Different type of raw materials used for fermentation industry
The use of cane molasses, beet molasses, cereal grains, starch, glucose, sucrose and lactose as

carbon sources, and ammonium salts, urea, nitrates, com steep liquor, soya bean meal, slaughterhouse waste and fer fermentation residues as nitrogen sources, have tended to meet most of the above criteria for production media because they are cheap substrates.

CARBON SOURCES

It is common practice to use carbohydrates as the carbon source in microbial fermentation

processes. The most widely available carbohydrate is starch obtained from maize grain. It is also

obtained from other cereals, potatoes and cassava. Maize and other cereals may also be used

directly in a partially ground state, e.g. maize chips. Starch may also be readily hydrolysed by dilute acids and enzymes to give a variety of glucose preparations (solids and syrups). 
Hydrolysed cassava starch is used as a major carbon source for glutamic acid production. Syrups produced by acid hydrolysis may also contain toxic products which may make them unsuitable for particular processes.

Barley grains may be partially germinated and heat treated to give the material known as malt,

which contains a variety of sugars besides starch.

Malt is the main substrate for brewing beer and lager in many countries. Malt extracts may also be prepared from malted grain.

Sucrose is obtained from sugar cane and sugar beet. It is commonly used in fermentation media in a very impure form as beet or cane molasses which are the residues left after crystallization of sugar solutions in sugar refining.

The use of lactose and crude lactose (milk whey powder) in media formulations is now extremely limited since the introduction of continuous-feeding processes utilizing glucose.

Corn steep liquor is a by-product after starch extraction from maize. Although primarily used

as a nitrogen source, it does contain lactic acid, small amounts of reducing sugars and complex

polysaccharides.

Certain other materials of plant origin, usually included as nitrogen sources, such as soyabean meal and Pharmamedia, contain small but significant amounts of carbohydrate.

NITROGEN SOURCES

Examples of commonly used nitrogen sources Most industrially used micro-organisms can utilize inorganic or organic sources of nitrogen. Inorganic nitrogen may be supplied as ammonia gas, ammonium salts or nitrates . 
Ammonia has been used for pH control and as the major nitrogen source in a defined medium for the commercial production of human serum albumin by Saccharomyces ceriuisiae 

Ammonium salts such as ammonium sulphate will usually produce acid conditions as the ammonium ion is utilized and the free acid will be liberated. On the other hand nitrates will normally cause an alkaline drift as they are metabolized. Ammonium nitrate will first cause an acid drift as the ammonium ion is utilized, and nitrate assimilation is repressed. When the ammonium ion has been exhausted, there is an alkaline drift as the nitrate is used as an alternative nitrogen source.

Organic nitrogen may be supplied as amino acid, protein or urea. In many instances growth will be faster with a supply of organic nitrogen, and a few microorganisms have an absolute requirement for amino acids. It might be thought that the main industrial need for pure amino acids would be in the deliberate addition to amino acid requiring mutants used in amino acid

Medium formulation is an essential stage in design of successful laboratory experiments, Pilot-scale development and manufacturing processes. The stituents of a medium must satisfy the elemental quirements for cell biomass and metabolite pn:Jdllction and there must be an adequate supply of energy biosynthesis and cell maintenance. The first step consider is an equation based on the stoichiometry growth and product formation. Thus for an fermentation
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Complex medium for Industrial Fermentation Process

On a large scale, the sources of nutrients should be selected to create a complex medium

which should meet as many as many possible of the following criteria: 

(a) It should produce the maximum yield of product or biomass per gm of substrate used.

(b) It should produce maximum concentration of product or biomass.

(c) It should permit the maximum rate of product formation.

(d) There should be the minimum yield of undesired products.

(e) It should be of a consistent quality and be readily available throughout the year.

(f) It should cause minimal problems during media preparation and sterilization.

(g) It should cause minimal problems in other aspects of the production process particularly

aeration and agitation, extraction, purification and waste treatment.

The initial step in media for media formulation is the examination of the overall process on the

stoichiometery for growth and product formation .

An aerobic fermentation process may be represented as:

C and energy source + N source + O2 + other requirements Biomass + products + CO2 + H2O + heat
This primarily involves consideration of the input of the carbon and nitrogen sources, minerals and oxygen and their conversion to cell biomass, metabolic products. Based on this information, it should be possible to calculate the minimum quantities of each element required to produce a

certain quantity of biomass and metabolite. Once the nutritional requirements of a microorganism have been determined, then suitable nutrient sources can be incorporated into the media .

The medium adopted also depends on the scale of the fermentation. For small scale laboratory

fermentations pure chemicals are often used in well defined media. Industrial scale fermentation

processes use cost effective complex substrates, where many carbon and nitrogen sources are

almost indefinable (1). For example, for preparing a medium for culturing yeast for animal

consumption vegetable waste matter can be used as a starting material. Although, such a waste

matter is not suitable for direct feeding of animals. Corn-cob and/or stalks, reeds, sunflower stalks, fallen autumn leaves are preferred representatives.

Carbon sources

A carbon source is required for all biosynthesis leading to reproduction, product formation and cell maintenance. It also serves as the energy source. Carbon requirements may be determined from the biomass yield coefficient (Y), an index of the efficiency of conversion of a substrate into the cellular material:

Ycarbon (g/g) = biomass produced (g) / Carbon substrate utilized (g)

 Carbohydrates are traditional carbon and energy sources for microbial fermentation, although other sources may be used, such as alcohols, alkanes and organic acids. In addition to main carbon source, animal fats and plant oils may be incorporated into some media as supplements .

Nitrogen sources

Industrially important microorganisms can utilize both inorganic and organic nitrogen sources.

Inorganic nitrogen may be supplied as ammonium salts, often ammonium sulphate and

diammonium hydrogen phosphate, or ammonia. Ammonia can also be use to adjust the pH of the

fermentation. Organic nitrogen sources include amino acids, proteins and urea. Growth is fastened with a supply of organic nitrogen, and a few microorganisms have an absolute requirement of amino acids. Nitrogen is often supplied in crude forms that are essentially byproducts of other industries, such as corn steep liquor, yeast extracts, peptones and soya meal. Purified amino acids act as precursors for specific products, are added as precursors for specific products, and are added only in special situations .

Water

Most fermentation, except solid substrate fermentation, require large quantities of water in which

medium is formulated. It also provides trace mineral elements. It is not only a major component of all media, but is also used for ancillary equipment and cleaning. Prior to use, removal of suspended solids, colloids and microorganisms and removal of hardness is usually required. In order to minimize water costs, recycle/ reusage of water is practiced, which also reduces the volume requiring waste water treatment .

Minerals

Usually sufficient quantities of cobalt, copper, iron, manganese, molybdenum and zinc are also

present in water supplies and as impurities in other media ingredients. For example, corn steep

liquor satisfies the requirements of minor and trace mineral trace mineral needs. Specific salts of

calcium, magnesium, phosphorus, potassium, sulphur and chloride ions have to fulfill the

requirements .

Vitamins and growth factors

Some bacteria, filamentous fungi and yeasts cannot synthesize all necessary vitamins from basic

elements; they must be added as supplements to the fermentation medium. Most natural carbon and nitrogen sources are also contain at least some of the required vitamins as minor contaminants.

Other necessary growth factors, amino acids, nucleotides, fatty acids and sterols are added either in pure form, or as plant and animal extracts .

Precursors

Specific precursors have to be added in some fermentation, notably for secondary metabolite

production. They are often added in controlled quantities and in a relatively pure form. For

example, D-threonine is used as a precursor in L-isoleucine production by Serratia marsescens .

Inducers and elicitors

Majority of enzymes which are of industrial use, being inducible, require a specific inducer or a

structural analogue, which must be incorporated into the culture medium or added at some specific stage. Inducers are often necessary in fermentation of genetically modified microorganisms .

Inhibitors

When certain inhibitors are added to fermentation, a specific product may be produced or a

metabolic intermediate which is normally metabolized is accumulated. For example, sodium

bisulphate is an inhibitor specifically employed to redirect metabolism, used in production of

glycerol by Saccharomyces cervisiae .

Buffers

The optimal productivity in a fermentation process can be achieved by the control of pH. Many

media are buffered at about pH 7.0 by incorporation of calcium carbonate. The balanced use of

carbon and nitrogen sources also aids in pH control, as buffering capacity can be provided by

proteins, peptides and amino acids, such as corn steep liquor .

Cell permeability modifiers

These compounds increase cell permeability by modifying cell walls and/or membranes, promoting the release of intracellular products into the fermentation medium. For example, penicillins and surfactants are frequently added to amino acids fermentations, including processes for producing Lglutamic acid using the members of genera Corynebacterium and Brevibacterium.

Oxygen

Depending on the amount of oxygen required by the organism, it may be supplied in the form of air containing about 21%(v/v) oxygen, or occasionally as pure oxygen, when requirements are high .

Antifoams

Foaming in a microbiological process is due to media proteins that become attached to the air-broth interface where they denature to form stable foam. Non-treatment of foam may block air filters, resulting in loss of aseptic conditions. The foam production can be controlled by following any of these three approaches: modification of medium composition, use of mechanical foam breakers and addition of chemical antifoam. Natural antifoams include plant oils (e.g. Soya, sunflower and rapeseed), decolorized fish oil, mineral oils and tallow. The synthetic antifoams are mostly silicon oils, poly alcohols and alkylated glycols .

What is the need of Pre-treatment of raw

Due to impurities such as inorganic salts, unfermentable sugars, sulfated ash including coloring matters, etc efficiency of most available molasses used on commercial ethanol production is expected to be lower than optimal . In batch and semicontinuous fermentations using molasses as a medium, ethanol productivity was more rapidly reduced than glucose due to the accumulation of impurities in the fermenting broth. In order to increase ethanol productivity and reduce liquid waste in long term molasses fermentation, we carried out batch and semicontinuous immobilized yeast fermentations together with a pervaporation method as well as studied the effects of pretreatment of molasses by microfiltration (MF) on fermentation performances.

A pretreatment of molasses by a ceramic MF membrane with 0.05 μm diameter pores showed some advantages. An observed color reduction in treated molasses was caused by the removal of ash and a large amount of coloring matters. Residual sugar from fermentations of pretreated molasses as a medium was reduced about 42% and the amount of ethanol produced increased about 18.1% over 78 h of fermentation in a batch system, as compared with nonpretreated one.

In semicontinuous system with pervaporation (PV), the amount of ethanol produced for fermentation with pretreated molasses was increased about 30% over 168 h of operation, as

compared with non-pretreated one.

Method I

Cane molasses contains water 20%, sugar contents 62%, non-sugar contents 10%, and inorganic

salts (ash contents) 8%, making a blackish homogenous liquid with high viscosity.

Ash contents include ions such as Mg, Mn, Al, Fe and Zn in variable ratio .

Sugar content was diluted to about 25% sugar level.

The molasses solution, after adding 35 ml of 1N H2SO4 per litre, was boiled for half an hour,

cooled, neutralized with lime-water (CaO) and was left to stand over night for clarification .

The clear supernatant liquid was diluted to 15% sugar level.

Method II

Pretreatment of Raw Material –Physicochemical and chemical process

1. Dilution (with water)

2. Centrifugation(6000g for 20 min at 40c)

3. Hydrolysis (with liquid or solid acid0

4. Precipitation (Metal ions by salts)

5. EDTA Entrapment (Metal ions)

6. SACE Pretreatment ( Amberlite IR-120P)

7. SBAE Pretreatment (Amberlite IRA-400)

8. Filtration ( Watman No-1)

Discuss the desirable properties of a raw material to be used in the fermentation

industry.

On a large scale one must normally use sources of nutrients to create a medium which will

meet as many as possible of the following criteria:

1. It will produce the maximum yield of product or biomass per gram of substrate used.

2. It will produce the maximum concentration of product or biomass.

3. It will permit the maximum rate of product formation.

4. There will be the minimum yield of undesired products.

5. It will be of a consistent quality and be readily available throughout the year.

6. It will cause minimal problems during media making and sterilization.

7. It will cause minimal problems in other aspects of the production process particularly aeration

    and agitation, extraction, purification and waste treatment.

The use of cane molasses, beet molasses, cereal grains, starch, glucose, sucrose and lactose as

carbon sources, and ammonium salts, urea, nitrates, com steep liquor, soya bean meal, slaughterhouse waste and fermentation residues as nitrogen sources, have tended tomeet most of the above criteria for production media because they are cheap substrates. However, other

more expensive pure substrates may be chosen if the overall cost of the complete process can be

reduced because it is possible to use simpler procedures.

It must be remembered that the medium selected will affect the design of fermenter to be used. For example, the decision to use methanol and ammonia in the single cell protein process developed by ICI pic necessitated the design of a novel fermenter design. 

The microbial oxidation of hydrocarbons is a highly aerobic and exothermic process. Thus, the production fermenter had to have a very high oxygen transfer capacity coupled with excellent cooling facilities. 

ICI pic solved these problems by developing an air lift fermenter .The problem of developing a process from the laboratory to the pilot scale, and subsequently to the industrial scale, must also be considered. 

A laboratory medium may not be ideal in a large fermenter with a low gas-transfer pattern. A medium with a high viscosity will also need a higher power input for effective stirring. Besides meeting requirements for growth and product formation, the medium may also influence pH variation, foam formation, the oxidation-reduction potential, and the morphological form of the organism. 

It may also be necessary to provide precursors or metabolic inhibitors. The medium will also affect product recovery and effluent treatment.

