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For physiological functions development and 
a healthy life maintenance, a balanced diet, 
containing carbohydrates, proteins, and lipids, 
should be practiced, and consumed. The 
proteins should be highlighted, since are 
essential macronutrients for cell growth and 
repair mechanisms in our body. There is an 
increase in the protein sources consumption, 
mainly by athletes, aiming an increase of 
muscle mass and to avoid muscle hypertrophy. 

Although animal proteins exhibit high digestibility, animal foods can not be accessible and widely consumed, 
due to high cost or lifestyle choice (vegetarians and vegans). In these sceneries, scientists and food industry 
are constantly searching for alternative proteins, such as plant and fungi proteins. In view of these information, 
extraction procedures are proposed to proteins fractionation. However, these procedures must be done to 
exhaustion to guarantee the acquisition of quantitative values. Therefore, the aims of this work were evaluated 
the protein distribution in edible mushrooms and optimized the sequential protein extraction procedure to obtain 
total concentration of albumin, globulin, prolamin and glutelin in edible mushrooms, evidencing the need to 
carry out extraction procedures until exhaustion to adequately attribute nutritional value to edible mushrooms 
(pink oyster, shiitake, portobello and champignon). The optimized extraction conditions (extractant, time, 
concentration, number of extractions) were as follows (H2O, 30 min, ---, 3); (NaCl, 15 min, 0.25 mol L-1, 1); 
(ethanol, 15 min, 50% (v v-1), 1); (NaOH, 60 min, 0.25 mol L-1, 8) for albumin, globulin, prolamin and glutelin 
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extraction. The champignon mushrooms presented all protein group concentrations below LOD and LOQ. 
The portobello presented the lowest total proteins concentration. The pink oyster mushroom is the species 
with the highest concentration of albumin and glutelin as well as total protein concentration 4.7 times 
higher than shiitake mushroom, which is one of the most consumed mushroom species, showing that this 
exotic species can be promising mainly due to nutritional characteristics and protein source. 

Keywords: edible mushrooms, protein distribution, sequential extraction, optimization

INTRODUCTION 
For physiological functions development and a healthy life maintenance, a balanced diet, containing 

45-55% carbohydrates, 20% proteins, and 25-30% lipids should be practiced and consumed.1 Considering 
these chemical compounds, the proteins should be highlighted, since are essential macronutrients for cell 
growth and repair mechanisms in our body.2,3 There is an increase in the protein sources consumption, 
mainly by athletes, aiming an increase of muscle mass and to avoid muscle hypertrophy.1 

The protein effectiveness is evaluated by amino acids content and digestibility.4,5 Of the total amino 
acids, there are eight essential for the body (leucine, isoleucine, methionine, valine, threonine, tryptophan, 
phenylalanine, and lysine).1,5 It is important to point out that some amino acids are not synthesized by 
human body, being present in certain foods, such animal source. In animal proteins, there are essential 
amino acids, and they have high digestibility. However, the animal foods cannot be accessible and widely 
consumed, due to high cost or lifestyle choice (vegetarians and vegans).1 

In these sceneries, scientists and food industry are constantly searching for alternative proteins. The 
research and the industrial products have shown that plant and fungi proteins are promising sources 
for consumers of a healthy life.2,6 The protein value of mushrooms varies from 19 to 37% of dry weight 
and, depending on mushroom variety, 100 g of this food can cover from 29 to 66% of the Recommended 
Dietary Allowance (RDA) for men and from 36 to 80% for women.5 It is worth mentioning that produce 
a large number of proteins and peptides with interesting biological activities, such as lectins, fungal 
immunomodulatory proteins, ribosome inactivating proteins, antimicrobial proteins, ribonucleases, and 
laccases.7 

In addition to the protein content of the edible mushrooms, they attracted great interest from the medical 
and scientific community, due to their other nutrients, like carbohydrates, vitamins, calcium and iron.8,9 
Beside this, they can therapeutic and medicinal properties, presenting antitumor characteristics, modulate 
cholesterol levels, prevent platelet aggregation in the arteries, prevent cardiovascular disease, combat 
hepatitis C virus, and exert antioxidant and antibacterial properties.10-12 In addition, studies have shown 
that edible mushrooms have the ability to modulate intestinal microbiota as well as immune system.13

Approximately 2,000 edible mushroom species are estimated to exist and around 30 of them are 
commercially grown worldwide.14 In many countries, mushroom consumption has been growing significantly, 
due to the nutritional value and market availability, which makes the product more popular and affordable. 
Agaricus bisporus mushrooms are the most consumed and marketed, followed by Lentinus edodes 
(shitake mushrooms) and different species of the Pleurotus (oyster mushrooms) genus.15 However, some 
exotic species can also be edible such as pink oyster mushrooms (Pleurotus djamor) which are exotic 
mushrooms with salmon color and fibrous texture. It is known that this species can be used to inhibit 
hepatoma cell proliferation and plays a vital role in antiviral, antitumor, and immunosuppressive biological 
activities.16

Considering the importance of the mushroom proteins, extraction procedures are proposed to proteins 
fractionation. However, these procedures must be done to exhaustion, or rather the optimization and 
repetition of the experimental steps must be performed to guarantee the acquisition of quantitative values. 
According to Christian,17 the quantitative extraction is most efficiently carried out by performing multiple 
extraction with smaller portions of the same volume of solvent. Additionally, in the sequential extraction 
of the different protein types, the optimization of extraction with appropriated extractants is even more 
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imperative, since sequentially the extractants are capable to extract the species that are not extracted by 
the previous extractant, highlighting the NaOH that is the last extractant used in the sequential extraction, 
because it is not a selective protein extractant, being capable to extract any protein group and not just 
glutelins.18,19 The use of sequential extraction procedure without optimization only provides qualitative 
information, resulting in only albumins, globulins, prolamins and glutelins distribution. In view of the protein 
importance and the fact that foods are protein sources for humans, it is essential to optimize the extraction 
steps to obtain quantitative results mainly aiming nutritional information on foods that are widely consumed 
but still little chemically characterized. Therefore, the aims of this work were evaluated the protein 
distribution in edible mushrooms and optimized the sequential protein extraction procedure to obtain 
total concentration of albumin, globulin, prolamin and glutelin in different species of edible mushrooms, 
evidencing the need to carry out extraction procedures until exhaustion to adequately attribute nutritional 
value to edible mushrooms.

MATERIALS AND METHODS
Instrumentation

Mushroom species were dried in a freeze dryer (Thermo Fisher Scientific, England) before of the 
sequential extraction. The mixture between dried sample and extractants was performed by constant 
agitation on orbital shaker (model 0225M, Quimis, Brazil). A centrifuge (Spectrafuge 6C Compact model, 
Labnet International, USA) was used for the phase separation.

The supernatants were analyzed by a spectrophotometer (model Q898DRM5, Quimis, Brazil) equipped 
with tungsten lamp and wavelength range of 325-1000 nm for protein quantification.

Reagents and samples
Four species of edible mushrooms (Pink oyster mushroom (Pleurotus djamor), champignon mushroom 

(Agaricus bisporus), shiitake (Lentinula edodes), and portobello (Agaricus bisporus)) and, for each species, 
four packages of 200 g were purchased at a local market in Sao Paulo. 

All solutions were prepared from analytical reagent grade chemicals and using high-purity deionized 
water obtained from a Milli-Q water purification system (Millipore, USA).

For the sequential extraction, the following reagents (Merck, Germany) were used: acetone, 
chloroform, ethanol, methanol, NaCl, and NaOH. The total protein concentration in the extracts was 
obtained using Bradford´s reagent (BioAgency, Brazil), which was diluted five times with deionized water 
before analysis. The analytical curve for quantification of proteins in the extracts was prepared with 
stock solution with 0.2 mg mL-1 of ovalbumin (BioAgency, Brazil).

Preliminary sample preparation
The four packages of 200 g of the same mushroom species were mixed and cleaned with deionized 

water. After that, mushrooms were dried by lyophilization (ca. 3 days) and grounded in decontaminated 
pestle and mortar. All grounded samples were stored in polypropylene tubes and kept frozen at -4 °C.

Grounded samples were submitted to sequential extraction procedures, aiming to quantify albumin, 
globulin, prolamin, and glutelin in different species of edible mushrooms.

 
Sequential extraction of proteins: proteins distribution

The protein screening was obtained only for pink oyster mushrooms, using sequential extraction 
procedure described by Naozuka & Oliveira (2007).20 Sample mass of approximately 200 mg was 
submitted to sequential extraction, using 10 mL of different extractants: methanol/chloroform mixture (1:2 
v v-1), acetone (75 % v v-1), deionized water, 0.5 mol L-1 NaCl, 70 % (v v-1) ethanol, and 0.5 mol L-1 NaOH. 
The mixture methanol/chloroform and acetone were used to remove lipids and polyphenols, respectively. 
Subsequently, the extractants water, NaCl, ethanol, and NaOH were used, producing four supernatants 
containing albumins, globulins, prolamins, and glutelins, respectively. In Figure 1 is shown a schematic 
diagram of the sequential extraction experimental setup.

Dias, S. S. L.; Oliveira, A. P.; Gaubeur, I.; Nomura, C. S.; Naozuka, J.
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The mixture between samples and extractants were carried out using an orbital shaker at 1520 x g 
for 30 minutes. The supernatant separation was executed by centrifugation at 4000 rpm for 10 minutes. 
Protein determination was performed by the Bradford (1976) method.21 Spectrophotometer calibration was 
performed using analytical reference solutions of 4, 6, 8, 10, 12, 16, and 20 μg of ovalbumin in 1.0 mL of 
Bradford reagent. Before analysis, water and NaOH supernatants were diluted with deionized water 2-20 
times, while ethanol and NaCl supernatants were not diluted. 

Figure 1. Schematic diagram of the protein sequential extraction experimental setup.

Sequential extraction of proteins: optimization
The sequential extraction optimization is important to obtain total albumins, globulins, prolamins and 

glutelins concentrations. Time, extractant concentrations and number of consecutives extraction were 
evaluated only for pink oyster mushrooms using the univariate analysis. Before sequential extraction, a 
sample mass of 200 mg was submitted to extraction with 10 mL of methanol/chloroform mixture (1:2 v v-1) 
and acetone (75% v v-1) to remove lipid and polyphenols, respectively. 

The time (15, 30 and 60 min) of mixture between sample and extractants was firstly evaluated. The 
extractants used were deionized water, NaCl (0.5 mol L-1), ethanol (70% v v-1), and NaOH (0.5 mol L-1). The 
separation of the solid phase was carried out by centrifugation at 1520 x g for 10 minutes. The best time 
was chosen based on the greatest extracted proteins concentration. 

In the best time, the extractants concentration (0.25, 0.5 and 1.0 mol L-1 (NaCl and NaOH) and 50, 60, 
and 70% v v-1 (ethanol) was studied. Again, appropriated extractant concentration was chosen considering 
the greatest extracted proteins concentration.

Finally, with the optimal conditions of time and concentration kept fixed, the number of consecutive 
extractions was evaluated for each extractant. In each supernatant, proteins were quantified, and the 
number of consecutive extractions was obtained when the protein concentration was smaller than limit of 
detection (LOD). 

The optimized conditions were applied to different species of edible mushrooms: pink oyster (Pleurotus 
djamor), champignon (Agaricus bisporus), shiitake (Lentinula edodes), and portobello (Agaricus bisporus), 
aiming the albumins, globulins, prolamins and glutelins determination.

Braz. J. Anal. Chem. 2023, 10 (40), pp 198-208.



202

Protein determination was performed by the Bradford (1976) method.21 Spectrophotometer calibration 
was performed using analytical reference solutions of 4, 6, 8, 10, 12, 16, and 20 μg of ovalbumin in 1.0 
mL of Bradford reagent. Before analysis, water and NaOH supernatants were diluted with deionized water 
2-20 times, while ethanol and NaCl supernatants were not diluted. 

RESULTS AND DISCUSSION
Proteins distribution in pink oyster mushroom

Protein quantification was carried out by Bradford method at 595 nm wavelength.21 The Bradford 
method is commonly used for protein quantification in solutions, due to its simplicity, easy application, and 
high sensitivity providing satisfactory analytical response. This method consists of the non-covalent bond 
between the anionic form of Coomassie Blue Brilhant Blue (G-250) dye with proteins.17 The dye reacts 
with the positively charged portion of the protein chain, usually arginine residues. Poor interactions are 
observed with basic (histidine and lysine) and aromatic (tyrosine, tryptophan and phenylalanine) residues. 
Thus, there is an equilibrium displacement of the dye to its ionic form, which corresponds to the species 
absorbing at 595 nm wavelength.18,22 Furthermore, according to Zaia et al.,23 there are few interferents 
substances in the Bradford method, which they can react with proteins or with the dye, increasing the 
absorbance. In food, possible interferents are lipids and polyphenols, 23 but in the proposed method, the 
initial extractions with methanol:chloroform and acetone (Figure 1) were capable to minimize the lipids and 
polyphenols presence. Considering the extractants (water, NaCl solution, ethanol, and NaOH solution), 
only NaCl solution above 1 mol L-1 can provide negative results in the Bradford method.23 In view of this 
information, the interferences in the proposed method is strongly minimized, adding the fact that extracts 
are diluted, mainly globulins supernatant, before analysis. 

The characteristic parameters of the analytical calibration curves (linear range, correlation coefficient 
(R2) and sensibility), LOD and limits of quantification (LOQ) are shown in Table I. The LOD was calculated 
using the standard deviation of 10 measurements of the analytical blank sample (3 × 𝜎blank, where 𝜎 is the 
standard deviation) and the LOQ was calculated as 3 × LOD. For the sequential extraction, the values 
were obtained in mg g−1, considering a sample mass of 200 mg and a final volume of 10 mL.

Table I. Characteristic parameters of the analytical method
Linear range 

(µg mL-1) R2 Sensibility Analytical 
blank

LOD 
(mg g-1)

LOQ 
(mg g-1)

Sequential 
extraction 20–120 0.9791 0.0015

Water 0.6 1.7

NaCl 0.3 0.9

Ethanol 0.4 1.2

NaOH 0.6 1.8

The separation of lipids and polyphenols was performed using a mixture of methanol/chloroform and 
acetone, respectively. In the absence of lipids and polyphenols, it was possible to separate different protein 
groups, applying the sequential extraction procedure. 

Proteins are amino acids polymers, which are linked by peptide bonding. The amino acids can 
carboxyl and amino groups, besides non-protein parts. The amino acids composition with polar or non-
polar groups influences the protein solubility. The charge arrangements in the proteins depends on 
acidic (eg. aspartyl and glutamyl) and basic (eg. histidyl, arginyl, and lysyl) amino acids. The non-protein 
parts (lipids, carbohydrates, and phosphates) can also alter the proteins solubility.18 So, it is possible to 
separate different proteins groups, using appropriated solvents. According to the Osborne (1924) method, 
a sequential extraction with water, saline (eg NaCl) solutions, alcoholic (eg 70-80% v v-1 ethanol) solutions 
and acidic or alkaline (eg NaOH) solutions is capable to separate albumin, globulin, prolamin and glutelin, 
respectively.20,24 The protein distribution in pink oyster mushrooms are shown in Table II.

Optimization of the Protein Sequential Extraction for Quantitative Determination of Albumins, 
Globulins, Prolamins and Glutelins in Edible Mushrooms 



203

According to Table II, it was verified that the highest protein concentration was found in the NaOH extract, 
corresponding to the glutelin group. The NaOH is the last extractant used in the sequential extraction, 
because it is not a selective protein extractant, being capable to extract any protein group.18,19 In this 
way, high glutelin concentrations can occur when extractions with water, NaCl and ethanol are inefficient 
due to inadequate times, volumes and/or concentrations. Therefore, the sequential extraction procedure 
optimization should ensure complete proteins extraction from each protein group, allowing quantitative 
determination of albumin, globulin, prolamin, and glutelin in edible mushrooms.

Table II. Proteins distribution in pink oyster mushroom

Mushroom
Concentration (mg g-1) ± standard deviation (n = 3)

Albumin Globulin Prolamin Glutelin Total*

Pink oyster 4.8 ± 0.2 < LOQ < LOQ 10.7 ± 0.2 15.5 ± 0.3

*Concentration sum of each protein type.

Sequential protein extraction optimization
Protein distribution studies are important for a first investigation of different proteins present in the 

samples. Although protein distribution cannot provide the total concentrations of albumins, globulins, 
prolamins and glutelins, it contributes with important information about nutritional characteristics and 
potentialities. The value of the protein content in edible mushrooms requires the quantitative determination 
of albumin, globulin, prolamin, and glutelin, obtained after the sequential extraction optimization. For 
this, it was done an univariably optimization evaluating time, extractants concentrations, and number of 
consecutive extractions parameters. 

Initially, the extraction time was varied and the obtained results for pink oyster mushroom are presented 
in Table III. Comparing the concentrations for each proteins group, the optimum time for the extraction were 
chosen considering the highest concentration obtained as well as standard deviation values. Therefore, 30 
and 60 min for albumin and glutelin, respectively. For globulins and prolamins, it was maintained 15 min, 
since concentrations were below the LOQ for any extraction time. 

At the fixed optimal time, the extractants concentrations were optimized, except for deionized water. 
The results are shown in the Table IV. The NaCl, ethanol and NaOH concentrations were, respectively, 
divided in three groups: minimum (0.25 mol L-1, 50% (v v-1) and 0.25 mol L-1), intermediate (0.5 mol L-1, 
60% (v v-1) and 0.5 mol L-1) and maximum (1.0 mol L-1, 70% (v v-1) and 1.0 mol L-1). For all protein types, 
the minimum extractant concentration (NaCl 0.25 mol L-1, ethanol 50% v v-1, and NaOH 0.25 mol L-1) was 
more appropriate. 

Table III. Concentration of albumin, globulin, prolamin and glutelin in pink oyster mushrooms at 
different extraction times

Extraction 
time

Protein concentration (mg g-1) ± standard deviation (n = 3)

Albumin Globulin Prolamin Glutelin

15 min 2.5 ± 0.5 < LOQ < LOQ 8.8 ± 0.7

30 min 4.8 ± 0.2 < LOQ < LOQ 11.1 ± 0.1

60 min 4.6 ± 0.2 < LOQ < LOQ 15 ± 1

*Concentration sum of each protein type.

Braz. J. Anal. Chem. 2023, 10 (40), pp 198-208.
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Table IV. Concentration of albumin, globulin, prolamin and glutelin in pink oyster mushrooms at different 
reagent concentrations

Extractant 
concentration

Protein concentration (mg g-1) ± standard deviation (n = 3)

Albumin Globulin Prolamin Glutelin Total*

Minimum 4.6 ± 0.2 < LOQ < LOQ 17 ± 4 22 ± 4

Intermediate 4.6 ± 0.2 < LOQ < LOQ 15 ± 1 20 ± 1

Maximum 4.6 ± 0.2 < LOQ < LOQ 15 ± 1 20 ± 1

*Concentration sum of each protein type.

After optimization of time and extractants concentrations, the extraction quantity with the same extractant 
was studied, being each sequential extraction step consecutively repeated until that protein determined 
concentrations were below the LOD and LOQ. This study was performed only for albumins and glutelins, 
because the globulin and prolamin concentrations were already below the LOD and LOQ. In the Figure 2 
is shown the optimization results for the number of extractions. It is possible to observe that 3 (Figure 1A) 
and 8 (Figure 1B) consecutives extractions with water and NaOH solution completely extracted albumin 
and glutelin, respectively, considering the LOQ values presented previously in Table I. Considering 3 
and 8 consecutives extractions with water and NaOH solution, respectively, the albumin and glutelin 
concentrations had an increase, when compared with results shown in the Table II (proteins distribution). 

Figure 2. Concentration of albumin (A) and glutelin (B) in pink oyster mushrooms applying consecutive extractions

So, the quantitative extraction of albumins, globulins, prolamins and glutelins in mushrooms was 
accomplished using the optimized conditions summarized in the Table V.

Table V. Optimized parameters for sequential extraction of proteins

Parameters
Extractant

H2O NaCl Ethanol NaOH

Extraction time 30 min 15 min 15 min 60 min

Extractant 
concentration -- 0.25 50 % (v v-1) 0.25

Number of extractions 3 1 1 8

Dias, S. S. L.; Oliveira, A. P.; Gaubeur, I.; Nomura, C. S.; Naozuka, J.
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Protein quantitative determination in edible mushrooms
The albumin, globulin, prolamin, and glutelin concentrations in pink oyster, champignon, shiitake, and 

portobello mushrooms after sequential extraction using the optimized conditions are presented in Table VI. 
Previous investigations determined the total protein concentrations in edible mushrooms25,26, 

corresponding to 252, 234, 217, and 294 mg g-1 for pink oyster, champignon, shiitake, and portobelo, 
respectively. In this work, the total protein concentrations, Table VI, were obtained by the masses sum of 
all extracts, and comparing the literatures25,26 and obtained results, it was possible to extract 18, 5 and 2% 
w/w for pink oyster, shiitake, and portobelo, respectively. For champignon, albumins, globulins, prolamins 
and glutelins were not found using the proposed method. Therefore, there are other protein groups in 
these edible mushrooms, and albumins, globulins, prolamins and glutelins are a small part of the whole 
proteins. 

Table VI. Concentration of albumin, globulin, prolamin and glutelin in different mushroom species after optimized 
sequential extraction

Mushroom Origin

Protein concentration (mg g-1) ±
standard deviation (n = 3) DRV (%)

Albumin Globulin Prolamin Glutelin Totala

Pink oyster Indoor growing 1.5 ± 0.1 0.9 ± 0.2 < LOQ 28 ± 2 30 ±2 0.40

Pink oyster Commercial 7 ± 1 < LOQ < LOQ 39 ± 2 46 ± 2 0.61

Champignon Commercial < LOQ < LOQ < LOQ < LOQ **n.d. **n.d.

Shiitake Commercial 0.7 ± 0.1 < LOQ < LOQ 9.1 ± 0.2 9.8 ± 0.2 0.13

Portobello Commercial < LOQ < LOQ < LOQ 5.2 ± 0.1 5.2 ± 0.1 0.07

*%DRV refers to the percentage of the Daily Reference Value of each component supplied per 100 g portion of fresh mushroom 
in a 2000 kcal or 8,400 kJ diet, according to ANVISA RDC Resolution No. 360 December 23, 2003.19

**not determined (n.d.). aTotal protein from sum of each protein type.

Comparing the proteins distribution (Table II) in pink oyster mushrooms with proteins concentrations 
obtained after sequential extraction conditions optimization, it is possible to observe that the albumins and 
glutelins concentrations suffered alteration (Table VI). Additionally, only pink oyster and shiitake mushrooms 
showed concentrations above the LOD and LOQ for albumin group while pink oyster mushroom was the 
species with the highest concentration of albumin and glutelin as well as total protein concentration 4.7 
times higher than shiitake mushroom, which is one of the most consumed mushroom species, showing 
that this exotic species can be promising mainly due to nutritional characteristics and protein source. 

The champignon mushrooms presented all protein group concentrations below LOD and LOQ. So, 
this proposed method was not capable to determine proteins in this mushroom and comparatively this 
mushroom species is not rich in proteins like pink oyster, portobello, and shiitake. Possibly, increasing the 
sample mass or decreasing the extractant volume, it would be possible to determine the albumin, globulin, 
prolamin and glutelin concentrations in champignon mushroom. The portobello can be considered the 
second mushroom species with the lowest total concentration of proteins, just showing glutelins group. 

It is known that mushrooms can colonize different types of agricultural and agro-industrial waste such 
as sawdust, sugarcane bagasse, corn husk, and coffee pulp.27,28 Therefore, it is important to point out that 
comparisons between published results for other authors are difficult, since cultivation conditions (climate 
and irrigation), substrate composition and maturation phase of the fruiting bodies mushrooms can promote 
variations in proteins distribution.29-32 Besides that, extraction procedures differ notably from each other. 

Braz. J. Anal. Chem. 2023, 10 (40), pp 198-208.
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Although protein distribution is based on solubility differences and plays a fundamental biological role 
in uptake, digestion and absorption of proteins, there is still limited data provided on protein distribution 
for mushrooms.33 A study published by Petrovska (2001) evaluated the albumin, globulins, prolamins, and 
glutelin distribution in mushrooms.34 However, the extraction procedure showed difference when compared 
with proposed method, being the prolamins extraction performed with 55% v v-1 isopropyl alcohol, while for 
glutelin extraction, borate buffer (pH 10) with 0.6% v v-1 2-mercaptoethanol and 0.5% w v-1 sodium dodecyl 
sulfate were used.

The results presented in Table VI are in agreement with those published by Helm et al. (2009) in which 
the Pleurotus mushrooms also presented the highest concentration of total proteins (37.51% (w w-1)) when 
compared to other mushrooms species.35 On the other hand, in edible Macedonian and Pleurotus eryngii 
mushrooms, different results were obtained, since extraction procedures without optimization and different 
extractants for prolamins and glutelins were applied.34,36 In Macedonian mushrooms, the abundance of 
protein fraction was as follow: albumins > glutelins > globulins > prolamins.34 The total protein concentration 
presented in Table VI for champignon mushroom (Agaricus bisporus) was lower than 36.3% dry wt. of 
protein content in A. bisporus mushrooms reported earlier by Akyüz et al. (2010).37

Lastly, it was verified that pink oyster mushroom supplies 0.47% of the recommended daily protein 
intake (Daily Reference Values, DRV = 75.0 g) followed by shiitake mushroom (0.13%),38 considering the 
daily intake of 100 g of fresh mushrooms with an average fresh edible mushrooms moisture of 90% and 
the total protein concentration the sum of albumin, prolamin, globulin and glutelin concentration. 

CONCLUSIONS
For quantitative determination of different protein groups (albumin, globulin, prolamin and glutelin) in 

edible mushrooms, it is essential to optimization of sequential extraction procedure. It was observed that 
the optimization significantly altered the glutelin concentration in pink oyster mushroom.

The optimized sequential extraction was applied for pink oyster, shiitake, portobello and champignon 
mushrooms. The champignon mushrooms presented all protein group concentrations below LOD and 
LOQ. The portobello can be considered the second mushroom species with the lowest total concentration 
of proteins, just showing glutelins group. The pink oyster mushroom is the species with the highest 
concentration of albumin and glutelin as well as total protein concentration 4.7 times higher than shiitake 
mushroom, which is one of the most consumed mushroom species, showing that this exotic species can 
be promising mainly due to nutritional characteristics and protein source. 

In this way, the evaluation of the quantitative protein distribution in different edible mushroom species 
can contribute with data capable of improving the nutritional information about the conscious use of these 
foods, since proteins play an essential role in the human organism and in the composition of the studied 
mushrooms.

Conflicts of interest
The authors declare that they have no conflict of interest. 
This article does not contain any studies with human or animal subjects. 

Acknowledgements
Saphire de Souza Lana Dias thanks the National Council for Scientific and Technological Development 

(CNPq) [grant number 800271/2018-1]. Aline Pereira de Oliveira [grant number 2017/05009-7 and 
2019/00663-6], Cassiana Seimi Nomura [grant number 2021/14125-6] and Juliana Naozuka [grant 
numbers 2018/06332-9 and 2021/14125-6] thank the São Paulo Research Foundation (FAPESP) for the 
fellowship provided and financial support.

Optimization of the Protein Sequential Extraction for Quantitative Determination of Albumins, 
Globulins, Prolamins and Glutelins in Edible Mushrooms 



207

REFERENCES 
(1)	 Bătrînu, A. M.; Tero-Vescan, A.; Miklos, A. Biochemical controversies regarding the use of 

vegetal proteins in performance athletes. Acta Biologica Marisiensis 2020, 3 (2), 5-13. https://
doi.org/10.2478/abmj-2020-0006

(2)	 Schweiggert-Weisz, U.; Eisner, P.; Bader-Mittermaier, S.; Osen, R. Food proteins from plants and 
fungi, Curr. Opin. Food Sci. 2020, 32, 156–162. https://doi.org/10.1016/j.cofs.2020.08.003

(3)	 Lehninger, A. L.; Nelson, D. L.; Cox, M. M., Cox, M. M. Principles of biochemistry. WH Freeman and 
Company, New York, NY, USA, 2005.

(4)	 Friedman, M. Nutritional Value of Proteins from Different Food Sources. A Review. J. Agric. Food 
Chem. 1996, 44, 6-29. https://doi.org/10.1021/jf9400167

(5)	 González, A.; Cruz, M.; Losoya, C.; Nobre, C.; Loredo, A.; Rodríguez, R.; Contreras, J.; Belmares, 
R. Edible mushrooms as a novel protein source for functional foods. Food Funct. 2020, 11, 7400–
7414. https://doi.org/10.1039/D0FO01746A

(6)	 Ouzouni, P. K.; Petridis, D.; Koller, W. D.; Riganakos, K. A. Nutritional value and metal content of wild 
edible mushrooms collected from West Macedonia and Epirus, Greece. Food Chem. 2009, 115 (4), 
1575-1580. https://doi.org/10.1016/j.foodchem.2009.02.014

(7)	 Xu, X.; Yan, H.; Chen, J.; Zhang, X. Bioactive proteins from mushrooms. Biotechnol. Adv. 2011, 29 
(6), 667-674. https://doi.org/10.1016/j.biotechadv.2011.05.003

(8)	 Simões, M. G. Desenvolvimento e crescimento da espécie de cogumelo Pleurotus ostreatus em 
garrafas de plástico reutilizado. PhD thesis, Universidade dos Açores, Brazil, 2016.

(9)	 Sudha, G.; Janardhanan, A.; Moorthy, A.; Chinnasamy, M.; Gunasekaran, S.; Thimmaraju, A.; 
Gopalan, J. Comparative study on the antioxidant activity of methanolic and aqueous extracts from 
the fruiting bodies of an edible mushroom Pleurotus djamor. Food Sci. Biotechnol. 2016, 25 (2), 371-
377. https://doi.org/10.1007/s10068-016-0052-4

(10)	 Sarangi, I.; Ghosh, D.; Bhutia, S. K.; Mallick, S. K.; Maiti, T. K. Anti-tumor and immunomodulating 
effects of Pleurotus ostreatus mycelia-derived proteoglycans. Int. Immunopharmacol. 2006, 6 (8), 
1287-1297. https://doi.org/10.1016/j.intimp.2006.04.002

(11)	 Guillamón, E.; García-Lafuente, A.; Lozano, M.; Rostagno, M. A.; Villares, A.; Martínez, J. A. Edible 
mushrooms: role in the prevention of cardiovascular diseases. Fitoterapia 2010, 81 (7), 715-723. 
https://doi.org/10.1016/j.fitote.2010.06.005

(12)	 Muszyńska, B.; Grzywacz-Kisielewska, A.; Kała, K.; Gdula-Argasińska, J. Anti-inflammatory 
properties of edible mushrooms: A review. Food Chem. 2018, 243, 373-381. https://doi.org/10.1016/j.
foodchem.2017.09.149

(13)	 Morales, D.; Shetty, S. A.; López-Plaza, B.; Gómez-Candela, C.; Smidt, H.; Marín, F. R.; Soler-
Rivas, C. Modulation of human intestinal microbiota in a clinical trial by consumption of a β-d-glucan-
enriched extract obtained from Lentinula edodes. Eur. J. Nutr. 2021, 60, 3249–3265. https://doi.
org/10.1007/s00394-021-02504-4

(14)	 Silva, F. A. B.; Lucini, F.; Falcão, M. S.; Laindorf, B. L.; Maggio, L. P.; Putzke, J. Diversidade de 
cogumelos comestíveis em área de bioma pampa. Anais do 10º Salão Internacional de Ensino, 
Pesquisa e Extensão da UNIPAMPA. 2019, 10 (2).

(15)	 Sande, D.; Oliveira, G. P.; Moura, M. A. F.; Martins, B. A.; Lima, M. T. N. S.; Takahashi, J. A. Edible 
mushrooms as a ubiquitous source of essential fatty acids. Food Res. Int. 2019, 125, 108524. https://
doi.org/10.1016/j.foodres.2019.108524

(16)	 Dulay, R. M. R.; Miranda, L. A.; Malasaga, J. S.; Kalaw, S. P.; Reyes, R. G.; Hou, C. T. Antioxidant 
and antibacterial activities of acetonitrile and hexane extracts of Lentinus tigrinus and Pleurotus 
djamour. Biocatal. Agric. Biotechnol. 2017, 9, 141-144. https://doi.org/10.1016/j.bcab.2016.12.003

(17)	 Christian, G. D. Analytical Chemistry, 5th ed., John Wiley & Sons, Inc.,1994, Chapter 484.
(18)	 Chunhieng, T.; Pétritis, K.; Elfakir, C.; Brochier, J.; Goli, T.; Montet, D. Study of selenium distribution 

in the protein fractions of the Brazil nut, Bertholletia excelsa. J. Agric. Food Chem. 2004, 52 (13), 
4318-4322. https://doi.org/10.1021/jf049643e

Braz. J. Anal. Chem. 2023, 10 (40), pp 198-208.

https://doi.org/10.2478/abmj-2020-0006
https://doi.org/10.2478/abmj-2020-0006
https://doi.org/10.1016/j.cofs.2020.08.003
https://doi.org/10.1021/jf9400167
https://doi.org/10.1039/D0FO01746A
https://doi.org/10.1016/j.foodchem.2009.02.014
https://doi.org/10.1016/j.biotechadv.2011.05.003
https://doi.org/10.1007/s10068-016-0052-4
https://doi.org/10.1016/j.intimp.2006.04.002
https://doi.org/10.1016/j.fitote.2010.06.005
https://doi.org/10.1016/j.foodchem.2017.09.149
https://doi.org/10.1016/j.foodchem.2017.09.149
https://doi.org/10.1007/s00394-021-02504-4
https://doi.org/10.1007/s00394-021-02504-4
https://doi.org/10.1016/j.foodres.2019.108524
https://doi.org/10.1016/j.foodres.2019.108524
https://doi.org/10.1016/j.bcab.2016.12.003
https://doi.org/10.1021/jf049643e


208

(19)	 Kwon, K.; Park, K. H.; Rhee, K. C. Fractionation and characterization of proteins from coconut (Cocos 
nucifera L.). J. Agric. Food Chem. 1996, 44 (7), 1741-1745. https://doi.org/10.1021/jf9504273

(20)	 Naozuka, J.; Oliveira, P. V. Cu, Fe, Mn and Zn distribution in protein fractions of Brazil-nut, cupuassu 
seed and coconut pulp by solid-liquid extraction and electrothermal atomic absorption spectrometry. J. 
Braz. Chem. Soc. 2007, 18 (8), 1547-1553. https://dx.doi.org/10.1590/S0103-50532007000800015

(21)	 Bradford, M. M. A rapid and sensitive method for the quantitation of microgram quantities of protein 
utilizing the principle of protein-dye binding. Anal. Biochem. 1976, 72 (1-2), 248-254. https://doi.
org/10.1016/0003-2697(76)90527-3

(22)	 Naozuka, J.; Oliveira, P. V. Cooking effects on iron and proteins content of beans (Phaseolus vulgaris 
L.) by GF AAS and MALDI-TOF MS. J. Braz. Chem. Soc. 2012, 23 (1), 156-162. https://dx.doi.
org/10.1590/S0103-50532012000100022

(23)	 Zaia, D.M.S; Zaia, C. T. B. V.; Lichtig, J. Determinação de proteínas totais via espectrofometria: 
vantagens e desvantagens dos métodos existentes. Quim. Nova 1998, 21 (6), 787-793.

(24)	 Osborne, T. B. The Vegetable Proteins, 2nd Ed. Green & Co, London, 1924.
(25)	 Hasan, M. T.; Khatun, M. H. A.; Sajib, M. A. M.; Rahman, M. M.; Rahman, M. S.; Roy, M.; Ahmed, 

K. U. Effect of wheat bran supplement with sugarcane bagasse on growth, yield and proximate 
composition of pink oyster mushroom (Pleurotus djamor). A. J. Food Sci. Technol, 2015, 3 (6), 150-
157. https://dx.doi.org/10.12691/ajfst-3-6-2

(26)	 Tabela de Composição Química dos Alimentos da Escola Paulista de Medicina, 2023. https://tabnut.
dis.epm.br/ (accessed 2023-03-30).

(27)	 Moda, E. M.; Horii, J.; Spoto, M. H. F. Edible mushroom Pleurotus sajor-caju production on washed 
and supplemented sugarcane bagasse. Scientia Agricola. 2005, 62 (2), 127-132.

(28)	 Silva, M. C.; Naozuka, J.; Luz, J. M. R.; Assunção, L. S.; Oliveira, P. V.; Vanetti, M. C.; Kasuya, M. 
C. Enrichment of Pleurotus ostreatus mushrooms with selenium in coffee husks. Food Chem. 2012, 
131 (2), 558-563. https://doi.org/10.1016/j.foodchem.2011.09.023

(29)	 Banik, S.; Nandi, R. Effect of supplementation of rice straw with biogas residual slurry manure on 
the yield, protein and mineral contents of oyster mushroom. Ind. Crops Prod. 2004, 20 (3), 311-319. 
https://doi.org/10.1016/j.indcrop.2003.11.003

(30)	 Kalač, P. A review of chemical composition and nutritional value of wild‐growing and cultivated 
mushrooms. J. Sci. Food Agric. 2013, 93 (2), 209-218. https://doi.org/10.1002/jsfa.5960

(31)	 Kora, A. J. Nutritional and antioxidant significance of selenium-enriched mushrooms. Bull. Natl. Res. 
Cent. 2020, 44 (34). https://doi.org/10.1186/s42269-020-00289-w

(32)	 Oliveira, A. P.; Naozuka, J. Preliminary results on the feasibility of producing selenium-enriched 
pink (Pleurotus djamor) and white (Pleurotus ostreatus) oyster mushrooms: Bioaccumulation, 
bioaccessibility, and Se-proteins distribution. Microchem. J. 2019, 145, 1143-1150. https://doi.
org/10.1016/j.microc.2018.12.046

(33)	 Vetter, J. Biological values of cultivated mushrooms – A review. Acta Aliment. 2019, 48 (2), 229–240. 
https://doi.org/10.1556/066.2019.48.2.11

(34)	 Petrovska, B. B. Protein fraction in edible Macedonian mushrooms. Eur. Food Res. Technol. 2001, 
212 (4), 469-472. https://doi.org/10.1556/066.2019.48.2.11

(35)	 Helm, C. V.; Coradin, J. H.; Rigoni, D. Avaliação da composição química dos cogumelos comestíveis 
Agaricus bisporus, Agaricus brasiliensis, Agaricus bisporus portobello, Lentinula edodes e Pleorotus 
ostreatus. Comunicado Técnico 235 (INFOTECA-E), Embrapa Florestas, 2009.

(36)	 Krüzselyi, D.; Kovács, D.; Vetter, J. Chemical analysis of king oyster mushroom (Pleurotus eryngii) 
fruitbodies. Acta Aliment. 2016, 45 (1), 20-27. https://doi.org/10.1556/066.2016.45.1.3

(37)	 Akyüz, M.; Kirbağ, S. Nutritive value of edible wild and cultured mushrooms. Turk. J. Biol. 2010, 34 
(1), 97-102. https://doi.org/10.3906/biy-0805-17

Dias, S. S. L.; Oliveira, A. P.; Gaubeur, I.; Nomura, C. S.; Naozuka, J.

https://doi.org/10.1021/jf9504273
https://dx.doi.org/10.1590/S0103-50532007000800015
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://dx.doi.org/10.1590/S0103-50532012000100022
https://dx.doi.org/10.1590/S0103-50532012000100022
https://dx.doi.org/10.12691/ajfst-3-6-2
https://doi.org/10.1016/j.foodchem.2011.09.023
https://doi.org/10.1016/j.indcrop.2003.11.003
https://doi.org/10.1002/jsfa.5960
https://doi.org/10.1186/s42269-020-00289-w
https://doi.org/10.1016/j.microc.2018.12.046
https://doi.org/10.1016/j.microc.2018.12.046
https://doi.org/10.1556/066.2019.48.2.11
https://doi.org/10.1556/066.2019.48.2.11
https://doi.org/10.1556/066.2016.45.1.3
https://doi.org/10.3906/biy-0805-17

