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Preface

The purpose of this report is to create greater awareness of the
opportunities to reduce hunger and improve nutrition in developing
countries through the application of biotechnology to widely practiced
methods of food preparation and preservation. The report discusses
opportunities for the application of biotechnology to traditional fer-
mented foods. Scientists from developed and developing countries
describe their research in this field and provide their recommendations
on priorities for future research.

Preparation of this report was coordinated by the Board on Science
and Technology for International Development in response to a request
from the U.S. Agency for International Development.
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Research Priorities in Traditional
Fermented Foods

The Advisory Panel

Biotechnology has been described as the application of scientific and
engineering principles to the processing of materials for the provision
of goods and services through the use of biological systems and agents.
In a very real sense, biotechnology originated with traditional food
fermentations in developing countries. Over the generations, this
pioneering practice has been expanded and improved so that microor-
ganisms and other biological agents have found use in many other
areas. Recent developments in genetics, enzymology, recombinant
technology, and fermentation technology have led to advances in
biotechnology far beyond the original traditional scope.

In many developing countries, village-art methods and age-old
techniques are still used for food processing. Developing countries
appear to be neglecting the advances in biotechnology. But they cannot
continue to depend on historic methods for food processing. Increasing
populations, drought and other natural disasters, and inadequate food
production dictate that better options for food processing be adopted.
Biotechnology offers this opportunity.

Current food biotechnological research in developing countries
seems largely limited to the identification of microorganisms for
starter culture development. There is little research involving gene
manipulation and there are few centers of operational biotechnological
research. The reasons for this are obvious. Biotechnological research
is capital intensive, usually in scarce foreign exchange. Also, biotech-
nology requires the use of sophisticated equipment and reagents backed
with a consistent energy and water supply, which are often not available
in developing countries. A crucial part or essential chemical—which
should be no more than a telephone call away, and can be obtained,
at most, overnight in industrialized countries—cannot be obtained in
months or even years. Or, just when all the necessary personnel and
materials are available, the electricity is cut off.

To meet the current and future challenges in developing countries,
it is important that these countries develop the capabilities to benefit
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4 FERMENTED FOODS

from biotechnological developments. Developing countries will need
to acquire expertise in biotechnology through education and training.
The infrastructure and equipment required for biotechnological re-
search will need to be established. Scientists of the developing world
will need to collaborate with laboratories in advanced countries in
order to benefit from their knowledge and to obtain infrastructural
support and funding. It is through these strategies that the earliest
application of biotechnology can be enhanced through help from its
heirs.

PRIORITIES

The recommended research priorities encompass four broad cate-
gories: (1) improving understanding of the fermentation processes; (2)
refining of the processes; (3) increasing the utilization of the processes;
and (4) developing local capabilities. In this research, special emphasis
should be given to fermented products that serve as major sources of
nourishment for large populations (cassava, for example), processes
that reduce food loss, foods that may alleviate starvation in famine or
drought, and foods for weaning and young children.

IMPROVING THE KNOWLEDGE BASE

For fermented products like cheese, bread, beer, and wine, scientific
and technological knowledge of the processes is well developed.
However, for traditional fermented products, this knowledge is poor.
Many indigenous fermented foods are produced by spontaneous or
natural fermentation, but specific microorganisms predominate. Isola-
tion and characterization of predominant organisms is essential.

Information should be collected on all traditional fermented foods
and it must be thorough. No food should be excluded because it is not
important or well known. A thorough microbiological, nutritional, and
technical investigation should be carried out on each of the processes.
The various microorganisms involved in each fermentation should be
isolated, characterized, studied, and preserved. The biotechnological
worth of each organism should be determined. Isolation should not be
confined to the dominant organisms because other microbes found in
lower numbers might have an important function in the process. The
role of each organism should be identified.

Much basic research is needed to determine the scientific and
technological factors in the preparation of these traditional products.
Since the qualities of fermented foods are largely controlied by the
participating microorganisms, understanding their role is vital.
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IMPROVING THE TECHNOLOGY

In food fermentations, raw materials are converted to products
through the use of biocatalysts. Each member of this equation is
important. For widely used plant substrates, for example, breeding to
reduce toxic or antinutritional components, or to increase protein or
vitamin content, would be useful. Alternatively or additionally, it
would be valuable to identify microorganisms that can synthesize
important ingredients (e.g., essential amino acids, vitamins) for popula-
tions where malnutrition is a problem. Some additional desirable traits
for these microorganisms are: an ability to produce flavor components
that which favor consumption of these foods in traditional and new
markets; the capability to break down antinutritional factors (i.e.,
phytic acid) present in some substrates; the production of enzymes to
utilize recalcitrant wastes as substrates; the inability to synthesize
toxins and other undesirable secondary products; and thermotolerance
and osmotolerance, which are important characteristics in solid sub-
strate fermentation processes.

For lactic acid bacteria used in food fermentations, physiological
characteristics of acid stability, bile stability, adherence to human
intestinal cells, colonization of the human intestinal tract, and antago-
nism to pathogenic bacteria and cariogenic bacteria (oral health) are
all desirable.

The safety and shelf life of fermented products may also be improved
through the development of organisms that produce alcohols, antibiot-
ics, or other substances that can inhibit the growth of undesirable
organisms.

The art of traditional processes needs to be transformed into a
technology to incorporate objective methods of process control and
optimization, and to standardize quality of the end products without
losing their desirable attributes. Fermentations can only be optimized
when conditions like time, temperature, pH, substrate pretreatment,
inoculum-substrate ratio, and so forth, are controlled. Because of the
surface:volume relationships, the scale-up of solid state fermentations
is particularly difficult. These solid state reactions can be valuable in
reducing raw material losses.

The equipment needed for the improvement of some traditional
processes can be a challenge in itself. Fermentations carried out in
vessels with unusual surface characteristics such as charred wood,
semi-porous clay, gourds, or the like, are difficult to replicate.

Research is also needed on the implementation of continuous
fermentations using bioreactors with immobilized enzymes and cells.
Research on the development of bioreactors with improved perfor-
mance is required.
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IMPROVING UTILIZATION

The introduction of new processes or products should take into
account the sensory requirements of target social groups. Thus, the
elucidation of the microbial origin of flavors in fermented foods and
the relationship between microflora and the organoleptic properties of
the product are imperative. Flavor and color must be generated to
meet local population preferences.

The use of alternative plant materials such as triticale, oca, amaranth,
and achira, which have been successfully grown in some developing
countries, should be examined as substrates for fermentations. Puto
is a fermented rice cake in the Philippines. In a taste test, puto in
which cassava was substituted for half of the rice was preferred over
pure rice puto. Acha (Digitaria exilis), a West African cereal crop
also known as ‘“‘fonio,”” and ensete (Ensete ventricosum) are being
tested as alternative substrates for food fermentations. A major
drawback of ensat is its low protein content (1.5 percent) compared
with other cereals; a plus is that it contains twice as much methionine
as maize and wheat. Acha is being examined for the production of
traditional porridge, beer, pasta, and even bread. Studies of these less-
known fermented products could lead to processes with minimum
production cost and maximum substrate utilization, resulting in prod-
ucts with improved nutritional value, extended shelf life, improved
quality, and a better spectrum of essential nutrients. Inclusion of soy
or other vegetable proteins could also enhance the nutritive value of
many low protein foods.

The ability to use alternative substrates could also reduce problems
of sporadic nonavailability of traditional starting materials. Acceptabil-
ity of new products or improvement of traditional ones could be
improved through the distribution of starter cultures. Some cultures
are difficult to maintain in dehydrated form, and this is an important
area for research. Acceptability of fermented products based on
alternative raw materials may hinge on using familiar processing steps
such as roasting or germination.

Research on fermentations that use wastes as raw materials has
several possible benefits. The use of agroindustrial residues and other
wastes to produce fermented foods and feeds can optimize indigenous
resources, increase the availability of nutritious products, and reduce
pollution problems.

Research is also needed on improving the economics of fermentation
processes. Reducing the time necessary to pretreat raw materials or
the processing time can be valuable. It would be helpful, for example,
to reduce the boiling time (6 to 8 hours) of sesame seed before
fermentation. Reducing fermentation time can optimize equipment use.
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DEVELOPING LOCAL CAPABILITIES

Biotechnology is possible only within an infrastructure of supply
companies that can provide specialized equipment and reagents. In
addition, there must be a constant source of electricity for continuing
experiments, and often for the air conditioning necessary for the growth
of specific organisms. Developing local or regional production of
commonly used enzymes would help.

Training in basic microbiology, biochemical engineering, and the
new techniques of molecular biology for personnel of less developed
countries is one of the key components in improving traditional
fermentation processes. In addition, developing country scientists
would also benefit from opportunities for regional and international
collaboration. This kind of information sharing could be facilitated
through periodic seminars and workshops, through joint research
programs, and through the establishment of computer networks.
Each of these interactions could include scientists from industrialized
countries. Centers of excellence, specializing in regionally important
areas, could be established for the mutual benefit of cooperating
institutions.

For large-scale fermentations, developing countries should give
higher priority to industrializing appropriate indigenous processes,
rather than importing the technology of the industrialized world. This
imported technology often relies on imported crops or crops not well
suited to the climate or soils of the country.

In modernizing the production of traditional fermented foods at
the village level, appropriate and affordable technology should be
emphasized. Process changes should take into account the role of the
poor who originated and preserved the processes and how they will
benefit from the modifications.
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