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1.0 INTRODUCTION 
 

Volvariella volvacea known as the straw mushroom or 

Chinese mushroom occurs in both tropical and 

subtropical regions of the world (Ukoima et al., 2009) 

and is a preferred type of mushroom by most consumers 

because of its texture, aroma, and taste (Tharun, 1993, 

Ahlawat et al., 2008). Reports have indicated that it 

grows well on cellulosic agricultural waste materials like 

rice straw (Thiribuvanamala et al., 2012), cotton waste 

(Imram et al., 2011), banana leaves, and cassava peels 

(Obodai and Odamtten, 2012; Apertogbor et al., 2015), 

oil palm empty fruit bunch (Tryono, 2019). This 

mushroom is adapted to areas with high temperatures 

(30-36ºC) but is not as popular amongst mushroom 

consumers as button, oyster, or shiitake mushrooms, 

probably due to its low yield (Buswell and Chen, 2005; 

Ding et al., 2006). Earlier efforts to improve the yield 

of V. volvacea have proved abortive as a result of the 

non-availability of basic genetic information (Royse et 

al., 1987). However, it has been shown recently that 

factors like the multinucleate nature, lack of clamp 

connection, and incompletely identified sexual 

reproductive nature have made breeding of V. 

volvacea very difficult (Chen et al., 2016). 

Various methods have been utilized for the yield 

improvement of V. volvacea such as cultivation using 

circular compact bed method (Thiribuvanamala et al., 

2012), likewise supplementation of mushroom growth 

substrate with proteinaceous materials and 

micronutrients (Thiribuvanamala et al., 2012; Corrasco 

et al., 2018). Studies carried out by Payapanon et al. 

(2011) indicated that supplementation with Paenibacillus 

polymyxa N10 and Bacillus subtilis B2 to straw 

mushroom compost resulted in increased mushroom 

yield. Composting of oil palm bunch used as substrate 

for cultivation of V. volvacea within 8 (eight) days has 

also been reported to improve its yield (Tryono, 2019). 

However, Thuc et al. (2020) attributing the unstable 

fruiting nature and yield of V. volvacea to unstable 

weather reported an improved yield performance from 

indoor cultivation. The use of electrical stimulation to 

improve yield of mushrooms is another method that has 

been reported (Takaki et al., 2009; Takaki et al., 2014). 

Chemical mutagens have been used to breed cold-

tolerant strains of V. volvacea (Liu et al., 2011). Report 

have shown that the use of UV irradiation have led to 

yield improvement in some mushrooms (Teichmann et 
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ABSTRACT 
 

Volvariella volvacea is a fast-growing edible mushroom with a low yield that has greatly limited its commercial 

cultivation compared to other commercially cultivated mushrooms. Mutagenesis was induced by UV irradiation in 

the C region at varying distances and time intervals. Phylogenetic analysis suggests a close relatedness of surviving 

and mutants to the wild strain than to other strains considered. Comparative fructification of fast-growing mutants 

and other strains was carried out using rice straw as substrate. Mutant M5 (UV irradiation for 75min from a 

distance of 60cm) exhibited exceptional growth qualities at 35ºC and pH 6.0. The mutant also showed a 

significantly (ρ ≤ 0.05) higher growth rate and yield (Biological Efficiency of 23.98%) and a significant (ρ ≤ 0.05) 

improvement in the nutrient composition. This study highlights the development of a high-yielding UV mutant 

strain from the Nigerian wild stain that is suitable for commercial cultivation. 

 

KEYWORDS: Volvariella volvacea, UV-mutant, wild type, rice straw, Biological Efficiency. 
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al., 2007; Elfallal et al., 2013; Ngamnit and Saovapong 

2014).  

 

In Nigeria, V. volvacea is commonly found growing on 

empty oil palm bunch and there is still no commercial 

cultivation despite the availability of suitable weather 

conditions and substrate for its cultivation. This work is 

aimed at developing UV-mutants strains from the 

Nigerian strain V. volvacea VNW (KC894923) with 

improved yield performance suitable for commercial 

cultivation. 

 

2.0 MATERIALS AND METHODS 
 

2.1 Volvariella volvacea strain  

The Nigerian strain V. volvacea, VNW (KC894923) was 

isolated from discarded oil palm waste in the 

southwestern part of Nigeria (Adewoyin et al., 2017), 

while 3 Indian commercial strains (V11, V245, and 

V247) were procured as cultures on PDA slants from the 

Directorate of Mushroom Research, Indian Council of 

Agricultural Research (ICAR), Chambaghat, Solan, India 

(courtesy of DBT-AAU, Jorhat). All stock fungi cultures 

were maintained on PDA slants and kept at room 

temperature.  

 

2.2 UV irradiation of Nigerian strain 

VNW (KC894923) 

Mutagenesis was induced by UV irradiation (15Watt, 

λ=250nm) of plate cultures following the method of 

Elfallal et al. (2013) with little modification. Briefly, in 

the first group, five-day-old actively growing plate 

cultures of V. volvacea on PDA medium were uncovered 

and subjected to UV-irradiation given at 60 cm distance 

from the source and at time intervals (15, 30, 45, 60, 75, 

and 90) min. In the second group, uncovered plate 

cultures of V. volvacea were subjected to UV-irradiation 

given at a 30 cm distance from the source and at time 

intervals of 30 min (30, 60, and 90). Irradiated plate 

cultures were incubated briefly for 30 min in the dark. 

Plate cultures that remained viable after repeated 

subcultures were regarded as viable mutants.  

 

2.3 Determination of Mycelia morphology of mutant 

strains on PDA plate 

Morphological examination of mycelia was carried out 

macroscopically by visualizing the growth pattern of 5-

day-old cultures on PDA plates. Patterns and 

characteristics of mycelia were described as texture 

(cottony or floccose), mycelia density (high, regular, or 

low), color (white, off-white, white, or pale pink), and 

growth (scanty, moderate, or abundant) mycelia nature 

(compact or aerial) and recorded accordingly (Sobal et 

al., 2007).  

 

2.4 Physiological study of mutant strains 

The effect of temperature on mycelial growth was 

determined by the cultivation of the mycelia at 20, 25, 

30, 35, and 40ºC (Jonathan and Fasidi, 2004). Mycelia 

plugs (5.0 mm in diameter) obtained from an actively 

growing margin of a 5-day-old culture were used as 

inocula. The diameter of each fungal colony was the 

average of 5 replicates.  

 

The optimal growth pH for mycelia extension was 

evaluated by the cultivation of the mycelia of the UV 

mutants on PDA at 35ºC. The inoculums' size and 

diameter of the growing colony were determined as 

described above. 

 

2.5 DNA Isolation, PCR Amplification, Sequencing, 

and Phylogenetic Analysis 

The DNA extraction, Polymerase Chain Reaction (PCR), 

and purification of each amplicon were carried out as 

earlier described (Adewoyin et al., 2017). Amplicons 

were sequenced using fluorescent dye terminator 

chemistry and were run on ABI 3130 (4-capillary) or 

3730XI (96-capillary) Automated Sequencer (Perkin 

Elmer Applied Biosystems, Foster City, CA), according 

to the manufacturer’s instruction. The final sequences 

obtained with each primer set were blasted against the 

GenBank database (www.ncbi.nlm.nih.gov/BLAST). 

The Phylogenetic analysis of the partial sequence data of 

5.8S ribosomal RNA gene of the mutant strains, wild 

strains, and corresponding GenBank data of related 

species and strains was conducted using MEGA X 

(Kumar et al., 2018). Phylogenetic trees were 

constructed using the Neighbours-Joining (NJ) method 

with 1000 bootstrap resampling. 

 

2.6 Sporophore (fruiting body) production using rice 

straw as substrate 

The in-door method of Quimo (1993) was adopted for 

mushroom cultivation with little modification using 

woven bamboo as a supporting bed. Whole rice grains 

were used as the substrate for the mother spawn after 

cleaning, brief par-boiling, and addition of 4 % (w/w) 

CaCO3 and 2 % (w/w) CaSO4.2H2O (gypsum). Mycelia 

plugs cut from an actively growing margin of 5- day old 

plate cultures were used as inocula after autoclaving for 

1 hour. Inoculated substrates were incubated at 35ºC in 

the dark for 10-15 days. The daily observation was made 

for full ramification and appearance of conspicuous and 

well-formed chlamydospores. Using the mature mother 

spawns as inocula, and chopped rice straw as substrate, 

the planting spawn was prepared after the addition of 5 

% w/w coarsely ground C. cajan powder, and the 

planting spawn was incubated. The maturity of planting 

spawn was indicated by the presence of abundant 

chlamydospores.  

 

The straws for mushroom cultivation were bundled to 

sizes of about 8 - 10 cm in diameter, about 50 cm in 

length, and soaked in boiled water for 3 hours to soften 

and afterward drained. The straw bundles were arranged 

by laying 4 side by side (parallel) on the bamboo frame 

and these four bundles constituted the first layer. Small 

pieces (thumb-sized) of the planting spawn were placed 

4 - 6 cm deep and about 8 cm apart along the edges of 

the bundles. The spawn was then dusted with coarsely 

ground C. cajan powder. The second layer of 4 bundles 

http://www.ncbi.nlm.nih.gov/BLAST
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was placed across the first layer and spawned as that of 

the first layer. This was followed by the third layer 

across the second in the same manner and finally, the 

fourth layer was used to cover the others, spawned and 

pressed lightly. After the arrangement of the bundles and 

spawning, the beds were completely but loosely covered 

with a transparent polythene sheet.  

 

2.7 Fructification and Harvest 

Each day the beds were sprayed with clean water and 

after a full spawn run, the polythene cover was removed 

and water was sprayed over the beds 2 - 3 times daily to 

maintain the moisture level of the bed. Fully matured 

mushrooms were harvested after about 15 days of 

spawning. Fruiting bodies were harvested weighed and 

the values obtained were used to calculate biological 

efficiency –BE (Girmay et al., 2016). Harvested 

mushrooms were dried in the laboratory oven at 60ºC 

until constant weight. The oven-dried sample was cooled 

in desiccators, pulverized in an electric blender and kept 

until needed.  

 

2.8 Determination of the proximate composition of 

fruiting bodies 

Moisture content was determined by the direct oven 

drying method. The weight loss after oven drying of each 

sample (1 g) at 103±2ºC to constant weight was 

expressed as % moisture content (Sivrikaya, 2002). The 

nitrogen content was determined using the micro-

Kjeldahl method and crude protein was calculated by 

multiplying the nitrogen content with a factor of 6.25 

(Thimmaiah, 2004). The crude fiber was determined 

according to the standard method of AOAC (2005) 

where the sample was digested successively with acid 

and base. The difference in the weight of the residue 

obtained after digestion expressed in percentage gave the 

crude fiber content. Crude fat was determined by using 

the Soxhlet extraction method using petroleum ether as 

the solvent (AOAC 2005). Ash content of 1 g powdered 

sample was determined as the residue of incineration at 

550°C in a muffle furnace (AOAC, 2005). Mineral 

constituents (calcium, phosphorous, sodium, potassium, 

magnesium, iron, copper, manganese, zinc, and cobalt) 

were determined by atomic absorption 

spectrophotometry (AOAC, 2005). All proximate 

analyses of the mushroom powder were carried out in 

triplicate and reported in percent. 

 

2.9 Sample extraction  

Extraction was performed using 10g of the powdered 

sample according to the method of Gasecka et al. (2015) 

with 80% methanol. The residual solvent of methanol 

extracts was removed using a rotary evaporator to the dry 

form. The obtained concentrated extracts were stored in 

dark at 4ºC until further analysis. 

  

2.10 Estimation of total phenol content (TPC) of 

methanol extract 

Folin-Ciocalteu reagent was used for the estimation of 

total phenol content of methanol extract using gallic acid 

as a standard and following the methods described by 

Ainsworth and Gillespie (2007). Absorbance at λ=765 

nm was measured. A standard curve was prepared from 0 

- 42 mg/L gallic acid. Total phenolic content was 

expressed in mg gallic acid equivalents/g dry extract. All 

samples were analyzed in triplicates 

 

2.11 Estimation of total flavonoid content (TFC) of 

methanol extract 

Aluminum chloride (AlCl3) was used to determine the 

total flavonoid content (TFC) of the methanolic extracts 

according to the methods of Singh et al. (2012). 

Absorbance was measured at λ=510 nm and Quercetin 

was used for the calibration curve from 10 - 1000 

µg/mL. Total flavonoid content was expressed as mg 

quercetin equivalent (mg QE)/g of dried extract. All 

experiments were carried out in triplicates. 

 

Data availability 

The data of molecular identification of sequences in this 

study were deposited with NCBI GenBank with 

accession numbers KC894927, KC894928, KC894929, 

and KC894930. 

 

Statistical analysis of data  

All data obtained were subjected to analysis of variance 

(One-way ANOVA) and significance was accepted at a 

5% probability level according to Duncan’s multiple 

range test using the Statistical Package for Social 

Sciences (SPSS) 23.0 version software. Analyzed data 

were reported as the mean ± standard error. 

 

3.0 RESULTS 
 

After UV irradiation of plate cultures of the Nigerian 

wild strain at different time intervals and different 

distances from the source of irradiation, surviving strains 

showed different growth characteristics and patterns. The 

pattern and rate of growth of mycelia (Table 1) observed 

on plate cultures of the surviving mutant strains were 

different for all the UV mutants. Mutants M5 and M7 

appeared cottony aerial mycelia which made the mycelia 

appear abundant on the plate cultures. However, mutants 

M3 and H6 showed compact floccose mycelia and 

moderate mycelia on the plate cultures. With the increase 

in incubation temperature (20-40°C), results obtained 

(Table 2) show a gradual increase in the mycelia radial 

extension of the mutants. Optimum mycelial growth was 

recorded at 35°C for all the mutant strains. Mutant M5 

and M7 have a significantly higher (ρ≤0.05) mycelia 

radial extension. On the other hand, the effect of pH on 

mycelial radial extension (Table 3) did not follow any 

regular pattern. The optimum mycelia radial extension 

was observed at pH 6.0, and mutants M5 and M7 showed 

a significantly higher (ρ≤0.05) radial extension. 
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Table 1: Pattern of growth and mycelial density of surviving mutants on plate cultures. 
 

Mutant Texture Density Colour Growth Mycelia nature 

M3 Fluccose Regular Off-white Moderate Compact 

M5 Cottony High White Abundant Aerial 

M7 Cottony Regular White Moderate Aerial 

H6 Fluccose Cottony White Moderate Compact 

 

M3= Mutant at 45minutes UV exposure from a distance 

of 60cm; M5= Mutant at 75minutes UV exposure from a 

distance of 60cm; M7= Mutant at 30minutes UV 

exposure from a distance of 30cm; H6= Mutant at 

60minutes UV exposure from a distance of 30cm. 

 

Table 2: Effect of incubation temperature on mycelia radial extension of mutant strains. 
 

Temperature 
°
C M3 M5 M7 H6 

20 2.90 ± 0.19
ab

 3.50 ± 0.63
b
 2.80 ± 0.12

a
 2.85±0.31

a
 

25 10.80 ± 0.12
ab

 11.40 ± 0.19
b
 10.70 ± 0.25

ab
 9.65±0.36

a
 

30 18.20 ± 0.46
b
 15.60 ± 0.29

a
 15.60 ± 0.19

a
 15.45±0.83

a
 

35 28.20 ± 1.16
b
 29.00 ± 0.61

c
 29.50 ± 0.22

c
 26.00±0.76

a
 

40 25.40 ± 0.19
b
 25.50 ± 0.27b

b
 25.90 ± 0.29

b
 24.20±0.42

a
 

 

Each value is a mean of 5 replicates ± standard error, 

values accompanied by identical superscript letters are 

not significantly different (ρ ≤ 0.05) in rows. 

 

M3= Mutant at 45minutes UV exposure from a distance 

of 60cm; M5= Mutant at 75minutes UV exposure from a 

distance of 60cm; M6= Mutant at 90 minutes UV 

exposure from a distance of 60cm; M7= Mutant at 

30minutes UV exposure from a distance of 30cm; H6= 

Mutant at 60minutes UV exposure from a distance of 

30cm. 

 

Table 3: Effect of pH on mutant mycelia radial extension. 
 

pH M3 M5 M7 H6 

5.0 35.10 ± 0.22
b
 33.40 ± 0.37

a
 33.20 ± 0.60

a 
34.50±0.69

ab
 

5.5 22.60 ± 0.92
b
 22.10 ± 0.19

b
 21.30 ± 0.44

a 
22.75±0.65

b
 

6.0 37.50 ± 0.67
a
 40.10 ± 0.51

b
 40.10 ± 0.33

b 
37.15±0.34

a
 

6.5 25.00 ± 0.22
b
 23.90 ± 0.48

ab
 22.60 ± 0.19

a 
24.30±0.50

ab
 

7.0 36.30 ± 0.34
a
 35.50 ± 0.22

a
 35. 80 ± 0.34

a 
35.37±0.47

a
 

7.5 36.50 ± 0.22
b
 33.40 ± 0.76

a
 34.50 ± 0.50

a
 34.20±0.61

b
 

 

Each value is a mean of 5 replicates ± standard error, 

values accompanied by identical superscript letters are 

not significantly different (ρ ≤ 0.05) in rows. 

 

M3= Mutant at 45minutes UV exposure from a distance 

of 60cm; M5= Mutant at 75minutes UV exposure from a 

distance of 60cm; M6= Mutant at 90minutes UV 

exposure from a distance of 60 cm; M7= Mutant at 

30minutes UV exposure from a distance of 30cm; H6= 

Mutant at 60minutes UV exposure from a distance of 

30cm. 

 

The evolutionary history involving 14 nucleotides 

sequences (comprising of the Nigerian wild, 3 Indian 

wild, 4 mutant strains, and 6 other strains from GenBank 

database NCBI) inferred using the Neighbor-Joining 

method is as represented in Figure 1. The unrooted 

phylogenic tree shows three (3) clades. The first clade 

comprise the six (6) strains obtained from the GenBank 

database (Strains V5, V23, OSM-2, ZJ0001GBJO2, H3 

and JAC12235). The second clade comprises the Indian 

wild strain V247, Nigerian wild stain (VNW), and the 4 

surviving UV mutant strains (H6, M7, M3 and M5) 

while the third clade comprise only the Indian strain 

V11. The derived strains shower closer relatedness to the 

Nigerian wild strain than to the Indian strains and other 

strains from GenBank. The Indian strain V247 is closer 

to the Nigerian wild strain since they share a common 

ancestor and belong to the same clade because of their 

relatedness. 
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 FJ379272.1 Volvariella volvacea V5

 FJ379273.1 Volvariella volvacea V23

 KC142109.1 Volvariella volvacea OSM-2

 KU836589.1 Volvariella volvacea ZJ0001GBJ02

 MG280840.1 Volvariella volvacea H3

 MN738642.1 Volvariella volvacea JAC12235

I

 KC894926.1 Volvariella volvacea V247

 KC894929.1 Volvariella volvacea H6

 KC894930.1 Volvariella volvacea M7

 KC894927.1 Volvariella volvacea M3

 KC894923.1 Volvariella volvacea VNW

High yielding mutant KC894928.1 Volvariella volvacea M5

II

 KC894925.1 Volvariella volvacea V245

III KC894924.1 Volvariella volvacea V11

59

57

69

89

30

51

75
75

77

76
77

 
Figure 1: Phylogenetic tree constructed using ITS sequences from the Nigerian wild strains of V. volvacea VNW 

(KC894923), three Indian strains - V11 (KC894924), V245 (KC894925) and V247 (KC894926), 4 UV mutants – 

M3 (KC894927), M5 (KC894928), H6 (KC894929) and 7 other sequences in GenBank (accession numbers 

KU836589, FJ379272, MN738642, FJ379273, MG280840, HM367073 and JN086672) using the neighbor-joining 

method and Bootstrap analysis with 1,000 replications.  

 

The full ramification of both the mother (grain) and 

planting spawns was fastest for mutant M5 (5 days), 

followed by other mutants. The Nigerian wild strain 

ramified faster than the Indian wild strains (7 days), 

while the Indian strains V11 and V245 ramified 

completely in 9 days (Table 4). The Indian strain V247 

however took 11 days to fully ramify. The 

chlamydospores appeared on the planting spawn of the 

mutants in less than 10 days and more than 10 days in 

the three wild strains, indicating a longer time for 

maturation than in the mutant strains. The appearance of 

chlamydospores in all the planting spawns within two 

weeks was in varying degrees ranging from scanty in the 

Indian strain V247 to abundant in the mutant strain M5. 

The sporophore yield (Table 5) as indicated by the 

Biological Efficiency (BE) ranged from 15.85% to 

23.98%. The mutant strain M5 had the highest 

percentage of 23.98 %, which was higher than that of its 

wild parent, VNW (20.33 %). The Indian wild strain 

V247 showed the lowest yield with BE 15.85%.  

 

Table 4: Growth details and maturity of spawn (Planting). 
 

Strain 
Full ramification 

(in days) 

First appearance of 

Chlamydospore (in days) 

Aboundace of 

chlamydospore in 2 weeks 

VNW 7.33±0.33
d
 10.00±0.58

b
 ++ 

V11 9.00±0.58
bc

 13.00±1.00
d
 ++ 

V245 9.00±0.58
bc

 11.33±0.33
c
 ++ 

V247 11.67±0.33
a
 13.68±0.88

d
 + 

M3 6.33±0.33
d
 8.33±0.33

a
 ++ 

M5 5.33±0.33
e
 8.33±0.33

a
 +++ 

M7 6.67±0.33
d
 9.33±0.33

b
 ++ 

H6 8.67±0.33
c
 13.33±0.33

d
 ++ 

 

VNW=Nigerian wild strain of V. volvacea; V11=Indian 

wild strain 11 of V. volvacea; V245=Indian wild strain 

245 of V. volvacea; V247=Indian wild strain 247 of V. 

volvacea.; M3= Mutant at 45minutes UV exposure from 

a distance of 60cm; M5= Mutant at 75minutes UV 

exposure from a distance of 60cm; M7= Mutant at 

30minutes UV exposure from a distance of 30cm.  

Key: Scanty chlamidosphore = +, Moderate 

Chlamidosphore = ++, Abundant chlamidosphore = +++ 
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Table 5: Details of sporophore yield of strains cultivated on rice straw. 
 

Strain First flush (g) Second Flush (g) Biological Efficiency (%) 

VNW 357.30 ± 7.71
c
 235.73 ± 8.58

bc
 20.33 

V11 320.53 ± 10.31
ab

 212.60 ± 6.59
b
 17.78 

V245 344.53 ± 11.98
b
 227.43 ± 8.47

bc
 19.07 

V247 293.63 ± 12.71
a
 181.80 ± 4.89

a
 15.85 

M5 431.13 ± 9.85
d
 288.17 ± 10.09

d
 23.98 

M7 393.63 ± 4.47
c
 245.63 ± 12.53

c
 21.30 

 

Each value is a mean of 3 replicates ± standard error, 

values accompanied by identical superscript letters are 

not significantly different (ρ≤0.05) in columns. 

 

VNW=Nigerian wild strain of V. volvacea; V11=Indian 

wild strain 11 of V. volvacea; V245=Indian wild strain 

245 of V. volvacea; V247=Indian wild strain 247 of V. 

volvacea.; M5= Mutant at 75minutes UV exposure from 

a distance of 60 cm; M6= Mutant at 90 minutes UV 

exposure from a distance of 60 cm; M7= Mutant at 30 

minutes UV exposure from a distance of 30 cm; H6= 

Mutant at 60 minutes UV exposure from a distance of 30 

cm 

 

The proximate composition of all the strains determined 

from the fruiting bodies harvested from the rice straw is 

as represented in Table 6. The crude protein and ash 

content of the two mutant strains M5 and M7 was higher 

than that of the wild strains (both Nigerian and Indian). 

The crude fibre content was however lower in the mutant 

strains and the Indian wild strain V247 compared to the 

other strains. There was no significant difference in the 

fat content of all the strains.  

The potassium content was higher than all the minerals 

investigated for all the mushrooms samples. Values 

ranged from 1024.67±12.7 mg/kg in the Indian strain 

V11 to 1204.67±10.9 mg/kg in the Indian strain V247 

(Table 7). All the mushrooms showed lower magnesium 

content in comparison with the four mineral content 

determined. There was no significant difference in the 

sodium content of all the mushroom samples.  

 

The Total Phenol Content of all the strains ranged from 

0.159±0.01 to 0.221±0.012mg GAE/g dried weight 

extract. The Total Phenol Content (TPC) of Mutant M5 

was significantly higher than that of the Indian wild 

strains but not significantly different from that of the 

Nigerian wild strain. Mutant M5 had a significantly 

higher Total Flavonoid Content (TFC) followed by 

Mutant M7. The TFC of Mutant M7 is not significantly 

different from that of the Nigerian wild strain which is 

also not significantly different from that of the 3 Indian 

wild strains. The Indian wild strain V247 has the least 

TFC of 18.24 mg/g (Table 8). 

 

Table 6: Proximate composition (%) of dried fruiting body. 
 

Strains Moisture Ash Crude Fibre Crude Protein Fat 

VNW 10.33±0.71
b
 12.30±0.21

ab
 11.20±0.30

b
 29.18±0.62

c
 1.60±0.01

a
 

V11 9.78±0.33
ab

 11.67±0.26
a
 10.50±0.41

ab
 27.73±0.64

b
 1.37±0.03

a
 

V245 8.74±0.65
a
 11.70±0.18

a
 11.82±0.11

b
 26.70±0.53

ab
 1.39±0.06

a
 

V247 11.13±0.22
b
 12.27±0.34

ab
 7.57±0.12

a
 22.23±0.33

a
 1.35±0.03

a
 

M5 10.65±0.31
b
 17.35±0.17

c
 8.14±0.10

a
 30.52±0.19

c
 1.30±0.02

a
 

M7 11.20±0.15
b
 14.68±0.33

b
 8.39±0.21

a
 30.14±0.56

c
 1.52±0.01

a
 

Each value is a mean of 3 replicates ± standard error, values accompanied by identical superscript letters are not 

significantly different (ρ≤0.05) in columns. 

 

Table 7: Mineral composition (mg/kg) of dried fruiting body. 
 

Strains Calcium Magnesium Potassium Sodium 

VNW 496.00±8.10
b
 47.67±1.01

ab
 1069.33±13.31

ab
 245.67±2.13

b
 

V11 475.67±7.41
ab

 48.67±2.11
ab

 1024.67±14.00
a
 216.67±1.95

a
 

V245 490.67±6.90
b
 45.67±0.98

a
 1040.33±11.98

a
 238.00±2.33

ab
 

V247 430.67±5.79
a
 48.40±1.57

ab
 1104.67±15.10

b
 233.00±3.10

ab
 

M5 596.33±9.20
d
 45.67±2.05

a
 1204.67±10.89

c
 238.33±3.75

ab
 

M7 525.00±9.57
c
 49.67±1.00

b
 1102.67±13.45

b
 244.67±2.93

b
 

Each value is a mean of 3 replicates ± standard error, values accompanied by identical superscript letters are not 

significantly different (ρ≤0.05) in columns. 
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Table 8: Total phenol content (TPC) and total flavonoid content of mushroom extracts. 
 

Mushroom sample TPC (mg GAE/g dried extract) TFC (mg QE/g dried extract) 

VNW 0.182±0.025
ab

 0.068±0.001
ab

 

V11 0.165±0.023
a
 0.057±0.002

a
 

V245 0.175±0.021
a
 0.060±0.001

a
 

V247 0.159±0.019
a
 0.057±0.003

a
 

M5 0.221±0.012
b
 0.101±0.005

c
 

M7 0.189±0.013
ab

 0.073±0.003
b
 

 

Each value is a mean of 3 replicates ± standard error, 

values accompanied by identical superscript letters are 

not significantly different (ρ≤0.05) in columns. 

 

4.0 DISCUSSION 
 

The exposure of the Nigerian wild strain of V. volvacea 

to UV radiation successfully produced viable mutants 

that survived several subcultures. This supports earlier 

findings regarding the use of UV mutagenesis in strain 

improvement (Teichmann et al., 2007; Beejan and 

Nowbuth, 2009; Elfallal et al., 2013; Ngamnit and 

Saovapong, 2014) and has been employed for improving 

enzyme production in Aspergillus niger (Kang et al., 

1999), mycelia cell and sporophore production in P. 

florida and P. sajor-caju (Ravishanker et al., 2006). 

 

The evolutional analyses conducted in MEGA X 

(Tamura et al., 2004; Kumar et al., 2018) indicate that all 

surviving mutants are closer to the Nigerian wild strain 

than to other strains considered in the analysis. However, 

the highest yielding mutant strain shows the closest 

relatedness since they both share a recent common 

ancestor. 

 

The developed mutant strain was able to grow within a 

wide range of temperatures (20–40 °C) with good growth 

characteristics at the optimum temperature of 35 °C, 

agreeing with previous studies that have established the 

optimum temperature range for growth of V. volvacea at 

30-37 
o
C (Zervakis et al., 2001; Akinyele and Adetuyi, 

2005; Ahlawat et al., 2008; Ahlawat and Harleen, 2018). 

Volvariella esculenta, which has been reported to 

possess similar growth requirements to V. volvacea, has 

also been reported to tolerate a temperature range of 20–

40 °C (Jonathan and Fasidi 2004). The optimum pH (6.0) 

for the mycelia radial extension of the mutant strain falls 

within the range that has been reported earlier (Akinyele 

and Adetuyi, 2005; Kumar et al., 2016). This result also 

coincides with what has been reported earlier for the 

Nigerian wild strain (Adewoyin et al., 2017), and this 

proves the similarity in growth requirements of the 

mutant strain and the wild strain. 

 

Mycelia growth properties of the derived mutants have 

also been enhanced, which has affected mycelia 

formation. Hyphal growth and mycelial development in 

the substrates have been shown to be one of the most 

important steps of mushroom production (Da Silva et al., 

2013). This finding corroborates the report of Ahlwalat 

and Harleen (2018). The duration of maturation of the 

planting spawn for the mutant strain was shorter than that 

of the wild strains, as indicated by the presence of 

abundant chlamydospores, a faster spawn run, and a 

higher yield as represented by the BE. This depicts the 

improvement in the yield of the mutant strain compared 

to the wild strain, indicating that the yield of mushrooms 

is also affected by the strain used for cultivation. This 

finding also corroborates the submission of earlier 

authors (Beejan and Nowbuth, 2009; Ngamnit and 

Saovapong, 2014) of the use of UV irradiation to 

develop high-yielding strains of mushrooms. This study 

also clearly reveals the direct correlation between the 

abundance of chlamydospore and the maximum yield of 

the fruiting body, supporting earlier findings 

(Thiribhuvanamala et al., 2012). This is further in line 

with the submission of Quimo (1994) that suggested that 

chlamydospores act as storage units of balanced cell 

contents, additional inocula during artificial cultivation 

of the mushroom, and a survival mechanism during 

storage. 

 

The yield reported by Tripathy et al. (2011) for the study 

of the effect of various lignocellulose wastes on mycelia 

growth and the yield of Volvariella spp. is lower than 

what is reported in this study. However, the yield 

obtained for the best-growing mutant falls within the 

range recorded by some authors (Thirbhuvanamala et al., 

2012; Apetorgbor et al., 2015). This suggests that apart 

from the strain of mushroom used for cultivation, 

additives like growth boosters can affect yield 

(Thirbhuvanamala et al., 2012). Likewise, substrates 

used in mushroom cultivation also affect the yield of the 

mushroom (Ahlawat et al., 2011; Apetorgbor et al., 

2015).  

 

The increased protein content in the mutant strain 

suggests that it improved the nutritional composition of 

the mushroom. The crude protein content of all the 

strains cultivated was higher than the range reported by 

some authors (Jonathan et al., 2006; Mshandete, 2007; 

Hung and Nhi, 2012). Some earlier reports, however, 

indicated a higher protein content of V. volvacea than 

what is reported in this study (Thirbhuvanamala et al., 

2012; Ahlwalat and Harleen, 2018; Tryono, 2019). 

While in some other studies, the results obtained fall 

within the range reported (Imran et al., 2011; Abena et 

al., 2018). Protein has been reported to be one of the 

important nutritional components in most edible 

mushrooms (Hung and Nhi, 2012). The calcium, 

potassium, magnesium, and sodium content recorded in 
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this study for the mutant exceeds that of the wild strain, 

showing the improvement in the mineral content of the 

mutant strains. However, the calcium, potassium, and 

magnesium content for all the strains were lower than 

what was reported by Alhawat and Harleen (2018) 

except for the sodium content, which was higher. All the 

strains also show lower fat content, establishing earlier 

reports of the preference for mushrooms because of the 

low cholesterol content. The difference in proximate 

composition observed in different reports of this study 

could be attributed to factors like substrate, substrate 

treatment, growth condition, and strain used. The higher 

protein content of Volvariella spp. compared to most 

edible mushrooms explains the possible reason for its 

distinct flavour and tastiness and why it is mostly 

preferred among mushroom consumers. This is an 

indication that, in addition to the substrate used for 

cultivation, the strain used for cultivation also has a 

significant effect on the proximate composition of 

mushrooms.  

 

The TPC and TFC content of the mutant strains show an 

improvement, which is depicted in the higher value 

recorded for mutant strains compared to the wild strains. 

The values recorded in this study differ from the values 

reported by Dulay et al. (2016) from mycelia of V. 

volvacea cultivated in different broths for both the TPC 

and TFC. On the other hand, values obtained were higher 

than the values reported for V. volvacea by Payapanon et 

al. (2016) but lower than those reported by Batkhup et 

al. (2018). The values, however, fall within the range 

reported by Boonsong et al. (2016). The different values 

for both the TPC and TFC in V. volvacea by different 

authors could be due to the method of extraction of the 

extract (Puttaraju et al., 2006), solvent used in the 

extraction process (Cheung et al., 2003; Boonsong et al., 

2016) and the strain used for extraction. Reports have 

shown the correlation of TPC and TFC of mushrooms 

with antioxidant properties (Boonsong et al., 2016) and 

have also been associated with their free radical 

scavenging activity (Barros et al., 2007; Carmel and 

Rajasekaran, 2014). 

 

5.0 CONCLUSION 
 

This study suggests that UV irradiation of actively 

growing mycelia of the Nigerian strain V. volvacea 

VNW produced two (2) viable mutants. The yield 

performance of these mutants, along with the Nigerian 

wild strain and the Indian wild strains, shows that mutant 

M5 (irradiated from a distance of 60cm for 75 minutes) 

proved to be significantly better than the other surviving 

mutants, the Nigerian wild strain and the Indian wild 

strains. The mutant strain's fast growth rate and higher 

nutritional composition make it suitable for commercial 

cultivation in the Tropics. Developing such high-yielding 

strains of V. volvacea mushroom will enhance 

commercial mushroom production and improve the 

supply to meet the increasing demand of consumers. 
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