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Abstract
Calocybe indica mushroom was exposed under natural and artificial UVB light to enhance vitamin  D2 contents in the fruit 
bodies. When Kinetic model was designed to examine the rate of conversion of ergosterol into vitamin  D2 at different time 
intervals (0, 15, 45, 60 and 90 min), it was found that the conversion was linear with time. The maximum content of vitamin 
 D2, that is 78.33 µg/g in sunlight and 140.58 µg/g in UVB radiated fruit bodies, was recorded in the samples exposed for 
60 min. Interestingly, UVB radiations triggered the synthesis of β-glucan from their actual content (22.42–44.36 g/100 g) 
and improved the contents of phenols (12.46–47.38 mg GAE/g) and flavonoids (0.85–2.15 mg Quercetin/g). The estimated 
antioxidant activities, viz., free radical DPPH scavenging activity and ferric reducing antioxidant power was also found to 
significantly (p < 0.05) increase after 60 min of UVB exposure. For DPPH and FRAP, lowest  IC50 values obtained was 1.90 
and 4.60 respectively, which are suggestive of high antioxidant capacity. Additionally, the paper also describes how UVB 
rays chemically altered the scores for all seventeen amino acids that were analyzed.
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Introduction

Ergosterol  (C28H44O) found in the cell wall of fungi is the 
precursor of ergocalciferol i.e. vitamin  D2, which gets con-
verted under UV exposure. The conversion phenomenon is 
similar to that of conversion of cholecalciferol (vitamin  D3) 
into vitamin D in human skin under sunlight exposure. It is 
imperative to maintain the vitamin D levels in the body as it 
reportedly protects the body from conditions like osteopo-
rosis (Weaver et al. 2016), diabetes (Al-Daghri et al. 2014), 
cardiovascular risks (Schnatz and Manson 2014), neurogen-
erative diseases (DeLuca 2004) and also a range of can-
cers (Garland et al. 2006). The dietary recommendation of 
vitamin D for an adult male or female is 600 IU or 15 µg/

day (Institute of Medicines 2010). However, the unfortu-
nate fact is that 70 per cent of the worldwide population has 
vitamin D deficiency. This percentile is particularly alarm-
ing in India where vitamin D levels of 97% of the adults 
are below < 75 nmol (Palacios and Gonzalez 2014). Lim-
ited availability of food sources that contain adequate levels 
of vitamin D (i.e. only cholecalciferol containing fish, egg 
and meat) might be one of the reasons for this deficiency. 
Increasingly modern lifestyle that limits people’s exposure 
to sunlight might be another reason.

This tenacious problem requires a reliable solution that 
can battle against the increasing vitamin D deficiency rate. 
Edible fungi emerge as a significant part of the solution. As 
a demanding food source, they can play an essential role in 
meeting the increasing demands of this particular vitamin. 
Mushrooms can not only provide vitamin D but are also 
the carriers of therapeutically active compounds including 
beta-glucan (β-glucan), terpenoids, steroids, essential amino 
acids and antioxidants (Rathore et al. 2017). These are again 
reportedly useful in achieving cure as well as prevention of 
various life threatening diseases (Prasad et al. 2015).

However, it has been noticed that the vitamin  D2 con-
tent varies with the season, latitude, weather conditions, 
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various mushroom species and the condition in which they 
are grown. A huge disparity in the data for vitamin  D2 con-
tent of some commonly consumed mushroom was seen from 
literature (Table 1). For example, vitamin  D2 contents of 
widely consumed species Agaricus bisporus is presented 
differently by authors: 0.05, 3.9 and 12.48 μg/g (dw) by 
Simon et al. (2011), Urbain and Jakobsen (2015) and Mau 
et al. (1998) respectively. Likewise, for medicinal mushroom 
Lentinus edodes the content was found to be varying widely: 
26.20 μg/g by Sławinska et al. (2016), 2.8 μg/g by Ko et al. 
(2008) and 53.9 μg/g by Jashinge and Perera (2006) on a 
dry weight basis.

On the other hand, a complete lack of documentation 
about the content in vitamin D was found in Calocybe indica 
(C.indica) mushroom species, an Indian origin mushroom. 
C. indica (P&C) was first cultivated by Prukashthya and 
Chandra in 1974 (Prukashthya and Chandra 1974) in India. 
C. indica is reportedly rich in protein (2.75–3.22 g/100 g), 
dietary fibre (1.11–1.63 g/100 g), ash (1.28–2.30 g/100 g) 
and antioxidant properties (Rathore et al. 2018b; Subbiah 
and Balan 2015). The fruit body extracts of C. indica are 
known to exhibit therapeutic properties against diabe-
tes (Rajeswari and Krishnakumari 2013), oxidative stress 
(Babu and Rao 2013), anti-lipid peroxidation effects (Sub-
biah and Balan 2015) and a range of cancers (Selvi et al. 
2011; Ghosh 2015; Ganapathy and Renitta 2014). The spe-
cies also contains a number of secondary metabolites such 
as calocyban (β-glucan), triterpenpoids, phenols, flavonoids 
etc. (Mandal et al. 2010; Subbiah and Balan 2015). This 
mushroom species is now becoming popular functional food 
in other countries, including China, Singapore, Malaysia, 

and Bangladesh. Hence for this reason, the exploration of 
vitamin  D2 contents in C. indica could prove to be a natural 
vitamin D supplement to assuage the increasing vitamin D 
deficiencies amongst the population.

Thus, the present study was designed with the aim of 
accounting for the vitamin  D2 contents of C. indica along 
with its enhancement by exposing under natural sunlight 
as well as artificial UVB light. Furthermore, the study also 
attempts to establish the effects of these radiations on the 
associated nutraceutical properties, including β-glucan, anti-
oxidants, and amino acids.

Materials and methods

UVB exposure of C. indica

Fresh harvested mushrooms (Calocybe indica P&C) were 
obtained from the Haryana Agro Research & Develop-
ment Centre (HAIC) in Murthal, India and were treated on 
the same day. Whole mushroom fruit bodies were cleaned 
to remove dirt using a damp cloth, chopped lengthwise 
(3.0 ± 0.2 cm), placed on shelves and exposed to the UV-B 
(ultra-violet-B) radiation on both sides in the same condi-
tions, at 5.3 w/m2 intensity under a UV-B lamp (Philips 
UV-B narrowband TL-20 W) in a chamber for the time 
period of 15, 30, 45, 60 and 90 min. The experiments per-
taining to the natural sunlight irradiation were carried out 
during the month of June at Indian Institute of Technology, 
Delhi, India. The samples were always exposed to direct sun-
light from 10:00 a.m. to 04:00 p.m. on sunny days without 

Table 1  Reported vitamin  D2 content in different species of edible mushrooms

Mushroom species Source of UV rays Vitamin  D2 content (μg/g dry 
weight basis)

References

Agaricus bisporus (white button) None 14.28 Slawinska et al., (2016)
Lentinus edodes 26.20
Pleurotus ostreatus 56.29
Agaricus bisporus (white button) Sunlight 40.7 Phillips et al. (2013)
Agaricus bisporus (white button) Sunlight 0.17 Urbain and Jakobsen (2015)
Agaricus bisporus (brown button) UVB 45.0 Nolle et al. (2017)

Sunlight 36.0
Agaricus bisporus (white button) UVB 67.1 Urbain et al. (2016)

Sunlight 3.90
Agaricus bisporus (white button) UV 40.0 Koyyalamudi et al. (2011)
Golden oyster UVB 208.0 Huang et al. (2015)
Pink oyster 93.2
Lentinus edodes 15.1
King oyster 28.7
Agaricus blazie 22.1
Pleurotus ostreatus Sun 67.4 Keflie et al. ( 2018)
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clouds. The irradiated samples were separately lyophilized, 
sealed and stored at – 20 °C for further analysis.

Ergosterol assay

Mushrooms were analyzed according to the method given 
by Urbain and Jackobsen (2015), albeit with slight modi-
fications. Freeze dried mushroom sample powders (0.5 g) 
were accurately weighed and mixed with 4 ml of sodium 
ascorbate (Sigma chemicals) solution (17.5 g of sodium 
ascorbate in 100 ml of 1 M sodium hydroxide), 50 ml of 
ethanol (95% pure), 10 ml of 50% potassium hydroxide (85% 
pure, Merck Chemicals). The mixture was saponified under 
reflux at 80 °C for 1 h, and immediately cooled to room 
temperature beforeit was transferred into a separating fun-
nel. The mixture was first extracted with 15 ml de-ionized 
water, followed by 15 ml ethanol, and then with three-stages 
of hexane of volumes 50, 50 and 20 ml, respectively. The 
pooled organic layers were washed three times with 50 ml 
of 3% KOH in 5% ethanol and then finally with de-ionized 
water until neutralized. The organic layer was transferred 
into a round bottom flask, rotary evaporated (Buchi R 300, 
India) to dryness at 40 °C, and immediately re-dissolved in 
5 ml ethanol.

Chromatographic conditions

The volume of 20 μl filtered sample (0.45 μm, Millipore, 
Billerica, MA, USA) was injected into a high-performance 
liquid chromatography (HPLC, PerkinElmer series 2000, 
USA) equipped with a 2487 dual absorbance detector (Perki-
nElmer Corp., USA) and eluted through a reverse phase C18 
column (Symmetry 4.6 × 250 mm, PerkinElmer Corp. USA). 
The mobile phase used was methanol/acetonitrile, 25:75, 
at flow rate of 1 ml/min, and UV detection was at 264 nm. 
Vitamin  D2 was taken as standard (Sigma chemicals, Ger-
many) obtained, and the quantification was carried out using 
a calibration curve.

Determination of nutraceutical components

β‑Glucan contents of irradiated fruiting bodies

Quantitative estimation of β-glucan was estimated by 
enzymatic procedure using enzymatic kit (Megazyme, 
Ireland) adopting the AACC method 32–22 and standard 
method given by McCleary and Glennie-Holmes (1985). 
The method involved the conversion of (1 → 3)(1 → 4)-β-d-
glucan into glucose, which was subsequently, measured 

using the glucose oxidase/peroxidase procedure with vis-
ible spectrophotometer.

Preparation of methanolic extract for antioxidant analysis

The dried mushroom samples (5 g) were extracted by stir-
ring ground sample in 200 ml of methanol at room tem-
perature for 48 h and then filtered through Whatman no. 
1 filter paper (Sigma Aldrich, USA). The residue was re-
extracted with additional 100 ml portion of methanol. This 
was followed by the dried of the combined methanolic 
extracts in a rotary evaporator at 40 °C. These were then 
re-dissolved in methanol.

Total phenol content

Total phenolic content (TPC) was measured according to 
the method given by Rathore et al. (2018b) with slight 
modifications. Methanolic extracts of fruit bodies (10 µl) 
was mixed with 50 µl of 50% Folin-Ciocalteu reagent. To 
this mixture 2% sodium carbonate was added and the tubes 
were vortex. The absorbance was measured at 750 nm 
after an incubation period of 30 min. The results were 
expressed as mg of Gallic Acid Equivalents (GAE) per 
gram of mushroom extract.

Total flavonoid content

Colorimeteric method was followed to determine the 
total flavonoid contents (TFC) with a slight modification 
as described by Upadhyay et al. (2015). Briefly, 1 ml of 
methanolic extract was mixed with an equal volume of 2% 
 AlCl3.6H2O and shaken vigorously. The mixture was then 
incubated at room temperature for 10 min and absorbance 
was measured at 367 nm spectrophotometrically. Querce-
tin was taken as the standard.

Free radical scavenging activity

Free radical 2,2-dipheynl-1-picrylhydrazyl (DPPH) scav-
enging activity was measured according to the protocol 
described by Rathore et al. (2018a). To the 50 µl of differ-
ent concentrations of methanolic extract (0.65 to 20 mg/
ml), 200 µl of DDPH solution (0.2 mM) was mixed. Tubes 
were vortex mixed and incubated in dark for 30 min. The 
absorbance was measured with the help of a spectropho-
tometer (PrkinElmer, USA) at 517 nm. Methanol was kept 
as blank. The percent of reduction of DPPH was calculated 
according to the following Eq. 1, where Abs control is the 
absorbance of DPPH solution without extracts.
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The results are expressed as  IC50 which signifies con-
centration of the extracts that cause 50% inhibition.

Ferric reducing antioxidant power (FRAP)

FRAP assay was done according to the method given by 
Rathore et al. (2018a). The oxidant in the FRAP assay was 
prepared by mixing 2,4,6-tri[2-pyridyl]-s-triazine, TPTZ 
(10 mM in 40 mMHCl, 2.5 ml), acetate buffer (0.3 M pH 
3.6, 25 ml), and 2.5 ml of  FeCl3.6H2O (20 mM). The com-
bination prepared by mixing all these reagents is known as 
“FRAP reagent”. To the amount of 1.8 ml freshly prepared 
FRAP reagent, 100 µl of sample and 100 µl of distilled 
water was added. The tubes were then incubated at 37 °C 
for 30 min and absorbance was taken at 595 nm using a 
spectrophotometer.

The results are expressed as  IC50 which signifies the con-
centration of the extracts that cause 50% inhibition.

Determination of amino acid

Amino acid analysis was carried out using a method given 
by Rathore et al. (2018b) but with slight modifications. Five 
grams of lyophilized mushroom sample was digested using 
100 ml of 6 N, HCL for 3 h at 100 °C. The suspension was 
collected and diluted using distilled water and then filtered. 
The samples obtained were derivatized using phenylisothio-
cyanate and converted to phenylthiocarbamoyl amino acids. 
The derivatized samples (20 µl) were injected into the high-
performance liquid chromatography (HPLC, Agilent 1260 
Infinity, USA) and read using a florescent detector.

(1)

% inhibition of DPPH

= Abs control − Abs sample∕Abs control × 100

Statistical analysis

All the treatments were carried out in replicates, indicating 
means and standard deviations. The data was analyzed sta-
tistically by analysis of variance (ANOVA) and significant 
differences among mean values at 95% level of confidence 
by Duncan’s test using SPSS version 17.0 statistics software. 
Pearson correlation coefficient and Principal Component 
Analysis (PCA) was carried out using Origin Pro version 
9.1 statistic software.

Results and discussion

Vitamin  D2 concentration of C. indica exposed 
under natural sunlight and UVB light

The vitamin  D2 content in the C. indica was evaluated as 
34.55 ± 0.88  µg/g DW. The fruit bodies exposed under 
natural sunlight and UVB light radiations produced signifi-
cant (p < 0.05) amount of vitamin  D2 in C. indica (Table 2). 
The vitamin  D2 content elevated to the fourfold from 
34.55 ± 0.88 µg/g DW to 140.58 ± 0.38 µg/g DW after 60 min 
of UVB light exposure (Supplementary Fig. 1). This is because 
of the particular UV band region of 280–315 nm in which 
opening of the B-ring 5,7 diene of pro-vitamin D leads to the 
production of pre-vitamin D (Simon et al. 2011). We postulate 
that the slow conversion of vitamin  D2 in sunlight exposed 
samples might be due to the differences in UV intensities of 
sunlight such as UVA (365 nm), UVC (254 nm) and UVB 
(315 nm) at different time leaps during the sampling. However, 
the continuous exposure of UVB rays at set conditions of labo-
ratory could be one of the reasons for converting vitamin  D2. 
The above statement is further justified with a study reported 
by Jasinghe and Perera (2006) describing that UV-B is the 

Table 2  Content of vitamin D in C. indica exposed under natural sunlight and artificial UVB light and rate of vitamin  D2 formation Rs  (min−1)

Mean and standard deviation (n = 3) with different letters within a row are significantly different (p < 0.05) calculated using one way ANOVA 
and Duncan’s multiple range tests
a For UVB processing Vitamin  D2 formation displayed linear increase upto 60 min of exposure time

Time (min) 0 15 30 45 60 90

Vitamin D (µg/g 
dw)

 Sunlight 34.55 ± 0.88f 40.78 ± 0.49e 45.35 ± 0.52d 62.32 ± 0.51c 78.33 ± 0.49b 87.67 ± 0.61a

 UVB 34.55 ± 0.88f 65.50 ± 0.47e 85.35 ± 0.50d 123.58 ± 0.33c 140.58 ± 0.38a 133.22 ± 0.35b

Rs  (min−1)
 Sunlight 0.611
 UVB 1.831

Regression Coef-
ficient, R2

 Sunlight 0.95
 UVBa 0.99
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most effectual intensity for converting ergosterol to vitamin 
 D2 as compared to UVC and UVA. High levels of vitamin  D2 
in UVB exposed samples have also been reported by Urbain 
et al. (2016). Further, this group of researchers concluded that 
even providing the similar conditions as with the UVB radi-
ated mushrooms, the sunlight exposed oyster samples did not 
reach to the marked levels of vitamin  D2 estimated in UVB 
irradiated samples. As represented in Table 1, it is noteworthy 
to mention that the content of vitamin  D2 in C. indica fruit 
bodies estimated for the first time was found to be higher as 
reported for the prominent edible mushroom species namely 
Agaricus bisporus, Lentinus edodes and Pleurotus ostreatus 
(Huang et al. 2015; Slawinska et al. 2016; Urbain and Jakob-
sen 2015). Simon et al. (2011) reported the vitamin  D2 con-
tent of only 3.8 µg/g DW in A. bisporus mushroom, exposed 
under sunlight, which is exceedingly lesser as compared to the 
contents measured in the current report. In contrast a recently 
published study represented high contents of vitamin  D2 i.e. 
44 and 406 µg/g DW in control and UVB irradiated button 
mushrooms respectively (Nolle et al. 2017). Now, the question 
arises whether the UVB exposed mushrooms are safe to con-
sume or not? As per the literature they are safe and beneficial 
too. A clinical study conducted on rat models, by Calvo et al. 
(2013) revealed that the consumption of UV exposed mush-
rooms is not only safe but also support the bone growth and 
mineralization without any toxicity.

Kinetics model parameters of vitamin  D2 in C. indica

Kinetic studies are helpful in predicting the effect of process-
ing on quality parameter(s). In the present study, the kinetics 
of vitamin  D2 formation under the exposure sunlight and UVB 
is monitored. It was observed that vitamin  D2 formation in C. 
indica is a function of exposure time and follows zero order 
kinetics with rate of vitamin  D2 formation as:

where, C is the vitamin  D2 content (µg/g) and t is the expo-
sure time (min).

It is observed that the rate of vitamin  D2 formation is higher 
when fruiting bodies are exposed to UVB in comparison to 
sunlight (Table 2). This marks the potential of UVB radia-
tions in stimulating and accelerated the photochemical reac-
tions in mushroom fruit bodies faster in comparison to the 
natural sunlight. This approach to quantify the conversion of 
ergosterol to vitamin  D2 via kinetic model was also demon-
strated by Jashinge et al. (2007). Their group of researchers 
concluded that although the mushroom followed the zero order 
kinetic reaction in conversion of ergosterol, the conversion 
rate varied with the type of mushroom species in the order of 
oyster > shitake > albone > button.

(2)Rs =
dC

dt

For the present study the formation of vitamin  D2 by C. 
indica fruit bodies on exposure to sunlight and UVB as func-
tion of time can be calculated using the following equations:

Effect of UVB and sunlight exposure on the β‑glucan 
contents of C. indica

Mushroom fruiting bodies exposed under UVB light at dif-
ferent time interval observed to have significantly (p < 0.05) 
high β-glucan contents as compared to both the control and 
sunlight exposed C. indica fruit bodies. As depicted in 
Fig. 1 the initial content of β-glucan (22.45 g/100 g) calcu-
lated for the unexposed samples enhanced to 44.37 g/100 g 
after 60 min of UVB exposure. The UV rays of sunlight 
also helped to spike the content to some extent and the 
highest value obtained with natural light recorded was 
33.57 g/100 g at 60 min. However, no increment in the con-
tent was observed in both experimental setups after 60 min. 
Pearson correlation coefficient (R value) analysis further 
confirmed that the contents of β-glucan content found in 
close proximity with the vitamin  D2 contents measured the 
R2 value of 0.97 (Table 4). We also found scarcity of data 
in the β-glucan contents of irradiated mushroom fruit bod-
ies. However, a quite related study by Huang et al. (2015) 
says that the effect of UV exposure on the total polysac-
charide content vary species to species, the UVB irradiated 
fruit bodies of white and pink oyster were found to have 
increased β-glucan contents after exposure. Moreover, no 

(3)Sunlight: VitaminD2 = 0.611t + 34.55

(4)UVB: VitaminD2 = 1.831t + 34.55

Fig. 1  β-glucan contents in the sunlight and UVB exposed C. indica 
fruit bodies at different time interval. Alphabets (a, b,c) in the figure 
depict the significant differences (p < 0.05) amongst the mean val-
ues (n = 3) calculated using one way ANOVA and Duncan’s multiple 
range tests
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changes were detected in the in the β-glucan contents of 
similarly treated golden oyster mushroom.

Effect of sunlight and UVB radiations on the content 
of total phenol, flavonoid, DPPH and FRAP 
activitiesof C. indica fruit bodies

Mushrooms are known to contain polyphenols, widely 
known for their marvelous antioxidant activities. In the 
present study, methanolic extracts prepared from the freeze 
dried samples were evaluated for their total phenol and flavo-
noid contents using standard procedure. Results pertaining 
to TPC indicated a substantial linear increase up to 60 min 
of exposure under UVB light with the highest content of 
47.38 ± 0.40 mg/g. The content was significantly (p < 0.05) 
higher compared to that of the control sample (Table 3). The 
correlation coefficient data (Table 4) also indicated a posi-
tive correlation (R2 = 0.85) between the phenol content and 
exceeding vitamin  D2 values of the C. indica fruit bodies. 
On the other hand, sunlight could only enhance the total phe-
nol content upto 28.37 mg/g which was again observed to be 
in linearity with the mentioned exposure time (Table 3). A 
few studies available on the polyphenol contents of C. indica 
have reported much lesser content of phenols (18.53 ± 0.02 
and 19.80 ± 0.02 mg/g in cap and stipe respectively) as 

recorded in the current findings (Babu and Rao 2013; Mishra 
et al. 2014).

Flavonoids known as the potent antioxidant compounds 
were also recorded. Similar to phenols, their contents were 
found to be significantly (p < 0.05) influenced by the UVB 
radiations. The contents were in the range of 0.88–1.75 mg/g 
and 0.88–2.15 mg/g in sunlight and UVB exposed C. indica 
fruiting bodies respectively. Results are consistent with 
the findings of Jiang et al. (2010) in which UVC treated L. 
edodes mushrooms showed increased contents of total phe-
nols and flavonoids. In contrast, Huang et al. (2015) stated 
that continuous UV exposure lasting up to 2 h did not change 
the values for total phenols and flavonoids in eleven species 
of mushroom fruit bodies. We envisaged that UV radiations 
elicited the stress conditions in the fungus, which might have 
turned the biosynthesis pathways for the production of sec-
ondary metabolites. Furthermore, it has been reported that 
stress created by UV stimulate the enzyme systems by play-
ing an important role in scavenging reactive oxygen species 
and inducing chalcone synthase, the first committed enzyme 
in flavonoid biosynthesis (Springob et al. 2003; Jiang et al. 
2010).

The  IC50 values calculated for the antioxidant proper-
ties DPPH and FRAP were also found to augment from 
the existing values (Table 3). With respect to the content 

Table 3  Total phenol, flavonoids and antioxidant activities (DPPH & FRAP) of natural sunlight and UVB exposed C. indica fruit bodies

Each value is expressed as mean ± standard deviation (n = 5). Means with different letters within a column are significantly different (p < 0.05)
FRAP ferric reducing antioxidant power, DPPH Free radical 2,2-dipheynl-1-picrylhydrazyl (DPPH) scavenging activity, GAE gallic acid equiva-
lent

Time (min) Total phenol (mg GAE/g) Total flavonoid (mg 
Quercetin/g) dw

Antioxidant activity  (IC50)

FRAP DPPH

Sunlight UVB Sunlight UVB Sunlight UVB Sunlight UVB

0 12.46 ± 0.30e 12.46 ± 0.30f 0.85 ± 0.21d 0.85 ± 0.21c 10.20 ± 0.10a 10.20 ± 0.10a 5.03 ± 0.26a 5.03 ± 0.26a

15 12.55 ± 0.42e 15.31 ± 0.29e 1.07 ± 0.28cd 1.46 ± 0.23b 10.18 ± 0.40a 8.91 ± 0.77b 4.56 ± 0.33a 4.24 ± 0.24b

30 13.94 ± 0.34d 18.56 ± 0.34d 1.34 ± 0.14bc 1.91 ± 0.15a 8.76 ± 0.23b 8.45 ± 0.50b 3.38 ± 0.45b 2.72 ± 0.22c

45 21.00 ± 0.42c 39.83 ± 0.34b 1.56 ± 0.12ab 2.03 ± 0.24a 7.81 ± 0.25c 6.08 ± 0.04c 3.10 ± 0.42b 2.37 ± 0.23c

60 28.40 ± 0.46a 47.38 ± 0.40a 1.75 ± 0.20a 2.15 ± 0.25a 6.65 ± 0.39d 4.60 ± 0.23d 2.26 ± 0.25c 1.90 ± 0.19d

90 25.66 ± 0.55b 29.70 ± 0.60c 1.23 ± 0.16bc 1.33 ± 0.14b 8.15 ± 0.67bc 5.64 ± 0.13e 2.94 ± 0.34b 2.81 ± 0.38c

Table 4  Correlation matrix of 
nutritional parameters (%) of 
the fruit bodies of C. indica 
irradiated under artificial UVB 
light

FRAP ferric reducing antioxidant power, DPPH free radical 2,2-dipheynl-1-picrylhydrazyl (DPPH) scav-
enging activity

Variables Vitamin D Phenol Flavonoid FRAP  (IC50) DPPH  (IC50) β-Glucan

Vitamin D 1 0.856 0.694 − 0.985 − 0.923 9.731
Phenol 0.856 1 0.708 − 0.869 − 0.815 0.817
Flavonoid 0.694 0.708 1 − 0.664 − 0.882 0.561
FRAP  (IC50) − 0.985 − 0.869 − 0.664 1 0.885 − 0.971
DPPH  (IC50) − 0.923 − 0.815 − 0.882 0.885 1 − 0.866
β-Glucan 0.973 0.817 0.561 − 0.971 − 0.866 1
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calculated for DPPH, the highest  IC50 (1.90) was in UVB 
exposed and 2.26 was found in sunlight exposed samples 
obtained after 60 min of exposure. Nevertheless, the scav-
enging effects of DPPH reduced to 50% after 60 min. A 
similar pattern as free radical DPPH scavenging activity was 
seen with the ferric ions. The highest value recorded was 
4.60 obtained after 60 min of UVB exposure, followed by 
90 > 45 > 30 > 15 > control (0 min). The enhanced levels of 
phenols and flavonoids might be the rationale for high scav-
enging effects and ferric reducing capacity. The correlation 
matrix depicted in Table 4 also indicated strong positive 
correlations amongst the phenol and DPPH and FRAP  IC50 
values (low  IC50 value indicates high antioxidant activity). 
The statement is further confirmed by Huang et al. (2012) 
suggesting that the presence of bioactive compound such 
as phenolics, flavonoids and anthocyanidin contributed to 
the momentous antioxidant activities in berry fruits. Cur-
rent findings are in agreement with the literature available 
on the edible mushrooms (Huang et al. 2015), spices such 
as clove (Patwardhan and Bhatt 2015) and blueberry fruit 
(Nguyen et al. 2014) all of these reporting increased levels 
of antioxidants due to the UVB exposure.

Effect of sunlight and UVB radiations on the amino 
acid profiling of the C. indica fruit bodies

The current study is mapping the amino acid profiling of 
C. indica fruiting bodies for the first time. It was found that 
UVB irradiation of the mushroom fruit bodies significantly 
(p < 0.05) improved their amino acids content. The most 
increased amino acid calculated was glutamic acid in the 
UVB treated C. indica with chemical score of 4.47 g/100 g 
(Table  5). However, UVB was not found to influence 
the contents of aliphatic amino acids such as alanine 
(1.22 g/100 g) and threonine (0.51 g/100 g) and methionine. 
But the most affected amino acids recorded was aspartic 
acid which reduced from 1.65 g/100 g to 1.52 g/100 g. The 
rest of the amino acids were observed to be enhanced posi-
tively from their respective contents. Noaman et al. (2016) 
also showed increased alanine and glutamic acid contents 
in UVB exposed algae samples. This could be due to the 
triggered aminotransferase reaction and influencedglutamate 
synthase pathways responsible for their productions. There 
was a marked increment noticed in the aromatic and second-
ary amino acid contents as well. It was hypothesized that 
UVB radiations could have penetrated inside the nucleus 
and the protein chromatophores of the mushroom fruit bod-
ies. This in turn, lead to the changes in their chemical path-
ways responsible for the protein synthesis and other enzyme 
activities involved in their synthesis. In contrast, Simon et al. 
(2011) did not find any significant changes in the amino acid 
contents of the UV radiated button mushrooms.

Table 5  Amino acid contents (g/100 g dry weight basis) of the sun-
light and UVB irradiated C. indica fruit bodies

Mean and standard deviation (n = 3) with different letters within a 
row are significantly different (p < 0.05) calculated using one way 
ANOVA and Duncan’s multiple range tests

Amino acids Unexposed Sunlight exposed UVB exposed 
(60 min.)

Alanine 1.22 ± 0.06a 1.19 ± 0.04a 1.22 ± 0.07a

Aspartic acid 1.62 ± 0.04a 1.57 ± 0.0a 1.52 ± 0.11a

Glutamic acid 2.88 ± 0.04b 3.19 ± 0.39b 4.47 ± 0.33a

Glycine 1.46 ± 0.04a 1.53 ± 0.08a 1.56 ± 0.08a

Histidine 0.33 ± 0.02b 0.32 ± 0.07b 0.43 ± 0.05a

Arginine 0.73 ± 0.02a 0.83 ± 0.05a 0.82 ± 0.08a

Isoleucine 0.95 ± 0.02b 0.98 ± 0.16b 1.24 ± 0.13a

Leucine 1.07 ± 0.02c 1.24 ± 0.06b 1.38 ± 0.04a

Lysine 1.06 ± 0.03b 1.07 ± 0.12b 1.25 ± 0.09a

Phenylalanine 0.66 ± 0.04b 0.87 ± 0.10a 1.06 ± 0.13a

Proline 0.63 ± 0.01b 0.99 ± 0.11a 1.02 ± 0.14a

Serine 0.62 ± 0.02c 0.88 ± 0.08b 1.15 ± 0.09a

Threonine 0.53 ± 0.01a 0.52 ± 0.07a 0.51 ± 0.05a

Tyrosine 0.38 ± 0.04b 0.45 ± 0.08ab 0.51 ± 0.06a

Valine 0.85 ± 0.02b 0.90 ± 0.08ab 1.05 ± 0.16a

Cystein 0.01 ± 0.01b 0.015 ± 0.01ab 0.02 ± 0.01a

Methionine 0.15 ± 0.01b 0.22 ± 0.07b 0.25 ± 0.06a

Fig. 2  Principal Component Analysis (PCA) biplot of Vitamin D, 
Phenol, Flavonoid and β-glucan contents and antioxidant activities 
(DPPH & FRAP) of the UVB irradiated mushroom fruit bodies
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Correlation effect of UVB exposure on vitamin  D2, 
β‑glucan, phenol contents and antioxidant activity 
of C. indica fruit bodies

Principal component analysis (PCA) was also performed to 
see the pattern of correlation with in the set of observed 
variables and how these different variables varied in differ-
ent treatments. PCA biplot (Fig. 2) of all the variables and 
treatments (observations) revealed 95.64% of the total vari-
ance and the contribution of the principal component 1 and 
component 2 represented 86.33% and 9.31% of total varia-
tion in the observed variables.It was clear that the phenol, 
β-glucans and vitamin  D2 content were grouped together on 
the right lower side of the biplot, suggesting their positive 
correlation, with the time period of the UVB exposure. On 
the other hand, the DPPH and FRAP  IC50 were seen on the 
opposite side, i.e. left side of the PCA plot suggesting their 
strong positive correlation with enhancing vitamin  D2, phe-
nol and β-glucans content.

Conclusion

This is the first scientific report to establish the contents of 
vitamin  D2 in the indigenous edible mushroom C. indica. 
The rate of conversion of ergosterol was found linear with 
time and both the UVB exposed as well as sunlight exposed 
mushrooms were found to contain excellent contents of vita-
min D, sufficient to meet the recommended daily dietary 
intakes of adults. The study also signified the role of UVB 
radiations in the enhancement of the contents of bioactive 
compounds, including β-glucans, phenols and flavonoids. 
The UVB irradiated fruit bodies were also found to attain 
high levels of antioxidant properties (DPPH and FRAP) 
along with the enhanced essential amino acid contents. We 
believe that introduction of such kind of economical post-
harvest treatment as well as technology for the mushrooms 
could prove to be a beneficial approach for combating the 
prevailing vitamin D deficiencies, without compromising the 
nutritional and nutraceutical quality parameters. However, a 
detailed in vivo study involving vitamin D deficient subjects 
at clinical levels is warranted.
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