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Abstract:

Worldwide aquaculture making (including aquatic plants) stands at 150.2 million tonnes,
with the first sale value predictable at USD 253.5 billion. The total production included 80.0
million tonnes of food fish and 30.1 million tonnes of aquatic plants. Currently aquaculture
contributes to 46.8 percent of total global fish production. Dietary fibres and high fibre-containing
foods have been a huge magnetism among researchers and nutraceutical industries due to their
health-promoting benefits. This increase in growth of aquaculture has been primarily attributed to
development in good quality feeds. Any good quality feed is prepared from proper and essential
feed flavours. Presently research and developments in functional feed additives are showing
promising yields to aqua farmers. Functional feed additives not only improve the growth
performance of the fishes but also improve the health performance of the fishes. These functional
feed additives are derived from different sources. These are organic and eco-friendly to fishes and
environment. These functional feed additives include prebiotics, probiotics, seaweeds, mushrooms,
microalgae, enzymes, organic acids, mycotoxin binders, photogenic. Nowadays, mushrooms and
their by-products have been used to brace various food products as well as for use in animal feed
owing to their bioactive, therapeutic and nutritional value. Hence, this review intends to highlight
the current knowledge on edible mushrooms and their waste for food and feed enrichment and
nutritional purposes, along with their role in human and animal diet.
Key Words: Aquaculture, Feed Additives, Dietary-Fibres And Edible Mushrooms.

Introduction:

Mushrooms are one of the most
important food items since the ancient times
because of their nutritional values and
therapeutic properties. It was believed in
ancient China that the mushroom establishes
human body and health, it preserves the
youth for as long as possible (Safwat and Al
Kholi, 2006). In 2019, United States in world
population prospects states that the growth
of the human population leading into the
middle of the 21st century poses significant
challenges to the supply of high-quality,
nutrient-rich food. Whereas FAO in 2018,
reported that the farming of aquatic species
(i.e. aquaculture) will make available a
progressively noteworthy constituent of the
worldwide animal-derived protein financial
plan. Statistically, aquaculture has been the
fastest budding nutrition production sector
by annual growth rate over the last three
decades, with annualized growth rates
recorded of 10% in the 1990s and 5.8%
annually between 2000 and 2016.

The global production of cultivated
mushrooms was 495.127 metric tons in 1961.
From 1961 to 2016, mushroom production
increased to 10.378.163 metric tons (FAO,
2016). Although the percent of total global
production of Agaricus sp. has decreased, it
still retains the highest overall world
production. Today China is leading in global
mushroom production. China produces
approximately 73% of world mushroom
production in 2014. The second highest
mushroom producing country 1s Italy,
followed by USA (FAO, 2016). In recent
years, interest in mushrooms has become
increasingly apparent in all over the world
due to their nutritional properties. High
contents in proteins and polysaccharides
associated with low content of fat, which
profile 1is characterized by a higher
concentration of mono and polyunsaturated
fatty acids. A saturated fatty acid, is also
being an interesting source of phenolic
compounds as well as of some micro and
macronutrients (Rodrigues et al., 2015). The
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nutritional attributes of edible mushrooms
and the health benefiting effects of the
bioactive compounds they contain, makes
mushroom a healthy food (Pereira et al.,
2012). Many researchers from different
regions of the world confirmed the medicinal
importance and nutritional quality of A.
bisporus. In this review study, we have
summarized the recent findings regarding
many aspects of the nutritional importance of
Agaricus bisporus.

Nutritional Properties Of Agaricus
bisporous:

Protein and Amino acid content:

Mushrooms are considered as a good
source of protein. A nutritional composition
data of mushrooms published by different
authors working with even the same species
are variable. The protein content of A.
bisporus presented by Sadiq et al. (2008) with
11.01 %, by Muszynska et al., (2011) with
25%, by Mohiuddin et al. (2015) with 17.7%—
24.7% and by Ahlavat et al. (2016) with
29.14% 1in different growing substrates.
Kakon et al. (2012) reported that mushroom
proteins contain all nine essential amino
acids required by humans, enabling their use
as a substitute for a meat diet. The amino
acids like alanine, aspartic acid, glutamic
acid, arginine, leucine, lysine, phenylalanine,
serine, proline, tyrosine and threonine found
highest amount in A. bisporus (Muszynska et
al., 2013). Phromkunthong et al., (2014)
mentions that mushroom by product is one of
the alternative sources for replacement of
fishmeal protein in fish with the advisable
effect on growth performance compared to
fishmeal protein. Mukhopdhay and Guha,
(2015) reported that mushrooms are well
acknowledged for their quality protein such
as glutathione, single cell protein and rich
quantity of essential amino acids and are
used as dietary supplement feed. They did
all-inclusive examination of the nutritional
quality of edible mushroom Pleurotussajor-
caju grown in deproteinized whey medium.
Carbohydrate and Fiber:

In Mushroom carbohydrates are not a
major source. Digestible carbohydrates
include mannitol and glucose, wusually
present in very small amounts (less than 1%
DW) and glycogen (5-10% DW) while
nondigestible carbohydrates include
oligosaccharides such as trehalose and
nonstarch polysaccharides (NSPs) such as
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chitin, B-glucans and mannans, which are the
major portion of mushroom carbohydrates
(Cheung., 2010). Dietary fiber includes
components of fungal cell walls such as chitin
(Maftoun et al, 2015), hemi-celluloses,
mannans and beta glucans play a key role in
some healthy properties of mushrooms
(Cheung, 2009). Nitschiske et al. (2011)
determined that chitin content of A. bisporus
was 9.60 g/100 g DM. Cherno et al. (2013)
reported that A. bisporus contains 2 times
more chitin than P. ostreatus. Chou et al.,
(2013) mention that stalk cut off is 25 to 33%
of total production and studied the
applications of polysaccharides from various
mushroom wastes as prebiotics in different
systems.

Anticancer Properties:

Agaricusbisporus contains different
bioactive compounds that have been shown to
exhibit immunomodulating and anticancer
properties. The Canadian Cancer Society
recommends consumption of A. bisporus
mushroom because of its effectiveness
against human diseases. Zhang et al. (2014)

reported  that  brown  A. bisporus
polysaccharide possessed strong
immunostimulatory and antitumor

bioactivity in vivo and in vitro.Zhang et al.,
(2007) reviewed antitumor polysaccharides
from mushroom: a review on their isolation,
process, structural characteristics and anti-
tumor activity. He mentions mushrooms
have a low glycemic record and high
mannitol, a high amount of potassium (K)
and phosphorus (P) which is an imperative
ortho-molecule. Various biologically active
metabolites including glycoproteins,
hydrolytic and oxidative compounds, phenolic
and lipids were exerted immune modulation,
enhancing nonspecific defense and increase
disease resistance in aquaculture animals.
Chen et al. (2006) reported that the
major active compounds in A. bisporus are
unsaturated fatty acids such as linoleic acid,
linolenic acid, and CLA which have been
shown to inhibit aromatase activity. Roupas
et al. (2012) also reported that an inhibition
of aromatase activity and subsequent
reduction of estrogen using extracts of
mushroom that provide a physiologically
suitable mechanism for influents on estrogen
receptor positive tumors.
Digestive Enzyme Properties:
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Santos et al., (2013) studied the
complexity of digestive functions could be
observed for animals maintained under
different rearing conditions. Some of the
studied enzymes showed potential
adaptations of their activities and/or
expression that may allow the experimental
fish to achieve a more efficient nutrient
utilization. This fact could be observed for
both experimental culture systems. Thus,
comparing the zoo-technical and enzymatic
parameters, there are evidences that tilapia
(O. niloticus) under present experimental
conditions could adapt to culture systems
under practical standards. Ahmed et al.,
(2020) finding revealed that analysis of
digestive enzymes such as, protease and
amylase in freshwater fishes. These
categories of study deliver more
understandings than monitoring of
biochemical changes in gill and other organs.
The  researchers determined enzyme
activities from the digestive tract using SDS-
PAGE provide first-hand information on the
impact of fenvalerate. Zhang et al., (2017)
studied effect of replacing fish meal with
fermented mushroom bran hydrolysate on
the growth, digestive enzyme activity, and
antioxidant capacity of Allogynogenetic
Crucian Carp (Carassius auratus gibelio).
Growth Performance Properties:

Xu et al., (2015) showed and prepared
the functional and high protein feeds from
mushroom bran by the stepwise
fermentation. Kesan et al., in (2015) studied
the effect of mushroom supplementation as a
prebiotic compound in super worm-based diet
on growth performance of red tilapia
fingerlings and reported the improvement of
growth performance and survival with 10%
prebiotic supplemented diet may result in 26
promising productivities in various
aquaculture enterprises leading to a
beneficial return of investment. Growth
performance obtained by diet treatment was
the best and feeding with this dietary
treatment with supplementation of prebiotic
compound makes fish culture worthy because
it comes with a combination of medication
treatment in the diet against infections. The
use of natural immune-stimulants such as
mushroom in fish culture for prevention of
fish diseases showed a promising new
development and could solve the problem of
massive use of antibiotics. The results
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obtained in the present study indicated a
distinct improvement of growth with the
addition of prebiotic. Fernandes et al., (2016)
studied the dietary protein requirement for
zebrafish juvenile growth should be set at
37.6% for maximum weight gain and 44.8%
for maximum protein retention.

Ye et al.,, (2016) observations show
that complete or partial compensatory
growth (CG) can be induced in Nile tilapia
fed diets with different protein and lipid
levels under a restricted feeding regime. This
response is due to hyperphagia and an
increased feed efficiency. All diets under a
controlled feeding regime produced growth
analogous to feeding a diet at low protein and
lipid levels under a usual feeding regime.
This effect was more distinct with diets at
the blend of high protein and lipid levels.
From a perspective of employment -cost,
despite the growth rate of fish subjected to
the intermittent feeding regime being
slightly lower than fish subjected to the
normal feeding regime, this intermittent
feeding regime is still economically helpful to
labor and a decrease of labor costs, with the
feeding time reduced from 44 days to 33 days,
a decrease of 11 days. Manee et al., (2017)
recently studied and reported the effects of
different mushroom by product types and
levels on growth performance and survival
rate in dietary of Nile tilapia. Muin, et al.,
(2015) studied and established the effect of
partial and complete replacement of fishmeal
with mushroom stalk meal and soy bean on
growing performance of Nile tilapia,
Oreochromis niloticus fingerlings.

Stevens et al., (2018) strongly
suggested that the constant growth and
strengthening of the aquaculture industry
therefore delivers an opportunity to improve
the processing capacity of aquaculture to
intercept additional byproducts and upsurge
the quantity used for fish meal. This would
also result in additional benefits including
growing perceived environmental
sustainability of the industry, on condition
that economic and social benefits through the
valorization of waste products and
generating downstream processing jobs,
which will eventually contribute to the long-
lasting sustainability of, fed aquaculture.
Immunity Boosting Properties:

Dawood et al., (2020) showed when
Nile tilapia fed white button mushroom
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showed activated immune mechanisms,
which led to their development of resistances
against heat stress. This study confirmed the
protective role of using white button
mushroom for fish reared under heat stress
by a significant alleviation of hematological,
biochemical, and immune  variables.
Additionally, a significant decrease of hepatic
HSP70 in heat-stressed tilapia given white
button mushroom was observed, indicating
that dietary white button mushrooms partly
alleviated the stress response of fish
resulting from heat stress. Based on the
polynomial regression analysis, the
supplementation of white button mushrooms
at 2.15 to 2.75% of feed has the potential to
increase the growth, health, and immunity of
Nile tilapia. Zou et al., (2016) reported that
dietary administration of white bottom
mushroom powder (WBMP) in carp diet
stimulates mucosal immune response as well
as cytokines gene expression. Besides,
addition of WBMP in carp diet elevated
serum nonspecific immune parameters.
These outcomes suggest administration of 1
or 2% WBMP as an effective
immunostimulants for initial stage of carp
culture. This preliminary study encourages
evaluation of this mushroom species on other
commercially significant 30 cultured species.
Carneiro et al., (2019) reported that levels of
40 and 50 g/kg of Chlorella sp. meal (CM)
replacing FM for 60 days encouraged greater
growth, number of eggs and survival of
zebrafish spawn. In addition, 50 g/kg of
Chlorella sp. meal (CM) decreases total
cholesterol level, which may suggest the use
of Chlorella to advance these fish health.
Since feed feeding of zebrafish is very low,
the higher levels of Chlorella sp. meal (CM)
inclusion (40 and 50 g/kg) in this study are
financially justified. Chlorella sp. meal (CM)
bids prodigious potential for inclusion in
practical diets for zebrafish juveniles and this
preliminary study delivers support for future
research to classify the bioactive compounds
present in Chlorella sp. and their effects on
other species used in aquaculture.

Wu et al., (2019) established the oral
administration of chitosan diets enhanced
the growth performance, body composition
and immunity status of tilapias. However,
high dose of chitosan (N 6g kg—1) decreased
growth performance. Therefore, 6 g kg—1 was
optimal for the growth of tilapias. The

Shaikh Nusrat Jahan, Tasmi Nasim Ansari

Vol.4 No.19

ISSN - 2347-7075

outcomes specified that chitosan 29 may be
used as a diet supplement to improve the
growth, body composition and immunity of
tilapias.

AN OVERVIEW OF Agaricus bisporous
USED AS FEEDS FOR DIFFERENT
AQUATIC ORGANISMS:

Alam et al., (1996) studied and
showed growth response of indigenous and
exotic carp species to different protein
sources in pelleted feeds where he asserted
that fish meal is considered as the major
protein source and the best ingredient for
fish feed because of the compatible with the
protein  requirement. El-Sayed, (1998)
reported the total replacement of fishmeal
with animal protein sources in Nile tilapia
Oreochromis niloticus (L.), feeds and again
(El-Sayed, 1999) reported that alternative
dietary protein sources could be used for
farmed tilapia; Oreochromis spp. Mattila et
al., (2001) reported the contents of vitamins,
mineral elements, and some phenolic
compounds in cultivated mushrooms.
Unwanted mushroom, stalk of mushroom,
comprises of a rich source of protein,
polysaccharide and antioxidant following in
application either replacement fish meal
protein. He studied mushroom by-products
(Pleurotussajor-caju  (Fr.)  Singers) for
fishmeal in red tilapia (Oreochromis niloticus
x O. mossambicus) with practical diet
experiment. Song et al, (2014) studied the
effects of fishmeal replacement with soy
protein hydrolysates on growth performance,
blood biochemistry, gastrointestinal digestion
and muscle composition of juvenile starry
flounder (Platichthysstellatus). Where they
reported the replacement of dietary fishmeal
with soy protein hydrolysates (SPH) within a
range of 15%—70% was shown to elevate the
T-AOC of the juvenile starry flounder.

Kwak et al., (2008) studied the broiler
litter supplementation increases storage and
feed nutritional value of 25 sawdust based
spent mushroom substrate. Nasiri et al.,
(2013) did the comparative study on the main
chemical composition of button mushrooms
(Agaricus bisporus) cap and stipe. Yang et al,
(2011) studied the Effect of replacing fish
meal with soybean meal on growth, feed
utilization and nitrogen and phosphorus
excretion on rainbow trout (Oncorhynchus
mykiss). Deborah et al., (2011) premeditated
that substituting fish meal with earthworm
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and mushroom meals in practical diets of
Labeorohita and Hemigrammus
caudovittatus fingerlings and asserted that
mushroom meal is more appropriate and
adequate ingredient in the fish feed than
fishmeal for the improved and healthier
growth of fingerlings of Labeo rohita and
Hemigrammus caudovittatus.

The researchers propose that the
probable protein requirement should be
taken into account to formulate a more
suitable, cost-effective, and less pollutant diet
for this species. Guerrera et al., (2015) found
out results obtained in zebra fish species
could be further integrated with those
reported 27 from other fish and used for
digestive physiology comparative studies,
common to allvertebrates. Omsaki et al,,
(2016) worked on feed efficiency where
economic values were consequential for
breeding objective traits for Nile tilapia
farmed in earthen ponds where oxygen is a
limiting  factor for  production. The
assortment on feed efficiency is a crucial
factor to financial profitability of Nile tilapia
breeding programs. The findings are not
unique to Nile tilapia or pond systems but
can be extended to any fish production
system. The key is to categorize which
limiting factors are acting on the production
system and to embrace thesein a bio-
economic model to measure the consequences
of selection on growth.

Other General Properties Of Agaricus
bisporous:

Ahmed et al., (2017) studied the
influence of raw polysaccharide extract from
mushroom stalk waste on growth and pH
perturbation induced-stress in Nile tilapia,
Oreochromis niloticus. It was reported that
its polysaccharide extract increased in
specific growth rate, weight gain, and
hepatosomatic index (HSI) in Nile tilapia
Zhang et al (2017) prepared fermented
mushroom bran hydrolysate (FMBH) by
enzymatic hydrolysis after the solid
fermentation of mushroom bran (MB)
inoculated with Ganodermalucidum and
Saccharomyces cerevisiae. In conclusion, they
presented the study mainly demonstrates the
significant role of FMBH peptides for the
nutrition of allogynogenetic crucian carp.
When 64%-80% of the dietary fish meal was
replaced with FMBH, the weight gain ratio,
protein efficiency ratio, digestive enzyme
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activity, and antioxidant capacity of the fish
were shown to significantly improve. The
study promotes the application value of
mushroom bran in aquaculture feeds. Van
Doan et al., (2019) reported mushrooms,
seaweed, and their derivatives as functional
feed additives for aquaculture and reported
mushroom-derived  polysaccharides also
contain antitumor, antimicrobial,
antioxidant, antiviral, and
immunomodulatory properties thus, the
usage of mushrooms in aquaculture is on the
rise due to their properties and awareness
among farmers. Eswari et al., (2019) 28
studied the phytochemical characterization of
the mushroom Agaricus bisporus and
valuation of its nutritious ability in the place
of fishmeal for survival and growth of the
freshwater prawn Macrobrachium
rosenbergii post-larvae. The authors reported
that 1isonitric diets were prepared by
replacement of the fishmeal (25%, 50%, 75%
and 100%) with A. bisporus powder were fed.
Diet prepared without replacement of
fishmeal was served as control. These diets
were fed to M. rosenbergii for 90 days, The
significant positive changes were
demonstrated when 75% replaced diet was
fed and showed elevations in survival and
growth rate, muscle total protein, amino acid,
carbohydrate, lipid and ash contents, profiles
of proteins, amino acids and fatty acids and
activities of protease, amylase and lipase
Thus, they recommended that up to 75% of
fishmeal can be replaced with A. bisporus for
sustainable maintenance of M. rosenbergii
seeds in the nursery which will serve better
nutrition and employment opportunity.
Hedge, et al., (2016) studied growth and
behavior of larval zebrafish, Danio rerio fed a
processed formulated diet, live food, or the
amalgamation and their outcomes specify
that live diets may enhance and optimize
growth of larval zebrafish during the first 14
days. Wafer et al., (2016) studied effects of
environment supplementation on fertility
and fecundity of zebra fish. Their findings
supported the hypothesis that zebra fish in a
breeding tank with plastic plant enrichment
will show better fertility and fecundity than
those in a barren tank.
Conclusion:

From the above-mentioned account, it
shows that work supported out on the use of
Agaricus bisporus as a nutritional and
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formulated feed on various animal models
needs a thorough investigation with a better
conclusive understanding. A bisporus may
provide significant support against
malnutrition due to high nutritional values
especially in developing and undeveloped
countries. In the last decades, edible
mushroom has been used as a source of
treatment or health food supplements
increasingly. The goal of this literature
review 1is to illustrate that research work
sustained out on the use of Agaricus bisporus
enriched diet as a formulated feed on several
animal models needs a  systematic
exploration and study with an enhanced
irrefutable thoughtful understanding. The
formulated diet consisting of mushroom
Agaricus bisporus has influence on the
growth and development of the different
organisms. The improvement of growth
indices and survival with 100% Agaricus
bisporus enriched diet might result in
promising efficiency in various aquaculture
initiatives leading to a valuable return of
investment in aquaculture venture.
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