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Abstract: Biotechnological applications such as Solid Substrate Fermentation (SSF) technique promote sustainable utilization of agro 

wastes and development of country's economy. SSF technique using soil microbes hold tremendous potential for the production of value-

added products such as enzymes, natural antioxidants, vitamins, pigments, antibiotics etc. With the background of high crop production 

in the upcoming years, there is an imperative need to counterpart this production with some utilization and industrial application of agro 

wastes. Kodagu District of Karnataka state is blessed with abundant natural resources and bears a favourable climate for commercial 

cultivation of crops such as coffee, areca nut, pepper and cardamom. The waste from these crops at various stages of processing mainly 

include husks, bran, effluent generated during pulping, washing and cleaning up processes, have limited applications such as fertilizer, 

livestock feed, compost and such others. These wastes are organic in origin, rich in plant nutrients and contain cellulosic material, 

hemicelluloses, lignin compounds, poly phenols, proteins etc. The present work highlights the parameters governing SSF of agro wastes 

for enzyme production by soil microorganisms and their industrial application.   
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1. Introduction 
 

Agricultural production leaves considerable amount of 

agricultural waste. Some of it is recycled into the agricultural 

production as fertilizer, while large amounts remain unused.  

In many instances they pose a disposal problem. Uncontrolled 

burning in the fields is not only a hazardous disposal solution 

but also wasting useful energy. With efficient collection 

systems, the cheapest and abundantly available natural waste 

from agricultural production such as coffee husk, areca husk, 

sugarcane bagasse, wheat bran, rice bran, corn cob and wheat 

straw can be utilised for the production of compounds of 

industrial importance. The use of agro wastes of plant origin 

for enzyme production using microorganisms appears to be 

the best option to solve the dilemma of using plant and animal 

enzymes in various industries, since it adds value to these 

wastes in eco-efficient processes. Agro waste management 

can contribute in a significant way to maintain healthy 

environment [1]. 

 

Solid Substrate Fermentation (SSF) Technique 

The term SSF refers to the growth of the microorganisms on 

solid media where the liquid phase is bound with the solid 

phase through physico-chemical ways. Solid Substrate 

Fermentation technique is a biotechnological approach for 

producing various fermented foods, enzymes, organic acid, 

ethanol etc. and for the conversion of wastes. In practice 

growth of micro-organisms occur on and inside the solids in 

near–absence of free liquid [2]. SSF is a bio molecule 

manufacturing process by microorganisms grown on a solid 

support and are widely used in the food, pharmaceutical, 

cosmetics, fuel and textile industries. SSF holds tremendous 

potential in producing protein rich biomass or enzymes 

because of the inherently favourable energetic of SSF [3].  

 
 
 

Agro wastes as substrates for SSF systems 

The non-edible plant biomass from agricultural waste and 

forest residues as a source for production of green energy, 

biological products and biochemicals is gaining attention of 

scientific community recently. This biomass contains vast 

amounts of ligno-cellulosic residues. A large portion of these 

agro-residues generated in this manner are generally used as 

roofing material, animal feed, fuel and as packing material, 

while the other half is discarded by burning in the field. 

Improper disposal practices often lead to air pollution, 

reduces the abundance and activity if soil microorganisms and 

lead to soil erosion. Thus, the reusing of these agro residues 

is an ecological need as well as, in a nation like India, is 

economical too. Substrate expenses can easily account for up 

to 80% of the production cost and fermentation process. It is 

therefore important that the producer microorganisms be able 

to grow rapidly on a cheap medium. Agro industrial residues 

are generally considered the best substrate for the SSF 

process. The selection of a solid substrate for a fermentation 

process depends upon availability of the substrate, and thus 

may involve screening a large number of agricultural 

materials for microbial growth and product formation. Some 

of the commonly used substrates are rice kernels, rice bran, 

pearled barley, pearled wheat, cracked corn, sugar cane 

bagasse, wheat bran, maize bran, gram bran, saw dust, tea 

waste, cassava waste, steamed rice etc. In SSF process, the 

solid substrate not only supplies all the nutrients to the 

microbial culture growing in it but also serves as an anchorage 

for the cells. However, some of the nutrients may be available 

in sub-optimal concentrations, or even absent in the 

substrates. In such cases, it would become necessary to 

supplement them externally with these. It has also been a 

practice to pre-treat (chemically or mechanically) some of the 

substrates before using in SSF processes, thereby making 

them more easily accessible for microbial growth [4].   
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Particle size and moisture level and water activity are the most 

critical among the several factors that are important for 

microbial growth and enzyme production using a particular 

substrate. Generally, smaller substrate particles provide larger 

surface area for microbial attack and, thus, are a desirable 

factor. However, too small a substrate particle may result in 

substrate accumulation, which may interfere with microbial 

respiration and therefore result in poor growth. In contrast, 

larger particles provide better respiration efficiency, but 

provide limited surface for microbial attack. This necessitates 

a compromised particle size for a particular process [5]. 

 

Applications of SSF Technique 

SSF techniques have focused on the development of 

bioprocess such as bioremediation and biodegradation of 

hazardous compounds, biological detoxification of agro-

industrial residues, biotransformation of crops and crop-

residues for nutritional enrichment, bio pulping. SSF 

processes using agro-industrial residues is extensively used 

for production of value-added products such as biologically 

active secondary metabolites, such as enzymes, organic acids, 

food aroma compounds, antibiotics, alkaloids, single cell 

protein, Poly unsaturated fatty acids, bio pesticides, bio 

surfactants, bio fuel, pigments, xanthan, gum, and hormones 

like gibberellic acid [6]. The optimum moisture level of 65-

90% favors good growth of microbes on paddy straw [7]. 

 

Production of enzymes by SSF 

SSF has advantages over submerged fermentation such as 

high volumetric productivity, low cost of equipment 

involved, better yield of product, lesser waste generation and 

lesser time-consuming processes etc. Enzyme production is 

one of the most important applications of SSF. The type of 

strain, culture conditions, nature of the substrate and 

availability of nutrients are the other important factors 

affecting yield of enzyme production [8]. It is crucial to 

provide optimized water content and control the water activity 

for good enzyme production. Agro-industrial substrates are 

considered best for enzyme production in SSF. The cost of 

enzyme production by submerged fermentation is higher 

compared to SSF. Tangerdy et al. have also proved this by 

comparing cellulase production costs in SSF and SMF [9]. 

Protease, Lipase, Cellulase, Ligninase, Xylanase, Amylase, 

Glucoamylase, glutaminase, Pectinase, Phytase are 

successfully being produced using SSF process.  

 

Bioreactors for SSF using agro wastes 

The bioreactor systems provide the environment for growth, 

cultivation of microbes in fermentation processes. However, 

some of the factors affecting the growth of the product in SSF 

bioreactors are susceptibility of the substrate to increase in 

temperature, height and humidity of substrate bed, type of 

substrate used, size of the bioreactor, aeration, cooling rate, 

height of bed and fungal morphology. SSF is carried out in 

simple bioreactor systems. SSF bioreactors are fitted with a 

humidifier and with or without an agitator unit. Poor thermal 

conductivity of the substrate bed presents a great challenge to 

bioreactor design, but composition, particle size, porosity and 

water-holding capacity of the substrate used also affects the 

bioreactor [10].  

 

Petri dishes, jars, wide mouthed Erlenmeyer flasks, roux 

bottles, and roller bottles are used for SSF at laboratory scale. 

These systems are simple and experiments are carried out 

easily. INRA (Institute National de la Recherche 

Agronomique, Dijon, France) team has developed a reactor 

with one litre working volume fitted with a relative humidity 

probe, a cooling coil in heating circuit, and a cover for the 

reactor vessel. These reactors will be filled with pre-

inoculated solid material, and all growth parameters of the 

reactor are computer controlled. Sampling for analysis is also 

easier in INRA bioreactors. The automatic control of relative 

humidity and temperature make these reactors useful in scale-

up studies [11]. 

 

In large scale bioreactors, the successful operation depends 

on design features obtained after mathematical modelling. 

Koji types of bioreactors, also known as tray bioreactors are 

the simplest and without forced aeration. The trays are made 

of wood, plastic, metal. It is not necessary that trays should 

be perforated. Trays are arranged one above the other with 

suitable gaps between them and placed in climatic controlled 

chamber under circulating air, which maintain uniform 

temperature. An advantage of this technology is that by 

increasing the number of trays, the scale-up is easier. 

However, the requirement of sterility, large space and labour 

makes the process difficult. BIOCON India has used this 

technology for large-scale production of immuno-

suppressants. They have simplified problems of sterility by 

keeping the trays in HEPA (High Efficiency Particulate Air) 

filtered air, using automated machines for layering the 

substrate in trays [12].  

 

Microorganisms used for enzyme production 

Microorganisms find application in SSF processes as they can 

grow on solid substrates. Bacteria, yeasts and fungi are 

commonly used. Bacteria are mainly involved in composting, 

ensiling and some food processes. Yeasts can be used for 

ethanol and food or feed production. But filamentous fungi 

are the most important group of microorganisms used in SSF 

process owing to their physiological, enzymological and 

biochemical properties. Filamentous fungi are the best 

adapted for SSF and dominate in research works. The hyphal 

mode of fungal growth and their good tolerance to low water 

activity and high osmotic pressure conditions make fungi 

efficient and competitive in natural microflora for 

bioconversion of solid substrates. 

 

SSF process uses microorganisms like Clostidrium sp. 

Lactobacillus sp., Streptoccus sp., Pseudomonas sp., Serratia 

sp., Bacillus sp., Fungi like Altemaria sp. Penicilium notatum, 

Lentinus edodes, Pleurotus oestreatus, Aspergillus niger, 

Rhizopus oligosporus, Aspergillus oryzae, Amylomyces 

rouxii, Beauveria sp.,Metharizium sp.,Trichoderma 

sp.,Phanerochaete chrysosporium, Rhizopus sp., Mucor sp., 

Monilia sp,. Fusarium sp., Endomicopsis burtonii, 

Schwanniomyce  castelli, Saccharomyces cerevisiae etc [13]. 

 

Bacteria, yeast, and fungal culture are employed for enzyme 

production in SSF systems [14]. Selection of a particular 

strain, however, remains a tedious task, especially when 

commercially competent enzyme yields are to be achieved. 

For example, it has been reported that while a strain 

of Aspergillus niger produces 19 types of enzymes, a α-

amylase was being produced by as many as 28 microbial 

cultures. Thus, the selection of a suitable strain for the 
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required purpose depends upon a number of factors, in 

particular upon the nature of the substrate and environmental 

conditions. Generally, hydrolytic enzymes, e.g. cellulases, 

xylanases, pectinases, etc. are produced by fungal cultures, 

since such enzymes are used in nature by fungi for their 

growth [15].   

 

Factors affecting enzyme production in SSF systems 

The major factors that affect microbial synthesis of enzymes 

in a SSF system include: selection of a suitable substrate and 

microorganism; pre-treatment of the substrate; particle size of 

the substrate; water content and water activity of the 

substrate; relative humidity; type and size of the inoculum; 

control of temperature, removal of metabolic heat; period of 

cultivation; maintenance of uniformity in the environment of 

SSF system, and the gaseous atmosphere, i.e. oxygen 

consumption rate and carbon dioxide evolution rate[7]. 

 

Advantages of microbial enzymes produced by SSF 

Microbial enzymes have many advantages over the animal 

and plant enzymes. They are economical, grown on large 

scale within limited space and time. They can grow in a wide 

range of environmental conditions. They show genetic 

flexibility and can resist the minor changes in the culture 

environment. The culture and maintenance of microbial cells 

are easier than those of plants and animals [16]. 

 

Fungal enzymes are gaining importance in agriculture and 

industry as they are often stable at high temperature and 

extreme pH than the enzymes derived from plants and 

animals [17]. Commercial fungal enzymes are increasingly 

replacing conventional chemical catalysts in many industrial 

processes. Proteases, Ligninases, Amylases, xylanases, 

Cellulases and Pectinases represent one of the largest groups 

of fungal enzymes and find wide application in industries and 

bioremediation process [18]. Fungal enzymes have a wide 

application in beverages and brewing industry, animal feeds, 

textile industry, leather industries, dairy processes and starch 

processing [19].  

 

Significance of SSF technique using agro wastes 

SSF has been considered superior in several aspects to 

submerged fermentation [SmF] due to various advantages it 

renders. It is cost effective due to the use of simple growth 

and production media comprising agro-industrial residues, 

uses little amount of water, which consequently releases 

negligible or considerably less quantity of effluent, thus 

reducing pollution concerns. SSF processes are simple, use 

low volume equipment (lower cost), and are yet effective by 

providing high product titers (concentrated products). 

Further, aeration process is easier since oxygen limitation 

does not occur as there is a increased diffusion rate of oxygen 

into moistened solid substrate, supporting the growth of aerial 

mycelium. These could be effectively used at smaller levels 

also, which makes them suitable for rural areas also [20]. 

 

2. Summary and Conclusion 
 

Agricultural practices produce significant amounts of waste 

which contain high quantities of organic matter. The 

agricultural waste produced in particular period of the year 

pose potential pollution problems. Therefore, an efficient 

utilization of such waste is of great importance, not only 

minimizing environmental impact, but also for obtaining 

higher profit. 

 

SSF systems, which during the previous decades were termed 

as a ‘low-technology’ system appear to be a promising one 

for the production of value-added ‘low volume–high cost’ 

products such as biopharmaceuticals and other bio molecules 

using agro residues. SSF processes offer potential advantages 

in bioremediation and biological detoxification of hazardous 

and toxic compounds. 

 

Critical analysis of the literature shows that production of 

industrial enzymes by SSF offers several advantages. It has 

been well established that enzyme titres produced in SSF 

systems are many-fold more than in SmF systems. Although 

the reasons for this are not clear, this fact should be kept in 

mind while developing novel bioreactors for enzyme 

production in SSF systems using agro wastes. Genetically 

improved strains, suitable for SSF processes, would play an 

important role in this. It is hoped that enzyme production 

processes based on SSF systems will be the technologies of 

the future.  
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