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Evaluating the efficacy of plant-specific fungus (Piriformospora indica) rich in mannan
oligosaccharides as a microbial feed additive on growth performance, protein
digestibility, plasma characteristics, intestinal microflora, and morphology in chicks
Asma Soleimanpour Rakhneha, Saeed Khalajia, Mojtaba Yaria and Mehdi Ghaboolib

aDepartment of Animal Science, Faculty of Agricultural Sciences, Malayer University, Malayer, Iran; bDepartment of Agronomy, Faculty of Agricultural
Sciences, Malayer University, Malayer, Iran

ABSTRACT
The aim of current trial was to investigate the efficacy of a new plant-specific fungus (Piriformospora indica)
rich in mannan as a fungal feed additive in chicks. A control diet was formulated and 5 incremental levels
(0.1, 0.2, 0.4, 0.6, and 0.8 g/kg of diet) of P. indica and 750 mg/kg of diet yeast culture or 500 mg/kg
L. acidophilus were added to the control diet. Different characteristics and responses were measured
during experimental period. P. indica inclusion increased BW and significantly decreased FCR (P≤ 0.01)
but had no effect on feed intake. P. indica significantly enhanced blood glucose level and reduced
cholesterol, LDL, total protein, albumin and uric acid concentration of plasma (P≤ 0.01; P≤ 0.05).
Higher villus height and thinner crypt depth were obtained in chicks fed 0.6 g P. indica in comparison
with the chicks fed control diet or diets containing Lactobacillus acidophilus or yeast culture. Protein
digestibility was enhanced in chicks fed yeast culture or 0.1, 0.2 and 0.4 g of P. indica (P≥ 0.001).
Gizzard pH was increased and ileal pH was decreased and the relative weight of carcass, bursa of
Fabricius and thymus were increased by inclusion of P. indica.
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Introduction

With the increasing demand for antibiotic free poultry pro-
ducts, prebiotics and probiotics proposed as an alternative
to antibiotics and have been increasingly applied to improve
day-old chicks by improving their intestinal microbial
balance and immune system (Fuller 1989, p. 366). The new
trials results are encouraging for the improvement of intestinal
health and gut development and improve overall efficiency of
the broiler chicken especially by using the gastrointestinal
growth promoters. Various types of trials in this specific area
demonstrated that dietary effects such as ingredient compo-
sition, enzymes and other antimicrobials inclusion, intestinal
microflora balances, pathogens existence, as well as probiotics
and prebiotics administration directly affect the development
of the gastrointestinal tract in birds and have been manipu-
lated to achieve increased feed conversion and pathogen
reduction in broiler (Apajalahti et al. 2004; Banerjee and Ray
2017; Carnevali et al. 2017). Sohail et al. (2012) defined prebio-
tics as indigestible feed ingredients that beneficially affect the
host by selectively stimulating the proliferation and activity of
one or a few bacteria. Mannan oligosaccharides are prebiotics
that are polysaccharide-protein complexes derived from yeast.
They are known to create favourable conditions for Lactobacil-
lus but they also act as competitive binding sites for patho-
gens with type 1 fimbriae that recognize D-mannose
receptors (Hutsko et al. 2016). Solis de los Santos et al.
(2007) reported that in turkey fed diets supplemented with

a mannan oligosaccharide, the proportion of acidic mucins
within goblet cells was increased. Growth promoting activity
of prebiotics on beneficial bacteria, such as Lactobacillus and
Bifidobacteria, can boost the metabolism of host birds and
improve gut efficiency by increasing nutrient absorption
(Yokota and Coates 1982) and hastening gut development
(Palmer and Rolls 1983). This bacteria can improves animals
and poultry performance by prohibiting pathogens, strength-
ening intestinal barrier function, and positively modulating
the immune system (Ng et al. 2009). Many researches have
corroborated the potential link between gut health and gut
microflora (Thompson and Applegate 2006), and it is contem-
plate to find new candidate of probiotics to increase broiler
profitability, gut health and enhance gut associated immunity,
for diminishing antibiotic usage in poultry feed and also
enhancing our knowledge on the mechanisms behind the
beneficial action of probiotics in poultry.

Piriformospora indica (P.indica), is a root endophytic fungus
rich in mannan oligosaccharides which has been isolated
from rhizosphere soil of plants growing in extreme hot con-
ditions of Thar desert of Rajasthan, India (Varma et al. 1999).
This fungus is similar to arbuscular mycorrhizal fungi;
however, it can be axenically cultivated on a variety of synthetic
media (Singh et al. 2011). It grows inter- and intracellularly, and
forms a symbiosis with the roots of a wide variety of plants and
can promote the growth and enhance the activity of secondary
metabolite in a range of economical and medicinally important
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plants (Ghabooli et al. 2013, 2014; Ghaffari et al. 2016). Besides
stimulating growth, P. indica increases the uptake and metab-
olism of nitrogen and phosphate and allows plants to survive
under extreme abiotic stress (Sun et al. 2010). It also confers
resistance to toxins, pathogenic microorganisms, and increases
host biomass yield (Waller et al. 2008).

A literature review surveys showing that there have been
no reports on the effect of plant-specific fungus such as
P. indica in poultry and animals. Therefore, it is of interest
to investigate the growth promoter effects of P. indica as a
mannan oligosaccharide content prebiotic candidate in
poultry. Therefore, findings from the present study may
open up a new field; possibly identifying new prebiotic
targets to increase broiler profitability, gut health and
reduce antibiotics usage in poultry feed and also enhance
our knowledge on the mechanisms behind the beneficial
action of prebiotics in poultry.

Material and methods

The animal experiment was carried out in accordance with the
procedure and guidelines approved by the Animal Care Com-
mittee of Iranian Council of Animal Care, 1995.

Fungal growth and Piriformospora indica preparation

Piriformospora indica were cultured in accordance with the
procedure described by Ghabooli et al. (2013). Briefly, cultures
were maintained on a complex agar medium supplemented
with 15 g l-1 agar at 28 ± 1°C. For liquid culture of the
fungus, discs from the actively growing edges of the petri
dish culture were punched out and inoculated in 250-mL
Erlenmeyer flasks containing 100 mL complex medium
without agar at 28 ± 1°C on a gyratory shaker at 150 rpm for
6–7 d. After completing the growth step of fungus (Figure
1), culture medium was mixed with wheat bran (100, 200,
400, 600, and 800 mL of medium) and then added to the
different diet to produce diets with different levels of
P. indica. Each gram of P. Indica contained 180 mg of
mannan determined by method described by Jones and
Ballou (1969).

Bird management and experimental design

A total of 384 male Ross 308 broilers (1 d old) were obtained
from a parent stock farm (40 week) and raised over a 42-d
experimental period. The chicks were placed in pens (1 ×
1 m2) and kept inside a building where was heated using the
2 heaters to maintain concrete temperatures above 32°C
degrees at arrival time. The experiment was conducted as a
completely randomized design and involved 8 treatments of
6 replicates and 8 chicks in each pen. A 3-phase (0–10, 11–24
and 25–42 d of age) control diet was formulated and 5 incre-
mental levels (0.1, 0.2, 0.4, 0.6, and 0.8 g/kg of diet) of
P. indica and 750 mg/kg of diet yeast culture (XPC, Diamond V
co. 2525 60th Ave SW, Cedar Rapids, IA 52404, United States)
or 500 mg/kg Lactobacillus acidophilus (Lallemand Animal Nutri-
tion, France) was added to control diet. Control diets are shown
in Table 1. Before the formulation of diets the protein content of
soybean meal and corn were determined precisely according to
the AOAC method (AOAC, 2003) and calcium and phosphorus
content of soybean meal and corn were determined using a

Figure 1. Final growth step of Piriformospora indica in culture medium.

Table 1. Composition and calculated analyses of the basal diets.

Ingredients

Basal diets (g/kg)

0 to 10 d 11 to 24 25 to 42 d

Maize 543.2 567.6 587
Soybean meal, 440 g/kg CP 394.3 365 319
Maize oil 21.6 30.5 59
Dicalcium phosphate 20.5 18 16.8
Oyster shell 9 8 7.9
Sodium chloride 3.7 3.5 3
Vitamin and mineral premix1 5 5 5
DL-Met 2 1.8 1.7
L-Lys HCL 0.7 0.6 0.5
Calculated analysis (g/kg)
ME (MJ/kg) 12.13 12.55 13.4
Crude protein 221.6 205.1 192
SID-Lys2 11.5 10.07 9.6
SID-Met 5 4.9 4.8
SID-Met + Cys 8.3 8 7.8
SID-Thr 7.9 7.4 7.1
Calcium 10 9 8.5
Phosphorus (available) 5 4.4 4.2
1Vitamin and mineral mix supplied the following per kg of diet: transretinol:
11 mg; cholecalciferol: 0.5 mg; a tocopherol acetate: 80 mg; menadione: 3 mg;
thiamine: 3 mg, riboflavin: 8 mg; pyridoxine: 5 mg; cyanocobalamin: 0.024 mg;
nicotinic acid: 60 mg; folic acid: 2 mg; Ca pantothenate: 15 mg; choline chloride:
250 mg; Mn: 120 mg; Zn: 100 mg; Cu: 15 mg; Se: 0.3 mg; I: 1 mg; and Fe: 30 mg.
2SID: Standardised ileal digestibility.
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spectrophotometer (UNICO 2150, Germany) measuring absor-
bance at 600 and 340 nm (method 946.06, AOAC International
2000) respectively and the values were considered in formu-
lation of the diets. Broilers had ad libitum access to feed and
water throughout the experimental period. At the beginning
of the trail and at the beginning of each week, total amount
of feed needed for 1 wk consumption of birds in each pen
(equal to the Ross performance objective) was mixed and fed
every morning (0800 h) by placing into the bucket plastic
gallon pan feeder. At the end of d 7, the amount of feed con-
sumption of each pen was calculated by total amount of
mixed feed minus the residual feed in pan. Automatic bell drin-
kers with the same polyethylene tanks were used for water as a
drinking system for broilers and all chicks received similar water.
Chicks were brooded following standard temperature regi-
mens, which gradually decreased from 32 to 24°C, and under
a 23:1 light:dark cycle. Body weight was measured weekly and
cumulative feed intake was measured at the end of the first
week and then on weeks 3 and 7 for each pen for calculating
the FCR.

Blood characteristics

On d 14 and 42, 4 chicks from each pen were selected and 2-mL
blood samples were collected in heparinized and nonhepari-
nized tubes by puncturing the brachial vein. Two samples (non-
heparinized tubes) centrifuged at 1734 × g at 0°C for 20 min,
and the serum was used for measuring triglyceride, cholesterol,
low-density lipoprotein (LDL), and high-density lipoprotein
(HDL). Plasma from heparinized tubes was used for measuring
the total protein, albumin, gamma-glutamyl transpeptidase
(SGGT), alanine aminotransferase (SGPT) and plasma uric acid
concentration. The triglyceride, total cholesterol, HDL, and
LDL cholesterol content in the samples were analysed with an
automatic biochemical analyzer (Hitachi Boehringer Mannheim
717) using colorimetric method. Plasma from heparinized tubes
was used for determination of total protein, albumin, gamma-
glutamyl transpeptidase (SGGT) and alanine aminotransferase
(SGPT) with an automatic biochemical analyzer (Hitachi 717,
Boehringer Mannheim, Ingelheim am Rhein, Germany) using
an Elitech diagnostic kit (catalog number A.110537). The
pooled serum was then analysed for plasma uric acid using
commercial reagent kits (Pointe Scientific, Canton, MI).

Intestinal morphology parameters

On days 14 and 42 d of age 2 chicks from each pen were slaugh-
tered in accordance with the procedures allowed by animal care
committee of the university and a 2-cm segment of the middle
of the jejunum samples were washed in physiological saline sol-
ution and fixed in 10% buffered formalin and the fixing solution
was changed 3 times in daily intervals for fixation. A single 0.5-
cm sample was cut from each ileal section, dehydrated using
increasing ethanol concentrations, cleared with xylene and
placed into polyfin embedding wax. Tissue sections (2 µm)
were cut by microtome (Easy cut 202, Italy), floated onto
slides and stained with haematoxylin (Gill number 2; Sigma,
St. Louis, MO) and eosin (Sigma Aldrich, Darmstadt, Germany).
Villus height and crypt depth were measured on images

taken from samples and micrometer using a digital camera
equipped with light microscopy (Motic-SMZ-140, Germany).
Twenty images from 8 tissue sections of each ileal section
were taken and 34 villus heights and crypt depths were
measured by imaging software. Measurements for villus
lengths were taken from the tip of the villus to the valley
between individual villi, and measurements for crypt depth
were taken from the valley between individual villi to the baso-
lateral membrane.

Enumeration of cecal bacterial population

On d 35, one gram of the cecal contents of two birds from each
pen was pooled and used for serial dilution. Microbial popu-
lations were determined by serial dilution (10−5 to 10−6) of
cecal samples in anaerobic diluents (saline solution 9%)
before inoculation onto petri dishes of sterile agar as described
by Bryant and Burkey (1953). Salmonella Shigella agar (Liofil-
chem, Zona Ind.le-Roseto d. Abruzzi-Lot: 111816503, Italy) is
used to salmonella culture and McConkey agar (Liofilchem,
Zona Ind.le-Roseto d. Abruzzi-Lot: 120316502, Italy) for coli-
forms and E. coli. Plates were incubated at 37°C and were
counted between 24 and 48 h after inoculation. Colony
forming units were counted immediately after removal from
the incubator (GmbH, D-91126, Germany). Agars used to grow
Clostridium perfringens were prepared according to the U.S.
Food and Drug Administration (FDA 1992). Plates for
C. perfringens was incubated anaerobically (73% N:20%
CO2:7% H2) at 37°C. E. coli was incubated aerobically at 37°C.
Plates were counted between 24 and 48 h after inoculation.
Finally, colony forming units were defined as distinct colonies
measuring at least 1 mm in diameter.

Digestibility

All feed samples were ground through a 1-mm screen and
protein content of samples was determined according to the
AOAC method (AOAC, 2003). Ileal apparent digestibility of
protein was calculated by using the acid insoluble ash (AIA) as
an inner marker inner. During d 35–42, birds were randomly
chosen, weighed and slaughtered in accordance with the pro-
cedures allowed by animal care committee of the university
and the digestive tract was removed and the ileum was separ-
ated from the Meckel’s diverticulum up to 1 cm proximal to the
ileocecal junction and then dried with soft paper; then, the
digesta gently was collected from half of the ileum into
plastic cups by flushing with distilled water. Then after
samples were pooled and frozen until being lyophilized and
grounded. Samples were then used to determine DM content
by oven drying at 105°C for 24 h. Nitrogen content and acid
insoluble ash content of the samples were determined accord-
ing to the AOAC international (AOAC 2003).

Digestive tract traits

On days 14 and 42, 2 chicks from each pen were slaughtered in
accordance with the procedures allowed by animal care com-
mittee of the university and the weight of carcass, breast,
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thigh, abdominal fat, liver, spleen, thymus, gizzard, and bursa of
Fabricius and the length of the duodenum, jejunum, and ileum
were measured. The weight of the empty organs was expressed
relative to live BW. The gizzard, duodenum, jejunum, and ileum
were cut longitudinally and pH of their contents was measured
in triplicate by using a digital pH meter (Testo 205, Testo-Strabe
1, 79853 Lenzkirch, Germany).

Immune measurements

On days 21 and 28 0.1 mL/kg BW of 0.5 cc/100 sheep red blood
cell (SRBC) was injected into brachial vein of 2 chicks per each
pen. Seven days after each injection, blood was collected in
nonheparinized tubes by puncturing the brachial vein. Serum
was obtained by centrifuging at 1500 × g for 15 min and
stored at −30°C until assayed. Individual serum samples were
analysed for antibody responses against SRBC by ELISA tech-
nique using commercial kits, and the plates were read at
405 nm on an ELISA reader.

Statistical methods

Data were analysed in a completely randomized design with 8
treatments of 6 replicates and 8 chicks in each pen and the
effects (control, yeast culture, L. acidophilus, and P. indica

inclusion levels) were estimated using the general linear
model procedure of SAS software (SAS 2003). Normal distri-
bution of the residual was checked by Shapiro-Wilks test
using the UNIVARIATE procedure of SAS software. When the
effect was significant, differences between treatment means
were tested using Duncan multiple comparison test. For the
level of inclusion of P. indica in the diet, linear and quadratic
effects were also fitted in the model. Also, orthogonal poly-
nomial contrasts were used to assess the significance of linear
and quadratic models to describe the response in the depen-
dent variable to total differences between P. indica with
control, yeast culture, or L. acidophilus using the Mixed pro-
cedure of SAS for performance. Results are reported as means
in tables, and differences among treatments were considered
significant at a threshold of P < 0.05. Microbiological concen-
trations were subject to log10 transformation before analysis.

Results

Growth performance

Influence of P. indica on growth performance of broilers was
shown in Tables 2 and 3. Piriformospora indica had no promi-
nent effect on BW during the 0–14 d of age, but by aging the
chicks the effects of P. indica on BW was increased and
different levels of P. indica gained significantly much higher

Table 2. Influence of Piriformospora indica, Lactobacillus acidophilus, and yeast culture in diet on growth performance of broilers from 1 to 42 d of age.1

Treatment

1 to 7 d 1–21 d 1 to 42 d

BW
g

FI,2

g
FCR,3

g of feed/g of BW
BW
g

FI,
g

FCR
g of feed/g of BW

BW
g

FI,
g

FCR
g of feed/g of BW

Control 160.1 145.1ab 0.903abc 863.1a 997.1c 1.155bc 2,153.1b 3,787.1 1.764
0.1(g/kg) P. indica 161.2 150.1a 0.932ab 853.2a 953.2c 1.119bc 2,327.1ab 3,935.2 1.691
0.2 (g/kg) P. indica 156.3 148.2ab 0.964a 804.3ab 963.3c 1.198b 2,382.2a 3,942.2 1.655
0.4 (g/kg) P. indica 159.2 140.3ab 0.884abc 787.4b 1,095.6ab 1.390a 2,189.1ab 3,829.1 1.754
0.6 (g/kg) P. indica 159.1 137.1b 0.861c 830.1ab 1,113.1ab 1.341a 2,355.2a 4,048.1 1.723
0.8 (g/kg) P. indica 158.1 138.1b 0.875bc 801.2ab 1,076.4b 1.346a 2,366.3a 3,927.2 1.659
Yeast culture 163.2 140.5ab 0.860c 859.5a 1,154.2ab 1.343a 2,323.1ab 4,024.1 1.732
L. acidophilus 162.1 139.3ab 0.860c 849.3ab 1,170.1a 1.376a 2,181.1ab 3,851.1 1.764
SEM 2.91 3.34 0.021 19.21 25.15 0.0196 61.12 85.11 0.038
Effect P-value
Linear 0.79 0.04 0.045 0.054 0.001 0.001 0.048 0.369 0.286
Quadratic 0.63 0.09 0.062 0.064 0.01 0.001 0.055 0.432 0.312
a–dMeans within a column without a common superscript significantly differ (P < 0.05).
1Pens means were used to calculate dietary averages.
2FI = feed intake.
3FCR = feed conversion ratio.

Table 3. Influence of Piriformospora indica, Lactobacillus acidophilus, and yeast culture in diet on growth performance of broilers using orthogonal polynomial contrasts
from 1 to 42 d of age.1

Treatment

1 to 7 d 1 to 21 d 1 to 42 d

BW
g

FI,2

g
FCR,3

g of feed/g of BW
BW
g

FI,
g

FCR
g of feed/g of BW

BW
g

FI,
g

FCR
g of feed/g of BW

Control 160.9 145.1 0.903 863.1a 997.1b 1.155b 2,153.1b 3,787.1b 1.764
P. indica 158.9 142.9 0.900 815.2b 1,040.7b 1.279a 2,323.1a 3,931.2ab 1.694
Yeast culture 163.2 140.5 0.861 859.5ab 1,154.2a 1.343a 2,323.1ab 4,024.1a 1.732
L. acidophilus 160.1 139.3 0.875 849.3ab 1,157.1a 1.362a 2,181.1ab 3,814.1ab 1.747
SEM 2.91 3.34 0.021 17.21 31.05 0.0404 54.12 69.02 0.038
Effect P-value
Linear 0.56 0.59 0.91 0.04 0.001 0.02 0.02 0.04 0.11
Quadratic 0.81 0.30 0.27 0.72 0.004 0.001 0.21 0.19 0.61
a–dMeans within a column without a common superscript significantly differ (P < 0.05).
1Pens means were used to calculate dietary averages.
2FI = feed intake.
3FCR = feed conversion ratio.
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than that of control diet (linear, P≤ 0.01, and quadratic, P≤
0.05). The highest BW was observed in birds received 0.2 g of
P. indica at 42 d of age. Chicks fed yeast culture or
L. acidophilus showed lower BW in comparison with the chicks
fed P. indica on d 42. Feed intake was increased by addition
of 0.4, 0.6, and 0.8 g of P. indica at 21 d of age; also, similar
results were obtained in chicks fed yeast culture or
L. acidophilus on d 21, but there were no significant effects of
the additives on feed intake at 42 d of age. The FCR was signifi-
cantly decreased in chicks fed yeast culture and L. acidophilus as
well as chicks fed 0.6 and 0.8 g of P. indica during the first week
after hatch. But there was no significant effect of additives on
FCR at 42 d of age. The highest BW gain and lowest FCR was
obtained by inclusion of 0.2 g P. indica in control diet during
the experimental period (Table 2). Overall, P. indica increased
BW without any changes in feed intake (Table 3) and the
results for BW were comparable to yeast culture and
L. acidophilus on d 42.

Blood characteristics

The effects of P. indica on blood metabolites at 14 and 42 d of
ages were shown in tables 4 and 5. Except for SGGT and SGPT
there were no significant effects of treatment on blood metab-
olites on d 14. The lowest and highest SGGT concentration in
plasma was shown in control and L. acidophilus fed birds on d
14 (linear, P≤ 0.01, and quadratic, P ≤ 0.05). Piriformospora
indica significantly increased SGPT, but contrariwise, yeast
culture reduced SGPT on d 14 (linear, P≤ 0.01, and quadratic,
P≤ 0.06). Results for blood metabolites at 42 d of age showed
that P. indica significantly enhanced blood glucose level and
reduced cholesterol, LDL, total protein, albumin, and uric acid
concentration of plasma (linear, P≤ 0.01, and quadratic, P≤
0.05). A linear increase in plasma glucose and linear reduction
of plasma uric acid was achieved by incremental levels of
P. indica at 42 d of age. Gamma-glutamyl transpeptidase and
alanine aminotransferase of plasma also significantly was
changed by treatments. Highest level of SGGT and SGPT at 42

Table 4. Influence of Piriformospora indica, Lactobacillus acidophilus, and yeast culture in diet on plasma metabolites of broilers at 14 d of age.1

Treatment
Glucose,
mg/dL

Uric acid,
mg/dL

Albumin,
(mg/dl)

Total
protein

Cholesterol,
mg/dL

Triglyceride,
mg/dL

HDL,2

mg/dL
LDL,3 mg/

dL SGGT,4%
SGPT,5

106/μL

Control 237.25 7.2 1.5 2.7 119.75 98.75 76.5 34.00 179.2c 2.4abc

0.1(g/kg)
P. indica

205.5 6.8 1.5 3.0 134.5 102.0 74.5 45.00 196.6bc 1.9abc

0.2 (g/kg)
P. indica

234.5 9.3 1.5 3.2 125.5 110.5 69.0 41.5 199.6bc 3.5a

0.4 (g/kg)
P. indica

219.5 7.9 1.7 3.0 140.00 104.0 73.5 49.5 194.9bc 3.0ab

0.6 (g/kg)
P. indica

228.5 7.8 1.7 2.5 150.5 103.5 68.0 53.5 187.0bc 3.6a

0.8 (g/kg)
P. indica

250.0 8.6 1.7 2.8 148.5 113.5 63.0 53.00 221.1abc 1.7bc

Yeast culture 236.75 8.8 1.6 3.0 131.25 109.7 72.0 38.75 228.2ab 0.9c

L. acidophilus 237.75 8.5 1.7 3.3 136.00 117.5 76.0 46.25 248.5a 2.4abc

SEM 9.007 1.41 0.13 0.26 9.415 12.18 4.22 6.776 13.52 0.55
Effect P-value
Linear 0.11 0.90 0.62 0.48 0.26 0.91 0.21 0.33 0.001 0.02
Quadratic 0.093 0.97 0.67 0.63 0.65 0.98 0.24 0.42 0.004 0.06
a,bMeans within a column without a common superscript significantly differ (P < 0.05). 1There were 2 broilers per each pen and 6 pen per each diet. Pen means were used
to calculate dietary averages.

2HDL = high-density lipoprotein cholesterol. 3LDL = low-density lipoprotein cholesterol. 4SGGT = gamma-glutamyl transpeptidase. 5SGPT = alanine aminotransferase.

Table 5. Influence of Piriformospora indica, Lactobacillus acidophilus, and yeast culture in diet on plasma metabolites of broilers at 42 d of age1.

Treatment
Glucose,
mg/dL

Uric acid,
mg/dL

Albumin,
(mg/dl)

Total
protein

Cholesterol,
mg/dL

Triglyceride,
mg/dL

HDL,2

mg/dL
LDL,3 mg/

dL SGGT,4%
SGPT,5

106/μL

Control 70.0d 7.9a 2.6a 5.6a 179.25a 129.3 105.3 67.3a 217.5ab 2.7b

0.1(g/kg)
P. indica

69.0d 7.5ab 1.8b 4.2b 126.5b 76.5 70.5 40.5b 319.5a 3.2b

0.2 (g/kg)
P. indica

135.3bc 7.3ab 1.8b 4.4b 128.5b 83.0 74.8 32.3b 300.4a 3.3b

0.4 (g/kg)
P. indica

121.0c 5.1abc 2.1ab 4.7ab 136.5b 112.0 83.0 34.5b 282.7a 2.4b

0.6 (g/kg)
P. indica

178.0ab 3.0c 1.7b 3.9b 120.5b 87.3 77.3 29.5b 215.9ab 3.4b

0.8 (g/kg)
P. indica

193.5a 3.9c 1.7b 4.2b 121.8b 91.5 72.3 29.5b 227.3ab 6.0a

Yeast culture 164.8ab 4.5bc 1.8b 4.7ab 118.3b 60.5 67.0 37.3b 138.3b 3.0b

L. acidophilus 162.5abc 5.0abc 2.2ab 5.7a 143.0ab 99.5 80.5 44.8b 136.5b 3.3b

SEM 13.83 0.96 0.14 0.39 9.63 17.20 9.58 4.94 34.75 0.64
Effect P-value
Linear 0.001 0.009 0.008 0.01 0.02 0.21 0.21 0.003 0.001 0.02
Quadratic 0.002 0.001 0.01 0.02 0.05 0.28 0.23 0.01 0.03 0.05
a,bMeans within a column without a common superscript significantly differ (P < 0.05). 1There were 2 broilers per each pen and 6 pen per each diet. Pen means were used
to calculate dietary averages.

2HDL = high-density lipoprotein cholesterol. 3LDL = low-density lipoprotein cholesterol. 4SGGT = gamma-glutamyl transpeptidase. 5SGPT = alanine aminotransferase.
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d of age was observed in chicks fed 0.1 and 0.8 g of P. indica,
respectively.

Effect of Piriformospora indica on intestinal
morphology parameters

A cross-section of the ileal morphology for chicks fed control
diet or diets containing P. indica, L. acidophilus, or yeast
culture are shown in Figure 2. There were prominent differences
in villus height and crypt depth among the treatments. Villus

height and crypt depth were significantly (P≥ 0.001) affected
by P. indica inclusion in control diet at 14 and 42 d of ages
(Table 6). Villus height in chicks fed 0.6 g P. indica was greater
(linear, P≤ 0.01, and quadratic, P ≤ 0.01) than the correspond-
ing values in chicks fed control diet or diets containing
L. acidophilus or yeast culture. The villus height was 200 and
253 µm higher than that of control diet in chicks fed 0.6 g
P. indica at 14 and 42 d of age, respectively. Piriformospora
indica inclusion significantly reduced crypt depth (linear, P≤
0.01, and quadratic, P≤ 0.01) in comparison with the control

Figure 2. Ileal morphology of chicks fed different treatments: (a) control, (b) Piriformospora indica, (c) yeast culture, and (d) Lactobacillus acidophilus.

Table 6. Influence of Piriformospora indica, Lactobacillus acidophilus, and yeast culture in diet on ileum morphological characteristics at 14 and 42 d of age and cecal
microbial population and apparent ileal digestibility coefficient of protein on d 35.1

Treatment

14 d 42 d

CP
digestibility

Escherichia coli, log10 cfu/g
of DM

Villus height,
μm

Crypt depth,
μm

Villus:crypt
ratio

Villus height,
μm

Crypt depth,
μm

Villus:crypt
ratio

Control 659.7bc 171.1a 4.01e 1,054.3e 236.7b 4.71c 0.793bc 9.11a

0.1(g/kg)
P. indica

528.5d 139.5b 4.01e 1,264.9ab 205.4dc 6.57b 0.869ab 8.38ab

0.2 (g/kg)
P. indica

659.7bc 117.1b 6.03a 1,185.5bcd 208.9bc 6.06b 0.658d 8.29ab

0.4 (g/kg)
P. indica

631.9c 137.2b 4.92bc 1,229.4abc 187.2dc 6.85b 0.878ab 7.04b

0.6 (g/kg)
P. indica

858.3a 140b 6.34a 1,307.7a 178.1d 7.90a 0.844abc 9.00a

0.8 (g/kg)
P. indica

669.2bc 135.8b 5.31b 1,122de 196.4dc 6b 0.769c 8.63ab

Yeast culture 715.1b 172.2a 4.34de 1,224.5abc 215.5bc 6.08b 0.895a 7.17b

L. acidophilus 636.4c 138.7b 4.69dc 1,165.8cd 281.1a 5.08c 0.646d 9.49a

SEM 22.3 7.03 0.179 28.7 9.75 0.31 0.026 0.49
Effect P-value
Linear 0.0001 0.001 0.001 0.0001 0.001 0.01 0.007 0.05
Quadratic 0.001 0.001 0.002 0.001 0.01 0.03 0.001 0.07
a–cMeans within a column without a common superscript significantly differ (P < 0.05).
1There were 2 broilers per each pen and 6 pen per each diet. Pen means were used to calculate dietary averages.
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diet and also villus to crypt ratio (linear, P ≤ 0.01, and quadratic,
P≤ 0.01) was significantly increased in chicks fed P. indica at 14
and 42 d of ages.

Protein digestibility and enumeration of cecal bacterial
population

Ileal digestibility of protein was enhanced in chicks fed yeast
culture or 0.1, 0.2 and 0.4 g of P. indica (linear, P≤ 0.007 and
quadratic, P≥ 0.001). The highest and lowest CP digestibility
coefficient was obtained in chicks were fed diets containing
yeast culture or L. acidophilus, respectively (Table 6). The cecal
E. coli population was reduced in chicks fed diets containing
P. indica or yeast culture (P≤ 0.05), but L. acidophilus–fed
chicks showed the highest levels of E. coli population in their
ceca in comparison with the control diet (Table 6). Clostridium
perfringens and salmonella were not detected in the serial
dilution.

Gastrointestinal pH and carcass analysis

Results of carcass analysis are shown in Tables 7 and 8. The rela-
tive weight of carcass significantly (P ≤ 0.01) increased by sup-
plementing of the diets with 0.6 g of P. indica at 14 d of age,
but the rest were unchanged under the influence of treatments.
The relative length of ileum quadratically declined (P≤ 0.05) as
the proportion of P. indica increased in control diet at 42 d of

age. The relative weight of carcass, bursa of Fabricius, and
thymus were increased by inclusion of P. indica and yeast
culture, especially when P. indica was added at 0.2 g of diet at
42 d of age. The relative weight of liver, spleen, breast, thigh,
and abdominal fat remained unchanged by inclusion of
P. indica and also yeast culture and L. acidophilus in control
diet at 42 d of age. Incorporation of P. indica instead of yeast
culture or L. acidophilus in control diet significantly (P≤ 0.05)
increased gizzard pH and decreased jejunum pH, but the
reduction of pH in gizzard and jejunum was obtained by
inclusion of yeast culture or L. acidophilus (Table 9). In the duo-
denum and ileum, the pH showed no changes by addition of
these products.

Immune response

Piriformospora indica did not affect primary or secondary anti-
body response against the SRBC (Table 9), but immune
related organs weight such as bursa of Fabricius, and thymus
were increased by inclusion of P. indica.

Discussion

Prebiotics have a profound effect on overall nutrient utilization,
gut health, immunity and growth of broiler chickens. Prebiotics

Table 7. Influence of Piriformospora indica, Lactobacillus acidophilus, and yeast
culture in diet on carcass analysis of broilers at 14 d of age.1

Treatment

Duodenum Jejunum Ileum Carcass Liver

Length (cm/100 g BW)
Weight (g/100 g

BW)

Control 5.9 13.2 10.9 53.6dc 2.9
0.1(g/kg) P. indica 6.1 13.6 13.5 56.2ab 3.5
0.2 (g/kg) P. indica 5.7 12.9 13.0 52.0d 3.0
0.4 (g/kg) P. indica 5.9 13.1 13.2 54.5bc 3.1
0.6 (g/kg) P. indica 5.9 13.1 12.8 57.5a 3.1
0.8 (g/kg) P. indica 5.5 13.1 13.3 55.3bc 3.3
Yeast culture 5.8 13.6 13.0 55.3bc 3.2
L. acidophilus 5.8 13.4 13.7 52.4d 3.4
SEM 0.32 0.75 0.92 0.66 0.16
Effect P-value
Linear 0.94 0.99 0.54 0.001 0.54
Quadratic 0.98 0.99 0.56 0.01 0.62
1Data represent as percentage of live weight. There were 2 broilers per each pen
and 6 pen per each diet. Pen means were used to calculate dietary averages.

Table 8. Influence of Piriformospora indica, Lactobacillus acidophilus, and yeast culture in diet on carcass analysis of broilers at 42 d of age.1

Treatment
Duodenum Jejunum Ileum Carcass Breast Thigh Spleen Bursa of Fabricius Liver Thymus Abdominal fat

Length (cm/100 g BW) Weight (g/100 g BW)

Control 1.35 3.48 3.67a 62.2b 26.0 18.2 0.11 0.11c 2.72 0.12b 0.85
0.1(g/kg) P. indica 1.16 3.23 3.39abc 63.9ab 25.0 18.1 0.12 0.11c 2.36 0.15ab 0.83
0.2 (g/kg) P. indica 1.14 3.08 3.06bc 63.2ab 25.0 17.5 0.11 0.15abc 1.96 0.25a 0.95
0.4 (g/kg) P. indica 1.26 3.52 3.53ab 62.5b 24.9 17.0 0.11 0.17ab 2.51 0.19ab 1.01
0.6 (g/kg) P. indica 1.13 3.13 2.85c 64.0ab 25.5 17.9 0.13 0.17ab 2.27 0.20ab 0.95
0.8 (g/kg) P. indica 1.06 3.06 3.00bc 64.9a 25.5 18.1 0.10 0.19a 2.28 0.22ab 0.8
Yeast culture 1.08 3.23 3.40abc 65.2a 26.9 17.4 0.13 0.14bc 2.17 0.21ab 0.45
L. acidophilus 1.24 3.42 3.55ab 62.4b 25.0 17.6 0.10 0.12bc 2.61 0.24ab 0.82
SEM 0.074 0.074 0.179 0.74 0.92 0.429 0.011 0.016 2.56 0.038 0.021
Effect P-value
Linear 0.14 0.15 0.02 0.05 0.76 0.45 0.45 0.006 0.48 0.03 0.56
Quadratic 0.22 0.19 0.01 0.09 0.63 0.47 0.46 0.01 0.51 0.07 0.58
1Data represent as percentage of live weight. There were 2 broilers per each pen and 6 pen per each diet. Pen means were used to calculate dietary averages.

Table 9. Influence of Piriformospora indica, Lactobacillus acidophilus, and yeast
culture in diet on antibody response at 28 and 42 d of age and pH of different
parts of gastrointestinal at 42 d of age.1

Treatment

SRBC (log2) pH

28 d 35 d Gizzard Duodenum Jejunum Ileum

Control 2.0 6.0 4.62abc 6.29 6.45a 6.86
0.1(g/kg) P. indica 1.8 8.5 4.5bc 5.97 6.42a 6.75
0.2 (g/kg) P. indica 1.5 8.3 4.89ab 6.48 6.2bc 6.74
0.4 (g/kg) P. indica 1.5 7.5 4.81ab 6.35 6.28abc 6.44
0.6 (g/kg) P. indica 2.5 8.0 5.05a 6.30 6.33abc 6.55
0.8 (g/kg) P. indica 1.8 8.3 4.56abc 6.43 6.36ab 6.60
Yeast culture 2.3 8.5 4.22c 6.13 6.17c 6.65
L. acidophilus 2.3 8.0 4.41bc 6.29 6.36ab 6.42
SEM 0.38 0.77 0.156 0.115 0.06 0.185
Effect P-value
Linear 0.51 0.53 0.01 0.09 0.02 0.67
Quadratic 0.63 0.54 0.02 0.07 0.06 0.74
a–cMeans within a column without a common superscript significantly differ (P <
0.05).

1There were 2 broilers per each pen and 6 pen per each diet. Pen means were used
to calculate dietary averages.
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form part of nutritional strategies targeting broiler performance
and health and are being broadly investigated for their effects
on gut microbiota (Applegate et al. 2010). In spite of the
success showed by the development of the Lactobacillus pro-
biotic for use in commercial poultry, there is still an indispensa-
ble need for commercial probiotics that are shelf stable, cost
effective, and feed stable (tolerant to heat pelletization pro-
cedures) to increase compliance and widespread use (Latorre
et al. 2014). The primary aim of this study was to generate
new attitude on the effects of plant specific fungus which is
rich in mannan as a poultry prebiotics and explore its effects
and feasibility in broilers. In agreement with earlier reports dis-
cussing the influence of prebiotics on growth performance
(Kabir et al. 2004), the present study showed that P. indica
inclusion has resulted in increased BW and decreased FCR by
aging the birds. It is reported (Kabir et al. 2004) that better
growth performance and feed efficiency of broiler chickens
fed prebiotics will be induced by the total effects of prebiotic
action including the maintenance of beneficial microbial popu-
lation improving feed intake and digestion and altering bac-
terial population and intestinal morphology (Cole et al. 1987).

Piriformospora indica addition showed no impressive effect
on BW and FCR in starter (0–7 d) and also grower (11–21 d)
period but its effects on BW at finisher phase were prominent
and birds fed diets supplemented with P. indica gained higher
weight than those of birds fed control, L. acidophilus, or yeast
culture supplemented diets. This fungus is similar to arbuscular
mycorrhizal fungi (Singh et al. 2011); It grows inter- and intra-
cellularly and forms a symbiosis with the roots of a wide
variety of plants and can promote the growth and enhance
the activity of secondary metabolite in a range of economical
and medicinally important plants (Ghabooli et al. 2013, 2014;
Ghaffari et al. 2016). Overall, the results corroborate studies by
Fritts et al. (2000), which all suggest that the effects of supple-
menting a broiler diet with Bacillus spore can improve growth
performance at late stage of rearing period. However, there
are some conflicting studies. For example, Knap et al. (2011)
reported significant differences in daily gain and FCR with Bacil-
lus subtilis DSM17299 supplementation during the experimental
period. In addition, Santoso et al. (1999) reported that sup-
plementation with B. subtilis spore did not affect broiler per-
formance compared with the control treatment. It is speculate
that the variation in the results of the aforementioned studies
with spore and fungus base pro-and prebiotics can be ascribed
to several factors, including the age of the animals, the dose of
administration, germination and increase their load in intestine,
diet composition, feed form, and interaction with other dietary
feed additives (Chesson 1994). Our results demonstrated that
performance improvement by dietary supplementation with
P. indica compared with control is age related, indicating that
the tendency for improved BW and FCR may occur as a result
of an increase in load of fungus and mannan oligosaccharides
in gastrointestinal lumen by growing up the chicks and increase
in feed intake and improvement in villi growth, pH reduction
and overall nutrient digestibility.

In the current study, protein digestibility enhanced and
plasma total protein, uric acid and albumin concentration
reduced linearly by incremental levels of P. indica in diets. In
broilers, plasma uric acid level is an important indicator for

protein digestibility and amino acid utilization and its decreases
by increase in protein and amino acid utilization (Donsbough
et al. 2010). Researchers reported that, besides stimulating
growth, biomass and seed production in the host, P. indica
increases the uptake and metabolism of nitrogen and phos-
phate and allows plants to survive under extreme abiotic
stress (Sun et al. 2010). Furthermore, P. indica enhances nutrient
uptake, enables plants to cope with environmental conditions,
and survives under abiotic stresses. In this study, the improve-
ment in growth performance in P. indica and yeast culture fed
chicks was concomitant with an improved total tract CP digest-
ibility. Only a few studies have examined nutrient digestibility in
broilers fed probiotics. It was shown that depending on the pro-
biotic inclusion level in the diet, probiotic intake resulted in an
improved apparent digestibility of nitrogen and fat in broilers
diets and ileal apparent digestibility of energy, calcium, phos-
phate, CP, and most amino acids in broilers (Li et al. 2008).

Results of current study showed that there is no differences
between treatments on blood glucose, cholesterol, triglyceride
and LDL concentration on d 14, however at the end of 42 d of
age blood glucose was enhanced and cholesterol, triglyceride
and LDL content of plasma were reduced in chicks fed diets
containing P. indica. Several studies have evaluated the effect
of feeding yeast and prebiotics on blood glucose regulation
in chickens. Bacterial β-glucosidase contributes to the hydroly-
sis of glucose monomers from nonstarch polysaccharides (e.g.
cellulose, β-glucans), and play an important role in the carbo-
hydrate digestion in small intestine and reduces undigested
carbohydrates and, ultimately, increase blood glucose concen-
tration and animal performance and health. However,
changes in the glycolytic activity in the intestinal tract did not
measured in the current study, but plasma glucose enhance-
ment along with decrease in E. coli population and increase in
protein digestion by addition of P. indica maybe resulted from
changes in enzymatically activities in gastrointestinal tract.
Several studies have proven that live organism reduces serum
cholesterol, triglyceride, and LDL cholesterol by interfering the
recycling of lipids in the gastrointestinal tract (Navid 2010).
Some specific bacteria such as B. subtilis could prevent bile
salts from reabsorption and convert them to the second type.
At the same time they could synthesize esterase enzymes con-
verting free fatty acids to their esterified forms, which differ
from triglyceride in the intestinal tract. Therefore, cholesterol
and triglyceride were less likely of being absorbed into the
serum (Zhang et al. 2012).

Plasma gamma-glutamyl transpeptidase and alanine amino-
transferase concentrationsenhanced in chicks fed P. indica. The
presence of intracellular enzymes in the blood plasma relates to
either hepatic malfunction or hepatocyte membrane leakage
(Peebles et al. 1997). In medicine, an examination of serum
enzymes is an important method for assessing damage to
liver cells. Serum enzymes are mainly from the liver as the
liver parenchyma is compressed, which can lead to inflam-
mation of the liver cells and an increase in enzyme synthesis,
resulting in an increase in serum enzyme concentrations.
From our point of view, long-term P. indica inclusion maybe
induced inflammation of the liver cells; however, there was
no enlargement of liver and no significant differences in the
relative weight of the liver between the treatments. As there
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are no reports on the effect of P. indica in animal and poultry to
support the opinion that P. indica per se or its metabolites
induces hepatic inflammation needs to be further illustration.

The histological examinations of ileum showed that sup-
plementation of broilers diets with P. indica increased the
villus height and villus height:crypt depth ratio and decreased
crypt depth in ileum considerably, suggesting an increased epi-
thelial surface due to feeding of P. indica. In particular, the dis-
tinguished increase of villus height due to P. indica inclusion
may be considered beneficial for the ileal absorptive capacity.
Additionally, broilers fed with control or lactobacilli showed
deeper crypt depths. Shorter villi and deeper crypts may lead
to poor nutrient absorption and lower animal performance
(Xu et al. 2003). Moreover, deeper crypts may be indicative of
an increase in the proliferative pool of enterocytes, which
might be needed for rapid epithelial turnover in response to
inflammation from pathogens or their toxins, as there was
shown high population of E. coli in control and lactobacilli-fed
chicks. We observed relatively long villi length and thinner
crypt and also increased CP digestibility and lower E. coli popu-
lation in the group supplemented with P. indica and yeast
culture. This effect may resulted from reduced toxicity or
better protection of villi and is likely related to better nutrient
absorption. Probiotics have been shown to be protective to
the intestinal epithelium by prohibiting gut pathogens prolifer-
ations inducing expression of intestinal protective factors (Lut-
gendorff et al. 2009), strengthening tight junctions and fixing
the cytoskeleton of epithelial cells (Sherman et al. 2005).
Researches have reported that P. indica enhances resistance
to toxins, pathogenic microorganisms, and increases seed
biomass yield (Waller et al. 2008).

Piriformospora indica inclusion significantly increased
thymus and bursa of Fabricius relative weight and also a
numerical increased in antibody response against SRBC. This
effect might have resulted from reduced toxicity or better pro-
tection of villi and is likely related to better nutrient absorp-
tion. It has been also shown that P. indica enhances stress
tolerance based on general and nonspecific plant-species
mechanism (Ghabooli et al. 2013). Mass spectrometry analysis
resulted in the identification of 45 differentially accumulated
proteins involved in reactive oxygen scavenging, metabolisms,
signal transduction, and plant defense responses. Interest-
ingly, P. indica increases the level of proteins involved in
photosynthesis, antioxidative defense system and energy
transport (Ghabooli et al. 2013). Recent works demonstrated
that probiotics resulted in an enhancement of broiler
humoral immune response (Kabir et al. 2004). The enhance-
ment of the humoral immune response by probiotics maybe
resulted from defense against specific stress induced factors
(Kabir et al. 2004) and could therefore be regarded as an
improved capacity of the humoral and cellular immune
system of birds to cope with foreign antigens. In addition, pro-
biotics have been shown to have immunomodulatory activity
at a cellular level resulting in an enlargement of immune
related organs that protected against pathogens (Dalloul
et al. 2005). However, an in-depth investigation of P. indica
effects on broiler cellular and humoral immunity was beyond
the scope of this study, but it will be interesting subject for
evaluation of that in clos future.

The results of the present study showed that supplemen-
tation of the diet with P. indica increased gizzard pH and
reduced ileal pH. Increased gizzard pH may be resulted from
increased digestibility and increased removal of anti-nutrient
factors such as phytate, which increases gastrointestinal pH.
Conflicting reports regarding differences in gastrointestinal
pH and probiotics supplementation may arise from the large
variation in microbial species and level of inclusion rate of
these products. It is suspected that addition of antibiotics, pro-
biotics, or prebiotics may be efficient at reducing the pathogen
load and so that reducing gastro intestinal pH. Result of exper-
iments was shown that reducing salmonella population and
increase in desirable microorganism in gastro intestinal tract
is accompanied by pH reduction (Spring et al. 2000).

5. Conclusions

In conclusion, the current trial clearly demonstrates that
P. indica is a promising prebiotic candidate because of high
mannan content and could help broilers to achieve high
levels of performance criteria, suitable gut health and mor-
phology, boost immunity and immune related organs growth,
and has no obvious side effects for poultry species. Piriformos-
pora indica also showed greater performance and gut health
in comparison with the L. acidophilus and yeast culture. There-
fore, a more comprehensive framework is needed to reflect
and help to further evaluation and finding the mechanisms
by which P. indica make its beneficial effects in poultry.
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