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Abstract

One of the most critical functional properties that define the nutritional value and industrial utility of
mushroom proteins is their solubility. Five food-grade sodium salts, including sodium chloride (NaCl),
sodium sulfate (NaSQOa), sodium sulfite (NaSO3), sodium acetate (CH3COONa), and sodium nitrite
(NaNOy), were used to assess the impact on protein solubility of seven different mushroom samples
(Lentinus subnudus Berk (Mi), Chlorophyllum molybditis (M2), Volvariella esculenta (M3), Coprinus
tramentarius (M)a, Pleurotus ostreatus Jacq (Ms), Termitomyces microcarpus (Ms), and Pleurotus
pulmonarius (My)) at different concentrations ranging from 2-12% wy/v. Solubility was evaluated in
triplicate, and statistically significant differences between treatments were calculated using ANOVA
at the p<0.05 level. The results show clear differences in protein solubility for the selected mushroom
samples and among salts. Protein solubility in all mushroom species M2 exhibited the highest value in
nearly all salt treatments, with values of about 54% for the protein from NaCl and NaNOz. The lowest
values were obtained in M5, M6, and M7, with little variation depending on the salt used. Mushroom
samples responded differently to protein solubility against increasing salt concentration, indicating
different interactions among the proteins and dissolved ions of the specific mushroom species. Among
the evaluated salts, NaCl and NaNOz gave generally higher protein solubility values than NaSOs and
CH3COONa, whereas NaSOs yielded intermediate effects depending on the mushroom samples. These
findings are important in the process development for extraction and production of food ingredients
with appropriate functional characteristics of mushroom protein.
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Introduction

Edible mushrooms are traditionally valued not just as culinary delights but also as part of the
human diet. They offer significant amounts of protein, lipids, amino acids, glycogen, vitamins,
and mineral salts (Okwulehie & Odunze, 2004). Studies have shown that the mineral content
of mushrooms surpasses that of meat, fish, and nearly doubles that of most common
vegetables (Adeyeye et al., 2008). Additionally, these fungi have a history of use for medicinal
purposes (Selvi et al., 2007). Nigeria, with its diverse ethnic groups, including the Hausas of
the North, Yorubas of the South West, Urhobo of the Mid - West, and Ibos of the East, has long
identified various mushrooms and utilized them for economic and medicinal purposes
(Ukoima et al., 2009a). Among the Yorubas, mushrooms have been integral to daily life for
centuries, with each species bearing a descriptive Yoruba name and often associated with
folklore and beliefs about their origins (Okhuoya et al., 2010). These traditions can influence
the perception of edibility or medicinal value among native Yoruba doctors (Kuforiji & Fasidi,
2008). Typically, edible mushrooms are classified into five categories based on the origin of
their names: those related to taste, morphology, growth habit, texture, and habitat
(Osemwegie et al., 2006).

Based on taste, Volvariella volvacea and Volvariella exculenta are known as Ogiriagbe, and
Termitomyces clypeatus as Takete. Morphologically, Termitomyces mammiformis is called Rooro,
and Termitomyces robustus as Ewe. Schizophyllum commue Fr is identified as Ese-adie, and
Agrocyber broadway as Gunnugu. Those named for their growth habits are Termitomyces globules
and Pleurotus tuber-reguim) as Olu, while based on texture, Pleurotus squarrosulus is Erirokiro
and Psathyrella atroumbonata as Wowo. The fungus Francolimus bicalcaratus is called Isoaparo
due to its tendency to grow where the droppings of this bird are present. Natives also named
many fungi after the specific type of dead wood they grew upon (Okhuoya et al., 2010). Besides
edible mushrooms, the natives are also aware of toxic or inedible varieties, such as Coprinus
africans (Ajeimutin), Phallus aurantiacus, Phallus industiatus, Phallus rubicundus, and Mutinus
bambustnus (collectively Akufodewa), Celtis zenkeri (Asa-ita), and Coprinus enphemerus (Olu-

gbongaga).

Although the nutritional and medicinal benefits of mushrooms have been established for some
time (Manzi et al., 2001; Kettawan et al., 2011), their consumption was previously primarily
noted in rural areas of Nigeria. However, there has been a recent increase in their importance
in the diets of both rural and urban dwellers, with significant trade observed along major
highways and in urban centres (Choudhury et al, 2025). This heightened demand is likely driven
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by the rising costs of conventional protein sources such as beef, pork, chicken, fish, and eggs
(Sangeeta et al, 2024).

The edible mushrooms attracted increasingly attentions among scientists and the food
industry in terms of being an economical source of high-quality protein, fiber, vitamins,
minerals, and several bioactives while low in fat (Ionescu et al., 2025). Due to their favorable
amino acid profile, high digestibility, and various health-promoting compounds, they are used
as important food ingredients in functional foods and in plant-based diets (Das et al., 2021).
Besides nutritional merits, edible mushrooms also offer a series of functional properties that
determine their application in the food processing industry (Aguiar et al, 2026). Among them,
protein solubility is one of the most significant ones as it is directly associated with water-
holding capacity, emulsion and foaming ability, gelling ability, as well as the efficiency of
extraction of proteins.

It can be affected by various factors such as pH, temperature, ionic strength, type and
concentration of dissolved salts. Salts can be added in food products in a wide range of
concentrations to either increase or decrease the protein solubility of food products (salting-in
and salting-out effects, respectively) (Cao et al., 2026). Each salt will interact with protein
molecules with a different mechanism due to the unique characteristics of ions such as
hydration ability and electrostatic potential and the changes induced on protein configuration
(Dumetz et al., 2007, Karabulut et al., 2024). Therefore, it is worthwhile to examine the effects of
different kinds of sodium salts on the solubility of mushroom protein.

Many studies (Chang, 1996; Dimopoulou et al., 2022; Hait et al, 2025) have been carried out on the
nutritional composition and some functional properties of edible mushrooms, but systematic
comparative analysis of the effects of different types of sodium salts on protein solubility in
various mushroom species under the same conditions are very limited.

This kind of research may offer useful information to food processors who want to use
mushroom protein as food ingredients and develop food processing technologies for optimal
protein extraction from mushrooms. Hence, in this study, the impacts of five food-grade
sodium salts (NaCl, NaSO;, NaSOs, CH3COONa and NaNOs) on the protein solubility of
seven edible mushrooms (M1-M?7) at various concentrations (2-12%) were investigated to shed
light on the influence of ionic environment on protein functional characteristics.
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Materials and Methods

Source of Materials and Sample Pre-treatment

The mushrooms: Lentinus subnudus Berk (Mi), Chlorophyllum molybditis (Mz2), Volvariella
esculenta (Ms), Coprinus tramentarius (Ma, Pleurotus ostreatus Jacq (Ms), Termitomyces microcarpus
(Ms), and Pleurotus pulmonarius (Mz) were collected from the Federal College of Agriculture
campus, Akure, Ondo State, Southwest part of Nigeria. The bad or rotten samples were sorted
out. The samples were oven-dried at 65°C for 72 hours and were then ground into powder
form using a porcelain pestle and mortar. The milled samples were then sieved with a 2 mm
mesh-sized sieve and stored in waterproof polyethylene bags at room temperature for further
analysis.

Determination of Protein Solubility in Salt Solutions

0.2g of each flour sample and 10ml of a particular salt concentration were thoroughly mixed
with a magnetic stirrer (1000 rpm) at room temperature (30°C). Insoluble materials were
removed by centrifuging at 3500rpm for 30min. The supernatant was dissolved by the Biuret
method. The salts used were sodium nitrite, sodium nitrate, sodium chloride, sodium acetate,
sodium sulphate with their concentrations ranging between 2 and 12%). The nitrogen was
converted to crude protein by multiplying by 6.25.

3.6 Statistical Analysis
Data obtained were generated in triplicates and analyzed using Mean, Standard deviation and
one-way analysis of variance with Duncan Multiple Range test at 95% confidence or p< 0.05

3.7  The Null Hypothesis

1 There is no significant difference in the proximate composition of mushroom samples.

2. There is no significant difference in the mineral composition of mushroom samples.

3. There is no significant variation in the phytate levels of the mushroom samples.

4. There is no significant variation in the functional properties of the mushroom samples as
different salt concentrations are used.
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Table 1: The Result of Effect of NaCl on Protein Solution (%) of Mushroom Sample

Salt Conc M M Ms My Ms Me M7

(%)

2 33.15+2.02¢ 46.15+2.02> 56.31+270c 1824+2.042 731420720 21.18+2.034 14.28 +2.06P
4 28.17 +2.02> 45.03 +2.002b 17.28 +2.064 16.25+2.052 7.31+2.072 15.03 +2.000 12.26 +2.052b
6 2401 +2.08 43.10+2.00ab 20.32+2.08 17.28+2.062 8.21+2.042b 813+2.01= 10.27 +2.562
8 21.02+2.02a 4229+ 2.062 26.02+2.00°> 22.07+2.00> 12.06+2.00c 11.16+2.022  9.05+2.002
10 21.11 +2.012  50.00 +2.00c 3228 +2.60c 23.02 +2.00b 11.22 +2.04b 14.04 +2.00b<  9.20 +2.032
12 22.02+2.002 54.01+2.004 31.24+2.04c 2324+2.04> 1223 +2.04c 13.26 +2.05> 10.09 +2.01a

All values were expressed as the average of triplicate determinations + the standard deviations, and values bearing the

same superscripts in the same row are significantly not different (p<0.05).
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Table 2: The Result of Effect of Na2SO4 on Protein Solution (%) of Mushroom Samples

Salt Conc (%) Mz M> M3 My Ms Ms Mz
2 29.13 +2.20> 41.102+ 18.04 +2.00b 27.21 +2.03< 1216 +2.01c 7.06 +2.000  13.05 + 2.002
2.002b
4 21.27 +2.05> 43.25+2.04c 1624 +2.04> 28.10+201c 13.24+2.04c 6.27+2.0620 10.06 +2.002
6 24.01 +2.000 37.32+2.072> 19.09 +2.01> 17.21+2.032 9.05+2.00b6 730+2.072 10.20 +2.052
8 23.02+2.000 39.32+2.012 10.13+2.012 23.24+2.04> 11.22 + 833+208  10.25+2.002
2.03abe
10 22274205 36.05+2.000 36.05+200 20.15+202 9.05+2.00 722+2042 10.09 +2.012
12 22194205 36.20+2.03* 36.20 +2.03c 20.01 +2.00¢ 821+2.03  9.03+2.000 10.17 +2.022

All values were expressed as the average of triplicate determinations + the standard deviations, and values bearing the

same superscripts in the same row are significantly not different (p<0.05).
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Table 3: The Result of Effect of NaSOs on Protein Solution (%) of Mushroom Samples.

Salt Conc (%) Mz M> M3 M4 Ms Ms My

2 28.09 +2.01> 45.08+ 3.05¢  33.33 +2.08 19.12+2.01c 9.21+203 9.15+201= 13.12+2.01b
4 29.25+2.05> 43.25+2.05> 34.09 +2.01c 20.15+2.022b 15.18 +2.02> 22.01 +2.00c 10.09 +2.012P
6 22.02+2.000 39.24 +2.042> 2811 +2.01> 21.04+2.002> 8.18 +2.022  12.2+2.03>  10.06 +2.002P
8 22.02+2.000 4518 +2.05 17.16+2.012 23.31+2.07> 17.22+2.03> 14.12+2.01> 10.17 +2.022P
10 20.25+2.000 36.05+2.000 27.25+2.00c 2611+2.05 2211+201c 13.26+2.05> 9.08 +2.012
12 30.16 +2.01> 41.17 +2.02>< 26.21 +2.03> 2619 +2.03c 17.09 +2.01> 15.27 +2.05> 10.32 +2.082b

All values were expressed as the average of triplicate determinations + the standard deviations, and values bearing the

same superscripts in the same row are significantly not different (p<0.05).
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Table 4: The Results of the Effect of CH;COONa on Protein Solubility (%) of Mushroom Samples

Salt Conc M1 M: Ms My Ms Me My

(%)

2 29.13 +2.20> 41.02+2.00>< 18.04 +2.00b 2721 +2.03¢ 12.16 +2.02>< 7.06 +2.000  13.05 + 2.002
4 21.27+2.052  45.00+2.00c 16.24+2.04> 2810+ 2.01c 13.24+2.04c 6.00+2.000  10.06 +2.002
6 2401 +2.000 37.32+2.0720 19.09+2.01> 17.21+2.032 9.05+2.00e> 730+2.072 10.21 +2.032
8 23.01 +2.000 39.10 +2.012>  10.13 +2.012  23.24 + 2.04P 11.22 + 833 +2.072  10.25 +2.042

2.04abe

10 2227 +4+2.000  36.05+2.002 36.05+210c 20.15+2.022b 9.05+2.002 722+2042 10.09 +2.012
12 2219+2.032 36.20+2.032 36.20+2.03c 20.01 +2.00a> 821+2.03 9.03+2.000 10.17 +2.032

All values were expressed as the average of triplicate determinations + the standard deviations, and values bearing the

same superscripts in the same row are significantly not different (p<0.05).
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Table 5: The Results of the Effect of NaNO: on Protein Solubility (%) of Mushroom Samples

Salt Conc (%) Mz Mz M3 M, Ms Ms My

2 31.16 +2.02> 53.19+2.03> 1530 +2.072 25.08 +2.01=  16.08 +2.01b 6.20 + 2.002  14.09 +2.01=
4 26.09+2.012 50.01 +2.00> 22.31+207°> 38.03+2.01> 17.17+2.02b 9.19+2.022b 12.29 +2.062
6 28.16 +2.022b 4503 + 2.002  32.28+2.06c 16.62+1.47¢ 9.05+2.000  14.12+2.072 13.24 +2.042
8 25.09 +2.012  46.29 +2.062  39.68 + 2.07d 41.26 +2.05¢ 1826 +2.05b¢ 19.17 +2.02¢  13.38 +2.512
10 30.07 +2.00> 44.07 +2.00a  36.27 +2.06°d 48.18 +2.024 1910 +2.1c  16.05 + 2.00de 14.21 +2.032
12 30.07+2.11> 51.11+2.01> 31.33+2.08 54.28+2.06c 15.08+2.00> 11.32+2.08> 15.14 +2.022

All values were expressed as the average of triplicate determinations + the standard deviations, and values bearing the
same superscripts in the same row are significantly not different (p<0.05).
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Results and Discussion

Results in Table 1 showed the impact of NaCl on the PS of mushroom samples. The results for
PS ranged from 9.05 £ 2.00% to 56.31 + 2.70% and differed significantly (p > 0.05). The PS of
M1, M3, M6, and M7 declined as the salt concentrations increased, whereas the PS of M2, M4,
and M5 escalated with enhanced salt concentrations.

Results in Table 2 documented the effect of Na>SO4 on the PS of mushroom samples. The PS
values oscillated between 6.27 + 2.06% and 43.25 + 2.04% and did not differ significantly (p >
0.05). The PS of M1, M2, M4, M5, and M7 dropped with greater salt concentrations, while that
of M3 and M6 escalated with increased salt concentrations. Results in Table 3 illuminated the
impact of NaNO: on the PS of mushroom samples. The PS values fluctuated between 6.27 +
2.06 and 43.25 £+ 2.04% and differed considerably (p > 0.05). The PS of M1, M2, M4, M5, and
M7 fell with increasing salt concentrations, while M3 and M6 showed an increase in PS as salt
concentrations increased.

Results in Table 4 presented the effect of CH3COONa on the PS of mushroom samples. The PS
varied from 6.00 + 2.00 to 45.00 £ 2.00% and varied significantly (p > 0.05) among the samples.
The PS of M1, M2, M4, M5, and M7 declined with increasing salt concentrations, whereas the
PS of M3 and M6 escalated with increasing salt concentrations. Results in Table 5 revealed the
effect of NaNO:2 on the PS of mushroom samples. The PS values oscillated between 6.20 £ 2.00
and 54.28 + 2.06% and showed significant differences (p > 0.05). The PS of M1 and M2 showed
a decrease with enhanced salt concentrations, whereas M3, M4, M5, M6, and M7 experienced
an upswing in PS as salt concentrations increased.

Overall, Protein Solubility (PS) of most mushroom samples demonstrated a tendency to
decrease as solubility enhanced at higher salt concentrations. These findings corroborated
previous research on Chenopodium quinoa flour by Ogungbemile et al. (2009). The general
decline in the PS of these samples can be attributed to the electrostatic shielding of the groups
by the salts (Ogungbemile et al., 2009). The protein solubility values under different
concentrations of sodium nitrite are detailed in Table 5. M2 displayed the highest solubility,
and M6 exhibited the lowest. Samples M1, M3, and M4 recorded high values, while M5 and
M7 showed low values, with the range of 5% to 21% for M5 - M7. These outcomes contrasted
with Adeyeye & Aye (2005) findings for Triticum durum flour. The reduction in solubility
across all mushroom samples might be a consequence of fungal denaturation. The PS of the
samples under various sodium sulphate concentrations is presented in Table 2. M2 showed
the highest solubility within the salt concentration range of 4%-12%, with the lowest being
between 36.05 + 2.00% and 43.25 * 2.05%. The maximum peak of solubility for M2 occurred at

This work is licensed under a Creative Commons Attribution 4.0 Unported License

ISSN: 3043-6087. Science and Education Development Inst., Nigeria
127




Continental J. Applied Sciences
Oluwafemi and Oladimeji (2025) 20 (3): 118 - 133

2%. All solubilities obtained were relatively low. Most of the samples had low PS at elevated
salt concentrations, which aligns with the reports by Adeyeye & Aye (2005) and Ogungbemile
et al. (2009). These low solubilities may arise from the denaturation of protein in all samples.
The values obtained for the protein solubility of mushroom samples under the influence of
sodium chloride are given in Table 1, with protein solubility ranging from 7.31 + 2.07% (M5)
to 56.31 = 2.70% (M3). A decreasing trend in solubility was observed as salt concentration
increased, possibly due to protein denaturation in the mushroom species. The solubility values
of mushroom samples under different sodium nitrate concentrations are presented in Table 4,
ranging from 6.27 +2.06% to 43.25 + 2.05%. The solubility for M3, M4, and M5 remained fairly
similar within the 4% to 8% salt concentrations. M2 exhibited a salting-out effect at salt
concentrations of 6% and 10%. Therefore, sodium acetate does not appear to be an effective
solubilizing salt for mushroom samples.

The findings indicated considerable variations in protein solubility among mushroom samples
and salt treatments, underscoring the combined influence of intrinsic protein composition and
ionic environment on protein behaviour. Significant differences (p < 0.05) among treatments
suggest a strong dependence of protein-salt interactions on both salt type and concentration.
Across all tested salts, sample M2 consistently yielded the highest protein solubility, often
exceeding 40% and approaching 54% with NaCl and NaNO: treatments. This consistent
pattern suggests a high affinity of M2 proteins for aqueous phases or unique structural
features that facilitate dissolution under various ionic conditions (Bharmoria etal., 2024). In contrast,
M5, M6, and M7 generally displayed low protein solubility irrespective of salt concentration,
implying limited extractability or robust intermolecular protein interactions. NaCl
demonstrated some of the highest protein solubility values amongst all treatments. Relatively
moderate increases in NaCl concentration sustained elevated protein solubility in M2 while
bolstering it in M3 and M4 at higher concentrations. This is reflective of the classical salting-in
phenomenon wherein low to moderate ionic strength mitigates intermolecular electrostatic
interactions, enhancing hydration and dispersal before excessive ion strength impedes further
improvements (Agrawal et al., 2025).

NaSO4 imparted relatively lower protein solubility to most mushroom samples. Sulfate ions
are more strongly hydrated than chloride ions and generally promote salting-out effects at
lower concentrations. This behaviour likely explains the comparatively modest enhancement
observed for several mushroom samples when compared with NaCl. The response to NaSO4
varied among different mushroom samples, revealing species-dependent protein-ion
interactions. Although M2 maintained reasonably high solubility across all concentrations,
others exhibited variability instead of steady increases. Such variation can be linked to
differences in protein content, molecular weight distributions, and amino acid composition
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among mushroom species. CH3COONa yielded responses comparable to those of NaSOs for
a few samples, though some mushroom proteins showed moderate increases at specific
concentrations. This indicates that acetate ions can interact with mushroom proteins to
influence hydration, though to a lesser extent than NaCl in promoting dissolution. NaNO>
resulted in some of the most notable protein solubility enhancements, particularly for M3 and
M4 at higher concentrations where values surpassed those under several other salt treatments.
This amplified response suggests that nitrite ion interactions with mushroom proteins can
enhance their dispersion under the prevailing experimental conditions.

Conclusion and Recommendations

Conclusion

This study demonstrated that protein solubility in mushrooms is significantly influenced by
both the type of sodium salt and its concentration. Considerable variation was observed
among the seven mushroom samples, confirming species-specific differences in protein
functionality. NaCl and NaNO, generally produced the highest protein solubility, whereas
Na,SO, and CH3;COONa were comparatively less effective. Sample M2 consistently exhibited
superior protein solubility across all treatments, while M5, M6 and M7 showed relatively low
solubility irrespective of salt concentration. These findings highlight the importance of
selecting appropriate extraction salts when developing mushroom protein ingredients for
food applications. Future studies should investigate the effects of pH, temperature, protein
composition and amino acid profiles to better understand the mechanisms governing salt-
induced changes in mushroom protein functionality.

Recommendation
Based on the findings of this study, the following recommendations are proposed:

1. Sodium chloride (NaCl) should be considered as a preferred extraction medium for
mushroom proteins because it consistently produced high protein solubility in several
mushroom samples. Its effectiveness suggests potential application in the production
of mushroom protein concentrates and functional food ingredients.

2. Protein extraction protocols should be optimized for individual mushroom species
rather than adopting a universal approach. The considerable differences in protein
solubility observed among the seven mushroom samples indicate that each species
responds differently to changes in salt type and concentration.

3. Future studies should investigate additional processing variables, including pH,
temperature, extraction time, and enzyme-assisted extraction, to identify the optimal
conditions for maximizing protein yield and preserving functional properties.
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4. Comprehensive characterization of mushroom proteins should be undertaken by
determining amino acid composition, molecular weight distribution, protein
digestibility, and structural changes induced by different salts. Such information would
provide deeper insight into the mechanisms responsible for variations in protein
solubility.

5. The functional properties of the extracted proteins, including emulsifying capacity,
foaming ability, gelation, water-holding capacity, and oil absorption capacity, should
be evaluated to determine their suitability for incorporation into different food
formulations.

6. Further research should expand the range of mushroom species and extraction salts
evaluated. Including both cultivated and wild edible mushrooms would provide
broader knowledge that can support commercial processing and industrial utilization.

7. Industrial-scale validation of the extraction process is recommended to assess the
economic feasibility, extraction efficiency, product quality, and environmental
sustainability of using different salts in mushroom protein production.
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