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FOREWORD

Cassava

(Manihot

esculenta

Crantz. M. utilisslma

Pohl),

a

starchy,

cyanide-containing tuber root grown throughout the tropical areas, is one of
the world's important food staples. About seven hundred million people obtain
200-1000 calories daily from flour and other foods made from this root. It is
a major dietary staple for an estimated of fifty million people living in the
tropics, who derive more than 500 kilocalories per day from this crop.
The cassava root is very low in protein: its typical content for many
cultivars is around one or two percent and thus is completely unable to

pfovide the consumer with sufficient protein.
The existing traditional practice of the fermentation used to produce

both cassava flour and garri (fermented starchy granulated and gelatinized
product) does not appear to improve the nutritional value of cassava. The
protein content, which is extremely low, might decrease during the
fermentation processing. Several vitamins and minerals are also found to be
present in lower concentration in garri than in the fresh peeled root.
Considerable cyanide residues may also remain in the fermented end-products
after the fermentation of the the cassava mash. Hence, a combination of the
cyanide intake with a low protein intake can lead to the specific toxic
effects in the organism, sometimes manifested as a tropical ataxic neuropathy,
as well as to goitre and other destructive changes in the body tissues called
Kwashiorkor syndrome. It is clear that any process, which could reduce the
cyanide content and increase the nutritional value of foods based on cassava,
could be of great importance.

The main goal of the Agency's Co-ordinated Research Programme (CRP) on
"Nuclear Techniques in the Improvement of Traditional Fermentation Practice in
Developing Countries with Particular Emphasis on Cassava" was to assist
researchers from the tropical countries in the development of the techniques
utilizing ionizing radiation for producing genetically improved mutants of the
cassava-fermenting microorganisms with high abilities to eliminate poisonous
glucosides and to increase the yield of desired nutrients to the fermented
end-product.

Fourteen institutes/labs from thirteen Member States were involved in

this CRP during the years 1986-1989.

Ten research contracts supported by the

IAEA and four cost-free research agreements were concluded with the scientists
from Africa, Asia and Latin America, North America and Europe (see List of
Participants).

A

team of research workers planned

their

experiments and

discussed the results at the meetings held in Vienna: Consultants' Meeting,
April, 1986; Research Co-ordination Meeting (RCM), May, 1988 and in Singapore
(Final RCM, November 1989).
This

document

consists

of

fourteen

final

reports

submitted

by

the

scientists concerned to the final RCM as well as discussion materials covering
main approaches to the problem of the improvement of traditional reprocessing
of

cassava, such

as

general microbiological

aspects

of

the

fermentation

process and the genetic improvement of the selected specific microorganisms
with the help of classical microbial mutagenesis methods and modern molecular

gene-engineering techniques and tools.
It

is

intended

that

the

document

will

provide

scientists

studying

microbiological aspects of the fermentation processing of high-carbohydrate
food staples as well as those interested in the application of the methods of

radiation microbial mutagenesis and molecular engineering with information on
the potential role of nuclear and related techniques in the improvement of
fermentative
Specialists

abilities
studying

of

the

the

microorganisms

social

problems

involved

and

in

this

peculiarities

of

process.
the

food

biotechnologies in tropical regions may also find these materials of interest.

It is hoped that the document will encourage the participating countries
to apply the results obtained to field practices and will stimulate further
research on the subject at relevant institutes/labs.
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MICROBIOLOGY OF CASSAVA FERMENTATION

STRATEGIES FOR DEVELOPING THE CASSAVA INDUSTRY
L.K. DUNICAN
Department of Microbiology,
University College,
Galway, Ireland
Abstract

The centralization of the cassava industry in tropical (and especially
African) countries should be considered as a very important part of general

strategy directed to the provision of the population with nutritionally
balanced cassava foods.
The Irish model of the development of dairy industry during the last
45 years had been a classical example of small

involved groups in dairy

farming getting together to pool their resources and family requirements to

make a common objective succeed.

This model based on a co-operative concept

could be recommended for the cassava producing areas in order to improve this

industry.
The identification of the research areas required to improve the quality

of the

cassava fermented food products is another important part of

the

cassava strategy. These areas should include (i) fundamental studies of the
various bacterial groups
involved
in the fermentation process and
identification of the key groups involved at the various stages of
fermentation (li) strain screening programmes of these identified bacteria to
select those which are most important to the fermentation of cassava
(iii)

studies to determine the appropriate methods for the propagation and the

storage of these strains and (iv) systems to distribute these strains to the
industries/small farmers/local co-operatives in cassava processing.

Other

technological

and

research

aspects

of

improvement

of

traditional fermentation practice of cassava are discussed in the paper.

Cassava is a tropical plant which is used by more than 100 million people
as a staple diet. The cassava plant has a relatively high productivity, and
is the major source of carbohydrates and energy in the diets of many
people living in these tropical areas. In many ways the cassava resembles
the role of the potato in Europe, especially Ireland. Both are cheap and
abundant sources of calories and energy since both are high-starch
containing tubers.

the

There are two major differences. Although both are starchy foods, the
potato is marginally superior in nutritional terms , particularly if the skin
is eaten.The potato is also easily stored in the soil or in pits using very
low traditional technology.
Storage of potatoes for 4 to 6 months is easily achievable on the farm or
small holding. Thus, the potato can be easily stored until the following
crop is available.
The cassava root is equivalently starchy and consequently equally useful
as a major supplier of food calories. However, at this point the similarity
ends. The skin of the cassava tuber has to be discarded since it contains
the cyanogenic compound, linamarin and consequently the protein content
of the skin is not consumed. Cassava, as used, is therefore less balanced
than the potato in terms of protein content. Secondly, the cassava tuber is
highly perishable and cannot be stored for long periods like the potato. In
practice it has to be used very quickly after harvesting. Therefore new
technologies are essential to optimise the use of the cassava root.

1 visualise improvement in the use of cassava as a food by:
1. Breeding higher yielding cassava plants, preferably with less linamarin.
2. Solving the problems of pests and disease which attack cassava plants.
3. Modernising the processing of the cassava to reduce the levels of
cyanogenic compounds present.
4. Processing the cassava fermentation to increase the content of proteins
and/or to increase the content of key essential amino acids present.

Being a Microbiologist/Biotechnologist I can only address the latter two
areas. These, in fact ,can be taken together since they are both associated
with the fermentation of the cassava root material prior to consumption.

The ideal cassava fermentation
In this context I borrow the experience developed in Ireland. Forty-five
years ago Ireland had many hundreds of small local dairies producing liquid
milk and making various cheeses. The quality was not always excellent
and the cost of production was expensive, both for the liquid milk sold and

the cheese made. Ireland always has been a major exporter of food
( currently- 70% of Ireland's livestock and dairy products are exported).
Since the early 1960's rationalisation of these many small producer dairy
groups into co-operatives have taken place and amalgamation has
continued to the stage that there are now only seven very large
co-operative milk processing plants in Ireland. These ventures have
modernised the Irish dairy industry. Today these seven major dairy
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groups, several now multinationals, combine large-scale /technology with
efficient, low cost production methods to produce dairy products which
are exported worldwide. Several of these seven dairy processing plants are
now, physicially, the largest dairy processing plants in the world located
on individual sites.
This exemplifies the key role of farmer co-operatives. The Irish
experience is a classical example of small involved groups in dairy
farming getting together to pool their resources and family requirements
to make a common objective (better life-style) succeed. When these
small co-operatives began to succeed, there was an obvious tendency to
amalgamate these small co-ops into larger co-operatives. These seven
huge dairy co-operatives have led to better efficiency of production and
much better profitability of the overall operations. The co-operative
concept has also been strikingly successful in many countries of Europe
over the last 50 years not only in the dairy industry but in many other
agri-based industries .

Dairy industry in Ireland v the Cassava industry in the tropics
The success of the dairy industry in Ireland, and Europe generally, is
highly relevant to the cassava fermentation. The reasons are:
1.The fermentation required to process cassava for human use is
conceptually very similar to that used by the dairy fermentation industry
in Ireland and elsewhere in Europe.
2.The cassava fermentation involves a lactic acid bacterial fermentation
which is very similar to that used in the dairy industry.
S.The processing/detoxification of cassava involves a fermentation.

TECHNOLOGY REQUIRED

The technology to develop the cassava industry is very obvious, if this is
visualised in a similar context which has been so successfully used in the
development of the dairy industry in Europe. As pointed out above:
a/ the concept of both are the same - to produce a good safe human food;
b/ both are processes whereby their respective raw materials are
conserved in a safe manner, and
c/the use of lactic acid bacteria are predominant in both the cassava and
dairy fermentation.
A difference at the processing end is that the dairy industry uses a liquid
fermentation whereas the cassava processing industry uses a semi-solid
fermentation. Aside from this textural difference the microbial
processes are remarkably similar. These are compared below.

n

MILK

CASSAVA ROOTS

lactose

starchy plant root material

FERMENTATION

Lactic acid and other products

Linamarin detoxification

Cheese - flavour develpment

Gari - flavour development

Final product is cheese or Gari

STRATEGY FOR DEVELOPMENT

Following this analogy with the dairy industry, a strategy to develop the
cassava proccessing industry should require two major developments:
1/ The organisation of centralised processing of edible cassava, products.
This should be developed from a co-operative concept involving local

groups initially. These local initiatives should be supported by
governmental assistance through financial incentives to allow larger
commercially viable production plants to be established. Large-scale
processing is essential to optimise production through the benefits of
mechanised processing, distribution and marketing. This strategy has also
the highly important consequence of making the cassava crop a real cash
crop to small farmer.

21 The identification of the research areas required to improve the quality
of the cassava fermented food products.
Research/administrative areas which need to be developed to achieve this
can therefore be suggested. These should be:
a/ Fundamental studies of the populations of the various bacterial groups
which are involved during the sequential microbial activities which occur
during the course of a cassava fermentation.
b/ Identification of the key microbial groups involved at the various
stages of the cassava fermentation.
c/ Strain selection programmes of these identified bacteria to select
those which are most important in the fermentation of cassava,
12

d/ Studies to determine appropriate methods for the propagation and

storage of these strains,
e/ Systems to distribute these strains to the industries/small
farmers/local cooperatives involved in cassava processing.

Considerable work has been acomplished on "a" and "b" above throughout
these IEAE contracts. Nevertheless, more still needs to be done in these
two areas. Hovever, I do not see this as the major constraint towards
future progress. Regarding "e" above, this is an administrative matter and
will be achieved when the time arises, although some organisational
help may be required.
However the systematic improvement of the cassava fermentation rests
very largely on "c". This is how the dairy industry has achieved its
development and improvement over the years by the recognition that
certain bacteria were both more important and superior to others in the
manufacture of dairy products. Research over the years on the lactic acid
bacteria used as dairy starters i.e selection and testing; more selection
and testing has resulted in a range of superior lactic acid bacterial strains
which are now used throughout Europe in cheese and other dairy product
maufacture.
The priority research strategy should initially:
1 .Select superior strains for use as inoculants bva/ selecting a few representatives from the range of the best lactic acid

bacteria which are involved in the initial stage of the cassava
fermentation.
b/selecting a few representatives from the range of the superior bacteria
which detoxify linamarin. These may be the same as "a" above, but the
studies I have seen appear to show a sequential involvement of two or
three different groups of bacteria during the course of the cassava
fermentation.

c/ selecting a few representative microorganisms from the third stage of
the fermentation ( if this occurs) which may be involved in linamarin
detoxification or flavour enhancment.

2. Evaluation of the strains selected:
Representative strains from "a", "b" and "c" should be tested in
combination in experimental production trials to determine the best
combination of the individual bacterial strains which process cassava to
a product which consumer tests indicate to be desirable. This
developemental stage requires both scientifically controlled fermentation
facilities in addition to having organised taste panels and quality control
laboratories to evaluate which combinations of microorganisms are
superior for addition as inoculants to a casssava fermentation.
13

3. Improvement of strains for use as inoculants to cassava fermentations.
Having found a combination of a group of strains from the research and
development required in the previous paragraph, the next stage involves
making the cassava fermentation work even better through genetic
improvement of the bacterial strains being used.
Genetic improvement of microorganisms is conceptually easy. In practice
it takes much time and effort. It is therefore essential that any genetic
improvement undertaken involves microorganisms which have been clearly
shown to have a very significant and important role in the cassava
fermentation. In addition, it is also important to clearly establish what
each microorganism does in the fermentation and which attribute of each
microoganism requires improvement.
RESEARCH QUESTIONS

To process a cassava root for use as a human food, the following processes
occur:
1. Hydrolysis of the starch in the cassava root. Some of the starch is used
by bacteria and is metabolised to lactic and other acids. This causes a
rapid increase in the acidity of the material. Question? Is this step
limiting, or do we need bacteria which are more active or rapid in their
starch hydrolysing capabilities?
2. Hydrolysis of linamarin. Many bacteria can accomplish the hydrolysis of
these toxic cyanoglucosides to volatile and therefore harmless compounds.
Question? What exactly is the linamarinase enzyme involved ?
Question ? Which bacteria actually produce linamarase?
Question? Is linamarase an enzyme distinct from the classical
B-galactosidases or the B-glucosidases, which conventionally hydrolyse a
range of particular glucosidic bonds, or is it special to linamarin?
Question? If these linamarase enzymes are particularly novel, then
should they not be investigated more comprehensively to establish their
real substrate range.
3. Development of flavour.
There are numerous compounds producd in any fermentation which
contribute to the flavour of the product. The particular role of the
microbiological flora involved in the cassava fermentation in contributing
to the flavour to the product (Gari) is still undefined.
Question? Which microorganisms in the cassava fermentation
contribute to the flavour? Which are the flavour compounds and how may
we exploit these?
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FERMENTATION PROTOCOLS FOR THE NUTRITIVE
UPGRADING AND DETOXIFICATION OF CASSAVA

A. DAUGULIS
Department of Chemical Engineering,
Queen's University,
Kingston, Ontario,
Canada
Abstract
The paper outlines common recommended procedures to be followed by those

working in the area to facilitate the comparison of the results obtained.
The report contains the wide spectrum of recommendations towards (i)
methods

of

preliminary

preparation

of

the

cassava

root

for

the

further

fermentation reprocessing; ( i i ) optimization of the environmental parameters

of

the

fermentation process,

content,

pH,

temperature,

( i i i ) optimization

of

the

including pretreatment manipulations,
aeration,

incubation

form/size

time

of

moisture

inoculum,

and selecting

the

etc.,

fermentation

systems and (iv) the analytical and quality control aspects.
Some problems connected with the use of
enhance

the

mash with

protein/aminoacid

inorganic nitrogen

vegetable/animal nature,
aspects

possibly

salts,

nitrogen

considered depending on their
safety

synthesis

cost

arising

(supplementation

yeast

fixing

exogenous nitrogen sources to

extracts,

bacteria
the

the

indigenous

e t c . ) are

and effectiveness.

from

of

alteration

fermenting
sources

of

discussed

and

Concerns about

the

of

the

traditional

practice of the cassava fermentation are also reported.

The fermentation protocols outlined below have been

prepared based on input from a subcommittee (Drs. Daugulis,
Okafor, Raimbault, and Revah) of the IAEA-affiliated group
investigating Nuclear Techniques in the Improvement of
Traditional Fermentation Practice in Developing Countries with
Particular Emphasis on Cassava. The purpose behind the
preparation of these protocols was the recognition that in order
to more effectively develop a successful procedure for the
nutritional upgrading and detoxification of cassava the research
results from various countries would have to be readily compared.
Accordingly, it was felt desirable to outline a set of guidelines
or recommended procedures in the fermentation aspects of the
project which might be adopted by those working in the area.
Although there were both short terra and long term considerations
in the preparation of these protocols, as well as both scientific
and technological components, the overriding concern was the
rapid and effective implementation of a cassava upgrading
procedure which could be of immediate benefit.
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1. FORM OF CASSAVA: Fresh, raw cassava must be thoroughly brushwashed and rinsed to remove dirt associated with the harvesting
procedure. It is then peeled and grated or sliced with a knife
blade cutter to the desired particle size (see below). Any
fibrous or non-homogeneous material must be discarded. The
cassava prepared in this fashion should be used as soon as
possible to avoid decomposition by indigenous organisms, but may
also be stored frozen at -10 °C for up to 2 months without any
apparent deleterious effects.
2. PARTICLE SIZE: The recommended particle size for the prepared
cassava chips for fermentation experiments is 1 to 2 mm, which
corresponds to a mesh size of 9 to 16 mesh.
3. SUPPLEMENTATION: This is a contentious issue, but it is
apparent that unless some exogenous source of nitrogen is
supplied to the fermenting organisms, the prospects of
significant protein enhancement of the cassava are négligeable.
The factors influencing the choice of nitrogen source are
numerous and include consideration of: safety, efficacy, cost,
availability, consistency, and the short term and long term
prospects of implementation. The options under consideration
include supplementation with inorganic salts, supplementation
with a defined organic nitrogen source, supplementation with
indigenously available sources of nitrogen, and the use of
nitrogen fixing organisms in co-culture. The advantages,
drawbacks and suggested application of each of these alternatives
are outlined below:
(a) Supplementation with Inorganic Salts. This method is
a simple, reliable, effective and relatively inexpensive means of
supplying nitrogen for protein synthesis. Although it may be
considered for use when the end product is destined for animal
consumption, it is not recommended in human applications because
of potentially incomplete assimilation into biomass and possible
nutritional problems. The most common salts which have been
effectively employed are ammonium sulphate, urea, and calcium
nitrate, either as a single salt addition or as a mixture of more
than one salt. In fact there is evidence that appropriate
mixtures are more effective than single salts, and that smaller
additions during the course of the fermentation produce the most
favourable results. The extent of nitrogen salt supplementation
depends primarily on the desired degree of protein enhancement,
and the nitrogen assimilation efficiency of the organisms. As a
starting point it may be assumed that a 1% nitrogen
supplementation would theoretically provide a 6.25% protein
enhancement, but that the incorporation of nitrogen as cellular
protein is perhaps only 50-75% efficient. Thus to increase the

protein content of 100 grams (DM) of cassava by 10% a
supplementation of approximately 2.5 grams of nitrogen in salt
form would have to be added. The fact of weight loss of the
substrate during fermentation complicates these calculations, but
typical salt supplementation levels reported in the literature
are of this order.
High final protein levels in the fermented cassava are
obviously highly desirable. The objective of increasing protein
levels in fermented cassava by nitrogen supplementation with
inorganic salts may, however, be constrained by the possibility
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of another element (other than nitrogen) becoming growthlimiting, and the possible deleterious effects on the
microorganisms of high salt levels as increasingly higher levels
of microbial protein are sought. Thus, consideration must be
given to the initial elemental composition of the substrate, the
choice of salt(s), and the potential effects of a selection
pressure (possibly unintentional) for osmotolerant
microorganisms.
Although, as stressed above, it is not intended that this
approach be used when producing food products, there may be an
important role for this strategy in cassava upgrading research.
Relative to the other options for nitrogen supplementation noted
above, salt supplementation is effective, cheap, and
reproducible. Thus it may be envisaged that for the early
microbiological screening studies directed towards strain
isolation, or the effect of other parameters on the fermentation
system (e.g. initial pH, inoculum size, temperature, etc.) the
use of an inorganic salt could be the most efficient approach. As
the experimental work proceeded towards more sophisticated (but
less numerous) nutritional, organoleptic and implementation
considerations, the use of alternative nitrogen supplies would
have to be considered.
(b) Supplementation with a Defined Organic Source. With
the basic microbial screening and conditions evaluation tests
completed with inorganic salts, it may be advantageous to test
any promising cassava-upgrading systems with a defined organic
nitrogen source. Numerous nitrogen supplements such as yeast
extract are available in food-grade quality, and thus it may be
possible to produce a fermented cassava product for organoleptic
assessment under defined and reproducible conditions. These
defined organic sources are also relatively inexpensive and would
allow, because of their defined composition, direct comparison of
results between workers in different countries. This, of course,
is the purpose of defining and consolidating fermentation
protocols.

(c) Supplementation with Indigenous Nitrogen Sources. In
the longer term there may be an incentive to supply the
additional microbial nitrogen source during the cassava
fermentation by means of indigenous vegetable or animal sources.
Although this approach may be the simplest and least expensive
(and thus potentially the most readily implemented) there are
several drawbacks to this strategy. First, these natural sources
of nitrogen will likely be very location specific, and therefore
it will be extremely difficult to compare results and performance
from different geographical sites. However, it is presumed that
by this stage of development the means of implementing a cassavaupgrading system will outweigh the necessity for strict
scientific comparisons, and that the success of local or regional
results will be the overriding consideration. Second, if the
nitrogen to be supplied to the fermentation by the indigenous
sources is primarily proteinaceaous in nature it is necessary to
determine the loss of protein that will occur as the
microorganisms convert plant or animal protein to microbial
protein at less than 100% efficiency. That is, it may be more
effective to utilize the indigenous protein in some manner
directly rather than to lose some of it during the microbial
17

transformation of cassava. Counter to this "mass balance"
consideration, however, is the necessity or desirability of
microbial detoxification and flavour production. Finally, there
may be some potential practical difficulties in actually
utilizing indigenous matter from the standpoint of size
reduction, availability of the nitrogen, and taste and texture

considerations in the final product.

(d) Use of Nitrogen Fixing Organisms. Perhaps the most
elegant approach in dealing with the nitrogen defficiency of
cassava is to utilize nitrogen fixing bacteria in co-culture with
the fermenting microorganisms. In this way atmospheric nitrogen
could be made possible for incorporation into microbial protein.

Clearly, however, this is a much longer term solution to the
cassava-upgrading problem. Among other considerations it will be
necessary to deal with the following factors: (i)although there
are hopes for mutualism or synergism there can be no a priori
expectations of these events, and competition or amensalism may
be equally possible; (ii)the growth conditions for adequate
performance of the two types of cells (pH, temperature, etc.) may
not be compatible resulting in a growth imbalance, or no growth
at all for one type of cell; (iii)growth rates may be vastly
different under the imposed conditions resulting in domination of
one cell type; (iv)the resulting organoleptic properties of the
product may be unsatisfactory in a co-culture situation.
4. PRETREATMENT. Although sterilization is a useful technique

when examining the performance of a single strain of organism, it
is recommended that cassava fermentation studies be conducted

under non-sterilized conditions. This would more closely reflect
actual practice, and would determine the relative competitiveness
of potentially superior inocula relative to the indigenous
microflora associated with the cassava itself. A priori
sterilization and maintenance of aseptic fermentation conditions
should not, however, preclude the use of a possible initial
cooking step which acts to gelatinize the starch and may decrease
the level of indigenous microflora. In instances in which a
cooking pretreatment of cassava is a usual and accepted practice,
such a procedure may in fact be retained. If such is the case, it
should be clearly reported.
5. MOISTURE CONTENT. Although there is a water increase during

the cassava fermentation process the initial moisture content of
the starting material is approximately 55-65%. After taking into
account any alterations of the initial fermentation conditions
(pH, inoculation, etc.) the initial starting moisture content of
the cassava substrate should be adjusted to this range.
6. pH. An inital pH of 6.0-6.7 is suggested as this is the pH of

the raw starting material, and has been found to give
satisfactory and reproducible results. Although varying the
initial pH outside this range may produce interesting scientific
results, it is not anticipated that pH adjustment could be
readily or reproducibly accomplished in actual practice.
Monitoring of the pH during the course of the fermentation is
readily possible in the laboratory, however, and should be
encouraged as it would provide an additional piece of potentially
useful information.
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7. FORM AND SIZE OF INOCULUM. Two types of inoculation

procedures have emerged in studies on cassava fermentation. One
involves using a certain mass fraction of previously fermented
cassava after a fixed number of days of fermentation. The amount
has ranged from 5-20% by weight and highly reproducible results
have been obtained with this technique. The second approach uses
an actual known cellA count per
unit dry mass of cassava
(typically about 10 7 to 10A8 cells/gram), and has also been
found to be a satisfactory approach. Although there are
advantages and disadvantages to each approach, it would be
desirable for researchers to try to develop a relationship
between the specific approach that they use and the alternative
inoculation procedure, with the aim of expressing the inoculation
level using both methods. This would greatly facilitate the
comparison of results from different groups.

8. TEMPERATURE. Temperature should be kept at 30-40*0.
9. INCUBATION TIME. A standardized incubation period of 48 h
should be employed. However, as work on the improvement of the
cassava fermentation proceeds, it may be anticipated that the
rate of bioconversion will increase, thus producing a superior
product in a reduced time. Accordingly, it may be advantageous to
assess the course of the fermentation at 24 h as well as at 48 h.
This intermediate sampling and evaluation would also be
particularly useful in determining shifts in the distribution of
microbial species during the course of the fermentation, and
would thus provide some insights into the fundamental microbial
ecology and interactions involved during cassava upgrading. It is
therefore recommended that an intermediate sampling and analysis
at 24 h should, whenever possible, be adopted.

10. AERATION. Although only natural convection is used in
practice, there may be some incentives to considering forced
aeration. This would obviously depend on the organisms being
investigated and the type and scale of fermentation equipment
being utilized. Forced aeration would likely only be practical
under commercial or semi-commercial situations, and therefore the
examination of this aspect would depend on the anticipated
implementation strategy for each particular case.
11. FERMENTATION SYSTEM. This aspect is constrained only by the
ingenuity of specific researchers, but in- all cases is subject to
considerations (when transferred to the field) of availability of
materials, cost, durability, and ease of operation. Clearly,
there are good reasons for employing, whenever possible, devices
similar to those actually used in the field.

12. ANALYSIS. This may be a difficult aspect on which to provide
recommendations, as there not only exist numerous techniques for
analyzing a specific parameter or property, but in addition it
may be expected that the availability of analytical equipment
among research groups will also vary. Closely related to the need
for standardizing analytical protocols during experimental work
is the area of quality control during implementation and use of a
particular process or technology. Thought should therefore be
given to the use or transfer of analytical procedures in the
field, and the extent to which these may need to be similar or
identical to experimental analyses. Some standardization of
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analytical techniques is probably desirable for protocols which
attempt to provide a basis on which results from various groups
may be readily compared. This aspect requires additional effort
and input from researchers in the area. Nevertheless, a few
important parameters and possible analytical techniques are
provided below:
(a) Dry Matter. Drying to constant weight, typically
overnight at 80 to 100 C.
(b) pH. Addition of 10 g (DM) solids to 100 mL of
distilled water, followed by equilibration and measurement by pH
electrode.

(c) Sugars. Although potentially complex, this analysis
might best be accomplished using HPLC. Alternatively, reducing
sugars may be measured using an enzymatic technique or the
dinitrosalicylic method.

(d) Starch. Starch-iodine colour reaction measured at 600
nm.

(e) Protein. Various methods are available, including
Kjeldahl, Lowry, BIORAD and Biuret.
(f) Lactic Acid. Possibilities include HPLC and GPC.
(g) Cyanide. An accepted assay for cyanide needs to be

defined.
(h) Others. These may include linamarinase and possibly
some parameter(s) related to organoleptic or palatability
properties of the product.

It is important to report results on a Dry Matter basis,
and to clearly provide weight loss data in order to facilitate
material balance calculations. It is recommended that standard
error of analysis also be provided.

SOME THOUGHTS ON THE SAFETY AND IMPLEMENTATION

ASPECTS OF A CASSAVA UPGRADING PROGRAMME

The alteration of traditional cassava fermentation
practice, either through the manipulation of environmental
conditions (e.g. nitrogen supplementation, pH adjustment, etc.)
or through the use of defined inocula, is not without some
potential hazards. The fact that the product of the fermentation
will be ingested in potentially significant quantities by humans
requires that a risk assessment analysis be undertaken before a
modified practice is introduced into the field.

The supplementation of raw, ground cassava by an
exogenous source of nitrogen to stimulate microbial protein
formation may, under certain conditions, be grounds for concern.
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For example, although the nitrogen would presumably be targeted
for a specific organism or organisms, an inoculum failure or an
unforseen heavy contamination would result in the stimulation of
growth of unwanted organisms. Although this occurrence might
readily be detected by an adverse texture, odour or taste of the
fermented product, there is no guarantee that this situation
would be detected in every instance. The consequences of this
would be a nuisance at best, but a potentially serious health
risk at worst.

The introduction of a defined inoculum in the cassava
fermentation with the objective of improving the nutritional,
safety or organoleptic properties of the product relative to the
"natural" fermentation is a potentially attractive strategy.
Clearly, extensive laboratory testing of this approach would need
to be undertaken to demonstrate the efficacy of this procedure
before introducing it into the field. Unfortunately, laboratory
testing is invariably conducted under much more controlled
conditions than might be expected in actual application
situations, and the impact of potential variability or misuse of
inoculation procedures would have to be examined. That is, some
"worst case" testing would have to be conducted to see the
effects on the nutritional and safety aspects of the fermented
product under intentional misuse situations. The microbial
ecology in natural fermentation processes such as that used in
garri production may be sufficiently complex to require such
testing.
There is concern in the use of artificial inocula
particularly should one or more of the microbial constituents be
"genetically engineered". The phenomenon of horizontal gene
transfer, particularly in symbiotic situations, is welldocumented, and intentionally altering the microbial ecosystem in
the cassava fermentation may amplify this situation. Non-specific
exchange of genetic material may potentially have an impact on
both the indigenous micoflora as well as the cassava, but the
public and international perception of genes being "loose" in the
environment may be equally serious. Furthermore, the use of
genetically engineered organisms which are intended for food
purposes for the developing countries only may have significant
political and international implications.
The alteration of traditional practice, for whatever
purpose, is difficult to achieve and, even if successfully
implemented, is sensitive to being abandoned should problems, or
even perceived problems arise. The perception of a problem may be
as real as a problem itself. Thus great care must be taken during
the implementation phase of any cassava-upgrading strategy.
Should difficulties arise, it could mean the end not only of
years of work and the particular upgrading programme in question,
but also of subsequent and potentially more effective programmes
for years to come. That would be a tragedy indeed.
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SOME MICROBIOLOGICAL ASPECTS OF CASSAVA
FERMENTATION WITH EMPHASIS ON DETOXIFICATION
OF THE FERMENTED END-PRODUCT
N. OKAFOR
Anambra State University of Technology,
Enugu, Nigeria
Abstract

The search undertaken in this study was for microbial strains able to
produce amylase and linamarase simultaneously. A total of 46 organisms
(mainly yeasts) were isolated from garri production environments and eighteen
more representative isolates were selected for screening.
The highest
production of the above enzymes has been found with the yeast strain
identified as Saccharomyces sp.
Inoculation of this into the cassava mash led to a dramatic reduction of
cyanide in the fermenting pulp: 73,4% and 69,2% reduction when compared with
controls after 24 and 48 hours of fermentation respectively. The cyanide

content of the fermented end-product derived from the inoculated mash was
60,8%

and 24% less than in the control after 24 and 48 hours.

Preliminary experiments with X-ray radiation of the yeast did not show a
sufficient increase in the enzymatic activities of the mutants obtained but
only a slight increase in the linamarase production was noticed in mutants
derived from irradiation.

1.

INTRODUCTION

The enlarged root of the cassava plant, Manihot esculenta Crantz is
widely eaten throughout the tropical world as a major source of calories in
Africa, South America, Asia, and the Indian sub-continent. (Nestel, 1973;
Gondwe, 1974; Lancaster et al., 1982). The roots are known, however, to
contain large quantities of the poisonous cyanoglucosides, lotaustralin and
linamarin (Wood, 1965, Ezeala and Okoro, 1985). While much of the glucoside
content is reduced by processing some residual glucoside is usually present
(Kahungu et al., 1987; Cooke and Maduagwe, 1978; Ketiku et al., 1978. It is

known that while the consumption of the full complement of the glucosides can
be fetal, the continuous consumption over long periods of residual amounts of
glucoside present in processed cassava foods may lead to ailments such as
tropical ataxic neuro-pathy (Oshuntokun, 1970) or goitre (Ekpechi, 1959).
It has already been shown that the inoculation of linamarase or
linamarase-producing micro-organisms into cassava mash can lower the cyanide
content of cassava mash (Ikediobi and Onyike, 1982; Okafor and Eiiofor,
1986). One of the most popular cassava-based foods in West Africa is garri.
It is produced by grating peeled cassava roots into a pulp. The mash is then
put into cloth bags and dewatered by placing heavy objects on the bags. Garri
is obtained by heating the dewatered mash in a dry pot. During the period of

23

bagging fluid is not only lost from the mash but (a) the cyanide content is
reduced (Ketiku et al., 1977); Okafor and Eiiofor, 1985; 1986) and (b) flavour
is also developed. It is thought that this flavour development is due to the
activities of lactic acid bacteria and yeasts, which are,
at least initially,
sustained by small amounts of free sugar present in the starchy cassava tuber
(Ketiku et al., 1978; Okafor, 1977; Okafor and Uzeugbu, 1987).
These
organisms have also been shown to be involved in flavour production in other
cassava foods besides garri (Okafor et al., 198A).

It was therefore thought that the process of detoxification and flavour
production would be hastened during cassava mash fermentation by the
inoculation of an organism(s) which is simultaneously amylolytic and
linaroarase-producing. Such inoculation could also form a basis for the
protein enrichment of the garri produced
from the mash after the
fermentation.
It was also hoped that any promising organism could be
genetically improved by mutation induced by X-irradiation. It is conceivable
that enzymes produced by the organisms in the mash, and sugars produced by the
breakdown of starch, are lost in the fluid during dewatering. Consequently,
the rate of fermentation including linamarin breakdown could be slower in
de-watered than in undewatered mash. It was decided to study the rate under
these two conditions.
The objects of the present experiment were therefore to:

1.
2.

Isolate from the environment micro-organisms which are capable of
simultaneously breaking down linamarin and starch;
Study the rate of linamarin breakdown in dewatered and undewatered
cassava mash;

3.

Study the reduction in cyanide content of cassava mash and garri
resulting from it following the inoculation of promising linamarase
producing isolates into cassava mash;

4.

Observe any possible increase in the protein content of the
resulting garri produced from mash inoculated with linamaraseproducing organisms;

5.

Experiment with the genetic improvement
isolates using X-ray irradiation;

6.

In addition to the above, two isolates, the fungus, AsperRJllus s_p_.
N2 (Tani et al., 1986) and the yeast Schwanniomyces alluyius NRC
2509, (Calleja et al., 1982) both of which were associated with
breaking down raw cassava and potato starch respectively were
studied for simultaneous linamarase and amylase production.

2.

MATERIALS AND METHODS

2.1.

Isolation of Microorganisms

of

the

most

promising

About 1 gm each of the following was shaken in 10 ml of sterile water and
streaked on Glucose-yeast extract agar (GYA) (Okafor, 1965): fermenting
cassava mash, scrappings from cassava grating machines, soil constantly
inundated with cassava mash in garri-making establishments,, water from cassava
washings. The isolates were purified and stored on GYA slopes in the
refrigerator until required.
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2.2.

Assessment of Isolates for Linamarinase Production

Because of the expense of
paranitrophenyl - B - D - Glucoside
was used for initial screening. The
(Okafor and Eiiofor, 1986) was to

pure linamarin a cheaper analogue,
(PNPG) supplied by Sigma, Missouri, USA
previous method of using this analogue
incorporate it into the agar. The test

organism was streaked on the PNPG agar and a yellow colouration of para-nitrophenyl indicated Beta-glucosidase production. Problems were discovered with
this method. Firstly, as the yellow colouration of para-nitrophenol was

observed visually, it was not always easy to identify a positive release of
para-nitrophenol. Secondly, the PNPG was incorporated without sterilization
and contaminations were regular. The problems were overcome in the present
experiment by using a modification of the method of Ikediobi et al., (1980)
which employs supernatants from 24 hour shaken broth cultures of the
organisms. Centrifugation was for 20 minutes at 10,000 x g in a cold room and
the supernantant chilled immediately afterwards. In place of measurement at
400 nm, para-nitrophenol release from PNPG was measured at 450 nm in a
Spectronic 21 (UVD) spectrophotometer.

For the confirmation of linamarase production the enzymatic method of
Ikediobi et al., (1980) was used. Linamarin and linamarase were supplied by
BDH chemicals limited, Poole Dorset, England.
2.3.

Assessment of Amylase Production

Amylase production by the isolates was assessed from the supernatant of
24 hour broth culture obtained as described above. The method of Wilson and
Ingledew, (1982) was used; measurement was at 650 nm using a spectronic 21
(UVD)
spectrophotometer.
2.4.

Identification of the most Promising Isolates

Two of the most promising isolates, in terms of amylase and linamarase
production (a yeast and a bacterium) were identified using the methods
describedd in Kreger-van Rij (1984) for the yeast and Bergey's Manual of
Determinative Bacteriology (Buchanan and Gibbons (1974) for the bacterium.

2.5.

Assessment of the Reduction of Cyanide in Bagged (Dewatered) and UnbagRed
(Undewatered) Cassava Mash and Garri Produced from the Mash

For dewatering the mash, one kg weights of mash were placed in washed and
sterilized cloth bags measuring 14 x 30 cm, tied at one end and placed between
two clean glass sheets on which a 2 kg weight was placed. The amount of
cyanide in the mash was determined immediately before bagging and after 1, 2,
3 and 4 days respectively.
For studying un-dewatered mash one kg quantities of the material were
placed in large sterile, (alcohol-flamed) beakers and covered with clean glass
sheets and assessed for cyanide at the intervals given above.

Garri was produced from the mash by heating the dewatered partially dried
mash over an aluminium pot at 95-98°C until a dry granular substance was
produced.
The cyanide contents of the mash and garri were extracted by shaking 5 gm
of mash or garri in 25 ml of water for 20 minutes followed by centrifugation

at 5000 xg for 1/2 hour. Cyanide was then estimated by the alkaline picrate
method of Ikediobi et al., (1980).
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2.6. Change in the Microbial Numbers in the Fermenting. Mash with Time
Following Inoculation with the Yeast. Saccharomyces sp.
The two most active isolates in terms of amylase and linamarase
production were a yeast (Saccharomyces sp) and a bacterium Leuconostoc sp).
However, yeasts have several advantages as inoculants. Firstly they are
easier to cultivate and harvest than Leuconostoc. Secondly yeasts are already
widely used for baking and are therefore more acceptable for food than the
bacteria. Only the yeast was therefore further studied.
100 ml of broth culture containing 7.0 x lO
cfu per ml was added per
kg of mash mixed, bagged and dewatered as described above. The population was
determined immediately by plating out on GYA; thereafter counts were
determined everyday on the inoculated and control mashes for four days.
2.7. Change with Fermentation Duration in Cyanide Content of Cassava Mash and
the Resulting Garri Following Mash Inoculation with Saccharomyces sp.
Cassava mash inoculated with Saccharomyces sp. bagged as described above
and the control mash were assessed daily for four days for cyanide content.
The cyanide content of the garri resulting from the fourth-day inoculated and
control mashes were also assessed for cyanide content.
2.8.

Change in Protein Content of Mash and Garri FollowinR Inoculation with
Saccharomyces sp.

Mash and garri used in 2.7 above were sampled for protein using the
Kjeldahl method (x 6.25).
2.9.

X-ray Irradiation of Selected Cassava-fermenting Micro-organisms

The most promising bacterium (lib) and yeast (6b) were subjected to X-ray
irradiation in the hope of improving their linamarase production.

0.1 ml of a 10~6 dilution of a 24 hour culture of each organism was
exposed to 45 kilowatts in a "Ticker" X-ray machine for 15, 30, 45 and 60
seconds. The control was unirradiated. The plates were incubated for 24
hours, single colonies were randomly picked, shaken in glucose-yeast extract
broth and assessed for linamarase production.
RESULTS
Isolation of Linamarase and Amylase Producers
A total of fourty-six organisms were isolated thus: from fermenting
cassava mash (20); scrapping of remnants of cassava mash from cassava grating
machines (6); water (7) and soil (13) from cassava grating environments. From
their colony morphologies and Gram stains, many of the isolates appeared to be
repetitions and a total of eighteen representative colonies were selected from

them for further study. Ten of these eighteen isolates were bacteria, and
eight were yeasts. All the organisms which broke down PNPG also produced
linamarase.
All the linamarase producers in this experiment were also
amylolytic (Table 1), Only one of the ten bacteria produced linamarase and
amylase simultaneously whereas five of the eight yeasts produced them.
As can be seen from Table 2 the highest producer of linamarase and
amylase respectively was the yeast Schwanniomyces alluvjous NRC 2059 which was
isolated from potato followed by Yeast 6b (Saccharomyces sp.) . The fungus
Aspergillus sp. N2 which was studied because it was reported to breakdown raw
cassava starch produced, in comparison with the other organisms, only a small
quantity of amylase and no linamarase at all.
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TABLE 1. BACTERIA AND YEASTS PRODUCING BETA-GLUCOSIDASE, LINAMARASE
AND AMYLASE ISOLATED FROM CASSAVA FERMENTATION ENVIRONMENTS
BACTERIA

YEASTS

10

8

PNPG Decomposers (Beta-Glucosidase
producers)

1

5

Linamarase Producers

1

5

Amy la se Producers

1

5

Total No.

TABLE 2. BREAKDOWN OF PNPG, LINAMARIN AND STARCH BY ISOLATES FROM
CASSAVA ENVIRONMENTS
Code No.

Type of

Organism

PNPG *

Breakdown

Linamarase **
Production

Amylase **

Production

2d

Yeast

0.177

0.174

11.83

6b

Yeast

0.155

2.058

13.29

8b

Yeast

0.556

0.766

14.27

Bacterium

0.243

1.966

12.28
20.47

lib

Schwanniomyces>sp Yeast

-

2.092

Aspergillus sp

-

0

Fungus

8.27

*. Reading at 450 nm
**. See text

Identity of the Highest Linamarase and Amvlase Producers
The properties of the highest amylase and linamarase producers yeast and
bacteria (only each) are given in Table 3. The yeast is identified as
Saccharomyces sp. (Kreger van Rij; 1984) and the bacterium as Leuconostoc sp.
probably L. mesenteroides.
Reduction

of

Cyanide

in Bagged

(De-watered) and

Unbagged

(Un-dewatered)

Cassava Mash
Table 4 shows that after 24 hours there is 18.2% less of the cyanide in
the wet (undewatered) mash than in the dewatered. After 48 hours, there was
nearly 50% less cyanide in the undewatered mash, while no more cyanide could
be recovered after the 72 and 96 hours respectively.
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TABLE 3. CHARACTERISTICS AND IDENTITIES OF A YEAST AND A BACTERIUM PRODUCING
LINAMARASE
Yeast
1. C e l l Morphology/Physiology

Bacterium

Ovoid cells occuring singly
and in short chains; budding

few occasionalpseudomyceliura
3-5 cells only
2. Colony morphology

Gm-tve cocco-baci111, nonmotile in pairs, and short
chains, non—motile, non—

spore-forming, catalasenegative

Cream-coloured, raised,

Colonies about 1 ran

circular, rough colonies

diameter, smooth, circular

with entire margins about

entire, greyish in colour

3 tarn dianeter
3. Growth in broth

Heavy growth with
sedimentation

4. Growth in sugars

Glucose, sucrose, maltose
assimilated

5. Nitrate assimilation
6. Ascopore formation

NO

Acid and gas in glucose,

sucrose, maltose

Not assimilated

ND

Four ascospores in globose

ND

mother cells
Probable i d e n t i t y

Leuconostoc sp.

Saccharomyces sp.

TABLE 4. BREAKDOWN OF LINAMARIN IN DEWATERED AND WET CASSAVA MASH
Period of Fermentation (hr)

Cyanide in Hash
De-Watered

0.276

0.225 (18.51)*

0.184 (33.31)*

48

0.070

0.036

72

0.038

96

O.OO3

Indicates percentage reduction in cyanide
content compared with starting quantity
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Wet

0.276

0

*

( g per gran)

0

E f f e c t on the
Cassava Mash

Cyanide Content of Mash of Inoculating Saccharomyces sp into

The Inoculation of Saccaromyces sp. into cassava mash led to a dramatic
reduction of cyanide, 73.4% reduction when compared with uninoculated mash
a f t e r 24 hours. About the same level of reduction 69.2% was also observed
after 48 hours.
Beyond that period no more cyanide was recorded in the
uninoculated mash (Table 5).

TABLE 5. EFFECT OF THE INOCULATION OF YEAST (Saccharomyces s p . ) INTO
FERMENTING CASSAVA PULP ON THE CYANIDE CONTENT OF MASH
Period of fermentation (hr)

Cyanide in mash (mkg per gram)
Uninoculated

0

Inoculated

0.280

0.280

24

0.221

(21. U) *

0.039 (86.11)*

48

0.065

72

0.019

0

96

O.OO8

0

0.020

* Percentage reduction of cyanide affer 24 hr

E f f e c t on the Cyanide Content of Garri of the Inoculation of Saccharomyces sp.
into Mash

Table 6 shows that following inoculation, the cyanide content of Garri
produced from mash inoculated with Saccharomyces is 60.8% and 24.0% less that
in the control a f t e r 24 and 48 hours respectively.

TABLE 6. EFFECT OF THE INOCULATION OF YEAST (Saccharomyces sp.)

INTO CASSAVA

MASH ON THE CYANIDE CONTENT OF GARRI
Period of feraentation
(hr)

Cyanide in Garri

24

0.102

48

0.025

0.006

72

0.008

0

9

Percentage of cyanide inoculated

(mkg per gram)

6

0

garri as compared to

0.062

60.8

24.0

I

X

0
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Change in Protein Content of Garri following Inoculation with Saccharomyces

The percentage protein content of garri following the inoculation of
yeasts for linamarase production is shown in Table 7. The percentage protein
content did not seem to have increased significantly. Indeed after the first
24 hours there seems to have dropped when compared with the control.

TABLE 7. EFFECT OF INOCULATING Saccharomyces sp. INTO MASH
ON THE PROTEIN CONTENT OF GARRI
Period of Fermentation (hr)

Protein Content Z
Control

Garri

24

1.09 1.98

45

0.17 0.31

72

0.26 0.21

96

1.0

0.61

Change in Population in total Micro-organisms with Inoculation of Saccharomyces
The number of organisms increased following inoculation after 24 hours
and peaked at 48 hours (Table 8). There was slight drop but the numbers at 96
hours did not fall below the initial numbers at day 0.

TABLE 8. CHANGE IN THE POPULATION OF MICRO-ORGANISMS IN MASH WITH

TIME AFTER INOCULATION WITH Saccharomvces
Period of Incubation

Number of Cells
(cfu per gram)

30

0

6.8 x 109

24

2.0 x 1010

48

3.8 x 1011

72

2.6 x 1011

96

2.4 x 1010

Effect of X-irradiation on Linamarase Production

The
change in linamarase production following X-irradiation of
Saccharomyces and Leuconostoc is shown in Table 9. There is no appreciable
increase in the linamarase production of these organisms following exposure
for up to 60 sees.
TABLE 9. EFFECT OF X RAY IRRADIATION OF Saccharomvces sp. AND
Leuconostoc mesenteroides ON LINAMARASE PRODUCTION
Length of exposure (Sees)

Linamarase production
Saccharorayces

Leuconostoc

Control

283

215

15

280

216

30

296

218

45

308

221

60

264

218

DISCUSSION

The linamarase-producing isolates recorded in this experiment were mainly
bacteria and yeasts. In previous work some fungi were also isolated, namely
AsperRillus niger, A. flavus and Fusarium oxysporum (Okafor and Ejiofor,
1986).
Ikediobi et al., (1985) have also extracted linamarase from
Aspergillus sydowi and Fusarium equisete. Because of its already acceptable
and widespread use in food such as in baking, in brewing and wine making,
yeasts would be the organisms of choice either for direct inoculation into
mash or for the extraction of linamarase for subsequent inoculation into
mash. The use of fungi especially Aspergillus notably Asp, flavus would be
unwholesome to most people in view of the association with the production of
aflatoxin.
Furthermore, the garri produced from mash inoculated with
filamentous fungi would be more likely to cake up in damp weather because of
the fungal hyphae and/or germination of any spores not killed during the
frying of the garri.

The use of broth supernatants and spectrophotometry for assessing
linamarase and amylase production is definitely superior to the use of agar
plates for reasons stated earlier in this paper (Okafor and Ejiofor, 1986).
It is rather interesting that all the organisms shown to produce
linamarase in this study also produced amylase. The reserve was not however
the case as shown in the case of Aspergillus sp N2 (Tani et al., 1986) which
produced amylase but could not be shown to produce linamarase. However, all
the organisms which were shown to breakdown PNPG were also able to produce

linamarase. It, therefore, appears that PNPG is a good analogue to use in
place of linamarin in view of the high cost of the latter.
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The search undertaken in this study was for organisms able to produce

amylase and linamarase simultaneously.

As far as the present authors are

aware, this is the first study which has adopted this approach.

The rationale

for this approach is that the flavour-producing bacteria mainly lactic acid
(Dougan et al., 1983} Okafor and Uzuegbu, 1987) and yeasts thrive on the small
quantities of free sugar naturally present in cassava root (Ketiku et al.,
1970; Okafor, 1977).

Therefore, with an increase in sugars in the mash as a

result of the activity of amylolytic organisms, lactic acid bacteria and
yeasts will grow more profusely giving rise to more congenerics. Presumably
the linamarase-producing organism itself will grow more luxuriantly, produce
more linamarase and thus detoxify the mash more effectively.
Among

the

amylase/linamarase

producers

studied

was

a

bacterium

and

several yeasts (Table 2) including the yeast Schwanniomyces alluvius (Calleja
et al., 1982) which was originally isolated from potato starch. This paper
reports only the effect on cyanide reduction (i.e.

through the activity of

linamarase) of inoculating the Saccharomyces sp isolated from cassava
environments. Studies with Schwanniomyces alluvius will be published in a
subsequent paper.

There was no significant different in linamarase production

between Saccharomyces sp. Leuconostoc sp. and Schwanniomyces alluvius. There
was however a significant different in amylase production between
Schwanniomyces alluvius and the two organisms (Table 2).

In many localities the mash is put into bags and immediately dewatered.
Rarely, however, the mash is put into large basins and allowed to ferment

before being dewatered. Table 3 shows that 33.3% of the cyanide is lost in
the first 24 hours of fermentation in the wet (undewatered) mash as opposed to
18.5%

in the bagged (dewatered) mash).

After 72 hours of fermentation no

cyanide could be recovered from the wet mash whereas after 96 hours some
residual cyanide was left in the bagged mash. It thus appears that cyanide
detoxification is not only faster but it is more complete In the wet than in

dewatered mash. Ketiku et al., (1978) found a loss of about 19.0% in the
first 24 hours for mash which was left to ferment in a basket. Presumably
fluid was lost in that basket in the same manner as it might ferment in a

basket. Presumably fluid was lost in that basket in the same manner as it
might when pressed in a bag. If judged on that basis the loss of cyanide
after 24 hours in a bagged (or "basketed") arrangement would be expected to be

about 18-19%. The results of the present experiment indicate however that
loss of significantly greater when the mash is not dewatered. This should be
expected as the enzymes secreted by the microorganisms would not be lost in

the leachate. It is expected that micro-organisms would also grow faster in a
most environment that one considerably drier through the loss of moisture.
When Saccharomyces sp was inoculated into mash before fermentation, there
was (Table 4) a dramatic fall (86%) in the cyanide content of mash in 24
hours.

Saccharomyces cerevisiae had been earlier implicated in HCK release

from cassava pulp (Okafor and Ejiofor, 1986). However, the material to which
pulp is ultimately converted for food is garri. Garri was therefore produced
from mash fermented everyday for four days after inoculation with Saccharomyces
as well as from the control. After 24 hours fermentation, there was 60% less
cyanide in the garri produced from mash inoculated with Saccharomyces than
there was from that produced from the control.
Taken together the results of these experiments show that the reduction
in the mash would be more rapid and effective when the mash is inoculated with
a linamarase-producing organism and fermented wet (i.e. un-dewatered)
detoxification being virtually over in the first 24 hours.. This observation
would appear to prompt another look at the theory of garri detoxification as

discussed below.
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The earliest postulation was that of Collard and Levi (1959) which
suggested that cassava was fermented for garri production in two stages. In
the first stage, organisms mainly Corynebacterium broke down starch to release
sugars and eventually acid. In the second stage this acid not only split
linamarin but also encouraged the development of Geotrichum candidum whose
.biochemical activity gave rise to aldehydes and organic acids which conferred
organoleptic properties on the garri. The Collard and Levi (1959) theory was
contested on the grounds that linamarin is stable to acid and that
Gorynebacterium was not isolated in the numbers suggested by Collard and Levi
(1959). In its place it was suggested that the breakdown of linamarin was
brought about at least initially by the endogeneous linamarase of the tuber
released when it is grated. Flavours were developed mainly by lactic acid
bacteria and yeasts (Okafor, 1977; Okafor and Uzuegbu, 1987). It does appear
now that while initial breakdown could come from the activity of endogeneous
linamarase, micro-organisms developing in the mash could play a major role in
detoxifying cassava mash especially in the first 24 hours when a jump in the
population (Table 6) was noticed in these experiments. Recently Ofuya and
Nnajiofor (1989) developed a starter for inoculating into garri. They also
found that high levels of acid were produced within the first 24 hours of
fermentation. It would appear that an organism able to simultaneously produce
amylase and linamarase such as the Saccharomyces sp of this experiment or
Schwanniomyces alluvius would be ideal for making such a starter. The
linamarin would be broken down almost completely with the first 24 hours while
the sugar released would encourage the rapid development of lactic acid
bacteria which are always present in the environment. There would therefore
be no need to include the latter in the starter because yeasts are easier to
grow. Besides preliminary experiments (Okafor, unpublished) indicate that
yeasts also contribute substantially to the flavour of garri.
It has always been hoped that the inoculation of yeasts into cassav mash
would lead to a substantial increase in the protein content of garri. Table 6
shows that there is little increase in total protein. There appears to be a
drop in protein content with increasing fermentation.
This observation
appears inexplicable except possibly on the grounds that proteinaceous
compounds from autolysed microorganisms were leached out during bagging.

Finally, it appears that the method employed to induce mutation in these
experiments had little effect on Leuconostoc sp. A slight improvement was
noticed however, with respect to the yeasts. However, mutation by ionizing
radiation or other mutagens is random and needs long painstaking work. The
results observed here are preliminary but are sufficiently encouraging for the
work to be further pursued.
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APPLICATION OF PURE STRAINS TO STANDARDIZE
THE ACIDIFICATION PROCESS AND THE AMYLOLYTIC
ACTIVITY IN CASSAVA FERMENTATION
S. REV AH, M. MERAZ

Universidad Autonoma Metropolitana,
Mexico City, Mexico
Abstract

The report describes some aspects of the optimization of the traditional
fermentation of cassava and potential role of the acidification process in the

development of microflora at the different stages of the fermentation.
It was shown that the inoculation of the cassava fermenting pulp by pure
cultures

of

lactic

L. plantarum had

acid

resulted

bacteria

such

in sufficient

as

Lactobacillus

acceleration of

cellobiosus
the

and

fermentation

process and the desired condition of the fermented end-product could reach in
7-24 hours instead of 72 hours (natural fermentation).

The effects similar to

these were obtained in the experiments on inoculation of cassava with the
fermented mass (or with drained liquor) from the previous bath.

The optimal condition for the exhibition of the amylolytic activity in
freshi cassava
was: pH 6,0 at 40 C, out of this range the activity falls down
ca

sharply.

INTRODUCTION

The mashed cassava fermented to produce gari reaches a pH of 4.0 and

0.85% acidity expressed as lactic acid after three days of a natural
fermentation, using traditional methods.This acidity is characteristic
of the product. The fermented mash is garified e.g. toasted, to obtain

a light and crispy yellow fluor.
In the

literature,

there are few reports about

the acidification

process either by a natural fermentation or by using a "seed" or
inoculum to standardize the fermentation process.
Mbugua C1982), reported that the addition of bacteria with a high
acidogenic capacity such as L. cellobiosus,
L.fermentum,
P.
acidilacti, P. pentosaceus and L. plantarum, avoids the disagreable
flavor and reduces the acidification time in fermented cereal gruels.

There are reports about the microorganisms involved in the natural
fermentation

of

cassava

for

gari

production.

The

reported

microorganisms are Corynebacterium and Geotrichum candidum (Collard
and Levi, 1959) and the lactic acid bacteria such as Streptococcus and
yeasts (Ngaba and Lee,
1979) and Lactobacillus,
Corynebacterium, Leuconostoc and yeasts (Okafor, 1977).

Alcaligenes,

The microbial population performs the acidification process "through
the fermentation of the available sugars present in the system. It is
known that the cassava has a low and variable content of reducing
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sugars like glucose, depending on the variety of the plant (Teles,
1979 and 1980 and de Battisti, 1981). It has been reported that during
the first 24 hours of fermentation, there is an important increase in
the reducing sugars content, and simultaneously the pH falls down
(Steinkraus, 1983). As reported by Padjama, et al. (1982), the cassava
has endogenous amylolytic, cellulolytic and pectinolytic enzymes, that
act when the tissues are damaged.
The microbial amylolytic activity has been reported for non-lactic
bacteria such as Bacillus, spp. in the acid fermentation of cassava
(Okafor, 1977). Lactic acid bacteria with some amylolitic activity,
have been found in silage or in the fermentation of vegetable wastes,
like L. amilophylus and L. cellobiosus (Lindgren, et al.,1984 and
Sribir, et al., 1984).
This brief review, shows that there are some aspects about the gari
production process, as the fermentation of cassava, that are not clear
at all.
This report deals with some aspects of the fermentation, such as the

acidification process of cassava, the microflora involved and the
amylolytic activity during the fermentation reported earlier.
PREVIOUS

WORK

A gari like product was obtained that had the physicochemical
characteristics described in the literature, this means, pH 4.0 and
0.85% of acidity expressed as lactic acid (Steinkraus, 1983). Five
percent was determinated, as the minimal inoculation level in weight
required to obtain reproducible fermentations, even using different
source of inocula such as yakult, pozol and natural fermented mass.
The inoculation of the mashed cassava reduced the fermentation time
and enhances the characteristics of the product obtained.
OBJECTIVES

The objectives of this work were to increase the knowledge on the
acidification process of cassava by studying the following aspects:
a) The inoculation with pure strains of lactic acid bacteria to
standardize the acidification process with a fermentation system that
includes drainning of the liquor produced during fermentation.
b) The ecology of successive fermentations and evolution of the
microorganisms in the natural acidification.
c) The influence of the amylolytic activity to understand the
evolution of the available sugars.
RESULTS

AND

DISCUSSION

a) Pure strain inoculation
In this part the acidification process using:
- L. cellobiosus (NRRL-B-184), Sribir, et al.., 1984,
- L. plantarum (APG Eurozym),
- the drained liquor from a previous batch,

- the fermented mass from a previous batch ,
- and the addition of glucose to a natural fermentation,
were compared.
All the inocula used had a pH of 4.0 ± 0.15 and the acidity expressed
as % of total titratable acidity ranged between 0.7 and 1.0 %. The
pure strains were grown in MRS broth at 37° C until the broth had an

38

optical density of 0.6. The fermentations were performed using three
inoculation levels 5%, 10 and 20% in weigth. The glucose was added in
levels of 1, 2 and 3% in weight to fresh uninoculated cassava.
For all the experimentation fresh cassava from the States of Morelos,
Tabasco and Veracruz was used. The cassava was washed to remove dirt,
peeled and mashed with a small grinder, as stated in the last report.
To obtain the mass or the drained liquor from a natural fermentation,
inoculated and uninoculated cassava was packed in glass columns 20 cm
lenght and 1.5 cm of diameter. The top of the column was stoppered and
at the bottom, a drainage tube was placed to collect the liquor
sample.
The evolution of the acidification process was followed up during 72
hours, that was usually the time required to obtain the gari
conditions. The sample taken was all the column content and its own
liquor collected, the both mixed well before analysis.
The parameters measured were pH, % of total tritatable acidity,
concentration of total soluble sugars and total reducing sugars with
the phenol-sulphuric acid and dinitrosalicylic acid reagents,
respectively (Schettino, et al., 1988).
Figure 1 shows that a natural fermentation starts at pH 6.3 and 0.075%
TTA and the lag phase lasted about 16 hours and the gari condition was
reached in about 72 hours, the soluble sugars available are depleted
at 48 hours of fermentation.
The inoculation of cassava with fermented mass from a previous batch,
shows a lag phase of 4 hours for 5% inoculation level, 4 hours for 10%
and 2 hours for 20%. The gari condition is attained at 72, 48 and 32
hours for the respective inoculum levels, as can be seen in figures 2
and 3.
Using the drained liquor as inoculum during the fermentation process,
the lag phases for 5, 10 and 20% inoculation levels, took 4, 4 and 2
hours respectively. The gari conditions were reached at 24 hours for
5%, 20 hours for 10% and 16 hours for 20% (figures 4 and 5).
When cassava was inoculated with L. ce 1 lobiosus, the lag phases for 5,
10 and 20% inoculation levels lasted 3, 3 and 2 hours respectively,
having a faster acidification at the moment the lag phase concludes.
Using this inoculum, the gari conditions for the same levels were
reached at 12, 10 and 7 hours (figures 6 and 7).
For L. plantarum, the lag phases lasted 3, 3 and 2 hours for 5, 10 and
20 % inoculation levels and the gari conditions were reached at 8
hours for 20%, at 10 hours for 10% and at 18 hours for 5% (figures 8
and 9).
In general, the inoculation accelerated the acidification process as
compared with a natural fermentation, and the gari condition is
reached in a lesser time.
In the kinetics carried out with the addition of glucose at levels of
1, 2 and 3% in weigth, there is no noticeable difference between them.
The pH falls down in a similar way for all the cases, getting the
minimal pH value between 8 and 12 hours (figure 10).
In the case of the acidity, expressed as % TTA, it can be seen a lag
phase of 8 hours for all the levels used, and after this moment there
is a continuous increase of the acid content, ranging at 48 hours of
fermentation between 0.65 and 0.8% (figure 11).
The sugar consumption pattern is similar for the three levels used,
without any significant difference between them. After 48 hours, the
final sugar concentration ranged from 9 to 12 mg/ml (figure 12).
It is noticeable that even with the addition of glucose, the
acidification process is similar to those performed with inoculated
cassava, yielding the acid content required for gari condition,
suggesting that the sugars are not a limiting factor in this system.
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A comparative table (1) is included to resume the results described
above.
It was important to analyze the reproducibility of the fermentation
with the reinoculation of fresh cassava in a successive way by using a

two day old fermented mass and a one day old drained liquor at a
inoculation level of 5% from a previous batch , at the pH and acidity
content described above, e.g. the gari condition.

TABLE 1. COMPARISON BETWEEN INOCULA AND INOCULATION
LEVELS
LEVEL (%)

INOCULUM

L i b e r a t e d t iquor

L. ce 1 lobi osus

L. ptantarum

Glucose

GARI COND (h) •

16

72

5

k

72

Natural

Fermented mass

LAG PHASE (h)

10

ii

«

20

2

32

5

t

214

10

h

20

20

2

16

5

3

12

10

3

10

20

2

7

5

3

18

10

3

10

20

2

S

1

8

W

2

6

48

3

3
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At the time of carry out successive fermentations, inoculating with

the fermented mass or the liquor from a previous batch up to 14 times,
it was shown that the acidification pattern tends to increase slowly
the final acidity content as the number of batches is increased.
The tendency in the acidification pattern in these successive
fermentations, indicated as the acid content when the gari condition
is attained, at the first fermentation day for the reinoculation with
liquor and at the second day for fermented mass, is of a slowly
increase to a higher level each time, as showed in figure 13.
b) Ecology

of

fermentation

In the case of the fementation of cassava to obtain a product similar
to gari, some of the microorganisms responsible of the acidification
process were isolated and the sequence of the presence of this
microorganisms was determinated in a 10 day natural cassava
fermentation.
To carry out the isolation and purification of the microorganisms
involved, the fermented mass from the 7th, llth and 13th successive
fermentations were used due to the fact, as stated above, that it
follows an acidification pattern similar from one fermentation to
another, indicating that a microbial population is well established.
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All the content of the columns WELS taken, mixed with sterilized water
in a 1:1 ratio and shaked during 1 hour at room temperature. Using
this mixture, dilutions from 1:10 to 1:100,000 were made and MRS agar

plates, acidified and colored with bromecresol purple were inoculated
with 1 ml of each dilution.
The colonies from the plates that were spatially separated and those
that had changed the color of the medium from purple to yellow, were
picked up and
Gram stained
for
further purification and
identification.
The purification process consisted in the successive subculture in MRS
agar and broth of the colonies selected, looking for the strains that
were Gram positive, catalase negative an capable of acidify the MRS
broth in 24 hours.
Three different kinds of colonies with a well defined morphology were
found, the first grayish-white, raised, round and small and with a

cellular structure of cocci in pairs and chains and were about the 33%
of the total strains isolated. The second showed a morphology such as
creamy like colonies, wet, bright, circular, convex and consisted of
cocci in pairs and short chains, and were the 42% of the total strains
isolated. And the third group, with 21% of the total strains isolated,
showed colonies with irregular form, flatted, wet, bright, smooth,
yellowish-brown and with an ondulate margin.
The pure strains were tested with some biochemical tests performed as
Me Faddin (1980) indicates, to differentiate them in genera. They were
grouped in homo and heterofermentative strains, by means; of the gas
production test in liquid basal medium with Durham insert and in solid
medium with agar seal.
The strains were tested for growth in litmus milk to differentiate
them from Streptococci and Leuconostoc, as it is well known that the

Leuconostoc do not acidify or curd milk until it is supplemented with
a carbon source like glucose and yeast extract (Bergey's Manual,
1974).
Hydrolysis of arginine was used to confirm that the strains that did
not acidify milk did not hydrolyze arginine neither, to ammonia
production, as Streptococci usually do.
The strains that gave a positive test for litmus milk and arginine
hydrolysis, were tested for gelatin hydrolysis, giving a negative
response, so they probably were Streptococci. The strains suspicious
of being Leuconostoc were ,tested for citrate utilization as sole
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carbon source, giving in all cases a negative response. Some of the
strains classified as Leuconostoc grew well in a liquid medium
containning 10% of cassava, 0.067. of MgS04.7HaO, 0.03% of MnS04.4H20
and 0.02% of bromecresol purple.
Some strains were classified as Pediococci, because of the colonial
morphology and cell groups in microscopy observation, that showed
cocci alone, in pairs and tetrads. All these strains were
homofermentative without gas production from glucose, and they grew
well in aerobious environments, but the colonies were small. These
strains gave a variable response in litmus milk, changing the color of
the colorant from purplish-blue to pink, with no clotting or curding.
The gelatin hydrolysis test was always negative.
None of the strains isolated gave a positive response to the starch
hydrolysis test in MRS-starch agar. No yeasts were found, indicating
that during successive fermentations, the selection of the age of the
inoculum, selects the microflora that establishes in these systems.

Table 2 resumes the results.
TABLE 2. BIOCHEMICAL TEST FOR THE ISOLATED STRAINS
Morphology
Group

Gram
Stain

Catalase

Gas
Production

Group 1

f

-

+

Group 2

f

-

-

Group 3

f

Litmus
Milk

Arginine

Gelatin

+

Citrate

nd

.

+

-

Starch

-

V

-

nd

n

-

d

-

nd

nd: not determinated;
V: variable - in this case change of colorant but no curd or cloth.

For the total plate counts, three different media were used for the
selective culture of microorganisms. The media used were MRS agar,
colored with bromecresol purple for acidifing bacteria, PDA for yeast
and molds detection and deoxicolate agar for enterobacteria detection.
The counts were made daily, during a 10 day natural cassava
fermentation, using dilutions from 1:10 to 1:100,000. The results
showed that the enterobacteria disappear at first fermentation day and
the acidifing bacteria like cocci and bacilli predominate since second
fermentation day and get the highest numbers at third day in
quantities from 10 to 10 microorganisms per gram of fresh cassava.
The yeasts were present during all fermentation time in small
quantities, about 10 , and they remained stable and no molds were
found. Table 3 resumes these results.

TABLE 3. TOTAL PLATE COUNTS FOR A TEN DAY NATURAL FERMENTATION OF CASSAVA
MICROORGANISMS

Lactic Bacteria

0

5.JXI0

I
5

2
7

l|.3Xt0 6.6XI0

3
8

6.7X10

l|
9

7.7KI0

5
9

5.0XI0

6
9

2.2X10

7
9

8.8X10

8
3

6.5XI0

9
3

ft.^XlO

10
3

9.2X10 7

(cocci and b a c ! I l l )

Veasts

2.3X103

3.IXI03

li.SXIO3

5.0X10 3

5-BxlO3

6.3X103

6.5XI03

6.7XI03

6.9X10 3

7.0X10 3

7.IX103

Enterobacteria

3.0X103

1.IX102

0

0

0

0

0

0

0

0

0
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c) Amylolytic Activity
The amylolytic activity during the fermentation was measured, and
correlated with the acidification process using the following
methodology.
The fermented mass from the columns was mixed with the liquor
collected during the fermentation to obtain the crude enzymatic
extract, using 5 g of sample and adding citrate buffer 0.1 M at pH 6.0
in a ratio 1:1, homogenizing the mixture and holding it in
refrigeration for 20 minutes and then centrifugated at 2 500 rpm
during 15 minutes.
The supernatant obtained or the crude enzymatic extract, was used for
the amylolytic activity determination mixing 0.9 ml of starch solution
at a concentration of 10 mg/ml with 0.1 ml of extract.
This mixture was incubated 20 minutes at 30° C in a temperature
controlled bath. At the end of this time, 1.0 ml of dinitrosalicyl ic
acid was added to stop the reaction and to determine the reducing
sugars liberated by Miller's method (Schettino, et al., 1988).
The activity was measured by the increase in the concentration of
reducing sugars at 30° C, during the reaction time, related to the
amount of crude enzymatic extract used. The activity is defined as the
amount of crude extract that liberates 1 micromol of glucose per
minute under the conditions described above.
Amylolytic activity in fresh cassava, in naturally fermented cassava
and in inoculated fermented cassava with fermented mass or liquor from
a previous fermentation at 5% inoculation level in weigth, was
found. When a higher inoculation level was used like 10 or 20°/., the
activity was not detected.
When the cassava was inoculated with pure strains like L. cellobiosus
and L. plantarum, at a 5% inoculation level, there is a better
acidification process, but there is no amylolytic activity, in spite
that certain strains has been considered amylolytic acidifing bacteria
(Sribir, et al., 1984 and Lindgren et al. 1984).
The optimal values of pH and temperature for the enzymatic reaction of
the crude extract were defined for fresh cassava. For the optimal pH
determination, several buffer solutions were used: for pH 3.0 to 6.0
citrate buffer at 0.1 M; for pH 8.0 and 9.0 a tris buffer 0.1 M and
for pH 7.0 a citrate-phosphate buffer 0.1 M. The temperatures ranged
from 20» to 70°C, and all these experiments were performed in
temperature controlled baths.
The optimal conditions found for the exhibition of the amylolytic
activity in fresh cassava were pH 6.0 at 30° to 40° C, out of this
range, the activity falls down sharply (figure 14).
For a fermentation with fresh cassava, the highest activity is present
at the beginning of the fermentation, when the pH is 6.2, from this
point the activity decays continuosly. The highest increase in the
reducing sugars concentration was found between 16 and 24 hours
(figure 15a and 15b).
During the fermentation of inoculated cassava with fermented mass or
liquor, the maximal activity was attained at 8 hours when the pH of
the fermentation is 5.6 and with an increment in the concentration of
reducing sugars of 3 mg/ml. As it can be seen in figure 16, after this
point the activity falls down sharply and the sugars available are
consumed until depletion. The final pH reached is never below than 4.0
and the maximal acidity attained is 0.8%.
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For
the
determination
of
the
kinetic
parameters
of
the
Michaelis-Menten model, crude extracts from fresh cassava were used,

varying the substrate concentration from 1 to 50 mg of starch/ml, and
the reactions were performed at the optimal conditions described
above. The kinetic parameters were obtained by the Lineweaver-Burke
modification to the Michaelis-Menten model and the resulting values
were Km = 2. 194 mg/ml and Vmax = 1.11 micromoles of glucose/ml
enzymatic extract/minute (figures 17 and 18).
From the drained liquor of a natural fermentation, at 6 hours, the

time when activity was highest, the hydrolysis products were
identified by thin layer chromatography in silicagel G plates with a
fluoresecnt revelator, left to dry at 90» C during 20 minutes.
The solvents system used was n-butanol: ketone: water in a ratio 4:5:1

and the revealing agent used was anthrone. The sugars found were
glucose, maltose and dextrines besides fructose and sucrose, and can
be concluded that the enzyme involved is an a-amylase.
Because the literature points out that the cassava shows a relevant
amylolytic activity when the tissues are damaged (Padjama, et al.,

1982) and to confirm the procedence of the amylolytic activity,
natural fermentations with fresh cassava and fermentations with
inoculated cassava using fermented mass and liquor as inoculum, were
carried out with the addition of antibiotics to inhibit the microbial
growth.

Plate counts were made on the same media used for the total plate
counts described above, to confirm the effect of antibiotics on the

microbial population. The samples for these counts were taken from the
liquor liberated during the fermentation and then streaked on the
plates and incubated at 37« C.

In the fermentations carried out with antibiotics, it can be seen that
there is no sugar consumption and so, there is no acidification
(figures 19 and 20). The amylolytic activity is comparable to that of
fermentations without antibiotics. The plate counts for these systems
showed that the microorganism that could develop, disappear at 4 hours
of

the

beginning

of

the

fermentation

by

the

action

of

the

antibiotics.
Compared with those fermentations without the addition of antibiotics,
it can be seen that the acidification and sugar consumption patterns
are the same as for other fermentations (figures 21 and 22). The

amylolytic activity is the same as that detected from the fermentation
with antibiotics. The plate counts are comparable to those carried out
in total plate counts for natural fermentations, indicated above.
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FIG. 17. Michaelis-Menten kinetics for cassava amylases.
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IMPROVEMENT OF THE NUTRIENT QUALITIES
OF CASSAVA FERMENTED END-PRODUCTS
, P. GUNASEKARAN
Department of Microbiology,
Madurai Kamaraj University,
Madurai, India
Abstract

The yeast strains Saccharomycopsis fituliger NRRL (Y-2388), Saccharomyces
diastaticus NRRL (Y-2416 and Y-4238), Schwaniomyces occidentalis NRRLY-2477 as

well as nor-leucine resistant and amylase-overproducing mutants of NRRL-Y-2388
(obtained with the help of NTG-mutagenesis) were used to study their abilities
to increase the yield of protein into the cassava fermenting pulp.
Their growth kinetics, amylase activity and biomass production initially
studied on 2% MYPS medium.

concentration (13,4

g/e)

S. fibuliger (Y-2388) gave the highest biomass

and was found to be superior to other wild strains

for protein enrichment of cassava through fermentation.

The optimization of

the condition for fermentation revealed that 5% w/v of the cassava pulp at
pH 6 with an addition of the yeast extract increased the protein content of

cassava from 2.8% to 5.6%.

The use of amylase overproducing mutants of

S^L fibuliger y-2388 inoculated singly or in combination with others did not
promote

the

enrichment

of cassava, whereas nor-leucine

resistant mutants

considerably increased the protein content in the cassava
supplementation of the pulp with any nutrients is required.

pulp

and no

Hence, both S. fibuligera Y-2388 wild and its nor-leucine resistant
mutant should be considered as a potential inocula with respect to protein
enrichment of the cassava fermented end-product.

1.

Screening of yeast strains for their growth on starch

Initial screening of nine yeast strains such as Lipomyces starkeyi NRRL
Y-1338, Saccharomyces diastaticus NRRL Y-4238, S. diastaticus NRRL Y-2416,
Saccharomycopsis fibuliger NRRL Y-2388, Schwanniomyces occidentalis NRRL
Y-7179, Kluyveromyces lactis Y-8279, Lipomyces kononenkoae NRRL Y-11553 and
S. cerevisiae NRRL Y-12632 was done for their growth in MYPS (Malt extract
0.3%, Yeast extract 0.3%, Peptone 0.5% and soluble starch 2%). They were also
examined for their ability to hydrolyse starch, produce extracellular amylase
and accumulate reducing sugars in the culture filtrate. From these results,

suitable strains were selected for growing on cassava pulp.
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2.

Fermentation of cassava pulp using selected yeast strains in monoculture
and co-culture

Two of the selected yeast strains, S. fibuliger NRRL Y-2338
S. occidentalis NRRL Y-2477 were used for fermentation of cassava pulp.

and
The

concentration of cassava pulp used for 5 or 10% w/v. The fermentation was
carried out at pH 6.O. At 12 hour intervals the samples were removed and the
fermentation parameters such as growth in terms of bioraass, protein content,
amylase activity and sugar released in the culture filtrate were studied. In
the case of co-culture studies, 5% v/v of both cultures were inoculated into
cassava pulp. At the end of 5 days, the fermentation parameters were studied
and compared with the monoculture of each of the strains used.
3.

Optimization of conditions for fermentation of cassava pulp

i)

Effect of pH on fermentation

Fermentation medium containing 5% w/v cassava pulp was adjusted to
initial pH levels from 5 to 7. The strain used was S. fibuliger NRRL Y-2388
and the inoculum level was 10% v/v. At the end of 72 hours, the final
biomass, protein production, and amylase activity were determined.

ii) Effect of additives on fermentation
In order to find out whether the fermentation of cassava pulp could be
influenced by the addition of desired nutrients, various additives were
tested.
The fermentation medium containing 5% w/v of cassava pulp was
supplemented with any one of the following: a) yeast extraict (1%), b) ammonium
sulfate (1%), c) CaCl2 (0.2%) and d) MgSO4 (0.2%).
The pH of the
fermentation medium was 6.09 and the strain used was S. fibuliger NRRL
Y-2388. At the end of 5 days the total protein increase in cassava pulp,
amylase activity and free sugar in the culture filtrate were estimated.
4.

Improvement of the yeast strain for increased level of amylase activity
and essential aminoacids

i)

Isolation of a mutant with increased amylase production

The yeast strains S. fibuliger NRRL Y-2388 was mutagenized with NTG
(50 jig/ml) for 30 min. to obtain 20% survival value.
The mutagenized
culture was allowed to express in fresh YEPD medium for 6-10 hours and thus
enriched culture was plated on starch plates with 5% w/v of added glucose and
incubated for 3 to 4 days. Fully grown colonies from the original plates were
replica plated on fresh agar plates. The original plates were exposed to
iodine vapour. The colonies showing larger clearing zones than their parent
were selected as increased amylase producers.
ii)

Isolation of mutants resistant to amino acid analogue

From the mutagenized and expressed culture, samples were plated on YEPD
medium supplemented with 500 ug/ml of the amino acid analogue, nor-leucine.
the plates were incubated for 4 days at 30°C. The colonies appearing on
these selective plates were selected as antino acid analogue resistant
mutants. They were tested for the fermentation of cassava pulp.
5.
Investigation of protein increase using mutants of S. fibuliger NRRL
Y-2388 in monoculture and co-culture with the wild strain.
Different
combinations of the above yeast strains were used in mono and co-culture for

the fermentation of cassava pulp and the results compared with the wild strain.
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6.

Fermentation of cassava by S. fibuliger NRRL Y-2388 in fermentor

In this study, a slurry of cassava flour with water was prepared in which
the flour to water ratio was 1:20 by weight.
This was subjected to
fermentation by the yeast S. fibuliger in a 2 lit fermentor. The experiment
was carried out for a period of 4 days and protein estimations were performed
every 24 hours. Analyses of data was done at the 72 hour.
7.

Fermentation
fibuliger

of

cassava

supplemented

with

casein

hydrolysate

by

S.

In this experiment, cassava was supplemented with casein hydrolysate and
subjected to fermentation by S. fibuliger. As in the previous study, the
experiment was carried out for a period of four days and protein estimations
were performed every 24 hours. Analyses of data was done at the 72 hour.
8.

Fermentation of cassava by S. fibuliqer and Azotobacter chroococcum

In one experiment, cassava was fermented by S. fibuliger in the presence
A. chroococcum was used as a nitrogen fixer with the
object of increasing the protein content of the cassava.
of A. chroococcum.

In the second experiment, yeast cells and the culture filtrate in which
A. chroococcum was grown were added to the cassava slurry. The fermentations
were conducted for four days and estimations were done every 24 hours.
9.

Fermentation of cassava by S. fibuliger and Zymomonas mobilis NRRL B-4286

In this experiment, S. fibuliger and £. mobilis were inoculated into
cassava. This process envisages the simultaneous increase in protein and
production of ethanol by Z. mobilis. Fermentation was carried out for 4 days
and estimations done every 24 hours.
RESULTS
1)

Screening and comparison of yeast strains for their growth on starch and
amylase production

Among the nine strains, screened only four strains, namely S. diastaticus
NRRL Y-2416, S. diastaticus NRRL Y-4238 S. occidentalis NRRL Y-2477 and
S. fibuliger NRRL Y-2388 showed good growth on starch containing MYPS (2%)
medium. Therefore, these four strains were compared for their growth, protein
value and extracellular amylase production. Figure 1 and Table 1 show the
comparison of these four strains. Maximum extracellular araylase production
was observed with the strain S. fibuliger NRRL Y-2388. Similarly, this strain
also exhibited higher biomass yield and protein value when grown on starch.
This was followed by the other yeast strain S. occidentalis NRRL Y-2477.

Therefore, the two best strains, S. fibuliger NRRL Y-2388 and S. occidentalis
Y-2477 were further compared for their growth on cassava pulp.
2)

Fermentation of cassava pulp using selected yeast strains

The selected yeast strains S. fibuliger NRRL Y-2388 and S. occidentalis
NRRL Y-2477 were used for fermentation of cassava pulp (5%). Earlier, we had

reported that cassava starch hydrolysate can be effectively used as
fermentation substrate without any additives for ethanol production (Nellaiah
et al., 1988). Therefore, the growth of the two yeast strains were compared
on cassava pulp containing 12.4 mg protein/gram pulp. Results (Table 2)
indicated that the strain S. fibuliqer NRRL Y-2388 grew better than the other
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FIG.

1. Growth of yeast strains on 2% MYPS medium.

Table 1
COMPARISON OF YEAST STRAINS FOR GROWTH, AMYLASE
ACTIVITY AND PROTEIN CONTENT IN STARCH MEDIUM AFTER 36 HOURS

Yeast

strains

S_. diastaticus

Biomass
g/1

Amylase activity
Reducing sugars?
U/ml
g/1

2.51

0.08

1.90

S_. diastaticus
NRRI, Y-2416

4.68

0. 44

7.40

S_. occidnnt.a lis
N R R L Y-2477

5.37

1.20

3.00

2.98

2.75

NRRL Y-4238

S_. f ibu 1 iger
NRRL Y-2388

11.30

strain on cassava pulp. The amylase activity was 7.3 M/ml which was much
higher than that of the other and increase in protein value was also more than
the other. The kinetics of fermentation of cassava pulp by these strains is
shown in Figure 2.
3)

Optimization of conditions for fermentation of cassava pulp

i)

Influence of initial pH on fermentation;

The yeast strain S. fibuliger NRRL Y-2388 exhibited good growth on
cassava pulp. This strain was used for optimization of fermentation and other
improvement processes. The influence of varying pH levels on fermentation was
tested (Table 3). The initial pH 6.0 was found to be optimum which showed
high protein yield and amylase production.
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Table 2 COMPARISON OF YEAST STRAINS FOR FERMENTATION OF
PULP (5%) AFTER 96 HOURS

Reducing
sugars

Amylase
activity

Protein increase
g/5g
pulp

Yeast
strains

U/ral

S_. occidental is
NRRL Y-2477

CASSAVA

9/1

0.101

2.50

2.30

0.278

7.30

20.40

S_. f ibul iger
NRRL Y-2388
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72
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FIG. 2. Comparison of yeast strains for growth and enzyme activity on 5% cassava pulp.
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Table 3 EFFECT OF INITIAL pH ON FERMENTATION OF CASSAVA PULP
S. FIBULIGER

Initial pH

Protein increase

Amylase activity

g/5 g pulp

ii)

BY

Reducing sugars

(J/ml

g/l

5 .0

0 -111

3 .11

24 .60

6 .0

0 .225

3 .32

20 .00

7 .0

0 .198

2 .04

23 .00

Effect of substrate concentration on fermentation;

The effect of initial substrate concentration on fermentation was studied
using 5% and 10% w/v of cassava pulp. Above this concentration any increase
in concentration of substrate was not possible since sterilization led to
gelatinization of the starch.
Table 4 shows the effect of substrate
concentration on fermentation. Increased substrate concentration did not lead
to any increase in protein yield. There was no significant increase in
extracellular amylase production.
Table

4

EFFECT

OF

INITIAL

SUBSTRATE

CONCENTRATION

ON

FERMENTATION OF CASSAVA PULP BY S. FIBULIGER

Concentration of
cassava pulp
\ w/v

5.0
10.0

Total protein
9/5g pulp

Amylase
Reducing
activity
sugars
U / m l g/1

0.278

7.30 20.40

0.248

10.43 27.90

iii) Effect of additives on fermentation of cassava pulp;

Although we have reported that cassava starch hydrolysate can be used as
substrate without additives for production of alcohol by Zymomonas mobilis, we
tested the effect of added nutrients on the fermentation of cassava pulp as
the yeast might need some growth factors. Among the nutrients tested (Table
5), ammonium sulfate yeast extract and CaCl2 slightly increased the protein
level in cassava pulp but not the amylase activities. Addition of ammonium
sulfate reduced the extracellular enzyme production.

4)

Mutants of yeast S. fibuliger with increased amylase activity

Using NTG mutagenesis and selection procedures mentioned above mutants
with increased amylase activity were isolated. One of the mutants showed at
least twice the amount of activity as the wild type. This mutant was compared
with the wild type (Figure 3). However, this strain showed lesser protein
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Table 5 EFFECT OF ADDITIVES ON FERMENTTATION OF CASSAVA PULP
S_. FTEUH.IGER

Additive

Protein increase
g/5 g pulp

Amylase activity
ll/rnl

BY

Reducing sugars
y /1

Pulp alone

0.24

0

3.40

17.00

* Yeast extract

0.26

8

3.18

2.70

+ Ammonium

0.15 3

1.41

4.42

+ CaCl-,

0.21 0

2 . 2 4

22.20

+ MgS0 4

0.14 6

3.00

35.00
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3. Comparison of yeast mutants and wild type for their protein and amylase production in 10% cassava pulp.

yield on cassava compared to the wild type but there appeared to be more free
sugars in the culture filtrate. This suggested that, although this strain has
increased amylase activity, its growth on cassava pulp was less than the wild
strain.

5)

Mutants of yeast S. fibuliger resistant to amino acid analogue

Using NTG mutagenesis and selection procedures mentioned above mutants
that are resistant to amino acid analogue norleucine were isolated. One of
the mutants was resistant to 500 pg/ml of nor-leucine. The efficacy of this
mutant for fermentation of cassava pulp was studied and compared with the wild
type.
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Figure 3 also shows that the mutant strain of S. fibuliger, NRRL Y-2388
showed maximum protein content in 10% w/v cassava pulp at 72 hours. The
nor-leucine resistant mutant showed a protein increase over the wild and the
amylase overproducing mutant strains.

6)

Use of co-culture of yeast strain for the fermentation of cassava pulp

The yeast strains S. fibuliger NRRL Y-2388 and S.
Y-2477 were used in co-culture for the fermentation of
compared with the monocultures. Table 6 indicates that the
increased the protein yield in the cassava pulp. However,
amylase production was less than that of monoculture of
Y-2388.

occidentales NRRL
cassava pulp and
use of co-culture
the extracellular
S. fibuliger NRRL

Table 6 FERMENTATION OF CASSAVA PULP BY MONO AND COCULTURES
YEAST STRAINS

Yeast
strains

Protein increase
g/5g pulp

Amylase
activity
U/ml

OF

Reducing
sugars
g/l

S_. ocoidfnta 1 is
NRRL Y-2477

0.101

2.50

S_. f ibuliger
NRRL Y-2388

0.278

7.30 20.40

0.209

7.70 15.82

S_. occidentalia
NRRL Y-2477
*
S_. f ibul iger
NRRL Y-2388

2.30

In experiments using dual inocula, the wild + nor-leucine resistant
mutant combination gave a greater protein increase than the other combinations
at 96 hrs (Table 7). But, this increase in protein was not statistically
significant over that obtained with a single inoculation of the nor-leucine
resistant mutant.

The amylase activity was maximum in the amylase mutant. The sugars
released into the medium by the amylase overproducing mutant was significantly
higher than in all other inoculations. The wild + amylase overproducing
mutant combination did not release as much sugars as was expected.
7.

Supplementation of cassava with nitrogen sources prior to fermentation

In the experiment in which yeast alone was added to cassava an increase
of 0.116 gram protein/5 grams cassava was observed after 72 hours. The
protein in terms of estimated nitrogen content was 0.127 gram (Table 8). In
the experiment in which cassava was supplemented with casein hydrolysate,
0.143 gram and 0.170 gram were the protein values obtained after fermentation
by protein and nitrogen estimation methods. In the case where the culture
filtrate of Azotobacter chroococcum was added to cassava, the protein increase
was 0.112 gram to 0.117 gram/5 gram cassava.
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Table 7 TOTAL PROTEIN INCREASE, AMYLASE ACTIVITY AND FREE SUGARS
RELEASED FROM FERMENTATION OF CASSAVA PULP 1JY MUTANT STRAINS AND
WILD STRAIN IN COMBINATION WITH MUTANT STRAINS OF S. FTBULIGER

St rains

Amy läse

Total protein

increase

Frr-e sugars

g/ 5 g

act ivity
U/ml

g/l

2388 (rimy)

0 .245

3.4

21.73

2388 („na,

0 .302

3.2

15.84

2388 (W t amy)

0 .233

1.8

2.69

2388 (W + .ind)

0 .316

2.1

4.17

2388 (ana+amy)

0.237

1.6

3.60

amy - amylase overproducer

ana - nor-leucine resistant mutant
Estimations done after 96 hrs of fermentation

Table

8

PROTEIN ENRICHMNENT BY YEAST FERMENTATION

OF

CASSAVA

SUPPLEMENTED WITH NITROGEN SOURCES

Conditions

Protein increase

g/5 gram

Tolal protein

N x 6.25/5 gram

Yeast (Ï-2388) only

0.116

0.127

Y.-a.st + Casein (lg/1)

0.143

0.170

hydrolysate
Yeast * A_. chroococcum culture filtrate (1.12 mg NH4*/1)

0.117

0.112

Yeast

0.153

0.153

S04 (10g/l)

Initial protein content in cassava = 0.0142 g/5 gram
Nitrogen content = 0.0025 g/5 gram

Estimation was after 72 hrs of fermentation

When yeast and A. chroococcum were co-cultured in cassava the protein
increase after 72 hours was 0.150 to 0.190 gram (Table 9). Similarly, when
yeast and Z. mobil is were co-cultured in cassava the protein increase was
0.160 - 0.165 gram.
The slight increase in protein in cassava supplemented with casein
hydrolysate may be attributed to the presence of residual casein hydrolysate.
The reason for increase in nitrogen when yeast was co-cultured with
A. chroococcum may be due to nitrogen fixation by A. chroococcum or due to the
growth of A. chroococcum itself on starch. However, the supplementation of
cassava with culture filtrate of A. chroococcum did not increase the protein
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Table 9 EFFECT OF COCULTURTNG YEAST WITH BACTERIAL
PROTEIN INCREASE OF CASSAVA

Conditions

Protein increase

g/5 g

STRAINS

ON

Total protein

NX 0.25/5 g

Yeast (2388) only

0.116

0.127

Yf>ast + A_. chroococcum

0.150

0.190

Yeast > 7,. mobilia

0,165

0.16U

I n i t i a l protein content in cassava = 0.0142 g/5 yrani
Nitnxjpn content = 0.0025 g/5 gram

Estimation was after 72 hrs of fermentation

yield. Introduction of Z. mob il i s/ an ethanol producer with the yeast strain
slightly increased the protein content of cassava similar to A. chroococcum.
These results may suggest that inoculation of a bacterial culture which may
directly utilize the starch by hydrolysis or utilize the products of
hydrolysis may increase the protein content of cassava. This is because the
protein content of bacteria is considerably higher than that of yeasts.

CONCLUSION

Among the nine yeast strains screened S. fibuliger NRRL Y-2388 was found
to be superior to the others for the fermentation of cassava pulp.
Optimization of conditions for the fermentation revealed that 5% w/v of the
substrate concentration at pH 6.0 with an addition of yeast extract increased
the protein yield in the cassava pulp. Though a mutant with increased amylase
production was employed for the fermentation of cassava pulp, the protein
yield in cassava pulp was lesser than the wild type indicating that the
increase in amylase production of the strain cannot directly correlate with
the increase in protein content in cassava pulp. The amino acid analogue
resistant mutant can be employed for the fermentation of cassava pulp but the
amylase activity was low. Therefore, for increasing the protein content of
cassava pulp, a combination of the wild strain with the nor-leucine resistant
mutant and the nor-leucine resistant mutant alone seem to be promising,
compared to the other combinations. It is possible to achieve a slight
increase in protein content of cassava by supplementing it with casein
hydrolysate. Addition of culture filtrate of A. chroococcum did not bring
about any increase in protein. But, co-culturing either A. chroococcum or
IZ. mob i l i s with yeast can result in an increase in the protein content of
cassava.
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IN THE IMPROVEMENT OF MICROBIAL STRAINS
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NUTRITIONAL QUALITY IMPROVEMENT OF 'TAPE KETELA',
AN INDONESIAN TRADITIONAL FERMENTED CASSAVA:
INCREASE OF ITS PROTEIN CONTENT THROUGH GAMMA
IRRADIATION OF THE YEASTS IN 'RAGI TAPE' AND
ADDITION OF NITROGEN SOURCES
D. MUCHTADI, H. SUTIYOSO, S. SULIANTARI,
S. FARDIAZ, W.P. RAHAYU
Department of Food Technology
and Human Nutrition,
Bogor Agricultural University,
Bogor, Indonesia
Abstract

The molds used in this study were Rhizopus sp. and Mucor sp., while the
yeasts used were C. utilis, Ç. solani. S. cerevisiae and Endomycopsis sp.
Gamma irradiation ( Co) was conducted to C. utilis and C_. solani, at
doses of 0, 10, 20,

30 and 40 krad with irradiation

rate of 61.64174

krad/hour. Molds were irradiated using ultraviolet light. As the mineral and
nitrogen sources for the microorganisms, (NH,)?SO , (NH.) HPO
and
MgSO .7H 0 were used in the form of solution to soak peeled cassava tubers

before being fermented.

Growth stimulation effect for the yeasts was
gamma irradiation at dose of 10 krad. "Ragi tape"
and non-UV-irradiated molds in combination with
(nitrogen) sources, significantly increased the
ketela".

observed from treatment of
prepared using these yeasts
the utilization of mineral
protein content of "tape

The "tape ketela" obtained using those treatments had a protein

content of 6.43% (dry basis) compared to 2.91% (db) for the control. However,
it had a lower reducing sugar content, i.e. 11.43% (db) compared to 31.76% for
the control.
The viability of the yeasts and molds in "ragi tape" during storage in a
refrigerator as well as at room temperature is found good until four weeks of
storage.

INTRODUCTION

"Tape Ketela" is one of the most important traditional fermented foods in
Indonesia. It is prepared by smearing powdered of "ragi tape" (as starter or
innoculum) on steamed peeled cassava tubers. The peeled cassava may be cut
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into small pieces of 2 x 4 cm and wrapped in a banana leaf, or it may be cut

into pieces of 30 x 4 cm and left unwrapped in a bamboo basket.

After 2 to 3

days of incubation at room temperature, the cassava tubers become soft and
have a sweet-alcoholic taste.
"Ragi

tape" is a starter which consists of rice powder, spices and

microorganism.
"ragi

According to Saono (1982), the predominant genera found in

tape" are: Amylomyces. Mucor. Rhizopus. Endomycopsis, Saccharomyces.

Hansenulla,

Candida.

Pediococcus

and

Bacillus.

In

our

previous

study

(Muchtadi et al., 1988), we had found as many as 13 mold and 8 yeasts isolates
from different local brand of "ragi tape".

The mold isolates consist of two

genera, i.e. Mucor and Rhizopus. while the yeast isolates only consist of one
genus, i.e. Endomycopsis.
Differ from other traditional fermented food (such as tempeh, a fermented
soyabean product), other than the change in sensory characteristics, no
improvement in nutritional value of cassava occurs as the results of "tape"
fermentation. The protein content of cassava tubers which is very low is
unchanged (sometimes it decreases slightly), and so other macro- and micronutrients.
"Tape ketela" is a popular food for the low-income population, where the
protein-energy malnutrition is prevalent.
As a snack, this product is
consumed as such or after being fried in hot oil. This product is also used
in the preparation of cakes or puddings.
Until present, no work has been conducted toward the improvement of its
nutritional value. As in the previous study (Muchtadi et al., 1988), the
present study is designed to increase the protein content of "tape ketela"
through genetic improvement of the yeasts in "ragi tape" by using gammairradiation treatment. Learning from our previous study, in this study we
also add several chemicals as the sources of mineral (nitrogen) for the

microorganism.
MATERIALS AND METHODS

Growth Rate Determination of the Yeasts

The yeasts used in this experiment were Candida utilis. Candida solani,
Saccharaomyces cerevisiae and Endomycopsis sp. Each of the yeasts was
inoculated into Potato Dextrose Broth, and every three hours the count of the
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cells was determined by Total Plate Count method using Potato Dextrose Agar as
the substrate.
Irradiation of Cultures

Irradiation of the yeasts was conducted at the National Atomic Research

Centre (BATAN), Pasar Jum at, Jakarta. Each of the yeasts was inoculated into
10 ml of Potato Dextrose Broth, and then irradiated by Gamma ray (Co 60) at
doses of 0, 10, 20, 30 and 40 Krad. Irradiation was done aerobically by
steaming filtered air into the tubes, and this was conducted using Gamma
Cell-220 with irradiation rate of 61.64174 Krad per hour.
The molds used, i.e. Rhizopus sp. and Mucor sp., were irradiated using

Ultra Violet lamp (15 Watt) at the distance of 36 cm for 20 minutes, and this
was conducted in our Food Microbiology Laboratory.
Preparation of "Ragi Tape"
One hundred grams of rice flour in a Petri dish was sterilized at 121 C
for 20 minutes.

After being cooled, it was inoculated with mold and yeast

suspensions, mixed and incubated at room temperature for two days.

The "ragi

tape" was then dried overnight in an oven at 50 C.

Production of "Tape Ketela"
Peeled and washed cassava tubers were cut into cubes ( I x l x l cm), and

then soaked overnight in a solution containing minerals as follows:
1)

9

grams

of

(NH ) SO ,
"f

Cf

2.25 grams

of

(NH ) HPO ,

and

0.75

autoclavable plastic

bag,

*\

T"

£*

*\

grams of MgSO,.7H.O in one litre of water;
2)

Two times concentration of the minerals;

3)

Two and a half times concentration of the minerals;

4)

Three times concentration of the minerals.

The

cassava

cubes were

then put

into

an

sterilized at 121 C for 20 minutes, and cooled. The cooked cassava cubes
were inoculated with 0.1% of "ragi tape", and incubated at room temperature
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for two days. "Tape ketela" control was made with the same procedure, but
using a commercial "ragi tape".
Protein and Reducing Sugar Determinations
Protein content of "tape ketela" obtained was determined by using Lowry
method (Fardiaz et al., 1986), while reducing sugar content by the Lane-Eynon
method (Fardiaz et al., 1986).
The Viability of the Yeasts and Molds in "Ragi Tape"

The viability of the yeasts and molds in "ragi tape" was determined by
Plate Count method. The powdered "ragi tape" was put into a plastic bag, and
then one lot was stored at cold storage (4 - 10°C) and another lot was
stored at room temperature. The count of each microorganisms was determined
after 0, 1, 2, 3 and 4 weeks of storage.
RESULTS AND DISCUSSION

Growth Curve of the Yeasts

The growth rate of the yeasts is depicted in Figure 1.

It is shown that

the growth curve of all of the yeasts follows the growth curve of
microorganisms in general. The logarithmic phase of the growth for all of the
yeasts falls between 9 to 12 hours of incubation.

Since at the logarithmic

phase, the microorganisms are more sensitive to environmental changes, we
conduct irradiation of the yeasts after being incubated for 9 hours.

Effect of Irradiation on the Growth Rate of the Yeasts
It is shown in Figure 2 that Candida utilis and Candida solani grow
faster after being irradiated at dose of 10 Krad, and then their growth rate

is decreased with increasing of irradiation doses. Whereas for Saccharomyces
cerevisiae and Endomycopsis sp., their growth rate decreases after being
irradiated.
According to Sadi et al.,
(1983), at a proper irradiation dose, the
treatment can increase about 50% of the microorganisms colonies. However, by
increasing the irradiation doses, the treatment will decrease the number of
viable cells (Siagian, 1983). At higher doses, irradiation will destroy the
cells and decreases the ability of the cells to multiply (Altman et al., 1970).

68
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FIG. 1. Growth curve of C. utilis, C. so/an/, S. cerevisiae and Endomycopsis sp. in potato dextrose broth.
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FIG. 2. Effect of gamma irradiation treatment on the growth of C. solani, C. utilis, S. cerevisiae and
Endomycopsis sp.
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From this experiment, we conclude to use 10 Krad-irradiated of Candida
utilis and Candida solani, and non-irradiated Saccharomyces cerevisiae and

Endomycopsis sp. in the preparation of "ragi tape".
Protein and Reducing Sugar Contents
In Table 1, it is shown that the utilization of irradiated yeasts in

"ragi tape" increases the protein content of "tape ketela" compared to that of
control ("tape ketela" produced by using commercial "ragi tape").

Table

1.

Protein

content of "tape ketela"

different

"ragi

tape" with or

produced
without

by

"Ragi tape"

using

addition

of

mineral sources (in % dry basis)
(*)

Soaking in minerals solution

Without
"Ragi
tape"

soaking

I
II
III
IV
V
VI
VII
VIII
IX
X
XI
<*)

(**>
(d)
(f)
(f)
<e)
(e)
(b)
(d)
(d)
(c)
(e)
(a)

2. 69 = 0.08
2. 79 = 0. 04
2. 98 = 0.04
2. 72 = 0.01
2. 93 = 0.04
1. 88=0. 19
2. 25=0. 14
2. 49=0. 04
n
£* . 64=0. 04
o .11-0.
10
0. 45 = 0.06
Q

1 time
cone .

2 times
cone .

2 .5 times

cone .

3 times
cone .

2 .82 = 0.02
3 .62 = 0.07
3 .11-0 .06
2 .97=0 .09
3 .70=0 .05
3 .14 = 0.04
2 .92 = 0.07
3 .02=0 .07
2 .69 = 0.18
3 .46 = 0.01
1 .25 = 0.05

5 .19 = 0.13
5 .64 = 0.03
6 .43 = 0.03
5 .78=0 .04
4 .55=0 .02
4.23=0 .01
4 .44 = 0.04
4 .71 = 0.00
4 .90 = 0.09
4 .06 = 0.02
2 .91 = 0.02

1 .10 = 0.08
2 .06 = 0.05
1 .89=0 .07
1 .62=0 .02
1 .83=0 .02
1 .16=0 .09
2 .02=0 .02
1 .50=0 .05
1 .04 = 0.03
1 .76 = 0.04
1 .26 = 0.05

0.93=0.04
1.15=0.03
1.15=0.01
1.17=0.02
0.89=0.04
1.23=0.04
1.32=0.01
0.97=0.02
0.90=0.03
1.73=0.02
1. 10=0.06

The minerals used are : 9 grams of
2.25 grams of
(NH4)2HP04 and 0.75 grams of MgS04 . 7H20 in litre of water.

(**) Numbers having
difference.

same

letters

present

no

significant

Note : Microorganisms present in each "ragi tape" are as follows:
I. Rhizopus sp. + Mucor sp.
II. Rhizopus sp. -t- Mucor sp. + C. utilis (10 Krad)
Rhizopus sp. + Mucor sp. + C. utilis (10 Krad) +
III.
C. solani (10 Krad)
IV. Rhizopus sp. + Mucor sp. + C. utilis (10 Krad) +
S. cerevisiae
Rhizopus sp. + Mucor sp. + C. utilis (10 Krad) +
Endomycopsis sp.
VI. Rhizopus sp. + Mucor sp. + C. utilis (10 Krad) -tC. solani (10 Krad) + S. cerevisiae
Rhizopus sp. + Mucor sp. + C. utilis (10 Krad) -tVII.
C. solani (10 Krad) + Endomycopsis sp.
VIII. Rhizopus sp. + Mucor sp. + C. utilis (10 Krad) +
C. solani (10 Krad) + S. cerevisiae + Endomycopsis sp.
IX. Rhizopus sp. (UV) + Mucor sp. (UV)
X. Rhizopus sp. (UV) + Mucor sp. (UV) + C. utilis (10 Krad)
XI. Commercial "ragi tape" as control.
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Ill which contains irradiated (10 Krad) Candida utilis and Candida solani
produces "tape ketela" with, the highest protein content, i.e. 6.43% dry

basis. However, all "ragi tape" which contain irradiated
ketela" with lower reducing sugar content (Table 2) as
control. This may be due to the incapability of molds in
produce reducing sugar in the amount comparable to that of

Table

2.

Reducing sugar content of "tape

using

ketela"

yeasts produce "tape
compared to that of
these "ragi tape" to
control.

produced

different "ragi tape" with or without

by

addition

of mineral sources (in X dry basis)
__

"Ragi
tape"

Without
soaking

Soaking in minerals solution
_ _ - _ _ _ _ - — --- — --_ — _--. — _ — —————— —— - — —
1 time
2 times
2.5 times
3 times
cone.
cone.
cone.
cone.

(**)
I (e)

12.38=0.01 11.56=0.05 13.34=0.00 15.45=0.01 14.67=0.08

II (e)

8.63=0.03 11.20=0.01 15.06=0.06 18.79=0.09 13.42=0.01

III (f)

15.11=0.02 15.51=0.03 11.43=0.04 16.80=0.09 13.37=0.05

IV (d)

9.45=0.04 11.50=0.01 13.80=0.01 16.75=0.02 13.78=0.03

V (c)

10.31=0.03 11.61=0.02 14.17=0.02 12.91=0.04 12.33=0.03

VI (d)

10.31=0.03 10.31=0.04 13.64=0.04 16.09=0.00 14.51=0.05

VII (b)

5.22=0.03 11.50=0.02 11.48=0.03 13.76=0.05 13.78=0.07

VIII <b>

6.53=0.03

9.27=0.02 14.54=0.03 12.59=0.04 11.62=0.00

IX (a)

4.98=0.07

9.52=0.05 10.51=0.03 13.61=0.03 11.63=0.03

X (b)

7.43=0.00

9.50=0.01 12.58=0.03 13.08=0.08 13.76=0.01

XI (g)

30.44=0.03 31.56=0.01 31.76=0.01 30.31=0.03 30.06=0.04

Note : see legend in Table 1.

Effect of Mineral Solution Concentration

In Table 1, it is shown that the protein contents of all "tape ketela"
increase after the cassava tubers are soaked in minerals solution, until it
reaches 2 times concentration of the minerals. This phenomenon is found for
all "ragi tape" used.

However, increasing further the minerals concentration

will decrease again their protein contents. The growth rate of microorganisms
depends largely on the availability of nutrients in the substrate.

Elements

which are needed for the optimum growth of molds and yeasts include nitrogen,
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carbon, phosphorus, potassium, sulphur, calcium, iron and magneisum (Nurwitri,

1981; Brock, 1977).

According to Pelczar et al. (1977) the nitrogen sources

for the growth of microorganisms are ammonium sulphate, ammonium phosphate,
ammonia, amino acids, peptide, urea or nitrate.
According to Daniel et al., (1979) and Stanbury and Whitaker (1984),
although nutrients are needed for the growth of microorganisms, their growth
rate will be delayed by high concentration of nutrients. This may be due to
the presence of catabolites which will affect the activity of hydrolyzable
enzymes for carbon, nitrogen, phosphorus and sulphur resources.

Effect of ultra Violet Treatment on Holds
From Table 1 and Table 2, it is clear that ultra violet irradiation
treatment on molds doesn't have beneficial effect to the "tape ketela"
produced. The protein as well as reducing sugar contents of "tape ketela"
produced by using "ragi tape" which contain UV-irradiated molds are
significantly lower than that produced using non-irradiated molds. This shows
that UV-irradiation treatment conducted in this study decreases the ability of
molds to grow faster and to hydrolyze starch into sugars effectively.
UV-light is one of the effective mutagens but also has a killing property, and
can inhibit the growth of microorganisms at higher doses (Fardiaz, 1988).

Viability of Holds and Yeasts in "Ragi Tape" during Storage
The number of molds and yeasts cells in "ragi tape" during storage is
shown in Table 3.

It is found that the number of molds and yeast cells is

slightly greater in "ragi tape" stored in a refrigerator than at room
temperature. It can be observed that the viability of molds and yeasts in
"ragi tape" stored in a refrigerator as well as at room temperature until
4 weeks of storage is good, which is reflected by the relatively constant of
their number of cells.
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Table

3.

Number

of cells of molds and yeasts

stored a t d i f f e r e n t

in

"ragi

tape"

temperatures

Temperature of storage
Sampl e

Week

No.

Yeasts

Molds
0

I

92 x 10
33 x 105
e
18 X 10°
12 X IO6

65

X

1
2
3

14
49
75
84

X 10
5s
X 10c.
X
5
X IO

84
82
20
50

X 10
7
X 10
5
i
n
X

X
X
X

X

X

IO4
IO4
10?6
IO

12
73

3
4

12
95
31
15

rri

i

36

X

IO5

2

37
17

X

10

X

10°

12

X

IO

1
2

3
4
IV

1
2
3
4

25
28
29
88

icr

R

X

59
44
62

X

X
X
X
X
X
X

6

34

X

4

30
37

X
X
X
X

X IO
X , 10^

X

32 x
47 x
23 X

1°«

IO6

Molds

Yeasts

82 x IOR4
35 x 10;?
93. X IO55
94 X IO

12 x 10
90 x 10°
26
54 x IO5

CJ

1
2
3
4

4
I

Refrigerator

Room Temperature

10

5
IO5

IO5
IO5
IO6
IO5

«s
IO6
5

io
10

fi

IO6

IO5
IO5
10
IO6

21
50
39
32

X
X
X
X

51
16
12

X 10
X

6
10
6
IO6

34

X
X

71
58
31
48

X IO
X ill
X 10
66
X IO

4

13
72
66
35

x
x
x
x

10^
10^
10B
10

41 x IO4
X

. . '

x
x
x
x

IO4
10^
10^
10°

47 x ioi?
36 x 10°

57
31
33
51

Note : (a) average values f r o m two determinations

(b) samples of "ragi tape" contain molds and yeasts as
follows :
(1) = Rhizopus s p . , Mucor sp., Endomycopsis sp.
and Saccharomyces sp.

(2) = Rhizopus s p . , Mucor s p . , C. u t i l i s (10 K r a d ) ,
C. solani (10 K r a d ) , and Saccharomyces sp.
(3) = Rhizopus sp. (UV), Mucor sp. (UV),
Endomycopsis sp. and Saccharomyces sp.
(4) = Rhizopus sp. ( U V ) , Mucor sp. (UV),
C. u t i l i s (10 Krad), C. solani (10 K r a d ) ,
and Saccharomyces sp.
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CONCLUSION

Gamma irradiation treatment at the dose of 10 Krad stimulates the growth
of Candida utilis and Candida solani. "Tape ketela" produced by using "ragi
tape" containing these yeasts has significantly greater protein content but
lower reducing sugar content as compared to that of control ("tape ketela"
produced by using commercial "ragi tape").
Soaking the cassava tubers in minerals solution before being fermented
until 2 times concentration of the minerals, increases the protein content of
"tape ketela". However, increasing further the minerals concentration will
decrease again its protein content.

UV-irradiation treatment to the molds has no beneficial effect, i.e.
"tape ketela" produced by using "ragi tape" containing these molds has lower
protein as well as producing sugar contents.
Observation on the viability of molds and yeasts in "ragi tape" during
storage in a refrigerator as well as at room temperature until 4 weeks of
storage, indicates that their viability is good as reflected by a relatively
constant of their number of cells.
Further study is needed to be simplified the procedure of high protein
"tape ketela" production process, because it is not the practice to soak the
cassava tubers in minerals solution before being fermented. This may be
achieved, for example, by developing of "ragi tape" which contains not only
active yeasts but also minerals (nitrogen) sources for their growth as well.
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THE EFFECT OF GAMMA RADIATION ON THE
CELLULOLYTIC, PECTINOLYTIC AND AMYLOLYTIC
ENZYME ACTIVITY OF SOME 'GARRT FERMENTING
MICROORGANISMS
C.M. GBEDEMAH, V. AWAFO

National Nuclear Research Institute,
Ghana Atomic Energy Commission,
Accra, Ghana
Abstract

In this study, three fungi and a bacterium involved in the fermentation
of "garri" were investigated for their cellulase, pectinase amylase activity
when exposed to different doses of gamma radiation. The fungi are Trichoderma
yiride, Rhizopus oryzae and Aspergillus niger and the bacterium is
Lactobecillus. plantarum. Enzyme activity, growth and acidity were monitored
after five days of incubation. T. viride and R. Oryzae showed best cellulase
activity at a dose of 100 krads and A. niger showed best cellulase activity at
50 krads. All the three fungi showed their best pectinase activity at
50 krads dose. The amylolytic potential of all three fungi was increased at
doses of 50 krads. Dosages of 50 krads also increased the three enzyme
activities of the L. plantarum but increases were not as marked as those of
the fungi.

Gamma irradiation increased the acid producing potential of A. niger.
The growth potential of T. viride was also increased by irradiation.

INTRODUCTION
"Garri" is one of the mast important traditional cassava fermented

foods in West Africa.

It is prepared by first peeling off the corky

outer peel and the thick cortex; the fleshy body of the root is then
grated by hand on home-made raspi the greater part of the juice is

removed, putting the pulp in polypropylene bags and loading on the bags
weights of stones for 48 - 72 hours.

During this period fermentation

occurs» the fermentation bags could also be traditionally woven raffia

bags or jute sacks.
Hand-made "sifting" equipment is used to remove a certain amount
of fibre and ungrated ends of roots

the semi-gried pulp is afterwards

heated to a crispy product in large iron pans over open fire with or

without the addition of palm oil. (Nelfah et al, 1988).
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The micro-Flora actively involved in cassava fermentation to garri
has always been in controversy.

Collard and Levi (1959) suggested that

Corynebacterium manihot and Geotrichum Candida were responsible for

garri fermentation. This has been disputed and other researchers
(Ejiofor and Okafor, 1981; Okafor, 1977) have proposed that Leuconostoc,

Alcaligenes, Lactobaccilus. Bacillus and Candida spp were involved in
cassava fermentation.

It has been argued that the original findings by Collard and Levi,
1959 may not be entirely dismissed since test subjects were unable to
differentiate between cassava which had been fermented for 24 hours with
pure cultures of Corynebacterium Manihot and Geotrichum Candida and
a traditional product for 4 days (Amund and Ogunsina, 1987).

Regardless of the composition of the microflora present during
the fermentation of cassava it has been established that nutritional
improvement is not achieved, (Ezeala, 1904).

There is therefore the

need to improve the fermentation of cassava.

One method of such an

improvement is mircrobial in which superior organisms can be inoculated
into for example the grated

pulp of the garri process.

Thus, this work was designed first to identify the microbes in
the garri process in Ghana.
of

While having non-toxicity in mind, a few

the organisms were selected and the effect of gamma radiation on

their cellulolytic, pectinolytic and amylolytic enzyme activity determined
by viscometry.
METHODS AND MATERIALS

Isolation and Identification of Fungi from fermenting cassava pulp
Isolation of molds from the fermenting cassava pulp was done by

pour plate method, using Potato Dextrose Agar.

Identification of the

molds was achieved by microscopic examination of slide cultures.

Isolation and Identification of the bacteria from fermenting cassava pulp
Plates of Tryptone glucose yeast extract agar, Nutrient agar,

Azide blood agar base and Violet Red bile agar were streaked with individual
sample colony cultures ear-lier isolated from fermenting cassava pulp.
The plates were incubated at 3D°C for 2 days.

Isolated colonies were

examined using the Gram stain and subcultured into plates and into broths.

Motility test, and a minimum number of visual, morphological, physiological and biochemical tests were carried out and the types of bacteria
identified.Keys for identification from Buchanan, R.E. and R.E. Gibbons,
(1974), Wilson, E and A. Hues (1975) and Pekzar Reid and Chan (1977)

were used.
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Irradiation of spores
Dry spores of the fungi were sieved after being cultivated on sterilized

maize.

The spores were then irradiated at the following doses, 0, 20,

40, 50, 100, 200 Krads in a Cobalt - 60 source, Gammacell 220 at dose rate
of 541.44 Gy/hr.

In the case of the bacterium 10ml suspensions of cultures in 0.1%

(W/V)

peptone solution in MaCartney tubes

were gamma irradiated at the

different doses.

Inoculation

The irradiated fungal spores of concentration of 10 /ml were
grown in 30 ml

of V-8 broth ammended by 20g glucose

per litre in 250ml

flasks and incubated at 30°C.
After 5 days of static growth, the fungi growth was assessed by
estimating the dry weight of harvested mycelium at the end of the incubation
period.

Mycelium collected on a previously weighed and dried Whatman

No. 2 filter paper was dried at 75°C for 24 hours. The filter paper carrying
the dried mycelium was then weighed, after it had been allowed to cool

in a dessicator.
1 ml each of the suspensions of the L. plantarium irradiated at
the different doses was inoculated into 30ml of nutrient broth in 250ml
flasks and incubated at 30°C for 5 days.

The growth rate of the bacterium was determined by measuring
the optical density at GBOnm.
Acidity:

The pH

of the culture filtrates of the microbes were

measured for each dose.
Cellulase, pectinase and amylase activity
The enzyme activities- were determined by viscometry.

Cellulase

activity was determined by measuring the reduction in viscosity of
0.5% (W/V] carboxy methylcellulose (CMC] solution (Muse et al, 1972)

with Fenkse - Dstwald's Viscometer at 30°C.
Reduction in viscosity of CMC was determined 3 hours after preparation
of reaction mixture. The reaction mixture contained 5 ml of CMC solution
and 5 ml of culture filtrate.
Pectinolytic activity a"f polygalacturonase (PG) was determined
by measuring loss in viscosity of 0.5% (W/V) sodium polypectate solution.

The procedure is same as above.
Amylolytic activity of the organisms was also determined by
measuring loss in viscosity of 0.5% (W/V) starch solution.
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In the case of the bacterium it was not the filtrate but rather

the incubation solution of the bacterium and the nutrient broth.
The reduction in viscosity was expressed as percentage loss in
viscosity, calculated by the following methematical expression.
Percentage loss in viscosity =

(To - Ti)

•———————————

Y
A

100

(To - Tw)

Where To = flow time of reaction mixture at Omin.
Ti = flow time of reaction mixture at 3 hrs.
Tw = flow time of distilled water.
RESULTS AND DISCUSSIONS

Table 1. Genera of microorganisms identified in garri fermentation.

NO.

BACTERIA

FUNGI

1.

Aspergillus flavus

Lactobacillus plantarum

2.

A. niger

Bacillus sp

3.

P. digitatum

Alcaligenes faecalis

4.

P. expansum

Peptococcus anaerobius

s:

A. ochraceus

6.

Fusarium monoliforme

Plicrococcus faecalis
Streptococous feacalis

7.

Rhizopus oryzae

B.

Trichoderma viride

From table 1, it can found out that from literature most of the fungi

are toxigenic except for |3. oryzae, T_. viride and A. niger. These fungi
were therefore chosen for mutagenetic studies.
Among the bacteria found J_. plantarum
Enzyme activities;

was also chosen for same.

Generally irradiation improved the enzyme activities

of all the organisms.

T_. viride had the best improvement in cellulase

activity by reducing 79% vicosity of CMC at 100 krads.

A. niger was

the next best by reducing 66% viscosity of, CMC at 40 Krads. R_. oryzae
also imrpvoed on its cellulase activity at 100 krads by reducing 57%

viscosity of CMC.

The bacterium, J_. plantarum was the least improved

in cellulase activity, 50 krads reduced only 48% of CMC at 50 krads.

This could be explained by the fact that its enzymes are membrane

bound,

[fig U.
In Fig 2, pectinase activity for all organisms was improved by 50

krads of gamma irradiation, T_. viride and A. niger showed the best improvement by reducing 64% and 63% of pectin respectively at 50 krads. The
80
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FIG.

1. Cellulase activity.

Til)

l)s

260

2. Pectinase activity.

bacterium, L., plantarum again showed the lowest improvement in activity
by reducing only 42% of pectin at 50 Krads.
The amylase activity, Fig 3, for all organisms was improved by 50

krads of gamma radiation.

T\ viridg reduced 75% of starch at 50 krads.

A. niger reduced 72% of starch.

j_. plantarum and Fl. oryzae reduced 65%

and 64% of starch respectively at 50 krads.
Irradiation increased the acid producing potential of A_. niger
CpH 2.7 to pH 2.2) but rather decreased that of T. viride (pH 5.4 to pH 6.4)

(Fig.

4) JL. plantarum also increased its acid producing potential

by irradiation.
potential.

At 50 krads j_. plantarum developed its best acid producing

For R. oryzae, the acid producing potential was increased

marginally. (pH 4.3 to pH 4.0).

7-1

T.viride
6-

Lplantarum
>
I

pH of initial medium.

a. 4.

3A.nlg»r

0

25

SO

FIG.

75
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3. Amylase activity.
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FIG. 4. Medium acidity.
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The improved enzymatic activity of the orgnisms is reflected in their

growth as show in Fig 5 and Fig 6.

Ultimately irradiation can increase

growth potential of the organisms in the fermentation process which would
mean in event increase protein synthesis thus resulting in net gain in
nitrogen.
0.35 -,

T.vMda

0.30 -

0.30

0.25 -

-.0.25 -

1
o 0.20 0.2$ -

l
J&0.15 -

8

o
J
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•g 0.10 -

I
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0.05

6 0 7 5 100 125 150 175~~200
DoBogc (Krad)

0
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Dorog« (Krad)
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FIG. 6. Growth of organisms.

FIG. 5. Growth of L plantarum.

CONCLUSION

The non-toxigenic organisms isolated and identified from garri
fermentation responded favourably for improved strain investigations by
irradiation.
For organisms, A. niger and j_. plantarum, 50 krads increases all

enzymatic activities investigated.

These organising will thus be easier

to manipulate commerciallly in the garri production process.

of J. viride and R_. oryzae

In the case

in order to be manipulated commercially one

inoculum has to be irradiated at 50 krads to improve pectinase and amylase

activity and another inolculum irradiated at 100 krads to improve cellulase
activity.

This combination will then result in the desired general

improvement effect.
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NUCLEAR TECHNIQUES IN THE IMPROVEMENT OF

THE QUALITY OF CASSAVA TRADITIONALLY
FERMENTED IN INDONESIA
M. LINA
Centre for the Application of Isotopes
and Radiation,
National Atomic Energy Agency,
Jakarta, Indonesia
Abstract

Microflora of 25 samples of "ragi tape" (microbial starter using for the
production of "tape ketela" - Indonesian traditional cassava fermented food)
was studied and 161 microbial strains including 75 moulds, 47 yeasts and
39 bacteria were isolated from these samples.
Two mould strains, which have the highest amylase ability and two yeast
strains producing high ethanol were selected for improvement of their
fermentative characteristics with the help of the gamma-radiation treatment.
LD
of two mould strains (RBM and RSM ) were determined as 97,5
Ov
3
£
krad and 182,5 krad respectively, whereas selected yeast strains (RCrgy and
RBdgy9) had LD
appropriate LD ,
£i

J \J

of 35 krad and 37 krad respectively.
Using the
mould strain RBM
and yeast strain RCrgy
were

irradiated and as a result of this treatment 47 and 226 irradiation surviving
mutants have been obtained respectively.
Among the mould survivors, two mutants were very promising in amylase
ability and the glucose production of these has been found to be increased

4 times when compared with the wild strain.
However, only one of the yeast mutants showed a slight increase in the
ethanol production than in the wild strain (about 55%). Further study is
required to obtain stable mutants with a high ability to convert/assimilate
the cassava starch.

INTRODUCTION

"Tape singkong/tape ketela" is a popular Indonesian fermented food made
from steamed peeled cassava tuber scattered with "ragi tape" powder as a
starter. The fermented cassava are ready to be consumed after 2 days. Many
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Indonesian people eat "tape" as a supplement meal. The taste of "tape" is
sweet with mild acoholic flavour. "Tape singkong" is usually eaten directly
as a fresh fermented food, but it can also be fried, boiled in coconut milk
with brown sugar.

"Ragi tape" is made from rice flour mixed with spices and produced by
traditional manufacturer and home industries. The preparation method varies
from place to place and depends on the availability of the ingredients. "Ragi
tape" as a starter contains certain microorganisms such as mould, yeast, and
bacteria. The microorganisms come from the surroundings and the equipment
used by the traditional manufacturer as the naturation infection (1).
As a starter, "ragi tape" has an important role to obtain good quality

"tape singkong". Therefore, the improvement of microorganisms activity in the
"ragi tape", such as irradiation to induce mutation is necessary. By this
techniques, it is expected that the microorganisms activity can be increased
and the time of fermentation can be reduced. According to MEYRATH (2) more
than 50% of Aspergillus oryzae colonies irradiated with gamma rays at doses of
0.7 - 1.1. kGy could produce higher amylase than the wild strain. Strain
Saccharomyces vini irradiated by gamma rays at doses of 1.5 - 2.0 kGy could
ferment grape juice faster than unirradiated strain (3).
The purpose of this investigation is to study the possibility of using
gamma irradiation to induce mutation on microorganisms in "ragi tape" in an
attempt to improve the quality of "tape singkong", a traditional fermented
cassava.
MATERIALS AND METHODS

As much as 25 "ragi tape" samples were used in this experiment.
samples were collected from different cities in Indonesia.

The

Isolation of Microorganism from "Ragi Tape". Ten grams of "ragi tape"
was homogenized in 90 ml of sterile distilled water. The suspension was then
cultured on three media namely Malt Extract Agar for mould, Sabouraud Dextrose
Agar for yeast and Nutrient Agar for bacteria (Difco), using streak plate
method. The cultures then purified on slant agar after two days incubation at
room temperature (28°C + 2°C).
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Determination of Uof

Selected Strains. The determination was carried

out on the selected amylolytic mould strains (RBM_, RSM ), and alcoholic
yeast strains (RCrgY£ , RBdgY-).
This experiment was also done on
£*
Endomycopsis sp. and the selected alcoholic yeast strains from laboratory
collection (Pd, As and StI). The LD
of selected amylolytic mould strain
was determined by harvesting the spores and mycelia from pure culture after
being added with sterile distilled water, stirred, and then filtered with
cotton. The suspension was centrifuged at 10,000 rpm for 10 minutes. The
supernatant was taken out and spores precipitate resuspended with sterile
o
distilled water to gain a certain concentration i.e. (+ 10 cells/ml). The
spores suspension was then irradiated with
Co at the dose rate of 2.0 kGy
per hour. Irradiation was carried out at room temperature with doses of
0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and 3.5 kGy. As much as 0.1 ml of irradiated
spores suspension was cultured on one plate of Sabouraud Dextrose Agar (SDA)
J

£t

by streak plate method after being diluted with a serial dilution. Mould
colonies were counted after one day and two days' incubation at room
temperature. The LD n can be estimated from the survivor curve.
Preparation of irradiation treatment to obtain the LD

on yeast strain

was described in our previous investigations (4, 5) using Sabouraud Dextrose
Broth as cultivation medium. The temperature, irradiation doses, and the
treatment, after irradiation were similar with those for mould spores as
mentioned earlier. Yeast colonies were counted after 3 days.

on

Mutation Screening Technique.

The screening technique could be done just

one

(RBM )

selected

mould

strain

and

one

selected

yeast

strain

(RCrgY ). Mould spores suspension containing about 10 spores/0.1 ml and
yeast suspension containing about 20-30 cells/0.1 ml were irradiated using the
LD
of each strain. The volume of each irradiated suspension was 2 ml.
After irradiation, all of the suspensions were cultured on SDA by the streak
plate method. The low concentrations of the suspensions were used in order to
be able to separate the cultured spores of mould and yeast cells,
individually. All of the survive colonies of mould and yeast were purified
individually on slant agar. The irradiation surviving mould and yeast strains
were inoculated into the respective substrates.
Determination of Glucose Content. Glucose content of the substrate
determined using a glucose specific reagent (GOD-PODLK), obtained from Nagase
Sangyo Co. Ltd., Japan (6).

87

Determination of Ethanol Content. Two methods were used to determine the
ethanol content. In the first method, ethanol was determined using gas liquid
chromatography. This method was described in our previous investigation (7).
The second method was carried out with UV - method using alcohol dehydrogenase
(Boehringer Mannheim) according to Bonichsen (1971), as described by FUJIMURA
(personal communication) (8).
Identification of Mould Strain.
using optical microscope.

The identification was

accomplished

RESULTS AND DISCUSSION

Variety of Microorganism in "ragi tape". Microorganisms isolated from 25
samples of "ragi tape", were 75 mould, 39 bacteria, and 47 yeast isolates/
strains.
The Selected Microbial Strain.

From 75 mould strains isolated, only

three strains i.e. RBM , RSM , and RCbM

produced high glucose with the

concentrations of 1.82%, 1.73%, and 1.46% (w/v) from 5% cassava starch
substrate at 96 hours incubation, therefore, the converted cassava starch to

glucose were 36%, 34% and 29% (w/w), respectively.
The highest glucose content was 0.3971% so that the converted cassava

starch to glucose was 7.9420%. It was produced by one strain among 47 yeast
strains isolated i.e. RCjrY at the incubation time of 96 hours.
The glucose produced by Endomycopsis sp. from substrate, was 0.2288% and
the converted cassava starch to glucose was 4.5760%. The incubation time was
similar with that for mould strain as mentioned above.
In comparison with glucose content produced by the selected mould strains
as mentioned earlier, the glucose production from the activities of RCjrY
it
and Endomycopsis sp. were much lower.
The isolating bacteria are considered as contaminants in "ragi tape" due
to the low activity of them to produce glucose.

At the incubation time of 96 hours two strains among 47 yeast strains
isolated namely RCrgY and RBdgY
could produce high ethanol with the
concentrations of 0.71% and 0.67% (v/v), and converted 15.09% and 12.98% (v/w)
glucose to substrate to ethanol, respectively.
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Pd As and Stl as comparative strains, produced high ethanol from
substrate, with the concentrations of 1.15% and 1.04% at the same incubation
(96 hours). It means that 24.16% and 22.00% glucose contents of substrate
could be converted to ethanol by Pd As and Stl strains, respectively.

In connection with lactic acid production, the experiment to select the
lactic acid bacteria was also performed. From 39 bacterial strains isolated,
only one strain (RBdgB ) could produce lactic acid.
The LD

of selected Microbial Strain. The LD5Q of two selected

amylolytic mould
whereas the LD
was 0.625 kGy.
had the LD
of
were 0.60 kGy and

strains (RBM and RSM ), were 0.975 kGy and 1.825 kGy,
of Endomycopsis sp. as comparative amylolytic yeast strain
The selected alcoholic yeast strains (RCrgY and RBdgY )
0.35 kGy and 0.375 kGy, while the LD
of Pd As and Stl
0.475 kGy.

The Irradiation Surviving Amylolytic Mould Strain. In comparison with
the unirradiated (wild-type) amylolytic mould strain which produced glucose
with

the

concentration

of

0.4880%

(w/v) , about

49%

of

the

irradiation

surviving strains among 47 surviving strains obtained, had ability to produce
higher glucose, while at the same incubation (48 hours) the ability of the
other strains was low. It was found that only two strains of them i.e.
RBM S
and RBM S,
had capability to produce the highest glucose
which were about 4 times that of glucose produced by the wild strain.
Irradiation to induce mutation on mould strain used in this study seemed to
increase the glucose production, significantly. The previous investigators

(9) stated that mutant of microorganism such as irradiation induced mutant can
alter its fermentation ability, increase or decrease the capacity to produce

some end product.

From the 226 strains survived after irradiation about 87% had a little
higher capability to produce ethanol, while at the same incubation (48 hours)

the others produced lower ethanol than the wild strain. The highest ethanol
concentration produced by the surviving strain RCrgY£• S
with the
concentration of 0.3723%, whereas the ethanol concentration of the wild strain
(RCrgY ) was 0.2394% (v/v) .

By comparing the ability on producing ethanol

of those strains, that surviving strain could increase the ethanol production

as much as + 55%. However, it seems that irradiation to induce mutation on

alcoholic yeast strain used in this experiment, did not enhance the ethanol
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production, significantly.

The induced synthesis of a certain enzyme produced

by yeast cells, can be inhibited by ionizing radiation (10). PATRICK and
HAYNES (11) reported that although the biochemical mechanism of the recovery
process in irradiated yeast is unknown, but this microorganism possesses
enzymatic repair mechanism.

The repeat experiments to obtain permanent mutants either for irradiation
surviving mould or yeast strains as mentioned above, have not been performed,
therefore, the further study will be necessary.

CONCLUSIONS

From 75 mould strains
RCbM„ had ability to produce
isolating yeast strains, one
two strains namely RCrgY £*
RCjrY strain or Endomycopsis

isolated, three strains i.e. RBM , RSM , and
J
£
glucose higher than the others, while among 47
strain (RCjrY ) could produce high glucose and
and RBdgY«£t produced high ethanol.
Either
sp. as a comparative amylolytic strain, had an

ability to produce glucose much lower than the selected mould strains.
One strain among 37 bacteria
selected as a lactic acid bacteria.
About

49%

of

strains

among

47

strains

isolated, namely

irradiation

surviving

RBdgY2

mould

was

strains

obtained, had higher ability on producing glucose than the wild strain, while
the others were on the contrary. The highest glucose content was 4 times that
of glucose produced by the wild strain and it produced by two strains, i.e.
S
and
From 226 irradiation surviving yeast strains, + 87% of the strains showed
slight increase in ethanol production, compared with the wild strain. The
surviving strain RCrgYz Sn
could produce the highest ethanol and enhance
± 55% ethanol production of the wild strain.
All of the selected mould strains (RBM , RSM , and RCbM ) consisted

of one genus i.e. Mucor sp.

Further study required to obtain the permanent mutants of the strains as
mentioned earlier which have high ability to convert cassava starch.
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Until now, the study on nutritional improvement of the cassava fermented
food in Indonesia has not been performed except the research under the

co-ordination of IAEA.
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Abstract

Among 200 Aspergillus and Rhizopus were collected from Bangkok MIRCEN,
laboratories

and

Industries.

Fungi

N0,

A

,

W 0 , _ and

A

W

are

the

highest amylolytic fungi in our screening test. After irradiation at
50-99 percent killing doses, only A showed the improvement of amylolytic
activity called A - M1 and A - M . The optimum environment of these
W
JL
W
£
mutants were pH 4.5, temperature at 30 C and the moisture content at
45 percent.
The mutant A¥r - M.
grows faster than AW - M£ before
-L
3.5 day. At 4 days of incubation A - M gave higher glucosamine content
at 205.5 mg. per l g of the mold bran. MnSO, at 0.03 percents gave more
sporulation of these mutants. The mutants AW - M£ and AW - M_L
gave
1
higher protein content in the mold bran and potato dextrose broth
respectively. The kinetics of the fermentation process of the mutants showed
that Aw - M,1 and Aw - M.
2 gave the highest raw starch digestion and
W

£à

glucoamylase activity at 396.35 mg. sugar and 1,458.01 unit per l g mold bran
at 3 and 4 days respectively.
INTRODUCTION

Cassava is one of the important economic plant in Thailand. Average
annual production of cassava in Thailand is about 19-20 million tons per
year. Cassava 5-6 million tons per year will be exported to EEC market. The
rest must be consumed inside the country. The Government has set-up the
National Cassava Policy Board which has established the plan for the cassava
uses into four categories. They are for animal feed, human food, industrial
application and other uses.
Many institutes in Thailand including
laboratories, universities have studies in many aspects such as animal feed,
human food and industrial uses.
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Our study was undertaken to establish the possibility of nuclear
techniques to improve amylase producing ability of fungi for the use of
industrial application in Thailand.
MATERIALS AND METHODS

200

cultures

were

collected

from

Bangkok

MIRCEN,

laboratories

and

industries. They were screened for better amylolytic activity by using
Hesseltine et al. (1963), raw starch digestion activity and glucoamylase
activity in solid culture of mold bran. The better amylolytic fungi were
exposed to gamma and UV-radiation at different doses to establish D.. value
and the radiation survival curve. They were irradiated at 50-99% killing
doses. The expected mutants were screened on 3% starch agar plate. The
higher saccharifying activity-expected mutants were screened for the further
test in liquid medium by Hesseltin et al. (1963), raw starch digestion and
glucoamylase activity in solid culture of mold bran (Saha and Ueda 1983; Medda
et al. 1982); Shaffer-somogyi Micromethod, 1933} and Nelson-Somogyi method
(1944). The environmental factor of the mutants were studied on pH,
temperature and the moisture content.

The mutants were inoculated in the mold bran of wheat bran: rice hull:
tapioca flour at 3:1:1. The pH ranges of the solid culture were 3.0, 3.5, 4.0
and 4.5. After 0, 1, 2, 3 and 4 days of incubations at 30 C, the raw starch
digestion and glucoamylase activities were determined.
The mutants were inoculated in the mold bran and kept at 20°, 30°,

35° and
and 40°. The
The raw
raw starch digestion aand glucoamylase activities were
anylased after 0, 1, 2, 3 and 4 days storage.
The mutants were grown on the solid culture at 45, 50 and 55 and 60

percents of the mold bran. The raw starch digestion and glucoamylase
activities were determined after 0, 1, 2, 3 and 4 days of incubation.

The mutants were grown on potato dextrose broth and snaked 200 rpm for 4
days at room temperature. They were filtrated, then the mycelium were dried
at 100°C for 48 hrs. The mold bran were also inoculated with these mutants
and incubated at optimum pH, temperature and moisture content for 0, 1, 2, 3
and 4 days. The inoculated mold bran were dried at 100°C for 48 hrs. The
glucosamine content was determined according to Cockran and Vercellotti, 1978;
and Van de Loo 1976. The dried mycelium and mold bran were determined for
crude protein content (AOAC, 1984).
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Total acidity of finished product were determined for comparison data
with taste panel analysis (AOAC, 1984).
RESULTS

200 fungi of Aspergillus and Rhizopus have been collected from Bangkok
MIRCEN, laboratories and industries. The results showed that Aspergillus
strains N,,
A^O-D , WJ <37/ and AW are the highest amylolytic fungi in our
t»
collections and these strains were irradiated at 50% - 99% killing doses. The

screening tests for higher amylolytic mutant were conducted using 3% starch
agar plate, liquid culture and solic culture. Fig. I and 2 showed that
mutants
and
have more raw starch digestion and
w
w - M
glucoamylase activities than the original strain (A ).
w
Fig. 3, 4 and 5 showed that pH 4.5, temperature at 30 C and moisture
content at 45 percents are the optimum condition for both mutants A - M,
w
l
and A - M„.
w
2
2,500

2,000

3 1,500

1,000

500

time (days)

Figure 1: Glucoamylase activities of mutant A

- M

and A

- M-

comparing to original strain (A ) in mold bran.
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Figure 2: Raw starch digestion of mutant A

- M

comparing

to the original strain (A ) in mold bran.
w

Figure 3: Optimum pH of mutant A

- M,, A

- M

in mold bran.
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Figure 4: Optimum temperature of mutant A - M,, A - M„ in mold bran.
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F i g u r e 5: Optimum m o i s t u r e content on m u t a n t A

w

A

w

- M„ in mold bran.
2

-M, and

1

Fig.

6 showed

that

the mutants A
W

- M. and A
±

W

- M

gave more

£t

mycelium according to the day of incubation increased. The highest growth
rate of them are at 4 days of incubation and the mutant A - M, grows
W
^
faster than A - M.. after 3.5 days of incubation.

Table 1 showed crude protein content of the mutants which were cultivated

in potato dextrose broth and the mold bran. The result showed that the mutant
Aw - M,l give more crude protein in liquid culture while the mutant Aw
- M did in the mold bran.
Table 2 showed average color and odour scores of fermented steamed
cassava detected by 10 trained panelists. It indicated that the panelists
accept these new products which were inoculated with the mutant, A - Mmore than A - Mn . The sample inoculated with the mutant A - M. in
w
1
*
w
2
replication 3 gave a sweet aroma which gained the highest score of odour at
6.3 ± 1.41 and color score at 7.0 + 1.49. For the sample inoculated with the
mutant Aw - Mn1 gave the highest odour score at 6.2 + 0.78 and the color
score at 6.5 ± 0.84.

The total acidity (Table 2) of the fermented cassava showed that the
samples which have higher color and odour score also produce more acid.
acidity produced by A - M„ and MI are 4.74 and 3.87% respectively.
W
£t
-L

The

The fermented cassava shred showed slightly mycelim and ammonia odour.

Because raw cassava were used for the fermentation which is difficult to
digest by the mutants. Moreover, the moisture content of the surface of
cassava shred is too dry for mycelium growth.
Figure 7 showed that the mutant A - ML gave the raw starch digestion
at maximum rate at 3 days and 7 hours of incubation at 396.35 mg. sugar per
1 g. of mold bran. The mutant AW - KL
starting to give high glucoamylase
^

activity at 1 day and 7 hours of incubation at the rate of 1,293.91 unit per
1 g. mold bran and the activities remained nearly the same rate. The highest
activity of this mutant showed at 4 days of incubation at the rate of 1,458.01
unit per 1 g. of mold bran.
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F i g u r e 6: G l u c o s a m i n e concent of m y c e l i u m of m u t a n t
A - M, and A - M_ in mold b r a n ,
w
1
w
2
* m y c e l i u m of A - M and A - M„ g i v e the g l u c o s a m i n e
content 812.5 a n d 7 9 5 . 7 1 ug/g. d r y w t . r e s p e c t i v e l y .

Table 1:

Protein content of the mutant Aw dextrose broth (PDB) and mold bran

Mutant

A

w ~ Ml

A

w - M2

Cultivation
media

and

Aw -

«2

in

potato

Crude Protein
(%)

PDB

18.35

Mold bran

17.35

PDB

15.16

Mold bran

17.55
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Table 2: Average Hedonic scale rating score of color and odour comparing to
total acidity of fermented cassava inoculated with the mutants for
1 day and 17 hours

Mutant

Odour

Replication Color

AW - MI

2
3

4.3 ± 0.67 4.4 ± 1.36
5 .6 ± 1.17 5.0 ± 1.42
6.5 ± 0.84 6.2 ± 0.78

0.802
1.604
3 .865

1
2
3

5 .0 ± 0.94 5.2 ± 0.97
6.5 + 0.97 5.2 ± 1.09
7.0 ± 1.49 6.3 + 1.41

2.334
1.604
4.74

1

AW ~ ^1

A
400

2,000-

300

1,500.

a 200

1,000-

- 100 .

Total
acidity %

- M

500

1

2

time (days)

Figure 7: The kinetics of the fermentation process of mutant
A - M, and A - M_ in mold bran,
w
1
w
2
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CONCLUSION

Fungi, N0, A,AW, W_„ and A are the better amylolytic fungi from
OJ/
W
the culture collection in Thailand. After gamma radiation treatment, only
fungi A can produce the higher amylolytic mutants called A - M and
W

w

•*-

A - M. in terms of raw starch digestion and glucoamylase activities. The
w
2
optimum environmental condition of the mutants Aw - KL
1 and Aw - M20
were pH 4.5, temperature 30 C and 45 percent moisture content.
The
morphology of the mutant A - KL is white mycelium, black spore and medium
W
_L
sporulation. The mutant AW - M.
is white young mycelium. The color of
£
the mycelium will be changed to yellow in 2-3 days. The spore is black and
very small with poor sporulation. Our study showed that MnSO. at 0.03% gave
more sporulation of this mutant. Both of mutants give good flavour in the
fermentation process of steamed cassava. Mutant A - MI grow faster than
A - M0 before 3.5 days of incubation. The mutants A - M. and A
w
2
w
2
w
M- gave higher protein production in the mold bran and potato dextrose broth
respectively.
The kinetics of the fermentation process of the mutants showed that A
- M_Ln and AW - MZi0 gave highest raw starch digestion and glucoamylase
activity at 3.25 and 4 days of incubation respectively.

ACKNOWLEDGEMENTS

The research is supported in part through Research Contract 4758/RB by
the International Atomic Energy Agency, Vienna, Austria, and through an
agreement with the Office of Atomic Energy for Peace (OAEP), Bangkok,
Thailand. To both agencies the authors are indebted.
The author would like to acknowledge Mrs. Chintana Bunnag for her
participation in protein and acidity analysis, Mr. Saman Intaisong for the
photographs and the Department of Radiation Measurement for the participation
of dose rate determination.

101

REFERENCES

Association of Official Analytical Chemistry (AOAC). 1984. Official
Method of Analysis. AOAC, Inc. Virginia 22209, USA, p. 1141.
Cochran, T.W. and Vercellotti, J.R. 1978. Hexosamine biosynthesis and
accumulation by Fungi in liquid and solid media. Carbohydrate Research.
61: 529 - 534.
Hesseltine, C.W., Smith, M. and Bradie, B. 1963. Investigation of
tempeh and Indonesian food. Development in Industrial Microbiology, 4:
275 - 287.

Medda, S., Saha, B.C. and Ueda, S. 1982.
Glcoamylase I of Black
Aspergillus. J. Fac. Agr., Kyushu Univ. 26 (2-3): 139-139.
Nelson, N.J. 1944. A phtometric adaptation of the Somogyi method for the
determination of glucose. J. Biol. Chem. 153; 375-380.
Saha, B.C. and Ueda, S. 1983. Raw starch adsorption, elution and
digestion behaviour of glucoamylase of Rhizopus niveus. J. Ferment.
Technol. 61(1): 67-72.
Shaffer, P.A. and Somogyi, M. (1933). J. of Biological Chemistry. 100;
195.
Ueda, S. 1957.
Studies on the amylolytic system of the black-koji
molds. Part II. Raw starch digestibility of the saccharogenic amylase
fraction and its interaction with the dextrinogenic amylase fraction.
Bull. Agri. Chem. Soc. Japan. 21(5); 284-290.

Van de Loo, H.M. 1976. An improved method for the quantitative
determination of hexosamine according to Elson and Morgan. Analytical
Biochemistry, 76; 556-560.

102

UPGRADING OF THE NUTRITIVE VALUE OF
STARCHY FOODS (CASSAVA) THROUGH
FERMENTATION WITH GENETICALLY MANIPULATED
(IRRADIATED) MICROORGANISMS
S.H. HAM AD
Food Research Centre,
Khartoum, Sudan
Abstract

More than two hundred samples of microorganisms were collected in

the

laboratory from the local habitats of sorgo reprocessing including alcoholic
drink factories, glucose and starch producing factories and households.
The

screening

programme

was

performed

and

the

starch

assimilating

microorganisms which showed a good growth on the starch medium was isolated
and identified.

All yeast samples collected were found to belong to the genus

and species Saccharomyces cerevisitae and bacteria to Bacillus subtilis sp.
The microorganisms obtained from the screening programme were irradiated
using the gamma-radiation dose of 27,5

showed

that

after

radiation

krad (Cobalt-60).

treatment,

Preliminary results

some microorganisms had

a better

abilities to grow in starch medium in comparison with the untreated strains.
The

identification

of

some of

the

microorganisms were collected

and

studies on their fermentative properties are in progress.

Introduction
The problem of hunger in most developing countries is

apparent.

This problem is

two Told, on one side, the amounts

of foods produced are not enough to cover the needs of the
exploding populations and on the other side m o s t of the

foods traditionally consumed in these countries have low
protein and vitamin contents and in addition their proteins

are deficient in one or another essential amino acid«
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Many scientists and research workers see a possible
solution for this problem in the use of the microbial
protein for human and animal feeding.
The use of microorganisms for the improvement of the
nutritive value of starchy foods by directly growing there
microorganisms on media made of these foods faces some
technical problems.
Most of the " d o m e s t i c " microorganisms d o n ' t assimilate

s t a r c h , the main carbohydrate of these f o o d s , and hence can
not grow and p r o l e f e r a t e on media made of materials like
sorghum, cassava etc.

An important step towards a solution of this problem
will be the development of microbial strains able to
assimilate starch directly.

This can be achieved by

screening for starch assimilating microorganisms from
nature or by induction of nutation towards direct starch
assimilation.
Another technical problem concerning the growth of
microorganisms on media made of

starchy foods is

problem of nitrogen supply for microbial growth.
nitrogen content of sorghum and cassava is
will not allow enough microbial growth.

the

The

too low and

A nitrogen source

must be added to the medium.
A variety of inorganic nitrogenous compounds could be
used as a nitrogen source for raicrobial growth.
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The aim of this work will therefore be:

1.

Search for and development of microorganisms able to
assimilate starch directly.

2.

a)

Screening

b)

Mutation

O p t i m i z a t i o n of a starcb medium (dough) for microbial
growth.

3.

This can be achieved by:

The following has to be clarified:

a)

Nitrogen source

b)

Fermentation conditions

c)

Fermentation pots etc.

Chemical analysis

of the protein rich fermentation

product;

a)

Protein content

b)

Nitrogen content

c)

Nucleic acid content

d)

Ash content

f)

Residual inorganic nitrogen, etc,

Literature Review

The main food crops in the Sudan are sorghum and millet.
Sorghum contributes 66.3$ and millet l ? « 1 ^ to the Sudanese
d i e t (Badi e_t al. , 198?).
Cassava is the main food crop in southern Sudan, whereas

more wheat is

consumed in the northern Region of the country,

All these food sources are low in protein.

For a healthy

human nutrition, diets made of these food crops have to be
supplemented with a rich protein source like meat, milk etc.

These conventional protein sources are not readily available
in most developing countries.

This is why people started
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looking Tor other unconventional protein rich foods to
solve this problem.

One of these unconventional foods is

the microbial protein.
Microbial fermentation is well known in the traditional

food preparation procedures in the Sudan.
scientists worked on these fermented foods.
the majority of the Sudanese people is

"Kisra" made from sorghum flour.

Many Sudanese
The staple of

the fermented food

The fermentation is

traditionally carried out in earthenware containers.

Water

is added to sorghum flour and then a starter culture is
added and the fermentation starts and continues for about
12 hours at room temperature.

It

is a natural fermentation

and comprises a. succession of a lactic acid fermentation
followed by an alcoholic fermentation (Dirav, 1987, Badi
e_t al. , 1987).
Results of studies carried out on the quality of Kisra

showed that the traditional fermentation brought no improvement in its nutritional value.

The protein content showed no significant change after
fermentation (El Tinay

T et

al. » 1985).

The protein content

of Kisra could be increased by fortification of the sorghum

flour with protein rich foods.

Ahmed et al» (1987) found

a significant improvement in the protein content and quality

of fermented sorghum af-ter addition of 30% edible groundnut
flour.

sorghum

Moreover, the addition of edible groundnut flour to

improved

the composition of the essential amino

acids and the functional properties of the protein enriched
composite flour (Ahmed and Ramanatham, 198?» Ahmed and

Ramanathan, 1988).
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Microbial fermentation is well known in the traditional

food preparation procedures in the Sudan.
scientists worked on these fermented foods.
the majority of the Sudanese people is

"Kisra" made from sorghum flour.

Many Sudanese
The staple of

the fermented food

The fermentation is

traditionally carried out in earthenware containers.

Water

is added to sorghum flour and then a starter culture is
added and the fermentation starts and continues for about

12 hours at room temperature.

It is a natural fermentation

and comprises a succession of a lactic acid fermentation
followed by an alcoholic fermentation (Dirav, 198?, Badi

e_t al., 1987) .
Results of studies carried out on the quality of Kisra

showed that the traditional fermentation brought no improvement in its nutritional value.
The protein content showed no significant change after

fermentation (El Tinay et al. » 1985).

The protein content

of Kisra could be increased by fortification of the sorghum
flour with protein rich foods.

Ahmed et al« (198?) found

a significant improvement in the protein content and quality
of fermented sorghum after addition of 3O% edible groundnut

flour.
sorghum

Moreover, the addition of edible groundnut flour to
improved

the composition of the essential amino

acids and the functional properties of the protein enriched
composite flour (Ahmed and Ramanatham, 1987; Ahmed and

Ramanathan, 1988).
Fanga is the staple of southern Sudan.
porridge made of cassava flour.

cassava chips and quandu is

Quanda is

a souce

It

is a

a sort of

made from cassava leaves.
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O t h e r traditionally fermented foods known in the

Sudan include:
1.

Sorghum and millet products

2.

^heese and fermented milk

3.

Meat and fish products

4.

Meat substitutes of plant origin

5.

Dates and syrup products

(See Divav, 1987; Dureng e_£ al_. , 1987; Beshir and Agab,
1987; Ahmed, 1987).
A common feature of all

of these fermentations is a lack

of an effective increase in the protein content of the final
product.

The nature of the fermentations does not allow

such an increase, because no nitrogen source other than

that already present in the fermented foods Is added to
the fermentation medium*

All what these microorganisms

could do is to consume the nitrogen source of the fermented
food and change it

to cell biomass.

The main effect of

these fermentations is on the taste and flavour of these

foods.

These fermentations help also in improving the

keeping quality of these foods.

Materials and Methods
A.

Microbiological methods
1. Screening for starch assimilating microorganisms
There is no microbial culture collection in the Sudan.

To get microorganisms suitable for the task in question, a
screening programme was started.

In this programme samples

were collected from habitats supposed to favorer the growth
of starch assimilating microorganisms.

These habitats

included flour mills, a glucose and starch producing factory,
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places of production of local alcoholic drinks from sorghum,
households etc the screening was confined to Khartoum area
and its near surroundings.
2. Collection of samples

Liquid samples were taken in sterile flasks covered
with cotton blugs and solid samples in sterile beakers
covered with foil.

3.

Isolation of microorganisms from samples

Starch assimilating microorganisms were isolated by a
direct plating of the samples or their suspensions on a

starch medium (20 g starch, 6.7 B yeast nitrogen base, 20 g
Agar, 1 L water) (Lodder, 197O).

Microorganisms which

showed growth on this medium were transfered to starch medium

slants and kept in the refrigerator for further investigation.
4.

Shake flask fermentations

Microorganisms which showed growth on solid starch
medium were also tested in liquid media«

100 ml starch

medium (20 g starch, 6.7 g yeast nitrogen base and 1 L

HpO) were inoculated with a loop of fresh culture and
incubated for 2k to 48 hours in
1OO rpm.
5«

a shaker at 30 C and

The rate of increase in

cell biomass was determined.

Identification of microorganisms

Yeasts were identified according to L o d d « r ( l 9 7 O ) and
Barnett et al.

(1983).

Bacteria were identified according

to Bergey's Manual (1985) and Cowan and Steel (1979)
6.

Biomass concentration

Samples of 2.5 ml were centrifuged for

10 minutes at

20OO rpm, washed twice and then dried in an oven at

105°C,

cooled in an exsicator and weighed.
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7.

Protein content

The protein content was determined according to the
biuret method modified by Herbert et al« ( 1 9 7 1 ) .

8.

Nitrogen content

The nitrogen content was determined using the Kjeldahl

method (Krueger and Bieligi, 1976).

9.

Starch concentration

Volumetric method (The Lane and Eynon Method) by

measuring reducing sugars produced on starch hydrolysis.
10. Irradiation of microorganisms
The microorganisms were irradiated using a gamma cell,
isotope Cobalt 6O, giving 1,1 kilo-rad per minute.

Freshl}1"

inoculated dishes (on PDA) were introduced into the cell
and irradiated for 25 minutes.

in a dark place till transfered

The dishes were then kept

to the incubator.

11. propagation of irradiated microorganisms
Treated and untreated microorganisms were grown in a

starch medium in shake flask experiments as described
under 4,

Results
1.

Screening

The samples studied were collected from the following

areas (Khartoum and surroundings)s
i.

Khartoum North: places of local alcoholic drinks.
These alcoholic drinks are produced f r o m sorghum.
Fifty samples were collected.

ii.

Omdurmans places of local alcoholic drinks. Fifty
samples.
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iii.

Households (Omdurman): samples from different

stages of preparation of kisra: 15 samples.
iv.

Food Research Centre: samples from the kisra
line: 15 samples.

v.

Khartoum: samples from all

stages of production

of the glucose and starch factory: 50 samples,
vi.

Faculty of Agriculture: samples of bacteria were
provided by Mr. Ahmed Elawad: 20 samples.

vii.

Food ResearcQ Centre: Bacteria provided by Dr.
Muna Ahraed Agab:

viii.

10 samples.

MIRCEN Sgypt: one bacteria and 3 yeasts provided
by Prof. Dr. El Magzoub.

The outcome of this screening programme was the

following:
1.

Different

samples of bacteria

2.

Few yeast samples

3.

Many types of fungi

The yeasts and bacteria were kept for identification
and further investigations»
2.

Identification of microorganisms
All yeast samples collected were found to belong to

the genus and species Saccharomyces cerevisiae and the
bacteria belong
3.

to the genus and species Bacillus subtills»

Shake flask experiments
These experiments are still going on.

Some organisms

showed b e t t e r growth after irradiation (high

plate

counts).

More investigations are needed.

Ill
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MOLECULAR GENETIC/GENE ENGINEERING TECHNIQUES
IN THE CONSTRUCTION OF
THE IMPROVED MICROBIAL STRAINS
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APPLICATIONS OF MOLECULAR GENETICS OF THE
CORYNEFORM BACTERIA TO CASSAVA FERMENTATION

L.K. DUNICAN, D. HEERY, A. FEGAN, E. SHIVNAN,
E. DELANEY, C. BREEN, E. NOONE
Department of Microbiology,
University College,
Galway, Ireland
Abstract

The main achievement of this project was the cloning of two of the major
genes

involved

in

the

biosynthesis

of

amino

acids

by

Corynebacterium

glutamicum. The entire tryptophan operon (6 genes) was cloned and the control
region and the initial gene was sequenced both in the wild type and in a
depressed over-producing mutant. A single base change in the attenuated
region was found to be responsible for this over-production of tryptophan.
The initial gene of the aromatic biosynthetic pathway - DAHP synthetase - has
also been cloned and is being sequenced. In addition, the use of high voltage
electroporation has been developed for these bacteria and gives a 1000-fold
better system for transformation. The work above has been original and makes
a major contribution to amino acid biosynthesis. This work has depended on
the very extensive use of radioisotopes in the genetic manipulations
involved. The use of these isotopes in DNA probes and DNA sequencing made
this work possible.

Corynebacteria have become increasingly important in many areas of
biotechnology. They are most widely known for their production of amino
acids which, in money terms is second only to the antibiotic industry. They
are additionally involved in the production of nucleotides, steroids,
terpenes, emulsifying agents, antibiotics, anti-tumour agents as well as
being involved in cheese manufacture and other fermentations.
The amino acid production industry began in Japan with the production of
glutamic acid which was used for mono-sodium-glutamate production, but

over the last 30 years the industry has escalated into a multi-billion
dollar industry.

Traditional technology
Cheap carbon sources have been used successfully as substrates. Molasses
is the most usual substrate although cassava and other starch products
have been mentioned as alternative raw materials for use in the
fermentation. Strain engineering has relied on relatively low
technologies, i.e. mutation and selection coupled to testing to evaluate the
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improvement in yield achieved. These modestly simple approaches have
seen yields of amino acids increase from milligram quantities /L to 20 to
80 g/l depending on the amino acid. Conversion of 40% of available carbon
in the substrate to amino acids has been achieved. Finally the fermentation
technology used, although extremely large in scale, is still relatively
uncomplicated and high amino acid yields can be obtained quite easily.
These three factors:
use of cheap and abundant raw materials
use of emperical methods for strain improvement
use of large , but relatively low technology fermentations
make the amino acid industry suitable for application in developing
countries and as a model in other areas.
Recombinant technology
More recently, efforts are succeeding to apply the technologies of genetic
engineering to strain breeding programmes, which have traditionally relied
on simple, empirical approaches using mutation/selection. Advances in
bacterial transformation, gene cloning and reverse genetics have come
chiefly from Europe and Japan and our understanding of the genetics of the
Coryneform bacteria has appreciated considerably.
This paper describes some of the recent research in this laboratory and
the implications for the design of programmes to improve traditional
domestic fermentations in developing countries. Some of the rationale
which has led the direction of this research has been previously detailed
in the May 1988 meeeting of this IEAE group in Vienna.

SUMMARY OF RESULTS

1. Transformation of DMA into Coryneform bacteria.
The first reports of transformation of plasmids into coryneform bacteria
by Yoshihama et al (1985) relied on the transformation of bacterial
protoplasts and the subsquent regeneration of these to recover viable cells
containing the plasmid of interest. Recently electroporation methods have
been developed to achieve transformation of these bacteria.
Electroporation involves the exposure of the cells and plasmids to high
voltages for brief periods of time during which the surface of the cell is
changed sufficiently to allow plasmids to be taken in. This technology has
been developed very successfully during this project using a
commmercially available Gene Pulser (Bio-Rad Laboratories) apparatus.
The conditions used required very high bacterial cell concentrations
(IxlO^ml) and voltages of 2.500KV for 4-5 milliseconds (Dunican and
Shivnan, 1989). Transformations of lO'Vug of plasmid DNA was achieved.
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This was considerably higher than that reported previously and was a
thousand times higher than can be achieved using the standard protoplast
transformation techniques.

2. Cloning of amino acid biosynthetic genes.
It has been shown that the cloning of amino acid biosynthetic genes on to
multicopy plasmids can improve amnio acid yields in appropriate
corynebacterial hosts, (Sano, 1987).
We have cloned the entire tryptophan operon and the initial gene in the
aromatic acid pathway which leads to the production of the three amino
acids tryptophan, phenylalanine and tyrosine. This initial aromatic gene,
DAMP synthetase, is the regulatory control point leading to the
biosynthesis of all these three amino acids
The trp operon was cloned from a derepressed strain of C. glutamicum

(this strain has been mutated to over-produce tryptophan) has been used to
complement E.coli strains with mutantions in the individual trp genes i.e.
trp E, D, C, B, and A (Heery and Dunican, 1989). A model for the control of
this operon by repression and attenuation has been proposed and several
mutations responsible for deregulation of the operon in trp over-producing
mutants have been identified.

3. Extension of the carbon sources used by coryneform bacteria.
We have developed a method to allow the utilisation of whey by
coryneforms . Whey is an abundant by-product of cheese manufacture in
Ireland and contains 5% lactose.
In addition, we are currently cloning the lactose hydrolysing genes from
Microbacterium lacticum with a view to introducing these into
C.glutamicum.

4. Recombination deficient strains.
Two stains of C. glutamicum which are sensitive to UV and MMS
(methylmethanesulfonate) have been isolated. These strains also lack the
ability to filament which may indicate a mutation in a recA-like gene. In
addition they transform poorly, a feature of recA-type strains.
The advantage of having recombination deficient strains is that they allow
the stable carriage of homologous genes, on plasmids, which is very useful
for genetic studies. Recombination deficient strains will also be very
valuable as recipients for plasmids which contain cloned homologous
biosynthetic pathways. In theory, pathways containing homologous genes
should be more stably maintained in recombination deficient strains since
the instability due to homologous recombination should not occur.

5. Investigations of linamarin hydrolysing bacteria.
Seven bacteria were isolated in Galway which could release HCN from
linamarin. These were isolated from fermenting grass/clover material.
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Clover, like many legumes, contains cyanoglycosides. Of a number of
isolates, these seven had the ability of releasing HCN when grown on a
medium containing linamarin. Six of the strains were streptococcal lactic
acid bacteria, the seventh being positively identified as Leuconostoc
mesenteroides based on its ability to produce dextran as well as
conforming to other biochemical tests typical of this species.
The investigation was primarily designed to see if this linamarase enzyme
was a definitive enzyme or was a conventional B-galactosidase enzyme
which had the (additional) ability to hydrolyse linamarin. All seven
isolates hydrolysed linamarin. The six streptococcal isolates hydrolysed
lactose using a phospho-B-galactosidase activity.
The Lmesenteroides isolate hydrolysed lactose by the B-galactosidase
enzyme activity

Activity of isolates on lactose and linamarin
B-gal

p-B-gal

Lactic Streptococci (6 strains)

1.5

L.mesenteroides isolate

24.0 1

Streptococcus lactis MG4500

-

Linamarin

6-29

+++++
+++++

+++++

B-gal = B-galactosidase; p-B-gal= phospho-B-galactosidase. Activity is
measured in units.

Additional experiments established that the seven linamarase isolates
could also hydrolyse amygdalin, another cyanoglycoside. Of the isolates
the L.mesenteroides isolate was by far the most proficient.
From these results it is apparent that the iinamarase enzyme is novel and
is distinct from the two classical glucosidases, i.e. B-galactosidase and
phospho-B-galactosidase and that linamarase is a distinct enzyme which
releases HCN from ünamarin and amygdaun. While work is progressing on
this, the use of amygdalin as a screen for linamarase has many advantages
especially since it is cheap and easily obtained.
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MOLECULAR GENETIC APPROACHES TO THE CONSTRUCTION
OF AMYLASE HIGH PRODUCING MICROBIAL STRAINS
Z. HOSTALEK

Institute of Microbiology,
Czechoslovak Academy of Sciences,
Prague, Czechoslovakia
Abstract
The use of cassava for the production of single cell protein includes two

basic approaches: the selection of strains to utilize cassava carbohydrate for
their growth and the improvement of these strains using classic mutagenesis
and/or gene engineering techniques and tools.
This paper describes molecular genetic procedures applied to increase the

amylolytic abilities of the strains of Streptomyees and Thermomonospora genera
which are efficient producers of a number of enzymes and to utilize cassava as
a carbon source.
The specific genes coding the production of alpha-amylase were isolated
from Streptomyees limosus and Thermomonospora curvata and inserted into wide
spectrum, multicopy plasmid vectors of streptomycetes.

of

these

genes

led

to

over

production

of

The increased dosage

alpha-amylases

in

a

series

of

streptomycete recipients.
It is intended that another representative of the order Actinomycetales,
Corynebacteritim manihot isolated from the cassava root, should be used as a
recipient

of

the

prepared

wide-spectrum

thermosensitive and thermostable genes
cassava starch).

recombined

( f o r improvement

plasmids

of

bearing

utilizing

the

After verification of the suitability of C. manihot,

the

strain should be mutagenized to obtain mutants producing increased amounts of

an essential amino acid which then would increase the nutritional value of the
used microorganism.

The use of cassava in the production of single cell protein
includes two basic approaches, selection of strains able to uti-

lize cassava root polysaccharides (starch and cellulose) for
growth and improvement of such strains using methods of both

classical and molecular genetics.
The list of strains detected on Manihot esculenta roots by
various authors was presented in the last progress report ( 1 9 8 7 ) .
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It follows from the list that, from the theoretical point of
view, a broad spectrum of microorganisms including prokaryotic
eubacteria and bacilli and eukaryotic yeasts and molds can be
used for single cell protein production. Most eukaryotic microorganisms producing a number of side products that are agreeable
from the point of view of medicine, are difficult to be manipulated genetically. Of prokaryotic microorganisms bacilli cannot
be recommended due to their high hydroxybutyrate content. From
the point of view of food industry, Acetobacter aceti appears to
be most advantageous, however, genetic approaches can only hardly
be applied.
The finding of Corynebacterium manihot and of a number of
streptomycetes in mixed microbial cultures obtained from Manihot
esculenta roots led us to the assumption that the permanently increasing information concerning genetics of the order of Actino-

mycetales could be used to construct strains of the genera Streptomyces and Thermomonospora (efficient producers of a number of
enzymes) utilizing cassava as a carbon source.
Therefore, we isolated genes coding for production of thermosensitive ami and thermostable tarn alpha-amylase from Streptomyces limosus and Thermomonospora curvata and inserted them into
wide-spectrum, multicopy plasmid vectors of streptomycetes, obtained from foreign laboratories or constructed by us. Preparation of these recombined plasmids was described (see References).
The increased gene dosage of the ami and tarn genes led to overproduction of alpha-amylases not only in the classical laboratory
recipient strain of Streptomyces lividans but also in a series
of streptomycete strains in which overproduction of alpha-amylase
was relatively stable.
In a further work we tried to transfer the tarn gene in recombined wide-spectrum plasmids pRS421 and pRS422 to protoplasts
of the thermotolerant strain of Thermomonospora curvata isolated
originally from compost and exhibiting a high cellulase activity.
The plasmids were transferred by means of both transformation of

protoplasts of Thermomonospora curvata with the aid of polyethyleneglycol and electrofusion of protoplasts of Streptomyces lividans and Thermomonospora curvata and, after protoplast regeneration, the streptomycete donor was eliminated by increasing temperature of the cultivation medium to 55 °C. The transfer was
demonstrated but the plasmids were unstable at the higher tempe122

rature and were gradually eliminated from the cells if a selection pressure was not applied (resistance to an antibiotic). These
problems could be avoided by decreasing the cultivation temperature by 10 °C. However, the stabilization experiments have not
yet been concluded.
Future proposals

i) Another representative of the order Actinomycetales, viz.
Corynebacterium manihot, isolated from the cassava root microflora, should be used as recipient of the prepared wide-spectrum
recombined plasmids bearing ami and tarn genes. In this way,
utilization of the amylaceous substrate should be improved.
ii) Biochemical analysis of Corynebacterium manihot growing on
starch will be performed.
iii)

After verification of suitability of Corynebacterium manihot
as a recipient and medical unobjectionability of its products,
the strain will be mutagenized and mutants producing increased
amounts of an essential amino acid (lysine in the first place)
will be looked for. Such an amino acid would then increase
nutritional value of the used strain and the relatively simple
amino acid biosynthetic pathway in the genus Corynebacterium,
which has frequently been used as industrial amino acid producer, would be utilized.

Methodical comments
The use of radioisotopes in both experimental and analytical
techniques was one of the basic approaches.
For the search of alpha-amylase genes by means of DNA-DNA
hybridization and in the analysis of primary structure of these
genes by sequencing according to Sanger labelled deoxycytidine
5»_{A/_ pj triphosphate, deoxycytidine 5'-& - L35SJ thiotriphosphate, and deoxyadenosine 5'-L^- PJ triphosphate were used.
Labelled compounds were products of the Amersham company.
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MITOTIC SEGREGATION IN INTERGENERIC HYBRIDS
OF YEAST TO GIVE NOVEL GENETIC SEGREGANTS
Terence Leong Sun CHEE
Raffles Junior College
Tan Hao YANG
Victoria Junior College
Nga Been HEN, Farah Diba binte ABU BAKAR
Microbiology Department,
National University of Singapore
Singapore
Abstract

Two strains of yeast, Yarrow!a lipolytica and Saccharomycopsis
fibuligera. have a filamentous growth form in addition to budding cells.
Y. lipolytica produces lipases and is used in the production of citric acid
while W. fibuligera produces amylases and is used in the production of rice
wine.
In the present report, we made a study of the following:
(i)

karyotypes of the two yeast strains to obtain a better
understanding of their genetic relatedness,
(ii) genetic crosses between the two strains to produce intergeneric
hybrids, and
(iii) pattern of genetic segregation of the intergeneric hybrids via the
mitotic process.
The results of our studies showed that the two yeast strains were
genetically related and that putative intergeneric hybrids were obtained by a
genetic crossing of the strains. The hybrids were relatively stable in
mitosis as compared to their parent strains. However, in prolonged vegetative
propagation, the hybrids gave rise to genetic segregants, most of which were
of either of the two parent phenotypes. A number of the segregants had
phenotypes which combined those of the parental types. Of considerable
significance was that yet a few others were novel as they exhibited phenotypes
not hitherto seen for both parent strains.
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INTRODUCTION

Yeasts are well known to us as organisms used in the production of

bread, beer, wine, yeast extract and alcohol.

They are also used in the

making of single cell protein and citric acid. A few yeasts are also known
to be the causal organisms for human diseases.
species of yeasts.

There are many different

Yeasts are eukaryotes. Yeasts reproduce by budding.

Some species have a mycelial growth form in addition to the budding cells.
In this report we made a study of two mycelial yeasts, Yarrowia lipolytica

and Saccharomycopsis fibuligera.

Y. lipolytica produces upases and is of

considerable importance in Southeast Asia as lipases are useful in the
hydrolysis of vegetable oils, including palm oil. Malaysia produces in excess

of 4.5 million tonnes of palm oil a year.
which hydrolyse starch.

Î5. f ibuligera produces amylases

This makes it useful in the rice wine making industry.

The genetic system for Y. lipolytica is well established and genetic cloning
procedures for it is known from studies by scientists in France and USA.
Genetic cloning of genes for amylase of £. fibuligera is known from studies

of scientists in Japan and Canada.

We are particularly interested in

obtaining a better understanding of the genetic relatedness of the two
yeasts.

Initially, we made a comparative study of the karyotypes of the two
yeasts to establish their chromosome types. We then produced putative

intergeneric hybrids of the two strains as they showed a good degree of
similarity.

Finally, we made a study of mitotic segregation of the

intergeneric hybrids.
MATERIALS AND METHODS

Strains:
The following strains of yeast were used for the OFAGE runs:
Saccharomycopsis fibuligera strain 8014 (wild type) and Yarrowia lipolytica
strain D29 (wild type).
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For subsequent intergeneric experiments, the parent yeast strains used were
Saccharomycopsis f ibuligera strain 193, met, and Yarrowia lipolytica strain
1529 A

Preparation of gel inserts containing Yeast DNA for the OFAGE:
To achieve this purpose, we used the method designed by Peter De Jouge
et. al. (1988).
We first obtained 10

late-log-phase cells by growing a preculture for 24h

at 30°C and then growing 0.5 ml of this preculture in 40ml YEPD. A suitable
volume containing the required number of cells was then spun down and the
resulting cell pellet washed with 0.05M EDTA, pH 7.5 at room temperature.
The mixture was then spun down again and the process repeated (resuspending
and centrifuging) with CPE buffer and CPES buffer (CPE with sorbitol and
dithiothreitol) . The resulting cells were then acclimatized at 38 C for 5
min.

To produce spheroplasts, 20mg of Novozyme 234 was first dissolved in

5ml of 1% low gelling agarose mixed in CPE buffer. This was then mixed with
the cell suspension and the mixture pipetted into a matrix cooled beforehand

and allowed to gel at 0°C. The agarose blocks were then removed from the
matrix and kept at 30°C for 1 hr in 20ml CPE buffer.

To lyse the cells for

the DNA molecules, 0.025g of Proteinase K was added to 20ml NDS and the
resulting solution then added to the agarose blocks.

After 16hrs at 50 C

without shaking, the blocks now contained suf fient yeast DNA for use in the
OFAGE.

They may be stored for 3 weeks at 4°C in fresh NDS without fear of

DNA degeneration.

Crossing experiments;
In our experiments, we obtained intergeneric hybrids of ^5. fibuligera
and Y. lipolytica by crossing them naturally in mating media (YMC) . The
principle of this crossing method involves mixing compatible mating types of
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yeast with complementary nutritional requirements and plating this mixture
onto minimal media (YNBG) in order to select hybrid prototrophs from parent
auxotrophs.

(The intergeneric hybrids would grow on plates containing YNBG

due to genetic complementation while the parent auxotrophs would not).

Protoplast fusion;

YE
Strains, B leu„ ade. xpr2 and 193 met, were grown for 24h in 40ml
media at 30 C with shaking.

10ml portions of these cultures were added to

90ml portions of YE media and grown to log phase.
and washed in sterile distilled water twice.

The cultures were harvested

Cells were resuspended in 10ml

PTP-sorbitol buffer which contained dithiothreitol.

Cells of B leu ~

xpr~ were so treated for 5 min. and of 193 met for 15 min. The tubes were
kept in ice and then spun down and washed in MAP-sorbitol, two times. The
pellets were then resuspended in 8ml of MAP-sorbitol containing 70mg novozyme

and incubated at 30 C for 30 min. The protoplasts were harvested and washed
in MAP-sorbitol containing 5% Ficoll.

These were centrifuged and the

protoplasts were resuspended in an osmotic stabilising buffer.
from the two strains were mixed in equal volumes.

Protoplasts

These were centrifuged and

the pellet was resuspended in PEG at 25% in OSB. This was incubated at 30°C
for 30 min. Finally an equal volume of OSB was added to the mixture and the
content was spun down.

The pellet was washed once in OSB and resuspended in

2ml of OSB. Aliquots from this and diluted portions were plated onto

regeneration media and incubated for 5-7d at 30 C.

Plating experiments:

Spread plating was carried out as follows: O.lml of cell solution
containing about 1000 cells per ml was transferred onto the surface of
respective media plates by a micropipette and spread evenly using a sterile
glass spreader.
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The cells were then allowed to grow at 30 C for 3 days.

For auxanography test, petri-dishes of media containing YNBG 4- methionine
(meth) + histidine (his) were prepared.

Before the agar solidified, a

solution containing the particular cells to be analysed was poured onto each

plate, and the contents allowed to be homogenized with the media.

After the

agar solidified, the 4 supplements (hydrolyzed casein, nucleic acids,
vitamins and an amino acid pool containing proline, arginine, glutamine and

glutamic acid) were added on separate parts of the media plate using a
micropipette.

The cells were then allowed to grow for 3 days at 30 C.

Materials used for the preparation of DNA gel inserts for OFAGE runs;

YEPD, yeast extract peptone dextrose (yeast extract 10g, trypticase

peptone 20g, glucose 20g, distilled water 1000ml); EDTA buffer (0.05M EDTA
solution 18.6g, Tris HC1 1.576g, dithiothreitol 1.542g, pH 7.5); citric
acid buffer (citric acid 5.04g, sodium hydrogen phosphate 10.21g, distilled
water 600ml, pH 6.0); CPE buffer (citric acid buffer 100ml, 0.5M EDTA

solution, pH 7.5 4ml); CPES buffer (CPE buffer 1000ml, sorbitol 217.44g,
dithiothreitol 0.771g); EDTA, disodium dihydrate, 0.05M, pH 7.5 (EDTA 18.61g,
distilled water 1000ml); agarose, low gelling (low-melting point agarose (1%)

O.lg, CPE buffer 10ml); same for agarose used in OFAGE except that agarose NA
was used instead; NDS solution (EDTA 372.2g, Tris HC1 2.422g, pH 7.5);

spheroplasting solution (novozyme 20mg, low-melting point agarose (1%) 5ml);
electrophoresis (running) buffer, TBE (Tris base 32.7g, boric acid 16.695g,
EDTA 2.79g, distilled water 1000ml, pH 8.2).

Media:

Preparation for the various media used in the crossing experiments and
the study of the pattern of genetic segregation of the intergeneric hybrids
were as follows :
Mating media, YMC (malt 3g, peptone 5g, yeast extract 3g, sodium citrate 0.5g,
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agar 25g, distilled water 1000ml); Simmons citrate agar (simmons citrate agar
2.43g, distilled water 1000ml); complete media, yeast extract agar, YEA
(yeast extract 3g, glucose 18g, agar 9g, distilled water 600ml); yeast peptone
starch, YPSS (yeast extract 2.4g, potassium hydrogenphosphate 0.6g,
magnesium sulphate 0.3g, agar 12g, soluble starch 9g, distilled water 600ml);
minimal media, yeast nitrogen base glucose, YNBG (yeast nitrogen base 2g,
ammonium sulphate 1.5g, agar 1.5g, glucose 6g, distilled water 600ml).

Stock solutions of amino acid supplements to minimal media were
prepared as follows: methionine - 48mg per 20ml of distilled water; histidine
-48mg per 20ml of distilled water.

5ml aliquots of stock amino acid

supplements were added per 600ml of YNBG whenever necessary.

For auxanography test, the following were supplemented to YNBG +
methionine + histidine in 10 ml portions: vitamin complex (biotin, calcium
pantothenate, folic acid, niacin, p-aminobenzoic acid, pyridoxine
hydrochloride); yeast nucleic acid (2.5 ml per 1000 ml of distilled water);
hydrolysed casein (1.5 g of casamino acids per 1000 ml of distilled water);
argine, proline, glutamine, glutamic acid common pathway pool (48 mg per 20 ml
of distilled water).

RESULTS
Results of OFAGE runs;

The yeast strain Saccharomyces cerevisiae was used as a DNA size
standard.

It has small DNA molecules (less than 750 kb).

It has been observed that the chromosomal patterns of Y. lipolytica and
S. fibuligera were similar. Both have DNA bands of large, medium and small
sized DNA molecules.

Certain bands of the 2 yeasts were also located on

similar positions, indicating similar chromosome sizes.

Furthermore, both

yeasts have approximately the same number of chromosome mobility groups, with
5 for S. fibuligera and 6 for Y. lipolytica.
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Results of intereeneric cross between S. fibuligera and Y. lipolytica and

subsequent study of the intergeneric hybrids;

Four intergeneric hybrid strains, 7i, 9i, 14i and 15i, were obtained as
described in the crossing methods. They were then inoculated onto centres of
petri-dishes containing complete media + starch (YPSS) along with the

controls, S. fibuligera strain 193, met, and Y. lipolytica strain 1529, A

his.. . The plates were incubated at 30 C for 2 weeks.
In the process of the 2 weeks' incubation, samples of cells were taken
from the centre of each hybrid culture after 7 days of growth and spread

plated onto complete media (YEA) and minimal media (YNBG) plates.

These were

then incubated for 3 days at 30°C. The colonies that grew from the single
cells or fragments of mycelia in these plates were classified according to

their morphology (Table la and Table Ib) .
Table la
Plating of cells on YEA

Parent
strains

Number of colonies with phenotype of
Y. lipolytica j>. fibuligera

Total no. of
colonies

71

525

107

632

91

531

494

1025

141

384

36

420

151

9

531

540

Table Ib
Plating of cells on YNBG
Parent
strains

Number of colonies with phenotype of
Y. lipolytica j>. fibuligera

Total no. of
colonies

71

401

96

497

91

357

514

871

141

292

45

337

151

2

538

540
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On growing for 2 weeks at 30 C on YPSS, sectors were observed in the
growth pattern of the intergeneric hybrids 7i, 9i, 14i and 15i.

The sectors were numbered and analysed by inoculating them onto media
plates containing YPSS (control), citrate, YNBG, YNBG + met, YNBG + his,

YNBG + met + his. The results obtained are given in Table 2.

Table 2
Spontaneous Segregants from the Hybrid; 193 met and A his 1

Parent Strains

Number of Sectors

met

his

met his

met his

total

151

232

0

8

0

240

91

233

0

4

1

238

71

86

0

2

1

89

141

208

1

5

0

214

Parent Strains

Number of Sectors

met

his

met glu

151

232

0

7

91

233

0

71

86

141

208

met his glu

met his

total

1

0

240

3

1

1

238

0

2

0

1

89

1

3

2

0

214

In the case of 7i, 9i, 141 and 15i, the 21 sectors which were not able
to grow in media supplemented with methionine and histidine were subjected

to further classification.

Studies were conducted on the requirements of the 21 sectors from 71,
9±, 14i and 15i which were unable to grow on YNBG supplemented with methionine

and histidine.
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Auxanography test was then carried out for each of the 21 segregants.
All 21 segregants gave growth on the portion of YNBG + his + met supplemented

with hydrolysed casein.

When supplementation was done with vitamin solution

and nucleic acid solution, no growth was observed for any of the 21
segregants.

A classification of these segregants on YNBG media containing
supplements of different combinations of the following chemicals: methionine,
histidine and glutamic acid gave results as presented in the lower part
of the Table.

In order to ascertain the genetic nature of the original _S. fibuligera
strain and S^. fibuligera 193 met, these strains were inoculated onto YPSS
plates and incubated for two weeks at 30 C.

Cells of the Yarrowia lipolytica

strain A his, were also inoculated onto YPSS plates and incubated at 30 C
for two weeks.

The results of this experiment are shown in Table 3.

S^ fibuligera strain 193 met was obtained from the original strain 8014
by UV mutagenesis. A very low frequency of occurrence of mutants, mostly
morphological, were obtained subsequent to UV mutagenesis of cells of the
strain 8014. A plausible explanation of the present results is that the
strain 193 is diploid and had a lesion in a gene for an enzyme in the glutamate
biosynthetic pathway.

Protoplast fusants were obtained between the strain 193 met and 1529

A his, and between 193 met and B leu~ ade. xpr~.

These hybrid strains were

subjected to vegetative growth and spontaneous segregation on YPSS media.
The results for the characteristics of the sectors of hybrid 193 met and

1529 A his, were similar to those obtained from the same hybrid from genetic
crossing.

The characteristics of the spontaneous segregants for the other

hybrid are given in Table 4.
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Table 3
Spontaneous Segregation from the Original Strain 8014 (S. fibullgera)

Total

Number of Sectors

met

met glu

250

0

250

Y. lipolytica 1529 A his, gave no spontaneous sectors,

Spontaneous Segregants from the Strain; 193 met

(a)

(b)

Total

Number of Sectors
_
_
_ _
met
his
met glu

_ _ _
met his glu

233

0

0

7

.j--f
me t his
240

0

Total

Number of Sectors

me t
112

met ade leu
0

met ade
0

met leu
0"

ade leu
0

ade
003

leu

met glu
115

Table 4

Spontaneous Segregants from the Hybrid, 193 met and B leu,, ade, xpr0

met~

met leu

met ade

met leu ade

leu ade

ade

leu

others

10

72

0

0

0

0

0

0

3

4

76

0

0

0

0

0

0

4

Hybrid Strain

YNBG

6

1

170

0

0

0

0

0

0

1

16

1

74

0

0

0

0

0

0

0

W
OS

Table 5b;

Table 5a

Ability to hydrolyze starch by
spontaneous mltotlc segregants
of Yarrowia-SaccharomycoDsis
hybrids
Ability to grow on :
YEA
+ citrate

YEA
+ tributyrin

YEA
+ acetate

Requirement
for

193 met

-

+ (h-)

+

met

A his,
1

+

+ (h+)

+

his

193
A his 1

+

71 38
151 87
141 60
141
91

Spontaneous Segregants

71 35

7i
151
151
141

38
83
87
60

-

-

+0

91 1
71 35
171 1
31
311
161
11
lii
R16ii
17iio

+
-

+ (h+)
+ (h-)
+ (h-)

+ (h+)
+ (hs)

+
+
+
+
+
+
+
+

met
met
met
met

his
his
his
his

151
171

+

31

+

met his
met his

311

-f

161

+

11

+

R161

+

met
met
met
met
met
his
met
met

met
his
met
met
met
met
met
met
met
met
met
met
met
met
met

his

his
his
his
his
his
his

Fourteen spontaneous segregants from the hybrid 193 met and 1529
A his, were classified for their ability to utilise citrate, tributyrin
and acetate as the carbohydrate source for growth.

The results are given

in Tables 5a and 5b.

DISCUSSION

Yarrowia lipolytica and Saccharomycopsis fibuligera are genetically
related yeasts.

This can be seen from the OFAGE runs, where visibly, their

chromosomal DNA patterns were nearly the same.

Furthermore, _S_. fibuligera

and Y. lipolytica could form "hybrids" spontaneously on mating media (YMC),
something restricted to closely related species (usually within the same

genus).

The hybrids obtained were intergeneric.

j>. fibuligera is auxotrophic for methionine while Y. lipolytica is
auxotrophic for histidine.
minimal media (YNBG).

Neither of these parent strains can grow on

(However, jî. fibuligera, being a "leaky" auxotroph,

may exhibit basal growth on YNBG).

Nevertheless, the "hybrids" obtained from

the crossing experiments could grow on YNBG, thus showing that genetic
complementation had taken place between the two parent strains.

Thus, they

were true hybrids.

Further analysing the figures obtained from the spread plating experiments

(see above), one outstanding feature was that these intergeneric hybrids
which were able to grow on YNBG, when cultivated on YPSS, grew to produce

mitotic progeny, a large proportion of which were still prototrophic and able
to grow on YNBG after one week.

The hybrid was thus quite stable.

These

results could be explained on the basis that during mitotic division
subsequent to DNA replication of the chromosomal DNA in the nuclei
hybrid strains, chromosomal segregation took place.

of the

Furthermore, the total
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number of colonies growing on YEA plates was always greater than the number
growing on YNBG plates, indicating that there might be some mitotic progeny
which require additional supplements besides YNBG.

This indication was proven

to be correct by the results of plating the hybrid sectors onto different
media plates.

The fact that sectors appeared on the YPSS plates containing the
intergeneric hybrids showed that mitotic segregation had occurred.

Due to the

presence of two sets of chromosomes in the hybrid (one set from each parent
auxotroph), the nucleus might have some difficulty coordinating the
replication of their chromosomes.

As a result, some chromosomes are not

replicated and at the end of mitosis, the two daughter nuclei formed might be
different.

Thus, the new progeny cells grew at a different rate and had a

different morphology, thus forming sectors.

From the results of the analysis of the sectors (see above, Results),
it appeared that most of the sectors from the hybrid strains 9i, 14i and
15i were able to grow on YNBG + met plates.

It is thus evident that most

of the hybrids from the strains 9i, 14i and 15i were genetically more like the
parent auxotroph £. fibuligera.

This could indicate that j>. fibuligera

chromosomes had a higher degree of fidelity in replication than Y. lipolytica
chromosomes.

However, the intergeneric hybrids did not merely breakdown to give
sectors ressembling its parent auxotrophs, which would require YNBG + met or
YNBG + his. Novel genetic segregants requiring methionine and methionine
and histidine, and also those requiring an additional supplement were
obtained.

This showed that the chromosomes of the two original parent

auxotrophs had assorted and replicated unevenly.

The fact that some of these

novel hybrids were viable even with incomplete sets of the original parent
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chromosomes shows that S^. fibuligera and Y. lipolytica chromosomes were able

to complement each other quite well, thus further implying their close genetic
relationship.

By doing the auxanography test (see above, Results), we showed that the
additional requirements of the novel genetic segregants were amino acids,

probably those coming from the arginine, proline, glutamine and glutamic acid
common pathway pool.

In subsequent studies we showed that the segregants required glutamic
acid.

.§.• fibuligera strain 193 met was obtained from the original strain 8014.
The spontaneous segregants from 8014 were all met whereas those from 193 were
met

and met glu . It is plausible that strain 193 had a lesion in the glu

gene and is heterozygous glu /glu . Hybrid strains produced between the
strain 193 and Y. lipolytica 1529 A his, may be heterozygous for glu. This

can explain the spontaneous segregation of the hybrids to give glu
mitotic segregation.
met , his

The occurrence of met his

and met his

and glu

segregants in addition to

segregants from the hybrids suggests that random

assortment of chromosomes occur during mitotic segregation.
were confirmed by the recovery of met lipase (h+) and met

These results
citrate utilising

sectors from the hybrids.
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CITRIC ACID FERMENTATION BY Aspergillus niger:
INDUCTION OF HIGH YIELDING MUTANTS WITH THE HELP
OF RADIATION, COMBINATION TREATMENTS, PROTOPLAST
FUSION AND GENETIC ENGINEERING
M. ISLAM

Institute of Food and Radiation Biology,
Dacca, Bangladesh
Abstract
Conidia of the

citric acid fermenting fungal mutant Aspergillus niger

14/20 was subjected to the gamma radiation treatment.

Mutants giving higher

total titrable acid values than their parent strain were selected and tested

under varied environmental and cultural conditions.

After screening of about

2000 mutants, two of them with the highest yield of citric acid in molasses
medium (62-76 mg/ml) were selected for further experiments.

Further

radiation is

step-wise

improvements

of

these

strains

are

feasible,

and

a potential mutagen for the selection of better strains of

microorganisms for the industrial use.
The cassava starch has been found

to be a fairly good substract

for

citric acid fermentation under the solid state condition and also when mixed
with molasses in surface culture condition.
bagasse,

rice

straw

and

saw-dust

could

Agro-industrial residues such as
be

used

as

a

support

for

the

fermentation of sugars to citric acid under the solid state conditions.
The use of mixed culture method (amylolytic + citric acid

fermenting

organisms) had not been found to improve the citric acid fermentation from
cassava as a basic substrate.

Description of the research work carried o u t ;
Under a coordinated Research Programme sponsored
by I A E A , we have been w o r k i n g on citric acid f e r m e n t a t i o n by
A s p e r g i l l u s niger u t i l i z i n g molasses and other a g r o - i n d u s t r i a l
residues as s u b s t r a t e . W i t h the h e l p of gamma-rays a few h i g h
yielding m u t a n t s were already developed at our laboratory which
have 30-50% conversion e f f i c i e n c y in molasses media ( I s l a m et a l . ,
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1984;
1986). And, the following work was done during the period
covered in this report:
(1)

(2)

Induction of further mutation for higher yield of citric
acid by Aspergillus niger with the help of radiations(UV and

gamma), chemical mutagen (EMS) and radiation combination
treatments.
Use of cassava starch as chemical feed stock for citric
acid fermentation by Aspergillus niger mutant strains
induced by radiations.

(3)

Determination of citric acid production capabilities of
radiation induced mutants of Aspergillus niger with different
agro-industrial residues like bagasse, rice straw and
saw dust.

(4)

Scale-up production of citric acid in molasses media by
high yielding mutants of Aspergillus niger.

(5)

development of protoplast regeneration and fusion technique
for higher yield of citric acid by Aspergillus niger.

(6)

Development of immobilization technique for better production
of citric acid by Aspergillus niger.

(7)

Isolation of amylolytic fungus and genetic improvement by
gamma radiation.

Results obtained:

(1)

Conidia of Aspergillus niger mutant strain, 14/20, were
subjected to UV, EMS treatment, combined treatment of UV
and EMS, and also gamma radiations. Isolates giving higher
TTA (Total Titratable Acid) values than their parent strain
(14/20) in molasses media were selected» These were further
tested under varied environmental and cultural conditions
(Temperature and sugar concentration). And, from about
2000 isolates two mutants have finally been selected which
were found to give better yield of citric acid than their
parent strain (14/20) in molasses medium.

(2)

Cassava starch have been found to be suitable for citric
acid fermentation under liquid state condition when mixed
with molasses. Under solid state condition it could be
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used singly as substrate with or without the addition
(impregnation) of any molasses. Use of mixed culture method
(amylolytic + citric acid fermenting) have not been found
to improve citric acid fermentation from cassava as
substrate.
(3)

Agroindus trial residues like bagasse, rice straw and sawdust was found to be suitable support for fermentation to
citric acid under solid culture.

(4)

To determine the suitable method for mass culture of
Aspergillus niger for the production of citric acid in 10L
trays, different concentration of molasses/sucrose media
(2%, 5%, 7%, 10% and 14% of sugar) were tested as germinating
media. After germination, different concentration of
molasses (14% and 16% of sugar) were added (8-lOb/tray) as
fermentation media. Of these tests, 10% molasses as
germinating media and corresponding 16% molasses as fermentation media were found to give good results. In the tests
TTA value ranged from 7.5 to 9.2 and corresponding production
of citric acid was 62-76 mg/ml (44-54% concersion in relation
to sugar supplied). So, further scale-up production was
continued in 10% molasses as germinating media and 16%
molasses as fermentation media.
During this period 13,400 gms of Ca-citrate has been
recovered from 151.6 litre of culture filtrate. The recovery
percentage of Ca-citrate against expected amount was 84-99.

(5)

Protoplast regeneration technique of Aspergillus niger has
established. Citric acid production capabilities of regenerated protoplasts are now being studied. Fusion techniques are
also being established.

(6)

The immobilization technique of conidia of Aspergillus niger

for citric acid fermentation has been established.
(7)

Amylolytic fungi have been isolated from cassava starch and
genetic improvement by gamma radiation found to be feasible.

143

Conclusions drawn :

(1)

R a d i a t i o n m u t n g c n e s i s h a s been s u c c e s s f u l l y employed a n d
step-wise m u t a g e n i c improvement of c i t r i c acid f e r m e n t i n g
s t r a i n s of A s p e r g i 1 lus nicer has been found f e a s i b l e .

(2)

C a s s a v a has been found to be a f a i r l y good s u b s t r a t e for

c i t r i c acid f e r m e n t a t i o n under solid stôte c u l t u r e and also
when mixed w i t h molasses in surface c u l t u r e c o n d i t i o n .

(3)

A g r o i n d u s t r i a l residues l i k e bagasse, rice straw and saw-dust
found to be suitable support for bioconversion to citric acid
under solid state condition.
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SUMMARY OF THE CO-ORDINATED RESEARCH PROGRAMME
1. General Microbiology/Fermentation

This project has highlighted the influence on the course of the
fermentation by the inoculation of specific microorganisms, particularly
certain bacteria, moulds and yeast, into cassava mash. Such indigenous
strains with particularly favourable properties hold significant promise in
this capacity. The results of the project have shown the dramatic reduction
in poisonous glucoside content (e.g. linamarin) of the cassava mash, and hence
of the finished fermented product, following inoculation of the mash with
linamarase-producing organisms. It has also opened up the possibility of the
establishment of a system which could distribute inoculation materials to
small holders, who currently form the bulk of producers of cassava-based foods
in developing countries. Along with the above also, was the creation of
awareness of the need for safety, assessment and good quality control.
Knowledge gained from this project might also be particularly useful to
operators of larger, semi-commercial facilities.
Through the project the issue of further upgrading the quality of the
finished product by increasing its protein content was examined, and it was
agreed that this can be achieved through the addition of nitrogen sources.
Protein sources such as flour from soya bean and other available pulses may be
particularly useful. The project group does not at this time recommend the
addition of inorganic nitrogen supplements if the food is to be used for human
consumption. However, the use of nitrogen salts can be investigated in
research stages of the work.

It was noted that the food should still retain its acceptability to the
society consuming it after supplementation of any kind. Hence there was a
need for organoleptic testing afterwards.
The project group recognized the wider use to which cassava fermentation,
in the broader sense could be put. Thus the production of materials such as
citric acid, ethanol, and single cell protein and others from cassava can be
seen as the extensions of fermentation beyond garri and other fermented
foods. The techniques and approaches involving screening and fermentation
development were seen as having other significant applications, beyond cassava
upgrading, in developing countries.
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2. Genetic Improvements - Nuclear
The use of nuclear techniques for the induction of mutations has given
rise to definite strain improvements for the increase of single-cell protein,
amylase production, and enhanced yield in citric acid. Nuclear techniques in
the form of tracer methods were also employed in appropriate cases in this
project. In combination with such methods as radioactively labelled DNA
probes for the localization of specific genes, electrophoresis, and autoradiography, they contributed immensely to the achievements of this project.

3. Genetic Improvements - Biotechnology
Biotechnological techniques include the isolation and transfer of single
genes to new organisms and protoplast fusion. These techniques have been very
effective in producing new activities in microorganisms and were shown in this
project to be of relevance for the improvement of organisms involved in
fermentations.

In this regard the group's work has provided an insight into some of the
regulatory controls operating within the organisms. Thus the application of
biotechnological methods offered a new approach and elevated the improvements
from an empirical to a more direct one.
4. General Discussion
Classical mutation techniques are still effective procedures which give
excellent results. They continue to have a major role to play in strain
improvement and should not be abandoned in favour of the newer techniques of
genetic engineering. Rather, these techniques may be viewed as complementary
tools and should be combined as may be found appropriate. Any strain(s)
improved in the laboratory by whatever means should be subjected to the stress
of larger scale fermentation or actual field conditions in order to determine
their requirements for efficacy and maximum productivity.
The native microflora in tropical countries were recognized to be a

significant untapped resource which could be beneficially exploited in
numerous applications. Both developing and developed countries were seen as
being participants in the isolation, selection and evaluation of these
organisms (particularly the thermophilic ones) through the use of traditional
microbiological and fermentation techniques.
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The "feed-back" nature of the three approaches (4.1, 4.2 and 4.3 above)
was readily seen. That is, microbiological techniques were responsible for
providing organisms for strain improvement, which needed to be subsequently
evaluated using microbiological/fermentation techniques. This synergistic
interaction, particularly when fully exploited by an interdisciplinary group,
was felt to have enormous potential (and in fact was seen to be a necessary

condition) in a variety of applications in both developed and developing
countries.
5. Conclusion and Recommendations
Traditional cassava fermentation practice is a highly empirical art, and
as such does not always make full use of the potential of local products in
the form of nutrient dietary staple. Current scientific knowledge could have
a significant impact on the improvement of this situation. The scope of this

internationally co-ordinated programme was therefore restricted to the use of
various biotechnological and nuclear techniques (general microbiology/
fermentation, nuclear genetic improvements) for the selection and development
of appropriate microbial strains for improvement of the cassava fermentation
process. Significant success was achieved both in terms of the improvement of
the traditional techniques as well as the scope of their applications in the
regions concerned over the short time of three years available to the group.
In addition, the tremendous potential of these techniques, for exploitation in
a variety of other applications particularly within a multidisciplinary
environment, was readily apparent.
One of the main achievements of the Agency sponsored CRP was that the

programme provided a good impact to the development of the national/regional
research on the improvement of traditional fermentation practice in many
cassava processing and/or consuming developing countries.

All contract and agreement holders of the CRP group have stressed their
unanimous opinion that their participation in the IAEA programme concerned was
very useful and important.
In view of the above considerations the group has

recommended

the

following:
1.

In the three years of the group's work much progress was made with
respect to the three aspects into which the group's work was divided
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(general
microbiology/fermentation,
nuclear
genetic
improvements,
biotechnological genetic improvements). The time was, however, short
with regard to the enormity of the tasks to be undertaken. Necessary
further work in the project should be continued to permit the completion
of selected relevant areas of the project.
2.

In selecting the areas to be continued emphasis should be laid on those
which utilize modern biotechnological approaches involving gene transfer.

3.

In order for the significant achievements obtained to-date, particularly
in the area of strain improvement by genetic techniques, to be
implemented in a useful fashion the group believes that the relevant
research projects connected with the application of nuclear methods in
molecular biology and gene engineering would be developed by the IAEA in

the future.
4.

The study of the group was multidisciplinary and its work involved
microbiology, biochemistry, genetics, molecular biology and chemical
engineering. No one laboratory can carry out work in each of these areas
with equal competence. Hence the benefit of the collaborative effort of
the group provided to the IAEA/CRP was readily and repeatedly
acknowledged. Members of the group from the developing countries with
experience of cassava usage and those from advanced laboratories from
countries outside the regions concerned enriched each other with their
experiences. In the continued need to exchange this experience and
maintain this useful collaboration until the task of the group is
accomplished, it is unanimously recommended that the work of the group be
continued.

5.

The group believes that the tools and techniques used in this project can

have a spin-off in other biotechnological processes as well as in the
recycling of wastes leading to environmental improvement. The attention

of government and agencies likely to require them should be drawn to the
potential of this opportunity as appropriate.

6.
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The group recognizes the need for scientists from developing countries to
be trained in nuclear and biotechnological techniques. It therefore
recommends that the appropriate agencies such as the IAEA (for nuclear
methods) and the ICGEB (biotechnology) be approached by the concerned
countries or individuals.
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