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ABSTRACT 
 
The purpose of this study was to evaluate dry weight protein estimation in mushroom Agaricus bisporus and 
feeding that to Oreochromis mossambicus to evaluate its growth performance with respect to length and weight 
so as to provide a systematic basis for the effective active application of mushrooms are considered as potential 
source of protein.As the fruit body (the umbrella shaped body of a mushroom and stipe(Stem or stalk of 
mushroom supporting the cap of mushroom.) are different parts of Mushrooms has different protein content. 
Fruit body and stipe enriched diet  was fed to Oreochromis mossambicusand  the  study reveals that protein 
content of fruit body is significantly higher than the stipe, which is 27.8% and 19.78% respectively and hence 
Oreochromis mossambicus growth performance is greater when fed with fruit-body enriched diet. 
 
Keywords: Protein; Agaricusbisporus; Oreochromis mossambicus; fruit body; stipe. 
 

1. INTRODUCTION 
 
Agaricus bisporus (A. bisporus), commonly known as 
the white button mushroom, is one of the most 
economically important edible mushrooms. It is 
considered as a valuable health food with high 

contents of polyphenols, ergothioneine, vitamins, 
minerals and polysaccharides [1,2]. Moreover, A. 
bisporus has been demonstrated to possess various 
valuable biological properties including antitumor, 
anti-aromatase, antimicrobial, immune-modulatory, 
anti-inflammatory as well as antioxidant activities    
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[3-6]. The fish feed generally contains a lot of protein, 
and the study for new vegetable protein source which 
can replace fish meal due to the various problems 
according to currently the supply fluctuations of the 
fish meal (FM) and the price rise, etc. have been made 
[7-11]. Some of the readily available ingredients 
studied with the view of using them to partially 
replace Fish meal (FM)in fish feed include plant 
protein sources such as soybean meal, corn gluten 
meal and soy protein concentrate [12-16]. Mushrooms 
are considered as a good source of protein [17]. 
Prepared diet not only provides essential nutrients to 
support growth and development of cultured fish but 
also had an influence in cultured organism by 
improving health, resistance to stress and disease 
causing agents [18]. Yousefian and Amri [19] in their 
review also reported prebiotics have the numerous 
beneficial effects in fish such as improved nutrient 
availability.When 64%-80% of the dietary fish meal 
was replaced with fermented mushroom bran 
hydrolysate, (FMBH), the weight gain ratio, protein 
efficiency ratio, digestive enzyme activity, and 
antioxidant capacity of the fish were shown to 
significantly improve. This study promotes the 
application value of mushroom bran in aquaculture 
feeds [20]. Tilapia grows rapidly, attaining a 
marketable size of 250–450 g within 8 months, even 
when fed a plant-based diet [21]. Effects of different 
mushroom by-product types and levels on growth 
performance and survival rate in dietary of Nile tilapia 
(Oreochromis niloticus), In this experiment, Seven 
isonitrogenous (crude protein 32%) and isolipidic 
(crude lipid 7%) practical diets were formulated by 
replacing fishmeal protein with mushroom by-product 
protein (MBP), The result indicated that the use of 
Pleurotus sajor-caju (Fr.) Sing (MBPP) protein at the 
level of 20-60% replacement fishmeal protein or 
10.78-32.33% by weight of diet is a potential protein 
source in Nile tilapia diet [22]. 
 
The demand for feed protein is higher in aquaculture 
than in animals. Fish meal is the fundamental protein 
source of aquatic nourishment, and given the 
cumulative demand with around the world 
development of the aquaculture industry, the 
production industries is not met by the growth yield of 
fishmeal ltherefore, replacing profoundly costly 
fishmeal with a novel high-quality and profoundly 
edible crude protein material has ended up a persistent 
issue. Several sources of plant protein have recently 
been tried on different fish to in part or completely 
replace the more costly fishmeal. Thus, the present 
study investigated the white button mushroom 
Agaricus bisporus isonitric enriched diet on fish 
Oreochromis mossambicus when fed with fruit body 
and stipe thereby evaluating the efficacy of 
formulated feed compared to the control fishmeal. 

2. MATERIALS AND METHODS 
 
Protein Estimation: The protein content is determined 
from the organic Nitrogen content by Kjeldahl 
method. The various nitrogenous compounds are 
converted into ammonium sulphate by boiling with 
concentrated sulphuric acid. The ammonium sulphate 
formed is decomposed with an alkali (NaOH) and the 
ammonia liberated is absorbed in excess of standard 
solution of acid and then back titrated with standard 
alkali. The commercially cultivated mushroom was 
obtained from Bhiwandi local marketplace. The fruit-
body and stipeof mushroom was washed, cut and 
dried separately a subjected to preparation of fishfeed. 
The samples were evaluated for protein estimation 
using the AOAC procedures [23]. The estimation is 
performed in three replicates. 
 
The percentage of protein was calculated using the 
formula: 
 

% Nitrogen = (Titre blank-titre sample x 0.014 
x1000) /weight of sample) 
 
% of Protein= % of nitrogen x 6.24 [24]. 

 
Experimental diet: A. bisporus (The fruit-body and 
stipe of mushroom was washed, cut and dried 
separately, 50% of each is used while other 
ingredients remain same) was oven dried at 60o C 
until they turn crisp to prepare powder in order to 
prepare meal. Soy flour (30%), rice bran (10%), 
maize powder (5%), sunflower seed oil (3.5%), and 
NaCl (1.5%). All the solid ingredients were grinded, 
sieved to get consistency and even particle size. The 
homogenized mixture was squashed and                   
compressed into cylindrical pellets and for a good 
shelf life the moisture content is removed to below 
10%.  
 
For control commercial flakes Instincts is used which 
comprises of fishmeal, squid meal, vitamin premix 
and yeast extract. While in control the protein content 
calculated is 25% and 8.31 Jmg-1. 

 
Experimental Setup: The experiment was of 
5weeks/season of the one year. Oreochromis 
mossambicus were obtained from the hatchery center 
of Kalyan and acclimated to laboratory conditions. 
The average weight of Oreochromis mossambicus 
was 2.00±0.525 g and stocked in triplicate in 50L 
aquarium tank and two group of controlled. The fish 
was maintained under a 14 h/10 h day/night 
photoperiod cycle under controlled conditions of 
temperature 28-35°C. During the acclimatization 
period, the fish were fed twice a day with commercial 
fish feed (25% protein) at the rate of 10% of their 
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body weight. The fish were divided into ten 
experimental groups of 20 fish each (10×20=200 
fish).Three tanks with fruit-body enriched diets of A. 
bisporus and another three tanks with stipe separately 
given at the rate of 10% of their body weight twice a 
day was fed to them. For three control tanks, fish were 
fed twice times a day with commercial flakes (25% 
protein).The respective diets in each group were 
continued till the end of experiment. By the end of 
every week, fish growth performance (length and 
weight) was recorded. At the end of the experiment 
fish length and weight was evaluated. 
 
The dissolved oxygen level was checked thrice a 
week and maintained with aerators and frequent water 
exchange to renew DO (APHA, 2012).Temperature 
(270 - 300), (pH 6.5-8.5), Dissolved oxygen (5 mg/L – 
8 mg/L). The water in the culture tank was changed 
every alternate day to prevent the accumulation of 
metabolites. 
 

2.1 Statistical Analysis  
 
Treatments are assigned to experimental units 
completely at “completely randomized design 
(CRD)". Data were analyzed in one-way analysis of 
variance ANOVA in order to determine the effect of 
treatments; Excel and Fisher’s LSD test followed in 
order to detect significant differences between the 
groups. The results were considered significant at p < 
0.05. The software used was graphpad prism 9.1. The 
differences between variables were tested by                   
Monte Carlo test with 499 permutations (p < 0.05) 
[24]. 
 

3. RESULTS AND DISCUSSION 
 
The result of the protein value dry matter of A. 
bisporus of fruit-body and stipe are shown in Table 1, 
Table 2 shows proximate composition of A. bisporus 
whereas Table 3 shows growth performance of fish 
when fed with mushroom fruit body and stipe 
separately. 

3.1 Analysis of the Proximate Composition of 
A. bisporus Fruit Body and Stipe Enriched 
Diet 

 
A. bisporus powder fruit body enriched diet, stipe 
enriched diet was subjected to proximate composition 
analysis following the methodology [25]. 
 

Table 2, result indicated that Oreochromis 
mossambicus at the end of the experiment has final 
weight and length 6.60 ± 3.60 g and5.40±3.55cm, 
respectively when fed with fruit-body enriched diets 
as compared to initial weight and length was 2.50 
±0.27g and 2.12±0.34cm, respectively. Thus it shows 
a growth in Oreochromis mossambicus. In addition, 
there was a noticeable difference in their protein 
content, 34.19 g/100 g of the cap, 20.96 g/100 g of a 
stalk, and 30.48 g/100 g of the cap with a stalk [26]. 
Comparatively fish supplemented with stipe enriched 
diet also shows growth in final weight and length of 
3.12 ± 0.86 g and3.38±1.01cm, respectively which 
was initially recorded as 2.26±0.13 g and 1.72±0.017 
cm, respectively but lower than fruit-body enriched 
diet. Whereas the protein contents of most fruiting 
bodies of mushrooms are 10.26 to 26.74% [27]. 
However both the control group shows lower growth 
performance and there is insignificant mortality rate. 
Genc et al., [28] found that dry matter and protein 
content of fish fillet increased with increasing level of 
dietary MOS (mannan–oligosaccharides). Dongsheng 
et al., [20] reported that a high proportion replacement 
of dietary fish meal with fermented mushroom bran 
hydrolysate could efficiently elevate the antioxidant 
capacity of allogynogenetic crucian carp. Deborah et 
al., [29] stated about 50% of the fish meal could be 
replaced with earthworm and mushroom meal which 
could achieve a good specific growth rate (SGR) 
without causing any adverse effect. Giannenas et al., 
[30] studied the effects of fruiting bodies of A. 
bisporus on turkeys. The results showed that the 
addition of 1% and 2% dry fruiting bodies of A. 
bisporus could significantly improve the antioxidant 
capacity of turkeys. 

  
Table 1. Proximate composition of fishmeal replaced diets with A. bisporus fruit body and stipe 

 
Proximate composition (%)  

 Control Formulated feed fruit body Formulated feed stipe 
Moisture 5.59 3.00 6.00 
Crude protein 25 27.8 19.78 
Crude fibre 2.1 4.14 3.1 
Crude fat 3.00 3.37 2.98 
Total Ash 2.53 3.01 3.11 
Total carbohydrate 28.64 30.72 29.47 
Energy in J mg-1. 8.31 14.43 11.21 

 
 



Table 2. Protein 

Treatment 
Control (commercial flakes) 
Fruit-body enriched diet 
Stipe enriched diet 

Each value is a mean of 3 replicates. Values
different, different

 
Table 3. The average values of fish

mossambicus (Mean). M - Mortality rate
IL – Initial length. The table shows

 
 Control  
M 10% a 
IW 2.0 b 
FW  2.62 b 
WG 0.61a 
IL 1.82 b 
TL 2.56 b 
LG 0.71 b 

Each value is a mean of 3 replicates. Values
different, different

 

Fig. 1. Graph of one way ANOVA
 
Results shows that protein content of
significantly higher than the stipe,
fishfeed they could be used in combination
Anderson and Fellers [31] reported that
mushrooms as their only source of protein
30% of the weight gained by control
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 analysis of Agaricus bisporus fruit body and stipe 
 

Protein Content (g/100g) 
2.51a 
2.780b 
1.978b 

Values in the same column followed by the same letter (s) are not
different letter denotes significantly different (P≤ 0.05) 

fish growth parameters during the feeding period of Oreochromis
rate in %, TL – Total length; IW – initial weight; FW 

shows values of mean ± SD of three experimental repetitions;

Fruit-body enriched diet Stipe enriched diet
10% a 20% a 
2.5 b 2.26 b 
6.60c 3.12c 
4.3c 0.43a 
2.12c 1.72 b 
5.4c 3.38 a 
3.30c 1.70 b 

Values in the same column followed by the same letter (s) are not
different letter denotes significantly different (P≤ 0.05) 

 
ANOVA of final weight gain of Agaricusbisporusfruitbody and

of fruitbody is 
stipe, however for 

combination also. 
that rats given 

protein gained only 
control animals. This 

suggests mushroom protein alone 
inadequate. Oser [32] proposed the use
amino acid index (EAA Index) to rate
in terms of the ratio of the essential
contained in a food relative to the essential
content of a highly nutritive reference
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diet 

not significantly 
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egg protein in this case. On examination of EAA 
Indexes, although those analyzed contained all 
essential amino acids, every species was limited in 
their availability of at least one essential amino acid, 
some in up to seven. Agaricus bisporus has EAA 
values highly comparable to whole egg protein. It was 
found that the most nutritive mushrooms rank in 
potential nutritive value with those calculated for 
meat and milk, the only difference being relatively 
low content of certain amino acids, namely isoleucine, 
leucine, lysine and histidine. On the other hand, 
relative levels of lysine and tryptophan were 
significantly higher than those for legumes and 
vegetables. Even the least nutritive mushrooms were 
comparable to some common vegetables. Mushroom 
protein appears to be intermediate in nutritional 
quality between meat and vegetable proteins. Chang 
and Miles [33] reported that The protein content of 
edible mushrooms, in general, is about twice that of 
asparagus and cabbage and 4 times and 12 times those 
of oranges and apples, respectively. On dry weight 
basis, mushrooms normally contain 19 to 35% 
protein, as compared to 7.3% in rice, 13.2% in wheat, 
39.1 % in soybean, and 25.2% in milk. Therefore, in 
amount of crude protein, mushrooms rank below most 
animal meats but well above most other foods, 
including milk.  
 

4. CONCLUSION 
 
In conclusion, the amount of protein found to be 
higher in fruitbody than stipein Agaricus bisporus. On 
the basis of result obtained in the present study the 
final weight and length at the end of experiment of the 
fish is relatively higher in fruitbody enriched diet than 
stipe enriched diet. However both are efficient and 
could be used in combination as well. The mushroom, 
A. bisporus has great potential to be used as alternate 
source of protein. 
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