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A B S T R A C T

The aim of present study was to evaluate the effects of edible eryngii mushroom powder, Pleurotus eryngii (PE),
for 63 days on haematological parameters, the serum immune responses, skin mucus, bactericidal activity, stress
resistance, growth performance and digestive enzyme activities of Koi carp fingerlings (Cyprinus carpio koi). Fish
were divided into five groups and each group was fed with dietary PE with five graded levels (0, 0.5, 1, 1.5 and
2%). The results showed a significant dose-dependent increase of Ht, Hb, MCV and MCH levels in fish fed dietary
PE (P < 0.05). The highest levels of WBCs, lymphocytes and monocytes were measured in fish fed 1.5% and 2%
of dietary PE (P < 0.05). The activities of total IG, lysozyme, Alternative haemolytic complement activity in
serum of fish fed with 2% of dietary PE for 63 days as well as 5-min air exposure challenge test were significantly
higher than other groups (P < 0.05). The most bactericidal activity was observed in skin mucus of fish fed with
1.5% of dietary PE against Streptococcus iniae (P < 0.05). The highest ratio of the lactobacillus count to the total
viable count was observed in fish fed 2% of dietary PE. The α-amylase activity of fish fed with dietary PE (1, 1.5
and 2%) were significantly higher than control group (P < 0.05). Feeding fish 2% of dietary PE increased the
trypsin and lipase activity compared to others groups (P < 0.05). The growth performance of fish fed 1.5% of
dietary PE improved compared to control group (P < 0.05). The results revealed that feeding koi fish with
dietary supplementation of PE (1.5 and 2%) improved the selected humoral innate immune responses, bacter-
icidal activity of skin mucus and growth performance of koi fish.

1. Introduction

Globally the ornamental fish sector is growing and their production
and trade is a profitable activity in aquaculture industry [1]. The value
of global trade of ornamental fish is estimated to be more than USD 15
billion with an annual growth of 8% [2]. The commercial production of
koi fish as an ornamental strain of common carp, Cyprinus carpio, is
emerged in the past few decades [3]. However, increasing use of in-
tensified aquaculture systems has accelerated the outbreaks of disease
with huge economic losses [4]. To prevent and control diseases; vac-
cines, antibiotics and chemotherapeutics commonly have been used in
aquaculture industry [5]. The application of antibiotics and che-
motherapeutics is harmful in aquaculture because of development of
drug resistant microorganisms [6], environmental hazards [7] and
human health hazards [8].

During the last decades, several studies have been conducted on the
modulation of fish immune system by using immunostimulants as
dietary additives in order to maintain fish health and to improve

growth performance. An immunostimulant is a natural or chemical
compound that stimulate both specific and non-specific immune me-
chanisms to protect fish against invading pathogens [9,10]. Supple-
mentation of dietary prebiotics with fish diets can be a potential al-
ternative to prevent and control pathogens in aquaculture [8,11].
Nowadays, edible mushrooms as a potential source of polysaccharides
namely β-glucan and other bioactive compounds such as oligo-
saccharides, dietary fibers, glycoproteins, proteins, peptides, amino
acids, triterpenoids, alkaloids, alcohols, phenols, polyphenols, vitamins,
and minerals [12,13] are considered as natural prebiotics.

Several species of king oyster mushroom (Pleurotus spp.) are com-
mercially grown as food and medicine in many countries [14]. Pleurotus
eryngii is a popular type of edible mushroom due to nutritional value
and biological functions and its production has greatly increased during
last few decades [15]. Several studies on P. eryngii have revealed a
number of therapeutic functions such as immunostimulatory [16], anti-
tumor, antioxidative [17], antimicrobial and antiviral activities
[15,18]. Moreover, this species contain high levels of carbohydrates
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(9.6% of the fresh weight), dietary fibers (4.6% of the fresh weight),
chitin (0.5% of the fresh weight) [19] and low level of lipid (0.8% of the
fresh weight) [20]. The results of a study revealed that the dietary
supplementation of P. eryngii and Lactobacillus plantarum stimulated
growth, immunity and disease resistance of the Pangasius catfish,
Pangasius bocourti [21]. Katya et al. [13] reported that the replacement
of fish meal by 6.3% of fermented by-product of mushroom, Pleurotus
ostreatus (FBPM) in diet of juvenile Amur catfish, Silurus asotus, im-
proved growth performance, lysozyme activity and chemiluminescent
response of fish. To our knowledge, little information is available about
the effects of dietary edible mushroom supplementation in ornamental
fish. Furthermore, the commercial production and trade of ornamental
fish especially koi is expanding all over the world and more information
about improvement of their health and immune system is needed.
Therefore, the present study was conducted to evaluate the effects of
dietary edible mushroom, P. eryngii (PE), on haemato-immunological
parameters, bactericidal response of skin mucus, stress resistance, di-
gestive enzyme activities as well as growth performance of koi fish as
an ornamental strain of common carp, Cyprinus carpio.

2. Materials and methods

2.1. Pleurotus eryngii preparation

Eryngii mushroom, P. eryngii (PE) used in this study was obtained
from Research Institute of Industrial Biotechnology, ACECR (Khorasan
Razavi, Mashhad, Iran). PE samples were dried in an oven at 50 °C for
24 h and then ground into powder before adding them to the diets.

2.2. Experimental diets

A basal diet (340 g kg−1, crude protein; 50 g kg−1, crude lipid;
15.80MJ kg−1, gross energy) as the control diet was developed by
WUFFDA (windows-based user-friendly feed formulation, done again;
University of Georgia, Georgia, USA) software (NRC) (Table 1). To
prepare the experimental diets, PE at the levels of 0, 5, 10, 15 and
20 g kg−1 was employed. PE was replaced with Carboxymethyl cellu-
lose (CMC). Diets were isonitrogenous and isoenergetic. Feed in-
gredients were converted into a uniform paste by adding water, and
then the dough passed through a meat grinder with a diameter of 2mm.
Finally, the wet pellets were dried at 30 °C for 24 h, and stored at 4 °C
until use.

2.3. Experimental design

Fingerling of Cyprinus carpio koi (7.36 ± 0.05 g) were obtained
from Toos Koi Co. (Khorasan Razavi, Iran). Fish were randomly dis-
tributed into 15 glass aquarium (capacity of 150 l) at the density of 15
tank−1 with daily water exchange rate of 20% at three replicates for
each experimental diet. Prior to onset of the nutritional trail, fish were
fed the control diet for two weeks. Fish were fed with experimental
diets to appetent satiation three time daily for 63 days. Fish were
maintained under photoperiod of 12:12 (light: dark). Water tempera-
ture was maintained at 25.5 ± 1.5 °C throughout feeding trail.
Dissolved oxygen (6.53 ± 0.21mg L−1) and pH (7.64 ± 0.14) were
measured every week. All experiments on koi fish were done according
to animal ethic rights' FUM.

2.4. Evaluation of growth performance

At the end of feeding trial, each fish was individually weighted
(± 0.01) on an electronic scale (AND, Japan) and the growth perfor-
mance parameters including specific growth rate (SGR % day−1), feed
conversion ratio (FCR) and condition factor (CF) were calculated using
the following equations:

Specific growth rate (SGR; % day−1)= [(lnWf - lnWi)/t]× 100

Feed conversion ratio (FCR) = (Feed consumed/Wgain)

Condition factor (CF)=Wf/ Lf 3× 100

Survival rate (%) = (Nf / Ni)× 100

Where Wi, Wf, Wgain, Lf, Nf, Ni, t and Feed consumed are initial weight,
final weight, weight increment (g), final length (cm), final number of
fish, initial number of fish, time period (day) and consumed feed (g),
respectively.

2.5. Haemato-immunological assays

After 24 h of last feeding time in the 63 t h day, six fish from each
glass aquarium were anesthetized by clove powder (500mg l−1). The
blood samples were collected from the caudal vein. Then, an aliquot of
blood samples were stored in heparinized tubes to determine haema-
tological parameters including RBCs, WBCs, hematocrit (Ht), he-
moglobin (Hb), mean corpuscular hemoglobin volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin con-
centration (MCHC) and differential WBCs (neutrophils, lymphocytes
and monocytes). The reminders of blood samples were introduced to
non-heparinized tubes, centrifuged at 1000× g for 5min at 4 °C. The
collected serum samples were stored immediately at −20 °C until assay
of the activities of total immunoglobulin (IG), lysozyme (LYZ) and
Alternative haemolytic complement activity (ACH50). All assays were
done one by one at three replicates.

RBCs and WBCs counting were performed using a Newbauer he-
mocytometer by suspension of whole blood in the diluents described by
Natt and Herrick [22]. Hematocrit (Ht) was determined using the
standard microhematocrit method as described by Brown [23]. For this
purpose, blood-filled heparinized microhaematocrit capillary tubes
were centrifuged at 7000×g for 10min using a microhaematocrit
centrifuge and the hematocrit (Ht) values were read directly and re-
ported as packed cell volume percentage. The hemoglobin (Hb) con-
centration was measured according to cyan-methaemoglobin method
explained by Blaxhall and Daisley [24] using a spectrometer at a wa-
velength of 540 nm. Mean corpuscular hemoglobin volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC) were calculated using the total RBC count, Hb
concentration and Ht [25]. Neutrophil, lymphocyte and monocyte cells
were measured using May-Grunwald-Giemsa blood smears [26]. Blood
smears were studied by light microcopy in order to make blood cell

Table 1
Composition of the basal diets (g/kg dry matter) fed fingerling of koi fish
(7.36 ± 0.056 g).

Ingredients Eryngii mushroom powder g kg−1 (dry-weight basis)

Fish meal 175
Wheat flour 245
Soybean meal 250
Corn gluten 150
Soybean oil 25
Fish oil 25
Mineral premix 35
Vitamin premix 35
CMC 25
Anti-fungi 15
BHT 15
Vit C 5
Chemical composition
Dry matter 1000 967.3
Crude protein 297.9 340
Crude fat 39.3 50
Crude fiber 214.1 380
Ash 89.2 680
Cross energy (Mj/Kg) 19.94 15.80
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counts.
Lysozyme activity in serum was determined according to the

method of Kumari et al. [27] based on the lysis of the lysozyme sen-
sitive Gram positive bacterium, Micrococcus lysodeikticus (Sigma). The
serum sample (15 μL) was placed into wells of a 96-well plate in tri-
plicate. Then, 150 μL of M. lysodeikticus suspension prepared in 0.02M
sodium acetate buffer, pH 5.8 (0.02mg L−1) and added to each wall. An
initial absorption value was measured at 450 nm using a spectro-
photometry (HACH DR/4000, USA). Second absorption value was
measured after holding sample at room temperature for 1 h. The dif-
ference between the absorption values was calculated and the lysozyme
activity was expressed as μg mL−1. The dilutions of hen egg white ly-
sozyme (Sigma) ranging from 0 to 20 μgmL−1 in same buffer were
taken as the standard.

The total immunoglobulin (IG) activity of the serum was de-
termined as described by Siwiki and Anderson [28]. Briefly, 100 μL of
the serum were mixed with an equal amount of 12% polyethylene
glycol and incubated for 2 h under constant agitation at room tem-
perature to precipitate the immunoglobulin. After centrifugation at
3000×g for 15min, the supernatant was removed and the remaining
protein was determined after it was subtracted from the total serum
protein concentration.

Alternative haemolytic complement activity (ACH50) of the serum
was assayed based on method described by Yano [29]. Briefly, the di-
luted serum samples (range, 50–250 μL) were dispensed into test tube
and total volume were made up to 250 μL with the barbitone buffer in
presence of ethyleneglycol-bis (2-aminoethoxy)-tetraacetic acid (EGTA)
and Mg2+. Then, 100 μL New Zealand rabbit red blood cells (RaRBC)
was added and incubated at 20 °C for 90min. At this point, 3.15ml of
NaCl was added to each tube and centrifuged at 1600× g for 5min.
The absorbance of supernatant was read at 414 nm. The serum volume
producing 50% haemolysis (ACH50) was determined and the number of
ACH50 units ml_1 was calculated for each group.

2.6. Digestive enzymes measurements

At the end of feeding trial, fish were starved for 24 h and three fish
from each glass aquarium sampled for enzymatic analysis. The in-
testines were isolated and rinsed with cold distilled water at 4 °C [30].
The intestine content was extracted and homogenized in phosphate
buffered saline (pH 7.5; 30 g/70ml PBS) using a homogenizer (DI 18
Disperser). The homogenate was then centrifuged at 15000×g, 4 °C,
15 min and the supernatant stored in liquid nitrogen until analyses. The
activity of α-amylase was measured by the 3,5-dinitrosalicylic acid
method described by Worthington [31], using 1% starch (diluted in a
buffer at pH 6.9, 0.02M Na2HPO4 and 0.006M NaCl) as substrate at
final reading 540 nm. Trypsin activity was measured using N-α-ben-
zoyl-dlarginine-pnitroanilide (BAPNA) as substrate. BAPNA (1mM in
50mM Tris-HCl, pH 8.2, 20mM CaCl2) was incubated with the enzyme
extract at 25 °C and absorbance was recorded at final reading 410 nm
[32]. Lipase activity was assayed at 25 °C using 0.4 mM 4-ni-
trophenylmyristate as substrate and absorbance was recorded at final
reading 405 nm [33]. All enzyme activities were measured in triplicate
by a microplate scanning spectrophotometer (Power Wave HT, BioTek®,
USA) and defined as specific activity (U/mg protein/min). All the re-
agents used in the measuring of enzyme activities were purchased from
Sigma-Aldrich.

2.7. Bacteriological analysis

At the end of feeding trial, koi fish (three fish from each glass
aquarium) was transported alive to the laboratory, anesthetized with
ice, rinsed with benzalkolium chloride (0.1% for 60min) and then, fish
were dissected to remove the intestinal tract. The digestive tracts were
homogenized with sodium chloride (0.9 w/v) using a homogenizer (DI
18 Disperser), and the homogenate was centrifuged at 5000× g, 4 °C

for 5min. One hundred microliter of prepared samples were inoculated
in plate count agar (PCA; Merck Co.) and de Man, Rogosa, and Sharpe
media (MRS; Merck Co.) at three replicates to determine the total viable
counts (TVC) of heterotrophic aerobic bacteria and presumptive lactic
acid bacteria (LAB), respectively. The plates were incubated at room
temperature (25 °C) for five days and colony forming units (CFU) g_1

were calculated from plates containing 30–300 colonies [34].

2.8. Fish mucus parameters

2.8.1. Mucus collection
At the end of feeding trial, skin mucus samples were collected from

fish (three fish from each glass aquarium) that starved for 24 h [35].
Briefly, the tested fish were anesthetized using clove powder
(500mg l−1) and then transferred into polyethylene bags that contain
NaCl (50mM; 5ml g−1

fish; Merck, Germany) for about 1min. Fish
were slowly shaken inside the plastic bags to collect skin mucus and
then returned to recovery glass aquariums. The obtained mucus sam-
ples were immediately transferred to 15ml sterile centrifuge tubes,
centrifuged at 1500×g, at 4 °C, for 10min and the supernatants were
stored in 2ml tubes at −80 °C until future assays.

2.8.2. Mucus bactericidal test
The bactericidal activity of fish skin mucus samples were evaluated

based on a standardized single disc method [36] against five bacterial
strains including Aeromonas hydrophila (ATCC 7966), Streptococcus iniae
(ATCC29178), Streptococcus faecium (ATCC 12755), Micrococcus luteus
(MTCC 3911) and Yersinia ruckerii (ATCC 29473).

At first, bacteria were cultured in the nutrient broth medium
(Merck, Germany) and incubated at 37 °C for 24 h in a shaking in-
cubator at 200 rpm (JSSI-200C L; JSR, Gongju-City, Korea). Then, the
surface of nutrient agar (Merck, Germany) completely inoculated with
bacteria (1.5× 108 CFUml−1). Paper discs (6 mm diameter) were in-
oculated with 150ml of the mucus sample for 20min to absorb the
mucus and placed over solidified agar gel. The plates were incubated at
37 °C for 24 h. Finally, the diameter of the growth inhibition zones was
measured by digital caliper (Guilin Guanglu Measuring Instrument,
Zone Guilin, China).

2.9. Air exposure challenge

In order to evaluate biological responses of fish fed the experimental
diets against air exposure challenge, three fish from each glass aqua-
rium were exposed to air for 5min on day 63. Then, the activities of
total IG, LYZ and ACH50 in blood samples of exposed fish were mea-
sured according to methods described above.

2.10. Statistical analysis

All data of this study were presented as Mean ± SD. The statistical
analysis were performed using SPSS software (Version, 19, IBM SPSS,
Armonk, NY, USA). The percentage data were transformed using the
arcsine method. Normality assumption of data were determined using
the Kolmogrov-Smirnov test. Differences between the means were
analyzed using One-Way analysis of variance (ANOVA). The Duncan
multiple range test was also used to compare significant differences
among the means at P < 0.05.

3. Results

3.1. Haematological assays

The variations in haematological parameters of koi fish fed with
different levels of dietary eryngii mushroom (PE) after 63 days are
shown in Table 2. The level of RBCs was not significantly affected by
dietary PE (P > 0.5, Table 2). WBC levels in fish fed 1.5% and 2% of
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dietary PE were significantly higher than control group (P < 0.05). Hb
and hematocrit levels increased significantly in treated groups com-
pared to control group (P < 0.05) and the levels of these parameters in
fish fed 1.5% and 2% of dietary PE were significantly higher than fish
fed 0.5% and 1% of dietary PE (P < 0.05). The results revealed an
elevation of MCV in treated groups compared to control group
(P < 0.05) and the highest level observed in fish fed 2% of dietary PE
(P < 0.05). MCH level increased significantly in fish fed 1%, 1.5% and
2% of dietary PE compered control group (P < 0.05). There was no
significant difference in MCHC level of fish fed experimental diets and
control diet (P > 0.05). Lymphocyte and monocyte levels increased
significantly only in fish fed 1.5% and 2% of dietary PE compared to
control group (P < 0.05). The results showed that there was no sig-
nificant difference in neutrophil level among fish fed experimental diets
and control diet (P > 0.05).

3.2. Immunological assays

The effects of feeding of koi fish with different levels of dietary PE
on serum immune parameters are shown in Fig. 1(A–C). The serum total
IG and ACH50 activities in the 1.5% and 2% PE fed groups increased
significantly compared to control group (P < 0.5). The highest total IG
and ACH50 activity were observed in 2% PE fed group (P < 0.05). All
experimental diets except of 0.5% of dietary PE, increased lysozyme
activity compared to control diet (P < 0.05). Lysozyme activity in fish
fed 2% of dietary PE was significantly higher compared to other ex-
perimental diets (P < 0.05).

The effects of air exposure challenge for 5min on serum immune
parameters in fish fed with different levels of dietary PE for 63 days are
shown in Fig. 2 (A–C). The results revealed that all experimental diets
except of 0.5% of dietary PE increased post challenge total IG and ly-
sozyme activity compared to control diet (P < 0.05). Elevation of post
challenge ACH50 activity was observed only in fish fed 1.5% and 2% of
dietary PE compared to control group (P < 0.05).

3.3. Bacteriological analysis

Fig. 3 shows the results of the LAB count to TVC ratio (%) of in-
testine extracted from koi fish feeding with dietary PE for 63 day. Fish
fed with 1%, 1.5% and 2% of dietary PE showed significantly higher
LAB/TVC ratio (%) compared to control group (P < 0.05). The highest
LAB/TVC ratio (56.43%) was observed in fish fed with 2% of dietary PE
(P < 0.05).

3.4. Mucus bactericidal activity

Growth inhibitory zone formed by skin mucus of fish fed different
levels of dietary PE for 63 days against five bacterial strains including
Aeromonas hydrophila, Streptococcus iniae, Streptococcus faecium,

Micrococcus luteus and Yersinia ruckerii in plating test was shown in
Fig. 4. The results revealed that all mucus samples obtained from fish
fed dietary PE had significant bactericidal effects against all the bac-
teria strains (P < 0.05). The maximum diameter of growth inhibitory
zone was formed around all mucus samples in 1% and 1.5% PE fed
groups (P < 0.05). The highest bactericidal effect was also observed
against Staphyloccus iniaee in 1.5% PE fed group (P < 0.05).

3.5. Growth performance

Table 3 shows the results of growth performance of koi fish fed
different levels of dietary PE after 63 days. The results revealed that fish
fed with 1.5% of dietary PE had significantly higher final weight,
weight gain and SGR % than control group (P < 0.05). There were no
significant differences in the CF of PE fed groups and control group
(P > 0.05). FCR of fish fed with dietary PE was significantly lower
than control group (P < 0.05). The lowest value of FCR was observed
in fish fed with 1.5% of dietary PE (P < 0.05). Also, feeding test fish
with PE-diets improved the survival rate compared to that of fish fed
control (P < 0.05).

3.6. Digestive enzyme activities

Table 4 shows the effects of different levels of dietary PE on di-
gestive enzyme activities of koi fish after 63 days. Trypsin and lipase
activities of fish fed 2% of dietary PE were significantly higher than
control group (P < 0.05). The α-amylase activity increased sig-
nificantly in fish fed 1%, 1.5% and 2% of dietary PE compared to
control diet (P < 0.05). The highest level of α-amylase activity was
observed in 2% PE fed group (P < 0.05).

4. Discussion

4.1. Haemato-immunological parameters and stress resistance

It is well known that the application of many different im-
munostimulants can be effective in different fish species [36–38]. The
cultivation of organic fish has been considered over last decade and
therefore the use of natural immunostimulants are currently receiving
considerable attention in aquaculture industry [38]. Mushroom due to
containing bioactive compounds are added to diets to improve fish
immune system and growth performance [21], [13].

The teleost fish innate immune system has both cellular and hu-
moral components. At the cellular level leukocytes, mainly monocytes,
neutrophils, macrophages as well as T and B lymphocytes are the major
cell types. Humoral elements participate in the innate immune response
including lysozyme, complement (classical and alternative pathways),
hemolysin, transferring and C-creative protein [39], [10]. Some re-
searcher reported that extract of mushroom, P. eryngii, with the highest

Table 2
The haematological parameters of koi fish fed diets with different levels of dietary eryngii mushroom powder (PE) (P. eryngii) after 63 days (Mean ± SD, n=3).

Haematological parameters Dietary Eryngii mushroom powder levels (%)

Control 0.5% 1% 1.5% 2%

RBC (× 106/μl) 1.64 ± 0.1a 1.87 ± 0.07a 1.89 ± 0.8a 2 ± 0.09a 2.15 ± 0.11a

WBC (× 103/μl) 33.20 ± 0.2a 34.45 ± 1.34ab 35.15 ± 1.27ab 36 ± 1.39b 36.98 ± 1.76b

Hb (mmol/l) 2.74 ± 0.015a 3.01 ± 0.11b 3.05 ± 0.13b 3.282 ± 0.12c 3.52 ± 0.15d

Hematocrit (%) 22.36 ± 0.115a 24.1 ± 0.13b 24.17 ± 0.14b 24.63 ± 0.15c 25.82 ± 0.12d

MCV (fl) 148.33 ± 0.305a 151.28 ± 1.23b 152 ± 1.33b 153.71 ± 1.32c 158.92 ± 1.30d

MCH (pg) 31.23 ± 0.095a 32.16 ± 1.11ab 33.25 ± 1.13b 36.72 ± 1.13c 38.21 ± 1.14c

MCHC (mmol/l) 12.1 ± 0.1a 13.68 ± 1.34a 13.72 ± 1.33a 14.09 ± 1.36a 14.38 ± 1.39a

Lymphocyte (%) 86.90 ± 0.1a 87.13 ± 1.30ab 88.27 ± 1.45abc 89.37 ± 1.32bc 90.27 ± 1.43c

Monocyte (%) 3.46 ± 0.11a 5.21 ± 1.23ab 5.89 ± 1.56ab 6.17 ± 1.49b 6.48 ± 1.42b

Neutrophil (%) 6.12 ± 0.59a 7.66 ± 2.5a 5.84 ± 3.01a 4.64 ± 2.81a 3.25 ± 2.85a

Values with different letters within a row are significantly different (ANOVA, P < 0.05).
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β-glucan (18.94%) content, displayed immune-stimulating activity [1].
Haematological indices are regarded as useful indicators to investigate
the potential effects of prebiotics in aquafeeds [11], [40]. The results of
present study showed significant dose-dependent increase of hemato-
crit, Hb, MCV and MCH levels in fish fed dietary PE (P < 0.05). WBC
counts, lymphocytes and monocytes levels in fish fed 1.5% and 2% of
dietary PE increased significantly compared to control group. By con-
trast, dietary PE did not have significant effects on neutrophils and
MCHC levels. Sahoo and Mukherjee [41] reported the increasing WCBs
count in Labeo rohita fingerlings fed with immunostimulants such as
levamisole and ascorbic acid. Haematological parameters including,
RBC, WBC counts, and haemoglobin concentration of Channa striata
fingerlings fed with three commercial prebiotics (β-glucan, galacto-
oligosaccharide and mannan-oligosaccharide) for 16 weeks increased
significantly compared to control diet [42]. Ashish Kumar et al. [43]
also observed a significant improvement in WBC count in catla catla fed
on yeast RNA, x-3 fatty acid and b-carotene. Feeding of Asian sea bass,
Lates calcarifer, fingerlings with various concentrations of Cissus quad-
rangularis plant (stem) and lipopolysaccharide (LPS from bacteria)
supplemented diets resulted in increased leucocytes and Hb levels
compared to control group [44]. However, the results of a study showed
that haematological parameters including WBCs, haemoglobin and
lymphocyte did not significantly improve after feeding of beluga, Huso
huso with dietary fructooligosaccharide [45].

In this study, positive effects of dietary PE on serum total im-
munoglobulin, lysozyme and Alternative haemolytic complement ac-
tivities was observed. The highest levels of these parameters were
measured in fish fed 2% of dietary PE. Similarly, Khodadadian Zou
et al. [46] reported that serum non-specific immune parameters in-
cluding total IG, lysozyme and ACH50 significantly increased in
common carp (Cyprinus carpio) fingerlings fed with different levels
(0.5%, 1% and 2%) of dietary white bottom mushroom (Agaricus bis-
porus) powder for 8 weeks. The results of different studies also revealed
that dietary supplementation of mushrooms in different fish species
such as P. eryngii (3 g kg −1) in Pangasius catfish, Pangasius bocourti
[21], P. ostreatus in Amur catfish, Silurus asotus [13], mushroom beta-
glucan in orange-spotted grouper, Epinephelus coioides [47] and Lenti-
nula edodes in rainbow trout, Oncorhynchus mykiss [48] stimulated
serum innate immune responses including lysozyme, respiratory burst
and phagocytic activities. Some researcher reported that extract of
mushroom, Pleurotus eryngii, with the highest β-glucan (18.94%) level
among the 16 species of culinary medicinal mushrooms, displayed
immune-stimulating activity [12]. It is reported that β-glucan may in-
crease the number of immune system cells such as macrophages by
binding to particular cell receptors and directly activating the cells
[49]. Furthermore, some immunostimulants such as Lentinan and gri-
folan extracted from mushroom, Lentinula edodes and Grifola frondosa,
respectively, enhance the functions of macrophages and natural killer

Fig. 1. Total immunoglobulin (μg/ml) (A), Alternative haemolytic complement activity (ACH50) (U/ml) (B) and lysozyme (μg/ml) (C) activities of koi fish fed with
different levels of dietary eryngii mushroom powder (PE) (P. eryngii) after 63 days (Mean ± SD, P < 0.05).
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cells [50], [51].
Exposure of target animal to different physical, chemical and bio-

logical stressors is a way to evaluate the effectiveness of im-
munostimulants as dietary supplements for a period of post-feeding.
Several studies have proved that under acute and short-term stress, the
fish immune response pattern is stimulatory, whereas under chronic
stress condition, the immune response shows suppressive effects and
therefore the chances of an infection may be enhanced [52]. The results
of this study showed that the exposure of koi fish to air for 5min after
feeding with experimental diets induced innate immune responses. So
that, the post challenge total IG and lysozyme activity increased in fish
fed 1%, 1.5%, 2% of dietary PE and elevation of ACH50 activity was
observed in 1.5% and 2% treated groups in compared to control.

4.2. Bacteriological analysis

The application of feed additives such as probiotics, prebiotics and
synbiotics (probiotics + prebiotics), have been shown the potential to
improve gastrointestinal (GI) morphology and microbial balance in
aquatic animals [53]. Lactic acid bacteria (LAB) are sometimes abun-
dant in the intestine tract especially in freshwater fish and some strains

have been considered for beneficial effects on fish health [54]. The
results of present study revealed approximately 2-fold and 2.5-fold in-
crease in LAB/TVC ratio (%) of fish fed with 1%, 1.5% and 2% of
dietary PE compared to control group, respectively. Hoseinifar et al.
[55] reported the increase in lactic acid bacteria (LAB) level in in-
testinal microbiota of common carp (Cyprinus carpio) larvae fed with
low levels of dietary short chain fructooligosacchairde (sc-FOS) for 7
weeks. It is well known that prebiotics mainly through its fermentation
by specific beneficial bacteria (such as Lactobacillus, and Bifido-
bacterium) alter the composition of intestinal microbiota [56].

4.3. Mucus bactericidal activity

The results of present study showed that skin mucus of fish fed with
different levels (0.5%, 1%, 1.5% and 2%) of dietary PE had bactericidal
activities against five bacterial strains including Aeromonas hydrophila,
Streptococcus iniae, Streptococcus faecium,Micrococcus luteus and Yersinia
ruckerii. The finding of other researchers have revealed that bactericidal
activity of skin mucus increase in rainbow trout, Oncorhynchus mykiss
and Caspian roach, Rutilus rutilus caspicus fed with dietary supplements
of Saccharomyces cerevisiae and Vit C, respectively [57,58]. A rise in

Fig. 2. Total immunoglobulin (μg/ml) (A), Alternative haemolytic complement activity (ACH50) (U/ml) (B) and lysozyme (μg/ml) (C) activities of koi fish fed with
different levels of dietary eryngii mushroom powder (PE) (P. eryngii) after air exposure challenge (Mean ± SD, P < 0.05, n=3).
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Fig. 3. Lactic acid bacteria (LAB) count (CFU g_1) to total viable heterotrophic aerobic bacteria count (CFU g_1) ratio (%) of intestinal extracted from koi fish fed with
different levels of dietary eryngii mushroom powder (PE) (P. eryngii) after 63 days (Mean ± SD, P < 0.05).

Fig. 4. Diameter of growth inhibition zone (mm) formed by skin mucus of koi fish feeding on the experimental diets against five bacterial strains including Aeromonas
hydrophila, Streptococcus iniae, Streptococcus faecium, Micrococcus luteus and Yersinia ruckerii (Mean ± SD, P < 0.05).

Table 3
Growth performance and feed utilization of koi fish fed with different levels of dietary eryngii mushroom powder (PE) (P. eryngii) after 63 days (Mean ± SD, n=3).

Dietary Eryngii mushroom powder levels (%)

0 (control) 0.5 1 1.5 2

Initial weight (g) 7.42 ± 0.04a 7.33 ± 0.09a 7.32 ± 0.01a 7.35 ± 0.09a 7.39 ± 0.05a

Final weight (g) 15.33 ± 0.46a 15.61 ± 0.46ab 15.65 ± 0.93ab 17.35 ± 1.39b 16.42 ± 0.73ab

Weight gain (g) 7.91 ± 0.43a 8.28 ± 0.37ab 8.33 ± 0.93ab 10.00 ± 1.30b 9.03 ± 0.68ab

SGR (%BW day−1) 1.15 ± 0.04a 1.19 ± 0.02a 1.19 ± 0.08a 1.35 ± 0.10b 1.26 ± 0.06ab

FCR 2.88 ± 0.38c 2.76 ± 0.34b 2.74 ± 0.44b 2.13 ± 0.43a 2.56 ± 0.26b

CF (%) 1.57 ± 0.11ab 1.38 ± 0.19a 1.67 ± 0.09b 1.59 ± 0.13ab 1.55 ± 0.11b

Survival rate (%) 82.22 ± 3.84a 91.10 ± 3.85b 93.33 ± 6.67b 97.77 ± 3.85b 95.55 ± 3.85b

Values with different letters within a row are significantly different (ANOVA, P < 0.05).
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antibacterial properties of skin mucus may be due to nitrogenous ma-
terials existing in the skin mucus (e.g. lysozyme, proteases, im-
munoglobulins, mucins, and lectins) [59]. Therefore, bactericidal ac-
tivity of skin mucus can be used as a potential indicator in determining
the function of fish immune system.

4.4. Growth performance and digestive enzymes

The beneficial effects of dietary supplementation of mushroom
powder and its derivatives on growth performance of some finfish
species such as Amur Catfish [60], Kelp grouper [61], red tilapia [62]
and Pangasius catfish [21] have demonstrated in the literature. Simi-
larly, feeding of koi fish with 1.5% of dietary PE resulted in better
growth performance (final weight and SGR%) and lower FCR. In con-
trast, Dobsicova et al. [63] reported no effect of the long-term dietary
administration of oyster mushroom (P. ostreatus) β-1.3/1.6-D-glucanon
on any biometrical parameter (i.e. total length, standard length, body
weight, hepatosomatic and spleen somatic index, and condition factor)
of Common carp (C. carpio). In the present study, also no significant
change in condition factor (CF) of koi fish fed with dietary PE was
observed compared to control group.

In this study an enhancement of trypsin, α-amylase and lipase ac-
tivities was observed in koi fish fed with dietary PE at 63 days. Α-
amylase activity increased in fish fed with all dietary PE except in 0.5%
PE fed group. Fish fed with 2% of dietary PE had higher trypsin and
Lipase activities. This was in accordance with the finding of other re-
searches [64] who found that protease and α-amylase activities in the
intestine and hepatopancreas content of allogynogenetic crucian carp,
Carassius auratus gibelio, fed xylooligosaccharide significantly increased
compared to control diet. In contrast, the finding of Anguiano et al. [65]
showed that inclusion of four prebiotics (fructo-oligosaccharide, Bio-
MOS, transgalacto-oligosaccharide and GroBiotic-A) in diet of juvenile
hybrid striped bass (Morone chrysops×M. saxatilis) and red drum
(Sciaenops ocellatus) had no significant effects on trypsin, α-Α-amylase
and lipase activities at week 8. Guerreiro et al. [66] also found an en-
hancement of trypsin and lipase activities in White Sea bream (Diplodus
sargus) fed fructooligosaccharides (scFOS), xylooligosaccharides (XOS)
and galactooligosaccharides (GOS), at 15 days, however, by the end of
the trial at 12 weeks those differences disappeared. The existing dif-
ferences in these studies may be attribute to the sharp contrast between
physiology and architecture of gastrointestinal tract in carnivores (e.g.
hybrid striped bass and red drum) and omnivores/herbivores (e.g.
crucian carp) fish [65].

In conclusion, the results of present study revealed that dietary
administration of eryngii mushroom powder in diet of koi fish at levels
of 1.5% and 2% improved growth performance, stimulated selected
humoral innate immune responses and bactericidal activity of skin
mucus and modulated intestinal microbiota. Therefore, mushroom can
be considered as a natural prebiotic for modulation of fish immune
system and prevention of disease outbreaks in aquaculture.
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