0.48 3.0+£0.2 3.0£0.1 2.0+0 3.0+0 2.0£0 2.0£0 2.0£0 2.0+0
FAMACHA 3.0+0.5 3.2+0.2 2.0£0 2.44+0.2 2.6+0.2 2.24+0.2 3.0£0.9 2.6+0.4 2.0+0
PCV, % 29.8+3.8 30.5+1.8 28.7£2.0 29.3+5.9 26.7£1.6 269+1.7 29.7£7.3 26522  26.7+0.8

Effect of Mushroom Supplementation on Indicators
of Anemia FAMACHA

In this study FAMACHA scores were in the range of
red (FAMACHA = 1) to red-pink (FAMACHA = 2)
indicating that anemia was generally not a major problem
in the study population. FAMACHA scores were similar
between control and treatment groups (Table 1).

Effect of Mushroom on Packed Cell Volume

Packed cell volume levels were within the normal
range for all goats throughout the study. There was no
significant difference between treated and control animals.
However, there was a time effect for the first four weeks
(p<0.05) and the last four weeks (p<0.002) which may be
associated with infection as the animals were on pasture.
On a weekly base the treatment group had a lower PCV
compared to control. There was no correlation between
FAMACHA scores and PCV; however both were in the
normal range for anemia (Table 1).

Effect of Mushroom Supplementation on Indicators
of Immunity: White Blood Cell Differential Count

There was no significant difference in the
percentages of neutrophils (34%), lymphocytes (53%),
monocytes (5%), basophils (5%) and eosinophils (1%)
between treatments and control groups. Neutrophil cell
count increased early and over time there was a
significant increase of lymphocyte count (p<0.007) and a
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decrease in neutrophil count (p<0.001) during the last
four weeks (Fig. 2). There was a significant increase
observed in eosinophil count in last four weeks (p<0.01).

Total Serum Protein Concentration

There was a significant increase in total serum
protein concentration in treated goats compared to the
control (p<0.001). Serum protein concentration
increased significantly (p<0.001) for the first four weeks
and decreased in the last four weeks (p<0.001) in all
groups. In weeks 2 through 5, treated goats had a higher
serum protein concentration compared to the control

group (Fig. 3).
Secretion of Pro-Inflammatory Cytokines in Serum

Pro-inflammatory cytokine levels were measured in
serum from the treatment and control groups at week 0,
4 and 8 of the study. The cytokines TNF-a, IL-1a and
IL-8 were not detected. Animals that received CV extract
expressed increased levels of IFNr (54%), Rantes (94%)
and GCSF (64%) and decreased levels of GM-CSF (6%)
when the concentration of cytokines at week 1 was
compared to levels at week 8 (Fig. 4).

Secretion of PGE2

The concentration of PGE2 decreased in all groups
over the study period of 8 weeks. Greater changes were
observed in treated goats (65-80%) compared to control
(50%) (Fig. 5).
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Discussion

Use of probiotics in animal production may offer an
alternative approach to control diseases by boosting the
host’s  resilience. =~ Mushrooms and  mushroom
components have been reported to have myriad of
positive health benefits, mainly on the basis of in vitro
and in vivo animal trials (Roupas et al., 2012). Studies
have shown their potential as feed additives in livestock.
They have been studies as alternatives to the use of
probiotics in poultry production. Mushrooms and their
extracts are generally well-tolerated.

In this study CV did not have an effect on body
weight, body condition, FAMACHA scores and PCV
which remained within the normal range of healthy
goats. Body weight is an important parameter in
determining the health status of an animal over a certain
period of time. A decline in weight can be associated
with parasitic infection, high temperatures that stress the
animal and also lack of appropriate nutrition. It is
expected that animals keep a relatively consistent body
weight during growth. Healthy normal adult female Boer
goats have a body weight that ranges from 55 to 90 kg
(Coffey et al., 2002). Goats used in this study were 3
weeks after weaning and an increase in weight was
expected across all treatments. Diet and feed were kept
constant during the experimental period in other to rule
out any source of variation. Animal studies have shown
that mushroom enriched diet have no effect on body
weight (Handayani er al., 2011). Whitley ez al. (2009)
reported that a commercial probiotic had no effect on
body weight of goats as observed in treated animals in
our study. Daneshmand et al. (2011) showed that
supplementation of Pleurotus ostreatus had no effect on
weight gain in mice during the entire experiment.

Supplementation with CV did not impact goat body
condition scores. Body condition scoring is used to
achieve proper management of body reserves and has
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proved to be an effective and easy to use method to
assess the impact of parasite infection (Mendizabal et al.,
2011). In this study, body condition scores were in the
range of 2 to 3 indicating a healthy body condition
(Mendizabal et al., 2011). There was no effect of
treatment on both indicators of anemia. Packed cell
volume is an important tool in the diagnosis of parasitic
infection (Vatta et al., 2001). The PCV obtained in this
study was within the range for a healthy goat. A normal
PCV for an adult goat ranges from 24 to 48% (Karki,
2008). Results obtained from this study were similar to
the study by Ogbe er al. (2009) in mice indicating that
aqueous mushroom extract of Ganoderma lucidum had
no effect on PCV. High levels of Haemonchus contortus
FEC are associated with anemia which can be accurately
assessed using the FAMACHA® system (Kaplan ef al.,
2004; Mahieu et al., 2007; Scheuerle et al., 2010) on
farm and by assessment of PCV in the lab. Low PCV
may be indicative of anemia, which is an undesirable
condition that points to a compromised health status of
the animal. Kaplan e al. (2004) and Burke et al. (2007)
reported a correlation between PCV and FEC but there was
no correlation between FEC and PCV in this study. This
may be due to the low levels of infection in this study.
There was no effect of treatment on FEC. The
detection of parasites eggs in fecal samples indicates
animal were infected. Fecal egg count is a parameter
widely used to determine parasitic infection in animals
(Kaplan et al., 2004). Strongyliodes species is considered
to be one of the most pathogenic gastrointestinal
parasitic nematode in small ruminants (Nwosu et al.,
2007). The strongyle egg counts were not very high. The
coccidia oocyst counts were also low. Guo et al. (2005)
reported that mushroom extracts of Lentinus edodes
and Tremella fuciformis showed low fecal oocyst output.
It has been reported that mushroom (Ganoderma lucidum)
in broilers infected with Eimeria tenella reduced the
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number of Eimeria tenella oocysts shed in the feces and
led to improved weight gain (Ogbe ef al., 2009).

The total WBC count is a tool to evaluate the
peripheral immune response (Kaplan et al., 2004). Goats
have 34% neutrophils, 53% lymphocytes, 1% basophils,
5% monocytes and 5% eosinophils (Kahn and Line,
2010) in peripheral blood. Statistically, there was no
effect of CorPet on differential white blood cell count.
However, there were changes in neutrophil to lymphocyte
ratio at the beginning and towards the end of the
experiment. This initial increase in neutrophils may be an
indicator of activation of innate immunity. Also increase
in lymphocyte count indicates a hightened level of
immune status and may be attributed to stress.
Kyakulaga et al. (2013), reported that aqueous extracts of
Auricularia sp and Pleurotus sp increased total and
differential WBC counts in immunosuppressed Wistar rats.

There was an increase in serum protein concentration
which indicates that extracts of CV increased protein
translation which is consistent with the findings of
Johnson et al.  (2009), who reported that
immunomodulation by mushroom probiotics may
stimulate serum proteins.

The release of proinflammatory cytokines is essential
for host survival from infection and is also required for
tissue repair. The pro-inflammatory cytokines TNF, IL-
la and IL-8 were secreted in small amounts in both
control and treated groups. This may be attributed to low
concentrations or time of sampling as these cytokines are
short lived and expressed in early cell activation.
Furthermore studies by Lim (2011) show that the anti-
inflammatory response with CV extract correlated with
the reduced expression of TNF-a, IL-1B and IL-6 which
corresponds to the low secretion of TNF-a obtained in
this study. Yu et al. (2009) also reported a decrease in
levels of serum mucosal interleukin-2 (IL-2) and TNF-a
in rats following oral ulceration of Lentinus edodes.
Johnson et al. (2009) reported that in vivo study of
Agaricus blazei reduced the levels of TNF-a by 84% and
IL-2 by 46%. However, Seong and Kim (2010) reported
that when cells were stimulated with B-glucan the
macrophage cells increased TNF-a expression, however,
in our study there was no secretion of TNF-a.

Treatment with CV extracts modulated the levels of
GCSF, Rantes and GMCSF. The growth function of
GCSF and GMCSF are associated with the release of
granulocytes and may contribute to the observed changes
in white blood differential counts relative to
lymphocytes and monocytes counts. Batbayar et al.
(2011) have also reported that f-glucan from
Ganoderma lucidum induced the secretion of GCSF and
Rantes. It has been observed that f-glucan activates B-
lymphocytes and macrophages through Toll-like
receptors, modulating the immune system and inducing
the production of cytokines (Liao et al., 2004). The
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antioxidant activity of CV and the limited adsorption of
its polysaccaridepeptide and polysaccaridekrestin across
the intestinal mucosa to the blood have been reported.
Chang et al. (2010) reported that oral administration of
Enoki mushroom displayed anti-tumor activity through
activating both innate and adaptive immunity of the host
to prime a cytotoxic immune response and IFN-y played
a key role in the anti-tumor efficacy. Thus in goats, oral
administration of CV stimulated cytokine production.

Prostagladin E2 is an inflammatory mediator that is
secreted by various cells. Jedinak et al. (2011) reported
that concentrates of oyster mushroom inhibited production
of PGE2 through the down regulation of COX-2
expression. The increased percentage reduction observed
in treated goats may indicate that CV has a similar effect
and needs further study at the level of gene expression.

Conclusion

The results of this study show that extracts of the
mushroom Coriolus versicolor were not harmful to goat
health and production. The CV extracts modulate innate
immunity by increasing serum protein concentration,
selectively modulating pro-inflammatory cytokine and
PGE2 secretion. Thus, results from this study suggest
that mushroom based probiotics such as CorPet could be
safe and effective for enhancing goat immunity as
supplements in goat feed. This study provides an insight
on the mechanism of action of mushroom based
probiotic to enhance goat innate immunity and thus
warrants further study.
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