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Abstract  

    This study was conducted in 2018, at Technical College of Applied Sciences, Sulaimani 
Polytechnic University, and Kurdistan Region-Iraq. The aim of the study was to determinate 
nutritional compositions and some elemental contents in marketable white button mushroom 
(Agaricus bisporus) that is collected in local markets of Kurdistan Region-Iraq. Five different 
samples (A: Penjwen product fresh, B: Sulaimani product fresh, C: American caned, D: 
Valencia Netherlandcaned and E: Erbil product fresh) were collected to be observed. The 
elements were analyzed by Atomic Absorption Spectrometry methods, and their chemical 
compassions were determined, too. The collected data were analyzed by One Way ANOVA. 
The highest fat, protein, fiber and dry matter were obtained from treatment B (3.93%, 43.693%, 
15.8% and 10.611%) respectively, and the highest carbohydrate and moisture were found from 
treatment D (49.267% and 95.053%). The maximum percentage of ash was taken from E 
(14.11%). Moreover, the highest metabolizable energy was taken from treatment D (296.105 
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kcal %) and the lowest was taken from parameter E (223.097 kcal %). The highest mineral 
contents (Zn:15, Mn:1.1, Cu:3.5, Ni:1, Ca:6.7 and Mg:90 ppm) from B, (Fe:15 ppm) from C, 
(Si:350ppm) from A, and (Na:1080 ppm) from D were taken. However, the lowest elemental 
contents (Fe:6, Mn:0.48, Ni:0.6, Na:180 and Ca:3.5 ppm) from E, (Zn:5, Cu:0.9 and Mg:35 
ppm) from D and B (Si:120 ppm) were taken. Therefore, we recommend carrying out more 
studies on micronutrients for different marketable crops and consuming fresh mushroom 
instead of caned mushrooms.  

 

Keyword:  Agaricus bisporus, white button mushroom, nutrition, element and chemical 
composition.  
 

 

1. Introduction 
      Agaricus bisporus, an edible mushroom, belongs to the family of Basidiomycetes, and it is 
saprophytic, which decomposes agricultural waste and wooden plant [1, 2]. Most of the resent 
studies have regarded approximately (53- 110 thousand) of total species of mushroom, but only 
about 2000 species are recognized, and 60 species are commercially acceptable [3].  A long 
time ago, mankind has consumed mushroom as food [2, 4]. However, today, human is 
consuming mushroom for some reasons such as food, health, and human disease [1, 2, 5].  

Although button mushrooms is a common product in the world, its production has 
rapidly increased day by day [6]. The first leader country for producing button mushroom is 
China, which supplies 87% globally; on the other hand, United States (US) is the second largest 
country after China to supply button mushrooms. In 2016, consumed mushroom is around 
450,000 metric tons from the US, a proximately 12% of mushroom exported and 1% of that 
imported [7, 8].  
   The most important species of mushroom commercially grown is Agaricus, especially 
Agaricus bisporus. Thus, people in the winter and spring collect white button mushrooms from 
the nature [1]. Also, some farmers cultivate Agaricus bisporus on different types of agricultural 
waste after composting them [1, 2]. In addition, mushrooms play an important role in 
ecosystem because myceliums of the mushroom are able to biodegrade the agricultural and 
plant waste [9]. 
   Agaricus bisporus contains many vital substances, such as protein, fat, carbohydrate, ash, 
moisture and fiber. Furthermore, it is rich with vitamins (B complex, D, K, E and C) [10]. 
Finally, it contains some elements (Iron (Fe), Magnesium (Mg), Manganese (Mn), Couper 
(Cu), (Zinc) Zn, (Nickle) Ni, (Silicon) Si, (Sodium) Na, and (Calcium) Ca) [11]. Additionally, 
nutritional composition, which is directly related to the mushroom, is affected by some factors 
that are substrate and growing technics [2, 5, 12]. Likewise, mushroom cultivation on 
agricultural waste is higher than cultivation of agriculture crops such as vegetable and fruit on 
agricultural waste, so mushroom is very effective to uptake heavy metals from the nature [13].    
   Agaricus bisporus is a major mushroom cultivation and is used in Kurdistan Region. At that 
region, some of them can be found in the market. People consume Agaricus bisporus as daily 
meals. White button mushroom is valuable and low-priced so that it is important in the region. 
Likewise, in Kurdistan Region-Iraq, three main mushroom production farms can be found in 
different places, such as Penjwen, Erbil and Sitek. Thus, in Kurdistan Region- Iraq, different 
types of substrate have been used for mushroom production. It has a good ecological factor to 
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grow and cultivate mushrooms [14]. This study will address chemical compositions and some 
heavy metals of the most popular mushroom that people are mostly consuming in the Region 
in order to determine nutritional values of the mushroom.   

 
2. Material and Methods 
       This study was conducted in Halabja Technical College of Applied Sciences, Sulaimani 
Polytechnic University in 2018. Samples of mushroom were obtained from local markets in 
different territories, such as Erbil, Sulamani, and Halabja. Five marketable mushrooms that are 
continuously consumed in Kurdistan Region-Iraq were selected to evaluate nutritional values, 
chemical compositions, and some heavy metals (Fe, Mg, Mn, Cu, Zn, Ni, Si, Na, and Ca) Table 
1. The collected samples were dried in oven at 650 C for 72 hours. Then, each sample was 
mixed with fine dryer powder. Next, from each treatment, three samples were obtained to 
evaluate the moisture, protein, ash, fiber, fat, and carbohydrate [15].  
Five grams of fresh mushroom samples were weighted to evaluate moisture content in them. 
Then, the samples were put into oven at 105 °C for three hours until the weight of samples got 
constant. The moisture contents were calculated by the following equation (1) [15].  

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 %     

  
100                                                                (1) 

   ‘Soxhlet extracto’ method was used to evaluate the fat contents, cited by [16]. 10±0.1gm of 
mushroom was sampled, and the petroleum Ether was used in a Soxhlet for sixteen hours.  After 
that, the samples were put in oven at 105 0C for one hour and were calculated by the following 
equation (2). 

𝐹𝑎𝑡%   –   

  
                                                                                                           (2) 

𝑊𝑡 Weight of Soxhlet flask with extract fat  
𝑊𝑡 Weight of empty Soxhlet flask  
   Kjeldahl method’ was used to determine protein contents in this study. 0.7±0.05 gm of dry 
mushroom was weighted, and sensitive electronic balance was used to analyze. Then, the 
samples were put in digestion flask until they became colorless with adding 1gm of copper 
sulphate, 10 gm Potassium Sulphate, and 20 ml Sulfuric acid. After that, the digestion contents 
were transferred to the vessel. Then, 25 ml of Sulpharic acid 0.2 N was pipetted out into beaker. 
Distillation was started in Kljdahl device, and the distillated sample was allowed to collect in 
Sulpharic acid for a known volume and time. Next, the collected distillation (was) titrated 
against 0.2 N Sodium Hydroxide using Methyl red as an indicator to determine the amount of 
Nitrogen. The Nitrogen was taken from the sample multiplied by 6.25 factors to get the 
percentage of real total protein [17].  
The percentage of Nitrogen and protein was calculated by the following equation (3), and (4). 

𝑁%    –  ∗ . ∗ 

  
                                                                              (3) 

Protein %   N% ∗  6.25                                                                                                       (4) 
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Table 1. Illustrated the mushroom, Agaricus bisporous, samples that were evaluated in this study. 
Treatment Types  product mushroom 

from supermarket 
Sours Location 

A Penjwen product  fresh Sawdust compost Penjwen, Halabja, Kurdistan Region- 
Iraq 

B Sulaimani Product fresh Sawdust compost Setak, Sulaimani, Kurdistan Region- 
Iraq 

C Amrican made in china caned 
(Agaricus bisporous, water , salt 

and ctric acid)

Caned China 

D Valencia Netherland caned 
(Agaricus bisporous, water , salt 

and ctric acid)

Caned Netherland 

E Erbil Product fresh Sawdust compost Erbil, Kurdistan Region- Iraq

 
   Muffle furnace’ was used to determine ash content in samples at 600±10 0C for 
approximately 3 hours. The following equation was applied to calculate the ash content (5) 
[18]. 

𝐴𝑠ℎ%    

   
100                                                                                             (5) 

   For the determination of crude fiber, 5.0±0.01 grams of mushroom free of moisture and fat 
were sampled, treated to the 200ml Sulfuric acid 0.225N in a beaker, and heated for 30 minutes. 
After that, the samples were filtered, washed by boiling water and followed washing by 200ml 
of Sodium Hydroxide 0.313N. The previous processes were repeated again. The residues were 
ashed in muffle furnace at 600 ±5 0C. Crude fiber was calculated by this equation (6) [18]. 

Crude fiber
   ∗ 

  
                                                                                    (6) 

   The carbohydrate content was calculated by the following equation (7) [18]. 
Carbohydrate%  100 mosture ash  protein  fat  crude fiber                 (7) 
   Also, metabolizable energy contents (Kcal/100g) were calculated by the following equation 
(8) [19]. 

ME Kal
100g 3.5 ∗ CP   8.5 ∗  CF   3.5 ∗  NFE                                               (8) 

When:  
CP = (% crude protein),  
CF= (% crude fat)  
 NFT= [% nitrogen free extricate (carbohydrate)]. 
   Heavy metals (Fe, Cu, Zn, Mg, Mn, Ni, Si, Na, and Ca) were analyzed by Atomic Absorption 
Spectrometry, and each treatment (2.2±0.50g dried mushroom) was ashed in muffle furnace 
590±20 0C for approximately 4 hours until the samples changed to white or grey. Then, the 
residue was dissolved in 5 ml of HNO3 (5%) and mixed, and after that, it was filtered [12]. 
   The data were analyzed by ANOVA using (XLSTAT-pro version 7.5.2 window) program, 
fisher (LSD) multiple comparison tests at P<0.05. 
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3. Results and Discussions 
   The metabolizable energy proportions in different marketable mushrooms have been 
illustrated in Figure 1. The highest metabolizable energy was obtained from treatment D 
(296.105 kcal %) and the lowest was achieved from parameter E (223.097 kcal %). That result 
showed a significant difference in various marketable mushrooms. The amount of 
metabolizable energy in mushrooms was affected by amount of protein, fat and carbohydrate 
content [20]. 
   The results of proximate chemical compositions were given in Table 2. The values of 
moisture content in marketable white button mushroom (Agaricus bisporus) range from 
(89.387 %-95.053 %) confirmed the highest value of moisture content to this product [20, 21]. 
Moisture content is changeable depending of temperature, post-harvest stage, time of 
harvesting, relative humidity of the mushroom during growth stage and storage technic [22, 
23, 24]. Those results are significantly different at (P<0.05). Also, percentage of dry matter 
values range between 4.947%-10.613%. The results of these studies reported 9.24 % [21]. and 
(10.9%) [25]. Our result agrees with (8%) [26]. 
   The highest percentage of crud protein was taken from treatment B (43.693 %), and the 
lowest percentage of protein was taken from treatment E (26.07%). According to statistical 
analysis, crud protein is significantly different at (P<0.05). In addition, that result agrees with 
these researchers [21], showed (33.65%), and [27]. displayed (31.4%), based on dry matter 
have little differs from the results of the experiment. 
   The highest percentage of crud protein was taken from treatment B (43.693 %), and the 
lowest percentage of protein was taken from treatment E (26.07%).  According to statistical 
analysis, crud protein is significantly different at (P<0.05). In addition, that result agrees with 
these researchers [21], showed (33.65%), and [27]. displayed (31.4%), based on dry matter 
have little differs from the results of the experiment.  
   The highest percentage of fat was taken from B (3.93%), and the lowest percentage of fat 
content was obtained from treatment C (1.577%). Based on the statistical analysis, the 
percentage of fat is significantly different at (P<0.05). That result agrees with [27] who 
reported (2.48%).  
   Statically, the amount of carbohydrate in various marketable mushrooms are significantly 
different at (P<0.05). The highest carbohydrate content was taken from treatment D (49.267%), 
and the lowest was taken from treatment B (15.89%). That result agrees with (15) who achieved 
(34.0%). Consequently, the amounts of crud fiber in different parameters are not an important 
difference. The chemical compositions in mushrooms are related to the growing technics and 
substrate when they are used for the growing mushrooms [1, 2, 25, 5]. Maximum crud fiber 
was taken from treatment E (18.48%) and the lowest was taken from treatment D (6.23%). 
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Table 2. Illustrated the percentage (%) chemical composition (moisture, protein, ash, fiber, fat and carbohydrate) 
in different marketable mushroom. 

Treatme
nts 

Moisture
% 

Mean 
±S.E. 

Dry 
matter% 

Mean 
±S.E. 

Ash% 
Mean 
±S.E. 

Fat% 
Mean 
±S.E. 

Protein% 
Mean 
±S.E. 

Carbohydrat
e % 

Mean ±S.E. 

Crude 
Fiber% 

Mean ±S.E. 

A 90.200±1.
79a 

10.010±1.1
1a 

12.975±0.
22a 

3.777±0.8
2a 

31.563±0.
05a 

29.150±1.44a 12.525±1.79
a 

B 89.387±0.
69ab 

10.613±0.5
9ab 

10.073±0.
25b 

3.930±0.1
9a 

43.693±0.
11b 

15.890±0.03b 15.800±0.12
a 

C 91.423±0.
82ac 

8.577±0.70
ac 

11.385±0.
40ab 

1.577±0.5
2b 

30.160±0.
01c 

33.060±1.27a 15.242±1.30
a 

D 95.053±0.
12d 

4.947±0.10
d 

8.160±0.2
8c 

2.757±1.9
9ab 

28.640±0.
08d 

49.267±0.54c 6.230±0.18b 

E 92.237±0.
75c 

7.763±0.64
c 

14.110±1.
21a 

2.867±0.2
0a 

26.070±2.
22e 

30.710±0.96a 18.480±0.50
a 

LSD 1.294 1.515 1.668 1.201 0.867 6.211 7.339
 
   A, B, C, D and E letter: Means treatments followed by the same letter are not significantly 
different at P<0.05. S.E.: standard error  
   Overall, most of the studies about mineral contents in mushrooms have displayed a high 
amount of heavy metals.  Heavy metals recorded in fruiting body of white button mushrooms 
in Kurdistan Region-Iraq is clarified in Table 3. The metals (Fe, Mg, Mn, Cu, Zn, Ni, Si, Na, 
and Ca) in mushrooms were based on dry weight. Mushroom in comparison with vegetable 
provides a good recourse of minerals, so fresh mushrooms is better than caned mushrooms 
according to [21, 27].   
   Iron is a main element of almost all living organisms, especially human body, and it 
participates in most metabolic processes [26]. The highest Iron (Fe) content in marketable 
mushrooms was achieved from treatment C (15 ppm). This result displays a significant 
difference compared to other treatments, and the lowest Iron content was given from E (6 ppm). 
However, the amounts of Zinc (Zn) content in mushroom samples range between 5-15 ppm that 
was given from treatment (A and D – B). In addition, Zinc has an important role in various 
enzymes [28]. The World Health Organization (WHO) recommends 60-80 ppm intake/ daily 
[29].  

 
Figure 1. Metabolizable energy content (Kcal/100g) in different treatments. 
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   Despite Manganese has an extremely important role in mitochondria, it is superoxide 
dismutase [21]. Manganese content in the collected mushrooms ranged between 0.48 -1.1 ppm. 
That result is limited under toxicity of the plant, and plant makes toxicity around (500-1000 
ppm). Given various literature about mushroom and heavy metal contents, different metal 
contents have been reported 10-73 ppm in different parts of mushrooms [21]. 8.3 ppm [23]. 
0.42-5.5 ppm [20]. And 4.16 ppm [30]. respectively. These results agree with those studies that 
have been carried out earlier.  
   The Copper content of the marketable mushrooms ranged between 0.9 - 3.5ppm, and the 
highest Copper content was given from treatment B, which was a significant different compared 
to other treatments, and the lowest Copper was given from treatment D.  That result is not risky 
to human bodies because the accumulation in mushrooms is nearly (100-300 ppm) [21].  
Element levels are more important, in the view of the fact that levels of elements are very high 
in some mushrooms, and that element contents are changeable according to substrate with 
compost at that time of grown [30, 31]. In addition, Nickle content in mushroom samples is not 
significant different between treatments at P<0.05. Maximum and minimum levels of Nickle 
were obtained from (0.6 - 1ppm). 
   The WHO recommended daily intake around (100-300 ppm) [29]. The concentration of Ni is 
low even though Ni is a very good nutrition for human to consume. Those results contrast with 
[27]. That recorded (12.57- 21.00ppm) and agree with [31]. who worked on button mushroom, 
rerecording (1.91 ppm). 
   Sodium content in marketable mushrooms is significantly different at treatment groups. 
Maximum level of Sodium was obtained from treatment D (1080 ppm), and its minimum level 
was taken from E (180 ppm). Also, Sodium levels of fresh mushroom were extremely low 
compared to the caned mushroom that was affected by the packaging process. Most of the 
researchers stated that mushroom contained the lower of sodium [27, 29, 30, 32]. So, our results 
agree with those researchers worked on mushroom that recorded (350-1000 ppm) [33]. Also, 
Sodium, Calcium, and Magnesium were the most common mineral in mushrooms [33]. 

 
Table 3. Illustrated mineral content in marketable mushroom (Agaricus bisporus). 

Treatment
s 

Fe 
/ppm 

Zn 
/ppm 

Mn 
/ppm 

Cu 
/ppm 

Ni 
/ppm 

Na 
/ppm 

Ca/pp
m 

Mg/pp
m 

Si/pp
m 

A 6.8a 5a 0.52a 2a 1a 185a 6.5ab 80ab 350a 

B 8a 15b 1.1b 3.5b 1a 230b 6.7ab 90ab 120b 

C 15b 8a 0.64a 1.7a 0.8a 1050c 8a 48c 140b 

D 7a 5a 0.5a 0.9a 0.8a 1080d 5bc 35c 200c 

E 6a 5.2a 0.48a 2.2a 0.6a 180a 3.5c 65a 210c 

LSD 3.452 3.586 0.208 0.640 0.372 16.693 2.257 15.943 24.744

 
   The a,b,c and d letter: Means treatments followed by the same letter were not significantly 
different at P<0.05.Calcium levels in marketable mushrooms showed significant differences 
between treatments at P<0.05. The highest Ca level was given from treatment C (8 ppm), and 
its lowest Ca was obtained from treatment E (3.5 ppm). The most element level in different 
researchers ranged between (1.30- 23.0 ppm), mentioned by [33]. Those results showed by 
different researchers agree with (10.30 ppm) [27]. And (1.4 ppm) [34]. And disagree with (25.0 
ppm) [21]. In addition, Calcium has an important role to human body, and it is an essential 
compound of the human bone [27].  
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   According to the results obtained from this study, the highest Magnesium content was 
obtained from treatment B (90.0 ppm), and the lowest Mg was given from treatment D (35.0 
ppm). Those results obtained from the analysis of marketable mushrooms show significant 
differences between treatments at P<0.0.5. As a matter of fact, the results agree with [27]. Who 
recorded (130 ppm) and disagree with [34]. 
   Silicon is a naturally mineral different kind of foods that naturally contains silicon such as 
coffee, water, some vegetables. Silicon has another medicine supply, which people take for 
weak bones [27]. Silicon content level in the samples ranged between 350-120 ppm in treatment 
A and B. Those displayed significant differences between treatments. However, those results 
contrast with [27]. Who obtained (811.67 ppm). Consequently, mushroom is suitable to 
consume for people without making toxicity in human body.  

  
4. Conclusion  
   Cultivated mushroom is a good resource of human nutrition and is proved to have different 
kinds of minerals. In addition, Sulaimani cultivation of mushroom grown on sawdust is the best 
nutritional resource to the human at that region and most of the results are below the limitation 
safety level of daily intake for human by FAO/WHO. Thus, this study recommends that people 
should consume fresh mushroom instead of caned mushroom. Also, our study recommends 
more studies on marketable food and mushroom with different elements and chemical 
composition. Even, it recommends more studies that will apply on effects of various elements 
in mushroom on human. 
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