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PART (1)
GENERAL INTRODUCTION

INDUSTRIAL MICROBES AND FERMENTATION
In general, industrial microbiology is concerned with all aspects of
business that relate to microbiology. In a more restricted sense,
industrial microbiology is concerned with (i) employing
microorganisms to produce a desired product, and with (ii) preventing
microbes from diminishing the economic value of various products.
This dual purpose is clearly seen in the food industry, a major area of
industrial microbiology.
Various commercial products of economic value made by microbes
are (i) medicines i.e. pharmaceuticals, including antibiotics, steroids,
vaccines, and vitamins, (ii) organic acids, (iii) amino acids, (vi)
enzymes, (V) alcohols, (vi) organic solvents and (vii) synthetic fuels.
In addition to these, quite recently potential of microbes could also be
used in the recovery of metals from ores (bioleaching), recovery of
petrol, and single cell protein production.
The term fermentation in industrial microbiology is used in a wider
sense to include any chemical transformation of organic compounds
carried out by using microbes and their enzymes. Production methods
in industrial microbiology bring together the raw materials
(substrates), microorganisms (specific strains or microbial enzymes)
and a controlled favourable environment (created in a fermentor) to
produce the desired substance. The essence of an industrial process is
to combine the right organism, an inexpensive substrate, and the
proper environment to produce high yields of a desired product.
The used microbe in industrial microbiology should be originally
isolated from nature, but increasingly "improved"” by genetic
manipulation via mutagenesis and selection or recombinant DNA
technology or protoplast fusion (fungi)
To be useful in industrial microbiology, an organism must:

1. -produce usable substance(s) or effect(s)

2. -be available in pure culture

3. -be genetically stable, but amenable to genetic manipulation

4. -produce spores or other reproductive structures to allow easy

inoculation
5. -grow rapidly and produce product quickly in large- scale
culture




6. -grow in such a way that the cells are easily separated from the
product
7. -not be harmful to humans or agricultural plants and animals,
etc.
PRINCIPLES OF MICROBIAL GROWTH
e Growth of microorganisms is the increase in cell mass and number
resulting in a complicated series of enzyme- catalyzed biological
steps.
e The quantity of biomass or specific cellular components can be
determined gravimetrically (by dry weight, wet weight, DNA or
protein) or numerically for unicellular systems (by number of cells).
e Doubling time is the time required for doubling the weight of
biomass while generation time is the time required for doubling the
cell numbers.
e Average doubling times increase with the increasing cell size and
complexity, e. g.: bacteria 0.25-1 h; yeast 1-2 h; mold fungi 2-6.5 h;
plant cells 20-70 h and animal cells 15-48 h.
In normal practice an organism will seldom have ideal conditions for
unlimited growth. Growth is usually dependent on a limiting factor
such as an essential nutrient. As the concentration of this factor drops,
the growth potential of this organism will decrease.
¢ In biotechnological processes there are three main ways of growing
microorganisms in the bioreactor, namely batch, semi- continuous and
continuous culture.
e In batch culture the microorganisms are inoculated in a fixed
volume of medium and, as growth takes place, nutrients are consumed
and products (biomass, metabolites) accumulate.
Bacteria - Population Growth Curve
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This will enforce changes to cell metabolism, and eventually, cell
multiplication ceases because of the exhaustion of nutrients and
accumulation of toxic waste products. There are many factors that
control the growth of microorganisms in batch culture and are related
to growth phases. However, in order to maintain high growth ratio (i.
e. exponential growth) there are many ways to increase the yield by
various substrate feed methods, namely:

1) Gradual addition of concentrated nutrient components (fed batch).
2) Addition of fresh medium to the culture (perfusion) and withdrawal
of old consumed medium and dead cells (continuous culture or
chemostat).
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¢ In contrast to batch culture, continuous culture gives approximately
balanced growth with little fluctuation of nutrients, metabolites, cell
numbers and mass. This will permit cells to grow in a steady state
conditions at a constant rate. Generally, batch cultivation methods
represent the dominant form of industrial usage for many reasons.
Growth Conditions

« Composition of growth medium- generally the cheapest sources of
carbon (molasses, whey, grains), nitrogen (ammonia and ammonium
salts), phosphorous, trace minerals and other growth factors (either of
which may be used to regulate product generation)

o Other considerations- aseptic conditions with maintained
temperature, pH, oxygen concentration at optimal levels in the
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microenvironment in which each individual cell is growing and
metabolizing

FERMENTORS

Many types (lift-tube, solid state, fixed bed, fluidized bed, dialysis,
continuous) and many sizes according to the purpose, cost, ..etc.

o Aerobic fermentor - stainless steel cylinder with temperature
control (cooling jacket vs. internal coils) and aeration system (sparger
and impeller plus baffles) with process control and monitoring devices
(real- time acquisition of data provides for "on- line" control of
temperature, pH, pO,, pCO,, cell concentration, foaming, product
concentration.

o Anaerobic fermentor - essentially the same as aerobic, but does
not need aeration.
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. Scale-up of fermentation process: carried out by biochemical
engineers in conjunction with microbiologists

o Steps - laboratory flask (0.1-1 L) --> laboratory fermentor (5-10 L)
--> pilot plant (300-3000 L) --> commercial fermentor (10,000-
400,000 L or more).

Mutrient Transter line from
ir IL I_I g 1; innoculum
[ ]

Temperature

i

e U
i -
Doygen brain point Lah Scale

Production Scale Bioreactor Bioreactor

5




o Practical considerations - surface/volume ratio, uniformity of
mixing (maintain appropriate conditions, especially oxygen transfer
rate, at level of individual cell - consider microenvironment).

The fermentor or bioreactor and its role in industry will be discussed
in details later.
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Fermentor
A diagram representing an industrial fermentor

MICROBIAL FERMENTATION PRODUCTS

Microbial products through fermentation can be produced during
different phases of microbial growth, and therefore, are divided into:

o Primary metabolites

Metabolites formed in parallel with growth, during trophophase
(example - alcoholic fermentation).

o Secondary metabolites

Metabolites formed after growth has occurred, during idiophase with
the following characteristics:

« Formed by only a few organisms

« Not essential for growth and reproduction

« Dependent upon growth conditions and frequently produced from
several intermediate products formed during trophophase; may require
an inducer produced during trophophase

« Often produced as a group of related structures

«Possible to induce overproduction (not possible with primary
metabolites)

Example - antibiotic production




QUESTIONS
1- What are the main targets of using microbes in industry?
2- What are the main characteristics of a microbes to be used in
industry ?
3- What are the different feeding mechanisms involved for having
high yield from industrial microbes?
4- Describe the main components of a fermentor and how to scale-
up the process?
5- What is the chemostat?
6- What are the two kinds of products that can be differentiated by
microbial growth phase? give one example on each?
7- Discuss in brief the differences between aerobic and anaerobic
fermentors.
8- Compare between different kinds of bacterial culturing?




PART (2)

BIOPROCESSING AND FERMENTATION
INTRODUCTION
e In the beginning, the fermentation technology or bioprocessing
technology was derived partly from the use of microorganisms for the
production of food such as yoghurt, cheese, pickles, sauce and
sausages and other beverages such as beers, wines and spirits.
e Parallel to these processes was the identification of the role of
microorganisms in removing unwanted and unhealthful wastes that
resulted in the worldwide service industries involved in water
purification, waste treatment and management.
e There are many factors that are critical for successful bioprocessing.
e Although the traditional bioprocessing technologies are for food and
beverages, there are many modern technologies that are derived from
microbial fermentation such as:
(1) The production of primary metabolites such as acetic acid,
glycerol, lactic acid, acetone, organic and amino acids, vitamins and
polysaccharides.
(2) The production of secondary metabolites (that have no obvious
role in the producer organisms) such as penicillin, streptomycin,
cephalosporin, etc.
(3) The production of many industrially useful enzymes, e. g.
extracellular such as amylases, pectinases and proteinases, and
intracellular enzymes such as invertase, restriction endonuleases, etc.
Some important food products are summarized in the following Table.

Food Raw Material Fermentor

Pickles Cucumber Leuconostoc mesenteroides
Lactobaciius

Chocolate Cacao bean SaccharomyCces cerevisiae
Candida rugosa
Kiuyveromyces marxianus

Bread Flour Saccharomyces cerevisiae

Coffee Coffee bean Erwinia dissolvens

Sauerkraut Cabbage Leuconostoc plantarum

Soy sauce Soya bean Aspergiius oryzae

e More recently, bioprocessing technology is using higher plant and
animal cells to produce many important products. Plant cell culture is
used largely for secondary product fermentation such as flavours,
perfumes and drugs while mammalian cell culture techniques are
concerned with vaccines, antibody formation and the production of
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protein molecules such as interferon, etc. The future market for these
bioproducts are largely guaranteed because most of these products
cannot be produced economically by other chemical processes.

e |t is possible to make further economic production by genetically
engineered organisms to higher or unique productivities but with some
disadvantages (the Table below).

Advantages and disadvantages of producing organic compounds by
biological rather than chemical processes

Advantages

Disadvantages

Complex molecules such as proteins
cannot be produced by chemical
processes

Can be easily contaminated with
foreign unwanted microorganisms,
etc.

Bioconversions give higher yields

The product is usually present in a
complex mixture requiring
separation

Biological systems operate at lower
temperatures, near neutral pH, etc.

Need to provide, handle and
dispose large volumes of water

Much greater specificity of catalytic

Bioprocesses are usually extremely

reactions slow when  compared  with
conventional chemical processes

Can achieve exclusive production of
an isomeric compounds

e The bases are similar in all fermentation processes whatever the
organism, the medium used or the end product. In all examples, large
numbers of cells are grown under defined conditions. The organisms
must be cultivated and motivated to form the desired product by
physical/ technical containment system (bioreactor), and the correct
medium composition and environmental growth conditions.
Optimizing the bioprocess involves both the biosystem and the
technical system.

e The exploitation of the organism potential to form the proper
product requires a detailed knowledge of the biochemical mechanisms
of product formation. The same apparatus, with modifications, can be
used to produce an enzyme, an antibiotic, and an amino acid or single
cell protein.

e In the simplest form, the bioprocess can be seen as mixing the
appropriate microorganism with nutrient broth and allowing the
components to react (e. g. yeast cell with sugar solution to form
alcohol).

The main function of bioreactors is to minimize the cost of producing
a product or service.




THE BIOREACTOR/ FERMENTOR

History

Humans have used fermentation from the beginning of recorded
history to provide products for everyday use. For many centuries,
most microbial processing was to preserve or alter food products for
human consumption.

The natural yeasts that caused the fermentation added some vitamins
and other nutrients to the bread or beverage. Lactic acid bacteria
fermented milk to yogurt and cheeses, extending the life of milk
products. Other food products were preserved or enhanced in flavor
by fermentation, such as pickled vegetables and the fermentation of
tea leaves and coffee beans.

The idea that microbes were responsible for fermentations was not
introduced until 1857, when Louis Pasteur published a paper
describing the cause of failed industrial alcohol fermentations. He
also quantitatively described microbial growth and metabolism for
the first time and suggested heat treatment (pasteurization) to
Improve the storage quality of wines.

The first aseptic fermentation on a large scale was the acetone—
butanol fermentation, which both Britain and Germany pursued in
the years preceding World War |. After the beginning of the war, the
focus of the process in Britain became acetone, which was used for
munitions manufacture. As the process was developed and scaled
up, it was found that the producing by Clostridium acetobutylicum,
was contaminated by competing bacteria introduced from the raw
materials. Thus, the culture medium had to be sterilized and the
process run under aseptic conditions. All penetrations on the
reaction vessel were steam sealed to prevent contamination.

In the 1920s and 1930s, the emphasis in fermentation shifted to
organic acids, primarily, lactic acid and citric acid. Previously, fungi
had been grown on solid media or in the surface of liquid media.
This set the stage for the large- scale production of penicillin, which
was discovered in 1929 in Britain, developed in the 1930s, and
commercialized in 1942 in the United States. It was the first
“miracle” drug, routinely curing bacterial infections that had
previously caused serious illness or death. Scientists discovered a
new production culture and developed a submerged culture
fermentation. This led to significant increases in productivity per
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unit volume and the ability to greatly increase the scale of
production by using stirred tank bioreactors. The success of
penicillin inspired pharmaceutical companies to launch massive
efforts to discover and develop many other antibiotics in the 1940s
and 1950s. Most of these fermentations were highly aerobic,
requiring high aeration and agitation.

In the 1960s, amino acid fermentations were developed in Japan.
Initially, L-glutamic acid, as monosodium glutamate, was produced
as a flavor enhancer. Using cultures derived from glutamic acid
bacteria, production of other amino acids followed. Amino acids are
used in foods as nutrients, sweeteners, and flavor enhancers, and in

animal feeds to increase the efficiency of low protein feeds.
History of the major developments in biotechnology.

Development Year*
Fermented beverages 5000 BC
Pasteur’s discovery of yeast 1857
First medium designed for culturing bacteria 1860
Trickling filter for wastewater 1868
Anaerobic digester 1881
Production of citric acid using mold 1923
Production of penicillin in a petri dish 1928
Production of penicillin in small flasks 1942
Hixon and Gaden paper on oxygen transfer 1950
Air sterilization in fermentors 1950
Continuous media sterilization 1952

Aiba, Humphrey, and Millis biochemical engineering textbook | 1965
on bioreactor design

Continuous airlift reactor for production of yeast 1969
Advances in instrumentation and computer control 1970
Progress in airlift bioreactor design 1973
Recombinant DNA technology 1973
Insect cells grown in suspension culture 1975
Large-scale cell culture to produce interferon 1980
Insulin produced using bacteria 1982
Bioreactors for fragile cell cultures 1988
Textbook on plant cell biotechnology 1994
Textbook on protein engineering 1996
Textbook on tissue engineering 1997

* The dates are approximate and are indicative of periods of time when advances
were progressing from initial studies to published works or commercial use.

Commercial production of enzymes for use in industrial processes
began on a large scale in the 1970s as well. Microbial enzymes
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account for 80% of all enzymes in commercial use, including grain
processing, sugar production, juice and wine clarification,
detergents, and high fructose corn syrup. The discovery of the tools
of genetic engineering expanded the possibilities for products made
by fermentation.

Insulin was the first genetically engineered fermentation
commercialized, developed in 1977. Since then, many genetically
engineered products have been produced on a large scale.

TYPES OF BIOREACTORS

e The most suitable containment for each biotechnological process
must be designed to give the correct environment for optimizing
growth and productivity.

e Bioreactors range from simple (stirred or non- stirred) open
containers to complex, aseptic, integrated systems involving varying
levels of advanced computer inputs.

e Bioreactors are of two distinct types: 1) non-_aseptic systems
where it is not absolutely essential to operate with entirely pure
cultures (e. g. brewing, effluent disposal systems). 2) aseptic
conditions is essential for successful productivity (e. g. vitamins,
polysaccharides). This type is more difficult to operate, maintain and
design. Open and closed systems are illustrated below.
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o Within the bioreactor the microorganisms are suspended in the
aqueous nutrient medium containing the necessary substrates for
growth and product formation. All nutrients including oxygen must be
provided to diffuse into each cell, and waste products such as heat,
CO, and waste metabolites removed.

e Fermentation reactions are multiphase, involving a gas phase
(containing N,, O,, and CO,), one or more liquid phases (aqueous
medium and liquid substrate) and solid microphase (the
microorganisms and possibly solid substrates). All phases must be
kept in close contact to achieve rapid mass and heat transfer.

e In a perfectly mixed bioreactor all reactants entering the system
must be immediately mixed and uniformly distributed to ensure
homogeneity inside the bioreactor.

GUIDELINES FOR OPTIMIZING A BIOREACTOR

1.The bioreactor should be designed to exclude entrance of
contaminating microorganisms as well as containing the desired
organisms.

2.The culture volume should remain constant (no leaking or
evapouration).

3. The dissolved oxygen level must be maintained above critical levels
of aeration and culture agitation for aerobic organisms.
4.Environmental parameters such as temperature, pH, etc., must be
controlled; and the culture volume must be well mixed.

e Fermentation technologists seek to achieve a maximization of culture
potential by accurate control of the bioreactor environment. But still
there is a great lack of true understanding of just what environmental
conditions will produce an optimal yield of organism or product.
There is also a lack of good sensor probes that will allow on- line
analysis to be made on the chemical components of the fermentation
process.

e As fermentation systems were developed, two design solutions for
the problems of aeration and agitation have been developed. The first
approach uses mechanical aeration and agitation devices, with high
power requirements; the standard example is the continuously stirred
tank reactor (CSTR), widely used throughout conventional laboratory
and industrial fermentations. Such bioreactors ensure good gas/ liquid
mass transfer, reasonable heat transfer, and good mixing of the
bioreactor contents. The second main approach to aerobic bioreactor
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design uses air distribution (with low power consumption) to create
forced and controlled liquid flow in a recycle or loop bioreactor. In
this way the contents are subjected to a controlled recycle flow, either
within the bioreactor or an external recycle loop. Thus, stirring has
been replaced by pumping, which may be mechanical or pneumatic
(using compressed air).

e The stirred tank bioreactor system is still the most widely used but
most new designs are dominated by the recycle principles.

e In almost all fermentation processes performed in a bioreactor there
Is generally a need to measure specific growth- related and
environmental parameters, record them and then use the information
to improve and optimize the process.

e Bioreactor control measurements are made in either an on- line or an
off- line manner. 1) In on- line measurement, the sensor is placed
directly with the process stream. 2) In an off- line measurement, a
sample is removed aseptically from the process stream and analyzed.
e Bioreactor processing is limited by a shortage of reliable instruments
capable of on- line measurement for important variables such as DNA,
RNA, enzymes and biomass. Off- line analysis is essential for these
compounds but the results cannot be obtained until several hours after
sampling. Therefore, they cannot be used for immediate control
purposes. However, on- line measurement is readily available for
temperature, pH, dissolved oxygen and CO, analysis.

SCALING- UP

e This process is the important step for transferring bench- top
fermentations to mass production. Scale- up would be very simple if
all parameters affecting bacteria remained the same. Numerous
empirical and semi- empirical relationships are often used to correlate
variables such as shear rates and oxygen mass transfer with physical
parameters such as impeller speed and reactor dimensions. One of the
most important and often overlooked factors in scale- up is power
consumption. When scaling- up a process, it is important to factor in
the power costs of operating large fermenters. Fermentation processes
are normally developed in three stages or scales:

(1) Initial stage: basic screening procedures are carried out using
simple microbiological techniques, such as Petri dishes, Erlenmayer
flasks, etc.
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(2) Pilot investigation: to determine the optimal operating conditions
in a volume of 5 to 200 liters.

(3) Final stage: application of the pilot study to the plant (production
and final economic realization).

e Throughout these stages or scales, the environmental conditions
should be kept at optimum all the time. These environmental
conditions involve both chemical factors (e.g. substrate concentration)
and physical factors (e.g. mass transfer ability, mixing ability, power).
In particular, the physical factors create problems when the process is
moving from one scale to another. It is this area that requires all the
skills of chemical or process engineer.

DOWNSTREAM PROCESSING

e Extraction and purification of the end- product is very important
after growing the required cells in the bioreactor. These processes are
called downstream processes.

e The design and efficient operation of downstream processing are
vital elements in getting the required products into commercial use.
Improvement in downstream processing will benefit the overall
efficiency and costs of the process.

e Downstream processing will be primarily concerned with initial
separation of the bioreactor broth into a liquid phase and a solids
phase and subsequent concentration and purification of the product.

e Processing will normally involve more than one stage (see the Table
below).

e Methods used may include distillation, centrifugation, filtration,
ultrafiltration, solvent extraction, adsorption, selective membrane
technology, reverse osmosis, molecular sieves, electrophoresis and
affinity chromatography (see the Figure below). It is this area where
several complications appear to represent a barrier for economic
extraction process of the product(s) may be due to faults in extraction
by the designer or chemist or, more probably, because the extraction
process requires so much energy rendering the process uneconomic.

e Final product of the downstream purification stages should have
some degree of stability for commercial distribution. Stability is best
achieved for most products by using some form of drying. Practically,
drying is achieved by spray- drying, fluidized- bed drying or by freeze
drying. The method of choice is product and cost dependent.
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e Products sold in the dry form include organic acids, amino acids,
antibiotics, polysaccharides, enzymes, and many others. Care must be
taken to avoid microbial contamination and deterioration and, for
proteinaceous products, to avoid denaturation. This is why the storage
conditions are very important for each of the products according to the

recommendations provided.

Downstream processing operations
Process Operations
Filtration
Separation Centrifugation
Flotation
Disruption
Solubilization
Extraction
Concentration Thermal processing
Membrane filtration
Precipitation

Purification Crystallization
Chromatography
Modification Drying

e Purity and stability of the end- product of the downstream processes
are the hallmarks of most valuable biotechnological products.
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QUESTIONS

1- Discuss in brief the main categories of food and non- food products
of bioprocessing technology?

2- What are the main types of bioreactors and its components?

3- Give any examples on the advantages and disadvantages of
producing organic compounds by biological or chemical methods?

4- How to optimize the bioreactors for better processing?

5- How to monitor the bioreactor process on-line and off- line

6- What is scaling- up and what are the initial stages for the scaling- up
process?

7- Downstream processing is a very important step in industrial
microbiology. Explain?

8- What could be the methods used for downstream processing? explain
in no more than 5 lines.
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PART (3)

SAFETY IN BIOTECHNOLOGY
INTRODUCTION
e The main areas of consideration for safety in biotechnology are:
(1) Pathogenicity: potential ability of living organisms and viruses
(natural and genetically engineered) to infect humans, animals and
plants to cause disease.
(2) Toxicity and allergy associated with microbial production.
(3) Other medically relevant effects: increasing environmental pool of
antibiotic- resistant microorganisms.
(4) Problems associated with the disposal of microbial biomass and the
purification of effluents from biotechnological processes.

|1 Generation times or time until toxin formation by
some psychrotrophic pathoegens during growth in food.
Adapted from Snyder (1996).

Pathogen Temperature Generation  Food
°C i time {h)

Listena monocytogenss 0 32 110.0 Corned beef
3 7 376 Roast beef
4 19 36.0 Milk
5 41 43.0 Raw cabbage
5 i 44.0 Cooked meat
5 Ly 332 Ham
10 50 217 Lettuce
10 50 8.2 Corned beef
Yersinia enterocolitica 0 32 67.4 Imitation crab legs
0 32 44.0 Oysters
3 7 18.0 Boiled shrimp
7 45 103 Cooked beef
10 50 12.0 Imitation crab legs
Escherichia coli 10 50 5.2 Culture medium
Time to toxin Food
formation (h)
Clostridium boluwlinum 33 36 744 Beef stew
type E 33 38 964 Fish
4.0 19 644 Fish
4.4 40 1320 Crabmeat
50 1 426 Fish
6.0 43 456 Beef stew
70 45 243 Fish
9.0 48 163 Fish
10.0 50 138 Fish

(5) Safety aspects associated with contamination, infection or mutation
of process strains.

(6) Safety aspects associated with the industrial use of microorganisms
containing in vitro recombinant DNA.

FOOD SAFETY

Food safety includes all practices involved with protecting food from
the risk of contamination, including harmful bacteria, poisons and
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foreign objects, preventing any bacteria present in the food
multiplying to a level that would result in food poisoning, or the early
spoilage of the food, and destroying any harmful bacteria in the food
thorough cooking or processing.

A good standard of food safety depends on foodworkers knowing
how the job is done, why it should be done, and then by doing it
properly. High risk foods are those perishable foods which can
support the growth of harmful bacteria and are intended to be eaten
without further treatment such as cooking, which would destroy such
organisms.

PROBLEMS OF ORGANISM PATHOGENICITY

e Most organisms used by industry are harmless and many are used
directly for the production of human and animal food.

e Only a small number of dangerous microorganisms have been used
by industry in the manufacture of vaccines or diagnostic reagents, e.g.
Bordetella pertussis (whooping cough), Mycobacterium tuberculosis
(tuberculosis) and the virus that causes foot- and mouth- disease.

o A classification of the degree of potential hazard of

microorganisms has been drawn up by the European Federation of.
European classification of microorganisms according to their pathogenicity

Microorganisms that have never been identified as causative agents of

CLASS 1 disease in human beings and that offer no threat to the environment.
Microorganisms that may cause human disease and might offer a
CLASS 2 hazard to laboratory workers. They are unlikely to spread in the

environment. Prophylactics are available and treatment is effective.

Microorganisms that offer a severe threat to health of laboratory
CLASS 3 workers but comparatively small risk to the population at large.
Prophylactics are available and treatment is effective.

Microorganisms that cause severe illness in human beings and offer a
CLASS 4 serious hazard to laboratory workers and to people at large. In
general, prophylactics are not available and no effective treatment is
known.

This group contain microorganisms that offer a more severe threat to
the environment than to people. They may be responsible for heavy
GROUP E economic losses. National and international lists and regulations
concerning these microorganisms already exist in contexts other than
biotechnology (e. g. agricultural purposes).

e In the recent years recombinant DNA techniques have been the most
successful ones for genetic alteration of microorganisms. Also, these
techniques are the cause of much concern to the public. This natural
worry has been ameliorated by several evidences:
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(1) Risk assessment studies have failed to demonstrate that host
cells can acquire novel hazardous properties from DNA donor cells.
(2) Considerable experimentation has shown no observable hazard.
However, care must be adopted when using recombinant DNA
molecules.

PROBLEMS OF BIOLOGICALLY ACTIVE PRODUCTS

e Vaccines and antibiotics are examples of biologically active
products. care must be taken to prevent their undistinguishing
dispersal.

e Contaminants in other safe processes may produce toxic molecules
that could become incorporated into final products, leading to food
poisoning

¢ Production of formulation against allergic reactions must be guarded.
e Overuse of antibiotics in agriculture could lead to carry- over into
human food, resulting in possible development of antibiotic resistance
In human disease organisms. Many countries now restrict the use of
antibiotics in agriculture.

¢ Biotechnology must always be subjected to regulations for its
successful application. The potential risks of biotechnology are
manageable be proper regulations.

SAFETY AND PUBLIC ACCEPTANCE OF NEW FOODS

e The public have a negative attitude to excessive manipulation of
foods, in particular, to genetic engineering of foodstuffs (GM or
genetically modified foods).

e The food industry is highly conservative and slow to welcome new
technological changes. The ultimate full acceptance of new
biotechnology in food sector will depend on many interacting factors,
e. g. economics, consumer acceptance, regulatory procedures, and the
types of technology

At present, new biotechnology is having a greater impact in developed
nations. It is hoped that these new approaches can also be brought to
the advantage of the developing countries where the food needs are
greatest.

20




QUESTIONS

1- What is the main consideration for safety in biotechnology? Give
examples on two of these considerations

2- What are the high risk foods? Why they are considered high so?

3- How to avoid the pathogenicity of microorganisms in industry?

4- Can the pathogenic microbes be used in industry .Give an examples?

5- What is the classification of hazards caused by microorganisms set
by the European Federation of Biotechnology?

6- What are the main considerations involving the biologically active
products?

7- What is the response of public to the genetically modified or new
biotechnology products?
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PART (4)
FOOD QUALITY
INTRODUCTION
e The impact of biotechnology on the food and beverage industries can
be divided into two categories:

1. Agronomic: Increased animal and plant yield, extended growth
range and environments from which the farmers will mainly benefit.
2. Non- agronomic: Improving plants and microorganisms to provide

benefits to the food producer, retailer or consumer.

e New developments in biochemical engineering could also be of
advantage to those industries using mechanical (e. g. grinding),
physical (e. g. membrane separation, cooking) and chemical (e. g.
hydrolysis, salting) methods.

Some processed beverages, foods and ingredients
Alcoholic beverages
Beers, wine and spirits.
Non- alcoholic beverages
Tea, coffee and cocoa

Food and food ingredients

Cheese Sauerkraut Enzymes Vitamins
Bread Soy sauce Flavours Biopolymers
Vinegar Pickles Organic acids Sweeteners
Yoghurt Amino acids Mushrooms

FOOD AND BEVERAGE FERMENTATION

e Fermented foods and beverages have a significant role in all societies
and result from the action of microorganisms or enzymes on a wide
range of agricultural or animal materials with the desired biochemical
changes and improvement of the final product.

e All food fermentations are classified as indigenous, native to a
country or culture according to the climate and raw material available
in different geographical regions.

e Reasons for the development of such fermentations are mainly
because of the need to preserve the basic organic components from
spoilage and for the enhancement in the final product.

e The nutritional value of these fermentations, especially in the
developing world, is inestimable and modern fermentation practices
are providing increased control and ensuring product safety.

« Fermented foods can be divided into nine groups, namely beverages,
cereal products, dairy products, fish products, fruit and vegetable
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products, legumes,

meat products,

starch crop products,

miscellaneous products according to the geographical area.
Production of fermented foods according to geographical areas.

and

Importance
Region Major Minor
Europe Dairy, beverage Legumes, starch
cereals, meat crops
North America Beverages, dairy, Fish, legumes,
meat Starch crops
Africa south of Sahara Starch crops, cereals, Dairy
beverages
South America Beverages, dairy Legumes
Middle East Dairy Legumes, meat
Indian subcontinent Cereals, legumes Meat
East Asia Fish, legumes Dairy
South East Asia Fish, legumes Dairy
Oceania Dairy Legumes
North Africa Dairy legumes

FOOD SPOILAGE

Food decays or goes off, due to the microorganisms that always exist
in food;- they are not necessarily the bacteria that cause food
poisoning.

The signs that food is spoiling are:

Odour - "off odours™ are smells (sometimes like rotten eggs) that are
produced when bacteria break down the protein in food, (usually fatty
foods). This process is called putrefaction. Taints due to flavour
change may also occur.

Sliminess - Food becomes slimy as the bacterial population grows.
Moulds may also form slimy whiskers.

Discolouration - Foods can become discoloured by microbial growth.,
Some moulds have coloured spores that give the food a distinctive
colour, for example, black pin mould on bread, or blue and green
mould on citrus fruit and cheese.

Souring - Foods go sour when certain bacteria produce acids. A
common example is when milk sours from the production of lactic
acid.

Gas - Bacteria and yeasts often produce gaseous by-products that can
affect food. You may have noticed meat becoming spongy, or
packages and cans swelling or having a popping or fizzing sound on
opening.
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The involved microorganisms

Microorganisms differ from one another in appearance and activity,
and providing suitable nutrients growth occurs:

« At temperatures between -7 to around 70°C.

« Over apH range from 0 to 11.

« Inthe presence or absence of oxygen.

. At water activities above about 0.6.

Spoilage of any particular food will be by those organisms most suited
to the conditions in and around that food.

The three main groups of concern are Bacteria, viruses and fungi
(yeasts/ moulds).

Bacterial contamination (vehicles and routes)

Clean food can be contaminated by bacteria from four main sources-

« The people present in the workplace and their clothing.

« Other food that is already contaminated.

« Dirty kitchen or work premises and equipment.

« Insects and vermin,

Sometimes, harmful bacteria pass directly from the source to high risk
food, but usually they rely on other things to transfer them to food.
These things are called Vehicles.

Indirect contamination using an intermediate vehicle is the most
common, eg.- the movement of bacteria from the intestine of a food
handler to food via their hands, after using the toilet.

Where contamination is passed from raw food to high risk food via for
example, a cutting board, this is known as cross contamination.

The path that bacteria use to move from the source to the food, is
known as the Route.

Source of
i contamination

& Potentially
hazardous
foods

Time and warmth
allows bactaria te grow
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The ten main reasons for food poisoning

Inadequate cooling/refrigeration, food left at room temperature.
Too long between preparation and consumption.

Inadequate reheating.

Inadequate cooking.

Cross-contamination from raw to high risk/ready to eat foods.
Infected food handlers.

Inadequate hot holding temperatures.

Inadequate hand washing.

Contaminated raw foods and ingredients.

10 Improper cleaning of equipment and utensils.

Prevention of food poisoning

In most cases of food poisoning a chain of events takes place, and if

we are to reduce the incidence of illness, this chain must be broken.
The food poisoning chain

CoNo~WNE

& bo 60"

food High
Poizoning| Gontaminaie |  Risk Gifren Time and armth | Kuldply
Bacteria food

There are three main ways of breaking the food poisoning chain
« Protecting food from contamination.
« Preventing any bacteria present in the food from multiplying.
. Destroying those bacteria that are present in the food.
FOOD PRESERVATION
Most preservatives today are actually fungistatic in their action. That
means they prevent the growth of fungi, moulds and yeasts. They
have little effect on bacteria but using a combination of preservatives,
with antibacterial properties, can give good all round protection.
Food preservatives help to control the spread of bacteria which can
cause life threatening illnesses such as salmonellosis or botulism.
Preservatives are commonly used in the following foods:

. low fat spreads

« Cheeses, margarine, mayonnaise and dressings

« Dbakery products

o dried fruit preparations
Safety for preservatives
Food preservatives have to be safe for human consumption. They
can stop the food- decay microbes from growing but must not harm
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the cells of the human body. There are also maximum levels of
preservatives allowed, so that high concentrations of preservatives in
food are not permitted.
Preservatives Action
Preservatives are often present in nature but they are in such small
quantities that it makes them difficult to obtain. To obtain
commercially- useful amounts of the preservative, they are produced
as synthetic copies of the natural products.
Typically, preservatives attack the enzymes inside the microbes and
this stops their cell reactions. Some can disrupt the microbe's cell
wall so that substances cannot enter or leave the cell. These two
processes Kill or seriously slow the growth of food-spoiling microbes.
The Range of Preservatives
There are many substances which have permitted use as
preservatives. The list below shows some important preservatives:
Sorbic acid»(E200-203)
Benzoic acid»(E210-213)
Sulfur dioxide»(E220-228)
Potassium andrsodium nitrate(E249 and E250)
Propionic acid»(E280-283)
Sorbic acid and its salts (E200-203)
Sorbic acid (and its salts) are naturally occurring substances and are
among the most important food preservatives for industrialized
countries. Sorbic acid has two main advantages:

. itis effective over a wide range of foods and beverages

« it gives no taste or flavour to products
Sorbic acid is used in beverages, dairy products, fish and seafood,
fat- based products, fruit and vegetable products, baked goods and
confectionery products.
Benzoic acid and its salts (E210-E213)
A widely used preservative that is important in developing countries.
It is only used in acidic situations which include non- alcoholic
beverages, products prone to spoilage by bacteria and fruit-based
products.
Sulfur dioxide and sulfites (E220-E228)
This preservative was known to the Romans, Ancient Greeks and
Egyptians. These preservatives are multifunctional food ingredients
which act as preservatives, antioxidants and colour stabilizers. They

have a much more pronounced antibacterial effect than other
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preservatives and are used when control of bacterial growth is

essential. Sulfur dioxide is used in a wide range of products including

some dried fruits, tinned crabmeat, sausage meat and jams.

Potassium nitrite and sodium nitrite (E249 and E250)

Synthetic additives capable of performing many functions in food

preparation. They act as preservatives, stabilizers and flavours. There

are health concerns about their use. However, without their

contribution there would undoubtedly be many more deaths from

botulism which is caused by the bacterium clostridium botulinum.

Potassium and sodium nitrite are particularly important in the

preservation of cured meat products.

Propionic acid and its salts (E280-E283)

The propionates are other examples of naturally occurring

preservatives. They work better in the more alkaline conditions of

bakery products and may be used, for example, to delay the green

mould growth on bread.

PERSONAL HYGIENE

Good personal hygiene reduces the chance of contamination of food.

« Hands must be washed before and after handling food.

« If unwell, do not handle food until cleared by a doctor.

« The hair, nose and mouth must not be touched during food
preparation.

. Suitable light coloured protective clothing should be worn.

. Cuts and abrasions should be covered with waterproof bandages
and if on the hands suitable gloves worn.

« Rings and other jewellery should not be worn as they can harbour
dirt and bacteria and could themselves fall into the food being
prepared.

FOOD QUALITY CONTROL

The general purpose of quality control is to ensure that a maximum
amount of the product being processed reaches the desired level of
quality with minimum variation and that this is achieved as
economically as possible. The products of natural raw materials are
never exactly the same, so control is necessary to keep product quality
within the standards set. Raw materials should be purchased from
reliable suppliers who hold a current food manufacturer's registration.
Quality control generally involves inspections of three kinds of
materials:

. Raw materials
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. Materials in process

. Finished product

If effective raw material and process controls are not put in place and
only examination of the finished product is done, then quality control
stops being a control and becomes merely an inspection.

FOOD SAFETY PROGRAMS

The introduction of the Control at source, Good Manufacturing
Practices (GMP), Hazard Analysis of Critical Control Points
(HACCP) and Quantitative Risk Analysis (QRA) have made food
production more controlled in a cost- efficient way. GMP and
HACCP protocols should verify for instance that only raw materials
without pathogens are used in production, and that processing
conditions are well defined to prevent the growth of harmful
microorganisms present in the manufacturing lines. QRA is a
stepwise analysis of health risks associated with a particular type of
food product. In QRA an estimation is made of the probability of
negative health effects after consumption of products.

It has been estimated that less than 1 % of the microorganisms are
culturable, and not all microorganisms, are detected by the same
media. There are microorganisms associated with food (Escherichia
coli, Salmonella enteritidis, Shigella spp., Vibrio vulnificus,
Campylobacter jejuni, Pseudomonas spp.) which are known to have
viable but non- culturable forms (VBNC), and they remain
potentially virulent during the dormant phase. Some form spores or
other dormant stages when environmental conditions are
unfavourable and can start to grow when environmental conditions
changes. Rapid and reliable fingerprinting methods should be
developed for finding contamination sources.

Hazard Analysis Critical Control Point- (HACCP)

It is recommended that every food business adopt the HACCP
approach to identify all potential hazards and control them. Setting
up a HACCP system will involve the following -

. Set up a HACCP team - of those people who fully understand the
product.

« Draw up flow charts - that define all stages in the preparation
process, from raw materials through to consumption or sale.

. ldentify all potential hazards - (eg. physical, chemical, bacterial)
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 ldentify the critical control points - consider all preventive
measures and decide which are needed to eliminate or reduce potential
hazards to acceptable levels.

« Determine target levels and tolerances for control points - (eg.
time).

. Establish monitoring systems for critical control points - (eg.
work out who should act and when, where and what action should be
taken).

. Establish a recording and documentation system.

. Review the HACCP system - annually and when changes are
made to any process.

Principle 3
Establish Critical
Limits
Principle 2
o.u?.‘..?’r:.' the Principle 4
Critical Control Establish Monitoring
Points (CCP) Procedures
Principle 1
Conduct & Hazard
Analysis
Principle 7
Establish Record - Principle 5
keeping and Establish Corrective
Documentation Action
Procedure Principle 6
Establish
Verification
Procedures
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QUESTIONS
1- What are the main food and beverage fermentations in industry?
2- Does the geographical area have any impacts on the industrial food
products? Explain?
3- What are the signs of food spoilage? Are they recoverable?
4- Why food spoilage can happen in any environment?
5- What are the mechanisms of food spoilage?
6- What are the main reasons of food poisoning that can be avoided?
7- What is the food poisoning chain and how it can be broken?
8- What is the personal hygiene and its importance in food processing?
9- Give short notes on each of the three main microorganism groups
responsible for food poisoning?
10- What is quality control in food industry?
11- What is the process involved in HACCP programs?
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PART (5)
MICROBIOLOGICAL INDUSTRIES

1. FOOD AND RELATED PRODUCTS

INTRODUCTION

The involvement of microbes in food products, as food production is

the major microbial industry, is summarized in the following. The

industrial processes itself will be detailed later.

a) Dairy products - fermentation of milk generates lactic acid, which

precipitates milk proteins and prevents other microbial growth.

Products include (for example):

= Buttermilk (from skim milk) - Streptococcus diacetylactis

= Yogurt - Streptococcus thermophilus and Lactobacillus bulgaricus

= Sour cream (from cream) - Streptococcus diacetylactis

= Acidophilus milk - Lactobacillus acidophilus

= Cheeses (lactic acid fermentations; 2000 varieties approximately, 20

types).

Examples of the involved microbes are as follows:
« Soft - cottage (e. g. Streptococcus lactis), cream (e. g. S.
thermophilus,  Lactobacillus  bulgaricus, = mozzarella  (S.
thermophilus, L. bulgaricus), Semi-soft- blue (Roquefort - S. lactis,
S. cremoris; Penicillium roqueforti), Hard- cheddar (Streptococcus
lactis, S. cremoris, L. plantarum), Swiss (S. lactis, S. thermophilus;
Propionibacterium shermanii), Very hard- parmesan (goat milk
fermented and flavored by Streptococcus lactis, S. cremoris, S.
thermophilus; Lactobacillus bulgaricus).

b) Meat products (salami, summer sausage) - Pediococcus cerevisiae

and Lactobacillus plantarum

c) Baked goods- Baker's yeast (Saccharomyces cerevisiae)

aerobically generates carbon dioxide for breads and pastries

d) Miscellaneous foods

= Coffee (coffee beans) - Erwinia dissolvens, Saccharomyces spp.

= Pickles (cucumbers) - Leuconostoc mesenteroides together with

Lactobacillus plantarum

= Vinegar (apple juice, wine) - Acetobacter or Gluconobacter

e) Microbes as a direct food source

1- Single-cell protein - Candida grown on sulfite waste "liquors”

from paper manufacturing

= approximately 50% protein, but also 16% nucleic acid
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2- Spirulina (cyanobacterium - photosynthetic)

3- Mushrooms - Agaricus campestris bisporus

f) Food additives and supplements

= Amino _acids - used as food additives or starting materials in the
chemical industry. Examples: glutamic acid (MSG), phenylalanine
and aspartic acid, lysine, tryptophan

= Vitamins - food supplements for humans and animals. Examples:
vitamin B1, riboflavin (Saccharomyces); ascorbic acid (Acetobacter)

- Brewer's yeast (Saccharomyces carlsbergensis)- used as vitamin
B-rich food additive (relatively high in nucleic acids, though)

= Organic acids (e. 0. Citric_acid) (Aspergillus niger) - food and
beverage additive

MICROORGANISMS IN FOOD

The microorganisms present in products are dependent on the
microbiological quality of raw materials, hygienic conditions in the

production, and how the product has been stored after the production.

Scientists have listed 36 bacteria genera, 16 mould genera, 14 yeast
genera, and five protozoa species associated with food. Several

important microorganisms implicated with food- borne diseases
include:

Gram-negative rod shaped bacteria

The most common spoilage microorganisms are Pseudomonas spp.,
particularly in aerobically stored foods with a high a,, and relatively
neutral pH conditions (meat, fish, poultry, milk and dairy products).
Other gram-negative rod shaped bacteria include Aeromonas spp.,
Photobacterium spp., and Vibrio spp.

Gram-positive spore forming bacteria

Gram-positive, spore forming bacteria are capable of surviving the
high temperatures used in food production including species of
Bacillus spp. and Clostridium spp. For the food industry, especially
strains which are able to grow in refrigeration temperatures may
create problems. Only a few of the Clostridium spp. can grow in cold

storage conditions and Bacillus spp. are considered to be a more
Important bacteria causing spoilage and food-borne diseases.

Lactic acid bacteria

The lactic acid bacteria (LAB) group contain several species in the

following genera: Lactobacillus, Lactococcus, Leuconostoc,

Pediococcus,  Carnobacterium,  Enterococcus,  Oenococcus,
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Streptococcus, Tetragenococcus, Vagococcus, and Weissella. LAB
have a dual role in food industry. While the production of certain
products relies on the actions of LAB, the production process of other
products or the final products themselves (e.g. vacuum- packed meat)
are spoiled by their growth. In some products LAB ferment sugars to
form lactic acid, slime, and CO, and as a consequence lower the pH.
Other gram-positive bacteria

Gram-positive spoiling bacteria include Brochothrix thermosphacta
which also spoils vacuum- packed fresh meat products and
Micrococcus spp. which spoil products with high salt concentration.
Many of the strains are thermoduric surviving pasteurisation
Processes.

Yeasts and moulds

Yeasts and moulds are able to utilise a variety of substrates (sugars,
pectines, organic acids, proteins and lipids) and furthermore they are
relatively tolerant to low pH, low a,, low temperatures and various
preservatives. These microorganisms have also a dual role in food
production, while Penicillium roqueforti is used in the production of
blue mould (roquefort) cheese, some other cause disease by
producing mycotoxins and some other strains cause spoilage of
products.

Staphylococcus _aureus: Currently, the genus Staphylococcus
consists of 33 species. The members of the genus Staphylococcus
have been found to be common to all animals (in skin and in
mucosal membranes). Therefore, their presence in food
manufacturing lines have been considered as an indicator of poor
hygienic conditions. For instance in one food factory, 44% of the
workers were found to harbour enterotoxic staphylococci in their
noses. S. aureus has been considered to be one of the most important
bacteria causing food poisoning.

FOOD INDUSTRIES

COFFEE, TEA AND COCOA

e In Asia, Africa, India and South America, non- alcoholic fermented
beverages are derived from coffee, tea and cocoa plants. These
beverages have gained high commercial value.

e Tea is derived from the enzymatic activity of microorganisms after
crushing the leaves, while for coffee and cocoa the pulp surrounding
the beans is removed in part by natural fermentation with bacteria,
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yeast and fungi, which is critically important for full aroma and
flavour development.

e The dried products, namely tea leaves and coffee and cocoa beans,
can then be shipped to any other part in the world and the final
beverage is formed by the addition of water.

PROCESSING OF COFFEE

Is the method converting the raw fruit of the coffee plant (cherry) into
the commodity green coffee. Coffee (Coffea arabica and C robusta)
originated from Ethiopia. The main producers of coffee today are
Colombia, Brazil, Angola, and Indonesia, in that order. It takes from
three to five years of growth before the coffee tree is ready to bear
fruit. The fruits grow slowly, taking from 8 to 12 months to reach
maturity (when they are bright red in colour). Each coffee fruit or
berry contains two seeds covered by pulp.

) ffee berries

There are two methods of processing coffee: the wet method and the
dry method. In the wet method, the fruits are passed through a
pulping machine which removes the pulp leaving by mucilage which
Is removed by pectinolytic enzymes of microbiological origin. The
coffee may also be dried by exposure to sunlight. When dry, the fruits
are dehulled to remove the dry outer portions. The studies on the
microbiology of coffee fermentation showed that many organisms
were pectinolytic, including spore- and non-spore forming ones. Other
workers found lactic acid bacteria (e.g. Leuconostoc and Lactobacillus
spp.) and yeasts (Saccharomyces spp and Schizosaccharomyces spp.).

Traditio\nal coffee drying in Panama
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Aging

All coffee, when it was introduced in Europe, came from the port of
Mocha in what is now modern day Yemen. To import the beans to
Europe the coffee was on boats for a long sea voyage around the Horn
of Africa. This long journey and the exposure to the sea air changed
the coffee's flavour. Once the Suez Canal was opened the travel time
to Europe was greatly reduced and coffee whose flavour had not
changed began arriving. To some degree, this fresher coffee was
rejected because Europeans had developed a taste for the changes that
were brought on by the long sea voyage. To meet this desire, some
coffee was aged in large open-sided warehouses at port for six or more
months in an attempt to simulate the effects of a long sea voyage.
Decaffeination

Decaffeination is the process of extracting caffeine from green coffee
beans prior to roasting. The most common decaffeination process used
in the United States is supercritical carbon dioxide (CO,) extraction.
In this process, moistened green coffee beans are contacted with large
quantities of supercritical CO, (CO, maintained at a pressure of about
4,000 pounds force per square inch (28 MPa) and temperatures
between 90 and 100 °C, which removes about 97 % of the caffeine
from the beans. The caffeine is then recovered from the CO,, typically
using an activated carbon adsorption system.

Another commonly used method is solvent extraction, using oil
(extracted from roasted coffee) or ethyl acetate as a solvent. Water
extraction is also used for decaffeination. Decaffeinated coffee beans
have a residual caffeine content of about 0.1 % on a dry basis.
Roasting

Coffee roasting is carried out by coffee houses and could be done at
home as the old days. Nearly all coffee sold to consumers throughout
the world is sold as roasted coffee.

TEA PROCESSING

‘Ateabush.
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Tea is a beverage made by steeping processed leaves, buds, or twigs
of the tea bush (Camellia sinensis) in hot water for a few minutes. The
processing can include oxidation (fermentation), heating, drying, and

the addition of other herbs, flowers, spices, and fruits.
Young tea leaves are harvested by hand and spread on trays to wither.

Tea withering in trays
Thereafter the leaves are rolled to squeeze out juices from the leaves
and spread the juices over the surface of the leaves. This exposes the
polyphenols to oxidation, and the green colour gradually begins to
turn brownish. Rolling also breaks the leaves into smaller pieces. The
‘fermentation’ stage follows, but this is a chemical reaction involving
polyphenols. After fermentation, the tea is ‘fired’, i.e. subjected to hot
air of between 80 and 90°C. After firing, the tea is sorted and graded.
Tea is a natural source of methylxanthines such as caffeine, catechins,
and theanine. It has almost no carbohydrates, fat, or protein. It has a
cooling, slightly bitter and astringent taste.

Classification

The types of tea are distinguished by the processing that they undergo.
Leaves of Camellia sinensis soon begin to wilt and oxidize if not dried
quickly after picking. The leaves turn progressively darker because
chlorophyll breaks down and tannins are released. The next step in
processing is to stop the oxidation process at a predetermined stage by
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heating, which deactivates the enzymes responsible. In black tea this
Is done simultaneously with drying.

Tea is traditionally classified based on the degree or period of
"fermentation" (actually enzymatic oxidation) the leaves have
undergone.

White tea

Young leaves (new growth buds) that have undergone no oxidation;
the buds may be shielded from sunlight to prevent formation of
chlorophyll. White tea is more expensive than tea from the same plant
processed by other methods.

Green tea

The oxidation process is stopped after a minimal amount of oxidation
by application of heat, either with steam, a traditional Japanese
method, or by dry cooking in hot pans, the traditional Chinese
method. The tea is processed within one to two days of harvesting.
Oolong tea

Oxidation is stopped somewhere between the standards for green tea
and black tea. The oxidation process takes two to three days.

Black tea/ Red tea

The tea leaves are allowed to completely oxidize. Black tea is the
most common form of tea in southern Asia (India, Pakistan,
Bangladesh, Sri Lanka, etc.) and in the last century many African
countries. The Chinese call it red tea because the actual tea liquid is
red. Westerners call it black tea because the tea leaves used to brew it
are usually black. The oxidation process will take between two weeks
and one month. Black tea is further classified as either orthodox or as
CTC (Crush, Tear, Curl, a production method developed about 1932).

Other types include Pu-erh, Yellow tea, herbal teas and more.

THE CATEGORIES OF TEA
CAMELLLA SINENSIS

e
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COCOA PROCESSING

Cocoa beans in a cacao pod

Cocoa (Theobroma cacao) is a native of South America, but today the
major producers are Ghana, Nigeria, lvory Coast, Cameroon, and
Malaysia. The tree produces pods which contain from 40 to 60 seeds.
The pods are opened and the seeds heaped and allowed to ferment,
often in baskets which permit liquid to drain out.

During fermentation the mucilagenous outer covering of the seeds is
broken down by microbial action, while the seeds themselves change
from pinkish to black. It is believed that the lactic acid bacteria play
important roles in the development of the aroma of cocoa.

Cocoa often refers to cocoa powder, the dry powder made by grinding
cocoa seeds and removing the cocoa butter from the dark, bitter cocoa
solids. Cocoa powder has a bitter flavor.

History

The cacao tree apparently originated in the foothills of the Andes in
the Amazon and Orinoco basins of South America. It was introduced
into Central America by the ancient Mayas, and cultivated in Mexico
by the Toltecs and later by the Aztecs.
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Cacao trees will grow in a very limited geographical zone, of
approximately 10 degrees to the north and south of the Equator.
Nearly 70% of the world crop is grown in West Africa.

The cacao plant was first given its name by Swedish natural scientist
Carl von Linné (1707-1778), who called it "Theobroma cacao" or
"food of the gods".

Harvesting

When the pods ripen, they are harvested from the trunks and branches
of the Cocoa tree with a curved knife. The pod itself is green when
ready to harvest, rather than red or orange. Normally, red or orange
pods are considered of a lesser quality because their flavors and
aromas are poorer; these are used for industrial chocolate. The pods
are either opened on the field and the seeds extracted and carried to
the fermentation area on the plantation, or the whole pods are taken to
the fermentation area.

Processing

The harvested pods are opened with a machete, the pulp and cocoa
seeds are removed and the rind is discarded. The pulp and seeds are
then piled in heaps, placed in bins, or laid out on grates for several
days. During this time, the seeds and pulp undergo "sweating", where
the thick pulp liquifies as it ferments. The fermented pulp trickles
away, leaving cocoa seeds behind to be collected. Sweating is
important for the quality of the beans, which originally have a strong
bitter taste. If sweating is interrupted, the resulting cocoa may be
ruined; if underdone the cocoa seed maintains a flavor similar to raw
potatoes and becomes susceptible to mildew. The liquified pulp is
used by some cocoa producing countries to distill alcoholic spirits.
The fermented beans are dried by spreading them out over a large
surface and constantly raking them. In large plantations, this is done
on huge trays under the sun or by using artificial heat. Small
plantations may dry their harvest on little trays or on cowhides.
Finally, the beans are trodden and shuffled about (often using bare
human feet) and sometimes, during this process, red clay mixed with
water is sprinkled over the beans to obtain a finer color, polish, and
protection against molds during shipment to factories in the United
States, the Netherlands, United Kingdom, and other countries. Drying
in the sun is preferable to drying by artificial means, as no foreign
flavours such as smoke or oil are introduced which might otherwise

taint the flavour.
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DAIRY PRODUCTS

Milk is an excellent food source for humans. It is full of vitamins, fats,
minerals, nutrients and carbohydrates. It is rich in the protein casein
which gives milk its characteristic white colour. The most abundant
carbohydrate is the disaccharide lactose “milk sugar.”

At room temperature, milk undergoes natural souring caused by lactic
acid produced from fermentation of lactose by fermentative lactic acid
bacteria. This accumulation of acid (H* ions) decreases the pH of the
milk and cause the casein to coagulate and curdle into curds and
whey. Curds are large, white clumps of casein and other proteins.
Whey is the yellow liquid that is left behind after the casein has
formed curds.

The important microbes for dairy product manufacturing can be
divided into two groups, primary and secondary microflora. Products
undergoing fermentation by only primary microflora are called
unripened and those processed by both primary and secondary
microflora are called ripened. During dairy product production, milk
Is first pasteurized to kill bacteria that cause unwanted spoilage of the
milk and the final products. Primary microflora consists of certain
kinds of Lactococcus, Lactobacillus and Streptococcus that are
intentionally added to pasteurized milk and grown at 30°C or 37°C
(temperature depends on the bacteria added). Secondary microflora
include several different types of bacteria (Leuconstoc, Lactobacillus,
and Propionibacterium), yeasts and molds; that are only used for
some types of surface ripened and mold ripened cheeses. The various
combinations of microflora determine what milk product you will end
up with.

Different unripened milk products are created by using various
starting materials and bacteria. During yogurt production, dry milk
protein is added to milk to concentrate the milk before addition of
actively growing Streptococci and Lactobacilli. Butter is produced by
curdling and slight souring from Streptococci growing in sweet cream.
Leuconostoc is then added so it can synthesize diacetyl, a compound
that gives butter its characteristic aroma and taste. The milk is then
churned to aggregate the fat globules into solid butter.

CHEESE PRODUCTION:

e In the past days, these fermentations were accidentally occurring by
the natural presence of lactic acid bacteria. In the present time, an
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inoculum (of pure cultured bacteria) is added to the milk for obtaining
the best final product.

e The early cheese production processes arisen from the use of
animal stomachs (sheep) in which the milk is heated and soured by
naturally occurring bacteria and contaminated with the enzymes
“rennet” from stomach lining. This results in the transformation of
milk into solid curds and liquid whey.

e The main benefits gained from the use of lactic acid bacteria are:

1- They inhibit many undesirable bacteria while they are harmless
bacteria. Therefore, they preserve milk in this way.

2- They create the required texture and flavour in the fermented milk.
3- They have beneficial health effects on intestinal microflora.

Role of Lactic Acid Bacteria in Industry
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Biomass

Particularly in the past, cheese was valued for its long shelf life. Due
to its reduced water content, acidic pH, and inhibited bacterial growth.
This causes cheese to spoil much more slowly than other milk
products. The basic process steps for cheese production can be
summarized as follows:
1. Acidification of the milk by the conversion of sugar lactose into
lactic acid by the lactic acid bacteria.
2. Coagulation of the casein by a combination of proteolysis and
acidification.
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e Proteolysis is started by the rennet (chymosin or rennin enzyme from
animal or fungal origin) and the coagulated caseins form a gel that
entraps any fat present. The separated curd is cut into blocks, drained
and pressed into shapes, matured and made into cheeses. The details
of cheese production are very complicated and involve many strains of
bacteria and fungi (e. g. Camembert, blue- cheese), special milks,
additives and differing process techniques as seen in the Figures
below.
Recent biotechnological cheese productions involve the use of
recombinant DNA techniques for chymosin production and
commercial use. In industry, cheese production has three major steps:
curd formation, curd treatment and curd ripening.
1. Curd formation can use mare, ewe, cow or goat milk to produce
“sour” or “sweet” curd. Sour curd is produced by fermentative lactic
acid bacteria as mentioned above. Sweet curd is produced by adding
an enzyme called rennin instead of bacteria to curdle the milk. The
curd is separated from the whey by draining. The curd can be used
directly to make unripened cheeses such as ricotta or cottage cheese or
can undergo further processing to make a ripened cheese.

1 L] | 3« Vo

Curd oIIection

2. Curd treatment consists of condensing and squeezing to form
dense, hard curd. It is then molded into the desired shape, salted and
mixed with different types of secondary microflora.
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Flipping curd

3. Curd treatment (Secondary microflora) for ripening the cheese
and determine the final texture and aroma of each type of cheeses.
For hard ripened cheeses such as Cheddar, curds are further
compressed and the bacteria particular for the cheese is added. The
Cheddar is wrapped in wax or plastic to prevent contamination and
then incubated to allow the bacteria to do its work. For soft ripened
cheeses such as Camembert and Limburger, a microbe, usually
mold, is added to the surface of the cheese that produces a protein-
digesting enzyme. This enzyme breaks apart the curds and causes
the cheese to become creamy and spreadable.
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Rennet

rennet, substance containing rennin, an enzyme having the property
of clotting, or curdling milk. It is used in the making of cheese and
junket. Rennet is obtained from the stomachs of young mammals
living on milk, especially from the inner lining of the fourth, or true,
stomach (abomasum) of milk- fed calves. The preparation of rennet
was formerly a part of the domestic function of making cheese; the
inner membrane was kept in salt, dried, and, when rennet was needed,
soaked in water. Now extract of rennet is made and sold
commercially. It is usually prepared by soaking the tissues in warm,
slightly salted water and straining and preserving the resulting liquid.
Heat interferes with the action of rennet.

The following Figures show a schematic diagram of the cheese
manufacturing process.
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e Microorganisms introduced, or permitted to develop, in cheese
during the ripening process to impart distinctive flavours and textures.
Cheese is valuable as a source of protein, fat, insoluble minerals
(calcium, phosphorus, sulfur, and iron), and, when made from whole
milk, vitamin A.

Principal types of cheeses

Unripened cheeses

Low fat (cottage cheese)

High fat (cream cheese)

Ripened cheeses

1- Hard cheeses (internal ripening)

Ripened by bacteria (cheddar, Swiss)

Ripened by mould (Rouquefort and other blue cheeses)
2- Soft cheeses (external ripening)

Ripened by bacteria (Limburger)

Ripened by bacteria and mould (Camembert)
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QUESTIONS
1- Give short notes on food industries and related products involving
the use of microbes.
2- Mention some microbes used as direct food source.
3- Discuss in brief two common types of bacteria that cause food
spoilage.
4- Write on two main processes for beverage fermentation
5- How and why coffee processing involves the process of aging?
6- Define the classes of tea based on fermentation?
7- Write on cocoa fermentation and processing. What are the end
products?
8- How lactic acid bacteria is the most beneficial organisms in
microbial industry? What are their benefits for human beings?
9- Discuss in brief the steps of cheese production.
10- How the process of cheese making can end with various kinds of
cheeses?
11- What is the difference between primary and secondary microflora
in cheese production? If the secondary microflora is not involved, will
the cheese production process be completed?
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PART (6)
. FOOD AND RELATED PRODUCTS (Continued..)
CEREAL PRODUCTS
o Cereal products are the main class of food consumed by
people to be fermented as solid food or alcoholic beverages.
o Bread is the main fermented cereal product around the
world that is consumed in many forms. The kind of bread
produced differs according to the geographical area.
o In Europe, wheat and rye are the main cereal flours used
and usually mixed with milk or water, salt, fat, sugar and many
other ingredients including the yeast Saccharomyces cereviciae.
BREAD

Wheat, and several related grains, make a group of proteins called
glutens. These proteins have the characteristic of forming long
molecular strings when they are "worked" or "kneaded" that bind the
bread together in the sticky mass we call dough. Gluten also
contributes to the delightful flavour imparted to bread during baking.
Bread rises due to the activity of contaminating (or added) yeast
which metabolizes the sugar in the wheat and converts it into carbon
dioxide. Because of the gluten glue, the carbon dioxide is trapped
within the bread which causes the bread to rise from the pressure of
the carbon dioxide buildup. This results in the formation of many
small bubbles within the bread. When the bread is baked the protein is
denatured and it and the starch will harden into bread. The yeast also
contributes important flavouring to the bread.

Although, our knowledge of the biology of bread making is only a
little more than 100 years old, people have known for several
thousand years that in order to make bread you had to add a starter
culture of dough containing the yeast to each new batch of fresh
bread dough.

e Thus, the process of bread making involves three primary steps: 1)
leavening (CO, production), 2) falvour development and texture
changes in the dough, 3) at the end of fermentation process, baking in
an oven, giving a final product that is free from living microorganisms
and with an extended shelf- life.

e Bread texture is affected by fats, emulsifiers and oxidizing agents
while the speed of bread- making is affected by fats, oxidizing and
reducing agents and Soya flour. The yeast enzymes have an important
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role. Additional enzymes such as amylases are added to assist mixing,
fermentation, baking and storage characteristics of the bread.

e In other parts of the world sour- dough breads use the yeast Candida
milleri and the bacterium Lactobacillus sanfrancisco for fermentation
while other species are used in other parts of the world.

I e, e

Bre';d showing pockets left by carbon dioxide.

BAKER'S YEAST PRODUCTION

The production of baker's yeast is the largest domestic use of a
microorganism for food purposes. Baker's yeast is a strain of
Saccharomyces cerevisiae. The strain of the yeast is carefully
selected for its capacity to produce abundant gas quickly, its
viability during storage, and its ability to produce desirable flavour.

¢ The organisms are mixed with bread dough to bring about vigorous
sugar fermentation. The carbon dioxide produced during the
fermentation is responsible for leavening or rising of the dough.
INDUSTRIAL SIGNIFICANCE OF YEASTS

Yeasts have been exploited for thousands of years in traditional
fermentation processes to produce beer, wine, and bread. The products
of modern yeast biotechnologies impose on many commercially
important sectors, including food, beverages, chemicals, industrial
enzymes, pharmaceuticals, agriculture, and the environment. The
Table below lists some of the principal industrial commodities from
yeasts. S. cerevisiae is the most exploited microorganism known and
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Is the yeast responsible for producing potable and industrial ethanol,

which is the world’s premier biotechnological commodity.
Some industrial products of yeast

Item Examples

Beverages Alcoholic beverages

Food and animal | Baker's yeast, yeast extract, food pigments, fodder yeast

feed and livestock growth factors

Chemicals Fuel ethanol, carbon dioxide, glycerol, citric acid,
vitamins, bioreductive catalyst in organic chemistry

Enzymes Invertase, inulinase, pectinase, lactase, lipase

Recombinant Hormones (e. g. insulin), viral vaccines (e. g. hepatitis B),

proteins antibodies, growth factors, blood proteins (e. g. human
serum albumin), enzymes(e. g. gastric lipase)

The useful physiological properties of yeast have led to their use in
the field of biotechnology. Fermentation of sugars by yeast is the
oldest and largest application of this technology. Many types of yeasts
are used for making many foods: Baker's yeast in bread production,
brewer's yeast in beer fermentation, and for xylitol production. Yeasts
are also one of the most widely used model organisms for genetics
and cell biology.

It is not known when yeast was first used to bake bread. The first
records that show this use came from Ancient Egypt. Researchers
speculate that a mixture of flour meal and water was left longer than
usual on a warm day and the yeasts that occur in natural contaminants
of the flour caused it to ferment before baking.

Today there are several retailers of baker's yeast; one of the best-
known is Fleischmann’s Yeast, which was developed in 1868. During
World War Il Fleischmann's developed a granulated active dry yeast,
which did not require refrigeration and had a longer shelf life than
fresh yeast. The company created yeast that would rise twice as fast,
cutting down on baking time. Baker's yeast is also sold as a fresh yeast
compressed into a square "cake". A weak solution of water and sugar
can be used to determine if yeast is expired. When dissolved in the
solution, active yeast will foam and bubble as it ferments the sugar
into ethanol and carbon dioxide. Some recipes refer to this as a proof
of the viability of yeast before the other ingredients are added.

Some yeasts can find potential application in the field of
bioremediation. One such yeast Yarrowia lipolytica is known to
degrade palm oil mill effluent, TNT (an explosive material), and other
hydrocarbons such as alkanes, fatty acids, fats and oils.
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PRODUCTION OF ENZYMES

The industrial enzymes find application in many areas. Enzymes
leading the market are proteases and amylases.

1- AMYLASES

Higher plants store carbohydrates in the form of starch granules which
Is composed of 20- 30% amylose (linear polymer of 500- 20,000 o-
1,4 linked D- glucose units) and 70- 80% amylopectin (branched
polymer formed by joining of linear polymer of 24- 30 a- 1,4 linked
D- glucose units by a- 1,6 glycosidic bond). Starch hydrolyzing
enzymes are referred to as amylases, and are mainly used in the
production of sweeteners for the food industry.

a) a-AMYLASES

a- Amylases are extracellular enzymes which hydrolyze a- 1, 4-
glycosidic bonds present in the interior of starch and thus are endo-
acting enzymes. o- Amylases are produced by many bacteria and
fungi and are classified on the basis of their starch- liquefying and/ or
saccharogenic effect, pH optimum, temperature range, and stability.
Saccharogenic amylases produce free sugars upon starch hydrolysis,
whereas starch- liquefying amylases breakdown the starch polymer
but do not produce free sugars. Bacillus subtilis Marburg, B. subtilis
var. amylosaccharaticus, and B. natto produces saccharogenic o-
amylase, whereas B. amyloliquefaciens produces liquefying a-
amylase. a- Amylases contain a large proportion of tyrosine and
tryptophan in the enzyme protein and most of them require calcium

as a stabilizer. This enzyme is used in different industries.
Uses of a- amylse in different industries

Industry Application
Starch Processing Liquefaction of starch in the production of sugar syrup
Milling Modification of a-amylase-deficient strains
Baking Generation of fermentable sugars in flour, and improvement
of crust colour
Brewing Starch hydrolysis during wort preparation from barley
Paper Liquefaction of starch without sugar production for sizing of
paper
Textile Continuous desizing at high temperatures
Feed Treatment of barley for poultry and calf
Biological detergents | Starch removal from food stains
Sugar industry Breakdown of starch from cane juice to improve filterability

51




Examples of a-amylase producing bacteria
Bacillus subtilis, B. cereus, Lactobacillus, Pseudomonas,
Escherichia, Proteus, and Serratia are some a-amylase producing
bacteria. However, Bacillus amyloliquefaciens and B. licheniformis
are mainly produced for the industrial production of a-amylase.
Examples of a-amylase producing fungi
Aspergillus, Penicillium, Cephalosporium, Mucor, Candida,
Neurospora and Rhizopus are some a-amylase producing molds and
Aspergillus oryzae is one of the molds used as a source for the
industrial production of a-amylase.
b) B- AMYLASES
B- Amylases are the exo- acting enzymes hydrolyzing the a- 1, 4-
glycosidic bonds from the non- reducing ends producing maltose and
limit dextrin as the major product and are unable to hydrolyze the a-
1, 6 branching present in amylopectin. This enzyme is mainly present
in plants but some microbes produce this enzyme including: Bacillus
polymyxa, B. cereus, B. megatarium, Streptomyces sp., Pseudomonas
sp. and Rhizopus japonicus. B- Amylase has been produced on starch
waste by a strain of B. megaterium in Submerged fermentation (SmF)
and Solid state fermentation (SSF). The starchy wastes from maize,
potato, rice, rice husk, tamarind kernel, water chestnut and wheat are
used as substrate. This enzyme is mainly used in the production of
maltose syrup and other beverages.
c) GLUCOAMYLASES
Glucoamylases hydrolyze starch from the non reducing end
producing glucose, maltose, and limit dextrins. Aspergillus niger, A.
oryzae, Rhizopus niveus, and R. javanicus are examples of the
glucoamylases- producing fungi. This enzyme is mainly used for the
production of fructose syrup and its production is carried out in
submerged fermenter. Starch or dextrin induces the production and,
therefore, starch is generally added in the production media. The
production of the enzyme is carried at 28- 30 °C for 3- 5 days
depending on the strain.
APPLICATIONS OF AMYLASES
Amylases are used in food, feeding, textile, and pharmaceutical
industries.
¢ In the food sector they are mainly used for liquefaction of starch,
manufacture of maltose, high fructose containing syrups, and high
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molecular weight branched dextrins. These products are used for
various food preparations (cake, candies, etc) adding characteristic
sweetness and maintain texture. The use of amylase has replaced
the chemical hydrolysis of the starch as the latter used to yield
undesirable byproducts and is uneconomical.
e Amylase is also used for the removal of starch sizer from textile
(desizing) making the fabric ready for scouring and dyeing.
Ethanol production from starchy substrates is improved by using
amylases or co- culturing the amylolytic strains with ethanol-
producing microbes in starch- based media.
Amylases are also used for processing waste- containing starch
generated from food processing plants (reducing the microbial
pollution load of effluent).
Alkaline amylases are used in detergents and for removing the
starch stains on cloths and utensils, respectively.
Amylases are also ingredient of the digestive syrups used for
treating digestive disorders.
Amylase- treated flour is used for preparing animal feed and have
improved digestibility.
2- PROTEASES
Proteases catalyze the hydrolysis of peptide bonds of the proteins.
The amino acid composition of proteins is very diverse so the
proteases responsible for their hydrolysis are also diverse.
Microbes have both intracellular and extracellular proteases. The
intracellular proteases are responsible for the maintenance of amino
acid pool inside the cell by degrading the unwanted proteins and the
extracellular proteases hydrolyze proteins outside the cells into
peptides and amino acid required for the cell growth.
Proteases are classified into two major groups: the exopeptidases
(peptidases) and the endopeptidases (proteinases). Further the
proteases are also classified into alkaline, acid and neutral proteases
based on their pH optima of activity.
Both bacterial and fungal proteases are produced commercially and
their production conditions are very different from each other. Some
organisms are thermophilic especially grown to obtain thermostable
proteases for use in detergents.
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Industrial uses of proteases

Industry Protease Application

Baking Neutral protease Dough conditioner

Dairy Fungal acid proteases Cheese preparation

Detergent Alkaline protease from | Laundry detergent for protein stain
Bacillus sp removal

Food processing Several proteases Modification of protein rich material

(soy protein or gluten), meat
tenderization

Leather Neutral proteases Bating of leather, dehairing of hides

Brewery Neutral proteases Hydrolyze cereal mash to release
peptides and amino acids for utilization
by yeast

Photographic Alkaline protease Digestion of gelatin for recovery of
silver from films

Biopharmaceutical | Several proteases Digestive syrup, contact lens cleaner,
necrotic tissue removal, blood clot
digestion

Peptide synthesis | Thermolysin, a-chymosin | Reverse  reaction to  synthesize
and several other protease | aspartame and other peptides of
pharmaceutical importance

ALKALINE PROTEASES

Strains of Bacillus, Steptomyces, Aspergillus are the major producers
of alkaline proteases. Proteases from Bacillus (Bacillopeptidases) are
mainly used in detergents. Subtilisin carlsberg (protease from B.
licheniformis) and  Subtilisin  Novo (protease from B.
amyloliquefaciens) are the best know proteases used in detergents.
These proteases are stable at high temperature, active in alkaline pH
(9- 11). Proteases to be used as detergent additive should be stable
and active in the presence of surfactants, bleaching agents, fabric
softeners and various other formulation of a typical detergent.

In textile industry, proteases may be used to remove the stiff and dull
gum layer from the raw silk fiber to achieve improved luster and
softness. Protease treatment also modifies the surface of wool fibers
to provide unique finishes. The alkaline proteases also have potential
application in removal of gelatin from the used photographic films
for the recovery of silver from them.

NEUTRAL PROTEASE

Neutral proteases are obtained from plants e.g. papain (from Carica
papaya), bromelain (from Ananas comorus) and ficin (from Ficus
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spp.), which are cysteine proteases. Neutral proteases are also
produced by bacteria (such as Clostridium histolyticum,
Streptococcus spp., Bacillus subtilis, B. cereus, B. megaterium, B.
thuringiensis, B. polymyxa, Pseudomonas aeruginosa, Streptomyces
griseus) and fungi (Aspergillus oryzae, A. sojae, Penicillium spp.,
Pericularia oryzae). The neutral proteases are unstable and require
calcium, sodium, and chloride ions for their stability. Not only the pH
range for these proteases is small, but they also get inactivated at
elevated temperatures. Commercial fungal neutral proteases are used
in baking, food processing, protein modification, and in leather,
animal feeds and pharmaceutical industries.

ACID PROTEASES

Rennins from calf stomach (used in cheese production as discussed
above), pepsin of humans are the well- known examples of acid
proteases catalyzing hydrolysis of protein around pH 2- 4. Some of
the fungi also produce acid proteases which are rennin- like and used
mainly in cheese production. Acid proteases are also used in the
preparation of digestive syrup, soy protein digestion during sauce
preparation, hydrolyzing the gluten from wheat dough used for
preparing biscuits in bakery making them crispy. Silver from the film
roll is recovered by digesting the gelatin by acid proteases. Bacillus,
Lactobacillus, Pseudomonas, Serratia, Streptococcus, and
Streptomyces are some of the bacteria, and Aspergillus, Candida,
Coriolus, Endothia, Mucor, Penicillium, Rhizopus, and Torulopsis
are some of the fungi producing rennin like proteases.

The rennin produced by Endothia parasitica was the first rennin of
microbial origin marketed in the year 1967. The fermentation is
completed in 48 h at 28°C, after which the mycelium is removed and
enzyme is concentrated and precipitated by evapouration process.
The microbial rennins are stable at high temperature, and cause
harmful proteolysis. The calf rennin has been successfully cloned
into E. coli for the production and use of rennin enzyme to avoid the
problems encountered with microbial rennin.

PRODUCTION OF AMINO ACIDS

Amino acids are widely used in the food and beverage industries as
flavour enhancers, as seasonings, or nutritional additives. World
production level is about 600000 tonnes per year, with Japan having
the major production proportion. Glutamic acid and lysine are two
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amino acids produced by fermentation involving the bacteria
Corynebacterium  glutamicum and  Brevibacterium  flavum,
respectively.

Amino acid fermentations -in recent years there has been a rapid
development of the production of particular amino acids by
fermentation. Microorganisms can synthesize amino acids from
Inorganic nitrogen compounds. The rate and the amount of synthesis
of some amino acids may exceed the cells need for protein synthesis,
where upon the amino acids are excreted into the medium.

Some microorganisms are capable of producing sufficient amounts of
certain amino acids, to justify their commercial production. The amino
acids can be obtained from hydrolyzing protein or from chemical
synthesis, but in several instances the microbial process is more
economical. Secondly, the microbiological method yields the naturally
occurring L-amino acids.
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QUESTIONS
1- What are the different industrial uses of yeast?
2- Write on the role of yeast in bread making.
3- What are the most common amino acids produced by microbes?
Write in brief on the production.
4- Discuss the main steps of the bread making process.
5- What is the gluten glue?
6- Write on the different kinds of amylases and their uses.
7- Proteases are very important in different industries. Discuss,
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PART (7)
I1. NON- FOOD PRODUCTS

ETHANOL PRODUCTION
Yeast can convert sugar into ethanol using biotechnological methods,
which has various applications including ethanol fuel. The process
starts by milling a feedstock, such as sugar cane, sweet corn, or cheap
cereal grains, and then adding dilute sulfuric acid, or fungal alpha
amylase enzymes, to break down the starches into complex sugars. A
gluco amylase is then added to break the complex sugars down into
simple sugars. After this, yeasts are added to convert the simple sugars
to ethanol, which is then distilled off to obtain ethanol up to 96% in
concentration.
Saccharomyces yeasts have been genetically engineered to ferment
xylose, one of the major fermentable sugars present in cellulosic
biomasses, such as agriculture residues, paper wastes, and wood chips.
Such a development means that ethanol can be efficiently produced
from more inexpensive feedstocks, making cellulosic ethanol fuel a
more competitively priced alternative to gasoline fuels.
Under anaerobic conditions (low oxygen concentrations), many
organisms, including yeast, obtain the energy from the process of
fermentation. In alcoholic fermentation, characteristic of many yeast
species, the fermentation process starts with one molecule of the six
carbon sugar- glucose, and terminates with two molecules of the two
carbon alcohol - ethanol, and two molecules of CO,:

CeH 1,06 » 2CH3;CH,0OH +2CO;

»

Glucose Ethanol + Carbon dioxide

Further distillation procedures are needed to obtain anhydrous ethanol.
The most important question that must be addressed by any
production process for an alternative fuel is the question of energy
balance (the energy output—input ratio). For ethanol, nonrenewable
energy is required to grow corn, harvest and transport it, subject it to
dry or wet milling, convert the starch in the corn kernels into ethanol,
and recover the ethanol by distillation and dehydration. Widely used
2002 estimates of the energy balance for the corn-to-ethanol
conversion are modestly positive. The higher value is obtained when
credits are assigned to coproducts: stillage (the residue from the
fermentation used to produce a high-quality nutritious livestock feed—
“dried distillers grains and solubles), corn oil, corn gluten meal, and
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corn gluten feed. The CO, released during the fermentation is
captured and sold for carbonating beverages and the manufacture of
dry ice.

| Stage I: conversion of biomass to fermentable sugars |

SucArR CrROPS STARCHES LIGNOCELLULOSE
{sugar cane, sugar beet) {cereals, such as maize, (wood, agricultural
wheat, sorghum, barley; residues, newsprint, municipal
from roct crops, such as solid waste, etc.)

potato, cassava)

b

v WV
Extraction of juice Enzyme hydrolysis Steam explosion, milling, or
by pressing or pulping other physical pretreatment Acid

hydrolysis of hemicelluloses

1 | |
v

Stage II: fermentation
conversion of sugars to alcahol

|

Stage liI: alcchol recwerﬂ

Distillation

L

Dehydration

l

ANHYDROUS ALCOHOL

Stages of alcohol production from different sources

BIOFERTILIZERS

o Biofertilizers are microbial inoculants containing living cells of
either nitrogen fixing or phosphate- solubilizing bacteria. The most
important biofertilizer commercially available is the rhizobial
inoculant used for legume seed inoculation. Since most legumes are
grown without any inorganic nitrogen fertilizers, their growth is
dependent on the supply of nitrogen by these bacteria. The technology
of producing these inoculants consists of culturing efficient strains of
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rhizobia in yeast extract- mannitol medium under controlled
conditions in shake flasks or fermentors and mixing the culture broth
with sterile powdered foil, charcoal, lignite or peat. The mixture is
allowed to cure for a short period after which it is packed and used for
seed bacterization. In recent years this technology is also extended to
treat cereals with nitrogen fixing bacteria such as Azotobacter and
Azospirillum.

e The blue green bacteria have also been used as biofertilizer in rice
cultivation. However, the technology for producing these inoculants
on a large scale is different. Efficient strains of blue green bacteria are
cultured in open tanks, in water containing adequate amounts of
mineral nutrients such as phosphate and molybdate. After adequate
amount of growth is obtained, the algal mass is dried and used as
inoculant material. Alternatively, this organism can also be cultured
directly in the open fields before the rice crop is transplanted.

MICROBIAL RECOVERY OF OIL

e When an oil field is opened up, spontaneous flow and pumping will
produce approximately only about one- third of the total petroleum
present. Secondary recovery techniques to increase output are
involved such as gas pressurizing, water flooding, miscible flooding
and thermal methods. Tertiary oil recovery methods include the use of
solvents, surfactants, and polymers able to dislodge oil from
geological formations to prolong the well life and increase production.
e Microbial- enhanced oil recovery processes involve the use of
polymers such as xanthan gum produced by large- scale fermentation
of specific bacteria, such as Xanthomonas compestris, are useful
compounds in oil recovery. Such gums have excellent viscosity and
flow characteristics to pass through small pores releasing more
trapped oil. Application is usually associated with water- flooding
operations.

o A further possible approach is the use of microorganisms in situ for
dislodging oil by surfactant production, gas formation or partial
microbial digestion to alter oil viscosity. Bio-surfactants may also
have a role in releasing oil from tar sands.

The role of microbes and different microbial products in oil

recovery is illustrated in the following Table.
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The role of microbes and microbial products in oil recovery

Microbial product Fole in enhanced oil recovery Some of the effects
Gases (Ha, Na, CHy, CO2) * Reduce oil viscosity and improve flow characteristics o Improved oil recovery by gases
# Displace immobile # Miscible CO; flooding
& Sweep oil in place
Acids (low molecular weight acids, ¢ Improve effective permeability by dissolving carbonate precipitates from # Enhanced oil flooding
primarily low molecular weight pores throat. Significant improvement of permeability and porosity
fatty acids) # (0 produced from chemical reactions between acids and carbonate
reduce oil viscosity and causes oil droplet to sweel
Solvents (alcohols and ketones that # Dissolve in oil reduce viscosity # Emulsification promotion for
are typical cosurfactants) & Dissolve and remove heavy. long chain hydrocarbons from pore throat increased miscibility

(increase effective permeability)
& Involved in stabilizing and lowering interf. ension that promotes

emulsification
# Reduce interfacial tension
Biosurfactants * Reduce interfacial tension between oil and rockfwater surface which * Microbial surfactant
causes emulsification: improving pore scale displacement # Flooding
* Alter wettability
Biopolymers # Improve the viscosity of water in waterflooding and direct reservoir fluids # Microbial permeability modification
to previously unswept areas of the reservoir (selective plugging)

# Improve the sweep efficiency of waterflood by plugging high

permeability zones or water-invaded zones

Control of water mobility

Physically displace oil by growing between oil and rockfwater surface * Same biopolymers
Reversing wettability by microbial growth

Can plug high permeability zones

Selective partial degradation of whole crude oil

Act as selective and nonselective plugging agents in wetting, alteration of

oil viscosity, oil power point, desulfuration

Biomass (microbial cells)

TFormation damage: low oil relative permeability; trapped oil due to capillary forees; poor sweep efficiency channeling: unfavorable mobility ratio; low sweep
efficiency: water or gas coning,
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BIOPLASTICS

Bioplastics, sometimes also called green plastics, are plastics that

are biodegradable and are made mostly or entirely from renewable

resources.

1. Like all plastics, bioplastics are composed of a polymer,

combined with plasticizers and additives.

Using fermentation to produce plastics

There are two ways fermentation can be used to create biopolymers

and bioplastics:
Bacterial Polyester Fermentation—The bacteria Ralstonia eutropha
use the sugar of harvested plants, such as corn, to fuel their cellular
processes. The by- product of these cellular processes is the
polymer. The polymers are then separated from the bacterial cells.
Lactic Acid Fermentation—-The final product of fermentation is
lactic acid, rather than a polymer. After the lactic acid is produced,
it is converted to polylactic acid using traditional polymerization
processes.

The number and size of the granules, monomer composition,

macromolecular structure and physico-chemical properties vary,

depending on the organism. They intracellular light- refracting

granules or electron lucent bodies cause a striking alteration of the

bacterial shape (see the Figure below).

3 £ ()

Current Opinion in Micrabiok

Scanning (a,b) and transmission (c,d) electron microphotographs of P. putida
(a,c) and its p-oxidation mutant (b,d) cultured in a chemically defined solid
medium containing 7-phenylheptanoic acid (5 mM) as a source of aromatic PHAs
and 4-hydroxyphenylacetic acid (5 mM) as an energy source. Bar = 1 pm.
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Bioplastics can be isolated by centrifugation (cell-free extracts) or by
solvent extraction (dried intact bacteria) with chloroform,
dichloroethane, propylene carbonate, methylene chloride or
dichloroacetic acid.

Currently, the main limitations for the bulk production of bioplastics
are its high production and recovery costs. Microbes belonging to
more than 90 genera (including aerobes, anaerobes, photosynthetic
bacteria, archaebacteria and lower eukaryotes), are able to
accumulate and catabolize these polyesters (e. g. Chromatium
vinosum, Thiocystis violacea, Thiocapsa pfennigii).

The most widely produced microbial bioplastics are PHB, PHA and
their derivatives. However, other polyesters can also be produced by
microorganisms. Most of them either require similar biosynthetic
enzymes or lack current industrial applications.

Macromolecular architecture of the inclusions

PHAs are accumulated intracellularly in granules of different sizes
(see the Figure below). They are surrounded by a phospholipid
monolayer (PM) containing some other proteins attached to the
granule. The function of the PM envelope is believed to avoid the
contact of PHAs with water (preventing the transition of the polyester
from the amorphous liquid state to a more stable crystalline form),
and that it acts as a protective barrier (avoiding cellular damage
caused by the interaction of PHAs with internal structures or with
cytosolic proteins). Therefore, enzymes specifically involved in the
synthesis of the PM, associated with the polyester, must exist.
Applications

Many different applications have been described for bioplastics since
the first industrial production of Biopoll by ICI Ltd in 1982.

Various produ?:ts of biopol
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There are at least three factors that affect how environment- friendly

a material is:

= Renewability: how quickly are the ingredients that go into

making the plastic created in the environment?

= Degradability: how quickly can the plastic be re- integrated

into the environment after it is no longer being used?

= Production: how much pollution or waste is created during the

process of actually making the plastic?
Traditional plastics fail on all three of these points.

(2) T p

Scanning (a,c,e,g) and transmission (b,d,f,h) electron microphotographs of the P. putida
mutant (a—d) and its double-deleted mutant (e-h) cultured in a chemically defined solid
medium containing either octanoic acid (5 mM) (a,b,e,f) or 7-phenylheptanoic acid (5
mM) and 4-hydroxyphenylacetic acid (5 mM) (c,d,g,h). Bar =1 pum.

Classification of bioplastics according to their characteristics

presented in the following Table.
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Classification of microbial bioplastics according to different criteria.

Biosynthetic origin

Chemical natuwre of the

MONONErs

Monomer size

Number of monomers in

the polyesters

Type of polyesters accumu-
lated by the microbe

Natural bioplastics: those produced by microorgamisms from general metabolites (1.e.
PHBs and aliphatic PHAs).

Semisynthetic bioplastics: those that require the addition to the culture broth of some
precursors that cannot be synthesised by the microbe (i.e, PHAs containing aromatic
MCNOMETS )

Synthetic bioplastics: those polyesters that resemble the natuwral ones but that can
only be obtained by chemical synthesis (i.e, synthetic thermoplastic polymers)
Bioplastic containing aliphatic fatty acid derivatives; saturated or unsaturated (with

double or triple bonds} monomers: linear or branched monomers: substituted or not
(with functional groups in the monomers).

Bioplastics containing aromatic fatty acid derivatives

Bioplastics containing both aliphatic and aromatic fatty acid derivatives

Bioplastics containing other different compounds (e.g. poly-y-glutamic acid, poly-
g-L-lysine. poly-B-L-malic acid. polyglycolic acid. cianophicin)

Bioplastics containing a short-chain length (sclPHB and derivatives sclPHAs: C3-C5

TNOMONIETS )

Bioplastics containing a2 medivm-chain length (mclPHAs: C6-C14)
Bioplastics containing a long-chain length (IclPHAs: =C14)
Homopolymeric bioplastic: a single monomer is present in the bioplastic

Heteropolymeric bioplastic (copolymer): more than one monomer is present in the
bioplastic
Unique (a single bioplastic)

More than one (mixed bioplastics)
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QUESTIONS
1- How can ethanol be produced by microbial fermentation? What are
the main materials used for this process? Give the formula of
converting glucose to ethanol?
2- Write in brief on the stages of converting different biomass into
fermentable sugars then fermentation to alcohol.
3- What is the meaning of biofertilizer? Give an example including
production and benefits?
4- What are the benefits of using microbes in the recovery of the oil?
5- What are bioplastics and why they are called “green plastics™?
6- How fermentation is used to produce bioplastics?
7- Give examples of the biotechnological applications of bioplastics
and biopolymers.
8- What are the factors that determine how a material is environment-
friendly?

66




PART (8)
I1. NON- FOOD PRODUCTS (Continued...)

SILAGE

Silage is fermented, high- moisture fodder that can be fed to
ruminants (animals like cattle and sheep) or used as a biofuel
feedstock for anaerobic digesters. It is fermented and stored in a
process called ensilage, and usually made from grass crops,
including maize or sorghum, using the entire plant, not just the
grain. Silage can be made from many other field crops, and other
terms (oatlage for oats, haylage for alfalfa) can be used.

It is sometimes a mix of two crops, such as oats and peas. Haylage
means ensiled forages, made up of grass, alfalfa and alfalfa/ grass
mixes. Balage is another form of stored forage. In this case hay,
alfalfa or grass is cut and baled while still fairly wet. That is, it is too
wet to be baled and stored as hay. In this case the dry matter is
around 60 to 70%. The bales are wrapped tightly in plastic wrappers.
The material then goes through a limited fermentation in which short
chain fatty acids are produced which protect and preserve the forage.
This method has be(_:grgsegpular on smaller farms.

-

Wrapping with plastic
MAKING SILAGE

Silage must be made from plant material with a suitable moisture
content, about 55% to 70%, depending on the means of storage the
degree of compression and the amount of water that will be lost in
storage. For corn, harvest begins when the whole- plant moisture is at
a suitable level. For pasture- type crops the grass is allowed to wilt
for a day or so until the moisture content drops to a suitable level.
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The plant material is collected, chopped into pieces about 14 mm
long and packed. Silage may also be emptied into a bagger, which
puts the silage into a large plastic bag that is laid out on the ground.
Fermentation

Concrete silage silo

Silage undergoes anaerobic fermentation, which starts about 48 hours
after the silo is filled. Traditionally, the fermentation is caused by
indigenous microorganisms, but today, some silage is inoculated with
specific microorganisms to speed fermentation or improve the
resulting silage. The process converts sugars to acids and exhausts
any oxygen present in the crop material. The fermentation is
essentially complete after about two weeks.

Bacteria are corwverting sugars in
the crop into acids cawsing the
pH &6.5 pH to dlecline,

Yeasts are producing
anaerobic metabolites
wihich are enbancing fesd
ener]y valuss.,

The silage is stable at pH
2.8-4.2, vsualky taking
pH 4.2 several wesks

pH 3.8

Days
Silage inoculants contain one or more strains of lactic acid bacteria,
and the most common is Lactobacillus plantarum. Other bacteria
used include Lactobacillus buchneri, and Pediococcus species.

Silo effluent

The fermentation process releases liquid. Silo effluent contains nitric
acid (HNO3), which is corrosive. It can also contaminate water
courses unless precautions are taken. The high nutrient content can
lead to eutrophication (growth of algae blooms).
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Storing silage

Silage must be firmly packed to minimize the oxygen content, or it
will spoil.

Anaerobic digestion

Anaerobic digesters for silage

Silage is a useful feedstock for anaerobic digestion. If it is not used
for feeding animals, silage can be fed into anaerobic digesters to
produce biogas.

SAFETY

Silos are hazardous, and people die every year in the process of
filling and maintaining them. As well as the risk of injury by
machinery or from falls, the fermentation process presents respiratory
hazards. Nitrogen dioxide gas is released in the early stages of
fermentation, and can kill. Lack of oxygen inside the silo can cause
asphyxiation, and molds formed when air is allowed to reach cured
silage can cause toxic organic dust syndrome. When filling a silo,
fine dust particles in the air can become explosive. The silage itself
has no special danger.

Nutrition value

The product retains a much larger proportion of its nutrients than if
the crop had been dried and stored as hay. Silage is most often fed to
dairy cattle, because they respond well to highly nutritious diets.
Since silage goes through a fermentation process, energy is used by
fermentative bacteria to produce volatile fatty acids (VFA), such as
acetate, propionate, lactate, butyrate etc, which preserve the forage.
The result is that the silage is lower in energy than the original
forage, since the fermentative bacteria use some of the carbohydrates
to produce VFA. Thus, the ensiling process preserves forages, but
does not improve the quality or the nutrient value. An example of
silage nutritional values are in the following Table.
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Dry matter (%) 43.7 30- 40

Crude protein (% in DM) 13.00 14- 16
Ash (% in DM) 8.90 9-10
ME (M]/kg DM) 9.7 9.7- 10.1
pH 4.6 4.9- 5.0
Lactic acid (% in DM) 4.94

Acetic acid (% in DM) 1.58 2.0- 3.5
Butyric acid (% in DM) 0.00 < 0.3

Propionic acid (% in DM) 0.02

THE FERMENTATION CONDITIONS

Ideal fermentation is dependent upon decisions and management
practices implemented before and during the ensiling process. The
primary management factors are:

1. Stage of maturity of the forage at harvest.

2. The type of fermentation that occurs in the silo.

3. Type of storage structure used and methods of harvesting and
feeding.

Phase 1 Phase 2 Phaose 3 Phase 4 Storage
Day 1 Day 2 Day 3 10 6 Day 7 1o 21 After Doy 21 |
Shemical D?;g:; o Sugar Sugoar Sugar
Changes
v + ' 4
Co, Acedtic Acid Lactic Acid Lactic Acid Stable state unti
Heat Water Acetic Acid Acelic Acid sfiage is exposed
. Ethanol Etharnol 1o axygen
Profein Mannifol Mannital
Degroded co, co,

Microbiol S b S =

- 3 5 o, Lactic Acid
Asrobic- / Acefic Acid peidshion N
Bacteria muym/ N,
0 ta T00°F
7O°F FOF
4.0
5.0 .2 - 4.0

During the ensiling process, some bacteria are able to break down
cellulose and hemicellulose to various simple sugars. Other bacteria
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break down simple sugars to smaller end products (acetic, lactic and
butyric acids). The most desirable end products are acetic and lactic
acid. As the bacteria degrade starches and sugars to acidic and lactic
acids, dry matter is lost. Attention to details such as speed of
harvesting, moisture content, length of chop, silage distribution and
compaction can greatly influence the fermentation process and
storage losses. Efficient fermentation ensures a more palatable and
digestible feed, which encourages optimal dry matter intake that
translates into improved animal performance.

Proper packing of the hay and voiding of air (oxygen) provides the
environment needed by bacteria to break down fiber components and
sugars. The faster the fermentation is completed, the more nutrients
will be retained in the silage.

A critical time during the ensiling process occurs after the initial
three to five days and requires some 15 to 20 days for completion.
The success of the ensiling process is determined during these two
weeks. The critical difference between silage and haylage is the
effect of moisture content of the forage during this two- week
fermentation process. If the forage is too dry, fermentation is
restricted and the pH cannot drop sufficiently. If pH of the haylage

does not drop sufficiently, spoilage will occur.
Six phases of silage fermentation and storage.
Phase |  Phase Il Phase Ill Phase IV PhaseV  Phase VI
Age of Silage 0-2days 2-3days 3-4days 4-21days 21 days-
Cell

respiration; Production Aerobic
PITALION, ¢ acetic Lactic Lactic . .
Activit production acid and acid acid Material decomposition
y of CO,, N - . storage on re-exposure
heat and lactic acid formation formation 10 OXVaEn
water ethanol Y9
Eig‘ﬁgegft“re 69-90F 90-84F 84F  84F  B84F 84F
pH Change 6.5-6.0 6.0-5.0 5.0-4.0 4.0 4.0 4.0-7.0
Acetic acid

Lactic Lactic

and lactic . . Mold and yeast
Produced . acid acid ndy
acid - . activity
. bacteria  bacteria
bacteria

*Temperature dependent on ambient. Ensiling temperature generally is 15 higher than
ambient.
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ADDITIONS TO SILAGE

Various additions to silage have been suggested as methods to
Improve or alter the fermentation process. These materials may be
referred to as additives, conditioners and preservatives.

» Additive- A material that adds nutrients to silage.

« Conditioner- A material that absorbs excess moisture from
chopped forage or which increases the moisture content of
excessively dry forage.

* Preservative- A material that stimulates the fermentation process
or a material that inhibits fermentation.

The benefits obtained from silage additives, conditioners and
preservatives depend upon their influence on the silage fermentation
process. Silage additives, conditioners and preservatives function in
the following ways:

* Add dry matter to reduce moisture content

» Add water to increase moisture content

* Alter the rate, amount and kind of acid production

* Acidify the silage

* Inhibit bacterial and mold growth

* Culture silage (inoculants) to stimulate acid production

* Increase nutrient content of the silage

Several chemicals used as silage preservatives also inhibit
undesirable bacterial and mold growth. Acids, such as formic and
propionic, enhance the preservation of forage. The major benefit of
adding weak acids to silage appears to be in reducing spoilage in
open storage structures. Formic acid is added to hay crop silages at
0.45 percent of the wet weight or 2.25 percent of the dry matter
weight. Propionic acid is added at the rate of 0.5 to 1.0 percent of the
wet forage weight.

Increasing the nutrient content of silage

Various materials added to silage will increase nutritive value to the
extent that they themselves contain nutrients. Increasing the nutrient
content of silage will greatly affect the final cost of the product
produced.

Materials such as cereal grains, molasses, dry forages, limestone,
urea and anhydrous ammonia are examples of nutrient additions to
silage. Commercial products are also available that contain one or
more of the above materials.
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Non-protein N sources for adding to corn silage and suggested application rates.*
Application Rate

NPN Sources Form % Nitrogen (Ibs/wet ton)
Urea dry 45 10
Mono-ammonium phosphate dry 11 20?
Pre-mixed ammonia-water liquid 20-30 17-25
Anhydrous ammonia gas 81 6-7
Ammonia, cold flow gas-liquid 81 6-7

! Commercial products should be applied at a rate to provide 5 pounds of actual
nitrogen/ton of forage. >Add 5 Ibs. dry urea to provide 5 Ibs. of nitrogen.

SILAGE INOCULANTS

A number of commercial products, referred to as fermentation aids
and/ or inoculants, are available for adding to silage at the time of
ensiling. Since silage is a product resulting from the action of
bacterial enzymes on the material stored, attempts have been made to
alter or regulate silage fermentation through the addition of materials
containing bacteria, yeasts and molds. The primary purpose for
adding bacterial inoculants is to increase the number of lactic acid-
producing bacteria, thus encouraging more lactic acid production and
a well- preserved forage mass.

Research using various bacterial inoculants indicates highly variable
results. Products showing consistent, positive results indicate about a
5 percent increase in dry matter preservation. Therefore, cost of the
inoculant per ton compared to the dollar value of the dry matter saved
will determine the profitability of using a silage inoculant.

The addition of bacterial inoculants to corn silage harvested at the
proper growth stage and moisture content has not shown consistently
positive results. Results have been more positive when inoculants
have been added to alfalfa, a low carbohydrate forage, and sorghum
silages.
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QUESTIONS
1- What is silage and what it is used for?
2- What are the materials used for making silage?
3- Give a brief idea on how to make silage from grass, corn or other
crops?
4- Explain in brief the fermentation of silage and the characteristics of
"silo effluent'?
5- Discuss in brief the storage, safety and nutritional value of silage.
6- Write on the fermentation conditions and its phases.
7- Are there any additions to silage? Discuss?
8- Write- in no more than 10 lines- on silage inoculants.
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PART (9)
COMPOSTING

e Wastes from food and drinks are becoming an increasing problem,
particularly to large production centers, because of the environmental
laws that restrict the dumping of the high- biological oxygen demand
wastes. In the developed world, efforts are made to use such organic
wastes to generate valuable by- products, while achieving active waste
removal. There is also a large market for biological waste treatment
systems in these countries.

FOOD WASTE COMPOSTING

Composting is the natural process of decomposition and recycling of
organic material into a humus rich soil amendment known as compost.
For any business or institution producing food waste, this organic
material can be ea5|ly decomposed into hlgh quallty compost.

Food waste combosting

Compost constituents

Fruits, vegetables, dairy products, grains, bread, unbleached paper
napkins, coffee filters, eggshells, meats and newspaper can be
composted. If it can be eaten or grown in a field or garden, it can be
composted. Items that cannot be composted include synthetic plastics,
grease, glass, metals, foil, silverware, drinking straws, bottles,
polystyrene or chemicals. Items such as red meat, bones and small
amounts of paper are acceptable, but they take longer to decompose.
Add red meat and bones to only a well- controlled compost pile to
avoid attracting vermin, pests and insects.

Food waste is unique as a compost agent

Food waste has unique properties as a raw compost agent. Because it
has a high moisture content and low physical structure, it is important
to mix fresh food waste with a bulking agent that will absorb some of
the excess moisture as well as add structure to the mix. Bulking agents
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with a high C: N ratio, such as sawdust and yard waste (grass, leaves
etc.), are good choices. Food waste is highly susceptible to odour
production- mainly ammonia- and large quantities of leachate. The
best prevention for odour is a well- aerated pile that remains aerobic
and free of standing water. Leachate can be reduced by aeration and
sufficient amounts of a high carbon bulking agent. It is normal to have
some odour and leachate production. Captured leachate can be
reapplied to the compost or used under ornamental plants.

BENEFITS OF COMPOSTING FOOD WASTE

Food waste that is not composted generally goes directly to a landfill.
Once in the landfill, organic matter may react with other materials and
create toxic leachate. Food waste placed in an airtight landfill stops
the earth’s natural cycle of decomposition. This cycle plays a crucial

role in the health of our environment.
Benefits of compost to the environment and agriculture

Environment

o Water