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: Propositions/Stellingen

A serious drawback for industrial kenkey manufacture is its high moisture
content {up to 60% w/w} which makes it prone to spoilage, especially as
the packaging is not adequate to prevent spoilage over long storage periods.
{This thesis).

Acidification of dough frem dry-milled maize by accelerated natural
fermentation and wet-milling of the aflata portion may be more acceptable
than the use of proteolytic enzymes which would raise production costs and
arouse consumer fears, as this may be interpreted in the same light as the
addition of chemical substances to a product that has always been
considered as natural. {This thesis).

Although a lot of development aid from the West is channelled into African
agriculture, it is rather debatable whether improving primary agricultural
output alone can begin to tackle the chronic hunger crisis on that continent
if a firm post-harvest processing base is not developed. {This thesis).

Most authors, including Nowak & Steinkraus {1988) tested whole foods for
their potential to cause flatus. In the human digestive tract, however,
accessible starch is broken down to meono- and disaccharides which are
absorbed in the upper gut. /n vitro models of digestibility and fermentability,
therefore, need to take this aspect into account. {This thesis).

ft is reasonable to assume that developing countries wilt be unable to benefit
fully from biotechnology, in terms of economic development and problem
solving, unless they are able to utilise results from indigenous
biotechnological research. Bridging the gap between research and
applications is therefore of vital importance. {R.A. Zilinskas, 1993, World
Journal of Microbiology and Biotechnology 8, 145-152).

In the industrialised world the concept of sustainability, or in other words
minimal resource utilization and environmental impact, has only been applied
1o a limited extent to agricultural and industrial food production. (Anderson
et al., 1994, Trends in Food Science and Technology 51, 134-138).
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Foreign aid is a method by which the United States maintains a position of
influence and control around the world and sustains a good many countries
which would definitely collapse or pass into the communist bloc. {J.F.
Kennedy, 1961). Will Foreign Aid follow in the food steps of Kennedy and
the Communist bloc?

Birth control in an impoverished and uneducated society is simply a non-
starter. Those most in need are often victims of the poverty trap which itself
does not allow for proper education {1994 Cairo Conference on World
Population).

tn Ghana, like in most West African countries, fermented maize dough is the
base material for several types of snacks, staples and beverages. The
absence, however, of sustainable agro-industries that can improve the
processing and promotion of such indigenous foods has contributed
significantly to their perception as "poor peoples’ foods".

The distribution of foed and wealth in today’'s "modern” societies
guarantees that whilst some people are dieting others are dying of
undernourishment and malnutrition.

| have a truly wonderfui proof which this margin is too small to contain.
{Pierre de Fermat - 1637). Bluff or gross understatement?

Propositions belonging to this thesis of P. Fru Nche entitled "Innovations in the
production of kenkey, a traditional fermented maize product of Ghana".

Wageningen, The Netherlands, 10 February 1995.
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ABSTRACT

Nche P.F. (1995). Innovations in the production of kenkey, a traditional farmented
maize product of Ghana: Nutritional, Physical and Safety aspects. Ph.D. thesis.
Agricultural University Wageningen (135 pp, English, Dutch and French
summaries].

Kenkey is traditionally made from a dough obtained by soaking maize {1-2 days,
room temperature), milling and then fermenting naturally for 2-4 days. This thesis
was aimed at improving not only the nutritional quality of kenkey, but also the
production process. The traditional method for making kenkey was scaled down
to a laboratory process and the microbiological, physical and nutritional quality of
both maize and maize-cowpea kenkey were investigated. Natural fermentation for
48h or 72h at 30°C was sufficient to obtain properly acidified maize (pH 4.07) or
maize-cowpea {pH 4.08) doughs, respectively. Lactic acid bacteria were mainly
responsible for acidification. Supplementation of maize (on a replacement basis)
with 20% white cowpea resulted in significant increases in protein {by 20.5%]} and
available lysine (by 74%]} contents. This also resulted in significant increases in
biogenic amines (total amines < 500 ppm, mainly putrescine and tyramine}
compared with maize kenkey (total amines < 60 ppm). Histamine was absent (<
% ppm). Acceptability tests in Ghana, however, showed that only a 10% cowpea
level was comparable with the traditional kenkey in terms of flavour and texture.
Process options for producing a dehydrated kenkey meal {kenkey dry-mix} were
investigated with the aim of developing a product with a longer shelf-life than
traditional kenkey. An in vitro method was developed for determining the
digestibility and flatulence potential of kenkey. Soaking of grains effected the
highest increase in /in vitro digestibility. Clostridium perfringens strain NCTC 8239
produced more gas from the solid residue left over from the in vitro digestion of
maize-cowpea samples than from the resulting supernatant which contained low
molecular weight oligosaccharides, traditionally held responsible for intestinal flatus
induction, suggesting that non-starch polysaccharides contribute significantly to
the flatuience potential of cowpea-supplemented kenkey.

Keywords: Accelerated fermentation, aflata, biogenic amines, cowpea,
digestibility, drum drying, dry milling, flatulence, kenkey,
maize, supplementation, texture,
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{ expect to pass this way but once, and any good, therefore, that | can do, or any
kindness that | can show to any fellow creature, let me do it now. Let me not defer
or neglect it, for | shall not pass this way again

(Etienne de Grellet).

To my family




Chapter 1

General Introduction

More than 60% of the total world food production is provided by cereals which,
along with pulses and «il seeds, contribute significantly to the dietary protein,
energy, mineral and vitamin requirements of the world population in general and
the developing world in particular (Chavan and Kadam, 1989a,b}). Whereas over
70% of the total cereal production in the West is fed to animals, the developing
world channels almost ali of the produced cereals to feeding its large and ever-
increasing populations (FAQO, 1980; Betschart, 1982). Despite their excellent
nutritional quality, foods of animal origin remain a scarcity mainly because high
production costs, the need for sophisticated and costly processing technology for
storage and distribution and a short shelf-life put them beyond the reach of
developing countries (Lay and Fields, 1981; Chavan and Kadam, 1989b).

Of the total world cereal production, maize makes up about 27%, and
although other cereals such as rice, sorghum and millet exist in noticeable
quantities, maize remains the most important cereal in the developing world,
particularly in Africa (Lay and Fields, 1981; Hounhouigan, 1994). Maize has the
highest energy value (16.6 kJ/g), compared with pearl millet (16.5kJ/g}, brownrice
{(16.1 kJ/g), sorghum (16.1kJ/g} and wheat {15.7kJ/g) (Chavan and Kadam,
1989a}. The total production of maize in Africa in 1991 was estimated at over 33
million tonnes (FAQ, 1992).

Cereal processing

The processing technologies employed for maize and other cereals commonly
found in the developing world include cooking, sprouting, milling, fermentation and
combinations of these. Of these, fermentation is the mast commonly practised,
particularly in Africa, although the type of raw material, type and conditions of
fermentation and sensory qualities of the finished products may vary from culture
to culture. Fermentation is especially important to the developing world because
it is an inexpensive and simple method of improving the nutritional and organocleptic
gualities of otherwise monotonous cereal products (Hesseltine, 1983; Cooke et a/.,
1987, Chavan and Kadam, 1989a). It does not require expensive equipment or
special expertise and can be achieved in a very short period of time (Lay and Fields,
1981). Some of the nutritional advantages of fermentation are said to include the




Chapter 1

decrease in starch and fibre contents, followed by an increase in reducing sugars
{Kazanas and Fields, 1981} although it can be expected that the fermenting
organisms would use up the available sugars. The process of fermentation itself
does not have any significant effect on total protein content, but can result in the
qualitative modification of proteins, often resulting in the increase of water-soluble
proteins and free essential amino acids. These changes can be effected by
endogenous proteases, but have also been attributed to the proteolytic activity of
some of the bacteria responsible for cereal fermentations (Kao and Robinson,
1978; Hamad and Fields, 1979; Zamora and Fields, 1979; Umoh and Fields, 1981;
Lay and Fields, 1981; Tongnual et af., 1981; Chavan and Kadam, 1988, 1989).

Table 1.1. Some fermented maize products commonly found in Africa.

Product Type Microorganism(s) Country
Agidi Gruel LAB' & Yeasts Nigeria
Akasa Gruel LAB & Yeasts Ghana
Banku Dumpling LAB Ghana
Busaa Beverage LAB & Yeasts Kenya
Fufu Dumpling LAB & Yeasts Cameroon
Kaffir beer Beverage LAB & Yeast S. Africa
Kenkey Dumpling LAB & Yeast Ghana
Mahewu Beverage LAB S. Africa
Mawe Intermediate? LAB & Yeast Bénin
Qgi Gruel LAB Nigeria
Pito Beverage LAB & Yeast Nigeria
Uji Gruel LAB & Yeast Kenya

'LAB = lactic acid bacteria; 2Fermented dough used for making different products.

Since maize forms the greatest portion of cereals grown in Africa, it is no
surprise that most fermented cereal products are either from maize or a mixture of
maize and other cereals and in some cases, legumes. Table 1.1 lists some of the
many of fermented maize products of Africa, which include staples, gruels and
beverages. Most of these fermentations are spontaneous, and involve lactic acid
bacteria, yeasts or a mixture of these as the functional microorganisms.

2



Introduction

In addition to the enhancement of flavour and nutritional value (Hesseltine,
1983; Halm et a/., 1993, Hansen and Hansen, 1934; Hounhouigan, 1924}, one of
the most important aspects of fermentation in the developing world is the
improvement of the microbiological safety of foods. In high temperature and humid
regions such as Africa, where cooling facilities are not readily available,
fermentation provides a cheap but effective method of food preservation
(Hesseltine and Wang, 1979; Umoh and Fields, 1981; Chavan and Kadam, 1989a}.
Lactic acid fermentations inhibit spoilage and pathogenic microorganisms in a
variety of ways. The most important of these is the production of organic acids
which lower the pH of foods to levels not favourable to food pathogenic and
spoilage bacteria (Nout et a/., 1989; Nout and Rombouts, 1992). The depletion of
essential nutrients and production of hydrogen peroxide and bacteriocin-like agents
by lactic acid bacteria have alsa been cited as important in limiting the occurrence
of spoilage and pathogenic microorganisms in fermented foods {(Cooke et a/., 1987,
Mensah et al., 1991; Mbugua and Njenga, 1992, Nout and Rombouts, 19392;
Larsen et al., 1993). Fermentation is also known to reduce the levels of anti-
nutritional factors in cereals and legumes, although this is often influenced by the
choice of raw materials, fermentation times and the physiological differences in
fermenting microorganisms. Lactic acid fermentation can result in rapid decreases
in pH, hence the level of enzymatic degradation of antinutrients may depend on pH
optima and fermentation times {Chavan and Kadam, 19839a).

Nutritional quality of cereals

Although cereal grains form the bulk of the staple diet of people in the developing
world, they are generally inferior in nutritional and sensory quality, compared with
foods of animal origin (Chavan and Kadam, 1989a). The protein gquantity and
guality is low, lacking in essential amino acids such as lysine. Although rich in the
sulphur-containing amino acids cysteine and methionine, maize for example, is
deficient in lysine and tryptophan, making its protein quality inferior compared with
FAO/WHQ reference proteins {Newman and Sands, 1984; Plahar and Leung, 1985}

With indications that the ever increasing populations of the developing
countries could become increasingly dependent on cereal grains for both energy
and protein requirements, there is an urgent need to improve the overall nutritional
quality of cereals. Traditionally, cereals are consumed with other plant protein
sources such as legumes. Since legumes are deficient in the sulphur-containing
aming acids but rich in lysine, the overall protein quality of such mixtures, with

3
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respect to amino acids, will be better than that from either protein source alone
(Chavan and Kadam, 1989b). Various methods have been employed in attempts
to improve the protein quantity and quality of cereal foods. These include genetic
manipulations, fortification with essential amino acids and supplementation with
protein-rich sources such as grain legumes, oil seed meals or their protein
concentrates and isolates {Akinrele and Edwards, 19717; Adeniji and Potter, 1978;
Plahar and Leung, 1983, 1985; Plahar et al., 1983).

In Ghana, like in most West African countries, fermented maize dough is the
base material for several types of snacks, staples and beverages. Fermented maize
foods account for more than 95% of the total calories in diets of the coastal
peoples of Ghana (Plahar and Leung, 1983). The preparation of fermented maize
meal and its nutritional composition have been described by several authors
(Christian, 1970; Muiler, 1970; Plahar and Leung, 1983; Sefa-Dedeh, 1989).

Kenkey is one of the most popular of the staples of Ghana, prepared
exclusively from fermented maize dough. There are several types of kenkey, the
most common being Ga and Fanti kenkeys from the Ga and Fanti tribes,
respectively. Despite some differences between these kenkeys, processing
methods are basically similar, with lactic acid bacteria largely responsible for the
fermentation, although other bacteria and yeasts have been implicated {Akinrele,
1970, Woad and Hodge, 1985; Halm et a/., 1993).

The low quality and guantity of kenkey protein is a reflection of that of the
raw material, maize, which is deficient in lysine. Traditionally, kenkey is eaten with
a palm oil and pepper sauce known as shittoh or a rich source of protein such as
sardine sauce. Fish, however, is expensive and is not often available to especially
the poor families.

In addition to its limited protein quality, kenkey is a high moisture containing
product {up to 60% w/w} and is, therefore, prone to spoilage (Plahar and Leung,
1285), especially as the packaging (corn husks for Ga and banana leaves for Fanti
kenkey) is not adequate to prevent spoilage over long storage periods.

Presently, the production of kenkey is on a micro household scale, operated
mainly by women. The whole process, from soaking through milling of maize,
fermentation and cooking, can take anything up to a week, and includes one very
tedious step during which a gelatinized paste called aflata, used as a binder and
moisturizer, is prepared by stir-cooking. Usually these producers rely on their
intuitive expertise rather than on carefully standardised procedures, and do not
always understand the exact nature of the chemical and microbiological changes
initiated by the natural fermentation of the maize dough. As a result, kenkey

4



Introduction

producers have very littie or no control over the fermentation process, and often
end up with products that are highly variable in quality. Such variations occur not
anly amongst different products, but also within the same product made in the
same or different house holds.

Kenkey is a highly popular product amongst the fishermen of the coastal
regions, as well as amongst urban populations of workers and students, who for
lack of time, tend to prefer ready-to-eat foods. As these populations increase, so
will be the demand for a product that is less prone to spoilage and consistent in
quality {(Hesselting, 1983; Hollingsworth, 1994). The technologies in place are,
however, not adequate to meet this ever-increasing demand for high quality and
microbiologically stable kenkey.

Aim and outline of this thesis

The work described here was carried out as part of an E.C. sponsored collaborative
project on the evaluation and improvement of traditional fermmented cereals and
legumes in Ghana. The improvement of the production process and quality of
kenkey, are covered in Chapters 2 - 5. Chapters 6-8 and deals with the safety
aspects and digestibility of kenkey.

Chapter 2 of this thesis tackles the translation of the traditional kenkey
process to a laboratory scale process, and looks at the effects of cowpea
supplementation on the fermentation of dough for kenkey production and on the
guality of the final product. Chapter 3 discusses the technical feasibilities of
reducing production time and increasing output by using a standardized method
that can be scaled up in industry. Chapter 4 looks at the biochemical,
microbiological and physical changes that occur during the soaking of maize and
how these changes could influence the final texture of kenkey. In Chapter 5, the
effects of the different process options applied in making kenkey on protein quality,
with respect to lysine availability, are discussed. Chapter 6 looks at the influence
of the choice of ingredients and fermentation conditions on the formation of
biogenic amines and ethyl carbamate in kenkey.

The use of cowpeas increases protein quality but also affects parameters
such as digestibility and the level of antinutrients such as flatus-forming
oligosaccharides in kenkey. Chapters 7 and 8 discuss the development and use of
an in vitro method to determine the digestibility and flatulence potential of kenkey.

Chapter 9 is a general discussion of the pertinent issues raised in this thesis,
and includes recommendations for possible future work involving the improvement,

b




Chapter 1

not only of the quality of fermented cereal foods, but also the establishment of
improved facilities for processing foods in Africa.
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Chapter 2

The effect of cowpea-supplementation on the quality of kenkey'

Abstract

The effects were evaluated of cowpea-mediated protein enrichment of kenkey on
factors relating to kenkey acceptability. Kenkey was prepared at laboratory scale
from a 4:1 mixture of maize (Zea mays) and red or white cowpea (Vigna
unguiculata) and compared with an all-maize product in terms of parameters such
as the fermentation profile of doughs, colour and fracture profiles. There was no
significant difference between the fermentation profiles after 4 days’ fermentation
at 30°C, with final dough pH values reaching 4.07 and 4.08 for all-maize and
maize-cowpea mixtures, respectively. Addition of wholegrain cowpeas resulted in
an increase in the crude protein contentto 12.99% (w/w) and 13.89% (w/w; dry
weight basis) for kenkey supplemented with 20% white and 20% red cowpea,
raspectively, compared with 10.80% (w/w} for unsupplemented kenkey. Addition
of cowpea reduced the whiteness (Hunter L value) of the kenkey by 12% {using
white cowpeas) and by 27% (using red cowpeas}). The use of dehulled red
cowpeas improved the whiteness only slightly. Cowpea-supplemented kenkey was
more homogeneous and less prone to fracture than all-maize kenkey. The force
required to fracture cowpea-supplemented kenkey was higher than for traditional
kenkey, and increased with increasing cowpea concentrations. Kenkey stored for
24 hours required over twice as much force to fracture than freshly prepared
kenkey. A group of native Ghanaians familiar with the traditional maize kenkey
sampled the new product and concluded that kenkey made from a mixture of
wholegrain white cowpea or dehulled red cowpea and maize compared very well
with the traditional kenkey.

INTRODUCTION

Kenkey, a dumpling made from fermented maize dough, is a popular staple
amongst the peoples of Ghana. There are several types of kenkey (Ga, Fanti), but
the processing methods are largely similar. In the traditional kenkey process
(Muller, 1970; Muller and Nyarko-Mensah, 1972} maize is cleaned and then

1Nche, P.F., M.J.R. Nout and F.M. Rombouts {1994}. The effect of cowpea-supplementation on the
quality of kenkey, a traditional Ghanaian fermented maize food. Journal of Cereal Science 19, 181-197,
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steeped for 1 to 2 days. The steep water is drained and the grain coarsely milled
and made into a dough by adding water {1:3 v/w}. The dough is then left to
“ferment naturally in a heaped mass or in covered containers for 2 to 3 days. The
fermented dough is then divided into two equal parts, one of which is slurried and
cooked to gelatinisation. This gives a sticky paste known as aflata, which is then
mixed with the uncooked part to give a kneadable dough. Balls of appropriate size
(= 500g) are shaped, wrapped (in corn sheaths for Ga kenkey or banana leaves
for Fanti kenkey). Salt is also added to dough for Ga kenkey before shaping and
wrapping. The wrapped dumplings are immersed in water and boiled in a drum or
large iron pot for 2 to 3 hours.

Since maize is the basic raw material, such products are rich in
carbohydrate, relatively low in praotein and deficient in some essential amino acids,
particularly lysine. In a region where animal sources of protein are often in short
supply, plant sources such as legumes may be of immense importance. Attempts
have been made, with some success, at improving the protein quality and quantity
of traditional maize-based fermented products of Ghana {Plahar and Leung, 1983)
and Nigeria {Akinrele and Edwards, 1971} by supplementation with soya beans.
However, soya beans are rather expensive and not well known in West African
households. Being relatively cheaper and readily available, cowpeas can be a
suitable alternative to the more expensive soya beans {Akinyele and Fasaye, 1988).
In this work, cowpeas were used as a protein supplement to the traditional ail-
maize Ghanaian kenkey. This improves the protein quantity and certainly its amino
acid balance as the methionine-containing maize is complemented by the lysine-
containing cowpeas (Bressani, 1985}). The rate of fermentation, the coiour and
textural properties as well as the overall acceptance of cowpea-supplemented
kenkey were compared with the conventional all-maize formula.

MATERIALS AND METHODS

Maize (Zea mays cv. Obaatanba) and red and white Cowpeas (Vigna unguiculata
cvs. Benpla and Asontemn, respectively) were obtained from the Crops Research
Institute, CSIR, Kwadaso, Ghana. Whole grain and dehulled cowpeas were used.
Dehulling was done by hand following 48 h of soaking in excess water.

The Laboratory Kenkey Process
In the laboratory process (Fig. 2.1}, maize or a 4:1 mixture of maize and cowpea
(0.5 - 1.0 kg} was soaked for 48 h in tap water (approx. 3 I},
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Clean maize or maize-cowpea mixture

Soak in water for 2 days at ambient temperature

|

Drain water and coarse mill grain
l €—— Add water {1:3; v/w)

Ferment dough for 4 days at 30°C

v

Add water (3:1;v/dwt}, slurry and cook

Raw dough AFLATA

Mix {dumpling)

|

Shape, wrap and boil for Th

|

KENKEY

Figure 2.1. Laboratory method for kenkey production

The soak water was drained and the grain coarsely ground in a hammer mill (Fritsch
Pulverisette, Type 14,702, Marius Instruments, Utrecht, The Netherlands} with
rotor and sieve (4 mm) and made into a dough, My, Mw, or Mr, from maize,
imaize/white cowpea or maize/red cowpea, respectively, by adding water {1:3 v/w).
The dough was then placed in a 1 litre beaker, covered with polyethylene film and
allowed to ferment naturally for a standard 4 d at 30°C. The fermented dough, M,,
Mw, or Mr,, was then divided into two equal portions, one of which was slurried
with water (3:1 v/w; dry weight basis} and stir-cooked to gelatinisation to give the
aflata. The cooked and uncooked portions were mixed, kneaded and dumplings
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were made and wrapped, first in polyethylene film followed by aluminium foil, as
direct contact with aluminium foil resulted in darkening of the foil during cooking,
imparting a black colour to the outside of the dumpling. The wrapped dumplings
were immersed in boiling water to cook. Dumplings were smaller (250 - 300g) than
in the traditional household process hence the cooking time {under constant heat
in a covered saucepan) was reduced to 1 h. The resulting products were all-maize
{M,C,), white cowpea-supplemented {Mw,C,} and red cowpea-supplemented
{Mr,C,) kenkeys.

Fermentation profile

During the 4 days of fermentation, the microbial count, pH, and titratable acidity
{% lactic acid) were determined according to Nout et a/. (1987} on a daily basis.
Counts were made of the functional groups of micro-organisms in the product,
namely lactic acid bacteria {(LAB) and yeasts. In addition, Enterobacteriaceae were
monitored for public health reasons. Lactic acid bacteria were counted in MRS agar
{Merck 10861} pour plates containing 0.1% {w/v]) Natamycin {"Delvocid”, Gist-
brocades, Deift, The Netherlands) overlaid with MRS agar without Delvocid, the
yeasts in Oxytetracycline Glucose Yeast Extract agar (Oxoid CM 545} containing
0.01% {w/v) oxytetracycline (Oxoid SR 073A}, and the Enterobacteriaceaein Violet
Red Bile Glucose agar, VRBG (Merck 10275), with a VRBG overlay.

Characterisation of isolated Jactic acid bacteria

Isolates were made daily from appropriate MRS counting plates. Five representative
colonies of LAR were isolated and subsequently purified on MRS agar, These were
then stored at -80°C in cryotubes containing 15% {w/v) glycerol in MRS broth for
later characterisation. Characterisation tests inciluded Gram-stain, morphology (by
microscopic observations), catalase reaction, growth at 15°C and/or 45°C,
homo/heterofermentation and arginine hydrolysis. Confirmation of isolated lactic
acid bacteria was obtained from established descriptions of non-sporing Gram -
positive rods (Kandler and Weiss, 1986) based on the utilisation of relevant
carbohydrates on the APl 50 CHL test strips (APl System SA, Montalieu Vercieu,
France).

Crude protein content

The crude protein content was determined using a semi-automated version of the
micro-Kjeldahl method for nitrogen determination (Roozen and Van Boxtel, 1979).
Experiments were done twice and all samples run in duplicates. The values for
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nitrogen concentration were converted to crude protein content by multiplying by
5.26 for the maize (Thomas, 1951} and 5.46 for maize-cowpea blends (5.26 x
80% + 6.25 x 20%).

Colour

Colour parameters L, a, and b representing whiteness, redness and yellowness,
respectively were measured using a DR LANGE Tricolor LFM3 Colorimeter
{Hunterlab, 9529 Lee Highway, Fairfax Virginia), calibrated with a standard white
tile (L = 88.20; a = -0.96; b = -1.69). Two measurements were made of the
surface of aach sampie.

Fracture stress

Fracture stress was measured using an Overload Dynamics Instron-type instrument
{Marius Instruments, Utrecht, The Netherlands) having two plates between which
samples of standard cylindrical dimensions ({length 3cm; diameter 2cm) were placed
vertically and compressed at constant speed till fracture point and the fracture
stress calculated according to Van Viiet (1991). Dehulled cowpeas were used in
supplemented kenkeys.

Product evaluation

An untrained 5-member panel of native Ghanaians {3 males and 2 females, aged
between 28 and 40 years) familiar with traditional kenkey, was asked to evaluate
the control and supplemented products on the basis of their sourness {taste), smell,
texture, colour, doneness (degree of cooking) and hardness. This was done by
individual structured interview, followed by group discussion. Each panellist was
asked to sample the product and comment on paper on how the supplemented
kenkey compared with the all-maize traditional kenkey with respect to the above
qualities. Each panellist was advised to draw from his or her experience as a
traditional kenkey consumer. Individual comments were compared and the group
discussion that followed was aimed at reaching a general consensus on the
potential acceptability of the new product and recommendations on the possible
improvement of the less acceptable qualities.

RESULTS AND DISCUSSION

In the experiments to study lactic acid fermentation in kenkey doughs {Table 2.1},
the pH decreased and the titratable acidity increased as the LAB count increased.
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Table 2.1. Fermentation profiles of all-maize and cowpea-supplemented maize
doughs.

Dough* pH TA LAB Yeasts Enterobac-
{Log,, cfu/g) (Log,, cfu/g) teriaceae
{Log,; cfuw/g)
M, 6,02 0.48 6.72 4.36 6.53
M, 4.00 0.97 8.09 <1.70 <1.70
M, 3.86° 1.11 8.01 <1.70 <1.70
M, 4.05° 1.15 7.97 <1.70 <1.70
M, 4.07° 1.12° 7.93° <1.70 <1.70
Mw, 5.87° 0.49 6.05 4.79 8.86
Mw, 4.19 1.31 8.17 <1.70 <1.70
Mw, 4.1 1.46 8.00 <1.70 <1.70
Mw, 4.07° 1.55 7.94 <1.70 <1.70
Mw, 4.08¢ 1.57° 7.93° <1.70 <1.70
Mr, 6.65 0.32 7.86 4.61 8.62
Mr, 4.31 1.32 8.34 <1.70 <1.70
Mr, 4.1 1.58 8.62 <1.70 <1.70
Mr, 4.07° 1.67 8.13 <1.70 <1.70
Mr, 4.08¢ 1.73¢ 8.07° <1.70 <1.70

* Sample codes: M = 100% maize; Mw = 80% maize + 20% white cowpea; Mr
= 80% maize + 20% red cowpea; subscripts (0, 1, 2, 3, 4) indicate fermentation
time {(days); § a, b, ¢, d values in the same column, with the same letter are not
significantly different {p < 0.05) TA = Titratable acidity, expressed as % lactic
acid (wiwy).

LAB counts exceeded 10%/g after anly 24h fermentation. Further incubation led to
a slight fall in LAB counts. Where yeasts occurred, lower counts (< 10%) than LAB
were often noticed. Yeast counts declined sharply with the rapid decrease in pH.
The Enterobacteriaceae counts also fell rapidly to below detection level as a result
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of acid production by the LAB {Nout et a/., 1989). Some authors (Mensah et al.,
1921) believe that other substances {e.g. bacteriocins) produced by the dominating
LAB may contribute to the disappearance of Enterobacteriaceae.

Table 2.1 confirms the trend observed by pravious authors (Chavan et a/.,
1988} investigating the changes in pH and titratable acidity during the natural
fermentation of cereals and legumes. They reported an optimum fermentation
period of 2 and 3-4 days at 30°C for cereals and legumes, respectively. The pH of
all-maize dough (M,) fell from 6.02 to 3.86 in just two days, whereas that of
supplemented doughs {Mw, & Mr,} required a further day to reach its lowest value
of 4.07. After 4 days of incubation, the pH of all three doughs stabilised at 4.08.
The higher titratable acidity values obtained for supplemented doughs could be
attributed to the high buffering capacity of the medium due to the higher content
of proteins and amino acids (Banigo and Muller, 1972; Zamora and Fields, 1979).
The addition of 20% cowpeas, therefore, did not hinder proper dough fermentation,
though a longer time was required for acidification to stabilise. Two and 3 days of
fermentation were sufficient to lower the pH of all-maize and cowpea-supplemented
doughs, respectively, to the inhibitory pH range (3.6 - 4.1) for food poisoning
bacteria reported by Hamad and Fields (1979). These authors, however, did not
specify lactic acid as responsible for lowering the pH to this inhibitory range.

Tests identified Lactobacilius plantarum, L. confusus, [. brevis and
Pediococcus pentosaceus as the main lactic acid bacteria present in the fermenting
doughs. In the case of doughs M, and Mwy,, L. confusus was found to dominate
the earlier stages of fermentation (d,). These were later replaced by Pediococeus
spp and L. plantarum for M,_, and Mw,_, respectively. The pattern was one of acid-
sensitive heterofermentors being succeeded by more acid tolerant homofermentors.
This was in line with the decrease in pH and the increase in titratable acidity {Table
2.1) as fermentation progressed.

The pattern was less clear for Mr, ,, in which L. pfantarum, L. confusus and
Pediococcus spp were present in similar proportions throughout the four days of
fermentation.

The addition of 20% red and 20% white cowpea resulted in increases in
crude protein contents of 29.2% and 20.5%, respectively, for the supplernented
products. The values for crude protein content shown in Table 2.2 are comparable
with those reported earlier (Akinyele and Fasaye, 1988) for ogi fortified with
cowpeas. With regard to the average essential amino acid contents of maize
{Salunkhe et af., 1985) and cowpea {Bressani, 1985), these values represent,
respectively, 76.3, 15.6 and 26.8% increases in lysine, methionine and tryptophan
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in maize-red cowpea blends and 65.3, 8.2 and 19.5% increases in lysine,
methionine and tryptophan in maize-white cowpea blends.

Table 2.2. Crude protein content of doughs of maize and maize-cowpea blends.

DOUGH! CRUDE PROTEIN CONTENT
{%, wiw, dry matter)?

M, 10.41 + 0.49
M, 10.80 + 0.32
Mw, 12.57 + 0.21
Mw, 12.99 + 0.21
Mr, 13.51 = 0.20
Mr, 13.89 + 0.24

'See Table 2.1 for meaning of sample codes; *Mean + SD; n = 4

The addition of wholegrain cowpea reduced the whiteness of the product
(Table 2.3). This was more pronounced with the addition of red cowpeas where the
colour change was noticeable. Dehulling the cowpeas improved the colour visibly
even though the Hunter L-values were still very much lower than for all-maize
kenkey. Traditional kenkey is usually wrapped in either banana leaves (Fanti} or
corn sheaths (Ga}, which results in a slight browning of the surface of the product
after cooking. This does not seem io be of concern to the consumer, hence a
reduction in whiteness by white cowpea is not expected to be a major setback. Red
cowpea will, however, require dehulling to prevent the final product becoming
brown. Other authors {Plahar and Leung, 1983) used a Hunterlab Model D25D
Color Meter, calibrated with a standardised white tile (L = 93.6,a = 0.7and b =
0.2), and obtained L, a, and b values of 76.94 + 0.14, -1.14 + 0.06, and 10.55
+ 0.23, respectively, for traditional fermented maize doughs from Ghana. The
differences between these L, a, and b values and those reported here may be due
to the use of different standardisation constants. Also, thase authors referred to
fermented dough and not to the cooked product of fermented doughs used here.
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Table 2.3. Colour parameters of all-maize and cowpea-supplemented kenkey

{Hunter L, a and b values)

KENKEY' L a b
{mean + sd)

M,C, 66.89 + 0.46 0.10 = 0.74 16.48 = 1.37

Mw,C, 58.86 + 2.02 3.00 £ 1.25 13.67 + 2.14

Mw,,C12 61.09 + 1.45 0.44 + 0.08 16.72 + 0.36

Mr,C, 49.70 + 3.28 6.30 + 1.13 10.86 + 1.37

Mr,C, 2 54.03 + 1.87 8.07 + 0.25 12.19 + 0.33

' Sample codes in addition to those in Table 2.1; C = cooked, with subscript
cooking time (hours); ? Dehulled cowpeas.

Fracture experiments were conducted on kenkey stored at room temperature
for 1, 24, and 72 h. The moisture contents were maintained by storing samples
well wrapped up with aluminium foil in a closed bucket. Table 2.4 shows that
fracture stress (a,} increased with increasing cowpea levels, This may be due to the
fact that cowpea supplementation results in a more homogeneous product, which
is less prone to breakage than the traditional all-maize kenkey. In the traditional
kenkey, intact maize hulls form areas of local stress concentrations, which makes
the product more prone to fracturing {Luyten, 1988). In addition, starch/protein
interactions may contribute to the increased firmness of the product. Fracture
stress also increased on storage of the product, the greatest increase occurring in
the first 24 h, during which fracture stress (a,) values doubled. This may be
attributable to a number of factors, amongst them sethack and retrogradation of
starch as the product cools {Bean and Setser, 1892), resulting in a firmer product.

The sharp sour taste of properly fermented kenkey (Plahar and Leung, 1983)
was detected in all samples by all panellists. None registered off-smells resuiting
from the addition of cowpeas. Kenkey made from mixtures of 80% maize and 20%
wholegrain white or dehulled red cowpeas were accepted by all the panellists as
these compared very well with the traditional product. Three male panellists also
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liked the kenkey supplemented with dehulled white cowpea, but the two female
panellists thought it was smoother than the traditional product. Kenkey
supplemented with wholegrain red cowpeas was rejected by all but one (male} of
the panellists on account of its brown colour.

Table 2.4. Effect of cowpea level and storage on hardness of kenkey at constant
moisture content.

Cowpea Storage time Moisture content Stress at
Kenkey' level (%) {h} {% w/w) fracture
[x1T0°Nm-?]?

M,C, 0 1 64 2.40 + 0.10
24 63 450 % 0.20
72 63 4.20 + 0.20
Mw,C, 10 1 63 3.40 + 0.30
24 63 6.30 + 0.10
72 62 6.50 + 0.10
Mw,C, 20 1 67 3.15 + 0.10
24 63 6.35 = 0.20
72 63 6.95 + 0.60
Mw,C, 30 1 63 4.30 + 0.20
24 63 8.30 = 0.10
72 63 8.10 = 0.20
Mw,C, 50 1 65 3.20 + 0.20
24 65 8.10 + 0.10
72 66 7.90 + 0.10

'For abbreviation see Table 2.1 and Table 2.3, with the exception that the level of
cowpea substitution ranges from 0-60% as specified above; 2 Mean = SD; n=3
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Although the results of product evaluation must be interpreted cautiously,
they, neverthsless, place additional weight on the argument that traditional kenkey
couid be enriched with 20% {w/w} cowpeas without naecessarily affecting its basic
physical and organoleptic properties. Large scale product evaiuation is, however,
required to establish absolutely the degree of acceptability of enriched kenkey.

Previous reports on cereal-legume mixtures {Bressani, 1985; Bressani and
Scrimshaw 1961), and the results reported in this chapter, suggest that cowpea
could be used successfully to supplement traditional cereal-based products. This
will undoubtedly go some way towards improving the protein requirements of
peoples of a region where animal sources of protein are often too expensive to
obtain.
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Chapter 3

Dry-milling and accelerated fermentation of maize for industrial kenkey production’

Abstract

The dry-milling of maize and accelerated fermentation of dough for kenkey
production were studied as part of a wider investigation into the possibility of
industrial production of a dehydrated kenkey flour. Dough containing an enrichment
of lactic acid bacteria, was used successfully to achieve, within 24 h incubation
at 30°C, the required level of acidification of dry-mitled maize flour to obtain kenkey
dough. Cabinet- and drum-drying were used to prepare dehydrated kenkey flour
and pre-gelatinised aflata, respectively. Drum-drying was an effective method for
preparing pre-gelatinised aflata, but it resulted in a 34% reduction in the titratable
acidity (TA) of the fermented dough. Cabinet-drying, on the other hand, had a less
drastic effect on the TA of fermented dough, suggesting the possible use of a
mixture of drum-dried aflata and uncooked cabinet-dried flour for convenient
preparation of kenkey at household level. Dry-milled maize flours had pasting and
set-back viscosities that were inferior to those of the traditionally prepared doughs
and consequently were unsuitable for the production of pre-gelatinised aflatas. Pre-
gelatinised aflata from unfermented dry-milled flours resulted in a crumbly and
friable kenkey product. it was concluded, therefore, that, although dry-milling of
maize and accelerated fermentation of dough could drastically reduce kenkey
production time, from about 6 days to within 24h, omission of the soaking step
practised traditionally, can result in a product with inferior textural quality.

INTRODUCTION

Kenkey is a popular traditional, fermented maize product, still prepared
commercially on an small artisan scale in Ghana. The traditional kenkey process
has been described earlier (Muiler, 1970; Muller and Nyarko-Mensah, 1972). In this
process, maize is cleaned and steeped in excess water for 2 days, followed by
milling. The meal obtained is made into a dough by adding water (1:3 v/w) and
allowed to ferment naturally. The period for natural dough fermentation and souring

P.F. Nche, G.T. Odamtten, M.J.R. Nout and F.M Rombouts (1994}, Dry-milling and accelerated
formeantation of maize for industrial production of kenkey, a Ghanaian cereal food. Journal of Cereal
Science 21, in prass
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varies from 2 - 4 days, but it has been shown that 2 days at 30°C are sufficient
to obtain the desired degree of souring (Nche et 3/., 1994). The fermented dough
is divided into two equal portions, one of which is slurried and stir-cooked to
gelatinisation, giving rise to a sticky paste called the aflata, having a glutinous
consistency {Muller, 1970}. There is some dispute over which intermediate product
should be called the aflata, but most reports and most indigenous kenkey
consumers agree with the description by Muller {1970}, which has also been
adopted in this thesis. The aftata is usually mixed in equal proportion with the
uncooked portion to produce a dumpling from which balls of appropriate size (=
300 - 500 g) are shaped, wrapped in maize sheaths {Ga kenkey) or banana leaves
(Fanti kenkey) and coaked for 1 - 3 h, depending on the size, to give kenkey.

In the traditional process, the soaking step not only softens the grains
thereby facilitating smooth milling, but also stimulates enzyme activity leading to
amylolysis and proteolysis which contribute to the desired physical, chemical and
arganoleptic properties characteristic to kenkey {Sefa-Dedeh and Plange, 1989).

The technical feasibility of preparing a dehydrated kenkey flour for kenkey
manufacture at the household level or in a small scale industry has not been
explored to date. The total time taken to prepare kenkey the traditional way, from
steeping to cooking, can be as much as 6 days. To adapt such a process to
industrial scale would require, amongst other technical adaptations, a reduction in
production time. This means, therefore, that the various steps in the whole process
have to be looked at and madified, where necessary, to suit an industrial scale
process, without significantly compromising the quality of the final product. One
way of reducing production time is to skip the soaking step and miil the grains dry.
Dough from this can then be fermented rapid!y by using a starter dough containing
an enrichment of lactic acid bacteria (LAB).

The objectives of this study were to investigate the technological feasibility
of producing kenkey from dry-milled maize. This involved an investigation of the
effects of dry-milling, compared with soaking-before-milling, on the gelatinisation
of maize flour for aflata production and on the subsequent physical characteristics
of the final product. Also, the use of a starter dough to accelerate fermentation
was investigated.

MATERIALS AND METHODS

Maize (Zea mays L cv. obaatanba) was supplied by the Crops Research Institute,
Council for Scientific and Industrial Research, CSIR, Kwadaso, Ghana. Grains were
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milled using a hammer mill (Fritsch Pulverisette, Type 14,702, Marius Instruments,
Utrecht, The Netherlands) with a fine rotor. Rotor speed was set on 2 and grains
were milled to pass through a 4 mm sieve.

Micrabiological analyses
Sample preparation and enumeration of lactic acid bacteria {LAB}, moulds and
yeasts and Enterobacteriaceae were as described by Nout et a/. (1987).

pH and Acidity

A pH meter (Electrofact, Sweden) with a Schott N61 electrode was used to
measure pH of fermenting dough. 90ml of distilled water were added to 10 g of
sample and mixed in a blender {Stomacher 400 Type BA 7021, Seward Medical,
London, U.K.) before recording the pH. Titratable acidity was determined according
to Nout et al. {1989).

Pasting viscosity

A Brabender Visco-Amylograph (Brabender, Duisburg, Germany)} was used to
compare the hot and cold paste viscosities of traditionally fermented (TF) and
unfermented {TUF) maize doughs as well as dry-milled, unfermented (DUF} and
accelerated (starter) fermented (DAF) maize doughs. Samples were tested at 9%
{w/w) dry solids basis. The slurry in the Visco-Amylograph bowl was heated from
50°C at a rate of 1.5°C/min to a maximum temperature of 95°C. The temperature
was maintained at this maximum for 30 min before cooling at a rate of 1.5°C/min
back to 50°C. A 250 cmg cartridge was used and the bowl speed was set at

75 rev/min. Viscosity was recorded in Brabender Units.

Colour determination

Colour parameters L, a and b, representing luminosity (brightness}, redness and
yvellowness, respectively, were measured using a DR Lange Tricolor LFM 3
Colorimeter {Hunterlab, 9529, Lee Highway, Fairfax, Virginia, USA), calibrated with
a standard white tile (L = 88.20, a = -0.96, b = -1.69). Two measurements were
made of both surfaces of each sample.

Textural measurements

Fracture stress was measured with an Overload Dynamics, Instron-type instrument
(Marius Instruments, Utrecht, The Netherlands}, with two plates between which
samples of standard cylindrical dimensions {length, 3cm; diameter, 2cm) were
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placed vertically and compressed at constant speed (50mm/min) until fracture
point. Fracture stress was calculated according to Van Vliet (1991).

Accelerated natural fermentation

A LAB-enriched starter dough was prepared by "back-slopping” (Nout et af., 1988}.
Initially, a previously 24h naturally fermented dough was used to inoculate (at 10%
w/w level) fresh dough for a further 24 h fermentation at 30°C. This was repeated
until a stable culture, as indicated by a stable pH, TA and microbial count, was
obtained. This was then used as a starter to accelerate the fermentation of fresh
dry-milled maize dough. Inoculated dough was incubated at 30°C for 24 h to obtain
an accelerated fermented dough (Fig. 3.2) that was then used for laboratory
preparation of kenkey as described earlier {Nche et a/., 1994}.

Drying

Two types of drying methads, viz. cahinet- and drum-drying were used. For
cabinet-drying, traditionaily fermented maize dough was spread on trays and placed
in an electrically heated circulating air cabinet drier maintained at 60°C. Drying was
done over a period of 3 h during which samples were taken out hourly for
moisture, pH and titratable acidity measurements.

For drum-drying, 3 differently treated doughs were used. These were
traditionally fermented dough (TF), traditionally soaked but unfermented maize
dough (TUF} and dry-miiled unfermented maize dough (DUF}, During drum-drying,
a 20% wi/v dough slurry (in tap water} was applied onto the pre-heated {140°C}
rotating (1.5 rev/min} drum of the drum drier (N.V. Goudsche Machinefabriek,
Waddinxveen, The Netherlands). A film thickness of 0.2 mm was maintained.

Aflata and kenkey processing

Figures 3.1 and 3.2 summarise the schemes used for producing kenkey. Drum-
dried dough was reconstituted by adding tap water (1:3 w/v). This gave a gluey
paste, the aflata, which was then mixed, in equal proportion, with cabinet-dried,
traditionally fermented dough to produce a dumpling from which portions

(ca. 300g) were shaped into cylinders (25-30 mm diameter; 10 cm length) and
wrapped, first in polyethylene sheaths, and then aluminium foil (Nche et a/., 1994,
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Whole maize

l

Steep (2 days)

|

Coarse mill
Dough l
Ferment (3 days, 30°C} Drum dry

Traditionally fermented dough

A A
l— Fresh Drumdry  cabinet dry

Add water & stir-cook

l
\v/' l

Add water {3:1 v/w}

v

Mix (dumpting) Mix (dumpling} Mix {dumpling)
Shape & wrap Shape & wrap Shape & wrap
Boil {1h} Boil (1h) Boil {1h}
Traditional kenkey Kenkey A Kenkey B

Figure 3.1. Production of kenkey from traditionally ferrnented maize dough
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Whole maize

l

Dry mill
Traditionally Add water {80% v/w)
Fermented dough l
Drum dry ¢ Dough
Cabinet dry rll l
Add water (3:1 v/w} Inoculate with
I back-sloli (10% w/w)
Mix (dumpling) Ferment (24 h, 30°C)
Add water and stir-cook
¥
Shape and wrap Aflata Raw dough
Mix {dumpling)
Boit {1 h)
1 Shape and wrap
Kenkey C

Boil {1 h)

v

Accelerated kenkey, D

Figure 3.2, Production of kenkey from dry-milled maize flour

These were then boiled for 1h to give kenkey {Fig. 3.1, A). Aflatas from wet and
dry-mitled, unfermented drum-dried maize doughs were also mixed, in equal
proportions, with cabinet-dried traditionally fermented dough to produce kenkey
{Fig. 3.1, B and Fig. 3.2, C respectively). Kenkey was also produced from both
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traditionally (Fig. 3.1} and accelerated {Fig. 3.2, D) fermented doughs.

Sensory evaluation
The appearance, texture, smell and taste of all experimental kenkey products were
compared with [laboratory-made "traditional™ kenkey by a 4-member panel
consisting of 1 Ghanaian familiar with kenkey and 3 untrained panellists.
Sensory evaluation of sampies of kenkey was carried out in Ghana by a 10-
member trained taste panel, in triplicate on 3 consecutive days. The samples were
judged on the basis of the following attributes and properties: Appearance {usual
kenkey colour, acceptable kenkey colour, uniform mix), Texture {breaks easily,
crumbliness, softness, hardness, mouldability, stickiness to fingers and palm),
Smell (strong, mild, no smell, kenkey), and Taste {pleasant, sour, chewiness, sticks
in throat, pleasant after-taste).

RESULTS

The lactic acid bacteria population of naturally fermenting, saoaked maize dough
increased by about 2 log cycles in 2 days, after which it stabilised (Table 3.1}. The
mould and yeast counts remained very low {log,, <2.7 cfu/g} throughout
incubation. The Enterobacteriaceae count, on the other hand, fell from an initial
high levei {log,, 6.1 cfu/g} on day O t0 <log,, 2.7 cfu/g within 24 h.

Table 3.1. Fermentation parameters of wet-milled maize dough.

Time pH Titratable LAB? Yeasts’ Enterobacteriaceae?
(days) acidity(%)’

(8] 5.24 0.37 6.9 < 2.7 6.1

1 3.96 0.83 7.4 < 2.7 < 2.7

2 3.94 0.92 8.8 < 2.7 < 2.7

3 3.95 0.92 8.5 < 2.7 < 2.7

'Expressed as lactic acid (w/w); *Log,, cfu/g

Within the same period of time, the pH of the fermenting dough decreased from
an initial 5.24 to 3.986, and thereafter remained constant {Table 3.1). This decrease
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in pH was accompanied by an increase in titratable acidity {Table 3.1) to a final
value of 0.92% (expressed as w/w lactic acid, wet basis).

After 3 "back-slopping”™ cycles at 30°C, the measured parameters of the
starter dough remained relatively constant {Fig. 3.3), suggesting the establishment
of a stable microflora. This was used successfully to obtain an accelerated
acidification of fresh dough. Within 24 h, the pH of the inoculated dough dropped
from 5.65 to 3.79, and a titratable acidity value of 1.24% (wet weight basis), was
significantly higher than was obtained after 3 days for traditionally fermented
dough.

6 g 10
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I A A Fat &= 2 b
e 1 T A a 2
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0 1 2 3 4 5 6
Back-slopping cycles {days)
o pH s TA * Log,, cfu/g

Figure 3.3. pH, titratable acidity and LAB counts during accelerated natural
fermentation of dry-milled maize flour

Drying the traditionally fermented maize dough at 60°C for 3 h in a cabinet
drier reduced the moisture content from 54 - 10% without significantly affecting
its pH {Table 3.2), Only a marginal decrease in titratable acidity from 2.87% to
2.49 % (dry weight basis) was cbserved. Drum-drying resulted in a significant (p
< 0.05) reduction in the TA of freshly fermented dough, however, from 2.87%
to 1.90% {w/w as lactic acid).
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Table 3.2. Effect of cabinet drying at 60°C on the pH and titratable acidity of
kenkey dough

Drying time(h) Moisture content(%)"  pH TA{% as lactic acid)?

0 54 3.75 2.87
1 35 3.75 2.58
2 20 3.78 2.57
3 10 3.76 2.49
10n fresh weight basis.
Titratable acidity, expressed on dry weight basis.
Temperature (°C)
50 95 95 50
2000
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Figure 3.4. Visco-Amylograms of doughs from traditionally-treated and dry-milled
maize. (TF} Traditional fermented dough; {TUF} Traditional unfermented dough;
{DAF} Dry-milled accelerated (starter} fermented dough; (DUF) Dry-milled
unfermented dough
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The pasting viscosities of standard slurries of the differently prepared maize
doughs are shown in Fig. 3.4. Traditionally fermented maize dough (TF) gave the
highest peak viscosity of 950 Brabender Units {B.U.) with the highest set-back
value. The corresponding unfermented maize dough {TUF) had lower peak and set-
back viscosity values {Fig. 3.4}. Both these doughs had significantly higher set-
back viscosities than dry-milled accelerated fermented {DAF) and dry-milled
unfermented (DUF) doughs.

Table 3.3. Surface colour of dough and kenkey

Sample L a b

Traditional dough 76.08 £ 1.16" -1.51 = 0.71 14.35 £ 0.25
Traditional kenkey 63.42 + 0.54 1.47 + 2.44 13.98 + 1.40
Accelerated dough 73,54 = 0.24 -0.81 = 0.94 14.60 £ 0.43
Accelerated kenkey 63.53 + 1.55 0.56 = 1.30 15.05 + 0.70

'Mean + sd; n = 4.

Table 3.4. Fracture stress of the different kenkey products

Kenkey Maisture Fracture stress
content (%) {x 10% Nm2}
Traditional 63.0 6.43 = 0.52'
Kenkey A 67.0 4.67 £+ 0.09
Kenkey B 69.0 4.77 £ 0.26
Kenkey C 68.0 3.67 £ 0.53
Kenkey D 60.6 5.65 + 0.15

'Mean £ SD; n = 4

Table 3.3 shows that there was no significant difference in colour between
traditionally made kenkeys and those made by the accelerated process. There was
some loss in luminosity of dough when processed into kenkey, however. The
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