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Abstract: Biotechnology is the use of living systems and organisms to develop or make useful products, or any
technological applications that uses biological systems, living organisms or derivatives thereof, to make or modify
products or processes for specific use. Depending on the tools and applications, it often overlaps with the fields of
bioengineering and biomedical engineering. Some of the applications of biotechnology in food processing include -
fermentation to enhance properties such as the taste, aroma, shelf-life, texture and nutritional value of food.
Biotechnology in the production of enzymes to bring about desirable changes in food, biotechnology in the production of
food ingredients; flavours, fragrances, food additives and a range of other high valued-added products, genetically
modified starter cultures, genetically modified foods, the use of all these modern technologies in diagnostics for food
testing, the role of biotechnology in food production by increasing food production, improved harvesting, storage and
nutritional value, better raw materials, better flavour and the production of food containing vaccines, the safety of food
produced with biotechnology as well as the risks and benefits of biotechnology in food production.
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1. Introduction.
Biotechnology is defined as any technological application that uses biological systems, living organisms or
derivatives there of to make or modify products or processes for specific use (UN Convention on Biological
Diversity, 2002). Biotechnology in the food processing sector targets the selection and improvement of
microorganisms with the objectives of improving process control, yields and efficiency as well as the quality,
safety and consistency of bioprocessed products. Microorganisms or microbes are generic terms for the group
of living organisms which are microscopic in size, and include bacteria, yeasts and moulds. Technologies
applied in the processing of food must assure the quality and safety of the final product. Safe food is food in
which physical, chemical or microbiological hazards are present at a level that does not present a public health
risk. Safe food can, therefore, be consumed with the assurance that there are no serious health implications for
the consumer. A range of technologies is applied at different levels and scales of operation in food processing
across the developing world. Conventional or “low-input” food processing technologies include drying,
fermentation, salting, and various forms of cooking, including roasting, frying, smoking, steaming, and oven
baking. Low-income economies are likely to employ these as predominant technologies for the processing of
staple foods. Many of these technologies make use of a simple, often rudimentary, technological base.
Medium levels of processing technologies such as canning, oven drying, spray drying, freeze drying, freezing,
pasteurization, vacuum packing, osmotic dehydration and sugar crystallization are widely applied in middle-
and upper middle-income economies. Higher-level, more capital-intensive food-processing technologies such
as high-temperature short-time pasteurization and high-pressure low-temperature food processing are widely
employed in middle- and upper middle-income economies. Functional additives and ingredients produced
using fermentation processes are generally incorporated into food-processing operations that make use of
higher-level technologies. Traditional methods of food-safety monitoring such as the detection of pathogenic
bacteria in food are generally based on the use of culture media. These are the techniques of choice in low-
and lower-middle-income economies which lack the resources, infrastructure and technical capacity to utilize
modern biotechnological techniques. Conventional bacterial detection methods are time-consuming multi-step
procedures. At least two to three days are required for the initial isolation of an organism, followed by the
requirement for several days of additional confirmatory testing. Biotechnology-based methods can provide
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accurate results within a relatively short time frame. Biotechnological developments have resulted in the
widespread availability of low-cost rapid methods of identification when compared with the significant
cost/time requirements of conventional techniques. Lower-middle income economies apply both traditional
and more sophisticated methods for monitoring the microbiological quality of foods and their conformance to
international standards (FAO, 2010).

2. Application of Biotechnology in Food Processing
2.1. Biotechnology in Food Fermentation
Microorganisms are integral part of the processing system during the production of fermented foods.
Microbial cultures can be genetically improved using both traditional and molecular approaches, and
improvement of bacteria, yeasts and moulds is the subject of much academic and industrial research. Traits
which have been considered for commercial food applications in both developed and developing countries
include sensory quality (flavour, aroma, visual appearance, texture, consistency and general acceptibility)
(Leuchtenberger et al., 2005), virus (bacteriophage) resistance in the case of dairy fermentations, and the
ability to produce antimicrobial compounds (e.g. bacteriocins, hydrogen peroxide) for the inhibition of
undesirable microorganisms. In many developing countries, the focus is on the degradation or inactivation of
natural toxins (e.g. cyanogenic glucosides in cassava), mycotoxins (in cereal fermentations) and anti-
nutritional factors (e.g. phytates) (Bauer et al., 2007). Fermented foods are consumable products that are
generated from thermally treated or untreated food raw materials of plant or animal origin. They have
characteristic sensory and nutritional value as well as properties determining shelf life, hygiene or practical
value that are decisively affected by microorganisms and/or enzymes (from the raw material) (Aguirre and
Collins,1993).

2.1.1  Methods of microbial inoculation in food fermentations
The fermentation bioprocess is the major biotechnological application in food processing. It is often one step
in a sequence of food-processing operations, which may include cleaning, size reduction, soaking and
cooking. Fermentation bioprocessing makes use of microbial inoculants for enhancing properties such as the
taste, aroma, shelf-life, safety, texture and nutritional value of foods. Microbes associated with the raw food
material and the processing environment serve as inoculants in spontaneous fermentations, while inoculants
containing high concentrations of live micro-organisms, referred to as starter cultures, are used to initiate and
accelerate the rate of fermentation processes in non-spontaneous or controlled fermentation processes.
Microbial starter cultures vary widely in quality and purity.

Starter culture development and improvement is the subject of much research both in developed and in
developing countries. While considerable work on GM starter culture development is ongoing at the
laboratory level in developed countries, relatively few GM micro-organisms have been permitted in the food
and beverage industry globally. In 1990, the United Kingdom became the first country to permit the use of a
live genetically modified organism (GMO) in food. It was a baker’s yeast, engineered to improve the rate at
which bread dough rises by increasing the efficiency with which maltose is broken down. This modification
was done by using genes from yeast and placing them under a strong constitutive promoter. The United
Kingdom has also approved a GM brewer’s yeast for beer production. By introducing a gene encoding
glucoamylase from yeast, better utilization of carbohydrate present in conventional feedstock can be obtained,
resulting in increased yields of alcohol and the ability to produce a full-strength, low-carbohydrate beer. More
recently, two genetically modified yeast strains were authorized for use in the North American wine industry
(Bauer et al., 2007).

Starter culture improvement, together with the improvement and development of bioreactor technology for the
control of fermentation processes in developed countries, has played a pivotal role in the production of high-
value products such as enzymes, microbial cultures, and functional food ingredients. These products are
increasingly produced in more advanced developing economies, and are increasingly imported by less
advanced developing countries, as inputs for their food processing operations.
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a) Spontaneous inoculation of fermentation processes

In many developing countries, fermented foods are produced primarily at the household and village level,
using spontaneous methods of inoculation. Spontaneous fermentations are largely uncontrolled. A natural
selection process, however, evolves in many of these processes which eventually results in the predominance
of a particular type or group of micro-organisms in the fermentation medium. Major limitations of
spontaneous fermentation processes include their inefficiency, low yields of product and variable product
quality. While spontaneous fermentations generally enhance the safety of foods owing to a reduction of pH,
and through detoxification, in some cases there are safety concerns relating to the bacterial pathogens
associated with the raw material or unhygienic practices during processing.

b) “Appropriate” starter cultures as inoculants of fermentation processes
“Appropriate” starter cultures are widely applied as inoculants across the fermented food sector, from the
household to industrial level in low-income and lower-middle-income economies. These starter cultures are
generally produced using a backslopping process which makes use of samples of a previous batch of a
fermented product as inoculants (Holzapfel, 2002). Appropriate starter cultures are widely applied in the
production of fermented fish sauces and fermented vegetables in Asia and in cereal or grain fermentations in
African and Latin American countries. The inoculation belt (Holzapfel, 2002) used in traditional
fermentations in West Africa serves as a carrier of undefined fermenting micro-organisms, and is one example
of an appropriate starter culture. It generally consists of a woven fibre or mat or a piece of wood or woven
sponge, saturated with “high”- quality product of a previously fermented batch. It is immersed into a new
batch, in order to serve as an inoculant. The inoculation belt is used in the production of the indigenous
fermented porridges, “uji” and “mawe”, as well as in the production of the Ghanaian beer, “pito” .
A range of appropriate starter cultures, either in a granular form or in the form of a pressed cake is used across
Asian countries as fermentation inoculants. These traditional mould starters are generally referred to by
various names such as marcha or murcha in India, ragi in Indonesia, bubod in the Philippines, nuruk in
Korea, koji in Japan, ragi in Malaysia and Loog-pang in Thailand. They generally consist of a mixture of
moulds grown under non-sterile conditions.

c) Defined starter cultures as inoculants of fermentation processes

Few defined starter cultures have been developed for use as inoculants in commercial fermentation processes
in developing countries. Nevertheless, the past ten years have witnessed the development and application of
laboratory-selected and pre-cultured starter cultures in food fermentations in a few developing countries.
These developments have taken place primarily in Asian countries. “Defined starter cultures” consist of single
or mixed strains of micro-organisms (Holzapfel 2002). They may incorporate adjunct culture preparations that
serve a food-safety and preservative function. Adjunct cultures do not necessarily produce fermentation acids
or modify texture or flavour, but are included in the defined culture owing to their ability to inhibit pathogenic
or spoilage organisms. Their inhibitory activity is due to the production of one or several substances such as
hydrogen peroxide, organic acids, diacetyl and bacteriocins (Hutkins, 2006).

Defined starter cultures are also widely imported by developing countries for use in the commercial
production of dairy products such as yogurt, kefir, cheeses and alcoholic beverages. Many of these cultures
are tailored to produce specific textures and flavours. In response to growing consumer interest in attaining
wellness through diet, many yogurt cultures also include probiotic strains. Probiotics are currently produced in
India for use as food additives, dietary supplements and for use in animal feed. Methodologies used in the
development and tailoring of these starters are largely proprietary to the suppliers of these starters.
Monosodium glutamate and lactic acid, both of which are used as ingredients in the food industry, are
produced in less-advanced developing countries using defined starter cultures.

d) Defined starter cultures developed using the diagnostic tools of advanced biotechnologies

The use of DNA-based diagnostic techniques for strain differentiation can allow for the tailoring of starter
cultures to yield products with specific flavours and/or textures. Random amplified polymorphic DNA
(RAPD) techniques have been applied in, for example, Thailand, in the molecular typing of bacterial strains
and correlating the findings of these studies to flavour development during the production of the fermented
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pork sausage. The results of these analyses led to the development of three different defined starter cultures
which are currently used for the commercial production of products having different flavour characteristics
(Valyasevi and Rolle, 2002).

e) GM starter cultures

Products of industrial GM producer organisms are widely used in food processing and no major safety
concerns have been raised against them. Rennet which is widely used as a starter in cheese production across
the globe is produced using GM bacteria. Thailand currently makes use of GM Escherichia coli as an
inoculant in lysine production. Many industrially important enzymes such as α-amylase, gluco-amylase, lipase
and pectinase and bio-based fine chemicals, such as lactic acid, amino acids, antibiotics, nucleic acid and
polysaccharides, are produced in China using GM starter cultures. Other developing countries which currently
produce enzymes using recombinant micro-organisms include Cuba, Brazil, India, and Argentina.

2.2 FOOD ADDITIVES AND PROCESSING AIDS
Enzymes, amino acids, vitamins, organic acids, polyunsaturated fatty acids and certain complex carbohydrates
and flavouring agents used in food formulations are currently produced using GM micro-organisms. Examples
of some of these products are:

2.2.1 ENZYMES
Enzymes are biological catalysts used to facilitate and speed up metabolic reactions in living organisms. They
are proteins and require a specific substrate on which to work. Their catalysing conditions are set within
narrow limits, e.g. optimum temperature, pH conditions and oxygen concentration. Most enzymes are
denatured at temperatures above 42°C. However, certain bacterial enzymes are tolerant to a broader
temperature range. Enzymes are essential in the metabolism of all living organisms and are widely applied as
processing aids in the food and beverage industry. In the past, enzymes were isolated primarily from plant and
animal sources, and thus a relatively limited number of enzymes were available to the food processor at a high
cost. Today, bacteria and fungi are exploited and used for the commercial production of a diversity of
enzymes. Several strains of microorganisms have been selected or genetically modified to increase the
efficiency with which they produce enzymes. In most cases, the modified genes are of microbial origin,
although they may also come from  different kingdoms. For example, the DNA coding for chymosin, an
enzyme found in the stomach of calves, that causes milk to curdle during the production of cheese, has been
successfully cloned into yeasts (Kluyveromyces lactis), bacteria (Escherichia coli) and moulds (Aspergillus
niger var. awamori). Chymosin produced by these recombinant microorganisms is currently commercially
produced and is widely used in cheese manufacture. The industrial production of enzymes from
microorganisms involves culturing the microorganisms in huge tanks where enzymes are secreted into the
fermentation medium as metabolites of microbial activity. Enzymes thus produced are extracted, purified and
used as processing aids in the food industry and for other applications. Purified enzymes are cell free entities
and do not contain any other macromolecules such as DNA. Genetic technologies have not only improved the
efficiency with which enzymes can be produced, but they have increased their availability, reduced their cost
and improved their quality. This has had the beneficial impact of increasing efficiency and streamlining
processes which employ the use of enzymes as processing aids in the food industry. In addition, through
protein engineering, it is possible to generate novel enzymes with modified structures that confer novel
desired properties, such as improved activity or thermostability or the ability to work on a new substrate or at
a higher pH. Directed evolution is one of the main methods currently used for protein engineering. This
technique involves creating large numbers of new enzyme variants by random genetic mutation and
subsequently screening them to identify the improved variants. This process is carried out repeatedly, thus
mimicking natural evolution processes.

Enzymes produced using GM micro-organisms wherein the enzyme is not part of the final food product have
specifically been evaluated by the Joint FAO/WHO Expert Committee on Food Additives (JECFA). Safety
evaluations have been conducted using the general specifications and considerations for enzyme preparations
used in food processing (FAO, 2006).
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2.2.2 FLAVOURS, AMINO ACIDS AND SWEETENERS
Volatile organic chemicals such as flavours and aromas are the sensory principles of many consumer products
and govern their acceptance and market success. Flavours produced using micro-organisms currently compete
with those from traditional agricultural sources. According to Berger (2009), more than 100 commercial
aroma chemicals are derived using biotechnology either through the screening for overproducers, the
elucidation of metabolic pathways and precursors or through the application of conventional bioengineering
(Berger, 2009).

2.3  Biotechnology in diagnostics for food testing
Many of the classical food microbiological methods used in the past were culture-based, with microorganisms
grown on agar plates and detected through biochemical identification. These methods are often tedious,
labour-intensive and slow. Genetic based diagnostic and identification systems can greatly enhance the
specificity, sensitivity and speed of microbial testing. Molecular typing methodologies, commonly involving
the polymerase chain reaction (PCR), ribotyping (a method to determine homologies and differences between
bacteria at the species or sub-species (strain) level, using restriction fragment length polymorphism (RFLP)
analysis of ribosomal ribonucleic acids (rRNA) genes) and pulsed-field gel electrophoresis (PFGE, a method
of separating large DNA molecules that can be used for typing microbial strains), can be used to characterize
and monitor the presence of spoilage flora (microbes causing food to become unfit for eating), normal flora
and microflora in foods. Random amplified polymorphic DNA (RAPD) or amplified fragment length
polymorphism (AFLP) molecular marker systems can also be used for the comparison of genetic differences
between species, subspecies and strains, depending on the reaction conditions used. The use of combinations
of these technologies and other genetic tests allows the characterisation and identification of organisms at the
genus, species, sub-species and even strain levels, thereby making it possible to pinpoint sources of food
contamination, to trace microorganisms throughout the food chain or to identify the causal agents of
foodborne illnesses. Monoclonal and polyclonal antibodies can also be used for diagnostics, e.g. in
enzymelinked immunosorbent assay (ELISA) kits.

Microarrays are biosensors which consist of large numbers of parallel hybrid receptors (DNA, proteins,
oligonucleotides). Microarrays are also referred to as biochip, DNA chip, DNA microarray or gene arrays and
offer unprecedented opportunities and approaches to diagnostic and detection methods. They can be used for
the detection of pathogens, pesticides and toxins and offer considerable potential for facilitating process
control, the control of fermentation processes and monitoring the quality and safety of raw materials.

3. Safety of Biotechnological  Food products.
1.4 Based on strong scientific evidence and consensus among a broad representation of scientific and
governmental bodies, there is no known food safety concern related to consuming food produced through
biotechnology. A number of food and health organizations such as the American Medical Association and the
Institute of Food Technologists recognize and support the use of food biotechnology (Institute of Food
Technologists http://www.ift.org). Labelling Requirements The FDA has decided that this new technique for
changing the genetic makeup of plants and animals does not differ significantly from traditional plant and
animal breeding techniques. Therefore, no special labelling will be required. However, common food allergy
proteins would require labelling. For example, if genetic material from a peanut is put into a tomato, the
tomato would require labelling. The special labelling requirement would let people with an allergy to peanuts
know that the tomato may contain peanut proteins which could cause an allergic reaction (FAO, 2010).

4. REASONS FOR SUCCESS or  FAILURE OF APPLICATION OF BIOTECHNOLOGY
Socio-economic factors have played a major role in the adoption and application of microbial inoculants in
food fermentations. In situations where the cost of food is a major issue, uptake and adoption of improved
biotechnologies has been generally slow. Demand for improved inoculants and starter culture development
has been triggered by increasing consumer income, education and new market opportunities. (FAO, 2010).
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4.1 SOCIO-ECONOMICS OF THE CONSUMER BASE
The consumer base of traditionally fermented staple foods in most developing countries is largely poor and
disadvantaged. Price, rather than food safety and quality, is therefore a major preoccupation of this group
when purchasing food. Fermented foods provide that target group with an affordable source of food, and make
a substantial contribution to their food and nutritional security. These foods are generally produced under
relatively poor hygienic conditions at the household and village level. With growing incomes and improved
levels of education in urban centres across a number of developing countries, dietary habits are changing and
a wider variety of foods is being consumed. Fermented foods are no longer the main staples, but are still
consumed as side dishes or condiments by that target group. The packaging of fermented products has also
improved. Case Study  on soy sauce production in Thailand highlights an example of how starter culture
development coupled with bioreactor technology has improved yields and the efficiency of fermentation
processes.

4.2 CHANGING CONSUMER TRENDS
Apart from their changing dietary patterns and their demand for safety and quality, higher-income consumers
demand convenience and are increasingly concerned about deriving health benefit from the foods they
consume. Many of these consumers also show a preference for shopping in supermarkets. Consumer demand
for deriving wellness through food consumption has stimulated the development of industrial fermentation
processes for the production of functional ingredients such as polyunsaturated fatty acids and pro-biotic
cultures for use as food ingredients in developing countries. These functional ingredients are currently applied
in the fortification of fermented foods as well as in the production of dietary supplements in countries such as
India. (FAO, 2010).

4.3 THE ENABLING ENVIRONMENT FOR STARTER CULTURE DEVELOPMENT
A considerable amount of research in developing countries has focused on the identification of starter micro-
organisms associated with the fermentation of these staple foods. The greatest strides in starter culture
development have, however, been realized in countries that have prioritized the development of technical
skills, the infrastructural support base and funding support for research into the upgradation of fermentation
processes. Linkages between research institutions and the manufacturing sector have also been critical to the
successful introduction of starter cultures.

Collaborative initiatives among research institutions have also had a major positive impact on
biotechnological developments in developing countries. Collaboration among African institutions and their
counterparts in the North has greatly facilitated improvements in biotechnological research and capacity
development in the area of food biotechnology on the continent. Issues related to the protection of intellectual
property rights (IPR) are of growing concern with respect to starter culture development.

4.4 EXPORT OPPORTUNITIES FOR FERMENTED PRODUCTS
Export markets for fermented foods have grown out of the need to meet the requirements of developing
country, as well as to satisfy growing international demand for niche and ethnic products. Indonesian tempe
and Oriental soy sauce are well known examples of indigenous fermented foods that have been industrialized
and marketed globally. The need to assure the safety and quality of these products in compliance with
requirements of importing markets has been a driving force for the upgrading of starter cultures as well as for
diagnostic methodologies for verification of their quality and safety. Growing interest and trade in fermented
food products is also likely to lead to the greater use of the DNA barcode for identifying the origins of specific
fermented food products produced in developing countries. (FAO, 2010).

5. Future of Food Biotechnology
As research and development in the field of food biotechnology continues, scientists may discover a faster
way to detect unwanted viruses and bacteria that may be present in food. This may help decrease the risk of
foodborne illnesses and aid in keeping food safe to eat. Crops produced through biotechnology that are able to
grow in harsh environmental conditions, such as extreme heat or drought, are also being developed. This may
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lead to crop planting on land that may have once been unsuitable for agriculture. Scientists have also begun to
target certain allergy-causing proteins in foods, so that people with food allergies may one day be able to
consume previously allergenic foods safely. Applying food biotechnology may also provide more healthful
foods for people and animals. Foods with enhanced nutritional traits are on their way to the supermarket
shelves. Through food biotechnology, foods may help to combat chronic diseases by providing more healthful
compounds, including increased levels of antioxidants, vitamins, and decreased amounts of unhealthy fats
(Council for Agricultural Science & Technology http://www.cast-science.org).

6. Conclusion
The benefits of biotechnology over weigh the downside in today’s date. Since, it is really important to
increase the production of food to meet the needs of growing population. While, the safety of the Genetically
Modified (GM) crops is tested fist by U.S. Department of Agriculture (USDA), Food and Drug
Administration (FDA) and Environmental Protection Agency (EPA) before any GM crop is given permission
to grow and sell.

7. RECOMMENDATION
It is important that countries recognize the potentials of fermented foods and prioritize actions to assure their
safety, quality and availability. As have been enumerated in this work, a number of specific options can be
identified for developing countries to help them make informed decisions regarding the adoption of
biotechnologies in food safety for the future.

However, government should provide enabling environment that is supportive of the growth and development
of upstream fermentation processes such as the production of high-value fermented products such as enzymes,
functional-food ingredients and food additives. Strategies should be developed for the dissemination of
knowledge about food biotechnology and, particularly, fermented foods. Targeted consumer education on the
benefits of consuming fermented food products and on applying good practices in their production is required.

Also, the technical capabilities of academic and research institutes should be strengthened in the fields of
biotechnology, food processing, bioprocess engineering and food safety through training and exchange
programmes for researchers.
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