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Abstract 
Shiitake mushrooms (L. edodus) form an excellent source of high quality proteins with potential 
medicinal value. Mushrooms however have a short shelf-life of 1-2 days and start deteriorating 
immediately after their harvest. Drying of untreated Shiitake mushroom often results in product with 
unacceptable colour and flavor. At the same time, treatments may adversely affect the protein 
digestibility and antimicrobial properties thereby forfeiting the nutritional and medicinal objectives. 
Present study reports crude protein, in vitro protein digestibility, antimicrobial activity and sensory 
attributes of Shiitake (L. edodus) mushroom powders developed using various predrying and drying 
treatments. Pre drying treatments included combinations of blanching with chemical treatments including 
dip in Potassium Metabisulphite/ Citric acid/ Hydrogen peroxide. The treated mushrooms were subjected 
to either solar or oven drying. All treatments were found effective in producing organoleptically 
acceptable powders with significantly (P≤0.05) improved in vitro protein digestibility. Also the 
developed powders depicted antimicrobial activity towards Staphylococcus aureus, Escherichia coli, 
Bacillus subtilis and Salmonella typhi. 
 
Keywords: antimicrobial activity; blanching, lentinus edodus; mushrooms; pre drying treatments; 
protein digestibility; sensory evaluation; solar drying 
 
Introduction 
Lentinus edodus is the first medicinal macrofungus to enter the realm of modern 
biotechnology. The Shiitake, meaning “mushroom of the shii (oak tree)” in Japanese, is highly 
prized in Asia for its flavor and numerous health benefits. Besides nutritional importance, 
antibacterial, antifungal and antiviral activities have also been reported (Hearst et al., 2009) [1]. 
Shiitake mushrooms have been attributed with many more medicinal properties ranging from 
reducing cholesterol, lowering blood pressure, strengthening the immune system, fighting 
tumors, and improving liver function (Finimundy et al., 2014) [2].  
Mushrooms however are highly perishable commodities and start deteriorating immediately 
after their harvest. Processing and preservation of mushroom is of vital commercial 
importance. Freezing, canning and dehydration are widely accepted methods for long-term 
preservation (García et al., 2011; Lakshmipathy et al., 2013) [3, 4]. Present study reports protein 
digestibility, antimicrobial activity and organoleptic acceptability of Shiitake (L. edodus) 
mushroom powder developed using some less expensive pre drying and drying treatments. 
 
Materials and Methods 
All the ingredients required for development of products were procured from open market in a 
single lot and stored in air tight food grade containers. Mushrooms were washed properly to 
remove material adhered to it and sliced into small pieces. Mushroom powders were developed 
using different combinations of pre drying and drying treatments (Table 1) 
 
Pre drying treatments 
Modified method of Lakshmipathy et al. (2013) [4] was used for giving pre drying treatments. 
a) Blanching: Sliced mushrooms were blanched in hot water at 80°C for 3 min. 
b) Chemical dip: Sliced mushrooms were dipped for 15 min in water containing 5 g/L of 

either potassium metabisulphite or Citric acid or Hydrogen peroxide. 
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Drying Treatments 
The treated mushrooms were subjected to either solar drying 
or oven drying. Untreated sun dried mushrooms served as 
control.  
a) Solar drying: Solar tunnel drier was used for drying of 

mushrooms. The dryer consisted of a transparent UV 
stabilized plastic covered flat plate collector and drying 
tunnel unit. The dryer was arranged to supply hot air 
directly into the drying tunnel. The treated mushroom 
slices were spread on polythene sheet in a single layer on 
a wire mesh in the drying tunnel to receive energy both 
from hot air supplied from the collector and from the 
incident solar radiation on mushroom. During the drying 
period the solar insulation, solar tunnel dryer 
temperature, room temperature and outside temperature 
were recorded. Solar insulation was recorded 112 to 874 
(minimum to maximum) during drying period. 
Temperatures in the drying chamber or tunnel dryer 
varied from 18.0 0C to 47.0 0C. During this period room 
temperature varied from 17 0C to 210C and outside 
temperature varied 10 0C to 24 0C. 

b) Oven drying: The mushroom slices were dried at 50°C in 
hot air oven to a constant weight. 

c) Sun drying: The untreated mushroom slices were spread 
on polythene sheet in direct sunlight and covered by 
muslin cloth to protect from foreign particles. 

c) All dried mushrooms were ground in electric grinder to 
obtain fine mushroom powder. 

 
Digestibility 
Developed mushroom powders were evaluated for crude 
protein content (AOAC, 2000) [5] as well as in vitro protein 
digestibility (Mertz et al., 1984) [6].  
 
Microbial cultures and their maintenance 
Lyophilized cultures of Staphylococcus aureus, Escherichia 
coli, Bacillus subtilis and Salmonella typhi were transferred 
separately to Nutrient broth having following composition 
(g/I): Peptone (0.5), Beef extract (0.15), Yeast extract (0.15) 
and NaCl (0.5). The inoculated broth of each culture was 
incubated at 37°C for 48hrs in a BOD incubator. A loopful of 
the respective cultures was streaked on the Nutrient agar (NA) 
medium plates having following composition (g/I): Peptone 
(0.5), Beef extract (0.15), Yeast extract (0.15) and NaCl 
(0.5g) and Agar- agar (20) and again incubated at 37°C for 
24hrs. After the colonies developed, single pure colonies were 
picked up and streaked on fresh NA plates. This step was 
successively repeated two times to activate the cultures. The 
cultures were maintained under aseptic conditions by sub 
culturing them on Nutrient Agar slants and thereafter stored in 
refrigerator at 4°C till further use. 
 
Determination of antimicrobial activity against selected 
pathogens 
Ten gm dried mushroom powder was dissolved in 10 ml 
water. Centrifuged at 15000 rpm for 20 min. Filtrate was 
collected, dried and finally 1 ml volume was made up with 
water and maintained as stock solution of aqueous extract. 
Antimicrobial activity of treated/untreated dried Shiitake 
mushroom against pathogenic bacterial strains namely S. 
aureus (MTCC226), E. coli (MTCC249) B. subtilis 
(MTCC070) and S. typhi (MTCC098) were assayed by agar 
well diffusion method. Petri plates containing 20ml Nutrient 
Agar medium were seeded with 24hr old culture of bacterial 
strains. Wells were cut and 20μl of the mushroom extracts 

were added. The plates were then incubated at 37°C for 24 
hours. The antimicrobial activity was assayed by measuring 
the diameter of the inhibition zone formed around the well. 
 
Sensory Evaluation 
The developed powders were evaluated for sensory 
characteristics by a panel of 10 semi-trained judges using 6-
point hedonic scale for color, aroma, texture and overall 
acceptability of powders (Ranganna, 1986) [7].  
 
Statistical analysis 
Results were expressed as mean ± standard deviations. 
Suitable standard statistical methods were used for analysis of 
data. Statistical significance was set at (p = 0.05). ANOVA 
was used for comparison. 
 
Results and Discussions 
Crude protein and in vitro protein digestibility 
The crude protein content in dried powders ranged between 
18.12 to 20.92 per cent. Crude protein content of untreated 
sun dried control (20.92%), ‘unblanched KMS (Potassium 
metabisulphite) treated solar dried’ powder (20.77%) and 
‘unblanched citric acid treated’ powders (solar dried: 20.43%; 
oven dried: 20.20%) were comparable to each other with no 
significant (P≤0.05) differences among each other (Table 2). 
The crude protein content of these powders was significantly 
(P≤0.05) higher to all other treated blanched and unblanched 
powders. The ‘blanched Hydogen peroxide treated solar 
dried’ and ‘oven dried’ powders had the lowest crude protein 
content (18.12% and 18.13% respectively) which were 
significantly (P≤0.05) lower than all untreated/treated 
mushroom powders except ‘blanched KMS treated oven 
dried’ powder (18.37%). 
Various treatments reduced the crude protein content by up to 
13.38 per cent; maximum reduction was brought about in 
‘blanched- hydogen peroxide treated- solar dried’ powder. 
The lower protein content of treated mushrooms may be due 
to solublization. Similar trends have been observed by other 
workers also. Muyanja et al.,(2014) [8] explained the lower 
protein content of dried oyster mushrooms due to protein 
solubilization during brining for a longer time. 
In vitro protein digestibility of untreated sun dried mushroom 
powder was 80.53 per cent. In vitro protein digestibility 
varied from 84.56 to 85.94 per cent in blanched powders and 
82.48 to 83.88 per cent in unblanched powders (Table 2). All 
the treatments significantly (P≤0.05) improved the in vitro 
protein digestibility of mushroom powder as compared to the 
untreated control. All unblanched samples had lower in vitro 
protein digestibility as compared to blanched samples. It was 
highest for ‘blanched KMS treated oven dried’ powder 
(85.94%) and lowest for ‘unblanched citric acid treated oven 
dried’ powder (82.48%) as well as ‘unblanched Hydogen 
peroxide treated solar dried’ powder (82.48%). In vitro 
protein digestibility of ‘blanched KMS treated oven dried’ 
samples (85.94) was comparable to that of all other blanched 
sample but significantly (P≤0.05) higher than the untreated as 
well as all unblanched powders. 
All the treatments significantly (P≤0.05) improved the in vitro 
protein digestibility of mushroom powders which may be due 
to effect of heat as well as chemicals. This might be due to 
reduction in heat labile anti nutrients. Anti-nutrients are 
known to inhibit the activities of certain enzymes such as 
pepsin and pancreatin. Also the exposure to denaturation 
temperatures may increase digestibility of native proteins by 
unfolding the polypeptide chain and rendering the protein 
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more susceptible to digestive enzymes (Opstvedt et al., 2003 
and Wal, 2003) [9, 10].  
 
Antimicrobial activity  
Antimicrobial activity of treated and untreated powder was 
studied against B.subtilis, E.coli, S.typhi and S. aureus in 
aqueous extract. Aqueous extract of untreated sun dried 
Shiitake powder exhibited 20, 22, 23 and 23 mm zones of 
inhibition against respective microbes (Table 3). Against B. 
Subtilis maximum zone of inhibition obtained was 22 mm. 
This zone was obtained with blanched solar dried mushroom 
powders pretreated with any of three chemicals. Similar zone 
was also obtained with ‘unblanched KMS treated oven dried’ 
powder. Against E. coli, maximum inhibition zone (25 mm) 
was obtained with blanched or unblanched ‘KMS treated solar 
dried’ Shiitake mushroom powder. ‘Blanched KMS treated 
solar dried’ Shiitake powder provided maximum zone of 
inhibition against S. typhi (25 mm) and S. aureus (28 mm) 
also. 
The antimicrobial activity of L. edodes has been confirmed 
against the gram – positive and gram negative bacteria 
(Hearst et al., 2009; Hassegawa et al., 2005) [1, 11]. The 
gemmotherapic extract of Lentinula edodes has been reported 
to have very strong inhibitory activity against Bacillus subtilis 
and Bacillus cereus var. mycoides but little or no effect on the 
other species at a concentration of 50mg/ml and 5 mg/ml 
(Pauliuc and Botau, 2013) [12]. Similarly an aqueous extract of 
shiitake mushroom was reported to inhibit both Bacillus 
subtilis and Escherichia coli K-12, independent of substrate 
composition or the growth stage of the mushrooms (Casaril et 
al.,2011) [13]. 
Mushrooms need antimicrobial and antifungal compounds to 
survive in their natural environment. Hence, they are rich 
sources of natural antibiotics. Many of the externalized 
secondary metabolites (extracellular secretions by the 
mycelium) are known to combat bacteria (Rathee et al., 2012) 
[14]. Oxalic acid is one agent responsible for the antimicrobial 
effect of Lentinula edodes against S.aureous and other 
bacteria (Bender et al., 2003) [15]. Among various degradative 

extracellular compounds excreted by L.edodes, some of the 
best characterized are lentinan and lentin.  
 
Sensory evaluation 
All the treatments were effective in obtaining acceptable 
mushroom powders. The ‘overall acceptability’ scores ranged 
from 5.18 (Unblanched citric acid treated solar dried) to 2.60 
(Blanched KMS treated oven dried) (Table 4). The untreated 
sun dried mushroom powder scored 4.60, 4.60, 4.55 and 4.58 
respectively in terms of colour, texture, aroma and overall 
acceptability. Highest colour score (5.40) was obtained for 
‘unblanched citric acid treated solar dried’ mushroom powder. 
It was significantly (P≤0.05) higher than that obtained for any 
of blanched powders as well as ‘unblanched KMS treated 
solar dried’ and the untreated sun dried mushroom powder. 
The ‘unblanched citric acid treated solar dried’ powder 
obtained highest acceptability scores in terms of texture, 
aroma and overall acceptability also. Its score for texture was 
5.25 which was significantly (P≤0.05) higher than those for 
any of blanched treated powders (scores varying from 3.00 to 
4.05). However no significant difference (P≤0.05) was 
observed when compared to any of the unblanched powders 
except that for KMS (potassium metabisulphite) treated solar 
dried powder (3.80). In terms of aroma, ‘unblanched citric 
acid treated solar dried’ powder had acceptability score of 
4.90, which was significantly (P≤0.05) higher than those for 
blanched oven dried samples treated with KMS (2.30) or 
citric acid (3.20) or Hydogen peroxide (4.25). Highest overall 
acceptability score was obtained with ‘unblanched citric acid 
treated solar dried’ powder (5.18).  
Blanched mushrooms have previously also been reported to 
darken when they are exposed to hot air during drying 
(Martinez et al., 2001; Hassan and Ghada, 2014) [16, 17]. 
Blanching mushrooms with hot water or steam at high 
temperature caused undesirable changes in product texture 
and also inherently linked to weight and nutritional quality 
losses (Konanayakam and Sastry, 1988) [18]. On the contrary 
Chandra & Smasher (2002) [19] reported blanching treatment 
to be effective towards inactivation of the enzyme completely 
and to prevent browning of dehydrated mushroom.  

 
Table 1: Treatments used for development of mushroom powder 

 

 Treatment definition 

 Pre drying Treatment Drying Treatment 

S. No. Blanching Chemical Dip Solar/Oven 

T1 Blanched Potassium metabisulphite Solar dried 

T2 Blanched Potassium metabisulphite Oven dried 

T3 Blanched Citric acid Solar dried 

T4 Blanched Citric acid Oven dried 

T5 Blanched Hydrogen peroxide Solar dried 

T6 Blanched Hydrogen peroxide Oven dried 

T7 -- Potassium metabisulphite Solar dried 

T8 -- Potassium metabisulphite Oven dried 

T9 -- Citric acid Solar dried 

T10 -- Citric acid Oven dried 

T11 -- Hydrogen peroxide Solar dried 

T12 -- Hydrogen peroxide Oven dried 
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Table 2: Crude protein content and in vitro protein digestibility of treated Shiitake powder (% db) 
 

Pre drying Treatment 1 
Pre drying Treatment 2 

(Chemical dip) 
Drying Treatment 

Crude 
Protein (%) 

In vitro protein 
digestibility (%) 

Unblanched Nil Sun dried 20.92±0.42 80.53±0.57 
Blanched 

Potassium metabisulphite 
Solar dried 19.45±0.12 (-7.3) 84.69 ±0.91 (+5.17) 

Blanched Oven dried 18.37±0.19 (-12.18) 85.94±0.40 (+6.71) 
Blanched 

Citric acid 
Solar dried 19.60±0.13 ( -6.30) 85.18±0.97 (+5.77) 

Blanched Oven dried 19.56±0.10 (-6.50) 84.56±1.61 (+5.00) 
Blanched 

Hydrogen peroxide 
Solar dried 18.12±0.19 (-13.38) 84.62 ±0.34 (+5.07)

Blanched Oven dried 18.13±0.13 (-13.33) 84.70 ±0.57 (+5.17) 
Unblanched 

Potassium metabisulphite 
Solar dried 20.77±0.16 (-0.71) 82.60±2.03 (+2.57) 

Unblanched Oven dried 19.84±0.18 (-5.16) 82.58±2.73 (+2.54) 
Unblanched 

Citric acid 
Solar dried 20.43±0.10 (-2.34) 83.88 ±0.90 (+4.15) 

Unblanched Oven dried 20.20±0.25 (-3.44) 82.48±1.50 (+2.42) 
Unblanched 

Hydrogen peroxide 
Solar dried 18.95±0.11 (-9.41) 82.48±0.36 (+2.42) 

Unblanched Oven dried 18.67±0.15 (-10.75) 82.58 ±0.59 (+2.54) 
CD (P≤0.05) 0.41 1.67 

Values are mean ± SE of three independent determinations. 
Figures in parenthesis indicate per cent increase/decrease (+/-) over untreated sundried control. 

 
Table 3: Antimicrobial activity of treated Shiitake mushroom powders (aqueous extract) 

 

Pre drying Treatment 1 
Pre drying Treatment 2 

(Chemical dip) 
Drying Treatment B.subtilis E.coli S.typhi S. aureus 

   Inhibition Zone(mm) 
Unblanched Nil Sun dried 20 22 23 23 

Blanched 
Potassium metabisulphite 

Solar dried 22 25 25 28 
Blanched Oven dried 20 23 21 23 
Blanched 

Citric acid 
Solar dried 22 24 21 23 

Blanched Oven dried 19 20 23 16 
Blanched 

Hydrogen peroxide 
Solar dried 22 16 22 20 

Blanched Oven dried 18 17 15 21 
Unblanched 

Potassium metabisulphite 
Solar dried 20 25 24 27 

Unblanched Oven dried 22 22 22 23 
Unblanched 

Citric acid 
Solar dried 20 17 24 18 

Unblanched Oven dried 20 17 21 17 
Unblanched 

Hydrogen peroxide 
Solar dried 19 17 16 20 

Unblanched Oven dried 18 16 22 20 
Untreated sundried mushroom served as control. 

 
Table 4: Organoleptic acceptability of treated Shiitake powder (six point hedonic scale) 

 

Pre drying 
Treatment 1 

Pre drying Treatment 2 
(Chemical dip) 

Drying 
Treatment 

Colour Texture Aroma 
Overall 

acceptability 
Unblanched Nil Sun dried 4.60±0.26 4.60±0.22 4.55±0.30 4.58±0.01 

Blanched 
Potassium metabisulphite 

Solar dried 3.60±0.41 3.83±0.24 4.40±0.37 3.94±0.23 
Blanched Oven dried 2.50±0.26 3.00±0.25 2.30±0.21 2.60±0.20 
Blanched 

Citric acid 
Solar dried 3.57±0.27 4.05±0.21 4.55±0.31 4.05±0.28 

Blanched Oven dried 3.70±0.17 3.65±0.29 3.20±0.20 3.51±0.15 
Blanched 

Hydrogen peroxide 
Solar dried 3.60±0.22 4.00±0.14 4.25±0.34 3.95±0.18 

Blanched Oven dried 3.30±0.31 3.35±0.29 3.25±0.31 3.26±0.04 
Unblanched 

Potassium metabisulphite 
Solar dried 3.80±0.28 3.80±0.24 4.53±0.36 4.04±0. 24 

Unblanched Oven dried 5.00±0.31 4.75±0.36 4.50±0.42 4.75±0.14 
Unblanched 

Citric acid 
Solar dried 5.40±0.25 5.25±0.26 4.90±0.29 5.18±0.14 

Unblanched Oven dried 4.85±0.24 4.70±0.30 4.00±0.25 4.51±0.26 
Unblanched 

Hydrogen peroxide 
Solar dried 5.00±0.30 5.30±0.26 4.85±0.25 5.05±0.13 

Unblanched Oven dried 4.85±0.17 4.95±0.34 4.20±0.41 4.70±0.25 
CD (P≤0.05) 0.77 0.76 0.98 0.57 

Values are mean ± SE of ten independent determinations. 
Untreated sundried mushroom served as control. 

 
Conclusions 
The different combinations of pre drying and drying 
treatments can be a solution to the problem of short shelf life 
of mushrooms. All treatments were effective in producing 
mushroom powders with better acceptability and protein 
digestibility as compared to untreated mushrooms. The dried 
powders also exhibited antimicrobial activity against selected 

pathogens. Unblanched mushrooms produced more 
acceptable powder as compared to blanched mushrooms. 
Products with good flavor, color and storage stability have 
been obtained by using these developed mushroom powders 
(Singh and Sindhu, 2016; Singh et al., 2016; Singh et al., 
2016a; Singh et al, 2017) [20-23].  
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