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Introduction 

Mushrooms have been consumed and appreciated for 

their flavour, economic and ecological values and medical 

properties for many years (1). Mushrooms have been used as 

food and food-flavouring material in soups and sauces for 

centuries, due to their unique and subtle flavour. The 

occurrence of high amounts of proteins, carbohydrates and 

fibres and low fat contents is often referred in the literature in 

relation to their nutritional value. Furthermore, they have 

significant levels of vitamins, namely thiamine, riboflavin, 

ascorbic acid and vitamin D2, as well as minerals (2). 

Regarding their medicinal value, mushrooms are effective as 

antitumor, antibacterial, antiviral and haematological agents 

and in immunomodulation treatments (3); (4). 

Mushrooms, like other fruits and vegetables, respire, 

grow, mature and senesce after the harvest resulting in weight 

loss, veil-opening, browning, wilting and finally in spoilage 

which affect quality and shelf-life significantly (5). Owing to 

the short shelf life of mushrooms, they should be processed 

directly after harvest in order to maintain their supply to 

consumers throughout the year. The long term preservation of 

mushrooms can be achieved by freezing, drying and 

sterilisation. Dehydration combined with some pre-treatments 

appears to be a cost effective method of preservation (6). Pre-

treatments such as chilling, freezing, blanching, osmotic 

dehydration and combination treatments have been 

investigated in order to improve the drying efficiency and 

product quality of fruits (7). Mushrooms pre-treated with 

sulphites or H2O2 and steam blanching had the best colour 

values (8).  

This work therefore sought to pre-treat oyster mushroom 

with a chelating agent (citric acid), and antioxidant agent 

(ascorbic acid) before the flour preparation and subsequently 

investigates the magnitude of proximate and phytochemical 

components present in Ghanaian oyster mushroom. There is 

also scanty literature on the effect of pre-treatments on these 

components of mushroom flour produced in Ghana.   

Material and methods 

Sample preparation and treatment 

Freshly harvested oyster mushroom was purchased from a 

local cultivator in Accra, Ghana. Fully-grown mushrooms cap 

were used throughout the study. The samples in triplicates 

collected from one lot of cultivation were prepared by rinsing 

with clean water and subjected to the following treatment; 

 soaking in 10% citric acid for 5 minutes.   

 soaking in 10% ascorbic acid for 5 minutes.  

 control. 

Prepared samples were placed in strainers to remove 

excess water. The samples were gradually dried (in a 

Gallenkamp oven) at 40-50
o
C. The dried samples were milled 

(using a laboratory blender) to a fine powder. The samples 

were then stored in polyethylene pouches (in desiccators) at 

room temperature for further analysis. 

Physicochemical analysis 

All the physicochemical analyses were done using the 

official methods of (9). 

Atomic Absorption Spectrophotometer determination 

Analysis of heavy metals of interest was performed using 

a Varian model AA 240 FS Atomic Absorption 

Spectrophotometer. 
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 ABSTRACT 

The effect of pre-drying treatments on the proximate and phytochemical quality of oven-

dried mushroom was evaluated using conventionally accepted methods. The pre-

treatments used were dipping in 10% citric acid solution, dipping in 10% ascorbic acid 

solution and a control. The pre-treatments resulted in significant differences in pH, 

protein, vitamin C, some trace elements and phytochemicals present. Control sample had 

a protein content of 7.4%, while a range of 19.4% and 14.3% was recorded for samples 

pre-treated with citric acid and ascorbic acid respectively. The total phenolic content was 

in the range of 6.39 – 32.26 mg GAE/g of dry weight. Thus the use of these pre-

treatments can be used to effect changes in some proximate and phytochemical 

components of oyster mushroom powder. 
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Phytochemicals analysis 

Extraction Process 

Extraction was performed according to the method of (10) 

with some modifications. 0.5 grams of each sample were 

extracted in 10 ml of 60% ethanol. The mixture was placed in 

a conical flask (wrapped with an aluminium foil) and agitated 

at 200 rpm with orbital shaker for 1 hour at 25°C. Additional 

10 ml of ethanol was used to re-extract the plant residue and 

the supernatants pooled. The extract was then separated from 

the residue by filtration through Whatman No. 1 filter paper. 

Determination of Phenolic Content 

The polyphenolic contents (PC) were measured by the 

Folin-Ciocalteu (FC) method using Gallic acid as standard 

(11) with modifications. Briefly, 50µl of the extract was 

mixed with 3ml of distilled water (dH2O) and 250µl of FC 

reagents. The mixture was allowed to stand for 5 minutes, and 

then 750µl of 20% Na2CO3 was added. The resulting mixture 

was vigorously shaken on Vortex 2 Genie shaker for two 

minutes. After incubation of the resulting reaction mixtures for 

30 min at room temperature, absorbance values were 

measured at 760nm using a UV-VIS Spectrophotometer 

(Shimadzu, 1201, Japan). All determinations were performed 

in triplicate.  A calibration curve was prepared using serial 

dilutions of 5mg/ml, 10mg/ml, 15mg/ml, 20mg/ml and 25mg/l 

from a stock solution of 1 mg/ml gallic acid dissolved in 

methanol.  50µl each of these solutions was treated like the 

samples and a calibration linear regression equation y = 

1.1353x + 0.0007, R² = 0.9993 developed [y = absorbance and 

x = gallic acid conc (mg/ml)]. 

The polyphenolic content in each extract were calculated 

from the calibration curve and final results were recalculated 

and expressed as gallic acid equivalents per gram of dry 

mushroom sample (mg GAE/gdw). 

Determination of Flavonoid Content 

The aluminum chloride colorimetric assay method (12) 

was employed to evaluate total flavonoid content (TFC) in the 

samples using quercetin as standard. 500µl of extracts were 

mixed with 1500µl of 99.9% ethanol (EtOH), 100µl of 1 M 

potassium acetate, 100µl of 10% aluminum chloride and 

3000µl of distilled water. The mixture was shaken vigorously 

and left to stand in the dark at room temperature. The resulting 

mixtures were incubated for 30 minutes at room temperature 

and corresponding absorbance measured at 415 nm. All 

determinations were carried out in triplicates. A standard 

calibration curve was constructed using quercetin standard 

solutions of 12.5μg/ml, 25μg/ml, 50µg/ml, 75µg/ml and 

100µg/ml. 500µl of each standard was treated in the same 

manner as the samples above  and calibration linear regression 

equation y = 0.0062x +0.0027 R
2 

= 0.9991) generated. 

Flavonoid content of each extract was determined from the 

curve and the final results recalculated and expressed as 

microgram quercetin equivalent per gram of dry mushroom 

sample (μg QE)/gdw).  

Determination of DPPH Free Radical Scavenging Activity 

The free radical scavenging activity was determined using 

2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay as described by 

(13).  200µl of extracts were each added to 3800μl of 0.004% 

DPPH in methanol. After 60 minutes of incubation at room 

temperature in the dark, the absorbance was measured at 517 

nm. A blank sample containing only methanol was used to 

zero the spectrophotometer. Ascorbic acid (Vitamin C) was 

used for comparison. Each experiment was performed in 

triplicate. Radical scavenging activity (I%) was calculated as 

follows:   
   

Abs0 = absorbance of 0.004% DPPH without analyte. 

Abs1 = absorbance of 0.004% DPPH plus the test compound. 

Statistical Analysis 

Analysis was performed in triplicate. Results are 

expressed as mean ± standard deviation or pooled standard 

error. Statistical analysis was done using Statgraphics version 

16.1. One-way ANOVA was used to test whether there were 

significant differences in the various treatment conditions. A 

significant difference was considered at the level of p < 0.05. 

Results and discussion 
The present study was conducted to find the effects of 

various pre-drying treatments on quality of dehydrated oyster 

mushroom powder. The physical and chemical properties of 

the dried mushroom samples are presented in Table 1.  

Sample pre-treated with citric acid had a lower pH 

(3.4±0.01) when compared with those pre-treated with 

ascorbic (4.3±0.01) and the control (6.1±0.01). Accordingly, 

among all organic acids used to pre-treat green mussel, Perna 

viridis with, the citric acid had a lower pH when compared 

with those pretreated with lactic and acetic acids (14). The use 

of chemicals (citric and ascorbic acids) that lower the pH of a 

product finds widespread in the control of enzymatic 

browning (15). Titratable acidity showed significant 

differences among the various treatments. The control had a 

TTA value of 0.3±0.01, the citric acid treated sample 

(1.5±0.01) and the ascorbic acid treated sample (0.4±0.01). It 

was also observed that as the pH of the samples increased the 

TTA value decreased.  

The moisture contents of the samples studied was in the 

range of 10.3±0.3% to 10.8±0.3% comparable to button 

mushrooms (both untreated and treated samples) moisture 

content in the range of 9-12% after tray drying for various 

temperatures of air drying by (16). The low moisture reported 

in this study is acceptable because according to (17), moisture 

content is an indication of shelf stability of flour. As such, low 

moisture content flours will have better shelf life stability. 

Vitamin C content of the various samples was varied. The 

results showed the control, citric acid treated and the ascorbic 

acid treated samples had 2.4±0.1, 0.4±0.04 and 28.6±0.1 

mg/100ml vitamin C respectively. The canning of banana 

slices in solution containing 0.2% of L-ascorbic acid induced 

increase 13 times in the level of vitamin C in the final product 

according to (18). The low vitamin C content reported after 

pre-treatment with citric acid is due to the fact that citric acid 

prevents the oxidation degradation of vitamin C to other 

dehydroascorbic acid derivatives by scavenging oxygen 

according to (19). Furthermore, citric acid provides a low pH 

which inhibits enzymatic degradation of vitamin C. Vitamin C 

of a produce is also subject to degradation during processing 

and cooking (20). 

Control sample had a protein content of 7.4% while a 

range of 19.4% and 14.3% was recorded for samples pre-

treated with citric acid and ascorbic acid respectively. 

Although the sample is a good source of protein, the pre-

treatments resulted in significant (p<0.05) increase in their 

protein level. According to (21), mushroom samples steeped 

in citric acid, irrespective of drying methods used, exhibited 

higher contents crude protein as compared to control powder.
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The entire samples contained nutritionally significant 

amounts of copper, iron, manganese, zinc and chromium 

(Table 2). Of those elements and trace minerals not required 

by humans, it is also noteworthy that all the samples contained 

quantities of arsenic and lead. Iron had the highest 

concentration of all the metals analysed.  Iron is an essential 

trace element for humans due to its necessity in haem proteins 

such as hemoglobin, myoglobin and cytochromes. The 

Recommended Daily Intake of iron is 15mg/day.  

Consumption of these mushrooms will therefore serve as a 

very good source of iron supplementation particularly in low 

income countries where iron deficiency anaemia is a serious 

heath challenge. Reported values for iron in mushrooms are 

usually high (22; 23; 24).  This may be due to its abundance 

on earth.  

The EU maximum permitted level for lead in cultivated 

mushrooms is 0.3 mg/kg wet weight (25). The values 

(9.7±3.1, 9.3±1.6 and 5.8±0.1 mg/kg in Table 3) thus obtained 

are unacceptable as they all fall above the limits and therefore 

should be of public health concern.  Pb finds its way into the 

environment as constituent of pesticides and industrial waste 

release into the environment, such as used car batteries, alloys, 

solder, broken ceramics and plastics. Lead has no benefit to 

human metabolism.  Gradual accumulation can lead to lead 

poisoning.  The ranges detected for lead fall outside what is 

generally detected from mushrooms in literature.  These 

include (26) who reported Pb concentration of 0.04mg/kg in 

P.ostreatus. The Joint FAO/WHO Expert Committee on Food 

Additives (JECFA) further gives the established Provisional 

Tolerable Weekly Intake (PTWI) of 0.015 mg/kg body weight 

allowing 0.9 mg of arsenic to be consumed weekly by a 

person of 60 kg in weight. As such, no significant risk of 

excess arsenic intake is seen to arise from the consumption of 

the studied mushroom species here (27). Arsenic values of the 

samples are 0.3±0.02, 0.1±0.02 and 0.08±0.00 mg/kg for the 

control, citric acid and ascorbic acid treated sample 

respectively.  

The profile of total phenolic contents of pretreated 

mushroom samples was expressed as gallic acid equivalents 

per gram of dry mushroom sample (mg GAE/g dw) in Table 4. 

The highest total phenolic content of 32.26± 0.77 mg GAE/g 

dw was in the ascorbic acid treated mushroom. This was 

followed by control 11.73±0.77 mg GAE/g dw and citric acid 

6.84±0.77 mg GAE/g dw. There was significant difference (p 

≤ 0.05) among the various treatments and the control. Between 

the two treated mushroom samples, the total phenolic content 

of the ascorbic acid treated mushroom is almost five times 

higher than that of citric acid treated. The higher phenolic 

content can be partially explained by the treatment with 

ascorbic acid which tends to have higher antioxidant activity 

and correlates well with total phenolic content (28) The total 

phenolic content in a study by (29) was 8.85 mg GAE/g of dry 

weight, while the range in a literature by (30) was 8.00 -10.65 

mg GAE/g of dry weight. In our study the total phenolic 

content was in the range of 6.39 – 32.26 mg GAE/g of dry 

weight. This may due to the pre-treatment of our samples 

used. 

Phenols are known as important plant constituents due to 

their scavenging ability provided by the hydroxyl groups (31). 

Phenolic compounds may have direct contribution to 

antioxidative action. In addition phenolic compounds were 

reported to be associated with antioxidant activity and play 

important roles in the stabilizing of lipid peroxidation (32). 

Natural phenolics are able to provide antioxidative function 

through various ways, such as intercepting singlet oxygen, 

decomposing primary products of oxidation, preventing 

continued hydrogen abstraction from substances, etc. In 

addition, total polyphenols are known to be the major 

naturally occurring antioxidant compounds in the wild edible 

mushrooms (33). 

It is suggested that polyphenolic compounds have 

inhibitory effects on mutagenesis and carcinogenesis in 

humans, when up to 1.0 g is ingested daily from a diet rich in 

fruits and vegetables (34). Conclusively, numerous studies 

have shown that consumption of foods high in phenolic 

content can reduce the risk of heart disease by slowing the 

progression of atherosclerosis, because they act as 

Table 1. Effect of different chemical treatments on proximate properties of dried oyster mushroom powder 
Sample pH TTA 

(% lactic acid) 

Moisture (%) Vit C (mg/100ml) Protein 

Control 6.1±0.01
c 

0.3±0.01
a 

10.3±0.3
a 

2.4±0.10
b 

7.4±0.02
a 

Citric acid 3.4±0.01
a 

1.5±0.01
c 

10.8±0.3
a 

0.4±0.04
a 

19.4±0.03
c 

Ascorbic acid 4.3±0.01
b 

0.4±0.01
b 

10.4±0.4
a 

28.6±0.1
c 

14.3±0.05
b 

a-c:  Means in a column with different letters are significantly different (p< 0.05) from each other. Values are mean ± SD of three 

replicates (n = 3) 

Table 2. Effect of different chemical treatments on essential elements in dried oyster mushroom powder 

Sample Essential elements (mg/kg) 

Fe Cu Mn Zn Cr 

Control 18.2±2.0
b 

1.6±0.4
b 

15.6±1.0
a 

5.3±0.7
b 

0.2±0.2
ab 

Citric acid 11.3±2.1
a 

0.4±0.3
a 

16.2±0.9
a 

3.8±0.1
a 

0.1±0.1
a 

Ascorbic acid 9.1±0.3
a 

5.0±0.6
c 

15.6±0.6
a 

4.6±0.1
ab 

0.5±0.2
b 

a-c:  Means in a column with different letters are significantly different (p< 0.05) from each other. Values are mean ± SD of three 

replicates (n = 3) 

Table 3. Effect of different chemical treatments on heavy metals present in dried oyster mushroom powder 

Sample Heavy metals (mg/kg) 

Pb Cd Ni As Hg 

Control 9.7±3.1
a 

Nd Nd 0.3±0.02
c 

Nd 

Citric acid 9.3±1.6
a 

Nd Nd 0.1±0.02
b 

Nd 

Ascorbic acid 5.8±0.1
a 

Nd Nd 0.08±0.00
a 

Nd 

a-c:  Means in a column with different letters are significantly different (p< 0.05) from each other. Values are mean ± SD of three 

replicates (n = 3) 
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antioxidants (35;36). Therefore, edible mushrooms may have 

potential as natural antioxidants in food. 

Total flavonoid contents of the mushroom are shown in 

Table 4. Ascorbic acid treated mushroom samples had the 

highest value of 24.77 ± 0.11 μg QE/gdw and the citric acid 

treated sample had the lowest value of 1.84 ± 0.11 μg 

QE/gdw. The difference between the two samples may be due 

to ascorbic acid which is presumed to have higher antioxidant 

properties than citric acid. 

Among the phenolic compounds are flavonoids which 

possess biological activities such as antioxidative, anti-

inflammatory and antiatherosclerotic activities. The 

antioxidative properties of flavonoids can be linked to several 

different mechanisms, such as scavenging of free radicals, 

chelation of metal ions, such as iron and copper, and inhibition 

of enzymes responsible for free radical generation. Depending 

on their structure, flavonoids are able to scavenge practically 

all known ROS. The many pharmacological effects of 

phenolic compounds and flavonoids are linked to their ability 

to act as strong antioxidants and free radical scavengers, to 

chelate metals, and to interact with enzymes, adenosine 

receptors, and biomembranes (37). 

Table 4. Effect of different treatments on the 

phytochemicals of dried mushroom powder 

Treatments Total 

Phenolics 

Total 

Flavonoids 

DPPH (%) 

Control 11.73±0.77
b
 5.58±0.11

b
 10.74±0.48

b
 

Ascorbic 

Acid 

32.26± 0.77
c
 24.77±0.11

c
 33.41±0.48

c
 

Citric Acid 6.835±0.77
a
 1.84±0.11

a
 7.55±0.48

a
 

 LSD = 3.480 LSD = 0.790 LSD = 

2.180 

Means ± Pooled Standard error from three replicates 

a-c different alphabets on the same column are significantly 

different (P ≤ 0.05)  

Plant tissue antioxidant capacity is clearly associated with 

the activity of „„free radical scavenging enzymes‟‟ (superoxide 

dismutase, catalase, peroxidase, etc.) and with the contents of 

antioxidant substances, mainly phenolic compounds, 

carotenoids, tocopherol and ascorbic acid. It is evident that 

there is an increasing demand to evaluate the antioxidant 

properties of plant extract. DPPH radical is a widely used 

method to evaluate the free radical scavenging ability of 

natural compounds. The radical scavenging activity (RSA) of 

mushroom extracts was tested against the DPPH. DPPH is a 

stable free radical with a characteristic sorption at 517 nm. 

The effect of antioxidants on DPPH radical scavenging was 

conceived to be due to their proton-donating ability. As 

antioxidants donate protons to these radicals, the absorbance 

decreases. The decrease in absorbance is taken as a measure of 

the extent of radical-scavenging.Therefore, the antioxidant 

activity of a substance can be expressed as its ability in 

scavenging the DPPH free radical. In Table 4, the scavenging 

activities of the DPPH radical due to its reduction by different 

mushroom extracts are illustrated. The ascorbic acid treated 

sample showed the higher radical scavenging activity which 

was 33.41±0.48 % compared to citric acid treated sample 

which was 7.55±0.48 % (Table 4). There was significant 

difference (p ≤ 0.05) among the various treatments and the 

control.  The scavenging effects of mushroom extracts on the 

DPPH radical decreased in the order of ascorbic acid, control 

and citric acid treated samples. Comparatively, the radical 

scavenging activity range of 7.55 - 33.41 % in our study is 

lower than range of 82.39 – 85.44 % reported by (38). The 

different scavenging effects may be due to different extraction 

procedure and mushroom species. 

Conclusion 

In general it can be concluded that the citric acid and 

ascorbic acid pre-treatments used in the study had significant 

effect on the pH, vitamin C, protein, iron, total phenolics, total 

flavonoids and DPPH contents of the mushroom powder 

studied. This study shows that there has been some heavy 

metals contamination in oyster mushroom in Ghana. Heavy 

metals are environmental hazardous and continuous 

monitoring of the trends of its concentrations in food and other 

biota is a requirement. Although heavy metals in samples do 

not pose any immediate risk to human health so far, a yearly 

monitoring program for heavy metals in food and other 

products is a necessity. 

The quantitative nutritional information provided in this 

report should be regarded as provisional since the full value of 

the minerals in the food product analysed will necessarily be 

determined by the bioavailability of these minerals, which in 

turn will depend upon the efficiency of their digestion and 

absorption. Nevertheless, the data in the present report will 

provide public health officials in Ghana with nutritional 

information that should be helpful in advising local 

populations about the particular minerals value of oyster 

mushroom that are grown in the region. 
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