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Abstract

The primary aim was to evaluate the impact of oyster mushroom (Pleurotus
ostreatus) on the gut microbiota, hematological parameters, and immune
response of silver carp (Hypophthalmichthys molitrix). The experimental group
was given P. ostreatus powder at 2% of body weight, while the control group
was fed with commercial fish feed. Fish were treated with these two feeds for
8 weeks. Culturing of bacteria, hematological tests, and immunological assays
were done to evaluate the effect of these feeds on H. molitrix. Physico-
chemical parameters of the aquarlum were maintained end-to-end during the
trial period, such as DO at 5-7 mg L? , temperature at 24-28 °C, and pH at 7.0-
8.2. The quantitative outcomes from the groups were compared using the t-
test. In all three culturing media, such as nutrient agar (NA), tryptic soy agar
(TSA), and eosin methylene blue (EMB), the results indicated a significant
decrease in bacterial colonies in the treatment group, when compared with
the control group. Compared to the control group, the treatment group had a
significantly higher RBC count, higher hemoglobin value, enhanced hematocrit
levels, MCV, and MCHC. White blood cells (WBCs), neutrophils, and
lymphocytes in the treatment group had a significantly higher count than
those of the control group. However, the hematological parameter MCH and
immune cells, such as monocytes, remained unchanged in the treatment and
control groups. Hence, using immunostimulants such as mushrooms in
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aquaculture increases the body’s natural resistance to infection and facilitates
the prevention of various diseases.

Introduction

Achieving world food and nutrition safety goals within ecological boundaries will need a
revolution in food production and dissemination systems globally as the human population heads to
10 billion in the near future (Habib et al., 2025). Global seafood supply has increased from 9 kg per
capita to 20.2 kg per capita from 1961 to 2015, and is expected to reach 32 kg per capita in the
medium term (2030-2050), with the indication that the price of capture fisheries keeps on increasing
as demand per capita increases (FAO, 2018). Thus, for filling this demand gap, aquaculture comes as
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a solution (Gephart et al., 2020; Haque and Mahmud, 2025).

Aquaculture is a rapidly growing food production sector globally and is the cheapest and easiest
source of animal protein. Carps are the most important cultured fish, which contribute more than
half of freshwater production. Silver carp (Hypophthalmichthys molitrix) is widely used in
aquaculture; it is present in reservoirs, lakes, streams, and ponds naturally (Zu et al., 2023). H.
molitrix remains an obligate phyton-plankter through all life stages, and zooplanktons are swallowed
incidentally (Tahami et al., 2023). This fish, with its filter-feeding nature, has been used to regulate
cyanobacteria blooms in eutrophic aquatic reservoirs (Zhou et al., 2022). Due to rapid growth and
frequent breeding of H. molitrix, it became the most common fish in freshwaters of various regions
of the world, and its production is increasing yearly, and its demand keeps on increasing (lgbal et al.,
2014; Hedayati and Niazie, 2015; Jawdhari et al., 2022).

With the increasing demand for consumption, there is an increase in fish cultivation by
intensifying ponds (Rathore et al., 2017). As a consequence of intensifying ponds, the fish are more
prone to a stressful environment, which increases the risk of disease outbreaks. The most common
way to cope with diseases is the application of antibiotics, which triggers the proliferation of drug-
resistant bacteria, sanitary prophylaxis, chemotherapy, and disinfection, leading to the weakening of
the immune system, coupled with certain environmental hazards. Further, fish meal is an important
source of protein for aquaculture, but there are several problems associated with using fish feed, like
instability in fish meal prices and supply affecting the culture practices, and many others (Ahmad and
Ibrahim, 2016). Therefore, there is a need to develop alternate ways to increase growth, immunity,
and disease resistance in farmed fish. The most positive results achieved are with protein-rich and
immunostimulatory feed additives, for instance, natural feeds obtained from agriculture, such as
mushrooms that exhibit immunomodulatory and antibacterial properties (Godfray et al., 2010;
Hoseinifar et al., 2019). Mushrooms are one of the fishmeal replacers (Katya et al., 2014; Muin et al.,
2015).

Exploring innovative methods for preventing contagious diseases has become substantially
persuasive in aquaculture after the harmful outcomes of antibiotics and disinfectants (Mohan et al.,
2021). Freshwater carps heavily rely on the gut microbiome for several physiological functions, one
among these is immune modulation (Navarrete et al., 2012; Banerjee and Ray, 2017). Gut microbiota
plays a significant role in the exclusion of pathogenic microbes, maintaining microbial homeostasis
(Nayak, 2010; Roeselers et al., 2011; Bretto et al., 2025). As our knowledge of gut microbiome
increases, research on probiotics, prebiotics, and symbiotics is also expanding (Sarita et al., 2025).
Mostly, these prebiotics are non-digestible oligosaccharides, and now long-chain non-digestible
polysaccharides are being focused. One of these novel prebiotics is B-glucan, which is present in
many types of fungi. Moreover, B-glucan has the potential to modulate the immune system and is
sourced from edible mushrooms (Lam and Cheung, 2013; Mirorczuk-Chodakowska et al., 2021).

The oyster mushroom (Pleurotus ostreatus) was selected for this research based on its
previously known medicinal and beneficial effects (Ulukoy et al., 2016; Sreedharan et al., 2025).
Mushrooms stimulate both innate and adaptive immunity by propagating and triggering innate
immune cells, namely, neutrophils, natural killer cells, and macrophages (Shyamala and Maheswari,
2021; Toros et al., 2023). In aquaculture, mushrooms have been used as a potent agent against
microorganisms as they possess extensive antimicrobial characteristics against both Gram-positive
and Gram-negative bacteria. Polysaccharides present in mushrooms exhibit mechanisms of action
within the gut microbiota, acting as prebiotics and impacting the digestive system (Anusiya et al.,
2021). The oyster mushroom offers a promising avenue for improving nutritional intake and
promoting health due to its rich nutritional composition and bioactive properties in fish (Ahmed et
al., 2014; Deepalakshmi and Mirunalini, 2014; Bulam et al., 2022).

In fish, the use of mushrooms as feed, or their organic extracts such as P. pulmonarius, Lupinus
perennis, Inonotus obliquus, Agaricus bisporus, Ganoderma lucidum, P. ostreatus, and Lentinula
edodes has been studied to increase disease resistance against many different pathogens and overall
well-being. The oyster mushroom powder in many different studies significantly enhanced the
hematological and non-specific immune responses and growth in fishes like Nile tilapia ( Kakavand et
al., 2021; Shyamala and Maheswari, 2021), Rainbow trout (Baba and Ulukoy, 2022), and Rohu (Devi
et al., 2023; Saha et al., 2023). However, no study has been found on the effect of oyster mushrooms
on H. molitrix. Thus, the principal objective of carrying out this study was to assess the impact of
oyster mushroom (Pleurotus ostreatus) on the gut microbiota, hematological parameters, and
immune response of silver carp (Hypophthalmichthys molitrix).
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Material and Methods

Fish and experimental design

Healthy fingerlings of Hypophthalmichthys molitrix with an average weight of 5-8 g were
collected from the Fisheries Research Farms located at the Department of Zoology, Wildlife and
Fisheries, University of Agriculture, Faisalabad, Pakistan. The fish were distributed randomly into two
groups, one being the treatment group (n = 20) and the other being the control group (n = 20). The
experimental group was given dried mushroom feed at the rate of 2% body weight once a day.
Similarly, the control group was given commercial fish feed. The feeding trial continued for eight
weeks.

Diet preparation

The oyster mushroom was obtained from a local source. The fresh mushrooms were cleaned
and sliced, then arranged in a single layer on trays. The oven was preheated to 60 C. The mushrooms
were dried in an oven for 24 h until crisp. Once dried, they were allowed to cool completely. The
cooled mushrooms were then ground into powder using an electric grinder. Finally, the mushroom
powder was stored in an airtight container and used for experimental purposes. Commercial fish
feed was purchased from the local market and stored in an airtight container.

Sterilization

We used the moist sterilization method, and culturing media and all glassware were kept in an
autoclave at 200 Ib, 121 C for 15 minutes. The inoculation needles were sterilized on a red-hot
flame.

Feeding, trial, and sampling procedure

During the feeding trial, the aquarium’s water chemistry indices were maintained regularly.
After 8 weeks of the feeding trial, the fish were dissected to obtain the gut. Intestinal samples were
preserved in Eppendorf tubes already filled with 0.5 mL saline solution, and the obtained samples
were shaken well in an electric shaker to make a homogenized solution in each tube. The blood
samples were collected from the fish subjected to euthanasia by adding the clove powder solution to
water. Blood was collected in a Vacutainer containing EDTA.

Total bacterial count using different media

Solutions of different agar media, such as nutrient agar
(NA), tryptic soy agar (TSA), and eosin methylene blue (EMB), |_Table 1: Different agars used
were used to prepare accurate jelly-like culture media. For | Agar NA TSA EMB
this step, all three agars were dissolved in 100 mL of distilled |_Weight(g) 280 4.00  3.75
water contained in conical flasks (Table 1).

Conical flasks were then wrapped with aluminum foil and placed in the autoclave at 121 °C for
15 minutes. Bacteria in the gut of fish were cultured using media like EMB, NA, and TSA according to
the method of Ogunshe and Olabode (2009) and Adejonwo et al. (2020). The samples were placed
on the culture media (solidified) using a sterile inoculating loop, and then the loop was moved in a
zig-zag (Quadrant Sticking Method) onto a plate (Sanders, 2012). Finally, the Petri plates were placed
in an incubator set at 37 oC for one day. After 24 hours of incubation, these Petri plates were then
placed on a colony counter (J-2 Digital Colony Counter), and CFUs were counted by the method of
Clarke et al. (2010). This was helpful to find out the effect of mushroom feed and commercial feed on
the gut microflora.

Hematological analysis

Blood analysis was performed immediately after the collection of blood using a hemocytometer.
For RBCs, the count was done following Parida et al. (2011). Counting was done in an improved
Neubauer Hemocytometer by diluting the blood with Hayem’s solution. The results were expressed
as RBC x 10°/pL. The hemoglobin test kits were used to determine the Hb levels (g/dL) using the
cyanmethemoglobin method. For hematocrit count (HCT), blood samples were placed in glass
capillary tubes and then centrifuged at 10,500 rpm for 5 minutes (Adebayo et al.,, 2007). The
secondary hematological parameters, such as MCV, MCHC, and MCH, were calculated by Saravanan
etal. (2011)
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Determination of immunological parameters

For leukocyte count, blood samples were mixed with the Giemsa stain, and the cells were
counted in a hemocytometer under a light microscope by Oluyemi et al. (2008). Differential
leukocyte count was made by preparing blood smears stained with the Giemsa stain, methanol, aqua
distillate, and methylene blue. Neutrophils, monocytes, lymphocytes, basophils, and eosinophils
were identified using a microscope at 100X oil immersion; all cells were morphologically different
from each other, and were counted.

Physico-chemical parameters

Consistent monitoring of water parameters was done by maintaining the regulatory control
according to the method employed by Manzoor et al. (2023). Electronic devices such as a pH meter
and HANNA water testing kit, like HANNA HI-8424, were used to measure pH, temperature, alkalinity,
water hardness, and dissolved oxygen (DO). All such measurements are presented in Table 2.

Statistical analysis

The data was subjected to statistical interference at the end of the experimentation. The results
were compared using the t-test for the final interpretation. The F-test was performed first to check
the equality of variance, and then the t-pool or t-prime test was applied.

Results

Limnological parameters

Fish and other biological organisms grow differently depending on the temperature and
dissolved oxygen, which affect their biological productivity. In aquatic habitats, pH is a crucial
limnological parameter that controls chemical equilibrium and biological processes. Total alkalinity
and total hardness contribute to water quality and consequently, the ecosystem health. Table 2
shows the mean values of the physico-chemical attributes in the treatments, Ty and T, after a period
of 8 weeks.

Table 2: Mean physico-chemical parameters

Week pH Temperature DO Total alkalinity Water hardness
(<) (mg L") (mg L) (mgL?)
1 7.2 27 4.1 100 150
2 7.3 28 4.3 95 145
3 7.1 27.5 4.2 98 152
4 7.4 27.8 4.4 96 148
5 7.2 28 4.2 97 150
6 7.3 27.5 4.3 94 146
7 7.1 27.8 4.5 99 151
8 7.5 27.7 4.4 95 147
Mean = SD 7.29£0.16 27.63 £0.54 4.29+0.16 97.25+2.49 148.63 +2.45

Total bacterial count

The total microbiological content and CFU of the intestinal samples from H. molitrix grown on
different agar media revealed information on the variety and quantity of microorganisms present in
the fish's digestive system. The gut microbiota is affected by changes in diet, and these microbial
communities help in immune modulation, thus aiding in aquaculture management strategies. Fish
fed with a P. ostreatus diet had an impact on the gut colonies, as shown in Table 3.

Table 3: Total viable count of H. molitrix (Intestinal samples) cultured on different agars

Agar CFU-T, CFU-T, P-value Significant/Non-Significant
NA 258.1+13.42 65.7+12.17 0.0001 Significant
TSA 348.6 £9.92 208.3+41.27 0.0001 Significant
EMB 55.3+6.41 11.4+3.89 0.0001 Significant

Hematological parameters

Blood samples were collected from the control and experimental fish after the trial was over.
The study consisted of two different groups: T, (control group) and T, (experimental group).
Hematological parameters serve as an indicator of overall health and can reveal physiological shifts in
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various conditions.

Primary blood parameters are erythrocyte count, hemoglobin levels, and hematocrit count, and
secondary parameters are mean cell volume, mean cell hemoglobin, and mean cell hemoglobin
concentration represented as RBC, Hb, HCT, MCV, MCH, and MCHC, respectively (Table 4). Red blood
cell count, Hb, and HCT were significantly greater in T, than in Ty; however, the reverse was true in
the case of MCV and MCHC (Table 4).

Table 4: Hematological parameters of control vs. treatment

Parameter To T P-value Significant/Non-significant
RBC (x 10°/uL) 0.31+0.12 1.25+0.24 0.0001 Significant

Hb (g/dL) 2.2+0.42 4.12 +0.46 0.0001 Significant

HCT (%) 20.8 £6.27 36.9+6.1 0.0001 Significant

MCV (fL) 270+ 97.30 198.98 £ 69.14 0.042 Significant

MCH (pg) 29.32+£6.26 29.41+5.03 0.487 Non-significant

MCHC (g/dL) 25.3+5.96 20.2+2.60 0.02 Significant

Immunological parameters

Leukocytes, the scientific term for white blood cells, lymphocytes, monocytes, and neutrophils,
were markedly higher in T, than in T, (Table 5).

Table 5: Immunological indices of control vs treatment

Immune Cells To T, P-value Significant/Non-significant
WBC (x 10° /uL) 21.3+6.61 61.9+9.7 0.0001 Significant

Lymphocytes (%) 60.5 +3.67 90.52+4.72 0.0001 Significant

Monocytes (%) 3.3+0.63 46+2.78 0.1101 Non-significant
Neutrophils (%) 11.52 +£3.89 31.82+4.46 0.0001 Significant

Discussion

Oyster mushrooms have been used for centuries for various treatments and are also called
“Green medicine”. Mushrooms contain 8.6% to 22.6% protein; additional nutrients include 15%
vitamin C, 40% riboflavin, thiamin, and niacin, and 55% linolenic acid (Assemie et al., 2022). Oyster
mushrooms are particularly rich in the complex polymers called glucans, which are found in the cell
walls, and include B-glucans, which are known to strengthen innate immunity, thereby benefiting fish
(Mironczuk-Chodakowska et al., 2021). The mushrooms as feed can be used in place of fish meals
since the levels of essential amino acids they contain equal the recommended daily intake of fish
(Ayimbila and Keawsompong, 2021).

Chowdhury et al. (2015) investigated the antimicrobial effect of oyster mushrooms, and their
findings confirmed the results of the present research. Samples cultured on different media, like
nutrient agar, tryptic soy agar, and eosin methylene blue agar, suggested a lower bacterial count in
the experimental group as compared to the control group. This decrease might be linked to the
antimicrobial compounds found in the oyster mushroom, as found in our findings. The bacterial
colonies were significantly reduced in the treatment groups as compared to the control group. Younis
et al. (2015) and Ahmad et al. (2014) investigated similar results as suggested in our findings, such
that different bacteria, such as Pseudomonas aeruginosa, Escherichia coli, Bacillus atropaeus,
Staphylococcus aureus, Bacillus subtilis, and Salmonella typhi, were inhibited from growing in the
experimental group fed with 2% oyster mushroom as compared to the control group, which was fed
with commercial fish meal. Shyamala and Maheswari (2021) documented similar results, supporting
our findings that immunostimulants such as oyster mushrooms could enhance the resistance of fish
to several bacterial pathogens.

The control group fed with commercial fish feed had different types of bacteria found in their
gut, but the treatment group had only a few beneficial bacteria in their gut. This signified that the
antibacterial properties of the mushroom had inhibited the growth of many bacterial strains and
promoted the growth of probiotic bacteria due to the presence of a vast quantity of prebiotics in the
oyster mushroom. These findings are parallel to those documented in other studies (Bawadekji et al.,
2017; Ogidi et al., 2021; Hamad et al., 2022; Lesa et al., 2022; Vlassopoulou et al., 2022) on different
animals that were fed with P. ostreatus diets. Furthermore, the bacteria inhibited by the oyster
mushroom diet were also the same, i.e., Gram-positive were Bacillus pumilis, B. cereus, B. subtilis,
Micrococcus luteus, Staphylococcus aureus, and Enterococcus faecalis, and Gram-negative bacteria
such as Enterobacter aerogenes, Burkholderia pseudomallei, Klebsiella oxytoca, Pseudomonas
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aeruginosa, Moraxella spp., Salmonella pullorum, K. pneumonia, Escherichia coli, S. typhi, Vibrio spp.,
and Shigella spp. These findings were similar to those reported in different earlier published studies
(Adejonwo et al., 2020; Liang et al., 2021; Toros et al., 2023).

The variations in hematological parameters of H. molitrix being fed with dietary oyster
mushroom after 8 weeks were assessed. The RBCs were significantly enhanced by the dietary oyster
mushroom. These findings are analogous to those reported elsewhere (Enyidi and Nwosu, 2023),
who investigated the effect of oyster mushroom on hematological variables of African catfish, and
the levels of RBCs were significantly higher than those in the controls. Habib et al. (2022) reported
similar outcomes in the Nile tilapia and verified our conclusions that dietary intake of oyster
mushrooms evidently enhanced the levels of hemoglobin. Safari and Sarkheil (2018) documented
parallel results in Cyprinus carpio and upheld our conclusions that dietary supplementation with
oyster mushroom significantly impacted HCT levels in the treatment group as compared to the
control group. Hematological parameters such as MCV and MCHC were significantly different when
compared to the control group. However, mushroom feed did not affect the serum MCH indices
significantly. These findings align with the results of the study conducted by Binaii et al. (2014) on
Beluga fish and Chitsaz et al. (2018) on juvenile Great sturgeon. Ahmed et al. (2014) investigated the
leukocyte levels of the Nile tilapia, and their findings were similar to our results. The WBC levels in H.
molitrix fed with 2% of dietary oyster mushroom were significantly elevated compared to those in
the control group.

Alkinani and Al-Obaidi (2020) reported enhanced levels of lymphocytes and neutrophils in the
treatment group supplied with 2% of oyster mushroom powder compared with the control group.
However, there was no significant difference in monocyte level in both groups fed with the
experimental diet and the control diet in H. molitrix. Similar results were reported in Rainbow trout
(Ulukoy et al., 2016) and Nile tilapia (Ahmed et al., 2014). In contrast, the total number of leucocytes
increased in the group fed with the oyster mushroom-supplemented diet compared with the control
group, similar to what has been documented earlier (Talpur and Ikhwanuddin, 2012; Yeganeh et al.,
2015). In our investigation, there was a significant rise in the total white blood cell count (TWBC) in
the experimental group. This increase could have been due to the B-glucan found in mushrooms,
known to be a potent immunomodulator (Lave et al.,, 2010; Chang et al., 2013). The escalation in
blood leukocytes indicated a boost of the cellular component of the innate immune system.
Leukocytes are pivotal immune cells engaged in defending the body against infectious diseases and
foreign invaders. These findings align with those of Vetvicka et al. (2013) and Falco et al. (2014).

Currently, a limited number of studies have assessed the impact of the oyster mushroom on the
overall composition of fish. Therefore, the available findings have a few extensive comparisons to
draw upon. Nevertheless, these findings strongly indicate the positive influence of incorporating
specific mushrooms, such as oyster mushrooms, into fish diets. This addition significantly enhances
gut microbiota, improving the fish quality in terms of their entire body, thereby contributing to their
overall health and fitness.

Conclusion

The study highlights the beneficial effects of incorporating oyster mushrooms into the H.
molitrix diet, revealing significant reductions in bacterial colonies and notable increases in RBC and
WBC counts. Enhanced hemoglobin and hematocrit levels further underscore the nutritional and
health-promoting properties of mushrooms, advocating for their inclusion in fish diets to support
antibacterial effects and growth promotion.

Author(s), Editor(s) and Publisher’s declarations

Acknowledgement
None declared.

Source of funding
None declared.

Contribution of authors
Conceptualization and design of the study: MH, SP, FR. Conduction of experiments: MH, SP, A. Data
collection, visualization, and interpretation: MH, SP, FR, A, SH, AA. Formal statistical analysis: MH,



INTERNATIONAL JOURNAL OF APPLIED AND EXPERIMENTAL BIOLOGY (2026): VOL. 5, NO. 1, 1-10 7

SP, A, SH, NM, AmA. Writing of first draft: MH, SP, FR, A, AmA. Proofreading and approval of the final
version: MH, SP, FR, A, SH, ZG, NM, AA, AmA.

Permissions and ethical compliance
This work was approved by the Institutional Ethical Review Board/Committee (IERB/C) of the
University of Agriculture, Faisalabad, Pakistan (Approval number 3162-72).

Handling of bio-hazardous materials

The authors certify that all experimental materials were handled with great care during collection
and experimental procedures. After completion of the study, all materials were properly discarded
to minimize/eliminate any types of bio-contamination.

Supplementary material
No supplementary material is included with this manuscript.

Conflict of interest
The authors declare no conflict of interest.

Availability of primary data and materials

As per editorial policy, experimental materials, primary data, or software codes are not submitted to
the publisher/Journal management. These are available with the corresponding author (s) and/or
with other author(s) as declared by the corresponding author (s) of this manuscript.

Authors’ consent
All authors have critically read this manuscript and agreed to publish in IJAaEB.

Disclaimer/editors’/publisher’s declaration

All claims/results/prototypes included in this manuscript are exclusively those of the authors and do
not necessarily express those of their affiliated organizations/enterprises, or those of the
publisher/journal management, or the editors/reviewers. Any product mentioned in this manuscript,
or claim rendered by its manufacturer, is not certified by the publisher/Journal management. The
journal management disowns responsibility for any injury to organisms, including humans, animals,
and plants, or property resulting from any ideas/opinions, protocols/methods, guidelines, or
products included in the publication. The IJAaEB publisher/Management stays impartial/neutral
pertaining to institutional affiliations and jurisdictional claims in maps included in the manuscript.

Declaration of generative Al and Al-assisted technologies in the writing process

It is declared that the authors did not use any Al tools or Al-assisted services in the preparation,
analysis, or creation of this manuscript submitted for publication in the International Journal of
Applied and Experimental Biology (IJAaEB).

References

Adebayo, O.T., Fagbenro, O.A., Ajayi, C.B., Popoola, 0.M. (2007). Normal hematological profile of Parachanna
obscura as a diagnostic tool in aquaculture. International Journal of Zoological Research 3:193-199.

Adejonwo, O.A., Omitoyin, B.O., Ajani, E.K., Ogunwole, O.A., Omitoyin, S.A. (2020). Growth, gut morphology
and microflora of African catfish Clarias gariepinus fed mushroom (Pleurotus pulmonarius) stalk meal
supplemented diets. Croatian Journal of Fisheries 78:79-90.

Ahmad, M.K., Ibrahim, S. (2016). Local fish meal formulation: Its principles, prospects, and problems in fishery
industry. International Journal of Fisheries and Aquatic Studies 4:276-279.

Ahmed, M., Abdullah, N., Shuib, A.S., Razak, S.A. (2014). Improvement of antioxidant status in Nile tilapia
Oreochromis niloticus using hot water extract of waste mushroom stalk. International Proceedings of
Chemical, Biological and Environmental Engineering 77:26-30.

Alkinani, Z.S.S., Al-Obaidi, T.S.M. (2020). Effect of using different percentages of Oyster mushroom (Pleurotus
ostreatus) cultivation waste on Cyprinus carpio diets on some growth and blood characteristics. Plant
Archives 20:2280-2284.

Anusiya, G., Gowthama Prabu, U., Yamini, N.V., Sivarajasekar, N., Rambabu, K. et al. (2021). A review of the
therapeutic and biological effects of edible and wild mushrooms. Bioengineered 12:11239-11268.



8 Haroon et al

Assemie, A., Abaya, G. (2022). The effect of edible mushroom on health and their biochemistry. International
Journal of Microbiology 2022:8744788. https://doi.org/10.1155/2022/8744788.

Ayimbila, F., Keawsompong, S. (2023). Nutritional quality and biological application of mushroom protein as a
novel protein alternative. Current Nutrition Reports 12(2):290-307. https://doi.org/10.1007/s13668-023-
00468-x

Baba, E., Ulukdy, G. (2022). Effects of dietary supplemented shiitake mushroom extract on growth, Non-
specific immune parameters and in-vitro resistance against Aeromonas hydrophila in Rainbow trout
(Oncorhynchus mykiss). Journal of Limnology and Freshwater Fisheries Research 8:28-36.
https://doi.org/10.17216/limnofish.898170.

Banerjee, G., Ray, A.K. (2017). The advancement of probiotics research and its application in fish farming
industries. Research in Veterinary Science 115:66-77.

Bawadekji, A., Mridha, M.A.U., Al Ali, M., Jamith Basha, W.J. (2017). Antimicrobial activities of oyster
mushroom Pleurotus ostreatus (Jacq. Ex. Fr.) Kummer. Journal of Applied Environment and Biological
Sciences 7:227-231.

Sarita, B., Samadhan, D., Hassan, Md. Z., Kovaleva, E.G. (2025). A comprehensive review of probiotics and
human health-current prospective and applications. Frontiers in  Microbiology  15:2024.
https://doi.org/10.3389/fmicb.2024.1487641.

Binaii, M., Ghiasi, M., Farabi, S.V., Pourghola, R., Fazli, H. et al. (2014). Biochemical and hemato-immunological
parameters in juvenile beluga (Huso huso) following the diet supplemented with nettle (Urtica dioica). Fish
& Shellfish Imnmunology 36:46-51.

Bretto, E., Urpi-Ferreruela, M., Casanova, G.R., Gonzalez-Sudrez, B. (2025). The role of gut microbiota in
gastrointestinal immune homeostasis and inflammation: Implications for inflammatory bowel
disease. Biomedicines 13(8):1807. https://doi.org/10.3390/biomedicines13081807.

Bulam, S., Ustiin, N., Peksen, A. (2022). Oyster mushroom (Pleurotus ostreatus) as a healthy ingredient for
sustainable functional food production. Mantar Dergisi 13:131-143.

Chang, C.S., Huang, S.L., Chen, S., Chen, S.N. (2013). Innate immune responses and efficacy of using mushroom
beta-glucan mixture (MBG) on orange-spotted grouper, Epinephelus coioides, aquaculture. Fish & Shellfish
Immunology 35:115-125.

Chitsaz, H., Akrami, R., Ahmadi, Z. (2018). Effects of mushroom (Lentinula edodes) extract on growth
performance, immune response and hemato-biochemical parameters of great sturgeon juvenile (Huso
huso Linnaeus, 1754). Sustainable Aquaculture and Health Management Journal 4:29-48.

Chowdhury, M.M.H., Kubra, K., Ahmed, S.R. (2015). Screening of antimicrobial, antioxidant properties and
bioactive compounds of some edible mushrooms cultivated in Bangladesh. Annals of Clinical
Microbiology and Antimicrobials 14:8-13.

Clarke, M.L., Burton, R.L., Hill, A.N., Litorja, M., Nahm, M.H. et al. (2010). Low-cost, high-throughput,
automated counting of bacterial colonies. Cytometry Part A, 77:790-797.

Deepalakshmi, K., Sankaran, M. (2014). Pleurotus ostreatus: an oyster mushroom with nutritional and
medicinal properties. Journal of Biochemical Technology 5:718-726.

Devi, W.M., Saha, H., Irungbam, S., Saha, R.K. (2023). A novel approach in valorization of spent mushroom
substrate of Cordyceps militaris as in-feed antibiotics in Labeo rohita against Aeromonas hydrophila
infection. Environmental Science and Pollution Research 31(53):62305-62314.

Enyidi, U., Nwosu, C. (2023). Effects of Oyster mushroom, Lentinus sajor-caju on growth, gut histology and
hematology of Clarias gariepinus. Journal of Aquatic Sciences 38:21-37.

Falco, A., Miest, J.J., Pionnier, N., Pietretti, D., Forlenza, M. et al. (2014). B-glucan supplemented diets increase
poly(l:C)-induced gene expression of Mx, possibly via TLR3-mediated recognition mechanism in common
carp (Cyprinus carpio). Fish & Shellfish Imnmunology 36:494-502.

FAO (2018). “The state of world fisheries and aquaculture 2018-Meeting the sustainable development goals”.
Rome, Italy: FAO. Licence CC-NC-SA 30 1GO.

Gephart, J.A., Golden, C.D., Asche, F., Belton, B., Brugere, C. et al. (2020). Scenarios for global aquaculture and
its role in human nutrition. Reviews in Fisheries Science & Aquaculture 29:122-138.

Godfray, H.C.J.,, Beddington, J.R., Crute, |.R., Haddad, L., Lawrence, D. et al. (2010). Food security: the challenge
of feeding 9 billion people. Science 327:812-818

Habib, M., Singh, S., Jan, S., Jan, K., Bashir, K. (2025). The future of the future foods: understandings from the
past towards SDG-2. NPJ Science of Food 9(1):138. https://doi.org/10.1038/s41538-025-00484-x

Habib, S.S., Naz, S., Khalid, R., Kanwal, 1., Ameer, S.N.A. et al. (2021). Effect of white-button mushroom
(Agaricus bisporus) on immunity and hematological parameters of Oreochromis niloticus. Pakistan Journal
of Zoology 54(2):785-790.

Haque, M.M., Mahmud, Md.N. (2025). Potential role of aquaculture in advancing sustainable development
goals (SDGs) in Bangladesh. Aquaculture Research 2025:6035730. https://doi.org/10.1155/are/6035730.

Hamad, D., El-Sayed, H., Ahmed, W., Sonbol, H., Ramadan, M.A.H. (2022). GC-MS analysis of potentially volatile
compounds of Pleurotus ostreatus polar extract: In vitro antimicrobial, cytotoxic, immunomodulatory, and
antioxidant activities. Frontiers in Microbiology 13:396.

Hedayati, A., Hassan Nataj Niazie, E. (2015). Hematological changes of Silver carp (Hypophthalmichthys
molitrix) in response to Diazinon pesticide. Journal of Environmental Health Science and Engineering
13:52. https://doi.org/10.1186/s40201-015-0208-9



https://doi.org/10.1155/2022/8744788
https://doi.org/10.1007/s13668-023-00468-x
https://doi.org/10.1007/s13668-023-00468-x
https://doi.org/10.17216/limnofish.898170
https://doi.org/10.3389/fmicb.2024.1487641
https://doi.org/10.3390/biomedicines13081807
https://doi.org/10.1038/s41538-025-00484-x
https://doi.org/10.1155/are/6035730
https://doi.org/10.1186/s40201-015-0208-9

INTERNATIONAL JOURNAL OF APPLIED AND EXPERIMENTAL BIOLOGY (2026): VOL. 5, NO. 1, 1-10 9

Hoseinifar, S.H., Zou, H.K., Paknejad, H., Hajimoradloo, A., Van Doan, H. (2019). Effects of dietary white-button
mushroom powder on mucosal immunity, antioxidant defence, and growth of Common Carp (Cyprinus
carpio). Aquaculture 501:448-454.

Igbal, Z., Najam, U., Saleemi, S. (2014). Fungal infection in Silver carp, Hypophthalmichthys molitrix
(valenceinnes) reared in earthen pond. Science International (Lahore) 26(1):261-266.

Jawdhari, A., Mihadilescu, D.F.,, Fendrihan, S., Jujea, V., Stoilov-Linu, V. et al. (2022). Silver carp
(Hypophthalmichthys molitrix) (Asian silver carp) presence in Danube Delta and Romania—A review with
data on natural reproduction. Life 12(10):1582. https://doi.org/10.3390/life12101582

Kakavand, F., Hedayati, A., Rezaei Shadegan, M., Jafar Nodeh, A., Maddah, S. (2021). The effect of prebiotic
pretreatment on histological lesions of Nile tilapia fry (Oreochromis niloticus) exposed to silver
nanoparticles. Veterinary Clinical Pathology The Quarterly Scientific Journal 15:113-127.

Katya, K., Yun, Y.H., Park, G., Lee, J.Y., Yoo, G. et al. (2014). Evaluation of the efficacy of fermented by-product
of mushroom, Pleurotus ostreatus, as a fish meal replacer in juvenile Amur catfish, Silurus asotus: Effects
on growth, serological characteristics and immune responses. Asian Australasian Journal of Animal
Sciences 27:14-78.

Lam, K.L.,, Cheung, P.C.K. (2013). Non-digestible long chain beta-glucans as novel prebiotics. Bioactive
Carbohydrates and Dietary Fibre 2:45-64.

Lave, |, Levinson, D., Peri, I., Nimri, L., Hadar, Y. (2010). Orally administered glucans from the edible mushroom
Pleutorus pulmonalis reduce acute inflammation in dextran sulfate sodium-induced experimental colitis.
Brazilian Journal of Nutrition 103:393—-402.

Lesa, K.N., Khandaker, M.U., Mohammad Rashed Igbal, F., Sharma, R., Islam, F. et al. (2022). Nutritional value,
medicinal importance, and health-promoting effects of dietary mushroom (Pleurotus ostreatus). Journal of
Food Quality 2454180. https://doi.org/10.1155/2022/2454180

Liang, J., Zhang, M., Wang, X., Ren, Y., Yue, T. et al. (2021). Edible fungal polysaccharides, the gut microbiota,
and host health. Carbohydrate Polymer 273:118558.

Manzoor, K., Rasool, F., Parveen, S., Hafeez-ur-Rehman, M., Mahmood, S. et al. (2023). Impact of feed with
varying crude protein (CP) levels on growth performance of different fish species cultured under similar
regimes. International Journal of Applied and Experimental Biology 2:33-42.

Mironczuk-Chodakowska, 1., Kujawowicz, K., Witkowska, A.M. (2021). Beta-glucans from fungi: Biological and
health-promoting potential in the COVID-19 pandemic era. Nutrients 13(11):3960.
https://doi.org/10.3390/nu13113960

Mohan, K., Karthick Rajan, D., Muralisankar, T., Ramu Ganesan, A., Marimuthu, K. et al. (2022). The potential
role of medicinal mushrooms as prebiotics in aquaculture: A review. Reviews in Aquaculture 14:1300-
1332.

Muin, H., Taufek, N.M., Abiodun, R.A., Yusof, H.M., Razak, S.A. (2015). Effect of partial and complete
replacement of fishmeal with mushroom stalk meal and soy bean meal on growth performance of Nile
Tilapia, Oreochromis niloticus fingerlings. Sains Malaysiana 44:511-516.

Navarrete, P., Magne, F., Araneda, C., Fuentes, P., Barros, L. et al. (2012). PCR-TTGE analysis of 16S rRNA from
rainbow trout (Oncorhynchus mykiss) gut microbiota reveals host-specific communities of active bacteria.
PloS One 7:31335.

Nayak, S.K. (2010). Role of gastrointestinal microbiota in fish. Aquaculture Research 41:1553-1573.

Ogidi, O.l., Oguoma, L.M.O., Adigwe, P.C., Anthony, B.B. (2021). Phytochemical properties and in-vitro
antimicrobial potency of wild edible mushrooms (Pleurotus ostreatus) obtained from Yenagoa, Nigeria.
Journal of Phytopharmacology 10:180-184.

Ogunshe, A.A.O., Olabode, O.P. (2009). Antimicrobial potentials of indigenous Lactobacillus strains on gram-
negative indicator bacterial species from Clarias gariepinus (Burchell, 1822) microbial inhibition of fish-
borne pathogens. African Journal of Microbiology Research 3:870-876.

Oluyemi, K.G., Adecparusi, E.A., Olanrewage, J. (2008) Basic hematological parameters in African Catfish,
Clarias gariepinus (Burchell, 1822). FED ascorbic acid supplemented diets. Journal of Animal Science and
Research 2:17-21

Parida, S.P., Dutta, S.K., Pal, A. (2011). Hematological and plasma biochemistry in Psammophilus blanfordanus
(Sauria: Agamidae). Comparative Clinical Pathology 21:1387-1394. https://doi.org/10.1007/S00580-011-
1303-7.

Rathore, H., Prasad, S., Sharma, S. (2017). Mushroom nutraceuticals for improved nutrition and better human
health: a review. PharmaNutrition 5:35—46.

Roeselers, G., Mittge, E.K., Stephens, W.Z., Parichy, D.M., Cavanaugh, C.M. et al. (2011). Evidence for a core
gut microbiota in the zebrafish. The ISME Journal 5:1595-1608.

Safari, O., Sarkheil, M. (2018). Dietary administration of Eryngii mushroom (Pleurotus eryngii) powder on
haemato-immunological responses, bactericidal activity of skin mucus and growth performance of Koi
Carp fingerlings (Cyprinus carpio koi). Fish & Shellfish Inmunology 80:505-513.

Saha, T.K., Mariom Rahman, T., Moniruzzaman, M., Min, T., Hossain, Z. (2023). Immuno-physiological effects of
dietary reishi mushroom powder as a source of beta-glucan on Rohu, Labeo rohita challenged with
Aeromonas veronii. Scientific Reports 13:14652.



https://doi.org/10.3390/life12101582
https://doi.org/10.1155/2022/2454180
https://doi.org/10.3390/nu13113960
https://doi.org/10.1007/S00580-011-1303-7
https://doi.org/10.1007/S00580-011-1303-7

10 Haroon et al

Sanders, E.R. (2012). Aseptic laboratory techniques: plating methods. Journal of Visualized Experiments
63:3064.

Saravanan, M., Kumar, K.P., Ramesh, M. (2011). Haematological and biochemical responses of freshwater
teleost fish Cyprinus carpio (Actinopterygii: Cypriniformes) during acute and chronic sublethal exposure to
lindane. Pesticide Biochemistry and Physiology 100:206-211.

Shyamala, V., UmaMaheswar, N. (2021). Immunostimulation of dietary prebiotic mushroom and disease
resistant of Oreochromis mossambicus against septicemia. Indian Journal of Natural Sciences 12(67): ISSN:
0976 —0997.

Sreedharan, P.L., Kishorkumar, M., Neumann, E.G., Kurup, S.S. (2025). The emerging role of oyster mushrooms
as a functional food for complementary cancer therapy.Foods (Basel, Switzerland) 14(1):128.
https://doi.org/10.3390/foods14010128

Tahami F.S, Safari, R., Keyhan, S.A., Rahmati, R. (2023), Study on growth of silver carp (Hypophthalmichthys
molitrix) fed by diatoma microalgae in pond. Journal of Clinical Case Reports and Studies 4(2):
https://doi.org/10.31579/2690-8808/161

Talpur, A.D., Ikhwanuddin, M. (2012). Dietary effects of garlic (Allium sativum) on haemato-immunological
parameters, survival, growth, and disease resistance against Vibrio harveyi infection in Asian sea bass,
Lates calcarifer (Bloch). Aquaculture 364:6-12.

Thilsted, S.H., Thorne-Lyman, A., Webb, P., Bogard, J.R., Subasinghe, R. et al. (2016). Sustaining healthy diets:
the role of capture fisheries and aquaculture for improving nutrition in the post-2015 era. Food Policy
61:126-131.

Toros, G., EI-Ramady, H., Prokisch, J., Velasco, F., Llanaj, X. et al. (2023). Modulation of the gut microbiota with
prebiotics and antimicrobial agents from Pleurotus ostreatus mushroom. Foods 26:5433.

Ulukoy, G., Baba, E., Ontas, C. (2016). Effect of Oyster mushroom, Pleurotus ostreatus, extract on hemato-
immunological parameters of Rainbow Trout, Oncorhynchus mykiss. Journal of World Aquaculture Society
47:676-684.

Vetvicka, V., Vannucci, L. Sima, P. (2013). The effects of B-glucan on fish immunity. North American Journal of
Medical Sciences 5:580-588.

Vlassopoulou, M., Paschalidis, N., Savvides, A.L., Saxami, G., Mitsou, E.K. et al. (2022). Immunomodulating
activity of Pleurotus eryngii mushrooms following their in vitro fermentation by human fecal microbiota.
Journal of Fungi 8:329.

Yeganeh, S., Teimouri, M., Amirkolaie, A.K. (2015). Dietary effects of Spirulina platensis on hematological and
serum biochemical parameters of rainbow trout (Oncorhynchus mykiss). Research in Veterinary Science
101:84-88.

Younis, A.M., Wu, F.S., El Shikh, H.H. (2015). Antimicrobial activity of extracts of the oyster culinary medicinal
mushroom Pleurotus ostreatus (higher basidiomycetes) and identification of a new antimicrobial
compound. International Journal of Medicinal Mushrooms 17:579-590.

Zhou, D., Zhang, T., Ren, L., Fang, D.A., Xu, D.P. (2022). Differential study of microbiota in the gill and intestine
of Silver carp (Hypophthalmichthys molitrix) from the algae-dominated and hydrophyte-dominated areas
of Taihu lake, China. Fishes 7:304.

Zu, B., Li, W. Yang, Q. Guo, J., An, J. et al. (2023). Ingestion of microplastics by Silver carp
(Hypophthalmichthys molitrix) larvae: Quantification of ingestion and assessment of microbiota dysbiosis.
Aquatic Toxicology 257:106475.



https://doi.org/10.3390/foods14010128
https://doi.org/10.31579/2690-8808/161

