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PROPOSITIONS 

1. The substitution of local foods by foreign imported foods, as a result of increasing 

income, population growth and foreign influences, is detrimental to the national food 

security system in Bénin. (This thesis). 

2. One of the most important consequences of the development of the micro-enterprise 

food processing in Bénin is the diffusion of foods originally limited to some ethnical 

groups, throughout the whole urban population. (This thesis). 

3. The commercial mawè process appears to be a technologically more advanced and 

effective method of mawè manufacture than the home process. (This thesis). 

4. Obligately heterofermentative lactobacilli like L. fermentum and its biotype cellobiosus 

and L. brevis are responsible of acidification during the natural fermentation of mawè 

(This thesis). 

5. The use of a computer-aided identification program based only on biochemical 

characteristics of microorganisms can result in false identifications (This thesis). 

6. The most crucial factor in the search for creating an industrial base for African 

fermented foods and beverages will be governemental or political initiatives. Certain 

measures have to be taken to change the attitude of the people from foreign 

dependency to self-sufficiency. 

(Sanni, A.I., Int. J. Food Microbiol. 18, 85-95, 1993) 

7. The impoverishment of the conception of man caused by the omission of other human 

dimensions is precisely in line with the "scientific" conception of the universe as 

machine, and man as nothing but a cog within it. 

(Vancouver Declaration: Survival in the 21st Century, symposium organised by the 

Canadian Commission for Unesco, 15 September 1989). 
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8. In developing countries, obesity is considered a sign of excellent social and 

economical well being. 

9. Development is science become culture (René Maheu, La civilisation de l'Universel, 

Paris: Laffont, 1966). 

10. In developing countries, there is a large and widening gap between the small-scale 

producers need for solutions to their problems and the supply of innovations by 

scientists and others. 

11. Top-down transfer of technology is inappropriate for agricultural innovation by small-

scale farmers in developing countries. (Bunders J. & Broerse J.E.W., Appropriate 

Biotechnology in small-scale agriculture. Redwood Press Ltd. Melksham, UK, 1991). 

12. The severity of the technical inspection of cars in Europe will improve the quality of 

those sold as secondhand in Africa. Suggestions should be made to set up also 

inspection of clothes, shoes, etc... 

Propositions belonging to the thesis of D. Joseph Hounhouigan entitled "Fermentation of 

maize (Zea mays L.) meal for mawè production in Bénin". 

Wageningen, The Netherlands, 15 March 1994. 
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ABSTRACT 

Hounhouigan, D.J. (1994) Fermentation of maize (Zea mays L.) meal for mawè production 

in Bénin: physical, chemical and microbiological aspects. Ph.D. thesis, Agricultural 

University Wageningen (99 pp., English, Dutch and French summaries) 

Key words: maize, mawè, fermentation, Lactobacillus, fermentum, cellobiosus, brevis, 

Candida, Saccharomyces, proximate composition, physical and chemical characteristics. 

Mawè is a sour dough made from partially dehulled maize meal, which has undergone 

natural fermentation for 1 to 3 days. 

In this thesis, the processing methods, the characteristics of the products and the 

physical, chemical and microbiological changes during natural fermentation of two differently 

processed mawè (home and commercial processes) from Bénin were investigated. 

The main difference between both processes is the removal of more hulls and germs 

from the commercial mawè. The latter was whiter than the home-produced mawè and had 

better swelling and thickening characteristics, but the nutrient loss was higher. This study 

showed that the physico-chemical changes occurring in the fermenting product depend on the 

processing method used. 

Dominant microflora in mawè included obligately heterofermentative lactobacilli: L. 

fermentum and its biotype cellobiosus, L. brevis, and yeasts: C. krusei and S. cerevisiae. 

Ability of these organisms to ferment dehulled maize porridge was also tested and showed 

that fermentation can be carried out using a single starter culture of the Lactobacilli. The 

utility of the yeasts was not evident as far as their effect on acid production was concerned. 
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CHAPTER 1 

GENERAL INTRODUCTION 

Fermentation is one of the oldest and most economical methods of producing and 

preserving foods (Steinkraus et ai, 1983; Cooke et al, 1987; Chavan and Kadam, 1989), 

particularly in the tropical countries where the high temperature and high humidity, coupled 

with unsanitary conditions, favour food spoilage. Under these conditions, lactic fermentation 

inhibits spoilage and pathogenic microorganisms by a combination of factors including 

production of organic acids, hydrogen peroxide, antibiotic-like substances and lowering of 

oxidation-reduction potential (Cooke et al., 1987; Nout et al., 1989; Mensah et al., 1991 ; 

Mbugua and Njenga, 1992; Nout and Rombouts, 1992). Lactic acid fermentation also 

improves the organoleptic properties of foods by producing a variety in flavours of the 

existing foods. Another advantage of lactic fermentation is a possible increase of the 

nutritional value or of the digestibility of the raw material used (Tongnual and Fields, 1979; 

Murdock and Fields, 1984; Chavan and Kadam, 1989). 

While in developed countries, most fermented foods are produced under controlled 

conditions, in developing countries, such foods are processed under uncontrolled conditions, 

using village art methods and age-old techniques. Natural lactic fermentation of cereals, 

roots, tubers and legumes is a common practice of food processing in Africa. These 

fermented foods constitute a significant component of the diets, mostly in rural areas. Many 

of these foods are still unknown. Due to the increasing populations, the development of urban 

zones with all their constraints, and the cultural attachment of some urban groups of 

populations to these fermented foods, some of these products have become an important part 

of the diet for an increasing part of urban populations, mostly within the low income groups, 

as well as a source of income for many people including fermented food producers, vendors 

and related activity contractors such as millers and transporters. The present thesis deals with 

one of these lesser-known products, namely mawè in Bénin. Mawè is a sour dough made 

from maize, which constitutes the main cereal crop in Bénin. In this general introduction, 

emphasis is put on the importance of maize and maize-derived products in the human diet 

in Bénin, and the place of mawè as a maize-derived food. 



PRODUCTION AND UTILIZATION OF MAIZE IN BENIN 

Maize (Zea mays L.) is considered as the most important cereal crop of Africa. 

Originating from South America, this cereal was introduced in Africa during the 16th century 

by the Spaniards and the Portuguese (Adandé, 1984). The total production in this continent 

was estimated to exceed 39 million tonnes in 1989 and about 33 million tonnes in 1991 

(FAO, 1992). The most important maize producing countries of the continent are South 

Africa and Egypt. 

Maize is also the most produced cereal crop in Bénin (about 75 % of the total cereal 

production). In 1991, its production was estimated to be about 446 000 tonnes, against a total 

of 138 000 tonnes for millets and sorghum. This production was twice the harvest of 1961 

which was estimated to be 220 000 tonnes (Anonymous, 1992a). The adaptability of maize 

to different agro-ecological zones and the diversity of the processing methods used are the 

main reasons for its adoption as the basis of the diet by the majority of the population of 

Bénin. Especially in the Southern and Central part of the country with 70% of the national 

population, the pattern of food consumption is dominated by maize-derived products. In the 

rural areas of this part of the country, estimates show a maize consumption between 100 and 

136 kg per year per person which corresponds to 58% of the energy intake (Anonymous, 

1992b). In the North of the country, the pattern of food consumption is dominated by millets 

and sorghum. Cereal consumption was estimated to be more than 100 kg per year per 

inhabitant, with maize consumption estimated to be about 10 kg only per year per inhabitant. 

However, recently an increase of the consumption of maize has been noticed due to an 

increased production. 

In addition to this increasing maize consumption in some parts of the country, there 

are other changes in food habits in Bénin. Important are those noticed in urban areas where 

the traditional food consumption pattern is influenced by imported foods as in many other 

developing countries. According to Nout (1992), the introduction of foreign "high-tech" 

processing concepts and food products like wheat bread, wheat-based or milk-based weaning 

foods, yoghurt and lager beer to tropical countries was followed by a rapidly increasing 

demand during the early post-independence period. The use of these expensive products 

provided status. Their adaptability to life in the cities which demands long shelf-life, ready-

to-cook or ready-to-eat foods and their refined quality resulted in continued and increasing 

consumption. 

In contrast, traditional indigenous foods processed by local methods lack appeal 



because of unacceptable presentation due to lack of packaging and unhygienic practices, 

irregular quality, etc.. Furthermore, traditional technologies are laborious and time 

consuming, and thus incompatible with city life. A recent survey (Alexandre, 1991) in 

Cotonou, the largest city of Bénin, showed that the frequency of aklui consumption, a 

granulated maize porridge marketed as street food, decreases with an increasing level of 

income. This confirms the assumption that some traditional indigenous foods may be 

regarded as poor people's foods (Odunfa, 1985; Nout, 1992). 

The substitution of local foods by foreign imported foods, as a result of increasing 

income, population growth and foreign influences, is detrimental to the national food security 

in Bénin at the long term. Upgrading traditional processes is a way to overcome this 

situation, to avoid the dependency of the urban populations on foreign foods. 

The traditional food processing system of Bénin is diversified, maize being one of the 

major raw materials used. About 40 different ways of maize processing were recorded in 

Bénin (Nago, 1989). Besides traditional home-processing, a large variety of foods are 

produced and sold by food processing micro-enterprises. According to Nago et al., (1990), 

this sector plays a strategic role in: 

- national food security through the processing of local products; 

- local food supply by the preparation of foods according to local customs; 

- employment for women, food processing being their main source of income in urban areas. 

Maize product manufacturers represent about 46% of all the food processing micro-

enterprises present in the Southern and Central part of Bénin: among a total number of 19468 

micro-enterprises recorded in this part of the country, 8934 were maize product 

manufacturers and/or sellers (Nago et al., 1990). More than 55% were located in Cotonou, 

where 10% of the total population of Bénin lives. 

A recent survey carried out in the city of Cotonou by our laboratory confirmed the 

importance of maize product manufacturers in this city. This investigation comprised: 

- counting all the millers trades, operating in town; 

- conducting interviews in 40 randomly chosen mills; 

- systematical and daily weighing of all the products to be ground in the chosen mills. Two 

weighing sessions were conducted per mill: the first session in March-April 1989, 

representing scarcity and the second in July-August 1989, representing abundance of 

cereals. Results of this survey are presented below. 



PRODUCTION AND UTDLIZATION OF MAIZE PRODUCTS IN URBAN AREAS 

In Cotonou, the cosmopolitan city of Bénin, like in the whole country and large parts 

of Africa, cereals used for human nutrition are milled using privately owned disc attrition 

mills (Premier 1A type). A total of 652 milling shops containing 659 similar mills were 

recorded in town. The millers are independent entrepreneurs who operate as grinding 

contractors. A fee is charged for grinding a volume unit of raw material, the price depending 

on the end-product to be obtained: in general, dry milling is more expensive than wet 

milling. According to Nago et al., (1990), the introduction of mechanical mills has brought 

about revolutionary changes in the cereal processing system. It enabled the development of 

the micro-enterprise sector, which was limited by the low productivity of the early mortar 

technique. One of the most important consequences of this development is the acceptance of 

some foods, which where formerly considered as specific for some ethnical groups, by the 

whole urban population. 

In Cotonou, about 126-146 tonnes of raw materials were milled daily for the production 

of local foods. Maize constituted 90-93%. Of the maize, 45% was processed into fermented 

foods through wet milling and 55% into whole maize flour through dry milling. The average 

daily consumption of all maize products was estimated at 300 g per inhabitant (or 90-110 kg 

per year). Consequently, daily consumption of fermented maize foods was estimated to be 

135 g per inhabitant (or 40-50 kg per year, maize basis). These values are similar to those 

reported by Korthals Altes (1976), referring to a food consumption survey in the department 

"Ouémé" (Bénin). 

The production of fermented foods from maize is arduous and time consuming, as 

compared to maize flour production. Consequently, their home production for family 

consumption is declining. This situation has allowed a few "initiates" to valorize their know-

how of milling technology and has encouraged commercial production of fermented maize 

products by women. In Cotonou, 85% of maize-based fermented foods is produced 

commercially, against only 18% of maize flour. 

The fermented maize dishes are derived from two types of intermediate products, namely 

ogi and mawè: 

Ogi is a gruel obtained by fermentation of a suspension of wet-milled maize in water. 

This product has been described elsewhere (Akinrele, 1970; Akingbala et al., 1987). 

According to Akinrele (1970), maize is commonly consumed in the form of an ogi-derived 

product amongst Yoruba in the Western region of Nigeria. Ogi is also known as akamu by 



the Hausa of Nigeria (Akingbala et al., 1987). A similar product is known in Kenya as uji 

and in South Africa as mahewu (Steinkraus et al., 1983). About 26-32% of maize processed 

in Cotonou is used for ogi production. About 86% of the ogi production in the city is carried 

out by food processing micro-enterprises, the remaining 14% being produced for own 

consumption only. Ogi is marketed in the form of ready-to-serve dishes by women 

established on the markets or at the roadsides in the city. 

The major dishes derived from ogi are: 

A gel of variable stiffness (akassa, kanan, gi, eko, kafa, lio, agidi). The major part 

(81%) of ogi produced in Cotonou is consumed as akassa or a similar product. Akassa 

is essentially a commercial product, more than 82% being produced to be sold. Akassa 

is consumed with a fish or meat stew. 

A porridge (koko), 7% of the ogi production. The production of koko is almost 

exclusively commercial. It is consumed as breakfast by adults and children and 

particularly appreciated by sick persons. 

A semi-solid gelatinized mass (akpan), which becomes a thirst-quenching beverage by 

adding water, ice, sugar and milk. Akpan, 7% of the ogi production in Cotonou, is 

always produced commercially. 

Mawè, the other intermediate product, is a fermented dough. Doh (1970) described a 

similar product in Togo, also known as mawè. Based on our survey we estimate the 

processed maize in Cotonou used for mawè at 14-16%. Quantitatively it is less important 

than ogi, but it is suitable as a basis for the preparation of many dishes, including those 

obtained from ogi (Fig.l). 

» Akassa (makumè, a gelatinized dough) 

» Ablo (steam-cooked bread) 

• Akpan (pre-gelatinized yoghurt-like product) 

> Massa (fritter) 

Mawè * | •* Pâté (fritter) 

-» Yèkè-yèkè (couscous) 

» Aklui (granulated porridge) 

> Akluiyonu (porridge) 

» Koko (porridge) 

Figure 1. Main dishes obtained from mawè. 



Dishes derived from mawè include gel-like products (akassa), pre-gelatinized semi-solid 

mass (akpan), porridges (koko, aklui, akluiyonu), fritters (massa, pâté), couscous (yèkè-yèkè) 

and steam-cooked breads (ablo). 

Many other dishes include mawè as minor ingredient e.g. talé-talé (banana fritter). 

Besides the traditional process here called home process, a new process has emerged 

to meet the quality requirement of the urban consumers of mawè. In this thesis, this new 

process is called the commercial process. About 83% of all the mawè produced in Cotonou 

is made by food processing micro-enterprises. Mawè is not only marketed as one of its 

ready-to-serve derivatives, but also as a ready-to-cook intermediate product. According to 

Nago et al, (1990), this intermediary market of semi-finished mawè is a response to 

domestic food requirements in urban areas. Women in urban areas carry out a wide range 

of activities (salaried jobs, commercial and domestic activities), each of which competes for 

time allocation. Priority is given to income generation with more time allocated to it. The 

production of mawè for this new market is also justified by the necessity to satisfy the 

requirements of many consumers who prefer, for quality and hygienic reasons, to prepare 

their own dishes. The ease of packaging of mawè and its wide range of culinary applications 

have contributed to its success in this market where ogi is missing: 64% of the commercial 

production of mawè is sold as a ready-to-cook product. This growing market for semi­

finished products has particularly contributed to the establishment of micro-enterprises 

producing mawè, and to the innovative improvements of the process. 

AIM AND OUTLINE OF THIS THESIS 

For the satisfaction of the market of the growing urban population, the traditional mawè 

process requires upgrading and optimization. As far as fermented products are concerned, 

four broad categories of priorities are recommended (Gaden et al., 1992; Sanni, 1993): 

- improving understanding of the fermentation processes, 

- improving the technology, 

- increasing the utilization of the processes, 

- developing local capabilities. 

The first two priorities are of concern in this thesis. Investigations are carried out to 

improve the knowledge base of traditional mawè processing. The different processes have 

been identified. The composition and microbiological and physical attributes of the resultant 



mawè, as it was sold in urban markets or produced and consumed at home, were determined 

(Chapter 2). Yield and changes in acidity (pH and titratable acidity), in macro-nutrients 

composition, in colour and viscosity properties during the process were studied (Chapter 3). 

The various microorganisms involved in the fermentation of each process were isolated, 

identified and the changes occurring in the number of each type investigated (Chapter 4). In 

particular, characterization and frequency distribution of species of lactic acid bacteria 

involved in the process were outlined (Chapter 5). Representative species of lactic acid 

bacteria and yeasts were selected and studied alone or in combination for their role in the 

mawè porridge fermentation process (Chapter 6). 

In a general discussion (Chapter 7), the main knowledge base of the traditional mawè 

processing was reviewed. Comparisons were made with similar products found in West-

Africa and some suggestions were made for further prospects for the development of the 

mawè process. 
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CHAPTER 2 

COMPOSITION AND MICROBIOLOGICAL AND PHYSICAL ATTRD3UTES OF 

MAWÈ, A FERMENTED MAIZE DOUGH FROM BENIN 

ABSTRACT 

Home-produced and commercial mawè samples in urban Bénin were investigated. 

Titratable acidity was in the range 1.2-1.4% (w/w as lactic acid), but home-produced mawè 

appeared to be consumed at a slightly higher pH (4.2) than commercial mawè (3.8). Average 

protein contents of commercial and home-produced mawè were 8.2 and 9.2%, crude fat 

contents 1.0 and 2.3%, ash contents 0.6 and 1.1%, crude fibre 0.4 and 0.7%, respectively 

on a dry weight basis. Total aerobic mesophilic and lactic acid bacteria counts were similar 

for both products but yeast count was slightly higher and Enterobacteriaceae count lower in 

commercial mawè. Particle size analysis showed major fractions as < 45 /xm in all samples. 

The higher viscosity of the commercial product indicates that it might be superior for making 

gel-type foods, e.g. agidi. 

INTRODUCTION 

Fermented cereal foods are produced for daily consumption in most African countries. 

In Bénin, they are obtained from two types of intermediate fermented products: 

- ogi: a gruel obtained by fermentation of a suspension of maize in water (Oke, 1967; 

Akinrele, 1970) is consumed as a gel of variable degree of stiffness, having different local 

names (akassa, kanan, gi, eko, kafa, lio, agidi), as a semi-solid product (akpan), or as a 

liquid porridge (koko). 

An abridged version of this chapter has been published as: 

Composition and Microbiological and Physical Attributes of Mawè, a Fermented Maize Dough from Bénin 
D.J. Hounhouigan, M.J.R. Nout, CM. Nago, J.H. Houben and F.M. Rombouts 
Int. J. Food Sei. & Technol. 28 (1993) 513-517. 
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- mawè: a fermented dough, also known in Togo (Doh, 1970), is used for cooked 

dishes including gels (ogi-like products), steam-cooked bread (ablo), or porridge (koko, 

aklui, akluiyonu). Although less mawè is produced than ogi, it is sold both as ready-to-serve 

and as domestic ready-to-cook products in urban areas. The difference between the two 

processes for mawè production, i.e. the traditional "home process" (Fig.l) and the 

"commercial process" (Fig.2) is outlined below: 

Maize is cleaned by winnowing, washed in water and crushed in a plate disc mill 

(Premier 1A type). The crushed maize is screened by metal or nylon sieve with 0.5 x 0.5 

mm apertures (commercial process), or through a palm-fibre sieve ("sassado") with 2 x 2 

mm or 2 x 4 mm apertures (home process). Grits and hulls are separated by gravity on the 

sieve and the fine endosperm fraction collected in a bowl. In the commercial process which 

takes place entirely in the milling shop, the grits are washed by rubbing in water, the germs 

and remaining hulls floated off and discarded, water decanted and the sedimented endosperm 

grits blended with the fine endosperm fraction. In the home process, the grits are not 

washed, but home-dehulled. The resulting grits and fine fraction are moistened, held for 2-4 

h and milled to a dough. The kneaded dough is then covered with a polyethylene sheet and 

allowed to naturally ferment to a sour dough and held in the fermentation bowl or wrapped 

in paper or polyethylene. 

These methods of mawè production show some similarity with the dry-milling 

approach for ogi manufacture (Banigo et al., 1974). 

The present study was carried out to determine the relevant chemical, microbiological 

and physical characteristics of home-produced and commercial mawè for product quality 

improvement. 
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Figure 1. Flow diagram of mawè production: home process 
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MATERIALS AND METHODS 

Samples (2 kg) of home-produced mawè were collected from 20 homes, 15 samples 

of commercial mawè were collected at markets, and 15 samples obtained directly from 

producing mills. Samples in their original packaging (bowl, paper or polyethylene bag) were 

immediately brought to the laboratory where sub-samples were taken for microbial culture, 

pH, titratable acidity and colour measurements. The remainder was packed in freezer bags 

and held at -50°C for proximate analysis, viscosity and particle size measurement. 

Chemical Analyses 

Titratable acidity and pH were measured immediately (Nout et al., 1989), as was 

moisture (method 44-15A, AACC, 1984). Thawed mawè (50 g) was dried at 60°C for 48 

hours, ground and dried to constant weight at 103°C. The dried sample was vacuum-sealed 

in laminated aluminium bags for proximate analysis. Protein, fat and ash content were 

determined using AACC methods 46-11A, 30-25 and 08-01 (AACC, 1984). Crude fibre 

content was determined as described by Osborne and Voogt (1978). Carbohydrate was 

calculated by difference. 

Microbiological analyses 

Duplicate sub-samples of mawè (10 g) were homogenized with 90 ml sterile peptone-

physiological salt solution (5 g peptone, 8.5 g NaCl, 1000 ml distilled water, pH 7.0 ± 0.2) 

and decimal diluted. All cultures were in pour plates. Total aerobic mesophilic counts were 

made after incubation (3 d, 30°C) on Plate Count Agar (PCA; 5 g tryptone, 2.5 g yeast 

extract, 1 g dextrose, 15 g agar N°l, 1000 ml distilled water, pH 7.0 ± 0.2) with a PCA 

overlay to avoid surface spreading. Lactic acid bacteria counts were made after 3-5 d at 30°C 

on MRS medium (Oxoid CM 361) containing 0.1% (w/v) natamycin (Delvocid, 

Gist-Brocades, Delft, The Netherlands), with an overlay of the same medium. Lactobacillus 

spp. counts were made after 3 d at 30°C on Rogosa agar (Oxoid CM 627) with overlay. 

Yeasts and filamentous fungi (moulds) were counted after 3-5 d at 25 °C on Yeast Extract 

Glucose Agar (Oxoid CM 545) to which 0.01 % (w/v) sterile Oxytetracycline (Oxoid SR 73) 

was added after autoclaving. Enterobacteriaceae were counted after 20-24 h at 37 °C on 

Violet Red Bile Glucose Agar (VRBG, Oxoid CM 485) with overlay. 
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Physical analyses 

Colour of mawè samples was measured with a Minolta CR 210b portable 

chromameter, using chromaticity coordinates L*, a* b* and AE (illuminant D65; CIE 1976). 

The instrument was standardized with a standard white tile (Y = 94.8, x = 0.315 and y = 

0.3324). 

Particle size was determined as described by Sefa-Dedeh (1989): 100 g of mawè 

sample was shaken for 30 min through 355, 250, 125, 90, and 45 /tin screen sieves, on an 

Endecotts test sieve shaker (Endecotts, London, UK). A continuous jet of water was sprayed 

on to the sample. The solids content of the sample on each sieve was determined by drying 

and the corresponding percentage of the sample (dry weight basis) calculated. The solids 

content of the throughs from the bottom sieve (45 /*m) was determined by difference. 

Viscosity of mawè thawed overnight at +5°C was measured with a viscograph (Pt 

100, 700 cmg sensitivity cartridge, Brabender OHG Duisburg, Germany) on 8% dry matter 

slurries (450 g). The mixture was heated at 1.5°C min"1 from 30°C up to 92°C, held at 92°C 

for 15 min and then cooled at 1.5°C min'1 to 50°C (Adeyemi, 1983). The viscograms were 

evaluated as described by Banigo et al., (1974). 

RESULTS AND DISCUSSION 

In mawè resulting from both processes, the average moisture contents were 45-47% 

and did not differ significantly. Titratable acidity of both home-made and commercial mawè 

samples were similar (1.2-1.4% w/w as lactic acid), but home-made mawè had a slightly 

higher pH (Table 1). Both values were similar to that found in highly acceptable ogi 

(Steinkraus et al., 1983) and Ghanaian maize dough (Plahar and Leung, 1983). As expected, 

crude protein, crude fat, crude fibre and ash contents of home-produced mawè were higher 

than those of commercial mawè since more hulls and germs are retained during the home 

production. Process conditions influence ogi composition in a similar way (Banigo et ah, 

1974; Adeyemi et al., 1987). 

The dominating micro-organisms in mawè (Table 2) were lactic acid bacteria (mainly 

Lactobacillus spp.) and yeasts. Enterobacteriaceae counts were lower than 400 and 3600 

cfu/g in commercial and home-produced mawè, respectively. Commercial market mawè had 

a slightly higher yeast count with no real differences in counts of total aerobic mesophilic and 

lactic acid bacteria. 
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In general, mawè is a white dough produced from white maize varieties. Most 

commercial mawè is visually whiter than home-produced mawè, although all the measured 

values were very similar (Table 3). 

Table 1. Chemical characteristics of mawè. 

pH 

Titratable acidity 

(% w/w, as lactic acid) 

Moisture content (%) 

Crude protein2 (% dwb)3 

Crude fat (% dwb) 

Crude fibre (% dwb) 

Ash (% dwb) 

Soluble carbohydrate 

(% dwb) 

Home-produced mawè 

(collected from 

homes) 

n=20 

4.2 ± 0.4' 

1.2 + 0.2 

46.8 ± 2.7 

9.2 + 0.9 

2.3 + 0.9a4 

0.7 + 0.1a 

1.1 ± 0.2a 

86.7 

Commercially produced mawè 

(fresh from 

the mill) 

n = 15 

3.9 ± 0.3 

1.1 ± 0.3 

45.9 ± 1.5 

8.3 ± 0.8 

0.9 ± 0.4b 

0.4 ± 0.1b 

0.6 ± 0.1b 

89.8 

(sold at 

the market) 

n=15 

3.8 ± 0.3 

1.4 + 0.5 

45.1 ±1.2 

8.2 ± 1.0 

1.0 ± 0.6b 

0.4 ± 0.1b 

0.6 ± 0.1b 

89.8 

1 Averages and standard deviations. 
2 N x 6.25. 
3 dwb = dry weight basis. 
4 a, b: Averages with different letters are significantly different (Student's t-test; p<0.05). 
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Table 2. Microbiological composition of mawè (Log,0 c.f.u./g). 

Total aerobic 

mesophilic count 

Lactic acid bacteria 

Lactobacillus spp. 

Yeasts2 

Enterobacteriaceae 

Home-produced mawè 

(collected from 

homes) 

n=20 

9.0 ± 0.4' 

9.0 ± 0.6 

9.0 ± 0.4 

5.8 + 0.8 

< 3.6 

Commercially produced mawè 

(fresh from 

the mill) 

n=15 

8.8 + 0.4 

8.9 ± 0.4 

8.9 ± 0.4 

6.4 ± 0.9 

< 2.5 

(sold at 

the market) 

n=15 

8.8 ± 0.3 

8.9 ± 0.3 

8.9 ± 0.3 

6.9 + 0.5 

< 2.3 

1 Averages and standard deviations. 
2 Moulds were not detected. 

Table 3. Colour parameters of mawè 

Home-produced mawè Commercially produced mawè 

(collected from 

the homes) 

n=20 

(fresh from 

the mill) 

n = 15 

(sold at 

the market) 

n = 15 

L* 

a* 

b* 

AE 

78.7 + 2.1' 

-1.0 ± 0.4 

9.8 ± 0.9 

20.8 + 2.1 

78.0 + 2.5 

-1.0 ± 0.4 

9.3 ± 0.9 

22.0 + 3.2 

79.7 + 1.3 

-1.1 + 0.3 

9.2 ± 1.8 

19.0 ± 1.4 

1 Averages and standard deviations. 
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Partiele size analysis showed major fractions as < 45/tm in all samples (Table 4). 

Brabender viscosity profiles of mawè are similar to those for sorghum ogi (Adeyemi, 

1983) and ogi from different varieties of maize (Adeyemi et al, 1987). The average 

temperature of gelatinization was about 73°C for the commercial market mawè and 75°C for 

home-produced mawè. Viscosity during heating and cooling, stability and gelatinization index 

were all slightly higher in commercial than in home-produced mawè (Table 5). According 

to Banigo et al., (1974), this would make commercial mawè more suitable than home-

produced mawè for the preparation of gel-type products (e.g. agidi). 

Table 4. Particle size distribution of mawè (weight %) 

Particle size (/im) Home-produced mawè Commercial mawè 

n=20 n=30 

x > 355 5.5 ± 3.1' 2.8 ± 1.4 

250 S x < 355 4.9 ± 1.6 4.2 ± 1.5 

125 < x < 250 13.3 ± 3.0 12.9 ± 3.0 

90 < x < 125 6.7 ± 3.3 6.1 ± 1.5 

45 S x < 90 7.7 ± 3.1 10.2 ± 3.5 

x < 45 61.9 + 6.3 63.8 ± 6.5 

1 Averages and standard deviations. 
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Table 5. Viscograph characteristics of traditional mawè 

Tg (°C) 

Mg (min) 

M„ (min) 

M„-Mg (min) 

Vm (BU)1 

Vr (BU) 

Ve (BU) 

Vra-Vr (BU) 

Ve-Vra (BU) 

Ve-Vr (BU) 

Home-produced mawè 

(collected from 

the homes) 

n=20 

74.9 ± 2.2 

30.0 ± 1.5 

41.4 ± 2.5 

11.4 + 3.1 

221 ± 61 

197 ± 47 

338 ± 84 

24 ± 17 

117 + 38 

141 ± 44 

Commercially produced mawè 

(fresh from 

the mill) 

n=15 

73.2 ± 1.3 

28.8 ± 0.9 

40.2 ± 0.5 

11.4 ± 0.8 

333 ± 68 

269 ± 51 

456 ± 87 

64 ± 30 

123 ± 32 

187 ± 38 

(sold at 

the market) 

n=15 

72.6 ± 0.9 

28.4 ± 0.7 

39.7 + 0.8 

11.3 + 0.5 

383 + 48 

291 + 36 

492 + 62 

92 ± 44 

109 + 53 

201 + 28 

1 BU, Brabender unit. 

Tg, gelatinization temperature; Mg, time to reach Tg; M„, time to reach Vm; M..-M,,, Ease of 

cooking; Vm, maximum viscosity during heating; Vr, viscosity after 15 min at 92°C; Ve, 

viscosity after cooling to 50°C; Vm-Vr, stability of the starch; Ve-Vm, setback value; Ve-Vr, 

index of gelatinization. 

CONCLUSION 

Colour, fineness and acidity are the major quality criteria in mawè production. Commercial 

mawè is thought to be whiter and finer than home-produced mawè, but no real differences 

were found. As significantly more hulls and germs are retained in the home-made mawè, it 

has more protein, crude fat, crude fibre and ash. The microflora of both products is fairly 

similar and consists mainly of Lactobacillus spp. and yeasts. Traditional mawè varies widely, 

and is not of uniform composition; factors responsible include the maize cultivars used, 
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actual process conditions and environmental conditions during the fermentation, all of which 

affect the nature and activity of dominating microorganisms and the biochemical 

transformations taking place. 
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CHAPTER 3 

CHANGES IN THE PHYSICO-CHEMICAL PROPERTIES OF MAIZE DURING 

NATURAL FERMENTATION OF MA WE 

ABSTRACT 

The physical and chemical changes that occurred during a 72-h fermentation period 

were studied in two differently processed maize doughs from Bénin, referred to as home-

produced and commercial mawè. The pH decreased from 6.1 to 3.5 in the commercial 

process and from 6.2 to 3.6 in the home-style process, whereas the titratable acidity 

increased from 0.2 to 1.7% (w/w, lactic acid), and from 0.3 to 2.3%, respectively. 

Home-produced mawè had significantly higher levels of crude fat, crude fibre and ash 

compared with the commercial mawè, as a consequence of the difference in the 

processing methods. No marked changes in proximate composition occurred during 

subsequent fermentation. Commercial mawè was whiter than home-produced mawè, and 

this whiteness increased with increasing fermentation time. Fermentation significantly 

increased the swelling and thickening capabilities of mawè, which were more pronounced 

in the commercial than in home-produced samples. Overall, the commercial mawè 

process appeared to be a technologically more advanced and effective method of mawè 

manufacture than the home process. 

INTRODUCTION 

Mawè is a sour dough, which has undergone natural fermentation for 1 to 3 days. It 

is made from dehulled maize, and, on this basis, is different from the whole maize dough 

used to prepare Ghanaian kenkey'. Mawè is used for the preparation of a variety of dishes 

This chapter has been published as: 

Changes in the Physico-Chemical Properties of Maize During Natural Fermentation of Mawè 
D.J. Hounhouigan, M.J.R. Nout, CM. Nago, J.H. Houben and F.M. Rorabouts 
J. Cereal Sei. 17 (1993) 291-300 
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in its area of origin, Bénin and Togo. Depending on its intended use and on individual 

taste preferences, consumers choose mawè on the basis of its sourness, whiteness and 

fineness. 

An investigation carried out in the Bénin urban area showed that ready-to-use mawè 

had a titratable acidity of 1.2-1.4% (w/w, as lactic acid), with pH values of 

approximately 4.2 in home-produced mawè and 3.8 in commercial mawè2. These degrees 

of sourness are generally accepted for the preparation of stiff gels (akassa, agidi, eko) and 

porridge (koko). On the other hand, less sour mawè is preferred for steamed cooked 

bread (ablo), and more acid mawè is used for the preparation of porridge for sick people. 

In Bénin, mawè is a substitute for ogi (a fermented maize gruel fermented as a 

suspension) for akassa and porridge preparation. 

The physical and chemical changes during the processing of cereal grains into ogi 

have been investigated3"5. As information on the physical and chemical changes during the 

processing of maize to mawè is lacking, this study was carried out to evaluate these 

changes. 

EXPERIMENTAL 

Mawè production 

Home-produced mawè and commercial mawè were produced as illustrated in Figs 1 

and 2, respectively. The processing was carried out by a local mawè producer, using the 

maize cultivar Sékou 85 provided by the International Institute of Tropical Agriculture, 

Bénin. The dough resulting from each process was divided between six plastic buckets 

with lids. Fermentation was at room temperature (28-32cC) and was carried out for 72 h. 

Each process was carried out in duplicate. 

Sample treatment, packaging and preservation 

After 0, 6, 12, 24, 48 and 72 h fermentation, one bucket of mawè from each process 

was taken for analysis. Sub-samples (5 g) were used for moisture determination. Portions 

(100 and 20 g) were used for measurement of colour and determination of pH and 

titratable acidity, respectively. The remainder of the sample was packed in polyethylene 

bags, and held at -50°C for later analysis: frozen samples of mawè were thawed 

overnight at 5°C for viscosity measurement or dried in an air-oven at 60°C for 48 h, 
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ground in a Retsch ZM1 mill and dried further to constant weight at 103°C. The dried 

sample was vacuum-sealed in laminated aluminium foil bags until determination of 

proximate composition. 

Maize grains (10 kg) 
Yields" 

100% 

Water 
1 

Washed maize 
l 

Cleaning-washing —• Water + waste 

Crushing 

1 
Crushed maize 

Screening-dehulling -• Hulls 
1 

Mixture of grits and fines 

Water Soaking 

Moistened mixed grits and fines 

Standing for water absorption (2h) 

Moistened mixed grits and fines 

Grinding 
— I 

Wet flour 
i 

Water Kneading 

1 
Dough 

Fermentation (1-3 days) 

10-12% 

Home-produced mawè 76-80% 

* Yields expressed on dry-weight basis. 

Figure 1. Flow diagram for mawè production: home-style process 
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Washed grits 

Draining 

"T 
-• Water 
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Water — • Mixing and moistening grits and fines •* 

10-12% 

7-S 

Standing for water absorption (2 h) 

Moistened mixed grits and fines 

Grinding 

Wet flour 

Water Kneading 

-1 
Dough 

Fermentation (1-3 days) 

65-71% Commercial mawè 

* Yields expressed on dry-weight basis. 

Figure 2. Flow diagram for mawè production: commercial process 

Chemical analysis 

pH and titratable acidity were measured by the method of Nout et al.6, modified as 

follows: the sample (10 g) was mixed with distilled water (20 ml) and the pH measured 

using a Hanna 8417 pH meter (Hanna Instruments, Limena, Italy). Subsequently, this 

suspension was mixed with distilled water (70 ml) for determination of the titratable 
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acidity. Moisture, crude protein, crude fat and ash contents were determined using 

AACC7 methods 44-15 A, 46-11 A, 30-25 and 08-01, respectively. Crude fibre content 

was determined as described by Osborne and Voogt8. Carbohydrate content was calculated 

by difference. 

Physical analysis 

The colour of mawè samples was measured with a Minolta CR-210 portable 

chromameter, using chromaticity co-ordinates L \ a*, b* and AE (illuminant D65, CIE 

1976). The instrument was standardized with a standard white tile (Y = 94.8, x = 0.3150 

and y = 0.3324). The pasting characteristics were measured using a Brabender Pt 100 

Viscograph (Brabender OHG Duisburg, Germany). A 700 cmg sensitivity cartridge was 

used. Slurries containing 10.0% (w/v) dry matter were analyzed. The total weight of 

slurry in the Viscograph bowl was 450 g. The mixture was heated at 1.5°C/min from 

30°C up to 92°C, held at 92°C for 15 min and then cooled to 50°C. The Viscograms 

were interpreted as described by Banigo et al.9. 

Statistical analysis 

Samples from different processes and fermentation periods were statistically 

compared using analysis of variance10 and Duncan's Multiple Range Test". 

RESULTS AND DISCUSSION 

Yield of mawè 

The yield of mawè from three replications of each process ranged between 76 and 

80% for the home-style process and between 65 and 71 % for the commercial process 

(dry-weight basis). The lower yield in the commercial process was caused mainly by the 

thorough washing of grits in water to remove hulls and germs, and to the concomitant 

loss of extractable dry matter in the washing water. In the home-style process, this 

operation was not applied: the mixture of grits and fines obtained after 

screening-dehulling was soaked in water without washing (Figs 1 and 2). 

A significant (P<0.05) increase in the moisture content of mawè was observed 

during the fermentation period (Table I). This is caused by the combined effects of dry 

matter consumption and production of water during aerobic and anaerobic catabolism by 
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yeasts and heterofermentative lactic acid bacteria212. 

TABLE I. Influence of the fermentation time on the moisture content of mawè" 

Fermentation time Moisture content (% w/w, fresh weight) 

(h) Home-produced mawè Commercial mawè 

0 45.5 46.0 

6 45.4 46.0 

12 46.1 46.2 

24 46.3 46.8 

48 47.2 48.4 

72 48.3 48.2 

a Mean of two independent determinations. Replicates were within 3% of the mean. 

pH and titratable acidity 

The changes in pH and titratable acidity in both types of mawè are shown in Figs 3 

and 4, respectively. The titratable acidity of home-produced and commercial mawè 

increased from 0.3% and 0.2% (w/w, calculated as lactic acid), at the start of the 

fermentation (to), to 2.3% and 1.7%, respectively, after 72 h fermentation (t72). The pH 

of home-produced mawè still remained the highest. 

In the commercial process, water-extractable sugars and proteins are partly lost 

during the washing of the grits. In the home-style process, the greater availability of 

fermentable sugars led to enhanced production of organic acids (Fig. 4). But the home-

produced mawè also had a higher protein content and consequently a higher buffering 

capacity13. The latter was responsible for the higher pH compared to the commercial 

product. 

In the commercial product, the lower titratable acidity was, nevertheless, sufficient to 

create an extracellular pH14 that limited further growth. The buffering effect of the higher 

protein content in the home-produced mawè necessitated larger amounts of titratable 
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acidity to reach an inhibitory extracellular pH. In fact, after 72 h fermentation, the home-

produced mawè had not yet stabilized. A buffering action by proteins was observed also 

in ogi3 and Ghanaian maize dough15. 

Our findings confirm that the extent of fermentation of cereal products cannot be 

evaluated merely on the basis of their pH. Consequently, evaluation of fermentation rates 

requires monitoring of both pH and titratable acidity. Earlier experiments2 showed that at 

the moment of use, market samples of commercial mawè had a titratable acidity of 1.4 ± 

0.5% (w/w, as lactic acid) and home-produced mawè contained 1.2 ± 0.2% titratable 

acidity. These levels of acidity were achieved within 24 h of fermentation in commercial 

mawè or within 12 h of fermentation in home-produced mawè under the conditions of the 

present study. 

7.00 

I a 

0 10 20 30 40 50 60 70 

Fermentation time (h) 

Figure 3. The influence of fermentation time on the pH of mawè. 

Home-produced mawè (- D -), commercial mawè (— A-
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Figure 4. The influence of fermentation time on the titratable acidity of mawè. 
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Proximate composition 

From Table II, it can be seen that the processing method had only a slight effect on 

the crude protein content but the crude fat, ash, crude fibre and carbohydrate contents of 

mawè were influenced significantly (P<0.01). The maize cultivar Sékou 85 sample used 

contained about 11.2% crude protein, which was reduced to about 10.3% on conversion 

to unfermented commercial mawè (about 8% loss in t„ sample) and remained constant on 

conversion to unfermented home-produced mawè. 

A substantial loss of protein (40-50%) was reported during the processing of maize to 

ogi316. Compared with the unprocessed maize, the crude fat content was reduced by about 

80% in commercial mawè and by 22% in home-produced mawè; the ash content by about 

67% in commercial mawè and 13% in home-produced mawè; and the crude fibre content 

by about 72% in commercial mawè and 50% in home-produced mawè. No marked 

changes in proximate composition occurred during subsequent fermentation. The only 
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difference between the commercial process and the home process was the washing of the 

grits before milling, which may explain the difference in proximate composition between 

both types of mawè. 

TABLE II. Proximate compositions of maize raw material, and of mawè at the start (t;,) 

and after 24 h (i24) and 72 h (t72) of fermentation2 

(% dwb)b 

Crude protein0 

Crude fat 

Crude fibre 

Ash 

Carbohydrate6 

Maize 

(raw 

material) 

11.2 

4.9 

1.8 

1.5 

80.6 

Home-

to 

11.3ad 

3.8a 

0.9a 

1.3a 

82.7a 

produced 

t24 

11.2a 

3.8a 

0.9a 

1.3a 

82.8a 

mawè 

t72 

11.3a 

3.9a 

1.0a 

1.3a 

82.5a 

Commercial mawè 

to 

10.3a 

1.0b 

0.5b 

0.5b 

87.6b 

t24 

10.5a 

1.1b 

0.5b 

0.5b 

87.4b 

hi 

10.7a 

1.2b 

0.6b 

0.5b 

87.0b 

d 

Mean of two independent determinations. 

dwb = dry weight basis. 

N x 6.25 

a, b, Means with the same letters are not significantly different (P<0.05). 

Calculated by difference. 

Changes in colour 

Colour parameters recorded during mawè fermentation are given in Table III. The 

fermentation period and the processing method both affected the colour parameters L* 

(luminosity), a* (greenness-redness) and AE (total colour difference with standard white 

tile) significantly (P<0.01). Commercial mawè was brighter than home-produced mawè, 

and the L* values increased with increasing fermentation time, while a* and AE values 

decreased correspondingly. 

The results suggest that the luminosity (whiteness) of the product became more 
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intense during the course of the fermentation. On the other hand, a high correlation 

(r>0.96) was observed between L* value and the moisture content of the samples 

obtained at different fermentation times. Furthermore, unfermented samples at different 

levels of moisture content showed a similar correlation between their respective L* values 

and moisture contents (results not included). This would suggest that the increase in the 

L* values (or in the luminosity) of the product was due mainly to the increase of the 

moisture contents during the course of the fermentation. 

TABLE III. Influence of fermentation time on the colour parameters of mawea 

Oh 

6 h 

12 h 

24 h 

48 h 

72 h 

Home-produced 

L* 

78.0 

78.4 

78.9 

79.2 

79.9 

80.8 

a* 

-1.8 

-2.0 

-2.1 

-2.2 

-2.3 

-2.3 

mawè 

b* 

11.8 

11.5 

11.4 

11.3 

11.4 

11.3 

AE 

22.6 

22.1 

21.6 

20.9 

20.4 

19.6 

Commercial mawè 

L* 

81.0 

81.1 

81.8 

82.5 

83.4 

83.7 

a* 

-2.2 

-2.4 

-2.3 

-2.4 

-2.6 

-2.6 

b* 

9.2 

8.8 

8.7 

8.4 

8.1 

8.4 

AE 

18.7 

18.5 

17.9 

16.8 

15.9 

15.7 

a Mean of two independent determinations. 

L', luminosity parameter. Replicates were within 1.5% of the mean. 

a*, greenness-redness parameter. Replicates were within 9% of the mean. 

b*, blueness-yellowness parameter. Replicates were within 8% of the mean. 

AE, total colour difference with standard white tile. Replicates were within 5% of the 

mean. 

Viscograph characteristics 

The pasting characteristics, which developed during the fermentation of both types of 

mawè, are listed in Table IV. Fermentation time had no significant effect on the 

gelatinization temperature (Tg), nor on the time to reach Tg (Mg). On the other hand, 
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maximum viscosity (Vm), viscosity after 15 min at 92°C (Vr), viscosity after cooling to 

50 °C (Ve), time to reach Vm (MJ, stability value of the starch (Vm-Vr), setback value 

(Ve-VJ and index of gelatinization (Ve-Vr), all increased with fermentation time. The 

biggest difference was observed between the unfermented sample and the fermented 

samples. This is in agreement with the report of Banigo et al.9 that fermentation markedly 

increased the swelling and thickening characteristics of ogi. 

Adeyemi and Beckley4 also found that the peak viscosity of soured maize flour was 

much higher than that of the unsoured maize flour. In contrast, Sefa-Dedeh17 found that 

the fermentation of maize dough drastically decreased the viscosity characteristics of 

Ghanaian-type corn dough. Adeyemi18 also found that fermentation of sorghum flour 

samples reduced their peak viscosities. The composition of the fermented substrate, which 

will be affected by the nature of the raw material used and the processing method, 

probably affected the behaviour of the paste during the heating, holding and cooling 

cycles. Adeyemi and Beckley4 suggested that the content of damaged starch granules, the 

alpha-amylase activity and the pH of the product would be factors having a more 

important influence than the presence of acetate ions, as suggested by Banigo et al?. 

There was a significant (P<0.01) increase in the ease of cooking (Mn-Mg) of the 

fermented product, concomitant with the increased time to reach maximum viscosity (M„). 

This finding contrasts with previous results on maize ogi4, and corroborates the need for 

more research in order to understand the pasting behaviour of fermented cereal products. 

It can be seen also that the processing method affected the gelatinization temperature 

(Tg), significantly (P<0.01), the time to reach Tg (Mg), the ease of cooking (Mn-Mg), the 

maximum viscosity (Vm), the viscosity after 15 min at 92°C (Vr), the viscosity after 

cooling to 50°C (Ve), the stability of the starch (Vra-Vr) and the index of gelatinization 

(Ve-Vr). The viscosity and the ease of cooking values were higher with mawè obtained by 

the commercial process whereas Tg and Mg values were lower. 

These results are in accordance with those obtained previously2. For Nigerian ogi and 

Ghanaian maize dough, high gelatinization temperatures have been attributed to greater 

particle size1719'20, as well as to reduced starch content19'20: this may explain the behaviour 

of home-made mawè during heating. The higher crude fibre and crude fat contents of 

home-made mawè may have reduced the viscosities observed in this product, as reported 

for ogi obtained from dry milled maize compared with the viscosities of ogi from steeped 

whole maize20. 
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TABLE IV. Influence of fermentation time on the pasting behaviour of mawea 

Home-produced mawè 

Oh 24 h 48 h 72 h 

Commercial mawè 

Oh 24 h 48 h 72 h 

Tg(°C) 

Mg(min) 

Mn(min) 

M„-Mg(min) 

Vm(BU)b 

Vr(BU) 

VC(BU) 

Vm-Vr(BU) 

Ve-Vm(BU) 

Ve-Vr(BU) 

72.3 

28.2 

38.7 

10.5 

254 

226 

493 

28 

239 

267 

73.2 

28.8 

40.2 

11.4 

344 

293 

630 

51 

286 

337 

72 

28.6 

40.1 

11.5 

396 

311 

686 

85 

290 

375 

72.8 

28.5 

39.8 

11.3 

415 

324 

708 

91 

293 

384 

69.9 

26.7 

36.6 

9.9 

233 

148 

392 

85 

159 

244 

70.9 

27.3 

40.5 

13.2 

560 

424 

898 

136 

338 

474 

71.3 

27.5 

40.3 

12.8 

661 

426 

918 

235 

257 

492 

71 

27.5 

39.8 

12.3 

681 

426 

983 

255 

302 

557 

a Mean of two independent determinations. b BU = Brabender unit. 

Tg, replicates were within 2% of the mean. 

Mg, Mn, replicates were within 3 % of the mean. 

Vm, Vr, Ve, replicates were within 10% of the mean. 

Tg, Gelatinization temperature; Mg, time to reach Tg; M„ time to reach Vm; M„-Mg, ease 

of cooking; Vm, Maximum viscosity during heating; Vr, Viscosity after 15 min. at 92°C; 

Ve, Viscosity after cooling to 50°C; Vm-Vr, Stability of the starch; Ve-Vm, Setback value; 

Ve-Vr, Index of gelatinization. 

CONCLUSION 

The commercial process can be considered a technologically more advanced and more 

effective method of mawè production, compared with the home process. Its adoption was 

dictated by the market demand for a product as white and fine as possible, having 

maximum swelling and thickening characteristics. Considering that the loss of protein is 
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low during commercial mawè processing, and in view of the superior pasting behaviour, 

commercial mawè may be considered to be of superior quality. 
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CHAPTER 4 

MICROBIOLOGICAL CHANGES IN MAWE DURING NATURAL 

FERMENTATION 

ABSTRACT 

Two types of dough from dehulled maize, referred to as home-produced and 

commercial mawè, respectively, were investigated during a 72 h fermentation period for 

changes in their microbial composition. Lactic acid bacteria counts increased from 3.2 x 106 

and 1.6 x 107 c.f.u./g (wet wt) of home-produced mawè and commercial mawè respectively, 

to 2 x 109 and 1.6 x 109 c.f.u./g after 12-24 h of fermentation. These populations were 

dominated by obligate heterofermentative L. fermentum (biotype cellobiosus), L. fermentum 

and L. brevis. In commercial mawè, the yeast count increased from 1.3 x 105 c.f.u./g to 2.5 

x 107 after 48 h of fermentation before decreasing while in the home-produced mawè it 

increased from 2.5 x 104 to 3.2 x 107 c.f.u./g after 72 h of fermentation; dominating yeasts 

included C. krusei (mainly), C. kefyr, C. glabrata and S. cerevisiae. Enterobacteriaceae 

counts increased slightly during the initial stage of the fermentation, but decreased below the 

detection level after 24-48 h. E. cloacae was found mostly in commercial mawè and E. coli 

mostly in home-produced mawè. 

INTRODUCTION 

Fermentation is a widely used method for food crops processing all over the world. 

In Africa, most of the traditional cereal-based fermented foods are processed by natural 

fermentation. Investigations have been carried out to inventorize the microorganisms involved 

in the fermentation of these products (Akinrele, 1970; Christian, 1970; Nout, 1980; Fields 

et al, 1981; Mbugua, 1984; Odunfa and Adeyele, 1985; Adegoke and Babalola, 1988). In 

This chapter was accepted for publication as: 

Microbiological Changes in Mawè During Natural Fermentation 
D.J. Hounhouigan, M.J.R. Nout, CM. Nago, J.H. Houben and F.M. Rombouts 
in: World Journal of Microbiology and Biotechnology. 
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most cases, lactic acid bacteria and yeasts played an important role in the fermentation 

process. These microorganisms and species of Enterobacteriaceae were also detected in 

home-produced and commercial mawè (Hounhouigan et al., 1993a) where they can attain 

about 109, 107 and lOMO4 c.f.u./g of mawè, respectively. Natural fermentation of mawè 

results in a product of variable quality. Development of controlled fermentation is necessary 

for the manufacture of a product of constant and reproducible quality. This requires 

knowledge of type and impact of the microorganisms involved in the fermentation of the 

product. In a previous paper we attempted to characterize the lactic acid bacteria isolated 

from mawè (Hounhouigan et al, 1993b). The present report deals with the microbiological 

changes in mawè taking place during natural fermentation and identifies the predominant 

microorganisms involved. 

MATERIALS AND METHODS 

Sample preparation 

Home-produced and commercial mawè were produced as described earlier, using 

maize cultivar Sékou 85 (10 kg for each process) provided by The International Institute of 

Tropical Agriculture-Bénin (Hounhouigan et al., 1993b). Duplicate experiments were carried 

out under traditional conditions of mawè manufacture. 

Isolation and purification of microorganisms 

Samples (10 g) of mawè from each process were taken under aseptic conditions at 

different fermentation time intervals (0, 6, 12, 24, 48, and 72 h), homogenized with 90 ml 

sterile peptone physiological salt solution and decimal dilutions were made into pour plates 

as described previously (Hounhouigan etal., 1993b). Enumeration of total aerobic mesophilic 

bacteria, lactic acid bacteria, lactobacilli, yeasts and Enterobacteriaceae was carried out as 

described by Hounhouigan et al., (1993a). Yeast strains were randomly picked from selected 

plates to obtain representative strains from different fermentation time intervals and the 

isolates were purified by successive sub-culturing on Yeast Extract Glucose Agar plates 

(Oxoid CM 545) incubated at 25°C for 3-5 days. After microscopic examination, purified 

cultures were grown on slants of the same medium and stored at +5°C, prior to 

identification. Randomly selected colonies of Enterobacteriaceae were isolated from plates 

of different fermentation time intervals and purified on Tryptone Soya Agar plates (Oxoid 
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