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INTRODUCTION 

 

Microorganisms have been exploited for centuries for newer compounds having various 

applications. Industries and researchers participate in the successful discovery and 

application of secondary metabolites from microbial sources (Pettit et al., 2011; 

Manivasagan et al., 2014). However, over-exploitation of terrestrial bacteria for new 

bioactive compounds and the constant need for new and improved drugs have led 

researchers to explore extreme environments.  

 

Bacteria colonize extreme ecosystems ranging from hot springs, deep sea, desert sand, 

polar region, saline water or sediment, and also alkaline lakes. Several genera of 

actinobacteria like Nocardia, Micromonospora, Streptomycetes, Kitasatospora spp. have 

been found to produced diverse bioactive compounds (Barka et al., 2016; Takahashi, 

2017; Lee et al., 2018). Additionally, Bacillus and Pseudomonas also have various 

biotechnological applications (Berdy, 2005; ; Sansinenea and Ortiz, 2011; Loeschcke and 

Thies, 2015).  

 

One of the extreme environments is a hypersaline ecosystem, with high salinity, high 

temperature, and low oxygen concentrations, which limits the species diversity. Other 

factors such as low nutrients, solar radiations, toxic compounds, and the presence of heavy 

metals may also influence the diversity. Halophilic and halotolerant microorganisms are 

the most predominant inhabitants of this ecosystem (Ventosa, 2006).  Bacteria which can 

grow in varying concentration of salt and can also grow in its absence are designated as 

halotolerant, whereas bacteria requiring salt for its growth and thriving in the hypersaline 

environment are called halophiles. These bacteria have potential applications in the field 

of research in various industries with its unique compounds (Manivasagan et al., 2014).  

 

Marine saltpans are hypersaline ecosystems; a unique niche to explore marine, chemically 

creative bacteria for its biotechnological potential.  Goa being a coastal State of India, has 

saltpans besieging the estuaries and actively involved in salt production. Saltpans are 

disturbed in both the districts in Goa; the major ones being in the North district viz 

Ribandar and Batim (Tiswadi taluka), Arpora and Nerul (Bardez taluka) and lastly, 

Agarvado (Pernem taluka). Ribandar saltpan along the Mandovi estuary near the capital 
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city of Goa, Panjim, is surrounded by mangrove swamps and under the influence of metal 

influx, effluents and pollutants (Kerkar, 2003) whereas Batim saltpan lies along the Zuari 

estuary. Nerul saltpan lies along the Mandovi estuary and Arpora saltpan along the Baga 

estuary. Agarvado, a rather secluded saltpan, is situated along the Chapora estuary 

surrounded by paddy fields and villages. 

 

Saltpans are a series of man-made interconnected enclosures, where seawater enters the 

primary pond with the tidal flux regulated by embankments and sluice gates. The brine 

sequentially gets concentrated as it flows from the primary pond, into the secondary, 

tertiary and crystallizer pond under controlled conditions and salinity increases from 32 to 

350 percentile salinity unit (psu) during the salt production period (Ballav et al., 2014). 

Saltpans of Goa harbor diverse organisms from bacteria, fungi, algae, etc. (Mani et al., 

2012). Microorganisms from these saltpans, mainly from the Domain bacteria, have been 

found to have potential bioactivity with various applications. Biodiversity of different 

groups of bacteria such as actinobacteria and sulfate-reducing bacteria (SRB) in Goa’s 

saltpans has been studied profoundly along with its biotechnological applications (Kerkar 

and Loka Bharathi, 2011; Ballav et al., 2014; Das et al., 2018). The response of the 

heterotrophic bacteria from these saltpan sediments towards metals and its tolerance was 

also studied profusely (Pereira et al., 2013). In addition, the antimicrobial potential of 

eubacteria and halotolerant and halophilic actinobacteria has also been established. (Kamat 

and Kerkar, 2011; Ballav et al., 2014). Saltpan bacteria have also been explored as 

effective biofertilizers in agriculture as a strategy for salt tolerance in rice crops grown in 

Khazan soils (Bartakke et al., 2017). Some halotolerant bacteria were also used as 

probiotics in aquaculture (Fernandes et al., 2019). Additionally, the anaerobic bacteria 

have shown applications in nanotechnology as well as bioremediation (Das et al., 2018). 

  

Food and agriculture are fast growing sectors in terms of industry and research. There is 

always a demand for food and hence, the need for improvement in quality and shelf-life. 

There have been several studies on food with respect to preservation, maintaining quality, 

improving shelf-life, nutrient content, etc. (Lagnika et al., 2011; Singh et al., 2010; Gogo 

et al., 2017; Reis et al., 2017). Mushroom cultivation is a popular food industry worldwide 

from ancient times. Several types of edible mushrooms are available in the market; 

Agaricus bisporus being the most popular. However, this fresh commodity is prone to 
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post-harvest discoloration due to damage, senescence, or infection. Mushrooms have a 

short shelf life owing to the lack of a cuticle, hence failing in protecting it from physical or 

microbial damage or weight loss; also leading to a high respiration rate (Taghizadeh et al., 

2010). In addition post-harvest of A. bisporus are prone to rapid enzymatic browning due 

to their high phenolic content and the activity of the enzyme, tyrosinase (Rai and 

Arumuganathan, 2008). Tyrosinase is present as an inactive form in healthy mushrooms, 

compartmentalized from its phenolic substrate. Decompartmentalization caused by various 

factors such as mechanical damage, senescence, unfavorable environment, or even 

microbial damage, leads to exposure of this enzyme to initiate a series of reactions to form 

melanin. Furthermore, post-harvest induced serine proteinase was found to play an indirect 

role in senescence of mushrooms by activating the enzyme, tyrosinase (Heneghan et al., 

2009). Browning or discoloration leads to loss of its quality, thereby reducing its market 

value; leading to severe economic losses. It causes a change in texture, appearance, taste, 

and thereby, making the freshly harvested mushrooms visually unappealing to consumers. 

 

Agaricus bisporus is also prone to fungal, bacterial and viral diseases; brown blotch, dry 

bubble, wet bubble, and green mould disease being the most predominant, which spread 

expeditiously affecting the yield and quality. The causative agent responsible for brown 

blotch is a bacterium Pseudomonas tolaasii whereas the rest are fungal diseases caused by 

Lecanicillium fungicola (dry bubble), Mycogone perniciosa (wet bubble) and Trichoderma 

harzianum (green mould disease). These pathogens affect various stages of mushrooms 

growth and spread vigorously, causing a severe loss in the mushroom industry (Preston et 

al., 2018). P. tolaasii and L. fungicola cause severe browning or discoloration of the 

mushroom fruiting body, leading to a drastic drop in yield and quality (Berendsen et al., 

2010). Hence, to preclude such a situation, several hygienic safety measures are ensured in 

all stages of growth of the mushroom. Apart from routine hygiene checks, chemicals are 

used to control such diseases. However, induced rapid resistance of the pathogens towards 

these chemicals and environmental toxicity, invoke the constant need of an eco-friendly 

alternative. 

 

Post-harvest treatment, packaging, and mushroom storage are crucial aspects of post-

harvest handling (Hassani and Khademi, 2018; Thakur, 2018). Research in these areas 

could reduce the losses faced in the mushroom industry. Factors such as relative humidity, 
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temperature, respiration rate, enzymatic browning, and microbial spoilage are responsible 

for the quality deterioration of mushrooms, post-harvest. Hence, focusing on these factors 

could delay the quality loss process. With this aim, several methods have been used to 

extend the shelf-life of mushrooms; including chemical additives, modified packaging, 

blanching, vacuum cooling, irradiation, washing, coating, drying, canning, refrigeration 

etc (Rai and Arumuganathan, 2008; Singh et al., 2010; Ma et al., 2017; Zalewska et al,. 

2018). However methods like blanching alter the taste, aroma and texture of the product 

and the application of chemical additives have to be used with caution as per guidelines of 

Food and Drug Administration (FDA) due to health hazards. The limitation of these 

chemicals and strict regulatory policies has led to an increased interest in research on 

alternative eco-friendly and safe technologies to maintain the quality of food. 

 

Bacteria from solar saltpan are under-explored, and with the increasing need for novel and 

potent compound leads, saltpans may provide a unique niche for bioactive compounds. To 

the best of our knowledge, there are no reports of tyrosinase inhibitors and anti-microbial 

compounds specific to mushroom pathogens from bacteria isolated from marine saltpans. 

With regard to the setbacks faced by the mushroom industry, our present study focuses on 

the exploration of hypersaline bacteria from Goa’s saltpans for bacterial metabolites, 

which could increase the shelf life of Agaricus bisporus. 

 

 

1.1 Objectives of the present study 

The present work was carried out to explore the potential of bioactive compounds from 

saltpan bacteria of Goa; and to evaluate its application in food microbiology, with the 

following objectives: 

 Screening of halotolerant isolates for the production of antimicrobial compounds 

and enzyme inhibitors. 

 Optimization of production of the tyrosinase inhibitor.  

 Purification and characterization of the tyrosinase inhibitor. 

 In-situ trials of the compound to improve the quality and shelf-life of mushrooms. 
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1.2 Significance of the thesis 

Bioprospecting of bioactive compounds from natural sources has been an eminent topic of 

research, with application in agriculture, medicine, food, industries, and aquaculture. 

Microorganisms for over a century have been proven to produce several secondary 

metabolites with wide application in the field of Biotechnology. The search for such 

unique metabolites has led to a scrutinized exploration of various habitats. However, the 

marine ecosystem is comparatively an under-explored environment for metabolites 

produced by microbial diversity, which may be promising novel products. Only a few 

studies on bioprospecting of microorganisms from these ecosystems have been reported.  

 

Solar saltpans are unique hypersaline environments with diverse microbial communities, 

including both halotolerant and halophilic microorganisms. Marine bacteria are considered 

important in the field of Biotechnology owing to their unique properties and commercial 

significance. Unprecedented saltpans being an extreme ecosystem could provide leads for 

unique chemical diversity. Our present study focused on exploring the potential of 

halotolerant bacteria from marine saltpans of Goa for novel compounds, which would 

increase the shelf-life of Agaricus bisporus.  

 

Agaricus bisporus, commonly known as white button mushroom, is produced and 

consumed at a large scale globally.  However, these species have a short shelf-life and are 

highly perishable; losing its quality after harvesting. White button mushrooms are also 

prone to microbial induced diseases, causing severe losses through their vigorous spread 

and loss of its quality and yield. Stringent hygiene and chemical control help in the 

management of such diseases. However, adaption or resistance towards such compounds 

as well as environmental concerns justifies the need for the search of potent compounds 

from natural sources.  

 

The major quality attribute of A. bisporus is whiteness in the color of its pilus, which 

undergoes enzymatic browning during post-harvest handling and processing. The enzyme 

responsible for this browning is a phenol-oxidase enzyme, tyrosinase. Several post-harvest 

methods to increase the shelf-life of button mushroom have been practiced; however, 

extending the shelf-life of this commodity with natural compounds is a dynamic area of 

research. Although tyrosinase inhibitors like ascorbic acid, kojic acid, have been explored 
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for increasing the shelf-life of mushrooms, the instability of such compounds aims for 

novel compounds from natural sources.   

 

Thus, this study aims at exploring saltpan bacteria in producing novel anti-microbial 

compounds and enzyme inhibitors and exploring its potential in food industries. The 

information from this thesis would provide a metabolite which could possibly be novel in 

its structure and its application in improving shelf-life of button mushrooms (A. bisporus), 

which would also serve as a baseline study for other possible applications in food 

biotechnology. In addition, the present work would further supplement the bioprospecting 

of bacteria from such hypersaline ecosystems.   
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REVIEW OF LITERATURE 

The increasing demand for new drugs has led to an increase and strenuous survey of new 

sources. Exhaustion of novel terrestrial sources has led to the exploration of marine 

environments and their organisms, which have been found to be potential sources of 

bioactive compounds. Few reports are available on the anti-microbial potential of saltpan 

bacteria from the marine environment. However, Kamat and Kerkar (2011) have reported 

bacteria with anti-bacterial activity, and Ballav (2014) has also reported antifungal 

activity. In comparison with terrestrial microorganisms, marine bacteria have evolved as 

active competitors to survive harsh ecosystems by producing chemically unique 

compounds (Singh et al., 2017).  

 

 

2.1 The anti-microbial potential of bacteria from the marine environment 

Microorganisms from the marine habitat have been a source for several bioactive 

compounds with potential use in the pharmaceutics sector (Li et al., 2019; Wiese and 

Imhoff, 2019; Arasu et al., 2016; Mondol et al., 2013). These microorganisms may 

produce novel bioactive compounds owing to their coping mechanisms to various 

ecological pressures. Microbial secondary metabolites from marine sources have been 

actively studied due to its diversity in terms of chemical structure and versatile bioactivity. 

The biosynthesis of secondary metabolites is still unclear; however, some of the major 

pathways involved include non-ribosomal, β-lactam, polyketides, oligosaccharides, and 

shikimate pathway (Andryukov et al., 2019). Anti-microbial agents from these sources 

could be used in human and animal health as well as agriculture. 

 

One of the extreme environments is marine saltpans, which are thalassohaline ecosystems 

with an anionic concentration similar to seawater, and pH near neutral to alkaline. Saltpans 

which are influenced by varying salt concentrations result in limited microbial diversity, 

which is further divided into halophiles and halotolerants. As mentioned earlier, halophiles 

have an obligate requirement of salt for growth whereas halotolerant microorganisms can 

grow in the absence of salt, and also thrive in its presence. Bacteria from this marine niche 

are exploited for several bioactive compounds (Fernandes et al., 2019; Jenifer et al., 2019; 

Murugan and Murugan, 2018; Deepalaxmi et al., 2018; Ballav et al., 2014); however, this 

ecosystem is still under-explored.   
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Antimicrobial compounds are widely produced by marine bacteria from different genera; 

Bacillus sp., Actinobacteria, and Pseudomonas sp. are predominant (Puttaswamygowda et 

al., 2019; Zhang et al., 2005). Actinobacteria are known as a rich source of bioactive 

compounds; consequently, a search for new and potent drugs have lead researchers to 

screen actinobacteria from different marine habitats. Streptomyces is the major source of 

natural products among the actinobacteria clade. Apart from Streptomyces, other rare 

actinobacteria like Nocardia, Kitasatospora, Micromonospora also produce some useful 

anti-microbial compounds (Ballav, 2016; Lee et al., 2018; Takahashi, 2017; Barka et al., 

2016). Marine actinobacteria contribute to an array of bioactive compounds with potential 

antimicrobial activity (Puttaswamygowda et al., 2019; Betancur et al., 2017; Elsayed et al., 

2017; Hassana et al., 2017; Arasu et al., 2016; Manivasagan et al., 2014a). They mainly 

produce cyclic depsipeptides like fujimycin, salinamides; and some cyclic glycopeptides 

and heptapeptides with antimicrobial activity (Lee et al., 2017a). Streptomyces sp. isolated 

from the Atlantic Ocean was reported to produce a new class of metabolites having anti-

biofilm property; not previously reported from the same strains (Bauermeister et al. 2019). 

Genomic data mining of a Streptomyces sp. from a marine environment showed metabolic 

versatility with about 81% of the biosynthetic gene clusters for secondary metabolites 

showing low similarities with known gene clusters (Undabarrena et al., 2017). On the 

contrary, Hu et al. (2019) reported a novel actinobacteria Mycobacterium sp., containing 

105 secondary metabolite biosynthesis genes. Thus, suggesting marine actinobacteria has 

a high probability of producing novel bioactive compounds. Yu et al. (2017) suggested 

that confront culturing with actinobacteria could positively affect the production of 

antibiotics. In addition, Rasool and Hemalatha (2017) used marine actinobacteria to 

synthesize copper nanoparticles with antibacterial activities. Iniyan et al. (2019) reported 

an antibiotic and few known analogs from a marine Streptomyces sp. also having anti-

cancer property. Thus, demanding the need for evaluating such compounds for pre-clinical 

analysis.  

 

Marine Bacillus is also found to have antibacterial (Khan et al., 2017; Meena et al., 

2017), and anti-larval activity (Meena et al., 2017). Musthafa et al. (2011) revealed that 

the antibacterial and antibiofilm activity of marine Bacillus sp. was due to its quorum 

sensing activity by inhibiting virulence gene expression in Pseudomonas aeruginosa. 
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Marine Bacillus sp. associated with corals and some vertebrates has also proven to be a 

source of antimicrobial compounds (Wu et al., 2019; Pinzon-Espinosa et al., 2017). B. 

amyloliquefaciens associated with the red seaweed have diverse potential bioactive 

compounds; the antimicrobial activity of the polyketide compound was found to be due to 

the hydrophobic descriptor (Chakraborty et al., 2017). Other chemical groups isolated 

from marine Bacillus sp. with antimicrobial properties include amicoumacins, heterocyclic 

derivatives, fatty acids, lantibiotics, polyketides (Olishevska et al., 2019; Mondol et al., 

2013; Phelan et al., 2013; Li et al., 2012).  

 

Another genus from proteobacteria clade, marine Pseudomonas spp., is reported to 

produce compounds with antimicrobial activity mainly produced via the non-ribosomal 

peptide pathway (Desriac et al., 2013; Jina et al., 2013; Kong, 2018). Pseudomonas spp., 

has shown activity against several phytopathogens proving  to be a good biocontrol agent 

(Kong, 2018). These bacteria are also involved in the biosynthesis of antibacterial 

nanoparticles (Thomas et al., 2012).  

 

Rapid resistance to antibiotics by fungi is the biggest challenge for the discovery of 

antifungal agents. Thus, leading to advancement by researches to explore diverse sources 

for novel compounds. Plants and marine biota have shown potent antifungal activity 

drawing the attention of researchers. The current antifungals target mainly fungal cell-wall 

components like chitin, ergosterol, and glucan biosynthesis pathway (Arockianathan et al., 

2019). Antimicrobial peptides have been gaining importance in the field of drug discovery 

recently due to its broad spectrum activity and potential to overcome resistance by the 

target microorganism. Marine biota is a rich source of antimicrobial peptides with versatile 

activity against diverse hosts like bacteria, virus, fungus, and protozoa (Semreen et al., 

2018). Bacillus and Actinobacteria are predominant sources of antifungal compounds. A 

group of antibiotics mainly produced by marine Bacillus sp. is macrolides with about 20 

macrolides with both antibacterial and/or antifungal activity, and 29 accounting for 

antifungals (Karpinski, 2019).  The macrolide mainly affects the ergosterol component of 

the cell wall and subsequently causing cell death.  Marine Aneurinibacillus sp. was found 

to inhibit Aspergillus brasiliensis, and marine Bacillus sp. was found to inhibit different 

phytopathogens viz Aspergillus niger, Rhizoctonia solani, Botrytis cinerea, Pyricularia 

oryzae, Alternaria solani, and Colletotrichum acutatum by the production of 
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Gageopeptides A-D and Macrolactins A, B, F, T U and W (Semreen et al., 2018; 

Karpinski, 2019). Moreover, Gageopeptides also exhibits antibacterial property with 

activity against Staphylococcus aureus, Salmonella typhi, and Pseudomonas aeruginosa. 

Streptomyces sp. produces different types of macrolides with activity against Candida 

albicans (Karpinski, 2019).  Other groups produced by marine bacteria are polyketides 

and lipopeptides (i.e., iturin, surfactin, and fengycin) (Mondol et al., 2013; Zhang and Sun, 

2018). Conversely, apart from antibiosis other mechanisms involved in antagonist activity 

of the bacteria include competition for space and nutrients, enzyme production, parasitism 

and induced resistance (Kong, 2018). Although bacteria from terrestrial sources have 

shown activity against mycopathogens, no reports have been documented from marine 

sources (Riahi et al., 2012; Gea et al., 2014; Preston et al., 2018).  

 

The secondary metabolites produced by several species of the genus Bacillus have been 

found to show antimicrobial activity against different phytopathogens (Meena et al., 2017; 

Kadaikunnan et al., 2015). Bacillus sp. is known to produce several antifungal compounds 

including fengycin (Zhang and Sun, 2018), bacillomycin (Xu et al., 2013), surfactin 

(Meena et al., 2017), iturin (Gong et al., 2015; Meena et al., 2017). Macrolactins and 

lipopeptides are produced widely by marine bacilli with potent anti-microbial 

activities (Zhang and Sun, 2018; Meena et al., 2017; He et al., 2013; Mondol et al., 2011).  

 

Previously identified compounds from the marine biota are now being associated with the 

microorganisms colonizing it. These microorganisms have shown immense potential in 

terms of bioactivity (Adnan et al., 2018; Tangerina et al., 2017). Marine Vibrio spp. 

although known for its pathogenicity, produced antibacterial compounds which may be 

due to horizontal gene transfer from evolutionary distant microbes to compete and 

communicate (Weitz et al. 2010). Moreover, a diverse array of antimicrobial compounds 

have been discovered from a marine habitat with unique structure; which could provide 

leads for the production of new drugs in today’s world, threatened by drug 

resistance (Schinke et al., 2017; El-Hossary et al., 2017; Mayer et al., 2017). Thus, marine 

microorganisms still prove to be an important source for bioactive components, with a 

large area still unexplored; directing us potentially to new drug discoveries. The versatility 

and uniqueness of these compounds also could provide leads for synthesis and 

modification to develop more potent drugs. Consequently, bioprospecting of marine 
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bacteria is an imperative topic of research, especially in the food industry where they have 

been explored for the production of new food ingredients by their activity or for being 

used as stabilizers or preservatives (Rasmussen and Morrissey, 2007; Indira et al., 2011). 

 

 

2.2 Mushroom quality and shelf-life 

Mushrooms are easily cultivable and have been consumed worldwide from centuries as 

protein-rich food or for various medicinal purposes. There are several species of 

mushrooms cultivated widely; white button mushroom (Agaricus bisporus) is the most 

common, contributing to 85% of the total mushroom production in India. Mushrooms are 

perishable and tend to lose quality post-harvest. Postharvest losses are the highest in 

agriculture as the commodity continues to grow, mature, and senescence even after 

harvesting. The respiration rate of mushrooms is relatively higher (200-500 mg/kg h at 

20⁰C) as compared to other vegetables and fruits, owing to the lack of cuticle for 

protection (Rai and Arumuganathan, 2008). The quality of mushrooms is determined by 

several attributes such as whiteness, shape, size, cap development, stipe elongation, 

texture, respiration rate, mannitol content, weight loss, and microbial 

deterioration (Fernandes et al., 2012). 

 

Several biotic and abiotic factors are responsible for the quality deterioration of A. 

bisporus postharvest. It is highly sensitive to bacterial, fungal, and viral diseases at various 

stages of cultivation, leading to serious economic losses. Table 2.1 gives a concise report 

of major diseases affecting A. bisporus and their respective pathogens. A. bisporus is 

mainly infected by fungal pathogens at different stages of growth; the major diseases 

include dry bubble, wet bubble, green mold, cobweb, false truffle, brown plaster mold, and 

white plaster mold. However, the pathogens causing major destruction of A. bisporus are 

the bacterium Pseudomonas tolaasii, the fungi Lecanicillium fungicola, and Trichoderma 

harzianum and La France virus, which are all highly infectious (Preston et al., 2018; Gea 

and Navarro, 2017). Most chemicals like prochloraz-manganese that are still permitted 

have failed to control the major diseases of mushrooms adequately because resistance is 

easily induced (Gea et al., 2005). Therefore, finding a good eco-friendly and economical 

alternative is essential and of utmost importance. 
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Table 2.1 Major diseases of White button mushroom and their causative microorganisms  

Disease Pathogen Occurrence Reference 

Fungi 

Dry bubble Lecanicillium fungicola Worldwide 
Berendsen et al. 2010; 

Gea and Navarro 2017 

Wet bubble Mycogone perniciosa Worldwide 

Gea and Navarro 

2017; Sharma et al. 

2007 

Green Mold 

Trichoderma viridae, T. 

harzianum, T. aggressivum, 

T. hamatum, Penicillium 

cyclopium, Aspergillus spp. 

Worldwide 

Gea and Navarro 

2017; Sharma et al. 

2007 

Cobweb 
Cladobotyrum dendroides,C. 

mycophilum 
U.S, India 

Gea and Navarro 

2017; Sharma et al. 

2007 

False truffle Diehliomyces microspores 

U.S, 

Netherlands, 

UK, India 

Gea and Navarro 

2017; Sharma et al. 

2007 

Olive green 

mold 

Chaetomium olivaceum, C. 

globosum 
India Sharma et al. 2007 

Brown plaster 

mold 
Papulaspora byssina 

Missouri, 

India 

Gea and Navarro 

2017; Sharma et al. 

2007 

Yellow mold 

Myceliophthora lutea, 

Chrysisporium luteum, C. 

sulphureum 

France, 

India 
Sharma et al. 2007 

Sepedonium 

yellow mold 
Sepedonium spp. India Sharma et al. 2007 

Ink caps Coprinus spp. India Sharma et al. 2007 

Cinnamon 

mold 

Chromelosporium fulva, C. 

ollare 
India Sharma et al. 2007 

Lipstick mold Sporendonema purpurescens India Sharma et al. 2007 

Pink mold Cephalothecium roseum India Sharma et al. 2007 
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Lilliputia 

mould 
Lilliputia rufula India Sharma et al. 2007 

Oedocephalum 

mould 
Oedocephalum fimetarium India Sharma et al. 2007 

White plaster 

mold 
Scopulariopsis fimicola India 

Gea and Navarro 

2017; Sharma et al. 

2007 

Bacteria 

Bacterial 

Blotch 

Pseudomonas tolaasii, P. 

reactans, P. fluorescens 
Worldwide 

Gea and Navarro 

2017; Sharma et al. 

2007 

Internal stipe 

necrosis 
Ewingella Americana Worldwide 

Gea and Navarro 2017, 

Preston et al. 2018 

Virus 

La France 

disease 
La France virus Worldwide Sharma et al. 2007 

 

Whiteness is the most important quality attribute of A. bisporus, browning being a serious 

problem in terms of marketing. Tyrosinase (EC 1.14.18.1) is a multifunctional, 

metalloenzyme responsible for enzymatic browning reactions in damaged mushrooms as 

well as fruits during post-harvest handling and processing. Mushroom tyrosinase is a 

tetramer protein with 120 kDa molecular weight, composed of two subunits of the heavy 

chain (43 kDa) and two subunits of light chains (14 kDa). It catalyzes the hydroxylation of 

monophenols to diphenols in the presence of oxygen, which are further oxidized to 

quinines to form a brown insoluble pigment, melanin. The phenolic substrates mainly 

constitute of tyrosine, γ-L-glutaminyl-3,4-Dihydroxybenzene, or γ-L-glutaminyl-4-

hydroxybenzene. In A. bisporus, tyrosinase is present in a latent form in healthy fruiting 

bodies and is activated due to senescence of mushroom or damage by biotic or abiotic 

factors (Weijn et al., 2013). In addition, post-harvest regulated serine proteinase 

1 (SPR1) (EC 3.4.21) may also play a role in the senescence of the A. bisporus (Heneghan 

et al., 2009). This was supported by the observation by Kingsnorth et al. (2001); the Spr1 

gene was not expressed in freshly harvested sporophores but strongly up-regulated 

postharvest and found almost entirely in the stipe of the sporophore, suggesting its 
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probable role in the activation of tyrosinase. Targeting these enzymes involved in 

discoloration could possibly prevent the browning reaction. Therefore, screening and 

identification of novel enzyme inhibitors from bacteria could delay the senescence of the 

mushroom, postharvest. 

 

2.3 Methods to increase the shelf-life of mushroom 

Postharvest handling of mushrooms is prioritized for fresh market and processing, as most 

of the changes in terms of quality are irreversible. There are several limitations during 

transport to wholesalers/retailers; may it be in terms of an inadequate facility to maintain 

optimum condition for storage, the management, or the heterogeneity of the product. 

Focusing on factors leading to the deterioration of mushroom could delay the quality loss 

process. With this aim, several methods are practiced to extend the shelf-life of 

mushrooms which include vacuum cooling , irradiation, ice-bank cooling , modified 

atmosphere packaging, modified humidity packaging, washing, coating , refrigeration , 

steeping preservation, drying, pickling, canning (Fernandes et al., 2012; Singh et al., 2010; 

Rai and Arumuganathan, 2008). However, some of these procedures alter the quality, 

texture, and nutrient content of the product.  

 

Extending the shelf-life of mushrooms has been an active research area with various 

advanced development. Postharvest treatment and packaging techniques play a vital role 

in this respect (Hassani and Khademi, 2018; Thakur, 2018). Modified atmosphere 

packaging (MAP) is a common technique used to reduce the deterioration rate of 

mushroom and prolong its shelf-life (Zalewska et al., 2018). Nanotechnology is an 

emerging area of research in various aspects, including packaging and shelf-life studies of 

fresh commodities. SiO2 nanoparticles in konjac glucomannan (KGM)/carrageenan (KC) 

coatings and clay nanoparticles in polylactic acid packaging showed potential in 

increasing the shelf-life of button mushrooms (Rezaee et al., 2018; Zhang et al., 2019). In 

addition, nano biopolymers with essential oil impregnated on filter paper also showed a 

promising effect in increasing the shelf-life of mushrooms (Karimirad et al., 2018). Active 

and edible packaging is also another area extensively gaining importance (Liu et al., 2019; 

Moradian et al., 2017). Plant sources like aloe vera, methyl jasmonate have been studied 

for inhibition of browning of mushrooms and extending its shelf-life (Mirshekari et al., 

2019; Yang et al., 2019). The use of tyrosinase inhibitors has also recently taken up 
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interest among scientific researchers (Fattahifar et al., 2018; Hu et al., 2016; Singh et al., 

2010). 

 

2.4 Enzyme Inhibitors 

Enzymes are important proteins involved in the catalysis of various metabolic cycles. 

Although they are vital for living organisms, they may also be associated with diseases or 

disorders owing to dysfunction or overexpression of the enzymes. Thus, enzyme inhibitors 

have received considerable importance, not only to study enzyme structures and 

mechanisms but also for several medicinal, industrial, and agricultural 

applications (Burlando et al., 2017). 

 

2.4.1 Tyrosinase Inhibitors 

A number of tyrosinase inhibitors have been identified and reviewed from natural and 

synthetic sources (Masum et al., 2019; Pillaiyar et al., 2018; Zolghadri et al., 2019; 

Burlando et al., 2017; Chatzikonstantinou et al., 2017). They have been extensive studies 

on finding potent tyrosinase inhibitors leading to description of diverse chemical group 

like carvacrol derivatives, thiourea derivatives, coumarin derivatives, thiosemicarbazones, 

quercetin and substituted benzaldehydes (Liu et al., 2016; Ashraf et al., 2017; Fan et al., 

2017; Nihei and Kubo, 2017; Soares et al., 2017; Detsi et al., 2017; Pillaiyar et al., 2018). 

In addition, Ferro et al. (2016) demonstrated that compounds containing 4-fluorobenzyl 

moiety at the N-1 position of the indole system showed potent tyrosinase inhibitory 

activity.  Natural sources like marine algae have also been found to be a potential source 

for tyrosinase inhibitors (Fernando et al., 2018; Wang et al., 2017a; Chatzikonstantinou et 

al., 2017). Apart from this, tyrosinase inhibitors have been discovered from various other 

sources. Rifampicin, a broad semi-synthetic antibiotic, was found to also be a non-

competitive and reversible inhibitor of the enzyme tyrosinase (Chai et al., 2017). A novel 

melanogenesis inhibitor was isolated from spider venom with an IC50 value of 8.34 

µM (Verdoni et al., 2016). Several studies have also been carried out to study the 

mechanisms of these inhibitors. Ferro et al. (2017) reported novel indole compounds and 

suggested that the presence of a fluorine atom in the benzyl moiety had a significant 

influence on its anti-tyrosinase activity. Ghani (2019) postulated that mono-denate binding 

of carbazoles and hydrazones to the copper metal center of the enzyme leads to its 

competitive inhibition. Recently, scientists have been turning to new approaches and 



                                                                                      Chapter II: Review of Literature 

 

 

 
Fernandes MS, 2019, Goa University                16 

pharmacoinformatics tools like molecular docking studies and green technology to screen 

novel tyrosinase inhibitors (Hassan et al., 2017; Dong et al., 2017; Choi et al., 2016; Dong 

et al., 2016).   

 

Researchers are exploring new natural sources in search of potent tyrosinase inhibitors.  

Microorganisms are found to produce tyrosinase inhibitor, however, are under-explored. 

There have been reports of mushroom tyrosinase inhibition activity from actinobacterial 

metabolites (Zolghadri et al., 2019; Nakashima et al., 2009). Nakashima et al. (2009) 

suggested that competitive tyrosinase inhibitor produced by Streptomyces spp. could be a 

common feature in related species. Jang et al. (2018) reported a cyclic peptide; 

Pentaminomycin A isolated from Streptomyces sp. exhibiting anti-melanogenesis by 

suppressing the expression of tyrosinase and tyrosinase-related protein enzymes. Apart 

from Actinobacteria, other Gram-positive bacteria are also reported to produce tyrosinase 

inhibitors. Poly-γ-glutamate produced by Bacillus subtilis exhibited promising tyrosinase 

inhibitory activity, showing its potential in various industrial applications (Liu et al., 

2013). Lactic acid bacteria isolated from different sources such as fermented foods as well 

as cow dung showed tyrosinase inhibition (Ji et al., 2018; Bajpai et al., 2018). Tyrosinase 

inhibitory activity has also been reported from fermented extracts of Lactobacillus 

plantarum and Bifidobacterium bifidum, respectively (Wang et al. 2017b; Chang and Tsai, 

2016; Wang et al., 2016). In addition, potent tyrosinase inhibitors have been reported from 

Gram-negative marine bacteria (Deering et al., 2016; Hsu et al., 2014). In contrast, Nie et 

al. (2017) identified a heptapeptide with tyrosinase inhibitory activity from a phage. 

 

Fungi produce diverse compounds with bioactive potential; furthermore, different genera 

have been reported to produce potent tyrosinase inhibitors (Agarwal et al., 2018). 

Aspergillus sp., Penicillium sp., and Trichoderma sp. were found to produce compounds 

with tyrosinase inhibitory activity (Corinaldesi et al., 2017; Razak et al., 2017). Kojic acid 

(KA), a well-studied tyrosinase inhibitor, was isolated from Aspergillus spp. Due to the 

instability of this kojic acid in certain conditions, a novel approach of immobilizing KA in 

silica nanoparticles retained its tyrosinase inhibitory property (Lima et al., 2018). Rice 

bran extract fermented with Aspergillus oryzae exhibited tyrosinase inhibition, and the 

presence of organic acids and compounds such as KA and protocatechuic acid were 

correlated to this activity (Razak et al., 2017). An entomopathogenic fungus, Paecilomyces 
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gunni was reported to produce three tyrosinase inhibitors, paecilomycones A, B, and 

C (Lu et al., 2014). Sesquiterpene compounds with tyrosinase inhibitory activity have been 

isolated from some marine fungi (Wu et al., 2013). Several studies also report tyrosinase 

inhibitors from mycelia or fruiting bodies of mushrooms (Hsu et al., 2017; Morimura et 

al., 2012). Two novel compounds 1,3-dihydro isobenzofuran-4,5,7-triol and 5-methoxy-

1,3-dihydro isobenzofuran-4,7-diol isolated from the liquid culture broth of a wood-

decaying mushroom, Neolentinus lepideus exhibited tyrosinase inhibition activity 

(Ishihara et al., 2018). Moreover, researchers utilize new methods to improve the 

bioactivity of the compound; chemically synthesized extracts from a marine fungi 

Eurotium rubrum produced five semi-synthesized natural compounds having good 

tyrosinase inhibitory activity (Kamauchi et al., 2018). 

 

The detailed reports on tyrosinase inhibitors from microorganisms are compiled and 

published in a review article (Fernandes and Kerkar, 2017). 

 

2.4.2 Serine Protease Inhibitors 

Proteases belong to a major class of enzymes, playing an important role in several 

metabolic pathways. They are divided into four major classes, which include aspartic, 

serine, cysteine, and metalloenzyme. It is a well-studied enzyme due to its relevance in 

several physiological processes like fertilization, digestion, growth, and differentiation, 

defense, wound healing as well as propagation of diseases and apoptosis (Patel et al., 

2017). Thus, protease inhibitors serve as a promising candidate in therapeutic and various 

industrial applications. There have been several efforts to design inhibitors specific to the 

respective family of a serine protease. However, the hurdle lies in the similarity of the 

active site. Thus, reversible inhibitors with a lack of electrophilic isostere are preferred 

over irreversible inhibitors (Leung et al., 2000). The mechanism by which the inhibitors 

bind to the different classes of protease enzymes varies; therefore, the development of a 

relatively class selective and potent inhibitor is important. 

Serine protease inhibitors are also classified based on the sequence homology, structure, 

reactive site and mechanism into Kunitz, Kazal, Serpin and Mucus families; which can 

further be grouped on the basis if the inhibitor is canonical, non- canonical or 

serpins (Riley et al., 2018; Krowarsch et al., 2003). Serine protease inhibitors have been 

widely studied from various sources including chemical, plants, animals, and 
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microorganisms (Harish and Uppuluri, 2018a; Leung et al., 2000; Rawlings et al., 2012; 

Leo et al., 2002; Bacha et al., 2017; Sabotic and Kos, 2012). A serine protease inhibitor 

derived from marine jellyfish inhibited not only different protease but also showed 

antimicrobial property against bacteria and fungi (Zhou et al., 2018). In addition, 

sulphonamide derivatives were found to inhibit several types of proteases, including serine 

protease; however, with a different mechanism (Supuran et al., 2003). Serine protease 

inhibitors have been widely investigated to inhibit proteases involved in cancer and virus 

propagation (Lee et al., 2017b; Ge et al., 2017; Shiao et al., 2017). Kocher et 

al. (2017) used a cyclopeptide with an ahp unit to propagate synthesis of more potent 

compounds HTR-1 and HTR-2, which bind non-covalently and accommodate at the S-site 

to the enzyme. 

 

Serine protease inhibitors have been studied from different microorganisms for various 

applications (Agbowuro et al., 2017; Harish and Uppuluri, 2018a; Manivasagan et al., 

2015; Sabotic and Kos, 2012). Actinobacteria and fungi are an important source for these 

inhibitors (Marathe et al., 2019; Kamarudheen and Rao, 2018; Sabotic and Kos, 2017; 

Sreedharan and Rao, 2017; Manivasagan et al., 2015). Recently, a cyclic lipodepsipeptide 

is reported from a Streptomyces sp. with protease inhibitor activity targeted towards the 

dengue virus (Kitani et al., 2018). Marine associated bacteria have also shown to produce 

several metabolites, including protease inhibitors (Ruocco et al., 2017; Tabares et al., 

2011). A marine bacterium, Oceanimonas sp., produced a proteinaceous secondary 

metabolite with protease inhibitory and anticoagulant activity (Harish and Uppuluri, 

2018b). A novel protease inhibitor (11.6 kDa) was identified from a marine Pseudomonas 

sp., which was found to be exclusively specific towards trypsin (Sapna et al., 2017). In 

addition, Pseudomonas aeruginosa was found to produce ecotin in the biofilm matrix 

responsible for protease inhibition, thereby protecting it against proteolytic attack (Tseng 

et al., 2018). A novel serpin isolated from thermophilic archaea, Pyrobaculum 

neutrophilum inhibited broad families of serine proteases (Zhang et al., 2017). Herdendorf 

and Geisbrecht (2018) reported Staphylococcus aureus to produce an array of 

proteinaceous protease inhibitors, with the intramolecular interactions mainly responsible 

for this activity. Moreover, Marathe et al. (2019) emphasized on the prospects of protease 

inhibitors from a microbial origin in terms of versatility, diversity, genetic engineering, 

and green synthesis. 
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MATERIALS AND METHODS 

3.1 Bacterial Isolates 

Bacteria used for the present study were  isolated from the water, sediment and biofilm 

from saltern marine salterns of Goa situated in Ribandar, Nerul, Batim, Agarwaddo, and 

Curca and designated with codes BGUMS, SBSK, TSK, MFSK, FSK, and ABSK 

followed by a number (Kamat, 2012; Pereira, 2013; Ballav, 2016; Bartakke, unpublished). 

A total of 280 microbial cultures comprising of 246 eubacteria and 34 actinobacteria from 

this hypersaline ecosystem were used in the present study (Table 3.1). These cultures were 

maintained on different media viz Nutrient agar (Appendix I), MD media (Appendix I), 

25% Nutrient agar (Appendix I), ISP media (Appendix I), 25% Zobel Marine agar 

(Appendix I) at 4ºC in Prof. Savita Kerkar’s Departmental collection. 

 

Table 3.1 List of eubacteria and actinobacteria from Prof. Savita Kerkar’s Departmental 

collection 

 Culture code Total 

cultures 

Saltpan water TSK1, TSK3, TSK6, TSK7, TSK9, TSK10, TSK11, 

TSK12, TSK13, TSK15, TSK16, TSK19, TSK20, 

TSK32, TSK71, TSK17, TSK18, TSK21, TSK22, FSK 

2.42, FSK 3.35, FSK 4.6, FSK 1.4, FSK 1.3, FSK 4.11, 

FSK 2.2, FSK 5.2, FSK 3.38, FSK 2.41, FSK 3.5, FSK 

3.27, FSK 5.13, FSK 3.6, FSK 4.44, FSK 0.3, 

BGUMS304, BGUMS376, BGUMS165, BGUMS1091, 

BGUMS837, BGUMS474, BGUMS474, BGUMS457, 

BGUMS373, BGUMS346, BGUMS264, BGUMS262, 

BGUMS256, BGUMS5, BGUMS6, BGUMS473C, 

BGUMS473B, BGUMS473A, BGUMS299, 

BGUMS471, BGUMS284, BGUMS257, BGUMS158, 

BGUMS136, BGUMS7, BGUMS100, BGUMS440, 

BGUMS315, BGUMS370, BGUMS265, BGUMS348, 

BGUMS740, BGUMS359, BGUMS113,      

BGUMS312, BGUMS313, BGUMS103, BGUMS186,  

102 
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BGUMS299, BGUMS16, BGUMS465, BGUMS806, 

BGUMS305, BGUMS109, BGUMS78, BGUMS38, 

BGUMS9, BGUMS799, BGUMS14B, BGUMS14A, 

BGUMS14, BGUMS101, BGUMS93, BGUMS27, 

BGUMS94, MFSK41, MFSK36, MFSK35, MFSK34, 

MFSK52, MFSK60, MFSK77, MFSK46, MFSK5, 

MFSK8, MFSK3, MFSK1 

Saltpan 

sediment 

BGUMS47, BGUMS102, BGUMS46, BGUMS107, 

BGUMS59, BGUMS66, MFSK9, MFSK16, MFSK67, 

MFSK62, MFSK40, MFSK76, MFSK75, MFSK73, 

MFSK78, MFSK79, MFSK11, MFSK84, MFSK15, 

MFSK30, MFSK81, MFSK26, MFSK54, MFSK10 

24 

Biofilm 

associated 

bacteria 

ABSK137, ABSK138, ABSK139, ABSK140, ABSK141, 

ABSK142, ABSK143, ABSK144, ABSK145, ABSK146, 

ABSK162, ABSK107, ABSK108, ABSK109, ABSK110, 

ABSK106, ABSK113, ABSK129, ABSK130, ABSK131, 

ABSK132, ABSK136, ABSK103, ABSK119, ABSK125, 

ABSK128, ABSK127, ABSK120, ABSK123, ABSK150, 

ABSK99, ABSK117, ABSK124, ABSK118, ABSK172, 

ABSK164, ABSK84, ABSK91, ABSK90, ABSK88, 

ABSK89, ABSK167, ABSK171, ABSK95, ABSK170, 

ABSK174, ABSK147, ABSK156, ABSK114, ABSK115, 

ABSK11, ABSK15, ABSK12, ABSK23, ABSK112, 

ABSK6, ABSK14, ABSK161, ABSK5, ABSK17, 

ABSK159, ABSK1, ABSK2, ABSK4, ABSK9, ABSK8, 

ABSK59, ABSK60, ABSK61, ABSK64, ABSK29, 

ABSK31, ABSK32, ABSK35, ABSK66, ABSK71, 

ABSK72, ABSK75, ABSK76, ABSK78, ABSK33, 

ABSK34, ABSK62, ABSK63, ABSK67, ABSK36, 

ABSK37, ABSK38, ABSK39, ABSK40, ABSK41, 

ABSK42, ABSK43, ABSK46, ABSK47, ABSK48, 

ABSK49, ABSK50, ABSK51, ABSK52, ABSK53, 

ABSK54, ABSK55, ABSK56, ABSK57, ABSK58, 

120 
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ABSK88, ABSK97, ABSK112, ABSK114, ABSK115, 

ABSK116, ABSK161, ABSK182, ABSK183, ABSK184, 

ABSK185, ABSK186,  ABSKM2, ABSKM1 

Actinobacteria SBSK-502, SBSK-404, SBSK-351, SBSK-115, SBSK-

506, SBSK-359, SBSK-504, SBSK-406, SBSK-116, 

SBSK-373, SBSK-503, SBSK-8, SBSK-526, SBSK-528, 

SBSK-359, SBSK-351, SBSK-153, SBSK-150, SBSK-

152, SBSK-552, SBSK-574, SBSK-200, SBSK-364, 

SBSK-115, SBSK-116, SBSK203, SBSK-256, SBSK-

430, SBSK-268, SBSK-83, MFSK49, MFSK42, 

MFSK43, MFSK33  

34 

 

 

3.2 Mushroom Fungal Pathogen  

3.2.1 Collection of samples 

Samples of compost (1 kg each) and infected fruiting bodies of Agaricus bisporus (Sylvan 

A-15 Dutch) were collected from a mushroom farm in Goa viz Zuari Foods and Farms Pvt. 

Ltd. The compost sample (10 g) was suspended in 90 ml distilled water, serially diluted, 

and each dilution (0.1 mL) was plated on Potato Dextrose Agar (PDA) (Appendix I). 

Pathogens were also collected from infected fruiting bodies and inoculated on PDA with a 

sterilized inoculating needle. The plates were incubated at 30ºC ± 2 until fungal growth 

was visible and sub-cultured on potato dextrose agar. Fungi were identified according to 

their macroscopic and microscopic features. Morphologically variant fungal colonies were 

assigned individual culture code and maintained as pure cultures (Bhattacharyya, 1993). 

 

For microscopic characterization, the fungi were observed by mounting on a clean glass 

slide using lactophenol cotton blue stain (Appendix II) and viewed under 40X 

magnification by light microscopy (BX53 Olympus, Japan) (Vasanthakumari, 2009).  

 

 

3.3 Standard mushroom pathogens 

The pathogens for the primary screening were procured from Goa University Fungal 

Culture Collection Centre (GUFCC) (Trichoderma sp. and Penicillium sp. GUFCC 396) 
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and Microbial Type Culture Collection (MTCC) (Pseudomonas fluorescens MTCC 2975) 

(Table 3.2). The fungal cultures were stored on Potato Dextrose agar whereas bacterial 

isolate on Nutrient agar (Appendix I) slants respectively. The pathogens were stored on 

their respective media and sub-cultured at regular intervals. 

 

Trichoderma harzianum MTCC 3178 and Lecanicillium fungicola MTCC 2061 (Table 

3.1) were procured from the Microbial Type Culture Collection, Chandigarh, India and 

maintained on Potato Dextrose Agar and Potato Carrot agar (Appendix I) slants 

respectively. These standard mushroom pathogens and the fungi isolated from compost 

and infected mushrooms were utilized as test cultures for secondary antimicrobial activity 

screening. 

 

 

Table 3.2 List of Pathogens 

Sr. No. Pathogen Source 

1 Penicillium sp. GUFCC 396 Leaf litter of Caryota urens 

2 Trichoderma harzianum MTCC 3178 NA 

3 Trichoderma sp. GUFCC NA 

4 Lecanicillium fungicola MTCC 2061 NA 

5 Pseudomonas fluorescens MTCC 2975 NA 

*NA – not applicable 

 

 

3.4 Screening for antimicrobial activity 

3.4.1 Antimicrobial activity: 

3.4.1.1 Primary Screening 

Total 280 microbial isolates (246 eubacteria and 34 actinobacteria) were grown 

aerobically in Nutrient broth (Appendix I) (20 mL) for 96 hrs on constant shaking (120 

rpm) at 30ºC ± 2. The supernatant of each isolate was collected by centrifugation (Remi 

CRP-30, Mumbai, India) at 10,000 rpm for 10 mins at 4ºC and the cell-free metabolite 

suspension (CMS) was used for the antimicrobial assay. Antimicrobial activity was tested 

against two phytopathogenic fungi (Trichoderma sp. GUFCC and Penicillium sp. GUFCC 

396) and a bacterium (Pseudomonas fluorescens MTCC 2975) by well diffusion assay. 
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The antifungal activity of the metabolites was determined using agar diffusion assay 

described by Munimbazi and Bullerman (1998) with few modifications using sterile 

Nutrient broth as the control. Spore suspension (0.1 mL) 107 – 108 spores/mL were added 

respectively to 15 mL of soft Potato dextrose agar (Appendix I) and overlaid on pre-

poured 20 mL Potato Dextrose Agar. Plates were allowed to dry, and wells were bored. 

The CMS (50 µL) was added to the wells, and the plates were pre-incubated at 4˚C for 30 

mins and then at 30˚C ± 2 for 3 days.  

 

The antibacterial assay was carried out by well diffusion assay using with sterile Nutrient 

broth as the control. The assay was performed by seeding nutrient agar plates with 100 µL 

bacterial pathogens by sterile swaps. The plates were allowed to dry, and wells were bored 

using an agar corer. The CMS (50 µL) were loaded in the wells, and the plates were pre-

incubated at 4˚C for 1 h and then at 30˚C ± 2 for 24 h (Sen and Batra, 2012; Valgas et al., 

2007). The zone of inhibition was measured in mm using Hi-Antibiotic Zone scale 

(HiMedia) and tabulated as mean ± standard deviation (SD).  

 

 

3.4.1.2 Secondary Screening 

The antimicrobial activities of each isolate recorded from the primary screening were 

tabulated, and the isolates showing maximum activity were selected based on the zone size 

of inhibition against the test pathogens.  

 

Total 80 microbial cultures showing promising antifungal activity in the primary screening 

were selected and screened against standard mushroom pathogens (Trichoderma 

harzianum MTCC 3178, Lecanicillium fungicola MTCC 2061 and Pseudomonas 

fluorescens MTCC 2975) as well as fungi isolated from compost and infected A. bisporus 

fruiting body. The antifungal assays were carried out as mentioned in primary screening 

by well diffusion assay (section 3.4.1.1). A spore suspension of 107 spores/mL and 1010 

spores/mL were used for T. harzianum and L. fungicola, respectively. A spore suspension 

of other fungal pathogens used was 107 – 108 spores/mL. The zone of inhibition was 

measured in mm using Hi-Antibiotic Zone scale (HiMedia) and tabulated as mean ± 

standard deviation (SD). Percent inhibition of the fungal pathogen was calculated by: 
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Percent Inhibition (%) = 
∑ 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑤𝑒𝑙𝑙 𝑜𝑛 𝑠𝑎𝑚𝑒 𝑝𝑙𝑎𝑡𝑒

𝑇𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑙𝑎𝑡𝑒
 × 100 

 

Where Total area of plate = 6363 mm2  

 

  

3.4.2 Screening for chitinase activity  

The 80 chemically creative microorganisms selected from primary screening were further 

assessed for chitinolytic activity. For enrichment of chitinolytic bacteria, a minimal salt 

medium containing colloidal chitin as sole carbon and energy source was used (Kamil et 

al., 2007). The cultures were spot inoculated on agar plates and incubated at for 24 h. To 

observe clearance zones, 0.1% congo red (Appendix II) was flooded on the plates and 

drained after 24 h. The colonies showing a zone of clearance after staining with the dye 

were regarded as chitinase-producing bacteria. 

 

 

3.5 Screening for enzyme inhibitors 

3.5.1 Culture Condition 

Total 80 chemically creative microorganisms selected from primary antimicrobial activity 

screening were also assessed for production of enzyme (tyrosinase and proteinase) 

inhibitors. The bacterial cultures were grown in Nutrient broth at 28˚C ± 2 on a rotary 

shaker at 120 rpm for 4 days. The broth was centrifuged (Remi CPR-30, Mumbai, India) 

at 4,800 rpm for 10 mins at 4˚C. The cell-free supernatant (CFS) was used for the assay.  

 

3.5.2. Screening for tyrosinase inhibition activity 

Tyrosinase inhibitory activity was carried out by spectrophotometry described by Chang 

and Tseng (2006) with modification. The CFS (200 µL) was mixed with 800 µL substrate 

(0.2 mM L-tyrosine) (Appendix II). To initiate the reaction, 20 units of mushroom 

tyrosinase enzyme (EC 1.14.18.1) (Sigma-Aldrich, India) was added to the reaction 

mixture and incubated at 30˚C ± 2 for 30 mins. The sterile Nutrient broth was used as the 

control. The increase in absorbance was noted at 475 nm, and tyrosinase inhibitory activity 

was calculated as percent inhibition as follows: 
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% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  
(𝐴 − 𝐵)

𝐴
 × 100 

Where A is the absorbance at 475 nm with sterile Nutrient broth (control) and B is the 

absorbance at 475 nm with the sample. 

 

Further, the strain showing the highest tyrosinase inhibitory activity was selected for 

further experiments. The supernatant from the promising culture was serially diluted 

before the assay, and the volume of the sample at which 50% of the activity of the enzyme 

was inhibited was obtained by linear curve fitting. One unit of the enzyme inhibitory 

activity was defined as the amount of the sample used in the assay by which the enzyme 

activity was reduced to 50%. Thus, tyrosinase inhibition activity was expressed as the 

amount units in one microlitre of broth samples (U/mL) (Chang and Tseng, 2006). 

 

 

3.5.3 Screening for proteinase inhibition activity 

Proteinase inhibition activity was carried out by the method described by Wahyudi et al. 

(2010) with modification using casein (1%) (Appendix II) as the substrate and Proteinase 

K (EC 3.4.21.64) (Sigma-Aldrich, India) as the serine proteinase group. One unit of the 

enzyme in 0.5 mL of 30 mM Tris-HCl buffer (pH 8) (Appendix II) was pre-incubated with 

20 µL CFS for 12 mins at 30˚C ± 2. Casein (1 mL) was added and incubated for another 

12 mins at 30˚C ± 2. The reaction was terminated by adding 2 mL of 5% (w/v) 

Trichloroacetic acid (Appendix II) and incubated at 30˚C ± 2 for 20 mins. The solution 

was centrifuged (Remi CPR-30, Mumbai, India) at 3000 rpm for 10 mins and the 

absorbance of the filtrate was monitored at 280 nm. The sterile Nutrient broth was used as 

the control. The percent inhibition was calculated as follows: 

% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  
(𝐴 − 𝐵)

𝐴
 × 100 

Where A is the absorbance without sterile Nutrient broth (control) and B is the absorbance 

with the sample. 
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3.6. Identification  of Chemical Creative Cultures 

3.6.1. Classical Identification 

3.6.1.1. Cell morphology 

To study the cell morphology of the isolate, the bioactive cultures (SBSK-430, 

BGUMS93, BGUMS66) were observed by light microscopy  (BX53 Olympus, Japan) and 

scanning electron microscopy (SEM). The bacterial isolates (BGUMS93 and BGUMS66) 

were grown on Nutrient agar plates, and cells were visualized by Gram staining 

(Vasanthakumari, 2009). The actinobacterial isolate SBSK430 was isolated by coverslip 

technique (Ballav et al., 2014), in which the cultures were grown on coverslips embedded 

at 45º angle on Inorganic salt starch agar (ISP-4) (Appendix I) surface to visualize the cell 

morphology of the isolate with minimum damage; followed by Gram staining and SEM. 

 

Sample preparation for SEM was carried out by making a smear of each isolate on 

separate coverslips, and the smear was air dried. SBSK430 isolate was prepared as 

described above by the coverslip technique to retain its cell morphology. The coverslip 

samples were fixed with 2.5% (w/v) glutaraldehyde (Appendix II) overnight and rinsed 

thrice with pre-filtered distilled water. The coverslip samples were dehydrated for 10 min 

in acetone solutions with gradient increase in concentration (20%, 40%, 60%, 80%), 

starting with the lowest concentration. And finally in 100% acetone for 30 min. The 

samples were air dried and sputter coated with 80% gold to visualize under a scanning 

electron microscope (SEM Zeiss Evo18) (Kemp et al., 1993). Based on the observations, 

the cell size, morphology, mycelia filament, spore chain structure, the shape of spore, and 

sporulation pattern was noted.  

 

3.6.1.2 Endospore staining 

The bacterial cultures (BGUMS93 and BGUMS66) were also visualized for the presence 

of endospores by Schaeffer-Fulton’s method (Vasanthakumari 2009). In this method, a 

smear of the culture is made on a clean grease free slide, air-dried, and heat fixed. The 

slide was flooded with 5% (w/v) malachite green (Appendix II) and steamed for 7 min 

over boiling water. The slide was washed with water and counterstained with 0.4% (w/v) 

safranin (Appendix II) for 30s. The slide was air dried and examined under 100X 

magnification.  

 

3.6.1.3 Motility 
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The motility of each isolate (SBSK-430, BGUMS93, BGUMS66) was observed by the 

hanging drop method (Bhattacharyya, 1993). 

 

3.6.1.4 Catalase 

The presence of the catalase enzyme in the bacterial isolates (SBSK-430, BGUMS93, 

BGUMS66) was observed using hydrogen peroxide; formation of effervescence on the 

addition of the reagent on the culture indicated a positive result (Vasanthakumari, 2009). 

 

3.6.1.5 Oxidase 

The bacterial isolates (SBSK-430, BGUMS93, BGUMS66) were tested for the presence of 

cytochrome c oxidase enzyme by using oxidase discs containing tetramethyl-p-

phenylenediamine (HiMedia); a purple color is an indication of a positive test 

(Vasanthakumari, 2009). 

 

3.6.1.6 Carbohydrate utilization profile 

Carbon substrate usage by isolates (SBSK-430, BGUMS93, and BGUMS66) was 

measured by using BIOLOGTM GP2 and GEN III automated identification system 

(Hayward, California) described by Tripathi et al. (2011) with modification and manual 

instruction. The strain SBSK-430 was grown on Inorganic salt starch agar medium for 3 

days at 37˚C, observed for aerial and substrate mycelium. The bacterial cultures 

BGUMS93 and BGUMS66 were grown on Bacterial Universal Growth agar (BUG) 30˚C 

for 24 h. The spores of SBSK430 were harvested by scraping from the agar surface after 

3days and cells of BGUMS93 and BGUMS66 after 24 h of growth. The resultant spore 

and cell preparation were suspended in inoculation fluid, and the cell density was adjusted 

at 590nm to 0.3. GEN III microplates were used to study the phenotypic fingerprint of all 

these isolates. GEN III microplate was immediately inoculated with each culture with 100 

µL cell suspension, respectively per well. 

 

For BIOLOGTM GP2 microplate, a thin film of 5 mM sodium thioglycolate (Appendix II) 

was applied over the agar inoculated with BGUMS93 and BGUMS66 respectively. The 

spore and cell preparation were harvested as described above and suspended in inoculation 

fluid with cell density 0.3. GP2 microplate was immediately inoculated with each culture 

with 150 µL cell suspension respectively per well. 
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The GEN III and GP2 microplates of SBSK-430 were incubated at 37˚C and BGUMS93 

and BGUMS66 at 30˚C, in sealed plastic bags for 96 hrs. All wells resembling the blank 

were scored as negative, and all wells with noticeable purple color were scored as positive.  

 

The isolates (SBSK-430, BGUMS93, and BGUMS66) were also assessed by inoculating 

50 µL of the culture on Carbohydrate utilization kit- Part A, B, and C (HiMedia, India) 

and incubating for 24-48 h at 30˚C. BGUMS93 and BGUMS66 were also inoculated (50 

µL) on Hi-Bacillus kit (HiMedia, India) and incubated for 24-48 h at 30˚C. Positive 

reactions were tabulated as per the key mentioned in the manufacturer’s manual.  

 

3.6.1.7 Antibiotic susceptibility test 

 The bacterial isolates (SBSK-430, BGUMS93, and BGUMS66) were subjected to 

antibiotic sensitivity testing against 30 different antibiotics using standard antibiotic discs 

(HiMedia, India). The bacterial isolates were grown on Nutrient broth at 30˚C for 24-48 h 

and inoculated on Muller Hinton agar (Appendix I) by spreading (100 µL) using sterile 

cotton swabs (HiMedia, India). The antibiotic discs were placed on the seeded agar plates 

and incubated at 30˚C for 24-48 h (Vasanthakumari, 2009). The zone of inhibition was 

measured in mm using Hi-Antibiotic zone scale (HiMedia, India). 

  

3.6.2. Molecular Identification 

3.6.2.1 16S rRNA Sequencing 

The isolate SBSK-430 was sequenced at Rajiv Gandhi Centre of Biotechnology, Kerala. 

BGUMS93 and BGUMS66 genomic DNA were isolated using Axygen Bacterial genomic 

DNA isolation kit and visualized on 0.8% TBE agarose gel. The 16S rRNA gene of each 

isolate was amplified using DNA as the template by PCR (BioRad, U.S.), using universal 

bacterial primers 27F: AGAGTTTGATCCTGGCTCCAG and 1492R: 

TACGGTTACCTTGTTACGACTT. The PCR product was run on 1% agarose gel and 

expected 1.5 kb length band was excised with the help of a sterile scalpel and gel elution 

was done using GE Health Care, illustraTM GFXTM PCR DNA and Gel band purification 

kit. The purified PCR product was sent for sequencing to Eurofins Pvt. Ltd. for 

identification. The sequences were further screened using BioEdit software and aligned 

with Clustal W. The sequence was analyzed by BLAST and a phylogenetic tree was 

constructed with 16S rRNA gene sequence type strains of the same and related genera in 
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MEGA 5.2 using the Neighbour-joining method with bootstrap values of 1000 replicates 

(Saitou and Nei, 1984; Kumar et al., 2008). 

 

 

3.7 Optimization of Media for Maximum production of Crude tyrosinase inhibitor by 

SBSK-430 

3.7.1    Classical Approach 

The classical approach involves “One factor at a time” (OFAT) approach. To determine 

the optimal nutritional conditions for tyrosinase inhibitor production, inorganic salt 

medium (Appendix I) was used as the basal media in shake flask method. Each culture 

media factor was varied, keeping the other actors constant, and tyrosinase inhibition 

activity was measured from SBSK-430 cell-free supernatant (CFS). The schematic 

diagram of the classical approach is mentioned in Fig 3.1. All the experimental setup was 

done in triplicate.  

 

 

Fig 3.1 Schematic diagram of OFAT approach of media optimization for maximizing 

production of tyrosinase inhibitor by SBSK-430 



Chapter III: Materials and Methods 

 

Fernandes MS, 2019, Goa University   30 

3.7.1.1  Optimization of crude tyrosinase inhibitor with different carbon sources 

To evaluate the effect of different carbon sources on the production of tyrosinase inhibitor 

by SBSK-430, the basal media was amended separately with 10 different carbon sources 

(glucose, sucrose, fructose, D-mannitol, lactose, starch, D-mannose, maltose, D-galactose 

and glycerol) at 1% (w/v) concentration, respectively (Wang et al., 2010; Singh et al., 

2009). The carbon sources were selected from SBSK-430 substrate utilization pattern, 

literature (Vijayakumar et al., 2012; Sujatha et al., 2005) and availability. The medium 

was inoculated with 4-day old seed culture of SBSK-430 and incubated at 37˚C for 30 

days in static and shaking (120 rpm) condition. At intervals of 3 days, aliquots of 2 mL of 

the culture filtrate were drawn, centrifuged (Microfuge Hettich Mikro, Germany) at 

10,000 rpm for 10 mins at 4˚C and the cell-free supernatant (CFS) was used as a source of 

crude tyrosinase inhibitor. The CFS (200 µL) was subjected to tyrosinase inhibition assay 

as described above (section 3.5.2), using a sterile inorganic salt medium with the 

respective carbon source as the control. The assay was continued for up to 30 days 

producing an enzyme inhibition profile for ten temporal intervals; 3 days apart. 

 

3.7.1.2 Optimization of crude tyrosinase inhibitor with different nitrogen sources 

To evaluate the effect of different nitrogen sources on tyrosinase inhibitor production by 

SBSK-430, the basal media with the selected Carbon source was amended separately with 

10 different nitrogen sources (casein, peptone, yeast extract, beef extract, ammonium 

sulphate, glycine, urea, potassium nitrate, tyrosine, sodium nitrate) at 0.2% (w/v) 

concentration, respectively (Wang et al., 2010; Singh et al., 2009). The nitrogen sources 

were selected based on literature (Vijayakumar et al., 2012; Kavitha and Vijayalakshmi, 

2009; Sujatha et al., 2005) and availability. The medium was inoculated with 4-day old 

seed culture of SBSK-430 and incubated at 37˚C for 30 days in shaking (120 rpm) 

condition. At intervals of 3 days, the cell-free supernatant (CFS) was used as a source of 

crude tyrosinase inhibitor. The CFS (200 µL) was subjected to tyrosinase inhibition assay 

as described above (section 3.5.2), using a sterile inorganic salt medium with the 

respective nitrogen source as the control. The assay was continued for up to 30 days 

producing an enzyme inhibition profile for ten temporal intervals; 3 days apart. 

 

3.7.1.3 Optimization of crude tyrosinase inhibitor at different temperatures 

To determine the optimal incubation temperature for tyrosinase inhibitor production by 

SBSK-430, the basal media with the selected 1% (w/v) carbon and 0.2% (w/v) nitrogen 
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source was used. The medium was inoculated with 4-day old seed culture of SBSK-430 

and incubated at different temperature ranges (4, 10, 20, 30, 37, 40, 50˚C) for 18 days in 

shaking (120 rpm) condition respectively (Singh et al., 2009; Vijayakumar et al., 2012). At 

an interval of 3 days, the cell-free supernatant (CFS) was used as a source of crude 

tyrosinase inhibitor. The CFS (200 µL) was subjected to tyrosinase inhibition assay as 

described above (section 3.5.2) using a sterile inorganic salt medium with selected carbon 

and nitrogen source as the control. The assay was continued for up to 18 days, producing 

an enzyme inhibition profile for six temporal intervals; 3 days apart.  

 

3.7.1.4 Optimization of crude tyrosinase inhibitor with different pH  

The optimal initial pH of media for tyrosinase inhibitor production by SBSK-430 was 

studied using the basal media with the selected 1% (w/v) carbon and 0.2% (w/v) nitrogen 

source. The initial pH of the medium was adjusted from 4.0 to 9.0 (with increments of 

1unit), respectively (Singh et al., 2009; Vijayakumar et al., 2012). The medium was 

inoculated with 4-day old seed culture of SBSK-430 and incubated at the optimized 

temperature for 18 days in shaking (120 rpm) condition. At an interval of 3 days, and the 

cell-free supernatant (CFS) was used without pH adjustment, as a source of crude 

tyrosinase inhibitor. The CFS (200 µL) was subjected to tyrosinase inhibition assay as 

described above (section 3.5.2) using a sterile inorganic salt medium with the selected 

carbon and nitrogen source and adjusting the medium to the respective pH as the control. 

The assay was continued for up to 18 days producing an enzyme inhibition profile for six 

temporal intervals; 3 days apart. 

 

3.7.1.5 Optimization of crude tyrosinase inhibitor with different sodium chloride (NaCl) 

concentrations 

The effect of the sodium chloride on the tyrosinase inhibitor production by SBSK-430 was 

carried out in media with varying concentration of NaCl ranging from 0 to 10% (with an 

increment of 1 unit) respectively (Singh et al., 2009; Vijayakumar et al., 2012). The basal 

media with the selected 1% (w/v) carbon source, 0.2% (w/v) nitrogen source and optimum 

pH was used. The medium was inoculated with 4-day old seed culture of SBSK-430 and 

incubated at the optimized temperature for 15 days under shaking (120 rpm) condition.  At 

an interval of 3 days, the cell-free supernatant (CFS) was used as a source of crude 

tyrosinase inhibitor. The CFS (200 µL) was subjected to tyrosinase inhibition assay as 

described above (section 3.5.2) using sterile basal media with the selected carbon and 
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nitrogen source and optimum pH, along with respective sodium chloride concentration as 

the control. The assay was continued for up to 15 days producing an enzyme inhibition 

profile for five temporal intervals; 3 days apart. 

 

3.7.1.6 Optimization of crude tyrosinase inhibitor with different carbon source 

concentrations 

To determine the optimal nutritional conditions for tyrosinase inhibitor production by 

SBSK-430, the basal media with the optimized factors was used as the base. Carbon 

source concentration of the medium was adjusted in the range 0 to 4% (with an increment 

of 1 unit) respectively (Singh et al., 2009). The medium was inoculated with 4-day old 

seed culture of SBSK-430 and incubated at the optimized temperature for 12 days under 

shaking (120 rpm) condition.  Aliquots of culture filtrate (2 mL) were drawn on 9th and 

12th day, centrifuged at 10,000 rpm for 10 min at 4˚C, and the CFS was used as a source of 

crude tyrosinase inhibitor. The CFS (200 µL) was subjected to tyrosinase inhibition assay 

as described above (section 3.5.2) using sterile basal media with the optimized factors and 

the respective carbon source concentration as the control.  

 

3.7.1.7 Optimization of crude tyrosinase inhibitor with different nitrogen source 

concentrations 

To determine the optimal nutritional conditions for tyrosinase inhibitor production by 

SBSK-430, the basal media with the optimized factors was used. Nitrogen source 

concentration of the medium was adjusted in the range 0 to 3% (with an increment of 1 

unit) respectively (Kavitha and Vijayalakshmi, 2009). The medium was inoculated with 4-

day old seed culture of SBSK-430 and incubated at the optimized temperature for 12 days 

under shaking (120 rpm) condition. Aliquots of culture filtrate (2 mL) were drawn on the 

9th and 12th day, centrifuged at 10,000 rpm for 10 min at 4˚C, and CFS was used as a 

source of crude tyrosinase inhibitor. The CFS (200 µL) was subjected to tyrosinase 

inhibition assay as described above (section 3.5.2) using sterile basal media with the 

optimized factors and the respective nitrogen source concentration as the control.  

 

3.7.1.8 Optimization of crude tyrosinase inhibitor with different dipotassium phosphate 

concentrations 

To determine the optimal nutritional conditions for tyrosinase inhibitor production by 

SBSK-430, basal medium with the optimized factors was used. Dipotassium phosphate 
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concentration of the medium was adjusted in the range 0 to 0.2% (with an increment of 

0.05 unit) respectively (Wang et al., 2010). The medium was inoculated with 4-day old 

seed culture of SBSK-430 and incubated at the optimized temperature for 12 days under 

shaking (120 rpm) condition. Aliquots of culture filtrate (2 mL) were drawn on the 9th and 

12th day, centrifuged at 10,000 rpm for 10 mins at 4˚C, and the CFS was used as a source 

of crude tyrosinase inhibitor. The CFS (200 µL) was subjected to tyrosinase inhibition 

assay as described above (section 3.5.2) using a sterile basal medium with the optimized 

factors and the respective dipotassium phosphate concentration as the control.  

 

3.7.1.9   Optimization of crude tyrosinase inhibitor with different calcium carbonate 

concentrations  

To determine the optimal nutritional conditions for tyrosinase inhibitor production by 

SBSK-430, basal media with the optimized factors was used. Calcium carbonate 

concentration of the medium was adjusted in the range 0 to 0.5% (with an increment of 0.1 

unit) respectively (Wang et al., 2010). The medium was inoculated with 4 days old seed 

culture of SBSK-430 and incubated at the optimized temperature for a period of 12 days 

under shaking (120 rpm) condition Aliquots of culture filtrate (2 mL) was drawn on the 9th 

and 12th day, centrifuged at 10,000 rpm for 10 min at 4˚C and the CFS was used as a 

source of crude tyrosinase inhibitor. The CFS (200 µL) was subjected to tyrosinase 

inhibition assay as described above (section 3.5.2) using the sterile basal media with the 

optimized factors and the respective calcium carbonate concentration as the control.  

 

3.7.2 A statistical approach for medium optimization 

Optimization of media components for maximizing the production of tyrosinase inhibitor 

was further carried out by a statistical approach using the central composite design (CCD) 

and analyzed by response surface methodology (RSM) (Sivakumar et al., 2012; Gao et al., 

2009). RSM approach was used to study the interaction among the three effective 

parameters selected from OFAT, i.e., Carbon source: D-mannitol (A), Nitrogen source: 

yeast extract (B) and Sodium chloride (C) on the production of tyrosinase inhibitor by 

SBSK-430 (Table 3.3). The other medium components of the OFAT optimized medium 

were kept constant varying only these three influential factors. The experimental design 

was analyzed by a statistical software package Design Expert 6.0 (Minneapolis, USA).  

The design was used to identify the influence of these variables on each other for 
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determining the optimum fermentation condition for maximum tyrosinase inhibitory 

activity; thereby maximizing its tyrosinase inhibitor production (Han et al. 2008).  

 

 

Table 3.3 Coded and real values of variables selected for CCD  

Variables 
Variables 

code 

Units 

(w/v) 

Coded Values 

-1 0 1 

D-Mannitol A % 0.5 1.25 2.0 

Yeast extract B % 0.2 0.6 1.0 

Sodium chloride C % 0.0 0.1 0.2 

 

 

According to this design, 20 experiments aimed to maximize tyrosinase inhibitor 

production, were conducted containing six replicates at the center point in triplicates as 

controls. In this study, three key variables with three concentration levels were adopted 

(Table 3.3). The controls generated by the software were D-mannitol (0.5%, w/v), yeast 

extract (0.6%, w/v) and sodium chloride (0.1%, w/v). The 20 experimental setups with 

various combinations of factors A, B, and C in the OFAT-optimized media were prepared 

in triplicates (Table 3.4). These production media (50 mL) in 250 mL Erlenmeyer flasks 

were inoculated with 4-day old seed culture of SBSK-430 and incubated at 37ºC for 12 

days on an orbital shaker (120 rpm). Aliquots of culture filtrate (2 mL) were drawn on the 

12th day, centrifuged (Microfuge Hettich Mikro, Germany) at 10,000 rpm for 10 min at 

4˚C and the cell-free supernatant (CFS) was used as a source of crude tyrosinase inhibitor. 

The CFS (200 µL) was subjected to tyrosinase inhibition assay as described in section 

3.5.2, using the respective sterile media as the control for the assay. In addition, it was also 

used to access if the enzyme inhibitor production was growth associated. The remaining 

medium was centrifuged, and the pellet was washed and collected on a pre-weighed 

Whatman Paper No. 1. The filter paper was dried at 50˚C and weighed to calculate 

biomass (Singh et al., 2009).  
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Table 3.4 Central composite design of experimental design 

Run 
Factor A 

 D- Mannitol 

Factor B 

Yeast extract 

Factor C 

   Sodium chloride 

1 -1 -1 -1 

2 -1 +1 +1 

3 -1 +1 -1 

4 +1 +1 -1 

5 0 +1 0 

6 -1 -1 +1 

7 0 0 +1 

8 +1 -1 +1 

9 0 0 0 

10 0 0 -1 

11 0 -1 0 

12 +1 0 0 

13 0 0 0 

14 -1 0 0 

15 0 0 0 

16 +1 -1 -1 

17 +1 +1 +1 

18 0 0 0 

19 0 0 0 

20 0 0 0 

 

 

The responses in terms of tyrosinase inhibitory activity (%) obtained were statistically 

analyzed, and the model was built based on the variables. The significance of the models 

was determined by analysis of variance (ANOVA) and coefficients of determination (R2) 

to check their efficiency (Sivakumar et al., 2012; Gao et al., 2009). The polynomial 

equation generated was finally illustrated in 3D and contour graphs to visualize the 

interaction between the factors. Tyrosinase inhibitory activity can thus be expressed as a 

function of independent variables by the second-order polynomial equation: 
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Y= β0 + ∑ βj xj + ∑ βjj xj2 + ∑ βjk xj xk 

Where Y is the response in terms of tyrosinase inhibition activity, β0 is the intercept, βj, βjj, 

βjk are linear, quadratic, and interactive coefficients, respectively. 

 

The model generated by the software was further validated experimentally by shake flask 

method. The bacterial culture SBSK-430 was inoculated in media prepared by optimum 

values of the factors generated by the software and incubated at 37ºC for 12 days on an 

orbital shaker (120 rpm). Aliquots of culture filtrate (2 mL) were drawn on the 12th day, 

centrifuged (Microfuge Hettich Mikro, Germany) at 10,000 rpm for 10 min at 4˚C and the 

CFS was used as a source of crude tyrosinase inhibitor. The CFS (200 µL) was subjected 

to tyrosinase inhibition assay as described in section 3.5.2, using respective sterile media 

as the control for the assay. 

 

Genetic Algorithm (GA) is another statistical tool for optimization based on the concept of 

natural evolution. GA was used to evaluate the fitness of the polynomial equation for 

maximizing the production of tyrosinase inhibitor by SBSK-430 generated by RSM, using 

MATLAB 7.8.0 (The MathWork, Inc., Natick, USA). GA maintains a population of 

solutions called chromosomes and uses an evolutionary process of selection, reproduction, 

and mutation to improve the quality of the solutions, which depends on its fitness 

(Kucharzyk et al., 2012). The actual variables are encoded in binary strings in GA 

representing the three medium components; that is their minimum and maximum 

concentrations. The fitness generated is further used to evaluate the polynomial equation 

generated by RSM (Srivastava et al., 2018).  

 

 

3.7.3 The relationship between SBSK-430 cell biomass and tyrosinase inhibition 

The RSM-GA optimized media was used for the estimation of cell biomass of SBSK-430 

and its tyrosinase inhibitory activity. Five sets of the production media (50 mL) were 

prepared in triplicates, inoculated with 4-day old seed culture of SBSK-430 and incubated 

at 37˚C for 15 days under shaking (120 rpm) conditions. At an interval of 3 days, aliquots 

(2 mL) of culture filtrate were drawn, centrifuged (Microfuge Hettich Mikro, Germany) at 

10,000 rpm for 10 min at 4˚C and cell free supernatant (CFS) was used as a source of 

crude tyrosinase inhibitor. The remaining medium was centrifuged, and the pellet was 

washed and collected on a pre-weighed Whatman Paper No. 1. The filter paper was dried 
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at 50˚C and weighed to calculate biomass (Singh et al., 2009). The CFS (200 µL) was 

subjected to tyrosinase inhibition assay as described above (section 3.5.2), using the sterile 

RSM-GA optimized media as the control. The assay was continued for up to 15 days for 

obtaining enzyme inhibition and growth profile for five temporal intervals, 3 days apart. 

 

 

3.8 Purification and Characterization of Tyrosinase inhibitor produced by SBSK-

430 

A stock culture of SBSK-430 was inoculated in 20 mL of RSM-GA optimized media and 

incubated under shaker condition (120 rpm) at 37˚C for 72 hrs. The seed culture was 

transferred into each 400 mL RSM-GA optimized production media. Fermentation was 

carried out under standard conditions for 12 days. The culture filtrate (800 mL) was 

harvested by centrifugation at 10000 rpm for 20 mins, and the supernatant collected, was 

filter sterilized to obtain cell-free supernatant (CFS). 

 

3.8.1 Strata column 

Strata column was used as a step for purification as described in the literature with 

modification (McDougall et al., 2009; Banskota et al., 2006). The CFS was treated with 

2g/40mL Diaion HP-20 resin (Supelco, USA) at 120 rpm at 30 ± 0.2°C for 30 mins. The 

mixture was then packed as a column in a sterile plastic syringe, washed with sterile 

MilliQ water and eluted with HPLC grade methanol. The methanol extract was dried and 

dissolved in 20% (v/v) acetonitrile: water (Fraction F1). The remaining extract was 

resolved on activated Strata column C-18-E (Phenomenex Inc., USA) and collected as 

fraction F2. The Strata column was eluted with 50% (v/v) and 80% (v/v) acetonitrile, and 

the eluate was collected as fractions F3 and F4, respectively. To the bacterial pellet 

obtained 10 mL of Chloroform: Methanol (1:1) was added, vortexed, and sonicated for 

with pulse and without pulse for 40 sec. This supernatant was collected as fraction B by 

centrifugation (Remi CRP-30, Mumbai, India) at 10,000 rpm for 5 mins at 10˚C. All the 

fractions were dried in under vacuum (Equitron® Rotaeva) and dissolved in DMSO 

(Dimethyl sulfoxide), and further checked for tyrosinase inhibition activity as described in 

section 3.5.2 using DMSO as control. 
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3.8.2 Sequential solvent extraction 

The CFS was also sequentially extracted with five different solvents from non-polar to 

polar solvents (Petroleum ether, diethyl ether, ethyl acetate, chloroform, and butanol). The 

extraction was carried out twice with different solvents at 1:1 ratio.  All the solvent 

extracts were dried under vacuum (Equitron® Rotaeva) (Sihem et al., 2011), dissolved in 

DMSO and checked for tyrosinase inhibition activity described in section 3.5.2 using 

DMSO as the control.  

 

3.8.3 Gel filtration column chromatography 

The CFS was concentrated using rotary evaporator (Equitron® Rotaeva) and was used for 

multi-component analysis by gel filtration chromatography (Nakashima et al., 2009; Arai 

et al., 1997). The CFS was chromatographed over Sephadex G-25 (Sigma) in 1.5x50 cm 

column and eluted with 0.5 mM phosphate buffer (pH 6.8) (Appendix II). The flow rate 

was maintained at 0.5 ml/min. The eluates (3 mL) were monitored for tyrosinase 

inhibitory activity described in section 3.5.2, using the buffer as the control. The active 

fractions were pooled, and the pooled fraction with maximum activity was concentrated 

using rotary evaporator (Equitron® Rotaeva) and lyophilized (Scanvac coolsafe 110-4, 

Denmark). The purified lyophilized sample was further sent for HR-LC/MS analysis to IIT 

Mumbai, Powai. The solvent system used for separation was Acetonitrile: Water: Formic 

acid for protonation. The separation was carried out on a C-18 matrix which had a Dual 

AJS ESI as the ionization source (Q-TOF B.05.01).  

 

 

3.9 Extraction of the antifungal compound from BGUMS93 

A seed culture of BGUMS93 was prepared by inoculating Nutrient broth (25 mL) and 

incubating at 28˚C ± 2 in for 24 h. The seed culture of BGUMS93 was further inoculated 

in Nutrient broth (500 mL) and incubated at 28˚C ± 2 in a rotary shaker (120 rpm) for 4 

days. The culture broth was centrifuged (Remi CRP-30, Mumbai, India) at 10,000 rpm for 

10 min, and cell-free supernatant (CFS) was used for sequential solvent extraction, 

lipopeptide precipitation, and diaon resin extraction. The antifungal activity of the 

metabolites was determined by using well diffusion assay described in section 3.4.1.2. 

 

3.9.1 Diaion resin extraction 
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The CFS was treated with 2g/40mL Diaion HP-20 resin (Supelco, USA) at 120 rpm at 30 

± 0.2°C for 30 mins. The mixture was packed as a column in a sterile plastic syringe, 

washed with sterile MilliQ water and eluted with HPLC grade methanol (Fraction A). To 

the bacterial pellet obtained 10 mL of Chloroform: Methanol (1:1) was added, vortexed 

and sonicated with pulse and without pulse for 40 sec. This supernatant was centrifuged 

(Remi CRP-30, Mumbai, India) at 10,000 rpm for 5 mins at 10˚C and collected as fraction 

B (Banskota et al., 2006). Fraction A and B were used for antifungal activity as described 

in section 3.4.1, using methanol and methanol: chloroform (1:1) as respective controls. 

 

3.9.2 Sequential solvent extraction 

The CFS was sequentially extracted with five different solvents from non-polar to polar 

solvents (Petroleum ether, diethyl ether, ethyl acetate, chloroform, and butanol). The 

extraction was carried out twice with different solvents at 1:1 ratio.  All the solvent 

extracts were dried under vacuum (Equitron® Rotaeva), and the resulting extracts were 

used in bioassay as described in section 3.4.1.2. The respective solvents were used as 

controls (Sihem et al., 2011).  

 

3.9.3 Lipopeptide precipitation 

The CFS was precipitated by initially adjusting the pH to 2.0 with concentrated HCl and 

stored overnight at 4˚C. The precipitate was collected by centrifuging (Remi CRP-30, 

Mumbai, India) at 10,000 rpm for 10 mins and extracted twice with methanol. The extract 

was dried under vacuum, and this fraction was subsequently used for bioactivity as 

described in section 3.4.1.2; using methanol as control (Kim et al., 2004). 

 

3.9.4 Thin layer chromatography 

The solvent extract was further analyzed by TLC in the solvent system Butanol: Acetic 

acid: water (3:4:1) and developed in the iodine chamber and ninhydrin reagent (Appendix 

II).  

 

 

3.10 Extraction of proteinase inhibitor from BGUMS66 

A seed culture of BGUMS66 was prepared by inoculating Nutrient broth (25 mL) and 

incubating at 28˚C ± 2 for 24 h. This seed culture was inoculated in Nutrient broth (500 

mL) and incubated at 28˚C ± 2 in a rotary shaker at 120 rpm for 4 days. The culture broth 
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was harvested by centrifugation (Remi CRP-30, Mumbai, India) at 10,000 rpm for 10 min 

and the CFS was sequentially extracted with five different solvents from non-polar to 

polar solvents (Petroleum ether, diethyl ether, ethyl acetate, chloroform, and butanol). The 

extraction was carried out twice with different solvents at 1:1 ratio.  All the solvent 

extracts were dried under vacuum (Equitron® Rotaeva), and the resulting extracts were 

used in proteinase inhibitory activity assay as described in section 3.5.3. The respective 

solvents were used as controls (Sihem et al., 2011).  

 

 

3.11 In-situ trial of the compound on Agaricus bisporus  

3.11.1 Shelf-life of A. bisporus, monitoring fruiting body quality as a function of time 

Fresh A. bisporus (Sylvan A-15 Dutch) were harvested from Zuari Foods & Farms Pvt. 

Ltd., Goa India, using sterile gloves and transported to the laboratory immediately within 

4 h in a sealed container in the dark. Mushrooms were selected for uniform size, maturity, 

and absence of any mechanical damage. Each mushroom was weighed, analyzed by the 

phenotypic scoring matrix described by Kamat and Kaur (2004, unpublished) (Table 3.5), 

placed in triplicates in sterile beakers and closed with foil. Each mushroom was also 

analyzed for histological and phenotypic attributes based on a 100 point scale for ten days. 

The mushrooms were evaluated for weight loss by weighing the whole before and after the 

storage period and expressed as the percentage of loss of weight (Djekic et al., 2017). 

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (%) =
(𝑊0− 𝑊1)

𝑊0
 × 100 

Where W0 = original weight of mushroom and W1 = final weight of the mushroom  

 

Histological study of mushroom for ten days was evaluated by sectioning the tissue of the 

fruiting body of A. bisporus (Epidermis, Pileus context & Stipe context) and staining the 

tissue with congo red (Appendix II). The tissue sections were observed by light 

microscope (Nikon Eclipse E200, Tokyo, Japan) under 40X magnification.   
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Table 3.5 Scoring matrix for phenotypic quality attributes of button mushroom    

Sr.No. Descriptor Score 

1 Chromogenic descriptor: Cap color Whiteness 100 

Brownish black 0 

2 Biomechanical change descriptor: 

Texture 

Compact texture 100 

Soft, pulpy, soggy 50 

Fully liquefied material 0 

3 Glycobiological process descriptor No sliminess 100 

Much sliminess 0 

4 Sensory descriptor: Aroma Strong, earthy, fresh 

mushroomy fungous odor 

100 

Decaying, rotten, putrid 

smell 

0 

5. Chemoattractant descriptor Insect activity absent 100 

Insect activity 0 

6 Autolysis metabolism (PCD) descriptor Normal tissue and hyphal 

morphology 

100 

collapsed, vaculated 

hyphae 

0 

7 Consumer subjective organosensory 

descriptor: Overall appearance and 

appeal with time 

As good as the first day 100 

Bad 0 

 

 

3.11.2 Bioassay using Presumptive Bioactive Extract (PBE) for potential tyrosinase 

inhibition 

 3.11.2.1 Sample preparation, treatment, and storage 

The sample for application on the button mushroom specimens was obtained from the cell-

free culture supernatant of SBSK-430 by growing in Nutrient broth at 37˚C in a rotary 

shaker at 120 rpm for 15 days. The broth was centrifuged (Remi CRP-30, Mumbai, India) 

at 10,000 rpm for 10 min, and presumptive bioactive extract (PBE) was obtained by 

filtration of supernatant using 0.45 µm pore sterile membrane filter. 
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Fresh mushrooms (A. bisporus) of Sylvan A-15 Dutch origin from local commercial 

button mushroom factory, Zuari Foods & Farms Pvt. Ltd., Goa India, were harvested 

using sterile gloves and transported to the laboratory within 4 h in a sealed container in the 

dark. Mushrooms were selected for uniform size, maturity, and absence of any mechanical 

damage; and placed in four different experimental conditions in an upright position. A 

total of 30 button mushrooms for each of the four treatments were used as follows.   

Treatment 1: Cell-free broth of SBSK-430 (PBE) 

Treatment 2: Sterile distilled water  

Treatment 3: Sterile nutrient broth  

Treatment 4: Untreated control 

 

The mushrooms in treatments (1, 2 and 3) were gently micro-sprayed with a thin mist of 

the approximately 1.0 mL of PBE along with controls respectively, using a standardized 

nebulizer (Bharti International, Mumbai). After treatment, these were placed in respective 

trays, sealed in plastic bags and stored at 25˚C in ambient light in a pest and insect free 

environment. Three replicates from each treatment groups were analysed at 1-day interval 

for up to 10 days of storage (Fig 3.2). 

 

 

Fig 3.2 Schematic diagram of the bioassay on A. bisporus using crude tyrosinase inhibitor  
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3.11.2.2 Quality evaluation 

The parameters evaluated for quality were weight loss, quality deterioration matrix, and 

sensory quality. Weight loss was determined by weighing the whole mushroom specimens 

before and after the storage period and was expressed as the percentage of loss of weight 

(Djekic et al., 2017).  

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (%) =
(𝑊0− 𝑊1)

𝑊0
 × 100 

Where W0 = original weight of mushroom and W1 = final weight of the mushroom  

 

Quality deterioration was recorded using deterioration scoring matrix with 80 point scale 

(Kamat and Kaur, unpublished data) (Table 3.6). Sensory quality evaluation was based on 

two attributes: firmness and odor, monitored by physical analysis using tactile response. 

The texture was also evaluated on 9 point scale, where 9=very firm, compact, 7= compact, 

5= slightly soft, 3=soft, and 1=very soft/autolyzing (Villaescusa and Gill, 2003). The odor 

was determined on 9 point scale, where 9 = strong typical odor, 5= moderate, 3=slight and 

1= none/putrid (Djekic et al., 2017, Villaescusa and Gill, 2003).  
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Table 3.6 Quality deterioration scoring matrix 

Descriptor Score 

Pileus 
White Black 

10 0 

Pileus marginal color 
White Black 

10 0 

Pileus marginal scales 
Appressed Recurved/raised 

10 0 

Pileus context color 
White, shining Discolored 

10 0 

Stipe color 
White Black 

10 0 

Pileus margin 
Entire Not fully cracked Fully cracked 

10 5 0 

Membrane 
White, entire Discolored,  cracked 

10 0 

Stipe context 
White, firm Black, soft, soggy 

10 0 

 

  

3.11.3 Bioassay using partially purified tyrosinase inhibitor 

3.11.3.1 Sample preparation, mushroom treatment, and storage 

The sample was prepared as described in section 3.8.3 by gel filtration chromatography, 

using the most active pooled fraction as the sample. The control treatment was prepared by 

passing sterile RSM-GA optimized media through the same column used in section 3.8.3, 

and the collected eluate was used as the control.   

 

White button mushrooms (A. bisporus Sylvan A-15 Dutch origin) from the second flush of 

uniforms size and color were freshly harvested from the same shed from Tropical farms 

Pvt. Ltd., Goa, India, to reduce variability caused by environmental factors. The 

mushrooms were checked for any mechanical damage, and the intact; healthy whole 

mushrooms were selected for the experiment. The mushrooms were individually weighed 
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and subjected to the treatments by micro spray technique. Three different treatments were 

used:  

(1) Treatment 1: Purified sample SBSK430,  

(2) Treatment 2: Control (Phosphate buffer) and  

(3) Treatment 3: Untreated control.  

 

The mushrooms in treatment 1 and 2 were gently micro-sprayed with a thin mist of the 

approximately 1.0 mL of sample and the control respectively, using a standardized 

nebulizer. Each mushroom was tagged, placed in respective trays and string packaged with 

polyethylene sheets. The samples were immediately transferred to the laboratory and 

stored at 22˚C ± 2 in ambient light in a pest and insect free environment. Each treatment 

group consisted of ninety replicates and nine replicates from each treatment groups were 

analyzed at 1 day interval for up to 10 days of storage for quality evaluation (Fig 3.3). 

 

 

 

Fig 3.3 Schematic diagram of the bioassay on A. bisporus using partially purified 

tyrosinase inhibitor 
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3.11.3.2 Color analysis 

The surface color of the mushroom cap was measured using digital imaging and software 

analysis under controlled environment based on Hunter color parameters (Nasiri et al., 

2017). A lightbox without permeability to the surrounding light was used and with fixed 

illumination. A Canon DSLR digital camera with 12.1 Megapixel lens was used for image 

acquisition and placed at a distance of 25 cm from the sample and an angle of 45º. The 

samples were photographed at a maximum resolution as RGB images. The L* (light/dark), 

a* (red/green) and b* (yellow/dark) values of the mushroom caps were measured 

filter/blur/average command in a digital software (CS6 Photoshop) and compared to ideal 

mushroom color. The ideal mushroom color was obtained by photographing and 

evaluating 90 freshly harvested mushrooms for L, a and b values. The means of which 

were considered as ideal values (L*= 91, a*= -1and b*= 2). Using these values, the total 

color difference (∆E), browning index (BI), and whiteness index (WI) was calculated. 

 

∆𝐸 = √(𝐿 − 91)2 +(a-(-1)2 + (b-2)2 

 

𝐵𝐼 = 100 ×  [
𝑥 − 0.31)

0.71
] 

 

where 𝑥 =  
(𝑎+1.75𝐿)

5.645𝐿 +𝑎−3.012𝑏
 

 

𝑊𝐼 = 100 −  √(100 − 𝐿)2 +  𝑎2 +  𝑏2 

 

 

3.11.3.3 Weight loss 

Weight loss was determined by weighing the whole mushroom specimens before and after 

the storage period and was expressed as the percentage of loss of weight with respect to 

the original weight (Djekic et al., 2017). 

 

3.11.3.4 Mushroom fruitbody Sensory Quality Evaluation 

Quality deterioration was recorded using deterioration scoring matrix with 100 point scale 

based on cap color, shape, topography, size, firmness, glycobiological process, membrane 
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integrity, stipe cutting efficiency, aroma and consumer acceptability (Kamat and Kaur, 

2014) (Table 3.7).  

 

Sensory quality was also evaluated based on color (white: 10-8; slight brown: 8-6; Mild 

browning: 6-4; severe <4), off-odor (no: 10-8; slight: 8-6; obvious:6-4; severe <4), cap 

shape (closed: 10-8; slightly open: 8-6; half open:6-4; totally open <4), texture (stretchy: 

10-8; slight soft:8-6; mild soft: 6-4; severe soft <4) and consumer acceptance (Intense: 10-

8; Acceptable: 8-6; Discount: 6-4; Unacceptable <4). The sensory score for each sample 

was calculated as mean value (Lin et al., 2017).  

 

Table 3.7 Sensory quality scoring matrix 

Sr.

No. 

Descriptor Score 

1 Cap color Milk white, spotless bit shining 100 

White, but paling 75 

Off-white, tending to be creamish 50 

Tending to be brownish 25 

Brownish black 0 

2 Cap Shape Perfectly uniform circular to oval 100 

Distorted, ridged, notched 50 

Very distorted, folded 0 

3 Cap topography 

integrity score 

Smoot, silky, uniform without discoloration, 

laceration, striations or any serious damage 

100 

Few patches and/or bruises 50 

Extensive patches and/or bruising 10 

4 Cap Size Descriptor 

(mm) & score 

Small ( 30-40 mm) 100 

Medium (41-50 mm) 50 

Large (51-65 mm) 25 

Very small (< 30mm) & Very large (>66 mm) 10 

5 Button firmness 

Descriptor 

Very firm button 100 

Not so firm, a bit softer 50 

Soft 25 

Very soft, slimy feel 10 
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6 Glycobiological (EPS) 

process descriptor 

Pileus surface smooth, no sliminess 100 

A little slimy 50 

Much sliminess 10 

7 Membrane integrity 

descriptor 

Membrane sealing hymenium, no opening to 

reveal the gills 

100 

Hymenium ruptured but not fully 50 

Hymenium fully exposed, membrane in 

fragments 

25 

No sign of any membrane, gills fully exposed 0 

8 Stipe cutting efficiency 

Descriptor 

< 10 mm 100 

11-20 mm 50 

> 20 mm 25 

9 Aroma flavor descriptor No detectable smell 100 

Strong mushroomy earthy odor but not 

unpleasant 

50 

A little putrid, decaying smell 25 

Very putrid, offensive odor 10 

10 Peer consumer 

acceptability score 

High quality 100 

Medium quality 50 

Just acceptable 25 

Poor quality 10 

Unacceptable 0 

 

 

3.11.3.5 Texture 

The firmness of the mushroom cap was analyzed using a standard penetrometer (Buitmen, 

India) using a 2 mm diameter cylindrical probe. Samples (9 mushrooms per treatment) 

were penetrated at a depth of 5mm and with 50 kg load cell at room temperature 

(Farokhian et al., 2016; Zivanovic and Buescher, 2004). Firmness was measured in 

Newton Force (N).  
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3.11.3.6 Maturity index 

The maturity index for each treatment was measured based on a scale ranging from 1 (veil 

intact) to 7 (cap open, gills flat). Veil opening rate was defined by calculating the ratio of 

the number of mushrooms with cap opening out to the total number of mushrooms 

analyzed (Gupta and Bhat, 2016). 

 

3.11.3.7 Respiration rate 

Respiration rate of the mushrooms from each treatment was measured in terms of CO2 

evolved, expressed in mg/kg/h (Jiang, 2013; Anderson, 1982). At each storage time, 

approximately 50 g whole mushroom from each treatment was placed in an airtight 

container with 0.1M/ 0.05M NaOH (20 mL) for an hour. After an hour, the carbon dioxide 

is fixed by adding 2 mL of 0.5M Barium chloride to NaOH. On adding phenolphthalein 

indicator, NaOH is back titrated with 0.1N HCl. The amount of carbon dioxide evolved is 

calculated as follows: 

 

Respiration rate = 
(𝑉1 −  𝑉2) × 𝐶 × 44

(𝑤 × 𝑡)
 

Where  

V1= volume of NaOH of control, V2= volume of NaOH of sample, C = concentration of 

NaOH, 44= molecular weight of carbon dioxide, w = weight of mushroom in kg and t= 

time in hours.   

 

 

3.12 Statistical Analysis 

All the data were subjected to analysis of variance or student t-test using IBM® SPSS 

Statistics v.23.0 program for Windows. The least significant differences among means 

were determined by Tukey HSD test at the level of 0.05.  

 

 

The subsequent chapter includes the results of the present work supported by tables, 

graphs, photographs, phylogenetic tree, and other relevant data.  
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CHAPTER IV: RESULTS  

 

This chapter comprises the detailed results of the present work with prime focus on 

bioprospecting of eubacteria and actinobacteria from solar salt pans of Goa for 

antimicrobial compounds and enzyme inhibitors (proteinase and tyrosinase inhibitors). 

The potential isolates were subsequently identified. Antagonist activity was mainly 

assessed to white button mushroom (Agaricus bisporus) pathogens. Tyrosinase enzyme 

plays a key role in enzymatic browning in mushrooms, whereas post-harvest proteinase 

plays an indirect role by activation of tyrosinase (Rai and Arumuganathan, 2008; 

Heneghan et al., 2009). Although, the bioactive microbial isolates were screened for both 

tyrosinase and proteinase inhibitor production; the emphasis was focused on tyrosinase 

inhibitors. Thus, our study also concentrated on optimization of tyrosinase inhibitor 

production by the potential halotolerant bacterial isolate using classical and statistical 

approaches. Later the emphasis was on the purification of the bacterial tyrosinase inhibitor 

and its application in enhancing the shelf-life and quality of white button mushroom (A. 

bisporus). 

 

4.1 Screening for antimicrobial activity 

4.1.1 Primary screening 

A total of 280 bacterial isolates (246 eubacteria and 34 actinobacteria) which  were 

assayed using cell free metabolites against three pathogens viz Trichoderma sp. GUFCC, 

Penicillium sp. GUFCC 396 and Pseudomonas fluorescens MTCC 2975;131 isolates 

exhibited anti-microbial activity. About 55% of total bacterial isolates showed no activity 

against all three pathogens. Four cultures showed very mild activity against P. fluorescens, 

115 cultures showed activity against Trichoderma sp. and 48 cultures showed activity 

against Penicillium sp. (Figure 4.1). However, only 25% showed maximum activity (> 20 

mm) against Trichoderma sp and 7.2% showed activity against Penicillium sp., whereas 

only 5.4% cultures showed activity against both the pathogens. 
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Figure 4.1 Anti-microbial profiles of bacteria from saltpan ecosystem from primary 

screening 
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4.1.2 Isolation of mushroom pathogen        

The total fungal load in the two compost samples was found to be 1.4 x 105 CFU/g and 0.5 

x 106 CFU/g. A total of nine morphologically different fungal cultures were isolated from 

composts and 11 from infected fruiting bodies and identified microscopically (Table 4.1). 

Figure 4.2 and Figure 4.3 shows micro-morphology of the isolated fungi.  

 

Table 4.1 Mushroom pathogens isolated from compost and infected mushrooms (A. 

bisporus) 

Sr. No. Culture code Isolation source Culture Identification 

1. C9 Compost Trichoderma sp. 

2. C10 Compost Aspergillus sp. 

3. C11 Compost Rhizopus sp. 

4. C12 Compost Aspergillus sp. 

5. C13 Compost Penicillium sp. 

6. C14 Compost Penicillium sp. 

7. C15 Compost Penicillium sp. 

8. C16 Compost Trichoderma sp. 

9. C17 Compost Penicillium sp. 

10. M1 Infected mushrooms Trichoderma sp. 

11. M2 Infected mushrooms Trichoderma sp. 

12. M3 Infected mushrooms Rhizopus sp. 

13. M4 Infected mushrooms Rhizopus sp. 

14. M6 Infected mushrooms Penicillium sp. 

15. M8 Infected mushrooms Mucor sp. 

16. M9A Infected mushrooms Penicillium sp. 

17. M9B Infected mushrooms Penicillium sp. 

18. M9C Infected mushrooms Penicillium sp. 

19. M11A Infected mushrooms Trichoderma sp. 

20. M11B Infected mushrooms Trichoderma sp. 
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ASPERGILLUS 

 1. Aspergillus fumigatus Figure 4.2b Specimen examined: C10; Colonies velvety with 

grayish green colored spores on Potato Dextrose Agar (PDA). Well developed, profusely 

branched, septate hyphae with flask-shaped vesicles. There is a sterigmata upper half of 

the vesicle. Type: isolated from mushroom farm compost from Zuari foods and farms Pvt. 

Ltd., Goa, India.  

2. Aspergillus niger Fig 4.2d Specimen examined: C12; Colonies velvety with brownish 

black spores on PDA. Well developed, profusely branched, septate hyphae with globose 

vesicle. The sterigmata was all around the vesicle. Type: isolated from mushroom farm 

compost from Zuari foods and farms Pvt. Ltd., Goa, India. 

 

PENICILLIUM  

1. Penicillium spp. Figure 4.2e, 4.2f, 4.2g, 4.2i, Specimen examined: C13, C14, C15, 

C17; Colonies velvety with bluish green spores on PDA. Branched septate. Hyphae with 

long, erect branching conidiophores forming a brush like structure or penicillus. 

Conidiophore ended in a group of phialides. Oval conidial chains. Type: isolated from 

mushroom farm compost from Zuari foods and farms Pvt. Ltd., Goa, India. 2. Penicillium 

spp. Figure 4.3e, 4.3g, 4.3h, 4.3i, Specimen examined: M6, M9A, M9B and M9C;  

Colonies velvety with bluish green spores on PDA. Branched septate. Hyphae with long, 

erect branching conidiophores forming a brush like structure or penicillus. Conidiophore 

ended in a group of phialides. Oval conidial chains. Type: infected fruiting body of 

Agaricus bisporus from Zuari foods and farms Pvt. Ltd., Goa, India. 

 

RHIZOPUS  

1. Rhizopus spp. Figure 4.3c, 4.3d, Specimen examined: M3 and M4;  colonies cottony 

white with black spores on PDA. Broad non-septate hyphae with rhizoids. Large globose 

sporangium filled with oval and round sporangiospores. Type: infected fruiting body of A. 

bisporus from Zuari foods and farms Pvt. Ltd., Goa, India. 

 

MUCOR 

 Mucor sp. Figure 4.3f, Specimen examined: M8; Colonies cottony creamish with black 

spores on PDA. Broad non-septate hyphae. No rhizoids.  Large globose sporangium filled 

with oval and round sporangiospores. Type: infected fruiting body of A. bisporus from 

Zuari foods and farms Pvt. Ltd., Goa, India. 
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TRICHODERMA 

 1. Trichoderma spp. Figure 4.2a, 4.2h, Specimen examined: C9, C16;  Colonies showed 

dark green to bluish green sporulation and uncolored or amber colored on the reverse side 

on PDA. Conidiophores were long, branched and pyramidal structure. Phialides in 

lageniform. Conidiophores scattered and aggregated in to sparse compact pustules. Type: 

isolated from mushroom farm compost from Zuari foods and farms Pvt. Ltd., Goa, India.  

2. Trichoderma spp. Figure 4.3a, 4.3b, 4.3j, 4.3k, Specimen examined: M1, M2, M11A 

and M11B; colonies showed dark green to bluish green sporulation and uncolored or 

amber colored on the reverse side. Conidiophores were long, branched and pyramidal 

structure. Phialides in lageniform. Type: infected fruiting body of A. bisporus from Zuari 

foods and farms Pvt. Ltd., Goa, India. 

 

 

 

Figure 4.2 Micro-morphology of fungi from mushroom farm compost at 400X 

magnification; a)C9, b)C10, c)C11, d)C12, e)C13, f)C14, g)C15, h)C16, i)C17 
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Figure 4.3 Micro-morphology of fungi from infected fruiting bodies of A. bisporus at 

400X magnification a)M1, b)M2, c)M3, d)M4, e)M6, f)M8, g)M9A, h)M9B, i)M9C, 

j)M11A, k)M11B  
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4.1.3 Secondary screening 

Among the isolates showing positive activity from primary screening, 80 isolates (eight 

actinobacteria and 72 eubacteria) were selected showing maximum and consistent activity 

against the test pathogens. Table 4.2 shows activity profile against different mushroom 

pathogens.  Actinobacteria showed no activity against these pathogens. In addition, no 

activity was found against Rhizopus spp. and Mucor sp. About 34% bacteria produced 

antifungal metabolite that inhibited colony growth of T. harzianum MTCC 3178, 20% 

inhibited colony growth of Lecanicillium fungicola MTCC 2061, on the other hand 49% 

isolates inhibited other Trichoderma spp., 26% inhibited Penicillium spp. and 3% 

inhibited Aspergillus spp. (Figure 4.4 and 4.5). About 36% bacterial isolates showed no 

anti-microbial activity towards the mushroom pathogens. BGUMS93 showed maximum 

and broad spectrum activity against T. harzianum (15 mm), L. fungicola (28 mm), 

Trichoderma sp. M1 (21 mm), Trichoderma sp. M2 (17 mm), Trichoderma sp. M11A (22 

mm), Trichoderma sp. M11B (11 mm), Trichoderma sp. C16 (16 mm) and Penicillium sp. 

C17 (10 mm).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4.2 Antimicrobial profile of the selected 80 bacterial isolates 

Culture 

Inhibition (%) 

M1 M2 M6 M9A M9B M9C M11A M11B M9 C11 C12 C13 C14 C16 C17 TH LH PF 

BGUMS14B 13 7 - - - - - - 6 - - - - - - 5 - - 

BGUMS27 22 7 - - - - 20 6 
 

- 6 - 8 14 31 13 31 - 

BGUMS38 20 24 - - 5 6 16 20 14 - - - - 28 5 16 - - 

BGUMS47 22 28 - - - 7 13 26 18 - - 5 - 16 8 14 - - 

BGUMS66 - - - - - 5 - 5 - - - - - - - - - - 

BGUMS78 7 20 - - - 8 10 14 20 - - - - 18 - 33 - - 

BGUMS93 22 14 - - - - 24 6 
 

- - - - 13 5 11 39 - 

BGUMS94 - - - - - - - 6 
 

- - - - - 5 - 6 - 

BGUMS101 - - - - - - 26 - - - - - - - - - - - 

BGUMS102 5 5 5 - - - - - - - - - - 11 - - - - 

BGUMS109 - - - - - - - - 14 - - - - - - - 33 - 

BGUMS133 13 13 
 

- 
 

8 10 6 7 - 
  

5 
 

20 16 
 

- 

BGUMS186 - - - - - - - - - - - - - - - - - - 

BGUMS256 10 24 - - 5 - 11 18 6 - - - 
 

7 - 16 - - 

BGUMS257 33 22 - 5 7 - 20 33 13 - - - 
 

24 8 18 - - 

BGUMS299 - - - - - - - - - - - - 
 

10 5 - - - 

BGUMS305 5 16 - - - - - 7 - - - - - 5 - 5 - - 

BGUMS312 24 5 - - - - 5 - 14 - - - - 10 7 10 20 - 

BGUMS313 20 6 - - - - 5 5 13 - - - - 16 7 11 20 - 

BGUMS359 13 5 - - - 5 - - 8 - - - - 24 5 7 20 - 
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Culture 
Inhibition (%) 

M1 M2 M6 M9A M9B M9C M11A M11B C9 C 11 C12 C13 C14 C16 C17 TH LF PF 

BGUMS471 - - - - - - - - - - - - - 41 - - - - 

BGUMS473A 18 6 - - - 16 5 5 10 - - - - 11 18 11 - - 

BGUMS473B 24 5 - - - 13 - - 14 - - - - - 13 16 - - 

BGUMS740 11 5 - - - 20 - - 18 - - - - 7 10 11 18 - 

BGUMS1091 - - - - - - - - - - - - - - - - 5 - 

ABSK 8 - 16 - - - - - - - - - - - - - - - - 

ABSK 9 5 - - - - 5 - - - - - - - - - - - - 

ABSK 11 5 - - - - 5 - - - - - - - - - - - - 

ABSK12 - - - - - - - - - - - - - - - 47 8 - 

ABSK31 5 - - - - 5 - - - - - - - - - - - - 

ABSK37 - - - - - - - - - - - - - - - - - - 

ABSK40 - - - - - - - - - - - - - - - - - - 

ABSK41 - - - - - - - - - - - - - - - - - - 

ABSK43 - - - - - - - - - - - - - - - - - - 

ABSK48 - - - - - - - - - - - - - - - - - - 

ABSK50 - - - - - - - - - - - - - - - - - - 

ABSK51 - - - - - - - - - - - - - - - - - - 

ABSK52 - - - - - - - - - - - - - - - - - - 

ABSK53 - - - - - - - - - - - - - - - - - - 

ABSK54 6 - - - - 5 - - - - - - - - - - - - 

ABSK106 - - - - - - - - - - - - - - - - - - 

ABSK109 - - - - - - - - - - - - - - - - - - 

ABSK113 - - - - - - - - - - - - - - - - - - 

ABSK130 - 57 - - - - - - - - - - - - - 16 - - 

ABSK147 - 31 - - - - - - - - - - - - - 13 57 - 

ABSK186 - - - - - - - - - - - - - - - - - - 
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Culture 
Inhibition (%) 

M1 M2 M6 M9A M9B M9C M11A M11B C9 C11 C12 C13 C14 C16 C17 TH LF PF 

ABSKM1 - - - - - - - - - - - - - - - - - - 

ABSKM2 - - - - - - - - - - - - - - - - - - 

TSK1 - - - - - - - - - - - - - - - - 57 
- 
 

TSK12 - - - - - - - - - - - - - - - - - - 

TSK13 - - - - - - - - - - - - - - - 24 - - 

TSK15 - - - - - - - - - - - - - - - 22 - - 

TSK16 - 31 - - - - - - - - - - - - - 20 - - 

TSK19 - - - - - - - - - - - - - - - - - - 

TSK20 - - - - - - - - - - - - - - - - - - 

TSK32 - 20 - - - - - - 6 - - - - - - 7 5 - 

TSK71 - 28 - - - - - - 8 - - - - - - 8 - - 

MFSK5 24 13 - - - - 13 20 13 - - - - - - 14 8 - 

MFSK9 7 - - - - - - 5 - - - - - - - - 13 - 

MFSK16 - - - - - - - - - - - - - - - - - - 

MFSK26 - - - - - - - - - - 5 - - - - - - - 

MFSK34 - - - - - - - - - - - - - - - - - - 

MFSK35 - - - - - - - - - - - - - - - - - - 

MFSK36 8 - - - - - 5 5 - - - - - - - - - - 

MFSK41 5 - - - - - - - - - - - - - - - - - 

MFSK46 14 33 - - - - 24 24 6  - - - - - - 28 - 

MFSK49 - - - - - - - - - - - - - - - - - - 

MFSK52 - - - - - - - - - - - - - - - 16 - - 

MFSK60 - - - - - - - - - - - - - - - - - - 

MFSK77 6 5 - - - - 5 - 7 - - - - - - 13   

SBSK-406 - - - - - - - - - - - - - - - - - - 
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*C9, C16, M1, M2, M11A, M11B – Trichoderma spp.; C10, C12 – Aspergillus spp.; C11, M3, M4 – Rhizopus spp.; C13, C14, C15,C17, M6, M9A, M9B, M9C – Penicillium spp.; M8 – Mucor sp.; TH - Trichoderma 

harzianum MTCC 3178; LF - Lecanicillium fungicola MTCC 2061; PF - Pseudomonas fluorescense MTCC 2975; No activity was found against M3, M4, M8, C10, and C15.  

Culture 
Inhibition (%) 

M1 M2 M6 M9A M9B M9C M11A M11B C9 C11 C12 C13 C14 C16 C17 TH LF PF 

SBSK-430 - - - - - - - - - - - - - - - - - - 

SBSK-8 - - - - - - - - - - - - - - - - - - 

SBSK-83 - - - - - - - - - - - - - - - - - - 

SBSK-574 - - - - - - - - - - - - - - - - - - 

SBSK-200 - - - - - - - - - - - - - - - - - - 

SBSK-364 - - - - - - - - - - - - - - - - - - 

FSK3.35 - - - - - - - - - - - - - - - - - - 

FSK2.42 - - - - - - - - - - - - - - - - - - 
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Figure 4.4 Bacterial abundance in saltpan niches showing antifungal activity 

 

 

 

 

Figure 4.5 Ecological niches of saltpan bacteria with antifungal activity against T. 

harzianum MTCC 3178 and L. fungicola MTCC 2061 
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4.1.4 Screening for chitinase activity 

The 80 cultures were also assessed for the production of chitinase. Most of the isolates 

were found to exhibit non-enzymatic antifungal activity. Only 24% cultures showed 

chitinolytic activity (Table 4.3).  

 

Table 4.3 Bacterial isolates from saltpan ecosystem showing chitinolytic activity 

Isolate code 
Chitinase 

activity 

BGUMS133, BGUMS256, BGUMS257, BGUMS299, BGUMS312, 

BGUMS359, BGUMS740, TSK1, TSK12, TSK15, ABSK109, ABSK113, 

ABSK186, FSK 2.42, TSK19, TSK32, TSK71, MFSK46, MFSK52 

Present 

BGUMS14B, BGUMS27, BGUMS38, BGUMS47, BGUMS66, 

BGUMS78, BGUMS93, BGUMS94, BGUMS101, BGUMS102, 

BGUMS109, BGUMS186, BGUMS305, BGUMS313, BGUMS471, 

BGUMS473A, BGUMS473B, BGUMS474, BGUMS1091, TSK13, 

TSK16, TSK20, ABSK8, ABSK9, ABSK11, ABSK12, ABSK31, 

ABSK37, ABSK40, ABSK41, ABSK43, ABSK48, ABSK50, ABSK51, 

ABSK52, ABSK53, ABSK54, ABSK106, ABSK130, ABSK147, 

ABSKM1, ABSKM3, FSK 3.35, MFSK5, MFSK9, MFSK16, MFSK26, 

MFSK34, MFSK35, MFSK36, MFSK41, MFSK49, MFSK60, MFSK77, 

SBSK-406, SBSK-430, SBSK-8, SBSK-83, SBSK-574, SBSK-200, 

SBSK-364  

Absent 
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4.2 Screening selected bacterial isolates for tyrosinase and proteinase inhibitory 

activity. 

The chemical creative bacteria showing antagonist activity against mycopathogens of 

mushroom were also assessed for enzyme inhibitor production. A total of 80 cultures were 

screened with about 26% of bacterial isolates showing tyrosinase inhibitory activity and 

63% isolates showing proteinase inhibitory activity. However, only three cultures showed 

tyrosinase inhibitory activity greater than 50%. SBSK-430 showed the highest tyrosinase 

inhibitory activity (80.4%) (Table 4.4). Bacteria from saltpan sediments showed no 

tyrosinase inhibitory activity (Figure 4.6). On the contrary, ten cultures showed above 

60% proteinase inhibitory activity; BGUMS66 with the maximum activity (82.8%) (Table 

4.4). Very few (SBSK-430, SBSK-83, MFSK9, MFSK16) saltpan bacterial isolates from 

sediments and Actinobacteria showed proteinase inhibition. 

 

 

 

Figure 4.6  Saltpan bacteria  showing tyrosinase and proteinase inhibitory activity 
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Table 4.4 Bacterial isolates showing tyrosinase and proteinase inhibitory activity 

Isolate code 

Enzyme Inhibition 

activity 

Isolate 

code 

Enzyme Inhibition 

activity 

Tyrosinase 

inhibitory 

activity (%) 

Proteinase 

inhibitory 

activity (%) 

Tyrosinase 

inhibitory 

activity 

(%) 

Proteinase 

inhibitory 

activity 

(%) 

BGUMS14B - 68.7 ± 8.15 ABSK 8 - - 

BGUMS27 - 39.3 ± 3.45 ABSK 9 38.2 ± 1.08 - 

BGUMS38 - 35.8 ± 0.60 ABSK 11 - - 

BGUMS47 - 46.3 ± 0.55 ABSK12 - 18.5 ± 1.85 

BGUMS66 - 82.8 ± 5.85 ABSK31 - - 

BGUMS78 3.9 ± 0.49 30.8 ± 3.55 ABSK37 - - 

BGUMS93 - 39.9 ± 1.30 ABSK40 - - 

BGUMS94 - 44.8 ± 1.30 ABSK41 - - 

BGUMS101 32.7 ± 9.62 22.8 ± 1.23 ABSK43 - - 

BGUMS102 - 76.6 ± 5.45 ABSK48 9.3 ± 7.94 45.6 ± 1.00 

BGUMS109 - 61.3 ± 1.65 ABSK50 11.3 ± 3.31 48.7 ± 3.40 

BGUMS133 - 29.2 ± 0.40 ABSK51 17.9 ± 7.29 39.5 ± 0.90 

BGUMS186 - 76.9 ± 5.10 ABSK52 33.1 ± 0.61 - 

BGUMS256 - 56.0 ± 5.55 ABSK53 9.9 ± 0.94 - 

BGUMS257 - 40.4 ± 1.15 ABSK54 - 27.2 ± 8.14 

BGUMS299 - 51.6 ± 0.10 ABSK106 19.9 ± 0.61 - 

BGUMS305 - 42.5 ± 5.30 ABSK109 - 54.9 ± 5.45 

BGUMS312 - 45.3 ± 3.00 ABSK113 - - 

BGUMS313 - 51.1 ± 0.55 ABSK130 - - 

BGUMS359 - - ABSK147 - - 

BGUMS471 - 35.9 ± 1.00 ABSK186 - - 

BGUMS473A - 56.1 ± 0.40 ABSKM1 - - 

BGUMS473B - 41.8 ± 5.60 ABSKM2 - - 

BGUMS474 - - FSK 3.35 - - 

BGUMS740 - 48.4 ± 6.45 FSK 242 - - 

BGUMS1091 - 34.5 ± 8.50 MFSK5 - - 

TSK1 - 47.6 ± 1.05 MFSK9 61.8 ± 6.68 76.4 ± 1.51 

TSK12 - 63.2 ± 1.30 MFSK16 - 2.5 ± 1.53 

TSK13 28.9 ± 1.95 72.7 ± 1.63 MFSK26 - 23.2 ± 1.33 

TSK15 - 50.2 ± 9.90 MFSK34 5.3 ± 0.94 49.1 ± 5.60 

TSK16 - 64.5 ± 3.25 MFSK35 - 32.9 ± 1.52 

TSK19 22.1 ± 0.76 37.5 ± 2.50 MFSK36 - 39.3 ± 0.75 

TSK20 - 60.1 ± 2.75 MFSK41 13.3 ± 5.3 35.5 ± 0.88 

TSK32 - 52.3 ± 1.13 MFSK46 - 23.6 ± 1.32 

TSK71 39.7 ± 1.03 35.6 ± 4.05 MFSK49 13.3 ± 3.98 - 

SBSK-406 - - MFSK52 32.4 ± 0.26 31.9 ± 5.05 

SBSK-430 80.4 ± 0.48 21 ± 4.55 MFSK60 - - 

SBSK-8 - - MFSK77 - - 

SBSK-83 32.7 ± 5.8 27.6 ± 4.40 SBSK-200 15.4 ± 3.83 - 

SBSK-574 - - SBSK-364 75.0 ± 0.94 - 
*Values are mean of triplicate ± SD; no activity marked as “-”, maximum activity is in bold 
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4.3 Identification of the potential bacterial isolates. 

The bacterial isolates showing promising anti-fungal, tyrosinase and proteinase inhibitory 

activity were BGUMS93, SBSK-430 and BGUMS66 respectively. These were identified 

on the basis of colony morphology, microscopy, molecular techniques and other salient 

observations. All the three isolates were Gram-positive Prokarkyotes.  

 

BGUMS93 were motile rods, 1.6 µm in length and 594.2 nm in width with central 

endospores (Figure 4.7). BGUMS66 were motile rods, 2.5 µm in length and 611.7 nm in 

width with central endospores (Figure 4.9). BGUMS93 and BGUMS66 were negative to 

Voges Proskauer’s test as well as negative for catalase enzyme. BGUMS93 was found to 

able to reduce nitrate however, BGUMS66 failed to do the same. SBSK-430 is a Gram-

positive, non-motile, filamentous bacterium that produces pinkish substrate mycelia and 

white to grey aerial mycelia. The spore chains are long straight to spirals with loops and 

hoops; with 10 or more smooth-surfaced cylindrical spores (1.3 x 0.7 µm) (Figure 4.8).  

 

Biochemical characteristics and metabolic fingerprinting were evaluated for each isolate 

(Table 4.5, Figure 4.10, 4.11, 4.12). All the three isolates produce the enzyme oxidase. In 

addition, antibiotic susceptibility profile of each isolate has also been tabulated (Table 

4.6). BGUMS93 and BGUMS66 were resistant to ceftazidime and cefuroxime. Moreover, 

BGUMS66 was also resistant to lincomycin and methicillin. In contrast, SBSK-430 was 

sensitive to all the tested antibiotic. 
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Figure 4.7 Colony morphology and scanning electron micrograph of BGUMS93  

 

 

 

Figure 4.8 Colony morphology and scanning electron micrograph of SBSK-430 

 

 

 

Figure 4.9 Colony morphology and scanning electron micrograph of BGUMS66 
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Table 4.5 Carbohydrate utilisation of BGUMS93, BGUMS66 and SBSK-430 

Tests BGUMS93 BGUMS66 SBSK-430 

Adonitol - - - 

α-methyl-D-glucoside - - - 

α-methyl-D-mannoside - - - 

Arabitol - - + 

Arginine + - + 

Cellobiose +/- - - 

Citrate - + + 

D-Arabinose - - - 

Dextrose +/- +/- - 

Dulcitol - - - 

Erythritol - - - 

Esculin + + - 

Fructose + + + 

Galactose + +/- + 

Glucose +/- +/- + 

Glycerol +/- +/- + 

Inositol +/- - - 

Inulin +/- - - 

Lactose - - + 

L-Arabinose + + + 

Malonate - - + 

Maltose + - + 

Mannitol +/- +/- + 

Mannose + - + 

Melezitose - - - 

Melibiose - + - 

ONPG - +/- + 

Raffinose - + - 

Rhamnose +/- - + 

Salicin +/- +/- - 

Sodium gluconate - - - 

Sorbitol +/- - - 

Sorbose - - - 

Sucrose + + + 

Trehalose +/- + +/- 

Xylitol - - + 

Xylose - - - 

Control + + + 
*positive reaction marked as “+” and negative as “–” 
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*substrates utilized are highlighted in pink 

 

Figure 4.10 Carbon substrate utilization profile of BGUMS93 using GENIII and GP2 

microplate; pink cells represents carbon utilized 
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*substrates utilized are highlighted in yellow 

 

Figure 4.11 Carbon substrate utilization profile of SBSK-430 using GENIII and GP2 

microplate; yellow cells represents carbon utilized  
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*substrates utilized are highlighted in green 

 

Figure 4.12 Carbon substrate utilization profile of BGUMS66 using GENIII and GP2 

microplate; green cell represents carbon utilized 
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Table 4.6 Antibiotic susceptibility profile of salt pan bacteria 

Antibiotics 
Concentration 

(µg/disc) 

Zone of Inhibition (mm) 

BGUMS93 BGUMS66 SBSK-430 

Amikacin 30 24 27 28 

Amoxyclav 30 31 31 45 

Ampicillin 10 24 26 41 

Ampicillin/sulbactam 10/10 35 28 43 

Ceftazidime 30 0 0 28 

Cefuroxime 30 0 0 40 

Cephalexin 30 30 34 42 

Cephalothin 30 34 24 43 

Cefotaxime 30 24 20 37 

Chloramphenicol 30 31 26 42 

Ciprofloxacin 5 31 36 35 

Clindamycin 2 22 14 31 

Co-Trimoxazole 25 25 42 40 

Doxycycline hydrochlorine 30 34 34 38 

Erythromycin 15 31 31 34 

Gentamicin 10 21 25 28 

Kanamycin 30 22 26 27 

Levofloxacin 5 27 32 38 

Lincomycin 10 23 0 28 

Methicillin 5 10 0 28 

Nalidixic acid 30 17 16 25 

Neomycin 30 16 19 22 

Nitrofurantoin 100 20 20 22 

Ofloxacin 5 23 32 38 

Oxacillin 1 10 10 25 

Penicillin-G 10 22 18 37 

Streptomycin 10 20 22 22 

Tetracycline 30 32 32 30 

Tobramycin 10 12 23 25 

Vancomycin 30 19 18 21 

 

 

Biochemical characteristics and 16S rRNA gene sequencing revealed BGUMS93 

(GenBank accession no: KC991034.1) and BGUMS66 (GenBank accession no: 

MG021183), as Bacillus sp. (Figure 4.13). BGUMS93 showed 97% similarity with 

Bacillus subtilis subsp. spizizenii strain NBRC 101239 and BGUMS66 showed 99% 

similarity with Bacillus safensis (Table 4.7, Figure 4.13). Figure 4.11 shows the utilization 
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of various substrates by strain SBSK-430 studied by BIOLOGTM system. From the 

microscopy, substrate utilization and 16S rDNA sequence analysis, SBSK-430 (GenBank 

accession no: KJ081549.1) showed 95% similarity with Kitasatospora kazusensis strain 

SK60, suggesting the strain belongs to the genus Kitasatospora (Figure 4.13, Table 4.7).  

 

 

Table 4.7 Details of the promising bioactive isolates 

Sr. No. Culture Identification 
GenBank 

Accession No 

1 BGUMS93 Bacillus subtilis  KC991034.1 

2 SBSK-430 Kitasatospora kazusensis KJ081549.1 

3 BGUMS66 Bacillus safensis MG021183 

 

 

 

Figure 4.13 Phylogenetic tree showing taxonomic relationship of isolates BGUMS93, 

SBSK-430 and BGUMS66 with other type strains; E. coli and P. aeruginosa are the out 

groups. 
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4.4 Optimization of Media for production of crude tyrosinase inhibitor by   

SBSK-430 

4.4.1. Classical Approach 

4.4.1.1 Carbon source media optimization for crude tyrosinase inhibitor 

Optimization of tyrosinase inhibitor which was carried out in batch culture showed a 

significant difference in the production of tyrosinase inhibitor with ten different carbon 

sources in shaker (p=0.00; F=147.865) as well as static (p=0.00; F=131.603) condition. 

The result shows that maximum production was in shaker rather than stationary condition 

except with D-galactose, sucrose and glycerol (Figure 4.14). However, maximum 

tyrosinase inhibitor production was observed in medium supplemented with D-mannitol 

(80.6 ± 3.14 %) on the 18th day and starch (83.4 ± 1.90 %) on the 12th day as the sole 

carbon source, followed by lactose (61.1 ± 3.85 %) on the 12th day. There is a significant 

difference in tyrosinase inhibitor production between D-mannitol, starch and lactose as the 

sole carbon sources respectively (p>0.05). 

 

4.4.1.2 Nitrogen source media  optimization for crude tyrosinase inhibitor 

The strain was able to grow and produce tyrosinase inhibitor in all the nitrogen sources 

with starch (p= 0.00; F= 256.462) and D-mannitol (p= 0.00; F= 907.091) as a carbon 

source respectively (Figure 4.15). However, maximum and consistent tyrosinase inhibiton 

was observed in medium supplemented with D-mannitol and yeast extract (80.6 ± 0.35 %) 

on the 15th day followed by ammonium sulphate with starch (80.6 ± 8.10 %). The result 

also showed that the medium supplemented with starch showed variation in production of 

the inhibitor. Thus, yeast extract was the preferred nitrogen source along with D-mannitol 

as the carbon source. 
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Figure 4.14 Production of crude tyrosinase inhibitor in 10 different carbon sources in 

shaker and stationary   condition. a) Glucose, b) D-mannose, c) D-galactose, d) Fructose, 

e) D-mannitol, f) Maltose, g) Sucrose,   h) Lactose,  i) Starch,  j) Glycerol  
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 Figure 4.15 Production of crude tyrosinase inhibitor in 10 different nitrogen sources in 

shaker condition using starch and D-mannitol as carbon source respectively. a) 

Ammonium sulphate, b) Urea, c) Sodium nitrate, d) Potassium nitrate, e) Glycine, f) 

Peptone, g) Beef extract, h) Yeast extract, i) Casein  j) Tryptone 
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4.4.1.3 Temperature optimization for maximum crude tyrosinase inhibitor production 

          SBSK-430 did not grow at temperatures 4˚C, 10˚C and 50˚C. The isolate showed 

abundant growth at 30˚C and 37˚C; and comparatively, less growth at 20˚C and 40˚C. 

Maximum tyrosinase inhibition activity was found at 37˚C (87 ± 1.00 %) followed by 

30˚C (83.6 ± 1.40 %) on 12th day (p= 0.003) (Figure 4.16). Further increase in 

temperature, a decrease in the production of the inhibitor was observed. The optimal 

temperature for the production of sufficient biomass to give higher concentration of crude 

tyrosinase inhibitor was found to be 37˚C. 

 

 

 

       Figure 4.16 Production of crude tyrosinase inhibitor at different temperature using D-

mannitol as carbon source and yeast extract as nitrogen source.  The mean for the same 

day with different letters shows significant difference (p < 0.05). 

 

 

4.4.1.4 pH optimization of medium for production of crude tyrosinase inhibitor: 

SBSK-430 did not grow in media with pH 2 to 4 and pH 10 to 12. As indicated in Figure 

4.17, the present study revealed that tyrosinase inhibitor production varied between pH 5 

to 9 (p= 0.008). However, highest tyrosinase inhibitor activity was found at pH 7.0 (87.0 ± 

1.00 %).  
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        Figure 4.17 Production of crude tyrosinase inhibitor at different pH using D-mannitol as 

carbon source and yeast extract as nitrogen source. The means for the same day with 

different letters shows significant difference (p < 0.05). 

 

 

4.4.1.5 Salinity optimization for crude tyrosinase inhibitor: 

The tyrosinase inhibitory activity of SBSK-430 reduced by more than 60%; this was 

recovered by growing the isolate in its natural condition (saltpan sediment agar – 

Appendix I). However, the recovered activity was 45.4%.  

 

In the present study, the isolate SBSK-430 showed no growth in medium with salinity 

above 8% (w/v). As indicated in Figure 4.18, the study revealed that tyrosinase inhibitor 

production varied between salinity 0 to 8% (p= 0.00; F= 329.826). However, maximum 

inhibitory activity (45.4 ± 1.40 %) was found on the 12th day, when the isolate SBSK-430 

was grown with 0.1% NaCl in the medium. The production of tyrosinase inhibitor did not 

increase with further increase in salinity in the fermentation medium. 
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         Figure 4.18 Production of crude tyrosinase inhibitor at different salinity  

 

 

4.4.1.6 Carbon source concentration optimization for crude tyrosinase inhibitor: 

As indicated in Figure 4.19, tyrosinase inhibitor production varied with D-Mannitol 

concentration (p=0.00; F=59.147). Maximum inhibitory activity was found on the 9th day 

with 1% D-Mannitol in the medium (52.3 ± 3.74 %). However, the activity did not 

increase with further increase in D-Mannitol concentration. This is the first report of D-

mannitol used as a carbon source by actinobacteria for production of tyrosinase inhibitor.  

 

 

4.4.1.7 Nitrogen source concentration optimization for crude tyrosinase inhibitor  

Yeast extract is a complex source; it has total nitrogen content: 10.5% and amino nitrogen 

content of 4.5%. As indicated in Figure 4.20, the present study revealed that yeast extract 

(Hi-Media) concentration influenced tyrosinase inhibitor production (p= 0.00; F = 

209.048). Maximum inhibitory activity was found on the 9th day (51.5 ± 3.01 %) with 

0.2% yeast extract (containing 21 mg/l total nitrogen content) and on the 12th day (51.1 ± 

2.80 %) with 1% yeast extract (containing 105 mg/l total nitrogen content) in the medium. 

The activity declined above 1% yeast extract.  In addition, medium with no yeast extract 

showed drastic decrease in tyrosinase inhibitory activity. 
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Figure 4.19 Production of crude tyrosinase inhibitor at different concentrations of D-

mannitol. The means of the same day with different letters shows significant difference (p 

< 0.05). 

 

 

 

 

Figure 4.20 Production of crude tyrosinase inhibitor at different concentrations of yeast 

extract. The means of the same day with different letters shows significant difference (p < 

0.05). 
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4.4.1.8 Phosphate source concentration optimization for crude tyrosinase inhibitor:  

Phosphate source concentration showed vivid change in anti-tyrosinase activity (p = 0.00; 

F = 47.659) with maximum activity (71.0 ± 2.35 %) on the 12th day with 0.1% of 

dipotassium phosphate in the medium (Figure 4.21). In addition, absence of phosphate in 

the medium showed no difference in the tyrosinase inhibitory activity.  

 

 

 

Figure 4.21 Production of crude tyrosinase inhibitor at different concentrations of 

phosphate source. The means of the same day with different letters shows significant 

difference (p < 0.05). 

  

 

4.4.1.9 Calcium carbonate optimization for crude tyrosinase inhibitor: 

Calcium carbonate was found to be the preferable source of the calcium ions used in the 

production media for the production of tyrosinase inhibitor by Streptomyces spp. 

(Nakashima et al., 2009; Takamatsu et al., 1996; Ishihara et al., 1991; Arai et al., 1997). 

Hence, calcium carbonate was varied in the medium to study the effect on the production 

of tyrosinase inhibitor by SBSK-430. The isolate solubilized calcium carbonate from the 

media. As indicated in Figure 4.22, calcium carbonate showed comparable tyrosinase 

inhibitor production at varied concentrations. However, a sudden increase was observed 

on the 12th day with 0.4% calcium carbonate (i.e 1.6 g/L of calcium ions) in the medium 

(70.5 ± 1.45 %). In addition, the medium without calcium carbonate the activity was 

comparable with the fermentation medium with calcium carbonate.   
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Figure 4.22 Production of crude tyrosinase inhibitor at different concentrations of calcium 

carbonate. The means of the same day with different letters shows significant difference (p 

< 0.05). 
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4.4.2 Statistical Approach for medium optimization 

4.4.2.1 Medium optimization by RSM-GA 

Based on the identification of effective variables by OFAT, a central composite design 

(CCD) was developed for enhancing the tyrosinase inhibition activity (Table 3.10) and the 

adequacy of the model was tested. An average of triplicate values obtained for each 

experimental run was taken as the dependent variable (Table 4.8). RSM generated the 

following second order polynomial regression equation with empirical relationship 

between D-mannitol, yeast extract, sodium chloride and tyosinase inhibition activity: 

 

Y = +72.09+3.79*A+1.29*B+1.63*C-8.75*A*B+7.27*A*C-12.10*B*C-8.53*A2-

18.73*B2-17.03*C2                                                                                           eq(1) 

 

Where Y is the response (tyrosinase inhibition activity) and A, B and C are coded values 

of the independent variables D-mannitol, yeast extract and sodium chloride respectively.  

 

The predicted and actual values of the experimental data showed less variation as depicted 

in Table 4.8 and Figure 4.23. The data suggests that the increase in tyrosinase inhibitory 

activity by SBSK430 is not growth associated. The analysis of variance for the selected 

model showed that the model was significant with a Model F-value of 20.26, a very low 

probability value <0.0001 (Table 4.9), R2= 0.948 and Adj R2=0.9012. A low coefficient of 

variable of 18.27% demonstrated that the experiment was precise and reliable. Adequate 

precision measures the signal-to-noise ratio; a ratio of 12.516 indicates an adequate signal, 

suggesting that the model can be used to navigate the design space. The lack of fit F-value 

of 0.44 implies the lack of fit is not significant relative to the pure error. There is an 80.4% 

chance that a Lack of fit F-value this large could occur due to noise. The significance of 

each coefficient was evaluated by F-value and P-value of the regression analysis (Table 

4.10).   
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Table 4.8 Predicted and actual values of media optimization for tyrosinase inhibitor 

production by SBSK-430 

Run 

Variables (%, w/v) 
Biomass 

(mg/mL) 

Tyrosinase 

inhibition activity 

(%) 

D- 

Mannitol 

Yeast 

extract 

Sodium 

chloride 
Actual Predicted 

1 -1 -1 -1 4.2 0.0 -2.5 

2 -1 +1 +1 6.0 5.9 8.0 

3 -1 +1 -1 5.7 43.9 41.8 

4 +1 +1 -1 6.7 19.3 17.3 

5 0 +1 0 6.5 41.9 44.7 

6 -1 -1 +1 4.8 10.0 10.4 

7 0 0 +1 5.5 49.0 46.7 

8 +1 -1 +1 6.9 49.5 50.1 

9 0 0 0 5.2 65.0 62.1 

10 0 0 -1 4.8 34.9 43.4 

11 0 -1 0 5.6 38.6 42.1 

12 +1 0 0 6.6 54.9 57.4 

13 0 0 0 6.3 70.0 62.1 

14 -1 0 0 5.5 46.0 49.8 

15 0 0 0 6.4 50.0 62.1 

16 +1 -1 -1 6.9 10.0 10.4 

17 +1 +1 +1 7.9 10.0 10.9 

18 0 0 0 6.2 70.0 62.1 

19 0 0 0 5.9 58.0 62.1 

20 0 0 0 5.9 72.0 62.1 
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Figure 4.23 Predicted vs actual values plot for medium optimization for tyrosinase 

inhibitor production 

 

 

Table 4.9 ANOVA for the selected quadratic model 

Source 
Sum of 

squares 
Degree of freedom 

Mean 

squares 
F-value p>F 

Model 9707.81 9 1078.65 20.26 <0.0001 

Residual 532.48 10 53.25   

Lack of fit 163.65 5 32.73   

Pure Error 368.83 5 73.77   

Total 10240.29     
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Table 4.10 Result of regression analysis of experimental design 

Source Mean square F-value Prob>F 

Model 9707.81 20.26 <0.0001 

A 143.64 2.70 0.1315 

B 16.64 0.31 0.5884 

C 26.57 0.50 0.4961 

AB 612.50 1150 0.0069 

AC 423.40 7.95 0.0182 

BC 1171.28 22.00 0.0009 

A2 200.18 3.76 0.0812 

B2 964.92 18.12 0.0017 

C2 797.73 14.98 0.0031 
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The normal plot of residuals was linear; thus error terms were normally distributed 

indicating no signs of a problem in the model (Figure 4.24). Perturbation graph (Figure 

4.25) compares the effect of every factor on a particular point using space design, 

suggesting that all three variables show significant mutual interaction with each other. The 

3D response surface and 2D contour plots are the graphical representation of the 

regression equation, indicating the interaction of the factors with the response (Figure 

4.26).  Each contour curve in the graph represents a number of combinations of two 

influencing variables with the other being constant; with maximum predicted value 

confined in the smallest ellipse. Figure 4.26a describes the effect of D-mannitol and yeast 

extract on enhancing tyrosinase inhibition activity, sodium chloride being fixed at the 

middle level. The tyrosinase inhibition activity increases with increase of both the 

components. Figure 4.26b and 4.26c also shows a similar trend. In addition, sodium 

chloride above 1.5 g/l showed a decrease in activity, with increasing concentration of D-

mannitol (Figure 4.26b). The model predicts that the maximum tyrosinase inhibition 

activity (72.8 %) can be obtained using 15 g/L D-mannitol, 5.6 g/L yeast extract and 1.2 

g/L sodium chloride in the fermentation media.  The verification of the results was carried 

out by shake flask method using optimum concentrations of each parameter predicted by 

the model, and the maximum activity was found to be 75.5%; which was significantly 

close to the predicted response. This is the first report of media optimization of tyrosinase 

inhibition activity production by Kitasatospora sp. using response surface methodology 

with 1.1 fold increase in activity than that of OFAT optimized media.  

 

The non-linear equation (1) of tyrosinase inhibition activity was used as fitness function 

for optimization using GA tools. The fitness of individual population is represented in 

Figure 4.27.The tyrosinase inhibition was found to be 72.2% under optimal process 

conditions, close to the predicted RSM activity.  
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Figure 4.24 Normal residual plot for tyrosinase inhibitor activity 

 

 

 

 

Figure 4.25 Perturbation graph showing the effect of each independent variable (D-

mannitol, yeast extract and sodium chloride) on tyrosinase inhibitor production by SBSK-

430. 

 

 

Design-Expert® Software
Tyrosinase Inhibition

Color points by value of
Tyrosinase Inhibition:

72

0

Internally  Studentized Residuals

N
o

rm
a

l %
 P

ro
b

a
b

ili
ty

Normal Plot of Residuals

-1.76 -0.96 -0.16 0.64 1.45

1

5

10

20

30

50

70

80

90

95

99

Design-Expert® Software

Tyrosinase Inhibition
Tyrosinase Inhibition

Actual Factors
A: Mannitol = 1.25
B: Yeast Extract = 0.60
C: Sodium Chloride = 0.10

Perturbation

Dev iation f rom Ref erence Point (Coded Units)

T
yr

o
si

n
a

se
 In

h
ib

iti
o

n

-1.000 -0.500 0.000 0.500 1.000

0

18

36

54

72

A

A

B
BC

C



Chapter IV: Results 
 

Fernandes MS, 2019, Goa University    88 

 

Figure 4.26 Surface and contour plots showing effect of D-mannitol and yeast extract (a 

and b), D-mannitol and sodium chloride (c and d) and sodium chloride and yeast extract (e 

and f) on tyrosinase inhibitor activity; keeping the other variables constant. 
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Figure 4.27 Fitness of the individual population 

 

 

4.4.3 Relationship of cell biomass and tyrosinase inhibitor production by SBSK-430  

SBSK-430 showed exponential growth on the 3rd day with maximum growth (7.0 ± 0.02 

mg/mL) on the 9th day followed by stationary phase in the medium optimized by RSM 

(Figure 4.28). In addition, mild tyrosinase inhibitory activity was observed during 

exponential phase of growth and a drastic peak of activity (72.5 ± 0.64 %) was observed at 

the stationary phase (6.7 ± 0.01 mg/mL). The comparative assessment of medium 

composition optimized by classical and statistical approaches are represented in table 

4.11and 4.12. 

 

 

 

Figure 4.28 Relationship between cell biomass and tyrosinase inhibitor production using 

RSM-GA optimised fermentation media 

 



Chapter IV: Results 
 

Fernandes MS, 2019, Goa University    90 

 

 

Table 4.11 Composition of fermentation media optimized by different methods 

Media Composition 
Optimization Method 

OFAT (g/L) RSM-GA (g/L) 

D- Mannitol 10.0 15.0 

Yeast extract 2.0 5.6 

Sodium chloride 1.0 1.2 

Calcium carbonate 4.0 4.0 

Dipotassium phosphate 1.0 1.0 

Magnesium sulphate, heptahydrate 1.0 1.0 

Ferrous sulphate, heptahydrate Trace Trace 

MnCl2.7H20 Trace Trace 

ZnSO4.7H2O Trace Trace 

pH (at 25˚C) 7.0 ± 0.2 7.0 ± 0.2 

 

 

Table 4.12 Comparative assessment of the optimized media for tyrosinase inhibitor 

production by SBSK-430 

Sr. 

No. 

Fermentation 

media 

Activity 

(U/mL) 

Fold 

Increase 

1 Un-optimized media 0.011 - 

2 OFAT 0.0088 1.2 

3 RSM-GA 0.0080 1.4 
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4.5 Studies on Tyrosinase inhibitor produced by SBSK-430 

Several methods were attempted for purification of tyrosinase inhibitor produced by 

SBSK-430. All the fractions except F4 following strata column and fraction B showed 

tyrosinase inhibition (Table 4.13). The data also suggests that the metabolite is 

extracellular.  However, the activity was found lower than 20% using strata column 

approach. Therefore, different method for purification of the inhibitor such as solvent 

extraction and gel filtration chromatography was carried out.  

 

On carrying out sequential solvent extraction, the metabolite was extracted only in butanol 

and chloroform (Table 4.14).  However, the activity was found to be low (< 25%) whereas 

the aqueous extract showed the maximum activity 

 

 

Table 4.13 Tyrosinase inhibitory activity of the fractions from strata column 

Fractions % Inhibition 

F1 12.9 ± 1.00 % 

F2 20.4 ± 0.80% 

F3 11.5 ± 1.00 % 

F4 0 ± 0.00 % 

Fraction B 0 ± 0.00 % 

*Values are mean of triplicate ± SD. 

 

Table 4.14 Tyrosinase inhibition from different solvent extracts of SBSK-430 

Solvent extracts % Inhibition 

Butanol 14.8 ± 8.50 % 

Ethyl acetate 0 ± 0.00 % 

Chloroform 13.8 ± 1.00 % 

Diethyl ether 0 ± 0.00 % 

Petroleum ether 0 ± 0.00 % 

Aqueous 80 ± 1.00 % 

*Values are mean of triplicate ± SD. 
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Tyrosinase inhibitor from SBSK-430 cell free extract was purified using a gel filtration 

column. The elution profile revealed tyrosinase inhibitory activity was distributed 

throughout the fractions (Figure 4.29). Further, the elutes collected from the column 

having tyrosinase inhibitory activity were pooled and concentrated as mentioned in Table 

4.15. Maximum activity was found in pooled fraction 2 (43.9%), suggesting the presence 

of the active compound.  

 

Figure 4.30 reveals nine distinct peaks by LC chromatogram of the pooled fraction F2 of 

SBSK-430 depicting activity could be due to combination of one or more compounds. The 

mass spectrum was generated for each peak using TIC and database of the hits generated 

is mentioned in Table 4.16. However, the compounds from the database are reported from 

different sources and are not of microbial origin, suggesting the possibility of a novel 

tyrosinase inhibitor from the strain SBSK-430. The database suggests that the compound 

is of low molecular weight and it varies between 189 to 700 Da.  

 

 

 

Figure 4.29 Elution profile of tyrosinase inhibitor from SBSK-430 from sephadex G-25 

column 

 

 

 

 



Chapter IV: Results 
 

Fernandes MS, 2019, Goa University    93 

 

 

Table 4.15 Fractions and tyrosinase inhibitor activity profile from sephadex G-25 

Pooled Fractions 
Cumulative eluted volume 

(mL) 
% Inhibition 

F1(elute tube 5 -11) 15-33 20.5 

F2(elute tube 36 -50) 108-150 43.9 

F3(elute tube 59 -73) 177-219 19.8 

F4(elute tube 76 -83) 228-249 32.5 

F5(elute tube 86 -93) 258-279 26 

 

 

 

 

 

Figure 4.30 Liquid chromatogram for pooled fraction F2 of SBSK-430 
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Table 4.16 Database of compound hits from the LCMS chromatogram 

Sr. 

No. 
Compound Label 

Retention 

Time 

(RT) 

m/z 

1 5-(3,4-Dihydroxyphenyl)-5-ethylbarbituric acid 0.821 264.0756 

2 Arg Met Gln 4.908 416.209 

3 BMPN-benzoic acid glucuronide 4.909 437.138 

4 His Arg His 5.025 448.2276 

5 Unknown compound 1 5.23 459.2279 

6 GPGro(8:0/8:0)[U] 5.274 498.2614 

7 Arg Gln Arg 5.275 458.269 

8 10-deoxymethymycin 5.277 453.3133 

9 

1alpha-hydroxy-23-[3-(1-hydroxy-1-

methylethyl)phenyl]-22,22,23,23-tetradehydro-

24,25,26,27-tetranorv 

5.784 474.3133 

10 NƐ, NƐ, NƐ – Trimethyllysine 5.784 189.1588 

11 Unknown compound 2 6.700 678.4982 

12 Unknown compound 3 6.704 700.4802 

13 11-amino-undecanoic acid 8.222 201.171 

14 Unknown compound 4 8.535 186.1172 

15 12-aminododecanoic acid 9.523 215.1864 

16 Dihydrocelastrol 14.206 452.2935 

17 Unknown compound 5 14.222 492.3013 
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4.6 Extraction of antifungal compound from BGUMS 93 

Fraction A of BGUMS 93 showed antifungal activity against T. harzianum and L. 

fungicola, however, no activity was observed with Fraction B, suggesting the metabolite is 

extracellular (Table 4.17). On sequential solvent extraction, activity was observed with 

butanol extract against both the pathogens, however, higher activity was found with 

chloroform extract (25 ± 1.00 mm) against L. fungicola. Lipopeptide extract showed 

activity against both the pathogens, initially suggesting that the antifungal compound 

could be a lipopeptide. However, the activity of the lipopeptide extract was lower 

compared to that of the solvent extraction. Conversely, butanol extract (16 ± 1.15 mm) and 

lipopeptide extract (15 ±1.15 mm) showed no significant difference against L. fungicola 

suggesting the active metabolite is a lipopeptide. Chloroform extract showed maximum 

activity against L. fungicola, depicting it could be a peptide, fatty acid or amino acids. 

Since activity against L. fungicola was by three solvent extracts viz butanol (16 ± 1.15 

mm), ethyl acetate (22 ± 0.58 mm) and chloroform (25 ± 1.00 mm) as well as lipopetide 

extract (15 ±1.15 mm), the activity could be due to the combination of one or more 

metabolites (Table 4.17, Figure 4.31).  

 

The butanol extract formed seven purple spots on TLC plate with butanol, solely as the 

mobile phase and ninhydrin reagent as the indicator (Rf = 0.05, 0.09, 0.14, 0.22, 0.3, 0.42 

and 0.51) suggesting the presence of amino acids and could probably be components of a 

peptide or lipopetide (Figure 4.32).  

 

Table 4.17 Antifungal activity of solvent extracts of BGUMS93 

Solvent System 

Percent Inhibition (%) 

T. harzianum MTCC 

3178 

L. fungicola MTCC 

2061 

Fraction A 5% 7% 

Fraction B - - 

Butanol 13% 13% 

Ethyl acetate - 24% 

Chloroform - 31% 

Diethyl ether - - 

Petroleum ether - - 

Lipopeptide extract 8% 11% 

Cell free supernatant 11% 34% 
* (-) refers to no activity 
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Figure 4.31 Antagonistic activity profile of extracted metabolite of BGUMS93 against 

(A) T. harzianum and (B) L. fungicola 

 

 

 

 

 

Figure 4.32 Thin layer chromatography of (a) Butanol extract and (b) Chloroform extract 
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4.7 Extraction of proteinase inhibitor from BGUMS66 

On sequential solvent extraction, proteinase inhibition was observed in all the solvent 

extracts, suggesting more than one metabolite contributing for its activity. However, 

highest activity was found in butanol extract (94.0 ± 1.85 %), which depicts that the 

metabolite could be a peptide or fatty acid (Table 4.18).  

 

 

Table 4.18 Proteinase inhibition from different solvent extracts of BGUMS66 

Solvents % Inhibition 

Butanol 94.0 ± 1.85 % 

Ethyl acetate 38.6 ± 4.10 % 

Chloroform 41.4 ± 1.66 % 

Diethyl ether 84.7 ± 9.70 % 

Petroleum ether 55.4 ± 13.20 % 

Aqueous Extract 71.8 ± 1.40 % 

*Values are mean of triplicate ± SD. 
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4.8 In-situ Trial on mushrooms 

4.8.1 Shelf-life of A. bisporus monitoring of fruiting body quality as a function of 

time 

Table 4.19 shows decrease in all the quality parameters with time. Consumer subjective 

organo-sensory descriptor suggests that the mushroom does not appeal consumable after 5 

days of storage at ambient temperature. There was a gradual loss in the weight of 

mushrooms upto 5 days with further drastic loss after days of storage (22.7 ± 5.69 %) 

(Figure 4.33). In addition, the deterioration rate of A. bisporus was impediment with time 

(Figure 4.34, Table 4.20). Figure 4.35 shows the increase in crystalline deposits and 

melanination after 10 days. The presence of laticierous hyphae was found in stipe, pileus 

and epidermis cross section. There was an increase in melanin and crystalline deposits 

with time. 

 

 

 

Figure 4.33 Weight loss profile of A. bisporus over a period of 10 days 
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Figure 4.34 Deterioration profile of A. bisporus over a period of 10 days 

 

 

 

 

Figure 4.35 Cross-section of different tissue (Epidermis, Pileus context & Stipe context) 

of mushroom on 1 day and 10 day. (a) & (d) Section of epidermis on 1st & 10th day 

respectively; (b) & (e) Section of Pileus context on 1st and 10th day; (c) & (f) Section of 

stipe context on 1st & 10th day respectively.  

 

 



 

Table 4.19 Different physical attributes index of mushroom (A. bisporus) 

Days 
Chromogenic 

descriptor 

Biomechanical 

change 

descriptor 

Glycobiological 

process 

descriptor 

Sensory 

descriptor 

Chemoattractant 

descriptor 

PCD 

descriptor 

Consumer 

subjective 

organosensory 

descriptor 

1 100±0.0 100± 0.0 100± 0.0 100± 0.0 100± 0.0 100± 0.0 100± 0.0 

2 80± 0.0 90± 0.0 100± 0.0 90± 0.0 100± 0.0 100± 0.0 90± 0.0 

3 76.7± 5.8 90± 0.0 96.7± 5.8 85± 0.0 100± 0.0 100± 0.0 90± 0.0 

4 70± 0.0 86.7± 5.8 100± 0.0 83.3± 2.9 100± 0.0 90± 0.0 85± 0.0 

5 66.7± 5.8 80± 0.0 100± 0.0 80± 0.0 100± 0.0 60± 0.0 83.3± 2.9 

6 73.3± 5.8 56.7± 20.8 83.3± 11.5 70± 10.0 80± 0.0 60± 0.0 36.7± 20.8 

7 66.7± 5.8 60± 17.3 63.3± 20.8 46.7± 25.2 80± 0.0 50± 0.0 16.7± 20.8 

8 56.7± 5.8 46.7± 15.3 0± 0.0 0± 0.0 46.7± 5.8 10± 0.0 0± 0.0 

9 46.7± 5.8 33.3± 15.3 0± 0.0 0± 0.0 0± 0.0 10± 0.0 0± 0.0 

10 10± 10.0 36.7± 15.3 0± 0.0 0± 0.0 0± 0.0 10± 0.0 0± 0.0 

*Values are mean of triplicate ± SD. 
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Table 4.20 Quality deterioration scoring matrix of Agaricus bisporus  

Days 

Descriptor 

Pileus 

Pileus 

marginal 

color 

Pileus 

marginal 

scales 

Pileus 

context 

color 

Stipe 

color 

Pileus 

margin 
Membrane 

Stipe 

context 

1 5.5 ± 1.73 5.8 ± 1.73 6.0 ± 1.73 7.3 ± 0.58 5.8 ± 0.00 2.8 ± 2.89 7.5 ± 0.58 8.0 ± 0.00 

2 4.7 ± 0.58 4.7 ± 0.58 6.0 ± 1.73 7.0 ± 1.73 5.0 ± 0.00 3.3 ± 2.89 7.7 ± 0.58 7.7 ± 0.58 

3 4.7 ± 0.58 5.0 ± 0.00 5.0 ± 0.00 7.7 ± 0.58 4.3 ± 0.58 1.3 ± 1.15 7.3 ± 1.15 6.7 ± 1.53 

4 4.3 ± 0.58 4.3 ± 0.58 4.7 ± 0.58 7.0 ± 0.00 4.7 ± 0.58 0.3 ± 0.58 6.7 ± 1.53 6.0 ± 2.00 

5 4.7 ± 0.58 4.3 ± 0.58 4.0 ± 0.00 7.7 ± 0.58 4.3 ± 1.15 0.3 ± 0.58 4.0 ± 1.00 5.3 ± 1.15 

6 4.0 ± 1.00 3.3 ± 0.58 3.3 ± 0.58 5.0 ± 2.00 3.7 ± 0.58 1.3 ± 2.31 2.0 ± 2.65 1.3 ± 1.15 

7 4.0 ± 0.00 3.3 ± 0.58 3.3 ± 0.58 4.0 ± 0.00 3.0 ± 1.00 0.0 ± 0.00 0.0 ± 0.00 1.3 ± 1.15 

8 2.0 ± 1.00 2.3 ± 0.58 3.0 ± 0.00 3.0 ± 1.00 3.0 ± 1.00 0.0 ± 0.00 0.0 ± 0.00 0.3 ± 0.58 

9 2.3 ± 1.53 2.3 ± 0.58 2.3 ± 0.58 3.0 ± 0.00 3.0± 1.00 0.0 ± 0.00 0.3 ± 0.58 0.0 ± 0.00 

10 1.0 ± 1.00 1.0 ± 1.00 2.7 ± 0.58 2.0 ± 1.00 2.3 ± 1.15 0.0 ± 0.00 0.0 ± 0.00 0.0 ± 0.00 

*Values are mean of triplicate ± SD 
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4.4.1 Trial of crude Presumptive Bioactive Extract (PBE) on freshly harvested 

mushroom 

The deterioration of mushrooms in all treatments declined with time (p= 0.035; F= 1.667) 

(Figure 36). However, the deterioration rate of the mushrooms treated with PBE was 

gradual as compared to the controls (Figure 37). The mushrooms treated with PBE showed 

lower deterioration rate compared to all the controls (p= 0.001); whereas the deterioration 

rate of mushroom in the control treatment were similar (p > 0.05). In addition, there was 

an impact of the treatments on each quality attribute of A. bisporus (Table 4.21) (p = 

0.000; F = 3.511).  However, significant impact was observed only on pileus (p = 0.000), 

pileus marginal color (p = 0.005), stipe color (p = 0.000), pileus margin (p = 0.025) and 

membrane of the mushrooms (p = 0.012). There was no significant impact of the 

treatments on the pileus and stipe context as well as pileus marginal scales. 

 

There was no significant difference in weight loss of mushrooms between all treatments (p 

> 0.05), however, weight of the mushrooms declined over time in all treatments (p = 0.00; 

F= 4.506) (Figure 4.38). In contrast, the weight loss after 10 days in mushrooms treated 

with PBE (22.4% ± 0.8) was found to be equivalent to the positive control (22.4% ± 1.9). 

In addition, there was a higher weight loss after 10 days in mushrooms treated with 

Nutrient broth (31.0% ± 3.0) and untreated mushrooms (30.4% ± 4.4) (Figure 4.38). The 

aroma and texture of the pileus was unaffected with the treatments (p > 0.05) (Table 4.22).  
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Figure 4.36 Mushroom browning after 10 days of storage at 25˚C with different 

treatments   

 

 

 

 

Figure 4.37 Deterioration score of mushrooms subjected to different treatments (p<0.05). 

Different superscript letters are statistically significant for each day, by subsequent post 

hoc multiple comparison with Tukey HSD test. 

 



 

Table 4.21 Sensory quality assessment (10 point) of A. bisporus subjected to different treatments  

Days 
Descriptor 

1 2 3 4 5 6 7 8 

Treatment 1: Cell free broth of SBSK430 (PBE) 

1 5.0 ± 0.00a 5.0 ± 0.00 a 5.0 ± 0.00 a,b 8.0 ± 0.00 a 8.0 ± 0.00 a 0.3 ± 0.58 a 7.7 ± 0.58 a 8.0 ± 0.00 a,b 

2 5.0 ± 0.00a 4.7 ± 0.58 a,b 5.0 ± 0.00 a,b 8.0 ± 0.00 a 7.7 ± 0.58 a 0.3 ± 0.58 a 7.7 ± 0.58 a 8.0  ± 0.00 a,b 

3 4.7 ± 0.58a 4.7 ± 0.58 a,b 4.7 ± 0.58 a,b,c 8.0 ± 0.00 a 4.7 ± 0.58 b,c 1.0 ± 1.73 a 8.0 ± 0.00 a 7.7 ± 0.58 a,b 

4 4.3 ± 0.58a,b 4.3 ± 0.58 a,b,c 5.0 ± 1.00 a,b 4.7 ± 1.15 b,c,d 5.0 ± 0.00 b 0.3 ± 0.58 a 6.7 ± 1.53 a,b 6.7 ± 0.58 a,b 

5 5.0 ± 0.00a 5.0 ± 1.00 a 5.3 ± 1.15 a 5.7 ± 0.58 b 5.3 ± 0.58 b 1.3 ± 1.53 a 6.7 ± 1.53 a,b 5.7 ± 3.21 b 

6 4.3 ± 0.58a,b 4.3 ± 0.58 a,b,c 4.3 ± 0.58 a,b,c 5.0 ± 1.00 b,c,d 4.7 ± 0.58 b,c 0.0 ± 0.00 a 0.0 ± 0.00 c 1.7 ± 1.53 c 

7 4.0 ± 0.00a,b 3.7 ± 0.58 a,b,c 3.0 ± 0.00 c 5.3 ± 0.58 b,c 4.0 ± 1.00 b,c 1.0 ± 1.00 a 2.0 ± 3.46 c 1.3 ± 1.53 c 

8 3.3 ± 0.58b 3.0 ± 0.00 c 3.0 ± 0.00 c 3.3 ± 0.58 d 4.0 ± 0.00 b,c 1.0 ± 1.00 a 3.0 ± 1.00 b,c 1.3 ± 1.15 c 

9 3.3 ± 0.58b 3.3  ± 0.58 b,c
 3.3  ± 0.58 b,c

 3.7 ± 0.58 c,d 3.3 ± 0.58 c 1.0 ± 1.73 a 2.0 ± 2.00 c 0.0 ± 0.00 c 

10 3.3 ± 0.58b 3.3 ± 0.58 b,c 3.3 ± 0.58 b,c 3.7 ± 0.58 c,d 3.3 ± 0.58 c 0.0 ± 0.00 a 0.7 ± 1.15 c 0.3 ± 0.58 c 

Treatment 2: Sterile Distilled water 

1 5.0  ± 0.00 a 4.7 ± 0.58 a 4.7 ± 0.58 a,b 7.7 ± 0.58 a 8.0 ± 0.00 a 1.3 ± 2.31 a 8.0 ± 0.00 a 8.0 ± 0.00 a,b 

2 5.0  ± 0.00 a 5.0 ± 0.00 a 5.0 ± 0.00 a 8.0 ± 0.00 a 7.3 ± 0.58 a,b 1.3 ± 1.53 a 6.7 ± 0.58 a 8.0 ± 0.00 a,b 

3 5.0  ± 0.00 a 4.7 ± 0.58 a 3.7 ± 0.58 a,b,c 6.7 ± 1.15 a,b 5.7 ± 0.58 b,c 1.0 ± 1.00 a 7.0 ± 1.00 a 7.3 ± 0.58 b,c 

4 4.7  ± 0.58 a 4.7 ± 0.58 a 4.3 ± 0.58 a,b,c 6.0 ± 1.00 a,b 4.7 ± 0.58 c,d 2.3 ± 2.08 a 6.7 ± 0.58 a 6.7 ± 0.58 b,c 

5 4.7  ± 0.58 a 4.7 ± 0.58 a 4.3 ± 0.58 a,b,c 6.7 ± 0.58 a,b 4.3 ± 0.58 c,d 0.0 ± 0.00 a 7.0 ± 1.00 a 5.3 ± 1.15 c 

6 3.7  ± 0.58 a,b 4.0 ± 1.00 a,b 3.0 ± 1.00 c 5.0 ± 0.00 b,c 3.0 ± 1.00 d,e 0.0 ± 0.00 a 2.3 ± 1.15 b 2.0 ± 1.73 d 

7 3.7  ± 0.58 a,b 2.3 ± 0.58 b,c 4.3 ± 0.58 b,c 4.7 ± 1.52 b,c 4.3 ± 0.58 c,d 0.0 ± 0.00 a 0.0 ± 0.00 c 1.3 ± 0.58 d 

8 3.7  ± 0.58 a,b 2.7 ± 0.58 b,c 3.3 ± 0.58 b,c 3.7 ± 0.8 c 4.0 ± 0.00c,d,e 0.67 ± 1.15 a 0.0 ± 0.00 c 0.6 ± 1.15 d 

9 3.7  ± 0.58 a,b 1.3 ± 0.58 c 3.0 ± 0.00 c 3.3 ± 0.58 c 3.0 ± 0.00 d,e 0.0 ± 0.00 a 0.0 ± 0.00 c 0.0 ± 0.00 d 

10 2.3  ± 1.15 b 1.0 ± 1.00 c 3.3 ± 4.04 b,c 1.0 ± 1.00 d 2.3 ± 1.53 e 0.0 ± 0.00 a 0.0 ± 0.00 c 0.0 ± 0.00 d 

Treatment 3: Sterile Nutrient broth 

1 5.0 ± 0.00 a 4.7 ± 0.58 a,b 5.0 ± 0.00 a,b 8.0 ± 0.00 a 6.0 ± 1.73 a 1.7 ± 2.89 a 8.0 ± 0.00 a 7.7 ± 0.58 a 
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2 5.0 ± 0.00 a 4.7 ± 0.58 a,b 5.3 ± 0.58 a 7.7 ± 0.58 a 6.0 ± 0.00 a,b 1.3 ± 2.31 a 8.0 ± 0.00 a 7.0 ± 1.00 a 

3 5.0 ± 0.00 a 5.0 ± 0.00 a 4.7 ± 0.58 a,b,c 7.0 ± 0.00 a,b 4.7 ± 0.58 a,b 1.0 ± 1.73 a 7.3 ± 0.58 a 6.7 ± 0.58 a 

4 4.3 ± 0.58 a,b 4.0 ± 1.00 a,b 5.0 ± 0.00 a,b 6.0 ± 1.00 a,b,c 4.7 ± 0.58 a,b 2.3 ± 0.58 a 7.6 ± 0.58 a 5.3 ± 0.58 a,b 

5 4.0 ± 0.00 a,b 4.3 ± 0.58 a,b 4.3 ± 0.58 a,b,c 6.0 ± 0.00 a,b,c 4.3 ± 0.58 a,b 2.0 ± 1.00 a 6.0 ± 1.00 b 6.3 ± 0.58 a 

6 4.3 ± 0.58 a,b 4.3 ± 0.58 a,b 4.3 ± 0.58 a,b,c 5.0 ± 1.00 b,c,d 4.7 ± 0.58 a,b 0.0 ± 0.00 a 0.0 ± 0.00 c 1.7 ± 1.53 c,d 

7 3.0 ± 0.00 b,c 2.3 ± 2.08 b,c 3.3 ± 1.53 a,b,c 3.3 ± 1.53 d,e 4.7 ± 0.58 a,b 1.0 ± 0.00 a 0.0 ± 0.00 c 3.3 ± 0.58 b,c 

8 3.3 ± 0.58 a,b,c 3.3 ± 0.58 a,b,c 3.0 ± 1.00 b,c 4.0 ± 1.00 c,d 3.3 ± 0.58 b 0.7 ± 1.15 a 0.0 ± 0.00 c 0.7 ± 1.15 d 

9 3.3 ± 0.58 a,b,c 3.3 ± 0.58 a,b,c 2.7 ± 0.58 c 3.0 ± 0.00 d,e 4.0 ± 0.00 a,b 0.0 ± 0.00 a 0.0 ± 0.00 c 0.0 ± 0.00 d 

10 1.7 ± 1.53 c 1.0 ± 1.00 c 3.3 ± 0.58 a,b,c 1.3 ± 1.15 e 3.0 ± 1.73 b 0.3 ± 0.58 a 0.0 ± 0.00 c 1.0 ± 1.00 c,d 

Treatment 4: Untreated control  

1 5.0 ± 0.00 a 5.0 ± 0.00 a 5.0 ± 0.00 a 8.0 ± 0.00 a 5.0 ± 0.00 a,b 7.7 ± 0.58 a 8.0 ± 0.00 a,b 8.0 ± 0.00 a,b 

2 5.0 ± 0.00 a 5.0 ± 0.00 a 5.0 ± 0.00 a 8.0 ± 0.00 a 7.0 ± 1.73 a 1.7 ± 2.89 a 8.0 ± 0.00 a,b 8.0 ± 0.00 a,b 

3 5.0 ± 0.00 a 5.0 ± 0.00 a 4.3 ± 0.58 a,b,c 7.0 ± 0.00 a,b 4.3 ± 0.58 b,c 2.3 ± 2.08 a 6.7 ± 1.53 b,c 7.0 ± 1.00 b 

4 5.0 ± 0.00 a 4.3 ± 0.58 a 4.7 ± 0.58 a,b 7.3 ± 0.58 a 4.7 ± 0.58a,b,c 1.0 ± 1.00 a 7.0 ± 1.00 b,c 6.0 ± 1.73 b 

5 3.7 ± 0.60 a,b 3.7 ± 0.60 a,b 4.3 ± 0.60 a,b,c 5.3 ± 0.60 b,c 4.7 ± 0.60a,b,c 2.7 ± 2.30 a 5.0 ± 2.00 c 7.0  ± 1.00 b 

6 3.3 ± 0.60 a,b 4.0 ± 1.00 a,b 3.7 ± 0.60 a,b,c,d 5.0 ± 1.00 c,d 4.0 ± 1.00 b,c 0.0 ± 0.00 a 0.7 ± 1.20 d 0.0 ± 0.00 c 

7 3.3 ± 0.60 a,b 3.7 ± 0.60 a,b 3.3 ± 0.60 b,c,d 3.3 ± 0.60 d,e 3.3 ± 0.60 b,c 0.0 ± 0.00 a 1.0 ± 1.00 d 0.0 ± 0.00 c 

8 2.0 ± 1.00 a,b,c 2.3 ± 0.60 b,c 3.0 ± 0.00 c,d 3.0 ± 1.00 e 3.0 ± 1.00 b,c 0.0 ± 0.00 a 0.0 ± 0.00 d 0.3 ± 0.60 c 

9 2.3 ± 1.50 a,b,c 2.3 ± 0.60 b,c 2.3 ± 0.60 d 3.0 ± 0.00 e 3.0 ± 1.00 b,c 0.0 ± 0.00 a 0.3 ± 0.60 d 0.0 ± 0.00 c 

10 1.0 ± 1.00 c 1.0 ± 1.00 c 2.7 ± 0.60 d 2.0 ± 1.00 e 2.3 ± 1.20 c 0.0 ± 0.00 a 0.0 ± 0.00 d 0.0 ± 0.00 c 
*Values are mean of triplicate ± SD; means in the same column (for each parameter) with different small letters are significantly different (p < 0.05); (1) pileus color (2) pileus marginal color (3) pileus marginal scales (4) pileus context color (5) 

stipe color (6) pileus margin, (7) membrane and (8) stipe context 
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Figure 4.38 Effect of different treatments on weight loss of white button mushroom stored 

at 25˚C for 10 days (p<0.05). Different superscript letters are statistically significant for 

each day, by subsequent post hoc multiple comparison with Tukey HSD test. 
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Table 4.22 Sensory quality assessment of mushrooms for all treatments (n=3) 

Days 

Treatments 

Cell free broth of 

SBSK-430 (PBE) 

Sterile Distilled 

water 

Sterile Nutrient 

broth 

Untreated 

control 

Odor Firmness Odor Firmness Odor Firmness Odor Firmness 

1 

9.0 ± 

0.00 

 

9.0 ± 0.00 
9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

2 

9.0 ± 

0.00 

 

9.0 ± 0.00 
9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

3 

9.0 ± 

0.00 

 

9.0 ± 0.00 
9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

4 

9.0 ± 

0.00 

 

9.0 ± 0.00 
9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

9.0 ± 

0.00 

5 

7.7 ± 

2.31 

 

8.3 ± 1.15 
7.7 ± 

2.31 

8.3 ± 

1.15 

7.7 ± 

2.31 

9.0 ± 

0.00 

7.7 ± 

2.31 

8.3 ± 

1.15 

6 

7.7 ± 

2.31 

 

9.0 ± 0.00 
7.7 ± 

2.31 

9.0 ± 

0.00 

7.7 ± 

2.31 

8.3 ± 

1.15 

6.3 ± 

2.31 

9.0 ± 

0.00 

7 

2.3 ± 

1.15 

 

8.3 ± 1.15 
2.3 ± 

1.15 

8.3 ± 

1.15 

2.3 ± 

1.15 

3.7 ± 

2.89 

2.3 ± 

1.15 

8.3 ± 

1.15 

8 

1.7 ± 

1.15 

 

6.3 ± 1.15 
1.7 ± 

1.15 

5.7 ± 

2.52 

1.7 ± 

1.14 

4.3 ± 

2.31 

1.7 ± 

1.15 

4.3 ± 

1.15 

9 
1.0 ± 

0.00 
5.7 ± 1.15 

1.0 ± 

0.00 

4.3 ± 

2.31 

1.0 ± 

0.00 

4.3 ± 

1.15 

1.0 ± 

0.00 

3.7 ± 

1.15 

10 
1.0 ± 

0.00 
1.7 ± 1.15 

1.0 ± 

0.00 

1.7 ± 

1.15 

1.0 ± 

0.00 

1.7 ± 

1.15 

1.0 ± 

0.00 

2.3 ± 

2.31 
*Values are mean of triplicate ± SD.  
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4.8.3 Effect of tyrosinase inhibitor on mushroom quality  

4.8.3.1 Color analysis 

Changes in the color of A. bisporus was monitored by measuring L* (whitness/darkness), 

a* (redness/greenness) and b* (yellowness/blueness) (Table 4.23). With increase in 

storage period an increase in L* and b* values as well as a decrease in a* values was 

observed in all the treatments. There is a significant difference in whiteness (p=0.01; 

F=4.261) and yellowness (p=0.00; F=37.157) between the treatments. Treatment with the 

sample and the untreated control showed a higher L value compared to the treatment with 

sterile buffer control (p=0.00).  

 

During the storage period, A. bisporus treated with the buffer control became darker 

compared to the sample treatment and untreated control (Figure 4.39a). There was 

significant difference between all the treatments in terms of color variation (p=0.000; F= 

46.297). Similarly, the degree of browning of A. bisporus in all treatments increased over 

time (Figure 4.39b). There was a significant difference in browning in all treatments 

(p=0.000; F=38.270). However, BI values of mushrooms treated with sterile buffer were 

much higher compared to those treated with the sample on the 3rd (30.1 ± 9.85) and 4th day 

(46.9 ± 15.31). In contrast, mushrooms treated with the purified tyrosinase inhibitor and 

the untreated mushrooms showed similar BI (p>0.05) after 4th day. All the treatments were 

found to differ in the whiteness parameter of the mushroom over the period of 4 days 

(p=0.000; F=38.344) (Figure 4.39c). The greatest WI was observed in untreated 

mushrooms (90.5 – 76.4) which was similar to that of mushrooms treated with the purified 

tyrosinase inhibitor (90.8 – 70.0). WI of mushrooms treated with the tyrosinase inhibitor 

and control was significantly different after the 3rd day (p=0.010).  
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Table 4.23 Color changes in A. bisporus stored at 22˚C 

Days 

Treatments 

Purified Tyrosinase 

inhibitor (SBSK-430) 

Sterile Buffer 

control 

Untreated 

Control 

L* 

1 91.4 ± 1.59 a,A 88.6 ± 3.05 a,A 91.2 ± 2.05 a,A 

2 90.9 ± 2.42 a,A,B 90.7 ± 3.50 a,A 92.1 ± 2.98 a,A 

3 87.9 ± 3.66 a,B 82.6 ± 5.00 b,B 87.8 ± 3.31 a,B 

4 78.4 ± 2.13 a,C 70.7 ± 5.83 b,C 81.8 ± 1.79 a,C 

a* 

1 -1.7 ± 0.50 b,A -1.2 ± 0.67 b,A -2.6 ± 0.53 a,A,B 

2 -2.3 ± 0.50 a,A,B -2.6 ± 0.53 a,B -2.8 ± 0.44 a,A 

3 -2.7 ± 0.71 a,B -2.0 ± 1.00 a,A,B -1.8 ± 0.67 a,C 

4 -3.0 ± 1.00 a,B -2.6 ± 0.73 a,b,B -2.0 ± 0.50 b,B,C 

b* 

1 1.6 ± 1.42 a,A 2.4 ± 2.60 a,A 2.0 ± 1.87 a,A 

2 12.1 ± 3.55 a,B 14.8 ± 3.90 a,B 11.3 ± 4.09 a,B,C 

3 16.3 ± 3.97 b,B,C 22.8 ± 4.32 c,C 10.1 ± 4.37 a,B 

4 20.4 ± 3.84 b,C 28.0 ± 5.77 c,C 14.7 ± 2.35 a,C 

*values are mean of nine replicates ± SD; Means in the row with different lowercase letters are significantly different (p < 

0.05); means in the same column (for each parameter) with different capital letters are significantly different (p < 0.05) 
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Figure 4.39 Effect of treatments on (a) Total color difference (∆E), (b) Browning index 

(BI) and (c) Whiteness index (WI) of A. bisporus stored at 22˚C for 4 days. Each value is 

mean of nine replicates ± SD. Means of the same day with different letters are 

significantly different (p < 0.05) 
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4.8.3.2 Weight Loss 

Weight loss increased as time of storage progressed in all treatments (p =0.03) (Figure 

4.40). All mushrooms were infested with moulds after 4 days of storage at ambient 

temperature. Maximum weight loss was observed in untreated mushrooms reaching upto 

7.4 ± 1.00 % as compared to mushrooms treated with purified tyrosinase inhibitor 

(Sample) (5 ± 1.00 %) and sterile buffer (6.2 ± 1.00 %). Comparison within the same 

packaging conditions and storage time, weight loss were statistically different for all 

treatments (p=0.00, F= 11.859). However, there was no significant difference between 

both the control (p=0.07).  

 

 

4.8.3.3 Mushroom fruitbody sensory quality evaluation 

The effects of all treatments on the sensory quality were evaluated based on 100 point and 

9 point scoring matrix. The deterioration rate of quality was different in all treatment 

(p=0.034; F=3.465; R2 = 0.859) (Figure 4.41). Average values of each sensory attributes 

of A. bisporus during storage of 4 days are mentioned in Table 4.24 and Figure 4.41. All 

the treatments showed significant difference in terms of quality (p=0.000; F=3.262) (Table 

4.24). Cap color, shape, topography and other attributes including odor, stipe cutting 

efficiency and consumer acceptance of mushrooms treated with sample showed significant 

difference compared to buffer control (p<0.05). However, cap size, firmness and 

membrane integrity of mushrooms were found to be insignificant in all the treatments.  

 

Overall quality, browning, texture, shape and consumer acceptance of A. bisporus was 

significantly different in all the treatments (p= 0.000; F= 3.587) (Figure 4.42). However, 

no significant difference was observed in odor and deterioration of the mushroom 

(p>0.05). The overall quality, browning, texture, shape and consumer acceptance attributes 

of the mushrooms treated with sample was significantly different than that of the buffer 

control (p<0.05). Consumer acceptance had the overall best results (p<0.05) compared to 

the buffer control and untreated control during the storage period. In addition, maturity 

index of A. bisporus in all treatment showed no significant difference (Figure 4.43). Figure 

4.43 also suggests that the veil opening rate of mushrooms treated with sample was lower 

compared to the buffer control.  
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Figure 4.40 Effect of treatments on weight loss of A. bisporus stored at 22˚C for 4 days. 

Each value is mean of nine replicates ± SD. Means of the same day with different letters 

are significantly different (p < 0.05) 

 

 

 

 

Figure 4.41 Deterioration score of mushrooms subjected to different treatments (p<0.05). 

Different superscript letters are statistically significant for each day, by subsequent Tukey 

HSD test. 
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Table 4.24 Sensory quality (100 point) of mushrooms subjected to different treatments 

Days 

Treatments 

Purified tyrosinase 

inhibitor (SBSK-430) 

Sterile Buffer 

control 
Untreated Control 

Cap Color Descriptor 

0 100 ± 0.00 A,a 100 ± 0.00 A,a 100 ± 0.00 A,a 

1 66.7 ± 20.60 B,a 46.7 ± 14.60 B,b 57.2 ± 12.50 B,a,b 

2 37.2 ± 11.80 C,a 37.2 ± 14.60 B,C,a 49.4 ± 11.00 B,C,a 

3 30.6 ± 8.50 C,a 21.7 ± 15.20 C,a 33.3 ± 13.00 C,a 

4 33.9 ± 14.70 C,a 22.8 ± 17.20 C,a 35.0 ± 18.70 C,a 

Cap Shape Descriptor 

0 90.6 ± 15.90 A,a 90.6 ± 15.90 A,a 90.6 ± 15.90 A,a 

1 90.6 ± 15.90 A,a 82.2 ± 21.10 A,a 91.1 ± 16.90 A,a 

2 72.2 ± 17.20 B,a 71.7 ± 15.60 A,a 63.9 ± 21.20 B,a 

3 52.2 ± 12.00 C,a 41.1 ± 20.90 B,a 51.1 ± 16.20 B,C,a 

4 42.2 ± 10.90 C,a 21.7 ± 12.00 B,b 34.2 ± 20.10 C,a,b 

Cap Size Descriptor 

0 91.7 ± 16.20 A,a 91.7 ± 16.20 A,a 91.7 ± 16.20 A,a 

1 91.7 ± 16.20 A,a 85.6 ± 21.30 A,B,a 91.1 ± 16.90 A,a 

2 72.2 ± 17.20 A,a 71.1 ± 17.00 C,a 63.9 ± 21.20 B,a 

3 45.6 ± 11.30 B,a 38.9 ± 22.00 B,C,a 51.1 ± 16.20 B,a 

4 47.8 ± 13.90 B,a,b 31.1 ± 17.10 A,a 54.4 ± 15.90 B,b 

Cap Topography Integrity Score 

0 100 ± 0.00 A,a 100 ± 0.00 A,a 100 ± 0.00 A,a 

1 94.4 ± 16.70 A,a 77.8 ± 26.40 A,B,a,b 66.7 ± 25.00 B,b 

2 61.1 ± 22.00 B,a 61.1 ± 22.00 B,a 50.0 ± 0.00 B,a 

3 77.8 ± 26.40  A,B,a,b 83.3 ± 25.00 A,B,a 55.6 ± 16.70 B,b 

4 58.9 ± 16.20 B,a 30.0 ± 18.00 C,a,b 45.6 ± 20.70 B,b 

Button Firmness Descriptor 

0 100 ± 0.00 A,a 100 ± 0.00 A,a 100 ± 0.00 A,a 

1 100 ± 0.00 A,a 100 ± 0.00 A,a 94.4 ± 16.70 A,a 

2 78.3 ± 24.70 B,a 69.4 ± 34.40 B,a 67.2 ± 24.90 B,a 

3 43.3 ± 9.70 C,a 40.0 ± 15.80 C,a 47.8 ± 17.30 B,C,a 

4 38.9 ± 7.80 C,a 30.0 ± 15.80 C,a 40.0 ± 19.40 C,a 

EPS Descriptor 

0 100 ± 0.00 A,a 100 ± 0.00 A,a 100 ± 0.00 A,a 

1 100 ± 0.00 A,a 100 ± 0.00 A,a 100 ± 0.00 A,a 

2 91.1 ± 10.50 A,a 80.6 ± 21.30 A,B,a 95.6 ± 5.30 A,a 

3 65.0 ± 14.60 B,a 60.6 ± 35.40 B,a 76.7 ± 17.30 B,a 

4 64.4 ± 8.80 B,a 57.8 ± 21.10 B,a 67.2 ± 15.20 B,a 

Membrane Integrity Descriptor 

0 100 ± 0.00 A,a 100 ± 0.00 A,a 100 ± 0.00 A,a 

1 100 ± 0.00 A,a 100 ± 0.00 A,a 100 ± 0.00 A,a 

2 88.9 ± 22.00 A,a 98.9 ± 3.30 A,a 87.8 ± 19.20 A,B,a 

3 85.6 ± 15.10 A,B,a 74.4 ± 21.30 B,a 91.1 ± 9.30 A,B,a 
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4 63.9 ± 24.60 B,a 53.9 ± 16.90 C,a 73.9 ± 26.70 B,a 

Stipe Cutting Efficiency Descriptor 

0 100 ± 0.00 A,a 100 ± 0.00 A,a 100 ± 0.00 A,a 

1 47.2 ± 8.32 B,a 72.2 ± 34.10 A,a 66.7 ± 25.00 A,a 

2 58.3 ± 25.00 B,a 88.9 ± 22.00 A,b 77.8 ± 26.40 A,a,b 

3 55.6 ± 16.70 B,a 75.0 ± 30.60 A,a 83.3 ± 25.00 A,a 

4 50.0 ± 0.00 B,a 63.9 ± 35.60 A,a 75.0 ± 30.60 A,a 

Odor Descriptor 

0 100 ± 0.00 A,a 100 ± 0.00 A,a 100 ± 0.00 A,a 

1 100 ± 0.00 A,a 100 ± 0.00 A,a 100 ± 0.00 A,a 

2 94.4 ± 11.30 A,a 78.3 ± 26.70 A,a 95.0 ± 5.00 A,a 

3 50.0 ± 0.00 B,a 40.0 ± 15.00 B,a 47.8 ± 18.60 B,a 

4 47.8 ± 19.90 B,a 39.4 ± 22.40 B,a 61.1 ± 12.70 B,a 

Peer-Consumer Acceptance Score 

0 100 ± 0.00 A,a 100 ± 0.00 A,a 100 ± 0.00 A,a 

1 99.4 ± 1.70 A,a 91.1 ± 13.40 A,B,a 96.7 ± 10.00 A,a 

2 83.9 ± 6.00 A,a 64.4 ± 33.90 B,a 68.9 ± 20.40 B,a 

3 34.4 ± 22.80 B,a 23.9 ± 21.80 C,b 37.2 ± 22.00 C,b 

4 38.9 ± 26.20 B,a 23.3 ± 24.00 C,b 14.4 ± 28.80 C,b 
*values are mean of nine replicates ± SD; Means in the row with different lowercase letters are significantly different (p < 0.05); means 

in the same column (for each parameter) with different capital letters are significantly different (p < 0.05) 
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Figure 4.42 Effect of treatments on sensory quality (9 point) parameters (a) overall quality 

(b) odor (c) browning (d) deterioration (e) texture (f) cap shape and (g) consumer 

acceptance of A. bisporus stored at 22˚C for 4 days. Each value is mean of nine replicates 

± SD. Means of the same day with different letters are significantly different (p < 0.05) 
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Figure 4.43 Effect of treatments on (a) veil opening rate and (b) maturity index of A. 

bisporus stored at 22˚C for 4 days. Each value is mean of nine replicates ± SD. Means of 

the same day with different letters are significantly different (p < 0.05) 

 

 

 

4.8.3.4 Texture 

Changes in firmness of A. bisporus between the treatments during 4 days of storage are 

shown in Figure 4.44. The initial value was similar for the controls and sample (p <0.05), 

which decreased over a period of 4 days in all the treatments. There was no significant 

difference in firmness between the treatments (p=0.09; F=2.507).  
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Figure 4.44 Effect of treatments on firmness of A. bisporus stored at 22˚C for 4 days. 

Each value is mean of nine replicates ± SD. Means of the same day with different letters 

are significantly different (p < 0.05) 

 

 

 

4.8.3.5 Respiration rate 

The respiration of mushrooms in all treatments increased with time (p = 0.000; F= 19.357) 

(Figure 4.45). However, the mushrooms treated with the purified tyrosinase inhibitor 

(SBSK-430) showed a stable respiration rate (257 – 325 mg CO2/kg/h) compared to both 

the controls (p = 0.000). The respiration rate of mushrooms in the control treatments were 

insignificant (p > 0.05). 
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Figure 4.45 Effect of different treatments on the respiration rate of A. bisporus stored at 

22˚C for 4 days. Each value is mean of nine replicates ± SD. Means of the same day with 

different letters are significantly different (p < 0.05) 

 

 

The subsequent chapter illustrates these results with detailed explanation and comparison 

with previous findings using updated literature. It also includes key findings of the present 

work with their implications.  
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CHAPTER V: DISCUSSION 

Nature provides an abundance of bioactive products from various sources. The constant 

need for improved drugs due to multiple drug resistance among pathogens; as well as for 

more potent and safe bioactive candidates, has led to an increased exploration of various 

habitats. Saltpans being an extreme environment could be a source of diverse metabolites. 

Marine microorganisms are been constantly studied for chemically unique natural 

compound with potent activity. With new technological developments, a number of 

marine-derived natural compounds are patented and listed in clinical trials, leading to a 

breakthrough in research and industrial commercialization (Shinde et al., 2019). Marine 

saltpans are under-explored ecosystems with varied potential in diverse areas of research 

(Kamat, 2012; Pereira, 2013; Ballav, 2016; Bartakke et al., 2017; Das et al., 2018; 

Fernandes et al., 2019). Our study therefore focused on bioprospecting of bacterial 

cultures isolated from marine saltpans of Goa for producing antimicrobial agents and 

enzyme inhibitors.  Our primary objective was rather more focused on bioprospecting. 

Subsequently, the chemically active microorganisms were identified.  

 

Mushrooms are the most versatile food entities with huge consumer demand. The ease of 

cultivation and feasible economics have made mushroom cultivation widespread globally. 

However, mushrooms are short-lived and prone to diseases by various biotic and abiotic 

factors. In these cases, strict hygiene steps with a controlled environment and application 

of fungicides to control these diseases play an important role.  However, these practices 

have their shortfalls and do not always eradicate the disease; thus, an alternative eco-

friendly solution is required (Preston et al., 2018). Lack of knowledge of mushroom 

diseases in Goa directed our study to find alternative approaches for the control of 

common diseases of Agaricus bisporus by a systemic screening of antagonistic 

halotolerant microbiota. Most antibiotics like iturin, macrolides, surfactin, neomycin, etc. 

produced by marine bacteria are of low molecular weight (<1000 Da).  

 

In addition, mushrooms have a very short shelf-life characterized by browning, weight 

loss, maturation, and microbial spoilage, causing enormous losses to the industry. Thus, 

appropriate post-harvest practices of processing mushrooms using natural compounds to 

control the enzymatic browning reaction to increase and maintain its shelf-life was also the 
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major focus of this work. Consequently, halotolerant bacteria exhibiting antagonism were 

also screened for low molecular weight enzyme inhibitors. Although tyrosinase inhibitors 

from fungi are patented, no reports from bacterial sources under WIPO and USPTO have 

been published (Yoo et al., 2007; Meng et al., 2017).  

 

 

5.1 Microbial pathogens of Agaricus bisporus 

Diseases caused by fungi and bacteria are the major problem in mushroom cultivation 

(including Agaricus bisporus) that leads to lower yield and declined mushroom quality, 

thus, resulting in severe economic losses. Environmental conditions and lack of hygiene 

make these mushrooms prone to diseases. The most predominant and widely spread fungal 

diseases of A. bisporus are green mold and dry bubble disease mainly caused by 

Trichoderma spp. and Lecanicillium fungicola, respectively (Preston et al., 2018). L. 

fungicola affects mainly the developmental and mature stages of the mushroom rather than 

the vegetative mycelium and causes deformed mushrooms or necrotic lesions.  It can live 

in association with the mushroom mycelia without inducing infection; primordia 

formation of A. bisporus along with favorable conditions, triggers the pathogen. These 

pathogen cause drastic losses as they can survive in the soil for years, serving as a 

reservoir of infection for subsequent mushroom crops (Berendson et al., 2010).  The type 

of casing soil associated with its environmental condition could also affect the number of 

diseased A. bisporus (Gea et al., 2013).  

 

In our study, we also isolated fungi from mushroom farm compost and infected fruiting 

body of A. bisporus from a mushroom farm in Goa. The fungal genera isolated in our 

study predominantly consisted of Trichoderma spp. and Penicillium spp., followed by 

Aspergillus spp. and to a lesser extent, moulds, Rhizopus spp. and Mucor sp. This diversity 

was similar to the study by Dandge (2012); he reported Fusarium sp., Penicillium sp., 

Aspergillus sp., Curvularia sp., Rhizopus sp. and Mucor sp. from compost, casing soil as 

well as fruiting bodies of A. bisporus. Similarly, Mwangi et al. (2015) also reported 

Penicillium sp., Aspergillus sp., Rhizopus sp. and Mucor sp. from substrates and 

contaminated grain spawn of oyster mushroom, which serves as competitor moulds and 

infect the mushroom crop.  
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Our study, in addition, also reported Trichoderma spp. from compost as well as infected 

mushroom, with a greater proportion from the fruiting body. On the contrary, the compost 

and casing soil consists of microbiota that plays a significant positive or negative role in 

mushroom production. Ascomycota apart from Basidiomycetes normally dominates in this 

ecosystem (Kertesz and Thai, 2018; McGee, 2018). Kertesz and Thai (2018) suggested 

that most bacterial (Pseudomonas sp., Bacillus sp.) and fungal, (L. fungicola, Aspergillus 

sp.) taxas co-exist with Agaricus sp. without causing disease. However, Agaricus sp. 

activity reduces drastically after the first flush allowing the dominance of these taxa under 

specific environmental conditions leading to infection.  

 

Trichoderma spp. is responsible for one of the most dreaded diseases of cultivated 

mushroom, as it infects not only the vegetative mycelium but also the developmental and 

mature stages of the mushroom. It spreads drastically covering the substrate as well as the 

fruiting body, commonly termed as the ‘green mold disease’ inhibiting the mycelial 

growth and development of A. bisporus. Although Trichoderma spp. are known as a 

biocontrol agent against phytopathogens, several species are mycoparasitic towards 

mushrooms causing severe losses.  T. aggressivum f. europaeum and T. harzianum are the 

most aggressive moulds among the species, followed by T. atroviride (Sobieralski et al., 

2012; Gea and Navarro, 2017). T. harizanum produce dark, large, diffused spot on the 

infected area on the mushroom. Both the fungal pathogens (L. fungicola and T. 

harizanum) produce sticky spores that facilitate the spread of the disease (via mites, dust, 

personnel, equipment, etc.) in the mushroom farm. 

 

The most predominant bacterial disease is the brown blotch caused by Pseudomonads, 

specifically P. tolaasii, P. reactans and P. syringae characterized by brown irregular 

sunken spots on mushroom caps (Godfrey et al., 2001; Dezfooli et al., 2013; Preston et al., 

2018).   P. tolaasii belonging to the P. fluorescens group produces extracellular 

lipopeptides, tolaasins responsible for affecting A. bisporus pileus.  In addition to the 

mycotoxin, the pathogen loads, as well as some virulence factors, are involved in its 

pathogenesis (Chung et al., 2014). Apart from these, diverse species of Pseudomonas were 

found to cause brown blotch. However, these bacteria produced a mycotoxin lipopeptide 

rather than tolaasin (Mu et al., 2015). Abou-Zeid (2012) grouped these Pseudomonads 

causing brown blotch into (i) White Line Assay (WLA) positive towards P. reactans (P. 
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tolaasii), (ii) WLA positive towards P. tolaasii (P. reactans), (iii) Weakly WLA positive 

(P. gingeri) and WLA negative (P. fluorescens, P. marginalis). P. reactans was found to 

be similar to P. fluorescens and is used as a White Line-Inducing Principle (WLIP) 

producing bio-indicator (Rokni-Zadeh et al., 2012; Ghequire et al., 2013). 

 

 

5.2 Antimicrobials from marine bacteria from marine saltpans  

Mushroom diseases lead to devastating losses to mushroom growers. Thus, currently, the 

mushroom industry implements strict hygiene practices with the use of chemical 

fungicides and pesticides. Controlled environment in such cases only serve as a 

prophylactic measure and fail in evading these mushroom diseases. Although these 

methods help in partially controlling the diseases, the stringent use of chemicals due to 

strict regulations on approved fungicides and its environmental issues, rapid resistance of 

the pathogens towards these chemicals and the increasing demand for organic chemical-

free food products, demand for an alternative approach. In addition, the fungicides may 

affect the mushroom due to its similarity to the pathogen and cause loss of the crop. Apart 

from resistance, the persistence of the fungicide in the casing soil also plays a vital role; its 

decrease during the period of mushroom production fails to control the disease (Grogan 

and Jukes, 2003).  

 

The fungicides currently used are prochloraz, chlorothalonil and, metrafenone (Gea and 

Navarro, 2017). Carbendazim, a phytopathogen pesticide was found selectively toxic 

against pathogenic Trichoderma spp. but not toxic to L. fungicola (Mehrparvar et al., 

2013; Kosanovic et al., 2015). Some of the diseases such as green mold disease and 

bacterial brown blotch are difficult to control by chemical fungicides or pesticides due to 

rapid growth, induced resistance and/or switch to virulent forms in response to favorable 

environment.  

 

Microbial diversity in the mushroom compost and casing plays a vital role in all the 

process of mushroom cultivation and consists of mainly fungal and bacterial community 

(McGee, 2018).  These microbial flora have shown antagonist activity against the 

mushroom pathogens in addition to promoting the growth of mushroom (Kertesz and Thai, 

2018).  This provoked the use of an eco-friendly microbial control of mushroom diseases 
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rather than chemical fungicides. Thus, biological control of these microbial pathogens 

serves as the best solution, which may be in the form of a selected bacterial strain or 

bioactive metabolites inhibiting the target pathogen. The only commercial biocontrol 

agents used in mushroom cultivation are Serenade® (Bacillus velezensis QST 713) and 

Mycostep® (Streptomyces griseoviridis), however, several other bacterial cultures have 

also shown antagonist activity (Preston et al., 2018). Essential oils from plant extract have 

been effectively inhibitory to the major mushroom pathogens; however, its practical 

application has yet not been established (Gahukar, 2014; Dianez et al., 2018; Kousar et al. 

2018, Preston et al., 2018). 

 

Newman and Cragg (2012) suggested a multidisciplinary approach would be the most 

successful in drug discovery, with a combination of synthetic chemistry, the molecular 

diversity of natural products and manipulation of biosynthetic pathways. This being said, 

they emphasized on intensifying exploration of natural sources, as they serve as leads for 

heaps of potent drugs. Researchers have constantly been searching for new habitats for 

clues of new bioactive compounds with inimitable properties.  

 

In the present study, 280 bacterial isolates (246 eubacteria and 34 actinobacteria) from 

Goa’s saltpans were evaluated for antibiosis against phytopathogens, Trichoderma sp. 

GUFCC and Penicillium sp. GUFCC 396, and also a bacterium Pseudomonas fluorescens 

MTCC 2975, provided positive leads with about 45% of the isolates showing activity. 

Almost half the bacteria screened for antimicrobial activity from a marine ecosystem 

could give potential antibiotics, implying its global relevance. This is the first report from 

Goa’s saltpan on scrutinized screening of bacteria for antifungal activity, thus suggesting 

its potential for chemically diverse antibiotics. In the same view, Ballav (2016) reported 

only 5% of the actinobacteria isolated from the saltpan of Goa showed antifungal activity 

compared to 19% showing antibacterial activity; however, no activity was observed 

against Pseudomonas sp. Also, Kamat and Kerkar (2011a) observed 33% eubacteria from 

the saltpans of Goa exhibited antibacterial activity, with only one isolate showing activity 

against Pseudomonas spp.  In contrast, Sharma et al. (2013) reported actinobacteria from 

saline environment producing activity against Pseudomonas spp. and also Aspergillus 

spp., Trichoderma sp. and Penicillium sp.  
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Marine bacteria belonging to the genera Bacillus and Pseudomonas were found to inhibit 

phytopathogens by different mechanisms viz antagonism, competition for space and 

nutrition, enzyme production like protease and chitinase, and inducing resistance in the 

host (Kong, 2018). Although, our study reports only 1% bacterial isolates isolated from 

Goa’s saltpan showing mild anti-pseudomonas activity; it provides a baseline for further 

exploration for anti-pseudomonas compounds. Pseudomonas sp., specifically P. 

aeruginosa which are widely studied, is known for its rapid adaptive resistance towards 

antibiotics as well as biofilm formation, making it difficult to control diseases caused by it 

and thus, requiring constant research in novel antibiotics and therapies (Taylor et al., 

2014). In our study, maximum activity was found against Trichoderma sp. than the 

Penicillium sp. Greater proportion of eubacteria isolated from saltpan water showed 

antifungal activity against mushroom pathogens rather than the sediment and biofilms.  

 

A total of 80 bacterial cultures (72 eubacteria and 8 actinobacteria) showing maximum 

activity against these tested phytopathogens, were also assessed against mycopathogens 

specific to white button mushroom (A. bisporus) with 64% isolates showing positive 

results.  Although actinobacteria are an important source of antibiotics, in our study, they 

did not show antagonism against these mycopathogens.  To further remove the possible 

mechanism of antagonism due to enzyme activity, these eubacteria were assessed for the 

production of extracellular chitinase. Nineteen isolates showed that the presence of 

chitinase, implicating the mechanism of antifungal activity could be enzymatic rather than 

non-enzymatic. In any bioprospecting study, it helps in focusing on strains producing non-

enzymatic antibiosis specific to the target organism. This is also crucial since the host also 

belongs to the kingdom fungi and thus, targeting non-enzymatic metabolite specific to the 

mycopathogen is important rather than focusing on enzymatic non-specific antibiosis. 

Similar to the results in primary screening, the mycopathogens Trichoderma spp. are more 

susceptible to the metabolites by the bacterial isolates than Penicillium spp., followed by 

L. fungicola, whereas Aspergillus sp. was found to be the least sensitive.  

 

The maximum, consistent, and broad spectrum activity against these pathogens was by the 

strain BGUMS93 which showed 97% similarity with a terrestrial Bacillus subtilis subsp. 

spizizenii strain NBRC 101239. Diversity of secondary metabolites with antimicrobial 

activity from marine Bacillus sp. has been reviewed and reported (Mondol et al., 2013). 
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However, this is the first report of antagonist Bacillus sp. from a marine ecosystem against 

mycopathogens of A. bisporus. Stein (2005) reported that B. subtilis produces several 

antibiotics with diverse structures; with about 4-5% of the total genome dedicated to 

antibiotic biosynthesis. Although Bacillus subtilis is an established biocontrol agent, 

Zhang et al. (2009) suggested two different strains of B. subtilis could differ in their 

antagonistic profile depending on their inter and extracellular proteins. 

 

Leached spent mushroom compost (SMC) and, SMC tea was found to suppress the growth 

of the mushroom pathogen, L. fungicola, and found effective in increasing the mushroom 

yield. The disease suppression was attributed to Bacillus spp. and Pseudomonads, isolated 

from the extracts of these SMC (Riahi et al., 2012; Gea et al., 2014). Several studies have 

also been carried out on the antagonistic effects of Bacillus spp. against Trichoderma 

harzianum in mushroom cultivation (Stanojevic et al., 2016; Milijašević-Marčić et al., 

2017; Preston et al., 2018). In addition, Mwangi et al. (2015) showed B. amyloliquefaciens 

could inhibit other mushroom contaminants like Aspergillus, Penicillium, Mucor and 

Rhizopus species, which supports our observation of a Bacillus with broad spectrum 

antibiotic activity. The effectiveness of the biocontrol and chemical fungicide was 

equivalent, suggesting a best eco-friendly replacement (Potocnik et al., 2018). 

Actinobacteria isolated from mushroom compost also recently showed effective biocontrol 

against Trichoderma spp. (Santric et al., 2018). Savoie et al. (2001) suggested that the 

capacity of T. harzianum to colonize mushroom compost was due to its resistance or 

tolerance to the inhibitory effect of the microorganisms present in the compost.  

 

The biocontrol agent, Bacillus sp. has no impact on the microbial diversity of the compost; 

however, its biocontrol mechanism could be attributed to its biofilm formation, antibiosis 

and inducing defense by the microbiota of the compost or casing (Pandin et al., 2018). 

Berendsen et al. (2012, 2013) reported that like other eukaryotes, fungi, or a mushroom (A. 

bisporus) does not demonstrate induced resistance towards a pathogen on the subsequent 

infection. Consequently, in the case of dry bubble disease, an antagonist bacteria against L. 

fungicola is not able to elicit resistance in A. bisporus and thus unable to control the 

disease in vivo. A compound, 1-octen-3-ol essentially produced by A. bisporus responsible 

for regulation between mycelium and fruiting body formation, also inhibits spore 
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germination of L. fungicola; thus showing its potential in controlling the disease when 

applied prior to the casing (Berendson et al., 2013).  

 

Macrolactins and lipopeptides are produced widely by marine bacilli showing potent anti-

microbial activities (Mondol et al., 2011; He et al., 2013; Xu et al., 2014; Zhang and Sun, 

2018). B. subtilis produces three main classes of cyclic lipopeptides, i.e., iturin, surfactin, 

and fengycin with antifungal properties. Other classes of antifungal agents produced by 

Bacillus sp. are macrolactins and polyketides (Mondol et al., 2013; Meena et al., 2017). B. 

subtilis from mushroom compost showed antagonist property by the production of a 

lipopeptide, fengycin, against two mushroom pathogens causing green and red mold 

respectively, T. harzianum and Neurospora sitophila (Liu et al., 2015). The mechanism of 

action of BGUMS93 antagonism in our study could be attributed to its production of a 

lipopeptide or/and a combination of other antibiotics. 

 

Similarly, Bacillus subtilis BGUMS93 could serve as an effective biocontrol agent against 

T. harzianum, and its biomolecule could antagonistically inhibit or hinder the growth of L. 

fungicola. In addition, Bacilli are considered as safe as a biopesticide by U.S. Food and 

Drug Administration (FDA). In addition, marine Bacillus sp. forms resistant spores in an 

unfavorable environment, can thus be used to make different formulations with long shelf-

life, cheaper to commercialize and also produces broad spectrum antibiosis (Mondol et al., 

2013). Since BGUMS93 is a resident of an extreme marine ecosystem, with tolerance to 

high salt, temperature, low nutrients and other stresses it serves as an ideal candidate as a 

biopesticide in mushroom cultivation in combination with integrated pest management 

(IPM).      

 

 

5.3 Enzyme inhibitors from marine bacteria 

The enzyme tyrosinase plays a key role in the browning reaction in A. bisporus post-

harvest and proteinase may play an indirect role.  Serine proteinase induced during 

senescence in the stipe of A. bisporus was found to play a role in activating the latent 

tyrosinase. However, the accumulation of this proteinase was confined more in the stipe 

than the cap tissue (Burton et al., 1997; Heneghan et al., 2009). Moreover, the precise 

relationship of proteinase to senescence of mushrooms as well as its expression and 
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regulation is unknown.  Therefore, we mainly focused on non-toxic, eco-friendly 

tyrosinase inhibitors for application on white button mushroom for improving its quality. 

 

Streptomyces sp. is a major source of tyrosinase inhibitor under the prokaryotes from a 

terrestrial source. Fermented by-products by Gram-positive bacteria Lactobacilli and 

Bifidobacteria has also shown tyrosinase inhibition (Fernandes and Kerkar, 2017). 

However, marine bacteria are not reported to produce a tyrosinase inhibitor with the 

exception of a Gram-negative bacterium, Thalassotalea sp. producing three thalassotalic 

acids, one being similar to arbutin (Deering et al., 2016). In contrast to bacteria, fungi 

belonging to Ascomycota from the marine ecosystem are reported to produce tyrosinase 

inhibitors (Fernandes and Kerkar, 2017). In our study, only 14 bacterial isolates exhibited 

tyrosinase inhibitory activity, from which five belonged to Actinobacteria. Bacteria 

isolated from the sediments of saltpan showed no tyrosinase inhibitory activity. Scarce 

knowledge of tyrosinase inhibitors from marine sources and the leads provided from our 

study, open a new niche for exploration. The isolate producing maximum tyrosinase 

inhibition SBSK-430, actinobacteria showed 95% similarity with Kitasatospora 

kazusensis strain SK60. This is the first report of a rare actinobacteria Kitasatospora sp. 

producing tyrosinase inhibitors from a marine saltpan.   

 

We also evaluated 80 saltpan bacteria for proteinase inhibitors (PIs); 63% isolates showed 

positive results. BGUMS66 exhibiting maximum activity showed 99% similarity with 

Bacillus safensis. In addition, Kamat and Kerkar (2011b) reported three isolates producing 

extracellular protease inhibitor isolated from Goa’s saltpans. Microorganisms serve as a 

diverse and important source of these inhibitors, which is also demonstrated in our study. 

Isolates from marine saltpan sediments were found to be poor producers of this inhibitor. 

However, although actinobacteria are an important source of proteinase inhibitors; Goan 

saltpan bacteria were found to be poor producers. This is also supported by Karthik et al. 

(2014); they reported only 3% of the marine actinobacteria evaluated producing serine 

proteinase inhibitor. One of the inhibitors was characterized to be a low molecular weight 

peptide belonging to the Streptomyces subtilisin inhibitor (SSI) family with irreversible 

non-competitive inhibition. Bacillus subtilis produces mainly intracellular protease 

inhibitors, inhibiting the enzyme by blocking its active site (Harish and Uppuluri, 2017). 

Marine associated bacteria have also been found to produce several secondary metabolites 
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including protease inhibitors (Tabares et al., 2011; Ruocco et al., 2017; Sapna et al., 2017; 

Harish and Uppuluri, 2018b). Marinostatins is the most studied serine PI isolated from the 

marine bacterium Alteromonas spp. Protease inhibitors from microbes are mostly non-

proteinaceous. However, Serine PIs from actinobacterial extracts were found to be 

proteinaceous. (Marathe et al., 2019). B. safensis like other Bacillus spp., are reported to 

produce different enzymes, also having antimicrobial activity apart from other 

biotechnological applications (Berrada et al., 2012; Nath et al., 2013; Domingos et al., 

2015; Lateef et al., 2015; Mhamdi et al, 2017; Abdelli et al., 2019). However, B. safensis 

is not previously reported for the production of enzyme inhibitors.  Thus, saltpans could 

provide a large number of bacteria other than actinobacteria,  producing serine proteinase 

inhibitors. 

 

 

5.4 Factors affecting the production of tyrosinase inhibitor 

A fermentation media rich in different nutrients, as well as the culture conditions, have a 

direct influence on the growth of the organism and its metabolism. In addition, it can also 

affect the production of its target product and yield. Manipulating the media composition 

could directly affect the growth and yield of the desired product. Thus, the media plays a 

crucial role in bioprocess.  In the present study, we considered studying the biosynthesis of 

the tyrosinase inhibitor by Kitasatospora kazusensis SBSK-430 crucial; by systematic 

screening for the optimum physiological parameters and nutrients affecting its production. 

The experiment was used to identify the effect of these variables for maximizing 

production of the tyrosinase inhibitor, thereby maximizing its tyrosinase inhibition activity 

and thus determining the optimum fermentation conditions. 

 

Ten different carbon sources were evaluated, including monosaccharides (glucose, D-

mannose, D-galactose, fructose, D-mannitol), disaccharides (maltose, sucrose, lactose) and 

polysaccharides (starch, glycerol). SBSK-430 has a preference for polysaccharides like 

starch followed by disaccharides like maltose and lactose for tyrosinase inhibition activity. 

Although these carbohydrates are made of glucose monomers, glucose yields lower 

tyrosinase inhibition. Maximum tyrosinase inhibition activity by SBSK-430 is observed 

with sugar-alcohol, D-mannitol, and a polymer, starch. In contrast, Streptomyces sp. 

mainly utilizes glucose for tyrosinase inhibition (Arai et al., 1997; Chang and Tseng, 
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2006). In addition, Chang et al. (2008) reported that glucose produced maximum 

tyrosinase inhibition followed by maltose. This is the first report of the utilization of D-

mannitol as the carbon source for tyrosinase inhibitor production by marine actinobacteria. 

A Streptomyces sp. was also reported to utilize a complex carbon source, starch from the 

production media for tyrosinase inhibition activity (Nakashima et al., 2009). Complex 

carbon sources are considered a good source for the development and growth of marine 

actinobacteria (Sivakumar et al., 2007; Kurtboke et al., 2015). Ten different nitrogen 

sources, both organic and inorganic, were also evaluated; a combination of starch and 

mannitol with these nitrogen sources, were assessed individually for tyrosinase inhibitor 

production by SBSK-430. Complex nitrogen sources have shown to give better tyrosinase 

inhibition activity in comparison to inorganic sources (Chang et al., 2008). This result 

conformed to our present study. Although ammonium sulfate, as well as starch in the 

medium, gave high tyrosinase activity, the results were varied and inconsistent. This 

suggests the negative impact of inorganic sources on inhibitor production. Thus, a 

combination of mannitol and yeast extract in the medium gave the maximum and 

consistent tyrosinase inhibition activity by SBSK-430. Previous reports also suggest and 

confirm the utilization of organic nitrogen sources in the production medium for 

tyrosinase inhibitor production by Streptomyces sp. (Nakashima et al., 2009; Chang and 

Tseng, 2006; Arai et al., 1997). Chang et al. (2008) reported Streptomyces hiroshimensis 

TI-C3 isolated from soil, showing enhanced tyrosinase inhibition activity using 0.4% 

glucose and 1.4% malt extract as the sole carbon and nitrogen sources, respectively. In 

addition, Lim and Kim (2012) also showed a positive influence of yeast extract on the 

tyrosinase inhibitory activity by Lactobacillus sp.  

 

Culture parameters such as pH and temperature play an important role in the growth of the 

bacteria to produce the target product. This is the first report of an actinobacteria 

Kitasatospora sp. producing maximum tyrosinase inhibition activity at 37˚C, in contrast to 

Streptomyces spp and producing maximum activity between 27-30˚C (Takamatsu et al., 

1996; Arai et al., 1997; Chang and Tseng, 2006; Nakashima et al., 2009). However, 

Burkholderia cepacia and Lactobacillus plantarum were reported to produce a tyrosinase 

inhibitor at 37˚C (Lim and Kim, 2012; Hsu et al., 2014). The extended mesophilic 

tolerances of the present strain may be due to its adaptation to the extreme temperatures in 

saltpans and thus could be a useful trait for potential industrial applications. Acidophilic 
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actinobacteria grow in the pH range from about 3.5 to 6.5 (Dhanasekaran and Jiang, 

2016). Although SBSK-430 could grow in a medium with wide variation in pH (5 to 9), 

tyrosinase inhibitor production was poor in alkaline and acidic pH.  In addition, previous 

reports suggest that Streptomyces spp. produced tyrosinase inhibitor at pH 6-8, i.e., mildly 

acidic to mild alkaline medium (Takamatsu et al., 1996; Arai et al., 1997; Chang and 

Tseng, 2006; Nakashima et al., 2009). However, the majority of actinobacteria produce 

tyrosinase inhibitor in medium adjusted to neutral pH, which is on par with our report 

(Ishihara et al., 1991; Nakashima et al., 2009).  

 

SBSK-430 produced milder activity over time, which may be due to a routine subculture 

or other factors such as the absence of nutrients from its ecosystem. Production of a 

second metabolite is adaptive and in some cases show inconsistency. Kelecom (2002) 

suggested that culturing bacteria from their natural environment causes metabolic changes 

due to missing nutrients or other factors, thereby leading to loss of the bioactive product. 

The revival of activity was attempted by mimicking SBSK-430 natural environment, and 

the activity was restored by half. Since the culture SBSK-430 is halotolerant, the influence 

of salinity on the production of tyrosinase inhibitor was evaluated (Sujatha et al., 2005; 

Selvin et al., 2009; Kavitha and Vijayalakshmi, 2009; Vijayakumar et al., 2012). Previous 

reports suggest that Streptomyces spp. produced tyrosinase inhibitors at NaCl 

concentration of 0.5% or its absence (Takamatsu et al., 1996; Arai et al., 1997; Nakashima 

et al., 2009). We report sodium chloride playing a crucial role in tyrosinase inhibitor 

production by SBSK-430 with even slight variation of its concentration (0 to 8%).  This 

complements the study by Ballav (2016), where he suggested that the antimicrobial 

activities of these marine actinobacteria are affected by sodium chloride concentration. 

 

In the present study, the ratio of C:N:P and calcium carbonate on the production of the 

tyrosinase inhibitor was also evaluated. Production of tyrosinase inhibitor in Streptomyces 

sp. has been reported in production medium with carbon concentrations 0.4% to 2.5% and 

nitrogen concentrations 0.5% to 1.7% (Takamatsu et al., 1996; Arai et al., 1997; Chang 

and Tseng, 2006; Chang et al., 2008; Nakashima et al., 2009). Yeast extract consists of 

amino nitrogen and total nitrogen, providing a rich source of nitrogen. The present study 

revealed that carbon and nitrogen concentration influenced tyrosinase inhibitor production. 

Maximum inhibitory activity was found on the 9th day with 0.2% yeast extract as well as 
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on the 12th day with 1% yeast extract and with 1% mannitol in the medium. Phosphorus is 

important in major biochemical cycles in microorganisms and can also be directly related 

to secondary metabolite formation. However, an excess of phosphate concentration 

inhibits the antibiotic synthesis and induces bacterial growth by primary metabolism 

(Martin, 1977). K2HPO4 serves as the primary source of phosphorus in the culture media. 

SBSK-430 showed milder tyrosinase activity with increased phosphate concentration. 

Previous reports suggest that Streptomyces spp. produced tyrosinase inhibitor even in the 

absence of phosphate (Arai et al., 1997; Chang and Tseng, 2006; Nakashima et al., 2009). 

This could be due to traces of phosphate present in the medium due to the complex 

sources. However, Ishihara et al. (1991) reported a tyrosinase inhibitor produced by S. 

clavifer in production medium with 0.1% phosphate source concentration, which is similar 

to our study. 

 

Calcium ions are found to play an important role in actinobacteria. In excess, it initiates 

spore germination, and aerial hyphae formation as well as facilitates isolation of 

actinobacteria (Wang et al., 2008). It is also involved in secondary metabolism and gene 

expression, thus playing a regulatory role in bacterial physiology (Dominguez et al., 2015; 

Yi et al., 2015). Most Streptomyces spp. produced tyrosinase inhibitor at calcium 

carbonate concentration between 0.2 - 0.5% (Ishihara et al., 1991; Takamatsu et al., 1996; 

Arai et al., 1997; Nakashima et al., 2009). However, some strains could produce the 

inhibitor even in its absence (Chang and Tseng, 2006; Chang et al., 2008). Gregory and 

Huang (1964) reported the increasing concentration of calcium ions showed a decrease in 

the production of tyrosinase enzyme and biomass of S. scabies in minimal media. In our 

study, there was a drastic increase in activity by SBSK-430 at 0.4% CaCO3 concentration 

in the medium. A similar trend was seen by Streptomyces sp., where enhanced production 

of Lignin peroxidase enzyme was due to the effect of Ca+ ions on the enzyme or cell 

morphology favoring mass transfer, thereby leading to enhanced uptake of the substrate 

(Macedo et al., 1999). This could explain the enhanced tyrosinase inhibition activity by 

SBSK-430 with the excess in calcium ions. In addition, similar to SBSK-430, a marine 

actinobacterium was able to dissolve the CaCO3 from the media, and this was related to 

the upregulation of expression of carbonic anhydrases leading to release of H+ ions (Zhu et 

al., 2017). Actinobacteria produces different organic acids like citric acid, gluconate, lactic 

acid, malic acid, and oxalic acid (Nimaichand et al., 2016).         
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Although the conventional method of altering one variable from the medium at a time is 

the first level of optimizing the medium for enhanced growth and product yield, it fails to 

consider the combination of these factors in such a complex mixture. Several statistical 

methods are available for evaluating the combined effect of the most influential factors on 

the desired outcome. Tyrosinase inhibition activity of marine Kitasatospora kazusensis 

SBSK-430 was affected by the carbon and nitrogen source concentrations as well as 

sodium chloride concentration. Thus, a combination of Response Surface Methodology 

(RSM) and Genetic Algorithm (GA) statistical tools were used to evaluate the interaction 

of these variables on tyrosinase inhibitor production by SBSK-430. We report a significant 

and consistent quadratic model for the production of the inhibitor with 1.5% mannitol, 

0.56% yeast extract and 0.12% sodium chloride with the remaining factors constant (pH, 

temperature, calcium carbonate, phosphate concentration) optimized by OFAT. A high 

adjusted R2 value also supports the significance of the model and substantiates a good 

correlation between the individual factors (Bas and Boyac, 2007). The interactive effect of 

yeast extract and sodium chloride are more significant than other factors and thus can be 

used as limiting nutrients for altering the inhibitor yield. The effect of mannitol with yeast 

extract and sodium chloride was also found significant. The concentration of each variable 

above the optimized concentration shows a decline in activity. In addition, the tyrosinase 

inhibitory activity of SBSK-430 was not found to be growth-associated. Statistical 

approaches for optimization bioprocess for antibiotic or other metabolites and growth 

yield have been performed frequently (Sathiyanarayanan et al., 2014; Manivasagan et al., 

2014). However, optimization studies for the production of enzyme inhibitors by 

actinobacteria are seldom studied (Wu et al., 1010; Zhu et al., 2014; Marathe et al., 2016). 

This is the first report of optimization for enhancing tyrosinase inhibition activity by 

marine Kitasatospora kazusensis SBSK-430 by conventional and statistical approaches 

with a 1.4 fold increase.  

 

 

5.5 Bioactive compounds from Kitasatospora sp. 

Actinobacteria is a rich source of bioactive compounds which are being used for several 

biomedical and industrial applications. Streptomyces sp. is the most studied actinobacteria 

for its natural compounds. The genus Kitasatospora belongs to actinobacteria however it 
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was previously placed in Streptomyces, although being morphologically similar to the 

latter, forms a distinct group based on cell wall composition and phylogeny (Ichikawa et 

al., 2010). For a comparatively newer genus, its capacity to produce secondary metabolites 

could be similar to Streptomyces, providing a new source for exploration. The whole 

genome sequence of Kitasatospora setae brought to the surface 24 gene clusters involved 

in secondary metabolites biosynthesis, which was much higher than other bacteria, except 

Streptomyces. These genes code for terpenes, polyketides, spore pigments, setamycein, 

factumycin, siderophores, lantibiotics and others (Ichikawa et al., 2010; Girard et al., 

2014; Takahashi, 2017). These genes are variable and present on the chromosome ends 

and thus serve as a promising antibiotic-producing candidate. Takahashi (2017) reviewed 

and reported about 50 bioactive natural compounds from Kitasatospora spp. with 

distinctive structures and activities. These include macrolides, terpenes, peptides, 

alkaloids, and polyketides, supporting the data reported by Ichikawa et al. (2010). He also 

stated that different strains contain the same genome length with many secondary 

metabolite genes, many of which products are still not clear. Other than antimicrobial, 

Kitasatospora exhibits several activities like nematocidal, herbicidal, anti-tumor, an 

enzyme inhibitor, and phospholipase. We also report Kitasatospora kazusensis SBSK-430 

producing serine protease inhibitor, however comparatively with lower activity (21 ± 4.55 

%) compared to other saltpan bacteria in our study. This is supported by reports of 

Kitasatospora spp. strains to produce proteinase inhibitors, tyrostatin and SUAM-2007-

20012 against carboxyl and aspartic proteinase, respectively (Takahashi, 2017).  

 

According to the actinobacterial diversity study of Goa’s saltpans by Ballav (2016), 

Kitasatospora genus is reported for the first time from this ecosystem. In addition, this 

genus has recently been reported from marine sediments having antagonistic property 

(Madheslu et al., 2019). In our study, marine Kitasatospora kazusensis SBSK-430 

produced maximum tyrosinase inhibitory activity (80.4 ± 0.48 %). Although 

Kitasatospora produces protease and proteasome inhibitors (Aouad et al., 2011; Gill et al., 

2015; Momose and Watanabe, 2017; Takahashi, 2017), this is the first report for a 

tyrosinase inhibition activity. Among prokaryotes, Streptomyces sp. serves as the main 

source for tyrosinase inhibitors belonging to diverse classes of compounds like alkaloids, 

macrolides, polyphenols, peptides, and carboxylic acids (Fernandes and Kerkar, 2017). 

Kitasatospora is having a close resemblance to Streptomyces sp. in terms of morphology 
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as well as the production of bioactive metabolites; the former could produce these 

compounds with unique structures. This is supported by its gene cluster coding for 

biosynthesis of these metabolites (Takahashi, 2017). 

 

Drug discoveries from natural sources have presented several difficulties, especially in  

higher plants, and marine organisms in terms of reliable access and supply. In addition, the 

initial extract usually contains a complex mixture after fractionation, with a small quantity 

of the bioactive compounds, structurally related compounds, and instability of compounds. 

Moreover, aqueous or water-soluble bioactive extracts pose difficulties during isolation 

and purification because of its extreme polarity and the high-temperature requirement to 

concentrate it (Sarkar et al., 2006; Harvey, 2008; Li and Vederas, 2009). Similarly, 

purification of extracellular aqueous extract of Kitasatospora kazusensis SBSK-430 by gel 

filtration showed activity at various fractions, suggesting that it produces a complex 

mixture of tyrosinase inhibitors. Further LC-MS of the most active fraction also gave a 

mixture of compounds, and the analysis suggested metabolites ranged with the molecular 

weight between 189 to 700 Da. The compounds suggested from the database for each of 

the peaks are synthetic or of plant origin. In addition, it revealed several small peptides 

and unknown compounds. Thus, suggesting that the tyrosinase activity of SBSK-430 is 

due to a complex mixture of small molecular weight novel compounds. A challenge in 

metabolic profiling using LC-MS is that it detects several peaks depending on ion intensity 

and noise for data processing to identify relevant information from available datasets. 

Moreover, structure elucidation of a novel metabolite is difficult due to the lack of 

available data and unpublished papers on the compound (Metz et al., 2007).   

 

Conversely, microbes are now known to produce compounds previously known to be of 

plant and animal origin (Crawford and Clardy, 2011; Newman and Cragg, 2012). Fenical 

and Jensen (2007) stated that the patterns of secondary metabolites from marine 

actinobacteria can be highly complex and suggested that phylogenetic studies can facilitate 

the drug discovery process. Thus, further exhaustive purification methods and strategies 

are required for characterization of the complex mixtures of these novel inhibitors. 

 

 

5.6 In-situ trials using tyrosinase inhibitor on harvested Agaricus bisporus 
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Mushrooms are fruiting bodies of fungi mainly belonging to Basidiomycotina. Agaricus 

bisporus (white button mushroom) is the most commonly cultivated mushroom. It consists 

of extended fleshy carpophores with a smooth surface called pileus or cap. The pileus is 

convex and fleshy; context being firm to soft, whitish when matured, however often 

showing browning on bruising or infection. Gills or lamellae bearing spores are present on 

the underside of the pileus. These gills are covered by a thin, delicate tissue called veil, 

extending from the margins of the pileus to the stalk. Veil opening rate serves as an 

important quality measure of a button mushroom. As the mushroom matures and 

senescence, the cap expands, breaking the veil and exposing the gills. Some part of the 

veil forms a ring around the stalk termed as Annulus. The centric stalk supporting the 

pileus is termed, Stipe. Finally, the fruiting body is covered with a topmost protective thin 

layer called the Universal veil, which breaks when the carpophore expands and remains as 

scales on the pileus (Bahl, 1994). Trichodermial palisades are common in Agaricaceae, 

which are regular thin criss-cross hyphae. Pileus surface consists of a trichodermial layer 

covered with scales and the outermost layer consisting of dermatocystidia. Beneath this 

layer is the cortical or epicutis followed by the hypodermal or subcutis. 

 

White button mushrooms (A. bisporus) are consumed globally for their flavor and 

nutrients. However, like vegetable and fruits, they are perishable and have a very short life 

of 1-3 days at room temperature (Nasiri et al., 2017).  Therefore, there has been an 

extensive focus on the maintenance of the quality and shelf-life of mushrooms. Whiteness 

is the most important quality attribute of a white button mushroom. Browning of 

mushrooms postharvest due to bruising, handling, infection, and senescence is the first 

step of deterioration. Browning is a process of an enzymatic reaction between a phenol-

oxidase enzyme, tyrosinase and its phenolic substrates leading to the formation of 

melanin, which responsible for mushrooms brown or black discoloration. The main stable 

phenols present throughout the mushrooms are tyrosine and γ-L-glutaminyl-4-

hydroxybenzene (GHB) as well as their products. These phenolic compounds serve as the 

limiting factor of browning reaction as most of the enzyme is present in a latent form. 

Weijn et al. (2013) reported an increase in a phenolic compound, tyrosine in mushroom 

during storage; highest in gills followed by skin. Jolivet et al. (1998) reported that 

tyrosinase enzyme activity was high in the skin apart from the gills. Further, the activity 

was highest near the pileus edge. In our study, we observed melanin pigments over ten 
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days on button mushroom post-harvest in the epidermis, pileus context, and stipe context. 

Melanin pigment in all the tissues increased with storage time. Melanin biosynthesis in 

Agaricus occurs via the shikimate pathway involved in the formation of the phenol 

substrates (GHB and tyrosine) followed by subsequent hydroxylation and oxidation 

reactions by tyrosinase converting these phenols to unstable quinones.  Later, the quinones 

self-polymerize to form melanin (Weijn, 2013).  

 

Browning is the major problem in fresh or processed mushrooms, lowering its commercial 

value. Apart from using several methods like blanching, irradiation, modified packaging; 

chemical additives such as reducing agents, tyrosinase inhibitors have been used to 

prevent browning (Loizzo et al., 2012). Ascorbic and sulfite-containing compounds are the 

most common additives. These sulfite compounds can prevent browning either by 

inhibiting the enzyme or forming a colorless product (Kuijpers et al., 2012). There have 

been several studies on mushroom tyrosinase inhibitors with special focus on natural 

compounds (Loizzo et al., 2012; Burlando et al., 2017; Zolghadri et al., 2019). However, 

no study has been directed towards tyrosinase inhibitors from bacteria and its application 

in the prevention of browning. Thus, our study focused on using crude/ presumptive 

bioactive extract (PBE)  as well as much purified tyrosinase inhibitor from marine 

actinobacteria, Kitasatospora kazusensis SBSK-430 with the respective controls to 

evaluate its potential in enhancing the quality and shelf-life of a fresh, harvested white 

button mushroom. 

 

To confirm the presence of a tyrosinase inhibitor in Presumptive Bioactive Extract (PBE), 

in situ trials on fresh, harvested button mushrooms (A. bisporus) was carried out. After the 

treatments, several quality parameters were monitored. Deterioration impended with time 

irrespective of the treatment. However, the deterioration rate of mushrooms treated with 

PBE was lower than the control treatments. Dehydration is another important factor in 

mushroom quality during postharvest. This could be attributed to the fact that mushrooms 

are only protected by a thin epidermal structure, which does not prevent quick superficial 

dehydration. Weight loss in the mushrooms increased with the duration of the storage 

period in all the treatments; being highest in the mushrooms treated with sterile Nutrient 

broth (control) (31.0 ± 3.0) and untreated mushroom control (30.4 ± 4.4) after ten days of 

storage. Weight retention after the treatment with PBE was found significant (p<0.05) but 
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equivalent to mushrooms treated with sterile distilled water (positive control); which 

could, therefore, relate to delayed mushroom shriveling and quality deterioration in the 

samples treated with PBE. After ten days of storage, the controls had maximum weight 

loss, and the test samples had a steady weight, which could be due to decreased respiration 

rates of the mushrooms. This suggests that weight retention was due to the presence of 

active metabolites in PBE.  

 

It is widely accepted that the most important parameter in determining button mushroom 

acceptability by consumers is the color. The quality of mushrooms subjected to different 

treatments was determined by the deterioration score matrix. The extent of browning of 

mushrooms was impedimental with time; the test sample showing significantly slower 

browning as compared to the controls and untreated samples (p<0.05). Mushroom quality 

decreased in test and control samples, and the controls were unacceptable after four days 

of storage. Only PBE treated mushrooms were acceptable within five days of storage. 

Sapers et al. (1994) found that the response of mushrooms to browning inhibitors 

depended on the initial condition of the mushroom; which could explain the variability in 

the result.  In addition, firmness of the fruiting body was reduced in all treatments during 

storage. Mushroom softening can occur due to degradation of cell walls postharvest, by 

bacterial enzymes and increased activity of endogenous autolysins. Microbial induced 

softening was observed in all the treatments, indicating that PBE could not reduce the 

action of cell wall degrading enzymes. The response of the treatment suggests that the 

benefits were mainly due to active metabolites present in PBE responsible for retention in 

weight of mushrooms and inhibition of enzymatic browning rather than texture and odor. 

 

A comparable result was observed on carrying out a similar experiment on mushroom 

quality but using a partially purified form of tyrosinase inhibitor from Kitasatospora 

kazusensis SBSK-430. The inhibitor was dissolved in phosphate buffer prepared in milliQ 

to avoid discoloration or bleaches because of chlorine. After four days of treatment, all the 

mushrooms were infested with fungal moulds which could be due to high humidity and 

environmental conditions. Maximum weight loss was observed in untreated samples 

which were comparable with the previous experiment. Mushrooms treated with inhibitor 

showed weight retention compared to the untreated mushrooms. A different scoring matrix 

was used to evaluate the sensory quality of the mushrooms in different treatments. Sensory 
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quality of mushrooms treated with the inhibitor was significantly higher compared to the 

buffer control suggesting the tyrosinase inhibitor had a role to play in enhancing the 

sensory quality except for firmness, cap size, odor, membrane integrity, and deterioration 

rate. The consumer acceptance was highest for mushrooms treated with the inhibitor 

compared to both the controls. Conversely, the inhibitor had no role to play in delaying 

maturity and veil opening rate in the mushrooms.  

 

Whiteness is the most important quality attribute and was assessed by measuring L 

(whiteness/darkness), a (redness/greenness) and b (yellowness/blueness) values for each 

mushroom. Whiteness was higher in mushrooms treated with the inhibitor compared to 

both the controls on the 3rd and 4th day of storage. However, yellowing of the mushrooms 

treated with the inhibitor was lower than the buffer control on the 3rd and 4th day, but 

higher than the untreated control. This could be due to bruising while spraying the 

mushrooms. The b value of buffer control was higher, suggesting that the active 

metabolites in the test sample prevent yellowing to some extent. The untreated sample 

showed the least color variation, followed by the test sample, and highest was the buffer 

control. Browning was highest in mushrooms treated with buffer, whereas whiteness was 

highest in both the mushrooms treated with the test sample as well as the untreated 

control. Treatment using a spraying method could be the reason for yellowing or browning 

at a faster rate. However, since the whiteness of the mushrooms treated with the inhibitor 

sample was significantly better than the buffer control, a different form of application of 

this inhibitor could resolve this problem. The firmness of mushrooms in all treatments 

drastically reduced after one day. The sample treatment did not affect the firmness of the 

mushroom, which was comparable with the previous experiment. However, the 

mushrooms treated with the inhibitor (test sample) showed a stable respiration rate 

compared to the controls. The respiration rate of mushrooms treated with the buffer was 

the highest on the 3rd and 4th day, explaining its faster deterioration rate.  Reduction of 

oxygen and an increase in carbon-dioxide controls senescence and reduces browning since 

tyrosinase requires oxygen for melanin synthesis (Rico et al., 2007).  However, excess of 

CO2 can damage mushrooms and trigger browning and loss of texture (Lin et al., 2017). 

Thus, the mushrooms treated with the purified inhibitor were consumable up to four days 

compared to three days of the control. 
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Both the experiments inferred that the presence of tyrosinase inhibitor acts on the surface 

of button mushroom and prevents browning at 25˚C and 22˚C. However, it does not affect 

the retention of the firmness and maturity of the mushroom leading to loss of cell rigor and 

contributes to short shelf-life. In addition, the application of water could be the possible 

cause of accelerated deterioration in the buffer control (Rai and Arumuganathan, 2008). 

Although the tyrosinase inhibitor was prepared in the water-based formulation, the 

deterioration was controlled compared to the buffer. Thus, an alternative method of 

formulation and application could further increase the quality of the mushrooms. Gupta 

and Bhat (2016) reported 2.5% citric acid washing of button mushroom improved its 

quality in terms of weight retention, maturity, and prevention of microbial growth. It had a 

considerable positive effect on the browning, but the texture of the mushrooms reduces 

over the storage period. Quality deterioration of mushroom is a complex process with a 

combination of reactions occurring post-harvest, such as weight loss, browning, 

decomposition of carbohydrates and proteins as well as other substrates, foul odor, etc.  It 

has been reported that high decay incidence and changes in carbohydrates, proteins, amino 

acids, and phenolic compounds can influence color, texture, etc., and thus, the 

unacceptable visual appearance of mushrooms (Zivanovic et al., 2000). Storage at high 

temperature, between 10 to 20˚C also leads to faster maturation promoted by utilization of 

protein (Rai and Arumuganathan, 2008).   

 

Although using tyrosinase inhibitor from a bacterial source has the potential in increasing 

the shelf-life of button mushroom and is a natural compound, it still requires a further 

advanced study and standardization of the mode of application, formulation, and 

concentration of the inhibitor to be used. Active and edible packaging is also another area 

extensively gaining importance. Chitosan film packagings with essential oils have been 

reported to increase the shelf life of mushroom without direct contact with the product 

(Liu et al., 2018).  Bacterial cellulose based active packaging with different herbal extracts 

showed different positive effects on the quality of mushroom and also proved to be a novel 

method of active packaging (Moradian et al., 2017). Zalewska et al. (2017) reported that 

coating does not necessarily protect mushroom from loss of phenolic compounds.  In 

contrast, a combination of methods could be used to make mushrooms commercially 

available for a longer period (Dhalsamant et al., 2018; Zalewska et al., 2018). Thus, a 

combination of methods such as active and edible packaging along with the tyrosinase 
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inhibitor from SBSK-430 could probably increase the shelf-life of button mushroom for a 

longer time. 

 

This study showed diverse bacteria from saltpan with antifungal activity against 

mycopathogens of Agaricus bisporus. This enabled us to select a strain capable of 

inhibiting different mushroom pathogens, thus making it an ideal biocontrol agent. 

Moreover, these bacteria were also found to be an important source of enzyme inhibitors. 

To conclude, we confirm that halotolerant bacteria from solar salterns possess potential 

anti-fungal properties as well as enzyme inhibitor production ability. Thus our work could 

further contribute to Nagoya Protocol, as it provides leads for a large genetic pool of 

halotolerant bacteria from solar saltpans of Goa with bioactive potential. Biocontrol 

potential of Bacillus subtilis strain BGUMS93 could be further explored in the mushroom 

cultivation process. In addition, the tyrosinase inhibitor from Kitasatospora sp. SBSK-430 

with a combination of different modes of packaging and application methods could serve 

as an efficient candidate for enhancing the quality of white button mushroom. 
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SUMMARY 

 

Screening of saltpan bacteria for bioactive compounds 

 Our study focused on exploring the potential of bacteria isolated from Goa’s 

pristine saltpans (Ribandar, Agarvado, Batim, Nerul and Arpora) for 

antimicrobial activity against mushroom pathogens as well as for production of 

enzyme inhibitors. 

 A total of 280 bacterial cultures isolated from Goa’s Salt-pans (Ribandar, 

Batim, Agarwaddo, Nerul) were screened against two phytopathogenic fungi 

Trichoderma sp. GUFCC, Penicillium sp. GUFCC 396 as well as a bacterium, 

Pseudomonas fluorescens MTCC 2975. 

 Analysis revealed antibiosis of saltpan bacteria against phytopathogenic fungi. 

About 41% isolates showed activity against Trichoderma sp. GUFCC and 17% 

against Penicillium sp.  GUFCC 396. 

 Only 1% of the salt-pan bacterial isolates showed activity against P. 

fluorescens MTCC 2975. Although, mild anti-pseudomonas activity was 

observed, it provides leads for further exploration for such antibiosis. 

 Nine fungi isolated from mushroom farm compost, and eleven from infected 

mushroom fruiting bodies of Agaricus bisporus (Sylvan Dutch) belonged to 

Aspergillus, Trichoderma, Penicillium, Rhizopus, and Mucor spp. 

 A total of 80 saltpan bacterial isolates (72 eubacteria and 8 actinobacteria) 

showing maximum and consistent activity were selected and screened against 

mushroom pathogens (Trichoderma harzianum MTCC 3178 and Lecanicillium 

fungicola MTCC 2061) and fungi isolated from infected button mushrooms 

and compost. About 34% isolates showed activity against the T. harzianum and 

20% against L. fungicola. 

 In addition, these isolates also showed activity against isolated mushroom 

pathogens. About 49% bacterial isolates inhibited other Trichoderma spp., 26% 

inhibited Penicillium spp. and only 3% inhibited Aspergillus spp.  However, no 

antagonist activity was observed against Rhizopus and Mucor species.  

 Most bacteria exhibited non-enzymatic antagonism against these fungi. 
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 Majority antagonists were bacteria isolated from saltpan water whereas 

actinobacteria showed no antagonism against these mycopathogens.  

 BGUMS93 showed maximum and broad spectrum anti-fungal activity against 

mushroom pathogens, L. fungicola (28 mm), Penicillium sp. (10 mm) and 

different species of Trichoderma (11 to 22 mm) including T. harzianum (15 

mm). BGUMS93 was further identified as Bacillus sp. (GenBank accession no: 

KC991034.1). This is the first report of a halotolerant marine Bacillus sp. 

showing antagonistic behavior against mycopathogens of Agaricus bisporus.  

 The antagonist activity of BGUMS93 could be attributed to the production of 

lipopeptide and combination of one or more other classes of antibiotics. Thus, 

marine Bacillus sp. BGUMS93 serves as an ideal candidate for biological 

control of A. bisporus fungal diseases in combination with integrated pest 

management. 

 The 80 salt pan bacterial isolates were also screened for production of enzyme 

inhibitors (Proteinase and tyrosinase inhibitors). Bacteria isolated from saltpan 

water were the major enzyme inhibitor producers, followed by biofilm 

associated bacteria and actinobacteria. Twenty-one cultures showed tyrosinase 

inhibitory activity whereas fifty showed proteinase inhibitory activity. 

 We report a halotolerant actinobacterium, Kitasatospora sp. strain SBSK-430 

(GenBank accession no: KJ081549.1) from Goa’s marine salt-pan showed 

maximum tyrosinase inhibitory activity, the first report of its kind.  

 Saltpan bacteria provide leads for exploration of this ecosystem for serine 

proteinase inhibitors. Halotolerant marine Bacillus sp. strain BGUMS66 

(GenBank accession no: MG021183) showed maximum proteinase inhibitory 

activity (82.8 ± 5.85%). BGUMS66 produces a complex mixture of serine 

proteinase inhibitor which could be proteineous in nature.  

 

Optimization of tyrosinase inhibitor production by SBSK-430 

 Optimization of fermentation media for enhancing the tyrosinase inhibitory activity 

by SBSK-430 was initially carried out by a classical approach – One factor a time 

(OFAT). Ten different carbon and nitrogen sources were evaluated. Complex 
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carbon and nitrogen source were preferred by SBSK-430 for enzyme inhibitor 

production. D-mannitol and yeast extract combination under aerobic conditions 

gave maximum activity. This is the first report of utilization of D-mannitol as a 

carbon source for the production of a tyrosinase inhibitor by a marine 

actinobacteria.  

 SBSK-430 did not grow at temperature below 20˚C and above 40˚C as well as pH 

below 5 and above 8. In addition, SBSK-430 showed maximum activity at 37˚C 

and in medium with neutral pH. Extreme alkaline and acidic conditions were found 

to restrict production of the tyrosinase inhibitor. 

 Sodium chloride played a crucial role in tyrosinase inhibitor production with 

activity varying between 0 to 8% (w/v) NaCl concentration. Maximum activity 

was found in medium with 0.1% (w/v) NaCl concentration. 

 The ratio of C:N:P and calcium carbonate on the production of the inhibitor by 

SBSK-430 was also evaluated. Maximum activity was observed with 1% mannitol, 

0.2% or 1 % yeast extract and 0.1% K2HPO4. SBSK-430 was found to solubilize 

the calcium carbonate and produced maximum activity with 0.4% CaCO3 in the 

fermentation medium. 

 Tyrosinase inhibitory activity of SBSK-430 was increased 1.2 fold using OFAT 

method compared to un-optimized medium. 

 The medium for the production of tyrosinase inhibitor by SBSK-430 was 

optimized by OFAT method and RSM-GA method, with a 1.4 fold increase in 

activity compared to un-optimized media. Maximum tyrosinase inhibitor 

production by SBSK-430 was observed and predicted by a quadratic model (R2 = 

0.948) in media with 15 g/L D-mannitol, 5.6 g/L yeast extract and 1.2 g/L sodium 

chloride concentrations. This is the first report of optimization of tyrosinase 

inhibitor production by a marine actinobacteria SBSK-430 by conventional and 

statistical approaches.  

 The production of the tyrosinase inhibitor by SBSK-430 was found to be growth 

independent, produced during the secondary phase of growth.  
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 Gel filtration and LCMS proved that the tyrosinase inhibitor is a complex mixture 

of compounds, with molecular weights ranging from 189 to 700 Da. However, 

since these compounds are not reported from microbial sources, they could be 

novel compounds.  

 

In-situ trials on Agaricus bisporus  

 Freshly harvested Agaricus bisporus was found to undergo autolysis (including 

weight loss, quality deterioration and increase in melanin) with increase in time. 

  In-situ trials of the crude tyrosinase inhibitor produced by SBSK-430, was carried 

out on freshly harvested A. bisporus for evaluating its efficacy in enhancing the 

quality and shelf-life of the button mushroom.  

 Mushrooms treated with presumptive bioactive extract (PBE) showed lower 

deterioration rate compared to the controls. Weight retention after 10 days of 

storage was to be highest in the mushrooms treated with PBE and sterile distilled 

water. The treatments had no effect on the aroma and texture of the mushrooms.  

 In addition, the mushrooms treated with PBE showed significantly lower browning 

compared to the controls and were acceptable upto 5 days of storage at 25˚C.  

 Partially purified tyrosinase inhibitor from SBSK-430 was also evaluated for its 

effect on mushroom quality. Weight loss and deterioration rate of the mushrooms 

treated with the sample was significantly lower compared to the untreated control.  

 In addition, sensory quality of mushrooms treated with the sample was 

significantly higher than the buffer control. Cap color, shape, topography, overall 

quality, stipe cutting efficiency and consumer acceptance of mushrooms treated 

with sample showed significant difference compared to buffer control (p<0.05). 

Mushrooms treated with the sample showed higher consumer acceptance and 

lower veil opening rate compared to the controls. 

 The treatments had no effect on the maturity of the mushrooms. 
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 L values of mushrooms treated with sample were significantly higher compared to 

the controls and b value was significantly lower compared to the buffer control. 

Color variation and browning index (BI) in mushrooms was highest in the buffer 

control.  The highest whiteness index (WI) was observed in untreated mushrooms 

(90.5 – 76.4) and mushrooms treated with the purified tyrosinase inhibitor (90.8 – 

70.0).  

  The treatments had no significant effect on the texture of the mushrooms. 

However, mushrooms treated with the sample showed a stable respiration rate (257 

– 325 mg CO2/kg/h) compared to the controls.   

 Our study showed for the first time, the potential of tyrosinase inhibitor from 

Kitasatospora sp. in increasing the quality and shelf-life of Agaricus bisporus for 4 

days at ambient temperature (22 ± 2 ºC). 
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CONCLUSION 

Our present study reveals marine salt-pans of Goa, to harbor hypersaline bacteria with 

antimicrobial and enzyme inhibitory activity. These bacteria displayed anti-fungal 

activity against phytopathogens (Trichoderma sp. and Penicillium sp.) as well as diverse 

mycopathogens (Trichoderma spp., Lecanicillium fungicola, Aspergillus spp., T. 

harzianum, Penicillium spp.) of Agaricus bisporus (White button mushroom). A marine 

Bacillus sp. BGUMS93 was found to have the most consistent and broad spectrum 

activity against mushrooms mycopathogens, and the activity could be attributed to the 

production of antibiotic compounds. This is the first report of a marine Bacillus sp. from 

saltpans against these pathogens, which serves as an ideal biocontrol agent for white 

button mushroom cultivation. In addition, our study provides leads for further 

exploration of anti-pseudomonas activity from halotolerant bacteria from salt-pan of 

Goa.  

 

Marine bacteria from saltpan of Goa were found to be proficient producers of tyrosinase 

and serine proteinase inhibitors. A marine Bacillus sp. BGUMS66 was found to produce 

maximum serine proteinase inhibition; its activity attributed to a complex mixture; 

proteinous in nature. Kitasatospora sp. strain SBSK-430, a halotolerant actinobacterium 

produces an array of tyrosinase inhibitors reported by us for the first time. The activity 

was increased by 1.4 fold by optimizing the medium constituents using conventional and 

statistical approaches. The inhibitor was a low molecular compound with the capability 

to inhibit tyrosinase, in-vitro. This tyrosinase inhibitor has the potential of increasing the 

shelf life of A. bisporus (button mushroom) for four days at 22 ± 2ºC. 
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Appendix A: Media Composition 

Most of the microbiological media are commercially available by HiMedia, India. 

Sr. No. Ingredients Composition (g/L) 

1. Nutrient Agar 

 Peptic digest of animal tissue 5.00 

Yeast extract 1.50 

Beef extract 1.50 

Sodium chloride 5.00 

Agar 15.00 

Final pH (at 25˚C) 7.4 ± 0.2 

   

2. MD Agar 

 Tryptone 1.50 

Soy peptone 0.5 

Sodium chloride 0.5 

Agar 15.00 

Final pH (at 25˚C) 7.2 ± 0.2 

  

3. 25% Nutrient Agar 

 Peptic digest of animal tissue 1.25 

Yeast extract 0.38 

Beef extract 0.38 

Sodium chloride 1.25 

Agar 15.00 

Final pH (at 25˚C) 7.4 ± 0.2 

  

4. Inorganic salt starch (ISP-4)Agar  

 Starch, soluble 10.00 

Dipotassium phosphate 1.00 

Magnesium sulphate 1.00 
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Sodium chloride 1.00 

Ammonium sulphate 2.00 

Calcium carbonate 2.00 

Ferrous sulphate 0.001 

Manganous chloride 0.001 

Zinc sulphate 0.001 

Agar 20.00 

Final pH (at 25˚C) 7.2 ± 0.2 

  

5. 25% Zobell Marine Agar 

 Zobell Marine Broth 10.06 

Agar 15.00 

 Final pH (at 25˚C) 7.6 ± 0.2 

   

6. Nutrient Broth 

 Peptone 5.00 

Yeast extract 1.50 

Beef extract 1.50 

Sodium chloride 5.00 

Final pH (at 25˚C) 7.4 ± 0.2 

  

7. Potato Dextrose Agar 

 Potatoes, infusion form 200.00 

Dextrose 20.00 

Agar 15.00 

Final pH (at 25˚C) 5.1 ± 0.2 

  

8. Potato Dextrose Broth 

 Potatoes, infusion form 200.00 

Dextrose 20.00 

Final pH (at 25˚C) 5.1 ± 0.2 
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9. Soft Potato Dextrose Agar 

 Potato dextrose broth  

Agar  

Final pH (at 25˚C) 5.1 ± 0.2 

  

10. Muller Hinton Agar  

 Beef infusion 300.00 

Casein acid hydrolysate 17.50 

Starch 1.50 

Agar 17.00 

Final pH (at 25˚C) 7.4 ± 0.2 

  

11. Inorganic salt starch (ISP-4) Broth 

 Starch, soluble 10.00 

Dipotassium phosphate 1.00 

Magnesium sulphate 1.00 

Sodium chloride 1.00 

Ammonium sulphate 2.00 

Calcium carbonate 2.00 

Ferrous sulphate 0.001 

Manganous chloride 0.001 

Zinc sulphate 0.001 

Final pH (at 25˚C) 7.2 ± 0.2 

  

12.  Nutrient Agar 

 Peptone 5.00 

Yeast extract 1.50 

Beef extract 1.50 

Sodium chloride 5.00 

Agar 15.00 

Final pH (at 25˚C)   7.4 ± 0.2 
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13.  Potato Carrot Agar 

 Carrot, infusion form 200.00 

Potato, infusion form 250.00 

Agar 15.00 

Final pH (at 25˚C)   6.5 ± 0.2 
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Appendix B: Reagents, Stains, Buffers 

Sr. No. Ingredients Composition 

1. Lactophenol cotton blue stain 

 Phenol crystals 20.0 g 

Cotton blue 0.05 g 

Lactic acid 20.0 mL 

Glycerol 20.0 mL 

Distilled water 20.0 mL 

*Dissolve cotton blue in distilled water and leave overnight. Add phenol 

crystals to lactic acid and dissolve completely. Add glycerol. Filter the 

cotton blue solution into the phenol mixture. 

 

2. 0.1% (w/v) Congo red stain 

 Congo red 0.1 g 

Distilled water 100 mL 

  

3. 5%  (w/v) Malachite green stain 

 Malachite green 5 g 

Distilled water 100 mL 

  

4. 0.4% (w/v) Safranin stain 

 Safranin 0.4 g 

95% (v/v) ethanol 100 mL 

  

5. 2.5% (w/v) Safranin stain 

 Stock solution 10 mL 

Distilled water 90 mL 

*Stock solution: 2.5% (w/v) safranin in 95% (v/v) ethanol 

  

6. 2% (w/v) Crystal violet stain 

 Crystal violet 2 g 
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95% (v/v) ethanol 20 mL 

Ammonium oxalate 0.8 g 

Distilled water 80 mL 

*Dissolve crystal violet in ethanol (Solution A). Dissolve ammonium 

oxalate in distilled water (Solution B). Mix A and B.  

  

7. Gram’s Iodine 

 Iodine 1 g 

Potassium iodide 2 g 

Distilled water 300 mL 

  

8. Decolorizer for Gram’s staining  

 Acetone 50 mL 

95% (v/v) ethanol 50 mL 

  

9. 50 mM Phosphate Buffer (pH 6.8) 

 1 M Potassium dihydrogen phosphate 26.5 mL 

 1M dipotassium hydrogen phosphate  23.5 mL 

 *Make up volume to 1 L and adjust pH  

   

10. 30 mM Tris- HCl (pH 8.0) 

 Stock solution (1 M Tris buffer)  3 mL 

Distilled water 97 mL 

*Prepare 1 M Stock solution (12.1 g of Tris base in 80 mL distilled water 

and adjust pH to 8.0 with conc. HCl and make up volume to 100 mL)  

  

11. 0.2 mM L-tyrosine 

 5 mM L- tyrosine stock solution 4 mL 

50 mM Phosphate Buffer (pH 6.8) 96 mL 

*To prepare stock solution dissolve by heating  90.6 mg L-tyrosine in 100 

mL distilled water 
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12 1% Casein 

 Casein 1 g 

Distilled water 100 mL 

  

13 5 mM Sodium Thioglycolate 

 Sodium thioglycolate 0.057 g 

Distilled water 100 mL 

  

14 2.5% (w/v) Glutaraldehyde 

 Glutaraldehyde 2.5 g 

Distilled water 100 mL 

  

15 5% Trichloroacetic acid reagent 

 Trichloroacetic acid 5 mL 

Distilled water 100 mL 

  

16 0.1 M HCl 

 Conc. HCl 8.33 mL 

*Add conc. HCl to 100 ml distilled water and make up volume to 1L. 

  

17 0.5 M Barium chloride 

 Barium chloride  

Distilled water 100 mL 

  

18 0.1M Sodium hydroxide 

 Sodium hydroxide 0.4 g 

Distilled water 100 mL 

  

19  Ninhydrin reagent for TLC 

 Ninhydrin 0.2 g 

90% (v/v) ethanol 95 mL 

Glacial acetic acid 5 mL 
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Abstract Tyrosinase is the main enzyme responsible for
enzymatic browning of fruits post-harvest and melanogenesis
in mammals, an undesirable phenomenon. This encouraged
researchers to seek potent tyrosinase inhibitors for application
in the food and cosmetics industries. Despite an increased
knowledge of tyrosinase inhibitors from plants and synthetic
sources in the past few years, inhibitors of microbial origin are
under-explored. Thus, this article surveys tyrosinase inhibitors
produced by microorganisms and hence, serves as an updated
database of tyrosinase inhibitors from microbial sources.

Keywords Inhibitor .Melanogenesis . Bacteria . Fungi .

Tyrosinase

Introduction

Over the past several years, tyrosinase (EC 1.14.18.1) has
been studied extensively in a wide area of research.
Tyrosinase enzyme is ubiquitous in nature, found in both
prokaryotes as well as eukaryotes. There are several examples
of well-characterized tyrosinases from prokaryotes. The first
well-described tyrosinase was reported in Streptomyces sp.
(Lerch and Ettinger 1972; Katz et al. 1983); however, this
enzyme has also been reported from other genera, such as
Bacillus megaterium, Rhizobium sp., Symbiobacterium
thermophilum, Pseudomonas maltophilia, Sinorhizobium
meliloti, Marinomonas mediterranea, Thermomicrobium

roseum, Bacillus thuringiensis, Pseudomonas putida F6 and
Ralstonia solanacearum (Liu et al. 2004; Ruan et al. 2005;
Claus and Decker 2006; Dalfard et al. 2006; Hernández-
Romero et al. 2006; McMahon et al. 2007; Shuster and
Fishman 2009). In eukaryotes, they serve several other func-
tions apart from melanin production. They are important for
wound healing and serve as primary immune response in
plants, sponges, and many invertebrates (Van Gelder et al.
1997; Cerenius and Söderhäll 2004; Müller et al. 2004), and
are also involved in sclerotization in arthropods (García‐
Borrón and Solano 2002).

Recently, enzyme inhibitors have been gaining attention as
indispensable tools, not only for the study of the respective
enzyme structure but also for their potential in pharmaceuticals
and agriculture (Imada 2004). Tyrosinase plays a key role in
melanogenesis in mammals and enzymatic browning in fruits
and fungi, through a series of reactions leading to the formation
of a dark pigment, melanin (Chang 2009). Although melanin
plays an important role in the phytoprotection of human skin
from UV rays, depigmentation is an esthetic problem in a wide
range of human populations (Solano et al. 2006; Brenner and
Hearing 2008). In addition, browning of fruits and mushrooms
post-harvest is undesirable, as it reduces the commercial value
of the product. The development of tyrosinase inhibitors has
also become a better alternative in controlling insect pests, as
the enzyme also plays an important role in developmental and
defensive functions in insects (Sugumaran 2002). Due to these
varied applications, tyrosinase inhibitors have been gaining
importance as the best alternative for these approaches.

Tyrosinase inhibitors have been discovered and reviewed
from various natural and synthetic sources (Kim and Uyama
2005; Khan 2007; Parvez et al. 2007; Schurink et al. 2007;
Likhitwitayawuid 2008; Lin et al. 2008; Chang 2009, 2012a;
Loizzo et al. 2012; Chan et al. 2014; Chen et al. 2015;
Kilimnik and Dembitsky 2016). However, limited literature
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has been reviewed about tyrosinase inhibitors produced by
microorganisms. Microorganisms produce several bioactive
compounds and have potential as important new sources of
tyrosinase inhibitors. Hence, this article reviews several tyros-
inase inhibitors produced by microorganisms in the literature
for use in the depigmentation of hyperpigmented skin and
other applications.

Biochemical characteristics of tyrosinase

In this section, we give a brief overview of tyrosinase from
bacteria, plants and fungi, with more emphasis on mushroom
tyrosinase. Because of difficulties in producing tyrosinase from
humans in large quantities, its three-dimensional structure is
still unknown. Tyrosinase is a polyphenol oxidase enzyme
which uses molecular oxygen to catalyze sequential reactions,
such as (i) hydroxylation of monophenols to o-diphenols,
followed by (ii) oxidation of o-diphenols to o-quinones. The
quinones self-polymerize or react with other substances to form
melanin. They belong to a large group of proteins, namely type
3 copper proteins, responsible mainly for the first step in
melanin synthesis. Both copper atoms are coordinated by
conserved three histidine residues. In melanin synthesis, three
types of tyrosinase, namely oxy, met, and deoxy, with different
binuclear copper structures are involved. The resting form of
tyrosinase consists of a mixture of met and oxy forms, with
85% of the met form (Sánchez-Ferrer et al. 1995; Kim and
Uyama 2005; Claus and Decker 2006).

The first crystal structure of tyrosinase was determined from
Streptomyces castaneoglobisporus (Matoba et al. 2006). The
low sequence homology between tyrosinase of different
sources can be related to the differences in their structure and
function. In fungal tyrosinases, one histidine residue is linked
by thioether bond to the side chain of a cysteine residue. This
feature is not found in bacterial tyrosinase. Haudecoeur et al.
(2014) reported that there was some similarity and difference
between the binding sites of tyrosinase from different origins
using the same set of molecules. Selinheimo et al. (2007) also
compared the characteristics of fungal and plant tyrosinases and
suggested that the enzymes showed different features in terms
of substrate specificity, stereo-specificity, inhibition, and ability
to crosslink the model protein; however, they had similar reac-
tion mechanisms to produce identical quinone radicals. In a
recent study, it was found that, although monophenols and
diphenols bind and orient identically at the active site, only
monophenols rotate during the reaction, thus enabling enzymes
with only diphenolase activity to have two constraints to pre-
vent monophenolase activity. They also proposed a conserved
water molecule at the active site that mediates deprotonation of
monophenol at the active site (Goldfeder et al. 2014). Kanteev
et al. (2015) also suggested that the active site flexibility and
substrate deprotonation is crucial for the monophenolase

activity of type 3 copper proteins. Asn and Glu residues
are highly conserved in type 3 copper proteins and are
assumed to play a role in the activation of the conserved water
molecule. We have listed in Table 1 tyrosinases from different
microbial sources.

Melanogenesis in mammals

Melanin is an important pigment in mammals, synthesized and
distributed in the skin and hair bulbs, that absorb free radicals
generated within the cytoplasm and also protect the host from
various types of ionizing radiation (Seiberg et al. 2000;
Schaffer and Bolognia 2001). In mammals, a mixture of two
types of melanin, eumelanin (brown or black pigment) and
pheomelanin (red or yellow pigment), are found. The for-
mation of melanin occurs through a series of oxidative
reaction, where tyrosine is converted to dihydroxyphenylalanine
(DOPA) and, further, to dopaquinone by tyrosinase.
Dopaquinone is further auto-oxidized to dihydroxyindole or to
dihydroxyindole-2-carboxylic acid (DHICA) by dopachrome
tautomerase and DHICA oxidase to form eumelanin.
Subsequently, pheomelanin is formed (Raper 1928; Kobayashi
et al. 1995; Borges et al. 2001).

Melanogenesis is regulated by three different signaling path-
ways: protein kinase C-mediated pathway, cAMP-mediated
pathway, and mitogen-activated protein kinase (MAPK) path-
way. Although there are three enzymes active in the process of
melanogenesis, tyrosinase plays the key role in the formation of
melanin, whereas the rest adjust the type of pigment formed
(Kobayashi et al. 1995). Microphthalmia-associated transcrip-
tion factor (MITF) is phosphorylated by MAPK, which is
essential for its activation as well as degradation. cAMP serves
as a starting point of several interacting signaling cascades in
melanin synthesis as well as regulating melanin production and
PI3K. Stimulation with cAMP inhibits PI3K signaling, thereby
increasing the synthesis of melanin via increased transcription
of tyrosinase and TRP-1 (tyrosinase-related protein 1).
Therefore, the activation of PI3K or protein kinase B (AKT)
signaling reduces melanogenesis via the downregulation of
MITF expression, as AKT is an effector of PI3K (Bertolotto
et al. 1998; Hemesath et al. 1998; Meinkoth et al. 1991; Xu
et al. 2000; Hennessy et al. 2005).

Due to the increased treatments for skin fairness, there has
been a demand for the prevention of skin pigmentation in the
cosmetics industry. This has lead to an increased interest on
potent tyrosinase inhibitors, to prevent melanogenesis.
Although several tyrosinase inhibitors have been reported
from natural and synthetic sources, only a few of them are
used as skin-whitening agents. Solano et al. (2006) suggests
that, although tyrosinase inhibition is the most common
approach, a new innovative combined approach improved
the transdermal delivery system and enabled efficient
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Table 1 Tyrosinase of different origins

Source Molecular weight (kDa) pI References

Gram-positive bacteria
Streptomyces glaucescens 30.9 – Lerch and Ettinger (1972); Kim and Uyama (2005)
Streptomyces antibioticus 30.6 7.17 Katz et al. (1983); Claus and Decker (2006)

14.9 6.54
Streptomyces avermitilis 33.5 9.33 Claus and Decker (2006)

13.6 6.64
Streptomyces nigrifaciens 18 – Nambudiri et al. (1972); Claus and Decker (2006)
Streptomyces castaneoglobisporus 31 6.20 Matoba et al. (2006)

13 6.42
Streptomyces coelicolor 33.1 9.66 Claus and Decker (2006)

19.3 7.15
Streptomyces galbus 31.3 9.33 Claus and Decker (2006)

12.9 6.69
Streptomyces griseus 35.5 8.90 Claus and Decker (2006)

13.7 11.8
Streptomyces lincolnensis 30.7 6.84 Michalik et al. (1975); Claus and Decker (2006)

14.2 7.10
Streptomyces lavendulae 31 6.8 Claus and Decker (2006)

17 11.9
Streptomyces tanashiensis 31.3 6.84 Claus and Decker (2006)

12.5 9.39
Streptomyces sp. KY-453 29 9.9 Yoshimoto et al. (1985); Claus and Decker (2006)
Streptomyces michiganensis 32 9.0 Philipp et al. (1991); Claus and Decker (2006)

34.5
Bacillus cereus 28.5 5.47 Claus and Decker (2006)
Bacillus thuringiensis 16.8 4.87 Liu et al. (2004); Ruan et al. (2005)
Corynebacterium efficiens 46.4 5.16 Claus and Decker (2006)
Bacillus megaterium 31 – Shuster and Fishman (2009)

Gram-negative bacteria
Marinomonas mediterranea 74.5 4.84 Claus and Decker (2006)
Marinomonas mediterranea 53.1 4.85 Claus and Decker (2006)
Marinomonas mediterranea 28.6 9.89 Claus and Decker (2006)
Nitrosomonas europaea 53.9 5.26 Claus and Decker (2006)
Rhizobium etli (Rh.e.) 67.4 7.28 Claus and Decker (2006); Cabrera-Valladares et al. (2006)
Sinorhizobium meliloti 54.1 4.65 Claus and Decker (2006)
Ralstonia solanacearum 44 8.44 Hernández-Romero et al. (2005); Claus and Decker (2006)
Stenotrophomonas maltophilia 18.6 9.27 Claus and Decker (2006)
Pseudomonas melanogenum – – Yoshida et al. (1974); Claus and Decker (2006)
Thermomicrobium roseum 43 4.9 Kong et al. (2000); Claus and Decker (2006)
Vibrio tyrosinaticus 38.5 – Pomerantz and Murthy (1974); Claus and Decker (2006)

41
Fungi
Pycnoporus sanguineus 45 4.5–5.0 Halaouli et al. (2005); Halaouli et al. (2006)
Trichoderma reesei 43.5 9.0 Selinheimo et al. (2006)
Aspergillus oryzae 67 – Ichishima et al. (1984); Halaouli et al. (2006)
Lentinula edodes 54–55 4.3–4.7 Kanda et al. (1996); Halaouli et al. (2006)

15–50
Neurospora crassa 46 8.3–8.5 Lerch (1983); Halaouli et al. (2006)
Agaricus bisporus 13.4 4.7–5.0 Solomon et al. (1996)

43
Mammals
Human melanocyte 66.7 – Solomon et al. (1996)

Ann Microbiol (2017) 67:343–358 345



screening tests for validating their efficacy and safety.
Currently, arbutin, gentisic acid, hydroquinone, and aloesin
isolated from plants as well as 4-n-butylresorcinol,
deoxyarbutin, kojic acid, ascorbic acid, and azelaic acid are
used in the cosmetics industry, with strong inhibition against
tyrosinase (Solano et al. 2006; Parvez et al. 2007; Lin et al.
2008; Gillbro and Olsson 2011).

Enzymatic browning of plant-derived foods

The browning of fruit and vegetables is of great concern in the
food industry, as it reduces its economic value. Browning
occurs due to various reasons, such as microbial spoilage,
mechanical damage and enzymatic reactions. Due to their thin
and epidermal layer, the respiration rate of vegetables and
fruits is high; hence, they tend to lose their quality post-har-
vest. Enzymatic browning is a major concern in damaged
fruits during post-harvest handling and processing, where
tyrosinase enzyme plays a key role (Mayer 1987). Tyrosinase
causes oxidation of the phenolic compounds in fruits, causing
undesirable changes in color, flavor and texture, thereby
reducing its marketability. The extent of browning depends on
various factors, such as concentration of the enzyme and sub-
strate, oxygen availability, pH and temperature (Zheng et al.
2008). Tyrosinase catalyzes the hydroxylation of phenolic
substrate tyrosine to DOPA via its monophenolase activity,
which is further oxidized to dopaquinone by its diphenolase
activity. Further, these quinones are powerful electrophiles,
which can be attacked by water, other polyphenols, amino
acids, peptides and proteins, leading to Michael-type addi-
tions. This is further converted to melanin through a series
of reactions (Busch 1999).

The appearance of a product has been an essential attribute
in the food industry and, therefore, several methods have been
incorporated to reduce or stop enzymatic browning, such as
blanching, microwave, autoclaving, application of chemicals,
modified atmospheric packing, controlled atmospheric
control, etc. (Singh et al. 2010; Ioannou and Ghoul 2013).
However, these processes alter the quality, texture, and nutrient
content of the product. Several enzyme inhibitors, namely
citric acid, ascorbic acid and kojic acid, have been used for
the prevention of browning (Loizzo et al. 2012; Ioannou and
Ghoul 2013). However, since safety is the main concern in the
food industry, the search for a considerably safe tyrosinase
inhibitor from a natural source is an eminent topic of research.

Tyrosinase inhibitors

Tyrosinase inhibitors are widely used in cosmetology and
agriculture. There are several tyrosinase inhibitors derived
from natural and synthetic sources (Parvez et al. 2007; Lin

et al. 2008). Some authors use Bmelanogenesis inhibitors^ as
the terminology for tyrosinase inhibitors; however, this is
attributed to the inhibition of melanin synthesis, regardless
of its mode of action. Thus, tyrosinase inhibition could be
due to one of the following reasons, which could mislead
the definition of an enzyme inhibitor:

1. Reducing agents causing chemical reduction of
dopaquinone, e.g., ascorbic acid

2. o-Dopaquinone scavengers which react with dopaquinone
to form a colorless product, e.g., thio-containing
compounds

3. Alternative substrate with good affinity for the enzyme
forming a different product, e.g., phenolic compounds

4. Non-specific enzyme inactivators such as acids and bases
which inactivate the enzyme

5. Specific enzyme inactivators or suicide substrates
6. True inhibitors which bind to the enzyme and inhibit its

activity

The true inhibitors can be subdivided further into three
categories based on their mode of inhibition, such as compet-
itive inhibitors, mixed type inhibitors, and non-competitive
inhibitors (Chang 2009, 2012b). The inhibitors mainly com-
prise copper-binding agents and compounds binding on active
sites (Mayer and Harel 1979; Robb 1984). Substrate ana-
logues include numerous aromatic acids, phenols and their
derivatives, and a few non-aromatic compounds, which main-
ly behave as competitive inhibitors (Walker and McCallion
1980; Menon et al. 1990; Nicolas et al. 1994). As the enzyme
is a metalloenzyme, metal chelaters such as carbon monoxide,
cyanide, azide ions, thiourea derivatives, kojic acid, tropolone,
etc. could inhibit its activity. Inhibitors from natural sources
have been preferred over synthetic sources, with microbial
sources being an important area for exploration of some novel
and safe inhibitors for application in various sectors.

Tyrosinase inhibitors from fungi

Fungi produce diverse bioactive compounds, including
antibiotics, enzymes, enzyme inhibitors, growth promoters,
etc., exploited in the agriculture, food, and pharmaceutical
industries. Fungi from different genera have been found to
demonstrate anti-tyrosinase activity. One of the genera,
Aspergillus, was found to produce several compounds having
tyrosinase inhibitory activity (Fig. 1). Kojic acid (5-hydroxy-
2-(hydroxymethyl)-gamma-pyrone), a well-studied tyrosinase
inhibitor, was reported from A. albus (Saruno et al. 1979),
A. candidus (Wei et al. 1991), A. niger (Vasantha et al. 2014),
andPenicillium sp., a good chelator and also a scavenger of free
radicals. Saruno et al. (1979) reported kojic acid with 80%
inhibition by A. albus, whereas Vasantha et al. (2014) reported
A. niger S16 producing kojic acid that showed 84%
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competitive inhibition of mushroom tyrosinase with an IC50

value of 61.9 μM. Based on several studies, kojic acid at a
minimum level of exposure or consumption was found to have
negligible toxicity to humans (Burdock et al. 2001; Nohynek
et al. 2004). Apart from kojic acid, the Aspergillus genus pro-
duces diverse compounds with anti-tyrosinase activity.
Aspergillus niger produces metallothioneins, which are strong
tyrosinase inhibitors having strong avidity to chelate copper at
its active site (Goetghebeur and Kermasha 1996). An inhibitor
of melanin formation, decumbenone A, was isolated from

P. decumbens and A. sulphureus; in addition, the Aspergillus
genus also produced a new potent decaline derivative,
decumbenone C, showing cytotoxic activity against human
melanoma cells with an IC50 value of 0.9 μM (Fujii et al.
2002; Zhurayleva et al. 2012). Terrein was isolated for the first
time from A. terreus, which inhibited melanin synthesis by the
downregulation of MITF via the induction of ERK activity and
inhibition of MITF promoter activity (Raistrick and Smith
1935; Kim et al. 2007, 2008). A melanogenesis inhibitor iso-
lated from Penicillium sp. 20135 was also identified as terrein,

Compound

Terrein
IC50  = n.d

IC50  = 61.9  μM

IC50  = 74  μM

IC50  = 0.9  μM

IC50  = 9  μM

IC50  = 191  μM;

181  μM

IC50  = 184  μM;

IC50  = 203  μM

IC50  = 218  μM

IC50  = 267  μM

IC50  = 343  μM
R1=R3=H,
R2=OGlc,
R4=OH

R1=R3=R4=H,
R2=OGlc

R1=R4=H,
R2=OH,
R3=OCH3

R1=R3=R4=H,
R2=OH

R1=R2=R4=OH,
R3=H

R1=R2=OH,
R3=R4=H

R1=R4=H,
R2=R3=OH

Down regulation MITF via induction of ERK
activity.
Inhibtion of MITF promoter activity.

Chelate copper at its active site.
Competitive inhibition

Competitive inhibition of monophenolase
activity

Irreversible inhibition of monophenolase
and diphenolase activity.

Irreversible inhibition of monophenolase
and diphenolase activity.

Competitive inhibition of monophenolase
activity.

Competitive inhibition of monophenolase
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which inhibited melanin formation in B16 melanoma cells;
however, neither inhibited mushroom tyrosinase nor demon-
strated cytotoxic activity in a cell-based assay (Park et al.
2004; Kim et al. 2005). In addition, Chang et al. (2007) report-
ed seven isoflavones from soygerm koji fermented with
A. oryzae BCRC 32288 having anti-tyrosinase activity. Five
compounds, 6,7,4′-trihyroxyisoflavone (IC50 = 9 μM),
daidzein (IC50 = 203 μM), glycitein (IC50 = 218 μM),
daidzin (IC50 = 267μM), and genistin (IC50 = 343μM), showed
inhibitory activity against the monophenolase activity of tyros-
inase by competitive inhibition. The other two compounds,
7,8,4′-trihyroxyisoflavone and 5,7,8,4′-tetrahydroxyisoflavone,
irreversibly inhibited both monophenolase with IC50 values of
191 μM and 184 μM, respectively, as well as diphenolase ac-
tivity with IC50 values of 181 μM and 212 μM, respectively, of
tyrosinase. Additionally, dietary daidzein, a phytoestrogen com-
ponent of soy, did not show toxicity to the female reproductive
tract in rats (Lamartiniere et al. 2002). Tyrosinase inhibition
activity (56.18%) was also found in rice bran fermented with
A. oryzae (Razak et al. 2015).

Another genus found to produce diverse compounds having
anti-tyrosinase activity is Trichoderma (Fig. 2). Lee et al.
(1995) reported a particular strain of T. harzianum MR304 to
produce a melanin synthesis inhibitor, MR304-1, identified as
an isocyanide compound, which inhibited melanogenesis in-
hibition in S. bikinienesis, B16 melanoma cells [minimum
inhibitory concentration (MIC) = 0.05μg/mL], andmushroom
tyrosinase (IC50 = 0.25 μg/mL). Trichoderma harzianum iso-
lated from soil was also reported to produce several melanin
synthesis inhibitors. Two new tyrosinase inhibitors, MR566A
(IC50 = 1.72 μM) and MR566B (IC50 = 47 μM), along with a
new oxazole compound MR93B (IC50 > 6000 μM), six
known isocyanide compounds, and MR93A (IC50 >
6000 μM), were isolated showing inhibition against mush-
room tyrosinase, melanogenesis inhibition in S. bikinienesis,
and B16 melanoma cells. The isocyanide compounds were
identified as 1-(1,4,5-trihydroxy-3-isocyanocyclopenten-2-
enyl)ethanol , 2-hydroxy-4- isocyano-α-methyl-6-
oxabiocyclo[3.1.0]hex-3-ene-3methanol, 4-hydroxy-8-
isocyano-1-oxaspiro[4.4]cyclonon-8-en-2-one, MR304A,
methyl-3-(1,5-dihydroxy-3-isocyanocyclopent-3-enyl)prop-2-
enoate, and an unidentified compound with IC50 values of 3.6,
4.9, 0.089, 47, 1.72, and 0.0014 μM, respectively (Lee et al.
1997a, b). Lee et al. (1997a, b) proposed that the isocyano
group in the compounds plays a vital role in inhibiting the
activity of mushroom tyrosinase enzyme. Imada et al. (2001)
reported mushroom tyrosinase inhibitor produced by
Trichoderma sp. H1-7 isolated from a marine environment as
having 1000–2500 U/mL inhibitory activity. A competitive
inhibitor of tyrosinase (5.4 × 105 U/mL) similar to the structure
of homothallin II was isolated from T. viridae strain H1-7 from
marine sediments which inhibited the enzyme by binding to
the copper active site. In addition, this strain produced seven

different melanogenesis inhibitors, with not all of them show-
ing inhibition of tyrosinase (Tsuchiya et al. 2008).

Marine fungi live in a unique environment with stressful
conditions of pH, temperature, salinity, oxygen nutrients, and
light, and, therefore, serve as promising candidates for novel
bioactive compounds. On investigation, few known and novel
compounds with tyrosinase inhibition activity have been re-
ported from marine-derived fungi (Fig. 3). Two derivatives of
kojic acid, kojic acid dimethyl ether and kojic acid
monomethyl ether, as well as phomaligol A, were identified
from broth of marine-derived fungi Alternaria sp. isolated
from marine green algae having tyrosinase inhibitory activity
(Li et al. 2003). Similarly, two compounds, 6-n-pentyl-α-
pyrone and myrothenone A, identified from marine-derived
fungi Myrothecium sp. MFA 58 isolated from algae were
stronger than kojic acid (IC50 = 7.7 μM), with IC50 values of
0.8 and 6.6 μM, respectively (Li et al. 2005). Zhang et al.
2007 reported a pyrone derivative, 6-[(E)-hept-1-enyl]-α-
pyrone, exhibiting anti-tyrosinase activity (IC50 = 4.5 μM)
isolated from Botrytis sp. Two sesquiterpene compounds were
isolated from a marine-derived fungi Pestalotiopsis sp. Z233,
isolated from algae, 1β,5α,6α,14-tetraacetoxy-9α-
benzoyloxy-7βH-eudesman-2β,11-diol and 4α,5α-diacetoxy-
9α-benzoyloxy-7βH-eudesman-1β,2β,11-tetraol, having ty-
rosinase inhibitory activity. These compounds were induced
by abiotic stress elicitation by CuCl2 with IC50 values of
14.8 μM and 22.3 μM, respectively (Wu et al. 2013).

Apart from marine fungi, several other fungal groups are
reported for anti-tyrosinase activity (Fig. 4). Azelaic acid (1,7-
heptanedicarboxylic acid) produced by yeast, Pityrosporum
ovale, has a cytotoxic effect on the melanocytes of primary cu-
taneous melanoma. It is a straight chain, saturated dicarboxylic
acid which inhibits tyrosinase by competing for the α-
carboxylate binding site of the L-tyrosine substrate of the en-
zyme (Schallreuter and Wood 1990). Nevertheless, azelaic acid
is a known compound that has been previously reported as non-
toxic (Töpert et al. 1989). In addition, yeasts also produce cyto-
solic proteins, metallothioneins characterized by the selective
binding of a large amount of heavy metal ions and high cysteine
content. Neurospora crassa is also reported to produce a copper
metallothionein, which serves as ametal donor for apotyrosinase
(Lerch 1981). Tanaka et al. (1996) reported an anti-melanoma
compound from Talaromyces sp. FO-3182, which reduced the
melanin content of B16 melanoma cells. Melanocin Awas iso-
lated from the fermentation broth and mycelia extract of
Eupenicillium shearii F80695, showing inhibition against mush-
room tyrosinase (IC50 = 0.009 μM) and B16 melanoma cells
(MIC = 0.9 μM) due to the presence of isocyanide group in the
compound (Kim et al. 2003). Two steroids were isolated from
the fungus Cunninghamella elegans, 17α-ethynyl-11α,17β-
dihyroxyandrost-4-en-3-one (IC50 = 5950 μM) and 17α-ethyl-
11α,17β-dihyroxyandrost-4-en-3-one (IC50 = 1720 μM), hav-
ing tyrosinase inhibition activity (Choudhary et al. 2005).
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Entomopathogenic fungi are a source of several potential bioac-
tive compounds. Three new polyphenolic tyrosinase inhibitors
were isolated from an entomopathogenic fungi Paecilomyces
gunnii, paecilomycones A, B, and C, having IC50 values of
110, 170, and 140 μM, respectively, which compete for the
active binding site of the enzyme and, in addition, the number
of hydroxyl groups present in these compounds also plays a vital
role in its inhibitory activity (Lu et al. 2014).

There have been several studies of secondary metabolites
from Basidiomycetes with different biological activities, with
few studies on tyrosinase inhibition and depigmentation of

skin. We have reviewed compounds serving as tyrosinase or
melanogenesis inhibitors isolated from mycelia or fruiting
bodies of mushrooms (Fig. 4). Two tyrosinase inhibitors
have been isolated, purified, and characterized from the
mushroom Agaricus hortensis with competitive and non-
competitive inhibition, respectively (Madhosingh and
Sundberg 1974). Similarly, two isomeric compounds hav-
ing tyrosinase inhibitory activity were isolated from the
lipophilic fractions Albatrellus confluens and identified as
neogrifolin (IC50 = 25 μM) and grifolin (IC50 = 760 μM),
the activities of which are affected by the position of the
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Fig. 2 Structures of tyrosinase inhibitors from Trichoderma sp.
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farnesyl group on the aromatic ring (Misasa et al. 1992).
Neogrifolin was also isolated from mushroom Polyporus
confluens, which showed 100% tyrosinase inhibition at
50 ppm (Minosasa et al. 1991). Melanogenesis inhibitor,
2-amino-3H-phenoxazin-3-one was identified from the
mushroom A. bisporus (Lu et al. 2002). Sharma et al.
(2004) reported the methanolic extract of an edible mushroom
Dictyophora indusiata non-competitively inhibiting mushroom
tyrosinase activity and was identified as 5-hydroxymethyl-2-
furfural (HMF). However, the carcinogenic potential of HMF
in food was found to be contradictory due to limited data from
toxicity studies and, therefore, there is a need for improvement
in the risk assessment for HMF (Abraham et al. 2011;
Capuano and Fogliano 2011). Two tyrosinase inhibitors,
5-hydroxymethyl-2-furaldehyde (IC50 = 720 μM) and
protocatechualdehyde (IC50 = 2.896 μM), were isolated
from the fruiting body of a medicinal mushroom
Phellinus linteus. Protocatechualdehyde competitively
binds to the copper active site with its hydroxyl group

and possibly chelating the copper in tyrosinase, whereas
5-hydroxymethyl-2-furaldehyde is a non-competitive in-
hibitor which may form a Schiff base with primary amino
groups in the enzyme, rather than binding to the active
site (Kang et al. 2004). A chromene type compound,
daedalin A (IC50 = 194 μM), was reported from the
mycelia culture broth of the mushroom Daedalea
dickinsii, which competitively inhibited tyrosinase, for
its substrate L-tyrosine. Further studies on the application
of this compound in an in vitro human skin model sub-
stantiated its activity on suppressing melanogenesis with-
out affecting cell viability by directly inhibiting tyrosinase
activity in melanocytes (Morimura et al. 2007, 2009).

Tyrosinase inhibitors from bacteria

Bacterial metabolites represent a diverse array of chemical
compounds with different biological activities. Several reports
of tyrosinase inhibition by bacteria have been discussed in this
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article (Fig. 5). Among them, Streptomyces sp. serves as a
potential source of several bioactive compounds, including

enzyme inhibitors (Umezawa 1972). There have been several
reports on tyrosinase inhibition from the genus Streptomyces.
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Melanostatin isolated from the fermentation broth of
S. claviver N924-2 inhibited melanin formation in B16 mela-
noma cells (IC50 > 703.34 μM) (Ishihara et al. 1991). Three
compounds, OH-3984 K1, OH-3984 K3, and albocycline K3,
a macrocyclic compound isolated from Streptomyces sp. OH-
3984, inhibited melanogenesis of B16 melanoma cells at con-
centrations of 7.5, 3.8, and 15 μg/mL respectively; however
the mechanism of action is unknown (Takamatsu et al. 1993,
1996). Arai et al. (1997) reported melanogenesis inhibitor
produced by Streptomyces sp. KP-3052, which was identified
as amphistin with IC50 = 6.8 μM against the growth of B16
melanoma cells. Amphistin is a pseudotripeptide with activity
similar to melanostatin and feldamycin, which inhibits tyros-
inase through post-translational modification of the enzyme or
other modulatory proteins. Imada et al. (2001) screened and
reported two bacterial isolates, one being actinobacteria pro-
ducing tyrosinase inhibitor, having 19 and 6 U/mL inhibitory
activity, respectively. Chang and Tseng (2006) isolated and
screened actinobacteria from forest soil for anti-tyrosinase ac-
tivity; one bacterial strain, Streptomyces sp. TI-B10, showed
the highest tyrosinase activity (46 U/mL), which was further
improved to 73 U/mL when cultured in YMG medium at
pH 8.0 and 30 °C. Chang et al . (2008) reported
S. hiroshimensis TI-C3 isolated from soil, showing anti-
tyrosinase activity (498 U/mL) with enhanced activity (905
U/mL) using glucose and malt extract as the sole carbon and
nitrogen sources, respectively. Streptomyces roseolilacinus
NBRC 12815 produced two compounds, 12815 A (IC50 =
9 μM) and B (IC50 = 1086 μM), showing anti-tyrosinase ac-
tivity against mushroom and mammalian tyrosinases.
However, 12815 A was further identified as streptochlorin,
which was found to be a competitive inhibitor of tyrosinase
with anti-nematode activity and cytotoxicity (Nakashima et al.
2009). This study also suggested that compound 12815 A
produced by S. roseolilacinus and its companions could be a
common feature in related species.

Several studies on melanogenesis inhibitors have been re-
ported from Gram-negative bacteria. Takahashi et al. (2007)
reported an Enterobacter sp. B20 isolated from soil produced
a novel potent melanogenesis inhibitor, byelyankacin, which
inhibited tyrosinase (IC50 = 0.0021 μM) by binding its
isocyanide group to the copper active site of the enzyme,
and also inhibited melanogenesis of B16-2D2 melanoma cells
(IC50 = 0.03 μM). Burkholderia cepacia TKU025, a Gram-
negative bacteria isolated from soil, also produced tyrosinase
inhibitor (2890 U/mL) in nutrient broth, which was maxi-
mized after cultivation in 1% squid pen as a sole C/N source
to 5000 U/mL. The inhibitor was stable at varying pH condi-
tions (pH 2–12) and thermostable at 100 °C for 60 min. The

partially purified methanol extract of the metabolite exhibited
an IC50 value of 2 μg/mL (Hsu et al. 2014; Liang et al. 2015).
In addition, tyrosinase inhibitors are reported from a marine
Gram-negative bacterium, Thalassotalea sp. PP2-459 isolated
from amarine bivalve and identified as thalassotalic acid A, B,
and C, with IC50 values of 130, 470, and 280 μM, respective-
ly. Thalassotalic acids are N-acyl dehydrotyrosine derivatives
produced by this bacterium, thalassotalic acid A being compa-
rable to the inhibitory activity of arbutin and could be used as a
whitening agent or in preventing browning of foods. They
suggest that the presence of a carboxylic acid and a straight
aliphatic chain increased enzyme inhibition within this struc-
tural class of inhibitors (Deering et al. 2016).

Probiotics such as Lactobacillus sp. and Bifidobacterium
sp. have been used in several fermented food products. In
addition, the fermented by-products of such probiotic bacteria
have been recently explored for bioactive compounds with
applications in cosmetics. Several investigators have reported
fermented substrates that inhibit tyrosinase activity and mela-
nogenesis. Lactobacilli and bifidobacteria are the two major
bacteria involved in fermentation, resulting in producing me-
tabolites suppressing melanogenesis. Lactobacillus helveticus
produced a novel tyrosinase inhibitor, identified as a cyclic
tetra peptide, cyclo(-L-Pro-L-Tyr-L-Pro-L-Val-), by
Kawagishi et al. (1993). Lactobacillus plantarumM23 isolat-
ed from raw milk showed better tyrosinase inhibitory activity
as compared to commercial lactic acid bacteria, showing
52.1% tyrosinase inhibition and 32% inhibition of melanoma
B16 cells. Tyrosinase inhibition activity was enhanced to
84.05% in fermented milk by the addition of yeast extract
and grape, incubated at 37.1 °C for 14.8 h (Heo et al. 2007;
Lim and Kim 2012). In addition, Kuwaki et al. (2012) report-
ed a plant-based paste fermented by a lactic acid bacteria and
yeast, and extracted with PBS, which demonstrated anti-
tyrosinase activity with an IC50 value 58.5 mg/mL.
Bifidobacterium adolescentis culture filtrate was found to de-
crease melanogenesis of melanoma cell by inhibiting tyrosi-
nase activity mediated by its antioxidant property (Huang and
Chang 2012). Tsai et al. (2013) reported L. rhamnosus spent
culture supernatant showing 71.3% tyrosinase inhibitory ac-
tivity, where the supernatant showed no difference in ac-
tivity on heating at 100 °C for 30 min. Chen et al. (2013)
reported extracts from L. plantarum TWK10 fermented soy
milk to inhibit tyrosinase activity (38.33%) and melanin pro-
duction in B16F0 melanocytes (27.56%) compared to non-
fermented soy milk, structurally elucidated as an aglycone iso-
flavone similar to daidzein, equol, or genistein. These
isoflavones have been known to be non-toxic to the reproduc-
tive tract of female rats (Fritz et al. 1998; Lamartiniere et al.
2002). Chen et al. (2013) further report the inhibition of mela-
nogenesis by suppressing tyrosinase activity and expression
through a positive regulator, microphthalmia-associated tran-
scription factor (MITF) and p38MAPK inactivation. Daidzein

�Fig. 5 Structures of tyrosinase inhibitors from bacterial source (n.d not
defined)
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and equol reduced the melanin content by suppressing gene
encoding melanocortin receptor-1, interfering with phosphor-
ylation of p38 MAPK, phosphorylation of extracellular signal
regulated kinase and glycogen synthase kinase, and decreasing
the expression of tyrosinase, TRP-1, and TRP-2 (Chang
and Tsai 2016). Kim et al. (2015) further report a cell wall
component of L. plantarum, lipoteichoic acid, to inhibit
melanogenesis in B16F10 mouse melanoma cells by re-
ducing the activity and expression of tyrosinase and, also,
likely by degrading MITF via the regulation of signaling
and RNA stability of proteins involved in melanogenesis.
Interestingly, the metabolite had no effect on mushroom
tyrosinase. Lactobacillus plantarum TWK10, an organism
responsible for fermenting soy milk, contained a metabolite
exhibiting anti-melanogenesis in B16F0 mouse melanoma
cells, where the melanogenic inhibitor was identified as
uracil. Its activity was found to be due to the downregu-
lation of a transcription gene encoding melanocortin 1
receptor, decreasing phosphorylation of cAMP response
element-binding protein, and repressing the expression of
MITF (Chang et al. 2015). Exopolysaccharides (EPS) isolated
from L. sakei Probio 65 have also been reported, with tyrosi-
nase inhibiting activity in the range 13.17–62.85% (Bajpai
et al. 2016). Wang et al. (2016) reported tyrosinase inhibition
activity in walnuts, Moutan Cortex Radicis, and asparagus root
extract fermented by B. bifidum with IC50 values of 420, 380,
and 260 μg/mL, respectively. The study also reports the
fermented extract to have low cytotoxic activity as com-
pared to unfermented extracts.

Conclusions

Tyrosinase plays a vital role in the enzymatic browning of
food and depigmentation disorders in humans. Thus, targeting
tyrosinase inhibitors could be the best solution in preventing
such problems. Natural product research still has an enormous
unexplored potential with microorganisms representing prom-
ising sources producing anti-tyrosinase metabolites in high
yields with feasible extraction methods at a reasonable cost.
Thousands of bacterial metabolites have been reported with
wide application in varied sectors. However, the chemical
diversity in the metabolites produced by microorganisms re-
mains an unparalleled resource for the discovery of new com-
pounds for application in the agriculture, cosmetics, and phar-
maceutical industries. This review, therefore, compiles an up-
dated database of tyrosinase or melanogenesis inhibitors re-
ported from microbial sources. Tyrosinase inhibitors isolated
from natural sources comprise a small group, with the majority
of the compounds identified from plant sources and marginally
frommicrobial sources. Although tyrosinase inhibitors isolated
from plant sources are diverse, belonging to the family of
polyphenol, benzaldehyde derivatives, anthraquinones, lipids,

and steroids, inhibitors isolated from fungi are structurally
comparable to those from plant sources. Tyrosinase inhibitors
from fungi are derivatives of isoflavones and pyrones, along
with terpenes, steroids, and alkaloids, which may reversibly or
irreversibly inactivate the enzyme. In contrast, tyrosinase
inhibitors from bacteria comprise a smaller group, belonging to
alkaloids, macrolides, and polyphenols, which competitively
inhibit the enzyme. However, profound work on the mecha-
nism of these compounds needs to be established. To conclude,
the information provided could serve as leads in the search for
new inhibitors from microorganisms with increased efficiency
and safety in the food and cosmetics industries.
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Enhancing the anti-tyrosinase activity 
of a hypersaline Kitasatospora sp. 
SBSK430 by optimizing the medium 
components 
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Tyrosinase inhibitors from natural resources have 
been gaining importance in pharmaceutical and horti-
cultural applications. A full factorial central compo-
site design was used to study the interactive effect of 
three variables, i.e. D-mannitol, yeast extract and  
sodium chloride of the fermentation medium for max-
imizing anti-tyrosinase activity (75.5%) of a hypersaline 
actinobacteria, Kitasatospora sp. SBSK430. A quadrat-
ic model was found to fit the anti-tyrosinase activity 

(R2 = 0.948). Response surface analysis revealed that 
the optimum values of the medium components were 
15 g/l D-mannitol, 5.6 g/l yeast extract and 1.2 g/l  

sodium chloride. Tyrosinase inhibition activity was 
enhanced 1.1-fold, using this approach. 
 
Keywords: Actinobacteria, anti-tyrosinase, fermenta-
tion medium, hypersaline, Kitasatospora sp. 
 
ENZYMES are vital proteins involved in regulating various 
biochemical cycles in a biological system. They are also 
responsible for various reactions, and associated with 
several human disorders. Apart from enzymes, enzyme 
inhibitors have been extensively examined; not only to 
study the structure of the enzyme and its mechanism, but 
also for its application in other sectors such as agricul-
ture1,2, cosmetics2,3 and pharmaceuticals2,4. The enzyme 
tyrosinase (EC 1.14.18.1) has been gaining importance 
due to its widespread applications. It is a key enzyme  
responsible for the production of melanin, causing hyper-
pigmentation in the skin and undesirable browning  
of fruits and vegetables5. Thus, the search for a novel 
tyrosinase inhibitor is important. 
 Marine microorganisms are metabolically and physio-
logically different from terrestrial ones, owing to extreme 
environments such as high temperature and salinity, and 
low organic matter; thereby providing a potential source 
for novel and diverse compounds6. Among bacteria, acti-
nobacteria are a renowned source of bioactive natural 
compounds with applications in medicine, agriculture and 
industry. They produce diverse secondary metabolites 
such as enzymes7,8, antibiotics9,10, probiotics8, biosurfac-
tants7 and enzyme inhibitors11,12; Streptomyces being the 
major candidate13–15. Imada12 reported different types of 
enzyme inhibitors from marine actinobacteria, viz. 
glucosidase, N-acetyl-beta-D-glucosaminidase, pyroglut-
amyl peptidase and amylase inhibitors. Tyrosinase inhibi-
tors have been reported from various natural and synthetic 
sources, highlighting their industrial relevance2,3,16–18. 
Researchers are turning towards metabolites from natural 
sources for various applications. Fernandes and Kerkar19 
have reviewed tyrosinase inhibitors produced by micro-
organisms; with major inhibitors reported from fungi and 
Streptomyces species19. 
 The genus Kitasatospora, classified under Actinobacte-
ria, has been reported as a producer of many bioactive 
compounds20–23. There are several reports of Kitasatospo-
ra producing novel bioactive compounds showing differ-
ent activities24. The genus is reported to exhibit various 
activities which include antimicrobial activity21,25,26, pro-
teosome inhibitor23,27 and proteinase inhibitor28,29. There-
fore, this genus could be the source of a new compound 
of biological importance. 
 Growth improvement of the organism is possible by 
manipulating its culturing conditions, in terms of nutri-
tional and physical parameters. Various regulatory  
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mechanisms exist in microorganisms that control the  
production of metabolites by fermentation. Complete 
knowledge of optimal conditions is required for maxi-
mum fermentation leading to the production of the con-
cerned metabolite by actinobacteria. Thus, medium 
composition plays a central role in the process with 
respect to efficiency and economics. It influences the 
growth, metabolism, product yield and activity of the 
culture15. With regard to this, our next objective was 
aimed to optimize the culture conditions for higher yield 
of the metabolite. The conventional method for optimiza-
tion includes a single factor manipulation maintaining the 
other factors constant. However, this method is time-
consuming, unreliable and does not depict the interaction 
of all the factors involved in the production and activity 
of the product. These limitations can be eliminated by a 
statistical approach using response surface methodology 
which could improve yield and reduce cost, process unre-
liability and time. Thus our study is aimed at optimizing 
the fermentation medium for enhancing the anti-tyro-
sinase activity of a hypersaline Kitasatospora sp. using a 
statistical approach. 
 Strain SBSK-430 isolated from marine saltern of Goa, 
India was identified as Kitasatospora sp. by 16S rRNA 
sequencing (GenBank accession no. KJ081549.1), and  
observed to have anti-tyrosinase activity. 
 The basic medium used for optimization consisted of 
D-mannitol 10 g/l; yeast extract 2 g/l; dipotassium phos-
phate 1 g/l; sodium chloride 1 g/l; magnesium sulphate 
1 g/l; calcium carbonate 4 g/l; ferrous sulphate 0.001 g/l; 
manganous chloride 0.001 g/l; zinc sulphate 0.001 g/l, 
and pH adjusted to 7.0 ± 2. Kitasatospora sp. SBSK-430 
was cultured in a flask (150 ml) with 50 ml medium on a 
rotary shaker (120 rpm) at 37°C. All the chemicals were 
procured from Hi-Media, India. 
 Anti-tyrosinase activity was analysed by spectroscopy 
as described by Chang and Tseng30, with modifications. 
The growth of SBSK430 was also monitored by deter-
mining the dry cell weight (DCW). The culture was  
centrifuged at 8000 rpm for 15 min and transferred to a 
pre-weighed filter paper. The biomass was dried at 55°C 
overnight, weighed and expressed as milligrams per milli-
liter (mg/ml)31. The cell-free supernatant (200 μl) of the 
cultured isolate was collected and used for the assay. The 
supernatant was added to 0.2 mM L-tyrosine (800 μl) and 
the reaction was initiated with 20 μl of tyrosinase enzyme 
(EC 1.14.18.1; Sigma-Aldrich). The assay mixture was 
incubated at 30°C for 30 min; an increase in absorbance 
at 475 nm was monitored and the per cent inhibition of 
tyrosinase activity was calculated as follows 
 
 % Inhibition = [(A – B)/A] × 100, 
 
where A is the absorbance at 475 nm with sterile broth 
(control) and B is the absorbance at 475 nm with the 
tested sample. 

 To screen the most influential parameters for optimiza-
tion of anti-tyrosinase activity by Kitasatospora sp. 
SBSK-430, various process variables such as cultivation 
time (up to 18 days), temperature (10–50°C), initial pH 
(2.0–9.0) of the medium, sodium chloride (0–8%),  
calcium carbonate (0–0.5%), dipotassium phosphate (0–
0.2%), carbon and nitrogen sources were analysed  
using the one-factor-at-a-time (OFAT) approach. Each 
factor assessed was incorporated further in subsequent 
experiments keeping other factors constant, unless other-
wise stated. 
 Further, response surface methodology (RSM) approach 
was used to study the interaction among the three in-
fluencing variables selected from OFAT, i.e. carbon 
source: D-mannitol (A), nitrogen source: yeast extract (B) 
and sodium chloride (C) on anti-tyrosinase activity by  
Kitasatospora sp. SBSK-430. The other components of 
the basal medium were kept constant, varying only three  
influential factors. The experimental design was analysed 
by Design Expert 6.0 (Stat-Ease, Minneapolis, USA). The 
design was used to identify the effect of these variables 
on each other for maximizing production of the tyrosinase 
inhibitor, thereby maximizing its anti-tyrosinase activity 
and thus determining the optimum fermentation condi-
tions. In addition, it was also used to access whether the 
enzyme inhibitor production was growth-associated.  
According to this design, 20 experiments were performed 
in triplicate, containing six replicate controls at the centre 
point. In this study, three key factors with three concen-
tration levels were adopted. 
 The comparison of anti-tyrosinase activity with ten  
different carbon and nitrogen sources respectively, was 
carried out using OFAT approach. D-mannitol and yeast 
extract resulted in the highest activity compared to the 
other nine carbon and nitrogen sources. 
 RSM consists of an empirical technique for develop-
ing, enhancing and optimizing processes influenced by 
variable responses. It generates a mathematical model  
defining the effect of independent variables, alone or in 
combination, on the fermentation process32,33. Prior 
knowledge of the process and its variables is important to 
obtain a realistic model34. To accomplish this, the effect 
of different factors such as pH, temperature, carbon and 
nitrogen sources, calcium carbonate, sodium chloride and 
dipotassium phosphate was evaluated using the OFAT 
approach. Tyrosinase inhibitory activity was found to 
increase by 1.25-fold (71%). 
 To the best of our knowledge, there are no previous 
reports on utilizing D-mannitol as a carbon source for the 
production of anti-tyrosinase activity by actinobacteria. 
Other factors such as concentration of calcium carbonate 
and dipotassium phosphate did not have a considerable 
effect on the activity. D-mannitol, yeast extract and  
sodium chloride were found to be the most influential 
factors. The pH, temperature and concentration of cal-
cium carbonate and dipotassium phosphate were kept 
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Table 1. Central composite experimental design with biomass and anti-tyrosinase activity 

Run A  B C Biomass (mg/ml) Anti-tyrosinase activity (%) 
 

 1 –1 –1 –1 4.2  0.0 
 2 –1 +1 +1 6.0  5.9 
 3 –1 +1 –1 5.7 43.9 
 4 +1 +1 –1 6.7 19.3 
 5 0 +1 0 6.5 41.9 
 6 –1 –1 +1 4.8 10.0 
 7 0 0 +1 5.5 49.0 
 8 +1 –1 +1 6.9 49.5 
 9 0 0 0 5.2 65.0 
10 0 0 –1 4.8 34.9 
11 0 –1 0 5.6 38.6 
12 +1 0 0 6.6 54.9 
13 0 0 0 6.3 70.0 
14 –1 0 0 5.5 46.0 
15 0 0 0 6.4 50.0 
16 +1 –1 –1 6.9 10.0 
17 +1 +1 +1 7.9 10.0 
18 0 0 0 6.2 70.0 
19 0 0 0 5.9 58.0 
20 0 0 0 5.9 72.0 

 
 

Table 2. ANOVA for the selected quadratic model 

Source Sum of squares Degree of freedom Mean squares F-value p > F 
 

Model 9,707.81 9 1078.65 20.26 <0.0001 
Residual 532.48 10 53.25   
Lack of fit 163.65 5 32.73   
Pure error 368.83 5 73.77   
Total 10,240.29     

 
 
constant throughout the experiment, since they had no 
major effect on anti-tyrosinase activity. Lim and Kim35 
reported the influence of yeast extract on tyrosinase inhi-
bitory activity by Lactobacillus sp.35. 
 Based on the most influential variables identified by 
OFAT, a central composite design (CCD) was proposed 
for enhancing the anti-tyrosinase activity depicting the 
actual responses and biomass (Table 1). Table 1 suggests 
that the increase in anti-tyrosinase activity by SBSK430 
is not growth-associated. The model adequacy was tested 
and analysis of variance suggested that the model was 
significant with F-value of 20.26 and a very low proba-
bility value >0.0001 (Table 2). The parameters with  
significant effect were also identified using Fisher’s test 
for analysis of variance (ANOVA). In addition, the good-
ness-of-fit of the model was evaluated by R2 value 
(R2 = 0.948) indicating that the model does not explain 
only 0.01% of the total variations. The predicted R2 value 
of 0.8606 was in reasonable agreement with the adjusted 
R2 value of 0.9012. A high adjusted R2 value also sup-
ports the significance of the model, and substantiates a 
good correlation between the individual factors33. A low 
value of the coefficient of variation (CV = 18.27%) indi-
cates better precision and reliability of the experiment. 

Adequate precision measures the signal-to-noise ratio; a 
ratio of 12.516 indicates an adequate signal, suggesting 
that the model can be used to navigate the design space. 
The lack-of-fit F-value of 0.44 implies the lack-of-fit is 
not significant relative to the pure error, indicating that 
the model is fit. There is an 80.4% chance that this large 
lack-of-fit F-value could occur due to noise. 
 RSM generated the following regression equation with 
empirical relationship between D-mannitol, yeast extract, 
sodium chloride and anti-tyosinase activity 
 
 Y = 72.09 + 3.79*A + 1.29*B + 1.63*C – 8.75*A*B 
 
  + 7.27*A*C – 12.10*B*C – 8.53*A2 – 18.73*B2 
 
  – 17.03*C2, (1) 
 
where Y is the response (anti-tyrosinase activity) and A, B 
and C are coded values of the variables D-mannitol, yeast 
extract and sodium chloride respectively. 
 The significance of each coefficient was evaluated by 
F-value and P-value (Table 3) where large F-value and 
Prob > F less than 0.05 indicate that the model terms are 
significant32,33. In this experiment, it implies that quadratic 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 116, NO. 4, 25 FEBRUARY 2019 652 

 
 

Figure 1. Surface plots of anti-tyrosinase activity: a–c, Effect of D-mannitol and yeast extract (a), D-mannitol and sodium chloride (b) and  
sodium chloride and yeast extract (c) on tyrosinase inhibitor production. 
 
 

 
 

Figure 2. Perturbation graph showing the effect of each independent 
variable (D-mannitol, yeast extract and sodium chloride) on tyrosinase 
inhibitor production. 
 
 
and their interactive effect of yeast extract and sodium 
chloride are more significant than the other factors. Thus, 
they can be used as limiting nutrients, and alteration in 
their concentration can alter the product yield. In addi-
tion, the interactive effect of D-mannitol with yeast  
extract as well as sodium chloride was found to be  
significant. However, values greater than 0.1 indicates 
that the model terms are not significant. 
 The 3D response surface is the graphical representation 
of the regression equation, indicating the interaction of 
the factors with the response (Figure 1). Each contour 
curve in the graph represents a number of combinations 
of two influencing variables with the other being con-
stant; with maximum predicted value confined in the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
smallest ellipse. Figure 1 a describes the effect of D-
mannitol and yeast extract on enhancing anti-tyrosinase 
activity, sodium chloride being fixed at the middle level. 
The anti-tyrosinase activity increases with increase of 
both the components. Figure 1 b and c also shows a simi-
lar trend. In addition, sodium chloride above 1.5 g/l 
showed a decrease in activity, with increasing concentra-
tion of D-mannitol (Figure 1 b). Perturbation graph  
(Figure 2) compares the effect of every factor on a partic-
ular point using space design. Figure 2 suggests that all 
three variables show significant mutual interaction with 
each other. The model predicts that the maximum anti-
tyrosinase activity (72.8%) can be obtained using 15 g/l 

D-mannitol, 5.6 g/l yeast extract and 1.2 g/l sodium  
chloride. Verification of the results was carried out by the 
shake flask method and maximum activity was found to 
be 75.5%. Thus, the model prediction is in close agree-
ment with the experimental value. 
 Several studies have been carried out with respect to 
tyrosinase inhibitors from natural sources and their appli-
cation in post-harvest technology as well as skin depig-
mentation. Thus, optimizing the production of a potent 
tyrosinase inhibitor is crucial for its application in large-
scale production. This is the first report of medium  
optimization for anti-tyrosinase activity production by 
Kitasatospora sp. using response surface methodology; 

Table 3. Result of regression analysis of experimental design 

Source Mean square F-value Prob > F 
 

Model 9707.81 20.26 <0.0001 
A 143.64 2.70 0.1315 
B 16.64 0.31 0.5884 
C 26.57 0.50 0.4961 
AB 612.50 1150 0.0069 
AC 423.40 7.95 0.0182 
BC 1171.28 22.00 0.0009 
A2 200.18 3.76 0.0812 
B2 964.92 18.12 0.0017 
C2 797.73 14.98 0.0031 
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with 1.1-fold increase in activity compared to the OFAT  
approach. Thus, a statistical-based approach is an effec-
tive tool for medium optimization for anti-tyrosinase  
activity; it is also relatively simple, efficient and time-
saving. 
 

1. Terashita, T., Kono, M. and Murao, S., Promoting effect of S-PI 
on fruiting of Lentinus edodes. Trans. Mycol. Soc. Jpn., 1980, 21, 
137–140. 

2. Kim, Y. J. and Uyama, H., Tyrosinase inhibitors from natural and 
synthetic sources: structure, inhibition mechanism and perspective 
for the future. Cell Mol. Life Sci., 2005, 62, 1707–1723. 

3. Lin, J. W., Chiang, H. M., Lin, Y. C. and Wen, K. C., Natural 
products with skin-whitening effects. J. Food Drug Anal., 2008, 
16, 1–10. 

4. Bode, W. and Huber, R., Natural protein proteinase inhibitors and 
their interaction with proteinases. Eur. J. Biochem., 1992, 204, 
433–451. 

5. Martinez, M. V. and Whitaker, J. R., The biochemistry and control 
of enzymatic browning. Trends Food Sci. Technol., 1995, 6, 195–
200. 

6. Okami, Y. and Okazaki, T., Studies on marine microorganisms. 
(1) Isolation from the sea. J. Antibiot., 1976, 25, 456–460. 

7. Ballav, S., Dastagar, S. G. and Kerkar, S., Biotechnological signi-
ficance of actinobacterial research in India. Recent Res. Sci. Tech-
nol., 2012, 4, 31–39. 

8. Manivasagan, P., Venkatesan, J., Sivakumar, K. and Kim, S. K., 
Marine actinobacterial metabolites: current status and future  
perspectives. Microbiol. Res., 2013, 168, 311–332. 

9. Sosio, M., Bossi, E., Bianchi, A. and Donadio, S., Multiple pep-
tide synthetase gene clusters in actinomycetes. Mol. Gen. Genet., 
2000, 264, 213–221. 

10. Bently, S. D., Chater, A. M., Cerdeno-Tarranga, C. and Thomson, 
N. R., Complete genome sequence of the model actinomycete 
Streptomyces coelicolor A3 (2). Nature, 2002, 417, 141–147. 

11. Bull, A. T., Ward, A. C. and Goodfellow, M., Search and discov-
ery strategies for biotechnology: the paradigm shift. Mol. Biol. 
Rev., 2000, 64, 573–606. 

12. Imada, C., Enzyme inhibitors and other bioactive compounds from 
marine actinomycetes. Antonie Van Leeuwenhoek., 2005, 87, 59–
63. 

13. Umezawa, H., Enzyme Inhibitors of Microbial Origin, University 
Park Press, Baltimore, USA, 1972. 

14. Dharmaraj, S., Marine streptomyces as a novel source of bioactive 
substances. World J. Microbiol. Biotechnol., 2010, 26, 2123–2139. 

15. Subramani, R. and Aalbersberg, W., Marine actinomycetes: an 
ongoing source of novel bioactive metabolites. Microbiol. Res., 
2012, 167, 571–580. 

16. Chang, T., An updated review of tyrosinase inhibitors. Int. J. Mol. 
Sci., 2009, 10, 2440–2475. 

17. Loizzo, M. R., Tundis, R. and Mecnichini, F., Natural and synthetic 
tyrosinase inhibitors as antibrowning agents: an update. Compr. 
Rev. Food Sci. Food Saf., 2012, 11, 378–398. 

18. Chen, C., Lin, L., Yang, W., Bordon, J. and Wang, H., An updated 
organic classification of tyrosinase inhibitors on melanin biosyn-
thesis. Curr. Org. Chem., 2015, 19, 4–18. 

19. Fernandes, M. S. and Kerkar, S., Microorganisms as a source of 
tyrosinase inhibitors: a review. Ann. Microbiol., 2017, 67, 343–
358. 

20. Takahashi, Y., Seino, A., Iwai, Y. and Omura, S., Taxonomic 
study and morphological differentiation of an actinomycete genus, 
Kitasatospora. Zentralbl. Bakteriol., 1999, 289, 265–284. 

21. Yoon, T. M., Kim, J. W., Kim, J. G., Kim, W. G. and Suh, J. W., 
Talosins A and B: new isoflavonol glycosides with potent antifun-
gal activity from Kitasatospora kifunensis MJM341. J. Antibiot., 
2006, 59, 633–639. 

22. Shi, N., Lu, C., Ho, C. C. and Shen, Y., Kitasatodine and kitasato-
penoid from Kitasatospora sp. H6549, a new strain from Malay-
sia. Rec. Nat. Prod., 2013, 7, 1–5. 

23. Gill, K. A., Berrue, F., Arens, J. C., Carr, G. and Kerr, R., Cystar-
golides, 20S proteasome inhibitors isolated from Kitasatospora 
cystarginea. J. Nat. Prod., 2015, 78, 822–826. 

24. Takahashi, Y. and Omura, S., Isolation of new actinomycete 
strains for the screening of new bioactive compounds. J. Gen. 
Appl. Microbiol., 2003, 49, 141–154. 

25. Chung, Y. R., Sung, K. C., Mo, H. K., Son, D. Y., Nam, J. S., 
Chun, J. and Bae, K. S., Kitasatospora cheerisanensis sp. nov., a 
new species of the genus Kitasatospora that produces an antifun-
gal agent. Int. J. Syst. Bacteriol., 1999, 49, 753–758. 

26. Yang, S. et al., New antibiotic Sch 725424 and its dehydration 
product Sch 725428 from Kitasatospora sp. J. Antibiot., 2005, 58, 
192–195. 

27. Momose, I. et al., Tyropeptins A and B, new proteasome inhibi-
tors produced by Kitasatospora sp. MK993-dF2. I. Taxonomy, 
isolation, physio-chemical properties and biological activities.  
J. Antibiot., 2001, 54, 997–1003. 

28. Maeda, M., Kodama, T., Iwasawa, N., Higuchi, N. and Amano, 
N., Production of aspartic proteinase inhibitor by Kitasatospora 
kyotoensis. European Patent EP 0316907 A2, 1989. 

29. Oda, K., Fukuda, Y., Murao, S., Uchida, K. and Kainosho, M., A 
novel proteinase inhibitor, tyrostatin, inhibiting some pepstatin-
insenstive carboxyl proteinase. Agric. Biol. Chem., 1989, 53, 405–
415. 

30. Chang, T. and Tseng, M., Preliminary screening of soil actinomy-
cetes for anti-tyrosinase activity. J. Mar. Sci. Technol., 2006, 14, 
190–193. 

31. Singh, L. S., Mazumder, S. and Bora, T. C., Optimisation of 
process parameters for growth and bioactive metabolite produced 
by a salt-tolerant and alkaliphilic actinomycete, Streptomyces 
tanashiensis strain A2D. J. Mycol. Méd., 2009, 19, 225–233. 

32. Anjum, M. F., Tasadduq, I. and Al-Sultan, K., Response surface 
methodology: a neural network approach. Eur. J. Oper. Res., 
1997, 101, 65–73. 

33. Bas, D. and Boyac, I. S., Modeling and optimization I: usability of 
response surface methodology. J. Food Eng., 2007, 78, 836–845. 

34. Akhnazarova, S. and Kefarov, V., Experiment Optimization in 
Chemistry and Chemical Engineering, Mir Publishers, Moscow, 
1982. 

35. Lim, S. D. and Kim, K. S., Optimization of tyrosinase inhibitory 
activity in the fermented milk by Lactobacillus plantarum M23. 
Korean J. Food Sci. An., 2012, 32, 678–684. 

 
 
ACKNOWLEDGEMENTS. We thank the Head, Department of  
Biotechnology, Goa University for providing the necessary facilities. 
This study was funded by the University Grant Commission Maulana 
Azad National Fellowship (MANF-2012-13-CHR-GOA-12673) to 
M.S.F. 
 
 
Received 28 March 2018; revised accepted 13 November 2018 
 
 
doi: 10.18520/cs/v116/i4/649-653 

 
 
 



 

 
 

 

  

 
 
 

 

 

                                                    

  
1125 

 

  

HALOTOLERANT BACILLUS SP. AS A SOURCE OF ANTIFUNGAL AGENTS AGAINST MAJOR MUSHROOM 

PATHOGENS 
 

Michelle S. Fernandes1 and Savita Kerkar1*  
 

Address(es): Prof. Savita Kerkar,  
1Goa University, Department of Biotechnology, Taleigao Plateau, Goa - 403401, India, phone number: +91-(0)832-6519358. 

 

*Corresponding author: drsavitakerkar@gmail.com  
 
ABSTRACT 

 
Keywords: Bacillus, antifungal, Trichoderma harzianum, Lecanicillium fungicola, mushroom pathogens, hypersaline 

 
 

INTRODUCTION 

 

Agaricus bisporus, known as white button mushroom is one of the most common, 

globally grown edible mushrooms. The ease of cultivation and its attractive 
quality and texture along with substantial yield makes it the most cultivated and 

consumed mushroom. However, they are susceptible to bacterial, fungal and viral 
diseases (Largeteau and Savoie, 2010). Mushrooms are susceptible to microbial 

diseases at various stages including compost, casing, spawn run and even 

mushroom fruiting body. These diseases further propagate through various 
sources such as air, water, machines and workers causing secondary infections, 

thereby reducing its yield and marketability. Some of the biggest problems in 

mushroom cultivation are caused by fungi, namely Lecanicillium fungicola and 
Trichoderma spp., resulting in severe economic losses. 

Lecanicillium fungicola (previously known as Verticillium fungicola), the causal 

agent of dry bubble disease is the most common fungal disease of Agaricus 
bisporus (Berendsen et al., 2010). This soil-borne pathogen, at an early stage of 

mushroom growth results in typical onion shaped mushrooms whereas late 

infection shows traces of grey mouldy fuzz on the mushrooms. Casing soil serves 
as the source of the infection, however, other factors also lead to the spread of the 

disease.  

Another destructive disease in mushroom cultivation is the green mould mainly 
caused by different species of Trichoderma; Trichoderma harzianum causing the 

major problem (Seaby, 1996; Savoie et al., 2001). Some species of Penicillium 

and Aspergillus are also found to be causal agents of green mould. Trichoderma 
spp. cause major losses as they spread quickly and on a massive scale. They 

occur in all stages of mushroom growth; soil, organic matter and air, being 

sources of infection. The control of these soil-borne pathogens requires good 
hygiene and routine fungicide treatment.  However, they are difficult to control 

either because of lack of an effective chemical control or development of 

fungicide resistance by the pathogen (Gea et al., 2005). Thus, there is a 
continuous need for an effective and safer fungicide, and microbial sources may 

play a key role. 

Solar salterns are man-made thalassohaline systems with varying salt 
concentration ranging from 10-350 psu, which are commercially utilized for the 

production of salt (Kerkar and Bharathi, 2011). Several new compounds from 
microbes in extreme environments are reported every year, as these are an 

untapped resource of novel biomolecules such as enzymes, antibiotics and 

enzyme inhibitors (Zhang et al., 2005; Mondol et al., 2013; Manivasagan et al., 

2014; Arasu et al., 2016). Microbial secondary metabolites have been actively 

studied from marine sources due to its diversity in terms of chemical structures 
and versatile bioactivity. Thus, the present work was aimed to investigate the 

potential of hypersaline bacteria from salt pans to suppress mushroom pathogens 

particularly, Trichoderma harzianum and Lecanicillium fungicola. 

 

MATERIAL AND METHODS 

 

Bacterial cultures 

 

Halotolerant bacteria used for the present study were procured from Prof. Savita 
Kerkar’s laboratory collection, which were isolated from the saltern ecosystem of 

Goa.  

 

Standard  fungal cultures 

 

The standard cultures were procured from Goa University Fungal Culture 
Collection Centre (Trichoderma sp. GUFCC 5092 and Penicillium sp. GUFCC 

396) and Microbial Type Culture Collection, Chandigarh, India (Trichoderma 

harzianum MTCC 3178 and Lecanicillium fungicola MTCC 2016). The fungi 
were maintained on potato dextrose agar and stored at 4 ºC. All media were 

procured from HiMedia, India. 

 

Isolation of mushroom pathogens 

 

Compost (Two samples) and infected fruiting bodies of Agaricus bisporus 
collected from Zuari Foods & Farms Pvt. Ltd, Goa, India were examined for 

mushroom pathogens. Each compost sample (10 g) was suspended in 90 ml 

sterile distilled water, serial diluted and plated on Potato Dextrose Agar. The 
fungal load from the compost sample was determined. Fungi from the fruiting 

The present study focuses on bioprospecting of halotolerant bacteria from a hypersaline environment for antifungal agents against major 

mushroom pathogens. A total of 20 morphologically different fungi were isolated from composts and infected fruiting bodies of 

Agaricus bisporus; belonging to the genera Trichoderma, Penicillium, Aspergillus, Mucor and Rhizopus. In addition, 131 halotolerant 

bacteria out of 280 exhibited antifungal activity against phytopathogens, Trichoderma sp., and Penicillium sp. The isolates (80) showing 

maximum and consistent activity were screened against the isolated mushroom pathogens, Trichoderma harzianum MTCC 3178 and 

Lecanicillium fungicola MTCC 2016.  About 33.8% halotolerant bacteria produced an antifungal metabolite that inhibited the mycelial 

growth of Trichoderma harzianum MTCC 3178, 20% inhibited mycelium growth of Lecanicillium fungicola MTCC 2016, 48.8% other 

Trichoderma spp., 26.3% Penicillium spp. and 2.5% inhibited Aspergillus spp. The bacterial isolate BGUMS93 showed highest broad 

spectrum activity against these pathogens. Carbohydrate utilization profile, biochemical characteristics and 16S rRNA gene sequencing 

revealed BGUMS93 as Bacillus sp. (KC991034.1) with 97% similarity to Bacillus subtilis. BGUMS93 produced extracellular antifungal 

metabolites in butanol extract showing maximum activity against Trichoderma harzianum MTCC 3178 and in chloroform extract 

against Lecanicillium fungicola MTCC 2016. Thus, Bacillus spp. from Goa’s salterns could be a way to provide natural fungicide as an 

alternative to synthetic fungicides used in mushroom cultivation. 
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body were carefully collected and inoculated on Potato Dextrose Agar under 
aseptic conditions. The plates were incubated at room temperature until fungal 

growth was visible and pure cultures were obtained by repetitive streaking. Fungi 

were identified conventionally according to their macroscopic and microscopic 
features and stored at 4 ºC. Fungi with different colony morphology were used 

further. 

 

Bacterial Culture condition 

 

The halotolerant bacteria were grown aerobically in Nutrient broth for 96 hrs 
with constant shaking (120 rpm) at 30 ºC ± 2. The supernatant was collected by 

centrifugation at 10,000 rpm for 10 mins at 4 ºC, and the cell-free metabolite was 
used for the antimicrobial assay.  

 

In-vitro Antagonistic activity 

 

The antifungal activity of the bacterial cultures was tested against the standard 

fungi and isolated mushroom pathogens by well diffusion assay as described by 
Munimbazi and Bullerman (1998) with few modifications. Initially, 280 

bacterial isolates were screened for antifungal activity against standard fungi, 

Trichoderma sp. GUFCC 5092 and Penicillium sp. GUFCC 396. The isolates 

showing maximum and consistent activity were further screened against standard 

mushroom pathogens (T. harzianum MTCC 3178 and L. fungicola MTCC 2016) 

and isolated mushroom pathogens. In brief, spore suspension (0.1 mL) of 
respective fungi (107 – 1010 spores/mL) were added to 15 mL of soft Potato 

dextrose agar and overlaid on pre-poured Potato dextrose agar. Plates were 

allowed to dry and wells were bored. The cell-free metabolite (50 µL) of each 
bacterial isolate were added to the wells, and the plates were incubated at 4˚C for 

1 h for pre-diffusion and then at 30˚C ± 2 for 3-5 days. The plates were examined 

for the zone of inhibition. 
 

Bacterial isolate identification 

 
Phenotypic characteristics were determined as described by Bergey’s Manual 

(Claus and Berkeley 1986). The bacterial isolates were subjected to antibiotic 

sensitivity testing against 30 different antibiotics using standard antibiotic discs 
(HiMedia, India). The antibiotic discs were placed on the seeded Muller Hilton 

agar (HiMedia, India) plates and incubated at 30˚C for 24-48 h 

(Vasanthakumari, 2009). Carbohydrate utilization pattern of the isolate was also 

studied using Carbohydrate utilization kit and Hi-Bacillus Kit according to 

manufactures instructions (HiMedia, India). Genomic DNA was isolated using 

Axygen Bacterial genomic DNA isolation kit and visualized on 0.8% TBE 
agarose gel. The 16S rRNA gene of each isolate was amplified by PCR, using 

universal bacterial primers 27F: AGAGTTTGATCCTGGCTCCAG and 1492R: 

TACGGTTACCTTGTTACGACTT (Ballav et al., 2015). The PCR product was 
visualized on 1% agarose gel, and the expected 1.5 kb length band was excised 

and eluted using GE Health Care, illustraTM GFXTM PCR DNA and Gel band 

purification kit (United States). The obtained sequence was further analyzed by 
BLAST software. The phylogenetic tree was constructed using MEGA 7.0 

(Pennsylvania, U.S.A) by neighbour joining method. 

 

Partial  purification of antifungal metabolite of BGUMS93 

 

A seed culture of BGUMS93 was prepared by inoculating (approximately 3 x 107 
cells/mL) Nutrient broth (10 mL) and incubating for 24 h with constant shaking 

(120 rpm) at 30ºC ± 2. The seed culture of BGUMS93 was further inoculated in 

Nutrient broth (500 mL) and incubated at 28˚C ± 2 in a rotary shaker at 120 rpm 

for 4 days. The culture broth was centrifuged at 10,000 rpm for 10 mins, and cell-

free supernatant was used for sequential solvent extraction, lipopeptide 

precipitation and diaion resin extraction.  
 

Diaion resin extraction 

 
The culture filtrate was treated with 2g/40mL Diaion HP-20 resin (Supelco, 

USA) at 120 rpm, RT (30°C ± 0.2) for 30 mins. The mixture was packed in a 
column, washed with sterile MilliQ water and eluted with HPLC grade methanol. 

The methanol extract was collected as Fraction A. To the bacterial pellet 

obtained, 10 mL of Chloroform: Methanol (1:1) was added, vortexed and 
sonicated for 40 s with pulse and without pulse. After sonicating, it was allowed 

to stand for 10 mins and centrifuged at 10,000 rpm for 5 mins at 10˚C. The 

supernatant was collected as fraction B (Banskota et al., 2006). Fraction A & B 
were used for testing antifungal activity using methanol and methanol: 

chloroform as respective controls. 

 

Sequential solvent extraction 

  

The cell-free culture filtrate was sequentially extracted with five different 
solvents (Petroleum ether, diethyl ether, ethyl acetate, chloroform and butanol). 

The extraction was carried out twice with different solvents at 1:1 ratio.  All the 

solvent extracts were dried under vacuum and the resulting extracts were used 
with the respective solvents as controls (Sihem et al., 2011).  

 

Lipopeptide precipitation 
 

The cell-free culture broth was precipitated by initially adjusting the pH to 2.0 

with concentrated HCl and stored overnight at 4˚C. The precipitate was collected 
by centrifuging at 10,000 rpm for 10 mins and extracted twice with methanol. 

The collected solution was dried under vacuum and this fraction was 

subsequently used for bioactivity keeping methanol as a control (Kim et al., 

2004). 

 

RESULTS AND DISCUSSION 

 

The total fungal load in the compost sample I was found to be 1.4 x 105 CFU/g 
and sample II was 0.5 x 106 CFU/g. A total of 9 morphologically different fungi 

were isolated from the two composts and 11 isolated from infected fruiting 

bodies and identified microscopically. The fungi isolates belonged to the genera 
Trichoderma, Penicillium, Aspergillus, Mucor and Rhizopus (Figure 1).  

 

 
Figure 1 Proportion of Fungi isolated from compost and infected mushroom 

samples 

 

In-vitro antagonistic activity 

 

A total of 280 halotolerant bacterial isolates were assayed using cell-free 
metabolites against Trichoderma sp., and Penicillium sp., from which only 131 

isolates exhibited anti-fungal activity. Of the 131 halotolerant cultures, 119 

showed activity against Trichoderma sp. and 47 showed activity against 
Penicillium sp. However, only 25% showed maximum activity (>20 mm) against 

Trichoderma sp. and 7.2% showed activity (>20 mm) against Penicillium sp., and 

only 5.4% cultures showed activity (>20 mm) against both the fungal pathogens.  
Among the (131) bacterial isolates showing antifungal activity during primary 

screening, 80 isolates showing maximum and consistent activity were screened 

further against the standard fungal mushroom pathogens. Figure 2a shows the 
activity profile against standard mushroom pathogens and Figure 2b against the 

fungal pathogens isolated by us.  About 33.8% halotolerant bacteria produced an 
antifungal metabolite that inhibited mycelial growth of Trichoderma harzianum 

MTCC 3178 and 20.0% halotolerant bacteria inhibited mycelial growth of 

Lecanicillium fungicola MTCC 2016. None of the bacterial isolates showed 
activity against Mucor sp. and Rhizopus spp. In contrast, about 57.5% bacterial 

isolates showed no activity against the standard mushroom pathogens and 48.8% 

showed no activity against all the isolated mushroom pathogens. 
 

 
Figure 2 Fungicidal profile of the halotolerant bacterial isolates against (a) 
standard mushroom pathogens and (b) isolated mushroom pathogens 
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Bacterial isolate identification 
 

The halotolerant bacterial isolate showing highest and broad spectrum anti-fungal 

activity was BGUMS93. BGUMS93 was found to be Gram positive motile rods 
with central endospore. In addition, BGUMS93 showed sensitivity to several 

broad spectrum antibiotics (amikacin, amoxyclav, ampicillin, 

ampicillin/sulbactam, cephalexin, cephalothin, cephotaxime, chloramphenicol, 
ciprofloxacin, clindamycin, Co-Trimoxazole, deoxycycline hydrochloride,  

erythromycin, gentamicin, kanamycin, levofloxacin, lincomycin, nalidixic acid, 

neomycin, nitrofurantoin, ofloxacin, penicillin-G, streptomycin, tetracycline, 
vancomycin). However, ceftazidime and cefuroxime stimulated the growth of 

BGUMS93 and methicillin, oxacillin and tobramycin exhibited mild inhibition. 
Biochemical characteristics (Table 1) and 16S rRNA gene sequencing revealed 

BGUMS93 to be Bacillus sp. (KC991034.1) with 97% similarity to Bacillus 

subtilis (Figure 3).  BGUMS93 could grow in salt concentration of 7%, indicating 
it is a halotolerant isolate. 

 

Table 1 Biochemical characterization of strain BGUMS93 

Tests BGUMS93 

Lactose - 

Xylose - 

Maltose - 

Fructose - 

Dextrose +/- 

Galactose - 

Raffinose - 

Trehalose +/- 

Melibiose - 

Sucrose + 

L-Arabinose + 

Mannose + 

Inuline +/- 

Sodium gluconate - 

Glycerol +/- 

Salicin +/- 

Dulcitol - 

Inositol +/- 

Sorbitol +/- 

Mannitol +/- 

Adonitol - 

Arabitol - 

Erythritol - 

alpha-methyl-D-glucoside - 

Rhamnose +/- 

Cellobiose +/- 

Melezitose - 

alpha-methyl-D-mannoside - 

Xylitol - 

ONPG - 

Esculin + 

D-Arabinose - 

Citrate - 

Malonate - 

Sorbose - 

Arginine + 

Voges Proskauer's - 

Nitrate Reduction + 

Catalase - 

Glucose +/- 

Oxidase + 

Indole - 

Starch hydrolysis + 

Methyl red test + 

Growth at pH 5.7 + 

Growth at 7% NaCl + 

Growth at 55˚C + 

Pigment - 

Anaerobic - 

*- refers to the negative reaction and + refers to positive reaction 
 

 
Figure 3 Phylogenetic tree based on 16S rRNA gene sequence of BGUMS93. E. 

coli ECSD9 was used as an outgroup. The number at the nodes indicate bootstrap 
values based on 500 replicates.   

 

Antifungal activity of the partially purified metabolite of BGUMS93 

 

Fraction A showed antifungal activity against T. harizanum and L. fungicola and 

no activity was observed with Fraction B, suggesting the metabolite was 
extracellular (Table 2, Figure 4). On sequential solvent extraction, activity was 

observed with n-butanol extract against both the pathogens, however, a higher 

activity was observed with chloroform extract against L. fungicola. Lipopeptide 
extract also showed activity against both the pathogens, initially suggesting that 

the antifungal compound could be a lipopeptide. However, the activity of the 

lipopeptide extract was lower compared to that of the solvent extract. 
 

Table 2 Antifungal activity of solvent extract of strain BGUMS93 

Solvent System Zone of Inhibition (mm) 

T. harizanum L. fungicola 

Fraction A 10 ± 0.00 12 ± 0.58 

Fraction B - - 

Butanol 18 ± 1.15 16 ± 1.15 

Ethyl acetate - 22 ± 0.58 

Chloroform - 25 ± 1.00 

Diethyl ether - - 

Petroleum ether - - 

Lipopeptide extract 13 ±0.58 15 ±1.15 

Cell free supernatant 15 ±0.00 28 ±0.58 

*values are in triplicates ± SD; (-) refers to no activity 

 

 
Figure 4 Antagonistic activity profile of extracted metabolite of BGUMS93 

against (A) T. harizanum and (B) L. fungicola 
 

Bacillus spp. are known to produce several antifungal compounds including 

fungycin (Lebbadi et al., 1994), bacillomycin (Xu et al., 2013), iturin (Romero 

et al., 2007; Gong et al., 2015), which makes it a best fit candidate for biocontrol 

of several phytopathogens. Apart from this, marine Bacillus have been reported 

to have antibacterial (El-sersy et al., 2012; Khan et al., 2017; Mayer et al., 

2017) and anti-larval activity (Gao et al., 2010). Macrolactins and lipopeptides 

are also produced widely by marine bacilli showing potent anti-microbial 

activities (Pabel et al., 2003; Sohn et al., 2008; Lu et al., 2008; Ongena and 

Jacques, 2008; Jaruchoktaweechai et al., 2000; Mondol et al., 2011; He et al., 

2013; Xu et al., 2014; Zhang and Sun, 2018).  

Essential oils have been effectively inhibitory to the major mushroom pathogens; 
however, its practical application has yet not been established (Sokovic and 

Griensven, 2006; Angelini et al., 2008; Tanovic et al., 2009). In contrast, 

leached spent mushroom compost (SMC) was found to suppress the growth of 
the mushroom pathogen, L. fungicola, and found effective in increasing the 

mushroom yield. The disease suppression was attributed to Bacillus spp., isolated 

from the extracts of leached SMC (Riahi et al., 2012). Several studies have also 
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been carried out on the antagonistic effects of Bacillus spp. against Trichoderma 
harzianum in Pleurotus spp. cultivation (Chittihunsa et al., 2007; Velazquez-

Cedeno et al., 2008; Kim et al., 2008; Shah and Nasreen, 2011). Savoie et al. 

(2001) suggested that the capacity of T. harzianum to colonize mushroom 
compost was due to its resistance or tolerance to the inhibitory effect of the 

microorganisms present in the compost. Although Bacillus subtilis is an 

established biocontrol agent, Zhang et al. (2009) suggested two different strains 
of Bacillus subtilis could differ in their antagonistic profile depending on their 

inter and extracellular proteins.  

 

CONCLUSION 

 

The increase in the incidence of fungicide resistance among the mushroom fungal 

pathogens has established the need for an effective and broad spectrum fungicide. 

BGUMS93 showed broad spectrum antifungal activity to different species of 
mushroom pathogens. The crude culture supernatant and n-butanol extract 

showed effective inhibitory activity against T. harzianum. In addition, chloroform 

extract along with the culture supernatant showed strong inhibitory activity 
against L. fungicola. Thus, making BGUMS93, a Bacillus sp. isolated from a 

Goan saltern as an ideal biocontrol and effective antimicrobial agent. However, 

further studies are required to determine the ability of the strain to control these 

diseases. This is the first report of antifungal activity against T. harzianum and L. 

fungicola by a Bacillus sp. isolated from a saltpan and hence, it may provide an 

alternative resource for biocontrol of mushroom diseases. 
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