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Abstract

MBio produces a range of nutritionally enriched Agaricus bisporus- derived powder products, such as vitamin D enriched mush-
room powders, selenium enriched mushroom powders, and vitamin B12 enriched mushroom powders that may have numerous
health benefits. This study aimed to assess the antioxidant activity nutritionally enriched (Vitamin D, Selenium and Vitamin B12)
mushroom powders and a whole mushroom powder. This study reports comparative antioxidant assessment of MBio’s proprietary
Agaricus bisporus derived powder products with five different commercially available mushroom powders. The antioxidant activity
was evaluated through in vitro free radical scavenging activity (DPPH, nitric oxide, ABTS and hydroxyl radical), total polyphenols
and ergothioneine content. The results confirmed that the vitamin B12 enriched mushroom powder exhibited higher DPPH activity
(5.18 - 9.23 mg/g) and polyphenol content (5.66 - 5.94 mg/g) followed by the vitamin D enriched mushroom powder (DPPH 3.33
- 5.86 mg/g, polyphenols 4.86 - 5.73 mg/g), the selenium enriched mushroom powder (DPPH 2.57 - 5.05 mg/g, polyphenols 4.32 -
5.58 mg/g) and the whole mushroom powder (DPPH 3.36 - 6.72 mg/g, polyphenols 4.56 - 5.52 mg/g) compared to the commercial
mushroom powders. Furthermore, the selenium enriched mushroom powder exhibited the highest nitric oxide scavenging activity
(NOSA 23.18 - 25.73 mg/g) and the lowest IC | (1.35 - 2.89 mg) for scavenging the ABTS radical indicating better antioxidant activity
compared to vitamin B12, vitamin D, whole mushroom powder and five commercial powders. Additionally, the vitamin B12 enriched
mushroom powder and the selenium enriched mushroom powder exhibited significantly higher hydroxyl radical scavenging activ-
ity (OHSA) compared to the commercial powders. Finally, ergothioneine analysis confirmed that the vitamin D enriched mushroom
power (1303 mg/kg) and the selenium enriched mushroom powder (1290.2 mg/Kg) exhibited higher ergothioneine compared to the
commercial mushroom powders. Conclusively, this antioxidant assessment confirmed that the nutritionally enriched (selenium, vita-
min D and vitamin B12) mushroom powders exhibited significantly higher overall antioxidant activity compared to the commercially
available mushroom powders. Therefore, this study confirmed that the nutritionally enriched Agaricus bisporus powder products can

play a significant role as a natural, whole food source of antioxidants.
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Introduction

Oxidative stress is defined as a significant imbalance between reactive oxygen species (ROS) production and antioxidant defences [1].
The ROS have adverse reactions with polyunsaturated fatty acids, proteins and nucleotides that could lead to lipid peroxidation, inacti-
vated proteins and impaired DNA and RNA. If there is no adequate defence against ROS by enzymatic and non-enzymatic antioxidants, it
can induce modifications in signal transduction pathways and can be damaging for cellular functions [2,3]. This results in potential tissue
damage leading to a range of disorders such as aging, Alzheimer’s disease, Parkinson’s disease, immunological and many other neural
disorders [4].

Among all free radical species, hydroxyl and superoxide radicals are found to be the main culprits in the damage that free radicals in-
duce in biological systems. The hydroxyl ("OH) radical can cause lipid peroxidation, an oxidative modification of low-density lipoproteins
(LDLs), which may play role in the development of arthrosclerosis and rheumatoid arthritis [5]. Under stress conditions, different cells of
the brain, vascular endothelial cells and phagocytes converts L-arginine to nitric oxide radical. Nitric oxide (NO) radical has an unpaired
electron, which reacts with certain types of proteins and other free radicals. The toxicity of NO becomes adverse when it reacts with
superoxide radical, forming a highly reactive peroxynitrite anion (ONOO-) [6]. Chronic exposure to NO radical is associated with various

carcinomas and inflammatory conditions including juvenile diabetes, multiple sclerosis, arthritis, and ulcerative colitis [7].

In normal body conditions, the balance between free radicals is maintained by the body’s antioxidant system. This is encompassed by
enzymes, such as superoxide dismutase and catalase, and/or by compounds, such as ascorbic acid (vitamin C), tocopherols and glutathi-
one. However, in certain situations, this mechanism of antioxidant protection becomes unbalanced and, therefore, antioxidants sourced

through the diet play important role in reducing oxidative damage.

Mushrooms have been used for several thousand years, initially as a source of food but later for their medicinal properties [8]. Mush-
rooms are an excellent source of nutrients, including B vitamins and minerals such as selenium, copper and potassium. Mushrooms are
also rich in dietary fiber, chitin and 3-glucans, which are main constituents of their cell wall [9]. Many varieties of mushrooms are receiv-
ing scientific attention due to their proteins, minerals and different bioactive molecules [10], which have been associated with a reduced
risk of many health- related disorders [11]. Indeed, mushroom bioactive proteins and peptides, including lectins have been reported
to have anti-tumoural, anti-cancer, antibacterial, antiviral, antifungal, and immuno-modulatory activities [10,12]. It has also been dem-
onstrated that mushrooms can be an abundant source of vitamin D2 when exposed to UV light. Of particular interest, mushrooms have
been found to contain high levels of antioxidants, including phenolic compounds and, in particular, the sulphur-containing amino acid
ergothioneine [13]. Additionally, compounds from a variety of mushrooms, including A. bisporus, such as terpenes, diterpenes, indoles and

various phenolic compounds have been reported to have anti-inflammatory, neuroprotective, antioxidants, and antimicrobial effects [14].

Ergothioneine is mainly biosynthesized in fungi, some cyanobacteria and mycobacteria using histidine with cysteine and methionine,
which provides sulphur and methyl groups, respectively [13]. In mammals, ergothioneine is mainly found in red blood cells, where it has
exhibited an antioxidant role and was proposed as a possible therapeutic for prevention of erythrocytes disorders due to oxidative dam-
age [15]. Additionally, it was proposed that ergothioneine has the ability to act with other antioxidants to protect against oxidative stress
in the mitochondria and therefore, acts as a critical biological antioxidant [16]. Earlier research work demonstrated that ergothioneine

is a naturally occurring dietary antioxidant [17-19] and present in higher levels in mushrooms compared to any other dietary source.

MBio produces a range of nutritionally enriched Agaricus bisporus derived powder products that have numerous health benefits (and
associated health claims). This study aimed to assess the antioxidant activity as one of the health benefits of MBio’s mushroom powders.

Radical scavenging activities are very important to prevent the deleterious role of free radicals in different diseases, including cancer [20].
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Aim of the Study

The current study was aimed to assess the mushroom powders using various important radical scavenging activities including DPPH,

nitric oxide, hydroxyl and ABTS radical, total polyphenol and ergothioneine content.
Materials and Methods
Chemicals

DPPH (2,2-diphenyl-1-picrylhydrazyl) reagent, methanol, trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) as a stan-
dard antioxidant, for polyphenols: Folin Ciocalteau reagent (2N), sodium bicarbonate (NaHCO,), for NOSA: sodium nitroprusside (SNP),
phosphate buffered saline (PBS pH 7.4), sulphanilamide, glacial acetic acid, naphthylethylene diamine hydrochloride (NED), for ABTS:
EDTA, 2deoxy ribose, thio-

barbituric acid (TBA), trichloroacetic acid (TCA). Trolox and gallic acid were used as a standard antioxidant. Ergothioneine analysis was

ABTS reagent (Sigma), manganese dioxide (MnO,), for OHSA: ascorbic acid, ferrous chloride (FeCl,), H,0

»
conducted at CampdenBRI group UK on contractual basis. All the materials and chemicals were obtained from Lennox Ireland and Sigma.
Preparation of mushroom extracts for antioxidant analysis

A number of MBio’s proprietary mushroom powder products (Table 1) were obtained from MBio, Monaghan Mushrooms Ireland
Unlimited Company. The random commercial market mushroom powder samples were used as commercial powders for antioxidant
comparison. The details of the production of MBio’s mushroom powder products, source and nutritional composition is described below.
Each sample (0.1g) was extracted in 10 mL of the extracting solvent (Table 2) for 14h at room temperature in a shaking incubator. The

supernatants were used for the assessment [21].

Mushroom Powders Codes

Whole mushroom powder (WMP) Batch 1

Batch 2

Batch 3

Vitamin D enriched mushroom powder (8,000 IU/g) Batch 1

Batch 2

Batch 3

Vitamin B12 enriched mushroom powder (600 IU/g) Batch 1

Batch 2

Batch 3

Selenium enriched mushroom powder (5 - 10 mg/kg) Batch 1

Batch 2

Batch 3
Commercial Powder of Shitake mushrooms CP1
Commercial Powder of Chaga mushrooms CP2
Commercial Powder of Reishi mushrooms CP3
Commercial Powder of Lion’s Mane mushrooms CP4
Commercial Powder of a mixture of different mushrooms CP5

Table 1: Mushroom powder products obtained from final commercial process.
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Assays Extraction Solvents | Standards Wavelengths (nm)
DPPH Methanol Trolox 515
Total poly- Water Gallic acid 700
phenols
NOSA Water Gallic acid 540
ABTS Methanol Trolox 734
OHSA Water Gallic acid 520

Table 2: Antioxidant assay extraction solvents and standards.

Vitamin D enriched mushroom powder

The source of vitamin D2 mushroom powder is commercially cultivated, freshly harvested fruiting bodies and stalk component of
Agaricus bisporus obtained from single batch, which is sourced from Monaghan Mushrooms Ireland Unlimited Company. The vitamin D2
enhancement is achieved post-harvest processing of the dried powder using UV light exposure. In addition, there were no significant dif-
ferences in the nutritional information for fresh Agaricus bisporus and novel vitamin D enriched mushrooms bar a concentration effect
from the removal of water. The vitamin D2 mushroom powder has been confirmed to provide more than 10% of the recommended daily
intake for adults for copper, potassium, selenium and vitamin D. In addition, the vitamin D2 mushroom powder is also high in proteins,

fibers and minerals.
Vitamin B12 enriched mushroom powder

The vitamin B12 enriched mushroom powder is derived from freshly harvested Agaricus bisporus, common button mushrooms natu-
rally enriched with B12 during the cropping cycle, obtained from single batch, dried and milled under mild conditions to preserve its
nutrient rich content. The powder is nutritionally rich and is high in protein, fiber, B vitamins and minerals. The powder feedstock is

sustainably sourced, fully traceable and derived from a vegan source.
Selenium enriched mushroom powder

The selenium enriched mushroom powder is derived from freshly harvested Agaricus bisporus, common button mushrooms naturally
enriched with selenium during the cropping cycle, obtained from single batch, dried and milled under mild conditions to preserve its
nutrient rich content. The powder is nutritionally rich and is high in protein, fiber, B vitamins and minerals. The powder feedstock is sus-

tainably sourced, fully traceable and derived from a vegan source.
Whole mushroom powders

The whole mushroom powder is derived from freshly harvested fruiting bodies and stalk component of Agaricus bisporus including
white closed cup mushrooms obtained from single batch, dried and milled under mild conditions to preserve its nutrient rich content.
The whole mushroom powder is 100% food grade mushroom powder. The powder feedstock is sustainably sourced, fully traceable and

derived from a vegan source.

The powders were analysed for nutritional composition, which revealed that the mild drying process does not affect the nutritional
status of the powders, bar a concentration effect from the removal of water. Furthermore, whole mushroom powder nutritional analysis
confirmed that the mushroom powder is high in proteins, high in B vitamins, high in fiber, provides the recommended intake of vitamin D

and also high in minerals, which further contributes to the nutritional value of the Agaricus bisporus.
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Commercial mushroom powders

Randomly available marketed mushroom powders were obtained from online shops. The samples include different strains of mush-
room powder such as: Shitakeii, Chaga, Reishi, Lion’s Mane and commercial mixture of different mushroom powders. During the experi-

ments, the marketed mushroom powders were coded as commercial powders starting from CP1, CP2, CP3, CP4 and CP5, respectively.
DPPH radical scavenging activity

DPPH is a well-known radical that scavenges other radicals, which is used as an indicator of the rate reduction of a chemical reaction.
DPPH radical shows deep violet colour in solution, which upon neutralization, it changes to pale yellow or colourless. Therefore, the reac-
tion monitors the number of radicals in presence of antioxidant samples [22] The DPPH radical scavenging activity was conducted by the
method of Ariga and Hamano [23] with slight modifications; 1mL of DPPH reagent (75 uM in methanol) and 20 pL of test samples and
180 uL methanol were incubated at 37°C for 80 min. Trolox (0.1 mg/mL) was adopted as a positive control (5 - 30 puL) and the reduction
of the absorbance at 515 nm was monitored and expressed as mg of trolox equivalent DPPH radical scavenging activity. The samples were

analysed in triplicate.
Total polyphenol content

A polyphenol contains polyphenolic substructure, which acts as an antioxidant by scavenging the free radicals and up-regulates certain
metal chelation reactions. The total polyphenol quantification is based on Folin-Ciocalteau method, which relies on the transfer of elec-
trons in alkaline medium from phenolic compounds to form a blue chromophore [24]. Briefly, 0.2 mL of the sample was added to 0.6 mL of
distilled water followed by 0.2 mL of Folin Ciocalteau reagent (1:1 diluted reagent with distilled water (D/W)) except sample blanks. After
5 mins, 1 mL of saturated solution of 8% NaHCO, in D/W was added and the volumes were made up to 3 mL with D/W. The samples were
incubated at 37°C for 30 min and the absorbance was measured using a spectrophotometer at 765 nm against the reagent blank. Gallic
acid was used as a standard antioxidant (0.2 mg/mL) in the range of 20 - 100 pL. The total phenolic concentration was calculated and the

results were expressed as mg of gallic acid equivalents (GAE)/g of the sample. Analysis was completed in triplicate.
Nitric oxide scavenging activity (NOSA)

The procedure was based on the principle that sodium nitroprusside (SNP) in aqueous solution at physiological pH spontaneously
generates nitric oxide, which interacts with oxygen to produce nitrite ions that can be estimated using Griess reagent [25]. The reaction
mixture contained 2 mL of 10 mM SNP, phosphate buffered saline (pH 7.4) and 200 pL of the test solution in a final volume of 3 mL. After
incubation for 150 min at 37°C, 1mL sulphanilamide (0.33% in 20% glacial acetic acid) was added to 0.5 mL of the incubated solution and
allowed to stand for 5 min. Then 1 mL of N-(1-Napthayl)ethylenediamine dihydrochloride (NED) (0.1% w/v) was added and the mixture
was incubated for 30 min at 37°C. The pink chromophore generated by diazotization of nitrite ions with sulphanilamide and subsequent
coupling with NED was measured spectrophotometrically at 540 nm against a blank sample. Gallic acid (0.1 mg/mL) was used as a stan-

dard. All tests were performed in triplicate.
ABTS radical scavenging activity

Free radicals are an outcome of various metabolic activities and their excess production leads to many diseases. According to Scopus
citation, the 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS*) radical cation-based assays and the 2,2-diphenyl-1- picryl-
hydrazyl (DPPH) radical-based assays are most widely used to predict the antioxidant activity. The trolox equivalent antioxidant activity
(TEAC) was estimated using the ABTS** system according to the method of Zielinska., et al [26]. The radical scavenging capacity of samples

was evaluated against ABTS"* radical, which was generated by oxidizing a 5 mM of ABTS (2, 2’-azinobis 3-ethylbenzothiazoline-6-sulfonic
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acid) diammonium salt, with manganese dioxide in PBS (pH 7.4) at ambient temperature for 14h in dark. The reaction mixture contained
2.0 mL of ABTS** with the test sample from 10 - 50 pL and the absorbance was recorded at 734 nm. A similar reaction was conducted for
the standard trolox (0.1 mg/mL in methanol) as a positive control. The results were expressed as IC,; as mg of the powder required for
50% inhibition of ABTS** radical. Each sample was analysed in triplicate for IC_. Lower the IC_ is considered as better antioxidant activity

equivalent to Trolox.
Hydroxyl radical scavenging activity (OHSA)

The hydroxyl radical is one of the potent reactive oxygen species that reacts with polyunsaturated fatty acid moieties of cell membrane
phospholipids and causes damage to cell [2], modifies important biomolecules. These radicals reduce disulphide bonds in proteins, in
particular fibrinogen, resulting in unfolding and abnormal spatial configurations. These reactions are the reason for many diseases in-
cluding atherosclerosis, cancer and neurological disorders, and can be prevented by the action of non-reducing substances. OHS assay was
conducted using ascorbic acid-iron-EDTA model of hydroxyl radical generating system. The total volume of the reaction mixture was 1 mL,
which included 0.4 mL sodium phosphate buffer (20 mM, pH7.4), 0.1 mL of the sample extract, 0.1 mL of 2-deoxy ribose (60 nM/L), 0.1
mL ferric chloride (1mM/L), 0.1 mL EDTA (1.04 mM/L), 0.1 mL ascorbic acid (2 mM/L) and the reaction was initiated by adding 0.1 mL of
H,0, (10 mM/L). The standard gallic acid (0.1 mg/mL) was used ranging from 0.02 - 0.1 mL for the standard curve. The reaction mixture
was incubated at 37°C for 1h. The reaction was stopped by adding 1 mL of trichloroacetic acid (TCA 17mM) and 1 mL of thiobarbituric
acid (TBA 17mM). The tubes were placed in boiling water bath at 100°C for 15 mins and immediately cooled on ice. The pink colour was
measured at 532 nm. The sample blanks were prepared by replacing TBA with 1 mL of water. The results were expressed as mg of gallic

acid equivalent/g of sample. Analysis was conducted in triplicate.
Ergothioneine analysis

This analysis was conducted by CampdenBRI, UK on contractual basis using a modified method to quantify ergothioneine in the mush-
room powders [17]. Briefly, 1g of the sample was extracted into 20 mL ethanol /water (50:50) and centrifuged prior to filtration through a
0.45 pm nylon filter. Ergothioneine stock solution was made in ethanol and a linear calibration curve was obtained from 10 mg/kg - 0.01
mg/kg. The separation was achieved on a hilic column with a water/acetonitrile mobile phase (0.1% formic acid). The LC/MS/MS was
used for detection. The mass spectrophotometry was run in positive ionisation mode optimized for the detection of ergothioneine. One
sample of each matrix type was analysed in duplicate with spike to check extraction efficiency. All samples were prepared for a standard
addition analysis to accurately quantify the levels; the % recovery on the spiked samples was 85%. This analysis was performed twice to

confirm the results. The results were expressed as mg of ergothioneine/Kg of powders.
Statistical analysis

The data was analysed using MS-EXCEL. One way Anova was used for statistical analysis for comparison across batches, different type

of mushroom powders.
Results
DPPH radical scavenging activity

Whole mushroom powder: The DPPH scavenging activity was reported as equivalent to standard antioxidant Trolox. The DPPH scaveng-
ing activity of WMP ranged from 3.36 - 6.72 mg/g (Table 3). There was no significant (p = 0.06) difference in the DPPH activity of Batch
1 (4.72 mg/g) and Batch 2 (6.72 mg/g). Similarly, no significant difference (p = 0.1) was observed in Batch 1 and Batch 3 (3.36 mg/g)
(Figure 1). Although, Batch 2 exhibited significantly higher (p < 0.001) DPPH scavenging activity compared to Batch 3, overall results
confirmed that WMP exhibited a consistent retention of antioxidant activity across the production of different batches.
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Average + SD
Mushroom DPPH (mg | Total Polyphenols NOSA (mg ABTS (IC50:mg of OHSA (mg Ergothioneine
powders equivalent (mg equivalent equivalentto | powder equivalent | equivalent to (mg/Kg
to trolox/g to gallic acid/g gallic acid/g to trolox for 50% gallic acid/g powder)
powder) powder) powder) inhibition of ABTS) powder)
WMP 1 472 +0.15 5.52+0.31 15.35 +3.82 2.81+041 26.23+2.381 547
2 6.72 £1.70 4.82+0.37 14.00 + 1.32 1.87 £0.37 20.78 +1.28 1009
3 3.36+1.26 4.56+0.18 14.54 +1.03 2.67 £0.42 29.96 £ 1.63 1009
VitD 1 5.86 £1.53 486 +0.27 14.22 +2.17 1.93+£0.37 24.38+2.08 978.5
2 3.33+1.28 5.05+0.25 15.71+1.41 2.99 £ 042 2498 +5.24 1087
3 5.03 £0.40 5.73 £1.07 11.63 £ 0.33 246 £0.17 10.87 +1.16 1843.5
Vit B12 1 9.23+2.35 591+ 0.49 14.32+1.39 1.62 £0.32 38.37 +4.38 541.5
2 5.18 £1.30 594 +0.19 21.88 £0.09 1.74 £0.19 17.39 +2.37 189.5
3 5.31+0.17 5.66 +0.18 14.75£3.21 2.89 £ 0.62 2498+ 1.36 827
Selenium 1 5.05+0.43 5.58 £ 0.08 25.73+£1.93 1.13£0.16 25.59+0.13 1266
2 3.07 £1.08 4.59+0.03 23.35+0.66 1.35+£0.21 26.98 +0.99 1160.5
3 2.57 £0.88 4.31+0.06 23.18£0.83 2.09£0.18 23.98 £ 0.44 1444
Com- CP1 | 1.19+0.21 3.43+0.58 11.35+2.85 6.82 +1.83 9.498 + 0.78 95.5
mercial | CP2 | 0.96 +0.62 543 +1.14 1491 +1.77 8.62 +0.82 12.34 +1.27 1408
powders | CP3 | 3.05%0.90 3.24+0.45 13.05 +1.27 448 +0.17 17.09 + 0.87 166
CP4 | 0.40+0.30 0.62 £ 0.15 9.70 = 2.60 11.71+£0.97 12.18 + 2.06 20
CP5 | 0.76 £0.16 1.04 £0.19 11.17 £+ 1.77 9.93 +1.44 11.06 £ 0.93 35

Table 3: Comparison of antioxidant activity different mushroom powders.
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DPPH activity of MBio's Mushroom powders vs commercial powders
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Figure 1: DPPH scavenging activities of mushroom powders.
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Vitamin D enriched mushroom powder: Batch 1 (5.86 mg/g) exhibited significantly higher (p < 0.0001) DPPH scavenging activity
compared to Batch 2 (3.33 mg/g). Batch 3 (5.03 mg/g) exhibited significantly higher (p < 0.01) DPPH activity compared to Batch 2. How-
ever, Batch 1 and Batch 3 exhibited no significant difference (p = 0.17) in DPPH scavenging activity (Figure 1 and table 3). These results
confirmed the good retention of antioxidant activity in the vitamin D enriched mushroom powders.

Vitamin B12 enriched mushroom powder: The DPPH scavenging activity ranged from 5.18-9.23 mg/g. Batch 1 (9.23 mg/g) exhibited
significantly higher (p < 0.0001) DPPH activity compared to Batch 2 (5.18 mg/g) and Batch 3 (5.31 mg/g). Batch 2 and Batch 3 exhibited
no significant (p = 0.87) difference in DPPH activity. Although, three batches exhibited significant variability in DPPH activity (Figure 1
and table 3), which might be dependent on the initial concentration of the fresh B12- enriched mushrooms used for the production of the

vitamin B12 enriched mushroom powder.

Selenium enriched mushroom powder: Three independent batches were assessed for the DPPH activity. Batch 2 (3.07 mg/g) and Batch
3 (2.57 mg/g) exhibited no significant difference (p = 0.57) in DPPH activity. However, Batch 2 and Batch 3 exhibited significantly lower (p
< 0.05) DPPH activity compared to Batch 1 (5.05 mg/g) (Figure 1). Overall, some variation in the DPPH activity of the selenium enriched
mushroom powder (2.57 - 5.05 mg/g) was observed, which might be dependent on the variability of the original selenium concentration

of the fresh selenium- enriched mushrooms.

Among nutritionally enriched mushroom powders, the vitamin B12 enriched mushroom powder exhibited higher DPPH activity (Fig-
ure 1). However, no significant difference (p = 0.88, p = 0.29, p = 0.12) in the DPPH activity of Agaricus bisporus derived mushroom pow-

ders (WMP, Vitamin D, Vitamin B12 and selenium enriched mushroom powder) (Figure 1) was observed.

Comparison of nutritionally enriched mushroom powders vs marketed available mushroom powders: The results from com-
parison confirmed that nutritionally enriched mushroom powders have significantly higher (p < 0.0001) DPPH activity compared to the
marketed powders (CP1 (1.19mg/g), CP2 (0.96 mg/g), CP4 (0.40 mg/g) and CP5 (0.76mg/g)) (Figure 1). CP3 (3.05 mg/g) exhibited no
difference (p = 0.47) in the DPPH activity compared to selenium enriched mushroom powders. Overall, nutritionally enriched mushroom

powders exhibited strong antioxidant activity compared to the commercial powders.
Total polyphenolic content

Whole mushroom powder: Batch 2 (4.82 mg/g) and Batch 3 (4.56 mg/g) of WMP exhibited no significant difference (p = 0.06) in the
polyphenol content, which indicated significant consistency in these batches for the polyphenol content. However, Batch 1 (5.52 mg/g)
exhibited significantly higher (p < 0.001) polyphenol content compared to Batch 2 and Batch 3 (Figure 2 and table 3).

Vitamin D enriched mushroom powder: Batch 1 (4.86 mg/g) and Batch 2 (5.05 mg/g) exhibited no significant difference (p = 0.09) in
the polyphenol content. Similarly, Batch 2 and Batch 3 (5.73 mg/g) exhibited no significant difference (p = 0.08) in the polyphenol content.
Overall, the vitamin D enriched mushroom powders exhibited strong retention of polyphenol content across the batches (Figure 2 and
table 3).

Vitamin B12 enriched mushroom powder: Batch 1 (5.91 mg/g) and Batch 2 (5.94 mg/g) exhibited no significant (p = 0.84) difference
in the polyphenol content. Similarly, Batch 1 and Batch 3 (5.66 mg/g) exhibited no significant difference (p = 0.25) in the polyphenol con-
tent. However, Batch 3 exhibited significantly lower (p < 0.01) polyphenol content compared to Batch 2. Overall, the vitamin B12 enriched

mushroom powder indicated consistent retention of polyphenol content (Figure 2 and table 3).

Selenium enriched mushroom powder: All three batches of the selenium enriched mushroom powder exhibited significant differences

(p < 0.0001) in polyphenol content. Batch 1 (5.58 mg/g) exhibited significantly higher (p < 0.0001) in polyphenol content compared to
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Batch 2 (4.59 mg/g) and Batch 3 (4.31 mg/g). Similarly, Batch 2 and Batch 3 exhibited significant difference (p < 0.0001) in polyphenol
content. Although, the three different batches exhibited variation for polyphenol content, this might be due to the initial concentration of
selenium in the fresh selenium enriched mushrooms used for development of the selenium enriched mushroom powders (Figure 2 and
table 3).

Overall, the vitamin B12 enriched mushroom powder exhibited significantly higher (p < 0.0001) polyphenol content (5.69 mg/g) com-
pared to other 3 mushroom powders. The vitamin D enriched mushroom powders (5.08 mg/g) exhibited significantly higher polyphenol
content (p < 0.05) compared to WMP (4.77 mg/g). However, no significant difference (p = 0.83) was observed in the polyphenol content
of WMP and the selenium enriched mushroom powder (Figure 2).

7 Polyphenol content of MBio's mushroom powders vs commercial

6 - 1 powders
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] W Batch3
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owder
1 P
o | B
S @& & & & &

I I
& & & &
&

w
L

W =
L

mg of gallic acid equivalent total
phenolic content/g of sample

Figure 2: Total polyphenol content of mushroom powders.

Comparison of nutritionally enriched mushroom powders vs marketed available mushroom powders: The results confirmed that
nutritionally enriched mushroom powders exhibited significantly higher (p < 0.0001) polyphenol content compared to commercial mush-
room powders such as CP1, CP3, CP4 and CP5 mushroom powders (3.43, 3.24, 0.62 and 1.04 mg/g, respectively). Among commercial
powders, the Chaga mushroom powder (CP2 5.43 mg/g) exhibited significantly higher (p < 0.0001) polyphenol content; however, it was
comparable to vitamin B12 enriched mushroom powder. This confirmed that nutritionally enriched mushroom powders exhibited higher

polyphenol content compared to the marketed mushroom powders.
Nitric oxide radical scavenging activity (NOSA)

Whole mushroom powder: Batch 1, Batch 2 and Batch 3 of WMP exhibited no significant difference (p > 0.05) in the NOSA. Batch 1
(15.35 mg/g) and Batch 2 (14.00 mg/g) exhibited no significant difference (p = 0.30) and similarly, Batch 2 and Batch 3 (14.54 mg/g)
exhibited no significant difference (p = 0.71) in the NOSA. Overall, a consistent retention of the NOSA was observed indicating good anti-

oxidant activity among all batches of WMP (Figure 3 and table 3).

Vitamin D enriched mushroom powder: Batch 1 (14.22 mg/g) and Batch 2 (15.71 mg/g) exhibited no significant difference (p = 0.31)
in the NOSA. However, Batch 2 had significantly higher (p < 0.05) NOSA compared to Batch 3 (11.63 mg/g). Similarly, Batch 1 was signifi-
cantly higher (p < 0.05) in the NOSA compared to Batch 3. Overall, the vitamin D enriched mushroom powder batches exhibited strong
retention of the NOSA (Figure 3 and table 3) indicating strong antioxidant activity.
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Vitamin B12 enriched mushroom powder: Batch 1 (14.32 mg/g) exhibited significantly lower (p < 0.0001) NOSA compared to Batch 2
(21.88 mg/g). Similarly, Batch 3 (14.75 mg/g) had significantly lower (p < 0.02) NOSA compared to Batch 2. However, Batch 1 and Batch
3 exhibited no significant difference (p = 0.71) in the NOSA (Figure 3 and table 3). This might be explained on the basis of the initial vita-

min B12 concentration in the vitamin B12 enriched mushrooms used for development of the vitamin B12 enriched mushroom powders.

Selenium enriched mushroom powder: All batches of the selenium enriched mushroom powder (25.73, 23.35, 23.18 mg/g, respec-
tively) exhibited no significant difference (p = 0.24, p = 0.84, p = 0.23) in the NOSA. This confirmed good consistency and strong retention

of nitric oxide scavenging activity among batches of the selenium enriched mushroom powders (Figure 3 and table 3).

Overall, comparison of nutritionally enriched mushroom powders confirmed that the selenium enriched mushroom powder (24.09
mg/g) exhibited significantly higher (p < 0.001) NOSA compared to other nutritionally enriched mushroom powders. This was followed
by the vitamin B12 enriched mushroom powders (16.11 mg/g), which exhibited no significant difference in the NOSA compared to the
vitamin D enriched mushroom powder (14.00 mg/g, p = 0.16) and WMP (14.41 mg/g, p = 0.46). Furthermore, there was no significant
difference (p = 0.46) in the NOSA of WMP and the vitamin D enriched mushroom powder (Figure 3).

Comparison of nutritionally enriched mushroom powders vs marketed available mushroom powders: Finally, in line with above
observations, the selenium enriched mushroom powder exhibited significantly higher (p < 0.001) NOSA compared to five marketed mush-
room powders (CP1 (11.35mg/g), CP2 (14.91 mg/g), CP3 (13.05 mg/g), CP4 (9.70 mg/g) and CP5 (11.17 mg/g) powders). Although, CP2
and CP3 powders exhibited NOSA equivalent to the vitamin B12 enriched mushroom powder, vitamin D enriched mushroom powder and
WMP (Figure 3), it was confirmed that nutritionally enriched mushroom powders, in particular, the selenium enriched mushroom pow-

der exhibited higher NOSA compared to commercially available mushroom powders.
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Figure 3: Nitric oxide scavenging activity of mushroom powders.

ABTS radical scavenging activity (ABTS)

ABTS radical scavenging activity was measured as trolox equivalent and inhibitory concentration of the powder (IC, ) required for
50% inhibition of ABTS radical. A lower IC_, indicates better antioxidant activity.
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Whole mushroom powder: Batch 2 (1.87 mg) exhibited significantly lower (p < 0.05) IC, compared to Batch 1 (2.81 mg) and Batch 3
(2.67 mg). Batch 1 and Batch 3 exhibited no significant difference (p = 0.68) in IC, . These results indicated consistent retention of antioxi-

dant activity across batches confirming the strong antioxidant activity of whole mushroom powder (Figure 4 and table 3).

Vitamin D enriched mushroom powder: Batch 1 (1.93 mg) exhibited significantly lower (p < 0.02) IC,, compared to Batch 2 (2.99 mg)
and Batch 3 (2.46 mg). Further, Batch 3 exhibited significantly lower (p < 0.05) IC,; compared to Batch 2. Batch 1 and Batch 3 exhibited
significant difference (p < 0.02) in IC, . Overall, Batch 1 exhibited better antioxidant activity compared to other batches of vitamin D en-

riched mushroom powder (Figure 4 and table 3).

Vitamin B12 enriched mushroom powder: Batch 1 (1.62 mg) exhibited significantly lower (p < 0.05) IC,, compared to Batch 2. Batch 2
(1.74 mg) exhibited significantly lower (p < 0.05) IC,, compared to Batch 3 (2.89 mg). However, Batch 1 exhibited significantly lower IC,,
(p < 0.02) compared to Batch 3 (Figure 4 and table 3). Overall, all three batches of the vitamin B12 enriched mushroom powder exhibited

strong ABTS scavenging activity indicating strong antioxidant activity.

Selenium enriched mushroom powder: Batch 1 (1.13 mg) exhibited significantly lower IC,, compared to Batch 3 (2.09 mg) (p < 0.01).
There was no significant difference (p = 0.23) in Batch 1 and Batch 2 (1.35 mg). Furthermore, Batch 2 exhibited significantly lower (p <
0.02) IC,, compared to Batch 3. Although, variability across the three batches was observed for ABTS radical scavenging activity, Batch
3 of the selenium enriched mushroom powder exhibited the best ABTS scavenging activity among all mushroom powders (Figure 4 and
table 3).

Overall comparison of nutritionally enriched mushroom powder confirmed that the selenium enriched mushroom powder exhibited
the lowest IC,  indicating the highest ABTS radical scavenging activity followed by the vitamin B12 enriched mushroom powder. However,
no statistically significant difference (p = 0.09) was observed for ABTS scavenging activity of nutritionally enriched mushroom powders
(Figure 4).

Comparison of nutritionally enriched mushroom powders vs marketed available mushroom powders: Finally, nutritionally en-
riched Agaricus bisporus mushroom powders exhibited significantly lower (p < 0.0001) IC,, compared to commercial powders (CP1 (6.82
mg), CP2 (8.62 mg), CP3 (4.48 mg), CP4 (11.71 mg) and CP5 (9.93 mg)). These results confirmed that MBio’s mushroom powders have
better antioxidant activity compared to the commercial mushroom powders (Figure 4).
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Figure 4: ABTS radical scavenging activity of mushroom powders (Lower the IC50 value better is the antioxidant activity).
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Hydroxyl radical scavenging activity (OHSA)

Whole mushroom powder: Batch 1 (26.23 mg/g) and Batch 3 (29.96 mg/g) exhibited significantly higher (p < 0.01) OHS activity com-
pared to Batch 2 (20.78 mg/g). Batch 1 and Batch 3 exhibited no significant difference (p = 0.12) in OHS activity. Overall, a good retention
of strong antioxidant activity was observed among WMP batches (Figure 5).

Vitamin D enriched mushroom powder: Batch 1 (24.38 mg/g) and Batch 2 (24.98 mg/g) exhibited no significant difference in (p =
0.86) OHS activity. Batch 1 exhibited significantly higher (p < 0.0001) OHS activity compared to Batch 3 (10.87 mg/g). Similarly, Batch
2 exhibited significantly higher (p < 0.001) OHS activity compared to Batch 3 (Figure 5). This confirmed a strong OHS activity in MBio’s
vitamin D enriched mushroom powder.

Vitamin B12 enriched mushroom powder: Batch 1 (38.37 mg/g) exhibited significantly higher (p < 0.01) OHS activity compared to
Batch 2 (17.39 mg/g) and Batch 3 (24.98 mg/g). Similarly, Batch 3 exhibited significantly higher (p < 0.01) OHS activity compared to Batch

2 (Figure 5). This indicated a strong retention of OHS activity in MBio’s vitamin B12 enriched mushroom powder.

Selenium enriched mushroom powder: Batch 2 (26.98 mg/g) exhibited significantly higher (p < 0.01) OHS activity compared to Batch 1
(25.59 mg/g). Similarly, Batch 3 (23.98 mg/g) exhibited significantly higher (p < 0.01) OHS activity compared to Batch 1. However, Batch
2 and Batch 3 exhibited no significant difference (p = 0.86) in OHS activity (Figure 5). Overall, results confirmed that all three batches of
the selenium enriched mushroom powders exhibited strong retention of OHS activity.

Overall, selenium enriched mushroom powder (25.52 mg/g) and the vitamin B12 enriched mushroom powder (25.68 mg/g) followed
by WMP (24.86 mg/g) exhibited significantly higher OHS activity (p < 0.05) compared to the vitamin D enriched mushroom powder
(18.28 mg/g).

Comparison of nutritionally enriched mushroom powders vs marketed available mushroom powders: The selenium enriched mush-
room powder exhibited significantly higher (p < 0.0001) OHS activity compared to marketed powders such as shitake (CP1 9.49 mg/g),
Chaga (CP2 12.34 mg/g), Reishi (CP3 17.09 mg/g), Lion’s Mane (CP4 12.18 mg/g) and a mixture of mushroom powders (CP5 11.06
mg/g)) (Figure 5). Finally, Agaricus bisporus based and nutritionally enriched mushroom powders exhibited significantly higher hydroxyl
radical scavenging activity compared to marketed mushroom powders.
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Figure 5: Hydroxyl radical scavenging activity of mushroom powders.
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Ergothioneine analysis

Ergothioneine analysis was conducted at CampdenBRI using LC/MS/MS. The vitamin D enriched mushroom powders (average 1303
mg/Kg) and the selenium enriched mushroom powder (average 1290.2 mg/Kg) exhibited significantly higher (p < 0.05) ergothioneine
content compared to the vitamin B12 enriched mushroom powder and whole mushroom powders (WMP). Ergothioneine levels for WMP
ranged from 547 - 1009 mg/Kg (average 855 mg/Kg) and the vitamin B12 enriched mushroom powders ranged from 189.5 - 827 mg/Kg
(average 519.3 mg/Kg) (Figure 6 and table 3). The marketed mushroom powders exhibited ergothioneine content as; shitake (CP1 95.5
mg/Kg), Chaga (CP2 1408 mg/Kg), Reishi (CP3 166 mg/Kg), Lion’s Mane (CP4 20 mg/Kg) and a mixture of different mushroom powders
(CP5 35 mg/Kg) (Figure 6).
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Figure 6: Ergothioneine content of mushroom powders.

Discussion

Different antioxidants respond differently based on the type of radical or oxidant sources, which might not accurately reflect the exact
mechanism of action in a complex system [27,28]. Therefore, the antioxidant activity of the mushroom powders was assessed through six
different methods. This study is the first of its kind where Agaricus bisporus mushroom derived powder products and randomly selected
marketed mushroom powders were compared for their in vitro antioxidant activity. The antioxidant activity was represented as equiva-

lent to standard antioxidants, such as Trolox and gallic acid.

The results confirmed that selenium enriched mushroom powder exhibited the highest overall antioxidant activity, closely followed
by the vitamin B12 enriched mushroom powder, compared to vitamin D enriched mushroom powder and whole mushroom powder.
The statistical analysis for Pearson coefficient correlation confirmed that the selenium enriched mushroom powder exhibited positive
correlation (p < 0.01) between DPPH and polyphenol content, DPPH and NOSA (p < 0.05) and polyphenols and NOSA (p < 0.1), which
suggest that the selenium enriched mushroom powder may contain higher antioxidant polyphenolic molecules responsible for free radi-
cal scavenging activity. Furthermore, the selenium enriched mushroom powder exhibited significantly higher levels of ergothioneine, a
known antioxidant molecule. Therefore, these results suggest that selenium enrichment of the Agaricus bisporus mushrooms might have
resulted into higher antioxidant content of the product. This result is in agreement with the literature that reported increased antioxidant

activity in mushrooms as a result of increased selenium uptake by mushrooms, which are cultivated on selenium hyper-accumulated agri-
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cultural residues [29]. Additionally, selenium is required for biosynthesis of selenoenzymes and selenoproteins, which are responsible for

antioxidant defence mechanism [30]. This explains the higher overall antioxidant activity of the selenium enriched mushroom powders.

Similarly, the vitamin D enriched mushroom powder exhibited positive correlation (p < 0.1) between polyphenols and ergothioneine
content suggesting that the vitamin D and ergothioneine may play a role as an antioxidant in the vitamin D enriched mushroom powders.
Therefore, this result also confirms that the enrichment of vitamin D in Agaricus bisporus mushroom powder to higher levels (8000 1U/g)
may have resulted in higher antioxidant activity. This result is also supported by the published research confirming that vitamin D is a

membrane antioxidant, which inhibits iron dependent liposomal lipid peroxidation [31].

Higher antioxidant activity of MBio’s mushroom powders can be explained as these mushroom powders are 100% mushroom pow-
ders derived from freshly harvested whole mushrooms processed under mild conditions to preserve its nutrient rich content. Mushrooms
contain proteins, polysaccharides, terpenes, terpenoids, and important antioxidants including polyphenols (phenolic acids) glutathione
and ergothioneine [32]. Furthermore, MBio’s production process is highly controlled for every single aspect of the process - from pro-
ducing compost to growing, harvesting, processing, packing and delivering. Additionally, the process has been validated and confirmed
to retain strong antioxidant activity in the final mushroom powder products (data not shown due to proprietary process validations).
Therefore, MBio’s mushroom powders remain a source for important nutrients and bioactive ingredients, such as polyphenols and ergo-
thioneine, which are known antioxidants that might explain the higher antioxidant activity of MBio’s all mushroom powders. However,
other marketed mushroom powders contains different mushroom strains including Shitake, Chaga, Reishi, Lion’s Mane and a mixture of
different mycelial cultures of various strains of the mushrooms. This might explain the different antioxidant activity observed in markedly
available mushroom powders compared to MBio’s Agaricus bisporus derived and nutritionally enriched mushroom powders. Literature
searches confirmed no reports on the antioxidant activity of nutritionally enriched mushroom powder products on to the market. How-
ever, antioxidant activities of fresh or dried A. bisporus have been reported. Total polyphenols from white A. bisporus mushrooms after
methanolic and ethanolic extractions have been reported as < 6 mg/g dry weight [33] and ranged from < 3 up to 10 mg/g dry weight
[18,34-37], respectively. The results from the current study for total polyphenolic content for all nutritionally enriched mushroom pow-

ders ranged from 5 - 6 mg/g dry weight, which are in agreement with the above literature.

Overall ergothioneine analysis results confirmed that the selenium enriched mushroom powders are high in ergothioneine content
compared to other nutritionally enriched (vitamin D and vitamin B12) mushroom powders and marketed mushroom powders such as
shitake, reishi, lion’s mane and a mixture of different mushroom powders (CP1, CP3, CP4, and CP5), respectively. Only commercial Chaga
powder (CP2 1408 mg/Kg) exhibited higher ergothioneine content compared to other commercial mushroom powders and nutrition-
ally enriched mushroom powders such as: vitamin D enriched mushroom powder (1303 mg/Kg), selenium enriched mushroom powder
(1290.2 mg/Kg), the vitamin B12 enriched mushroom powder (519.3 mg/Kg) and WMP (855 mg/Kg). Pearson’s coefficient correla-
tion analysis confirmed no significant (p > 0.05) correlation between ergothioneine and type of antioxidant parameters for any of the
mushroom powders; with the exception of MBio’s vitamin D enriched mushroom powder, which exhibited positive correlation (p < 0.1)
between polyphenols and ergothioneine. These results are in agreement with Dubost., et al. [17-19]. This indicated that ergothioneine
antioxidant activity might be independent of other radical scavenging antioxidant activities. However, this does not affect the biological

activity of ergothioneine and overall antioxidant activity of MBio’s nutritionally enriched mushroom powders.

Ey., et al. [38] and Bao,, et al. [39] have reported ergothioneine concentration from fruiting bodies of A. bisporus (white) and A. bisporus
(brown) as 4.6 and 9.3 mg/Kg dry weight, respectively. Additionally, Shiitake mushroom fruiting body indicated higher ergothioneine con-
tent of 2840 mg/Kg dry weight. Some of the mushroom mycelial samples including Ganoderma lucidum (Reishi), Grifola frondosa (Mai-
take) and Hericium erinaceus (Lion’s Mane) reported ergothioneine content of 16.5, 296.2 and 376.2 mg/Kg dry weight, respectively [40].

Similarly, Inonotus obliquus (Chaaga) mushroom mycelia also reported higher ergothioneine content of 252.1 mg/Kg dry weight. How-
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ever, Dubost, et al. [17] have reported that ergothioneine content of A. bisporus white button and portabellas as 210 mg/Kg and 450 mg/
Kg, respectively. Furthermore, the authors reported the ergothioneine content in specialty mushrooms, including shiitake (1980 mg/Kg),
oyster (2590 mg/Kg) and maitake (1130 mg/Kg). This confirms huge discrepancies in the reported ergothioneine content of the mush-
room types, which might be related to different type of raw materials used (fruiting body or mycelia), difference in production, drying
methods, and various extraction and analysis methods used. However, MBio’s nutritionally enriched and whole mushroom powders are
developed using A. bisporus that have indicated significantly higher levels of ergothioneine compared to the reported values. This might

suggest that MBio’s production process is optimal for the retention of higher levels of ergothioneine in all MBio’s mushroom powders.

The current study reported variable levels of ergothioneine across batches and types of mushroom powders. However, this variability
can be explained on the basis of sourcing of raw material for each batch and homogeneity of the ergothioneine in the mushroom pow-
ders. This is also supported by the literature. Dubost,, et al. [17-19] reported that ergothioneine biosynthesis is flush dependent and its
pathway is also affected by various stress factors exposure to mushroom mycelia such as dry compost to the crops, which resulted in
increased ergothioneine in later flushes. Additionally, ergothioneine is an intracellular metabolite and, therefore, specific extraction of
ergothioneine is key step for its accurate detection, preparation, purification and application. Different extractions methods have been
compared and reported by Zhang,, et al [41]. Dubost,, et al. [17-19] also reported that the quantification of ergothioneine was complicated
due to lack of recovery and specificity of the procedure. There has been limited research regarding the factors affecting biosynthesis of
ergothioneine. Due to environmental factors, it is difficult to control all the variables present that may affect the amount of ergothioneine

produced by mushrooms.

Finally, irrespective of discrepancies in the ergothioneine levels, the current results confirmed that Agaricus bisporus derived nutri-
tionally enriched mushroom powders are a good source of ergothioneine (which is a known antioxidant) compared to commercially

available Shitake, Reishi, Lion’s Mane and other mixtures of different mushroom powders.
Conclusion

Conclusively, all nutritionally enriched Agaricus bisporus mushroom powders (Selenium, Vitamin B12 and Vitamin D) exhibited sig-
nificantly higher antioxidant and free radical scavenging activity and ergothioneine content compared to a selection of commercially
available mushroom powders. Furthermore, whole mushroom powder developed using Agaricus bisporus was also found as a significant
source of antioxidants compared to a selection of commercially available mushroom powders. Therefore, the current study confirmed
that MBio’s nutritionally enriched Agaricus bisporus mushroom powders are a significant source of natural antioxidants, which could help
to prevent the progression of various diseases, caused by free radicals, such as certain cancers and might play a role in improvement of

immune health.
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