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THE TECHNICAL HANDBOOK 
ON COMPOSITE FLOURS* 

Processing of tropical flours 

Africa's wheat imports rose from 3.6 million tons in 1961 to 22.4 million tons in 
1995; the coresponding bill rose from US$ 251 million in 1961 to US$ 4339 
million in 1995. This represents a steady increase of 5.6 per cent per year in 
terms of quantity and 8.1 per cent per year in terms of value. Over the last 
decade, Africa has spent a cumulated amount of nearly US$ 36 billion on this 
commodity alone. This trend must be stopped by implementing a drastic policy 
decision as expressed in "The Wheat Trap" by Gunilla and Beckman which can 
be summarized as follows; "If Africans want to eat bread, let it be! But they 
must eat bread made from their own locally produced raw materials." This is 
the overall concern of this Handbook which provides the necessary techno-
economic information and policy guidelines to allow African countries to utilize 
indigenous local raw materials in their milling and baking industries. 

Composite flour refers to a mixture of wheat and non-wheat flours as well as a mixture of non-
wheat flours. The aim of Composite Flour Programme is to produce a wide range of acceptable, 
high quality, nutritious bakery, confectionery and pasta goods, from flours and starches other 
than wheat that can be processed in the wheat importing countries in order to save foreign 
exchange, to stimulate local agriculture and industry through creating a growing demand for 
substantive quantities of local raw materials. 
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FOREWORD 

The United Nations General Assembly, at its Sixth Special Session in May 1974, 
adopted a declaration and a programme of action on the establishment of a New 
International Economic Order in their Resolutions 3201 (S-IV) and 3202 (S-
VI), according to which every effort should be made by the international 
community to accelerate development. These resolutions have laid emphasis 
on the utilization of appropriate technologies by developing countries to promote 
the production, processing and utilization of local raw materials in their 
development operations. 

From its inception, the United Nations Economic Commission for Africa 
(UNECA) has recognized the primary role that processing plays in the 
achievement of food self-sufficiency. In this context, the Lagos Plan of Action 
exhorts African Governments to pursue such policies and strategies as would 
secure the production and processing of food products that would eventually 
replace imported products by local. 

Accordingly, the development of composite flours is seen as a measure that 
would restore the value of local cereals, tubers and pulses and speed up the 
pursuit of independent national food policies. The planning, formulation and 
implementation of national composite flour programmes addresses this concern 
and provides the justification for preparing this Handbook. 

The slow rate at which composite flour programmes are emerging in Africa 
goes to show the magnitude of the constraints with which they have to reckon. 
In the circumstances, this publication will provide economic operators and 
national planners with tools for conducting prefeasibility studies on composite 
flour programmes with a view to facilitating and making more reliable the 
preparation of such projects in member countries. 

May I take the opportunity to express my sincere gratitude to the Government of 
the Netherlands for their financial assistance in printing the Handbook. 

Dr. K.Y. Amoako 
Executive Secretary 

Economic Commission for 
Africa 
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EXECUTIVE SUMMARY 

The technology of composite flours, in which imported wheat flour is totally or 
partially substituted by flours from locally grown cereals, tubers and legumes, 
is now well established. This technology represents a valuable option in 
minimizing the negative effects resulting from increasing imports of wheat by 
African countries. Furthermore, the researches have shown that the introduction 
of composite flours concept to industry is technically feasible and economically 
desirable in most countries. 

The application of this concept at country level requires proper formulation, 
adaptation of technology, standardization of the new products to be fabricated 
and related technological training. The Technical Handbook on Composite Flours 
addresses these problems through its four parts. 

The Model Pre-feasibility Study cautions the reader on the potential danger of 
consuming massively food not locally grown and provides alternatives to wheat-
bread products. The Model is based on the lessons drawn from the past 
experiences and which have shown that the implementation of a Composite 
Flour Programme (CFP) requires the adherence to some basic principles and 
practices. This, in principle, means that a country embarking on such programme 
has to take into consideration all major factors from policy formulation to the 
actual implementation. Failure to take into consideration all the relevant major 
factors has resulted in the lack of implementation of many composite flours 
programmes. The Model Pre-feasibility Study provides therefore basic guidelines 
for launching a composite flours programme and can be adapted to various 
situations prevailing in any country of the region. 

The objective of the second part is to bring to the attention of the Member 
States, latest worldwide research developments in the field of composite flours 
and to promote their production and utilization in the food self-sufficiency 
programmes. It goes further to provide information on advanced research and 
development carried out so far on composite flours which favourably has made 
it possible to produce good quality bread with minimum or no wheat flour. The 
part also provides new processing techniques of staple cereals in Africa, including 
equipment for the industrial processing. 



NEED FOR NATION-WIDE COMPOSITE FLOUR PROGRAMME (NCFP) 

The Guidelines on Composite Flour Standards (Part three) has been prepared to 
respond to the growing awareness of the need for national and international 
standardization of processed millet, sorghum, maize and cassava flours, and 
either alone or in combination with wheat to produce high quality composite 
flour products. This third part summarizes information currently available on 
existing standards, and is intended to serve as a guide for the elaboration of 
national standards based on local conditions such as consumers' acceptability. 

The Trainers' Manual on Composite Flours Technology was produced with a 
primary objective of providing easy-to-follow instructions for the baking of 
composite and non-wheat flours. These instructions are useful for teachers and 
students in bakeries and flour mills, as well as for practising commercial bakers. 
The presentation goes beyond the technique of bread production to include 
essential practices in bakery sanitation and management. 
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GENERAL INTRODUCTION 

In the development fora, a school of thought started wondering why Africans 
cannot revert to the use of bicycles and motor cycles for another two decades 
and put ban on private cars. This is not only to conserve our grossly depleted 
foreign reserves or reduce our debt burden, but largely to relate our practices to 
our level of development. It is also argued that when a country encourages its 
people to own private cars at a stage when that country cannot manufacture 
even bolts and nuts for cars, it is courting its own self-destruction. 

In search of the western ways of living, Africans rapidly picked up their clothes, 
names, languages, education, behaviour, political systems, marriage styles, 
religion and legal systems. Africa, particularly in the Sub-Sahara, has now 
added to the endless chain of dependence, another dangerous element of 
dependence - an instable taste for foreign food. Many Africans would prefer 
today imported perfumed rice than rice cultivated locally. The consequence is 
that agriculture and local food processing industries have become impoverished. 

Thus hunger and malnutrition are among the most devastating global problems 
of Africa today. While the continent's population grew at an average annual rate 
of 2.9 per cent since the IQöO's, food production grew only by an average of 1.8 
per cent with the result that food self-sufficiency ratio continued to drop from 
98 per cent in 1960 to about 81 per cent in 1997. 

In other respects, according to the World Bank, African Industrial Production in 
which agro-industries account for more than 50 per cent declined, at an average 
annual rate of 2.4 per cent during the period 1980-1985 compared to an average 
annual increase of 9.7 per cent during the period 1965-1980. Consequently, 
Africa had to resort to massive food imports and food aid to meet the shortfall in 
supply. Among the imported foods, cereal imports rose steeply from 24 million 
tons in 1980 to 37 million tons in 1993*. With imports increasing sharply and 
earnings from primary exports diminishing, mainly due to the collapse of 
international commodity prices, African countries had to rely increasingly on 
food aid as their capacity to finance commercial imports became substantially 
limited. 

Among the cereals imported into Africa, wheat is of special significance. Even 
though the production of wheat is, in general, ill suited for Africa, it is rapidly 
gaining widespread and remarkable increase into imports, consumption and 
industrial activities. On the contrary, local cereals and tubers for which many 

* Food supply situation and crop prospects in Sub-Saharan Africa (various issues), FAO. 
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African countries have comparative advantages in their production have received 
far less attention. This situation is unacceptable, especially since Africa has the 
potential to attain and sustain rates of food production increases which could 
lead to self-sufficiency in the Region. 

What have been the efforts of the African Governments successfully to bring 
farmers and local food processors to commercial production when the preference 
is to buy imported food? This is a question of considerable development interest. 
Concerning wheat, R&D research on composite flours, conducted particularly 
by international organizations in Africa, Asia and Latin America and by seven 
developed countries during the 1960s and 1970s, has led to the feasible 
combination of wheat and non-wheat flours in the production of bakery and 
other flour-based products which will be able to compete with wheat products. 

Following this achievement and in translating the recommendations of the Lagos 
Plan of Action into action, the Fifth Conference of African Ministers of Industry 
(CAMI) unanimously adopted on 20th of October 1979, Resolution 3(V), which 
requested ECA to undertake "a feasibility study on the strengthening of existing 
composite flour development and training centres to serve regional needs ..." 
and "to compile technological processes for the production of composite flours 
utilizing indigenous grains such as sorghum, millet, maize and cassava, and 
make these available to member States as soon as possible." 

The latter request led to the preparation and publication by ECA of both the 
English and French versions of the "Technical Compendium on Composite 
Flours, Technologies Available for Application." in 1985. 

The need for substituting locally derived non-wheat flours for imported wheat 
flour was reiterated in Resolution 10 (X) (d) of the Ninth CAMI Conference 
held in Harare from 29 to 31 May 1989 as follows: "Member States should 
develop national composite flour programmes in order to reduce wheat imports 
and save foreign currency which will be used to stimulate the production of 
local staples." 

Bearing this in mind and in order to assist Member States in their endeavour, 
ECA has published this Technical Handbook covering four parts, namely: the 
Model Pre-feasibility Study; the R&D achievements on processing of local 
flours into modem products; the guideline on standards; and a Trainers' Manual. 
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INTRODUCTION 

In the late 1970s and during the 1980s, attempts in producing and marketing composite 
flour products by Governments and/or Institutions have been made in many countries 
such as Senegal, Sudan, Ethiopia, Burkina Faso, Nigeria... and Sierra Leone. However, 
the expected impact on flour milling and bakeries has not been realized because the 
projects were insufficiently prepared and therefore the technology has not been 
successfully introduced in the industrial sector. The lesson learned from this state of 
affairs is that for a technological change to succeed, the necessary institutional and 
policy measures have to be favourable and the policy decision makers have to make 
appropriate adjustments in the macro-economic environment within the framework 
of good governance. 

The model prefeasibility study has been designed to meet the above challenge in 
providing Governments with basic information for a better understanding of both 
composite flour concept and its application and underlining the unfair competition 
between the imported wheat and the local staple foods. It further stressed the need 
for countries to strengthen local flour processing into modern products (chapter 1) 
based on different alternatives among which composite flour appears to be the most 
manageable (chapter 2). 

A surplus in raw materials (cereals, tubers and legumes) production over traditional 
uses, is a sine qua non condition for a successful implementation of composite flour 
programmes. Chapter 3 reviews the production patterns and proposed strategies for 
an assured supply of raw materials. 

The full introduction of composite flours to the industrial sector - commercial flour 
mills and bakeries - (chapter 6), requires an intermediate stage in the form of a pilot 
demonstration plant (chapter 5). This pilot plant includes a non-wheat flour mill, a 
flour blender, a bakery and a laboratory for flour-based products quality analysis. 
The objectives of the pilot plant are to determine the composite flour and products, 
the formulae of the composite bread and other products, the baking technology and 
procedure, and finally the level of substitution of imported wheat by non-wheat 
flours. The pilot plant will also serve as in-plant training centre for practising flour 
millers and bakers. 
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CHAPTER 
ONE 

NEED FOR 
COMPOSITE FLOUR PROGRAMME I 
PROCESSING OF LOCAL FLOURS 

1.1 AFRICA'S GROWING FOOD 
DEPENDENCE 

The overview of the food situation in the region 
shows a relentless decline since the 1960's in 
food availability which has lately been 
aggravated by various factors such as drought 
and the new patterns of food demand of the 
population. 

The shortfall in food production, the bulk of 
which is processed traditionally at a low level 
of productivity coupled with high levels of post 
harvest losses and periodic and severe 
shortages, has led to increasing dependence on 
food imports. 

According to FAO1, the food crisis in Sub-
Saharan Africa led to the increase of food aid 
requirements from 3.3 million tons in 1985 to 
4.9 million tons in 1992 with an estimation of 
2.03 million tons in 1997. In spite of the rise 
in imports and food aid, Africa still remains 
calorie deficient and several countries have a 

per capita dietary energy supply below the 
minimum requirement of 1970 kilocalories. 

Africa's increasing dependence on food imports 
is illustrated by the trade index. Starting from 
1969-1971 as base 100, the index of food import 
volume reached 132 in 1975, 263 in 1981 and 
estimated at 400 in 1990; similarly, the index of 
food import value reached 375 in 1975, 788 in 
19812 and much more today. 

African Governments can no longer afford to 
allow this situation to deteriorate any further. 
Commercial food imports and food aid 
(particularly wheat and rice) intended to be a 
stop gap, are likely to be perpetuated, with 
adverse changes in consumption patterns and 
food habits that will be difficult to change when 
normal conditions are restored. Wheat, a case 
in point, is fast reaching a crisis level in most 
African countries. This has been felt by 
expanding consumer demand, and the relative 
ease of wheat importation compared with the 
inefficient distribution system of the locally 
produced grains. 

1,2 FAO - Global Information and Early Warning System on Food and Agriculture. Food Supply Situation 
and Crop Prospects in Sub-Saharan Africa, (various issues), Special Report, June 1992. 
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1.2 EXPANSION OF WHEAT 
CONSUMPTION 

The historical evolution of human starch 
consumption has followed three routes. The 
Europeans and Americans developed wheat and 
rye production for breadmaking while the Asian 
people developed rice culture, consuming boiled 
polished rice grains. The third route concerns 
the "pasting process" applied to all other starchy 
materials (maize, sorghum, millet, cassava and 
yam) by stirring the flours in boiling water up 
to a thick paste. However, the paste consumers 
are eating more and more wheat bread and rice 
without the necessary efforts to increase local 
production.. 

Established patterns of consumption of 
processed foods in the local markets have been 
encouraged by the transition to non-agricultural 
occupations and urban living which favour the 
consumption of bread and other "convenience 
foods" that require less preparation. To respond 
to the increasing demand for bread, the majority 
of the African countries have built ports for 
wheat grain handling, storage and milling; they 
are now trapped into permanent dependence on 
wheat even though the domestic production of 
traditional food staples has increased. Once 
established, such a dependent consumption 
pattern is self-reinforcing. Alternative sources 
of domestic supplies are obstructed by taste 
preferences and restrictions on imports are 
resisted by those sections of the population who 
have incorporated this food into their daily diet. 

The above pattern is reinforced by the external 
commercial orientation of the domestic millers. 
It is easier and more profitable to telex suppliers 
in the United States or Europe than to mobilize 
supplies from a fragmented and complex 
domestic production system. Domination of the 
local milling industry by foreign capital further 
reinforces a preference for imported solutions 
to domestic supply problems. The prominence 
and popularity of wheat among the cereals is 
due to an absorptive capacity that has been 

created in its favour in terms of price, 
convenience in consumption, and organized 
industrial milling and product marketing 
infrastructure. The bulk (80 per cent) of the 
imported wheat is consumed in the form of 
bread. 

Already, the politically sensitive nature of bread, 
especially among urban consumers, has held its 
consumer price below that of local non-wheat 
cereals. In addition, with the various subsidies 
in exporting countries and the overvalued 
exchange rates in a number of African countries, 
the price of bread continues to decline relative 
to local staples. As a result of these adverse 
price distortions, bread has become the cheapest 
food in Africa and consumers have been 
encouraged to switch to it from their local 
product staple foods. 

The success of bread in Africa cannot be reduced 
to the activities of international wheat traders, 
transnational and their domestic collaborators. 
The success of bread is as much the success of 
thousands of indigenous entrepreneurs who 
operate the bakery business at all levels of 
society, skilfully making use of a wide range of 
technologies and exploiting the commercial 
opportunities created by the transformation of 
African economies. 

The flexible bakery technology which allows 
for combining different ingredients at various 
cost levels has opened the way to an entire range 
of investment and facilitated close adaptation 
to market sizes. In addition, the bakery industry 
enjoys a favourable position in terms of public 
support schemes for small-scale industry; 
ideologically, this is argued with reference to 
the "rural industrialization", "appropriate 
technology" and "indigenous entrepreneurship". 

The massive importation of wheat sustained by 
powerful foreign and local economic interests 
contributes actively to the weakness of African 
agriculture. It is an easy and cheap way out of 
the domestic systems of food farming and goes 
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to reduce those activities from which farmers, 
traders and local nascent industries make a 
livelihood. 

1.3 FACTORS INFLUENCING BREAD 
CONSUMPTION IN AFRICA 

1.3.1 Definition of bread 

By conventional definition, bread is a food 
prepared from a dough of wheat, water and salt 
with some ferment (yeast) added, kneaded, 
shaped and baked in an oven when the dough 
has risen. Not all varieties of wheat can be made 
into bread. Flour is said to have sufficient baking 
quality (to be made into bread) when it has 
minimal values such as a W (measured by 
Chopin alveograph) of 130 joules and a Hagberg 
Falling Number of 220. The bread made from 
such a flour shows well-known specific 
morphological and organoleptic characteristics. 
In the current African context, bread should be 
redefined as a product made from maize, 
sorghum, millet, cassava, yam, rice, fonio or 
other staple to which wheat has or has not been 
added. 

1.3.2 Agricultural subsidies in exporting 
countries 

Within the Organization for Economic Co
operation and Development (OECD) the 
agricultural systems are designed to secure the 
food self-sufficiency of various member 
countries. In that context, agriculture has largely 
remained outside the reach of market forces and 
happens to be a protected economic activity. By 
means of subsidies, farmers have been 
encouraged to produce more and the wheat 
supply, to take only that example, has speedily 
exceeded demand resulting in over-production. 
The excess wheat on the world market is 
therefore sold off at prices lower than the 
production costs. As though that was not 

enough, some African countries further 
subsidize wheat on arrival in the country because 
it was customary to do so during the colonial 
period. 

The impact of OECD agricultural subsidies on 
Third World agriculture and national economies 
has been critically evaluated in many parts of 
the world. For example, Jean Louis Gombault, 
in his economic news broadcast on 13 May 1987 
at 4:15 universal time over Radio France 
International received in Kigali, put it very 
humorously by saying that "low prices were 
discouraging the farmers of poor countries who 
cannot sell at the prices of the rich countries 
whose farmers were economically subsidized. 
The OECD figures were illustrative. One 
quarter of the world's farmers (in the OECD 
countries) received 80 per cent of world 
agricultural subsidies. The upshot was that food 
dependency had become self-sustaining. 
Obviously, it would be impossible to dismantle 
the system all at once. It had been calculated 
that some four and a half million farmers in 
Europe would be thrown into the streets if the 
subsidies were withdrawn. The agricultural 
subsidies would therefore have to be replaced 
with unemployment allowances which 
obviously would do nothing to solve the 
problem. The OECD has therefore proposed to 
conduct the exercise in stages by reducing 
subsidies by 10 per cent of their value each year 
but in this case, just as that of missiles, no one 
trusts anybody. And so the dismantling exercise 
must be gradual and simultaneous at the same 
time which means that the zero option for 
subsidies is not going to be instituted in the near 
future." 

The lesson is clear: agricultural subsidies still 
have a bright future and will continue to 
encourage over-production which will, in turn, 
continue to keep prices low in the international 
markets. However, recent negotiations in 1991-
1992 between OECD countries for removal of 
agricultural subsidies became applicable in 
1994/1995. 
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1.4.2 Food aid 

In principle, emergency food aid elicits a broad 
consensus. It is supposed to be immediately 
effective in relieving the receiving country from 
an unexpected natural disaster. However, such 
emergency aid accounts for only 10 per cent of 
the total food aid provided by the rich countries 
to the poor countries today and is fraught with 
many discrepancies described in an abundant 
literature. 

This literature tends to demonstrate that food 
aid could constitute for donor countries a sort 
of long term investment in the recipient 
countries both commercially and otherwise. 

Under the heading of the commercial impact 
of food aid, the literature stated that the idea is 
most often to facilitate the sale of agricultural, 
grain or dairy surpluses. This solution is 
economically and politically-speaking more 
profitable than the alternative of expensive 
storage, destruction or curtailment of 
production. The introduction of products 
unsuited to the basic needs of a given country 
can eventually create a demand which so 
increases commercial imports that commercial 
flows gradually replace aid flows. 

In conclusion, the "Centre de Recherche sur 
l'Amerique Latine et le Tiers Monde (CETRA)2" 
notes that it is no exaggeration to suggest that 
by signing a food aid contract, those countries 
have signed a contract to support the rival 

agricultural sector and to disorganize their own 
agricultural system. 

Further at the end of their meeting held on 14 
and 15 June 1982, the Permanent Inter-State 
Committee for Drought Control in the Sahel 
(CILSS) and the Sahel Club issued a categorical 
statement to the effect that food aid which had 
initially been designed to supplement production 
shortfalls was beginning to become a permanent 
feature and this was at variance with the CILSS 
strategy for food self-sufficiency. The 
availability of aid at any time and under any 
terms was disrupting the food produce market, 
shifting farmers away from the sound practice 
of crop husbandry with the offer of free food. 
In brief, food aid was having adverse effects on 
the production and pricing of local food crops. 
These observations have led CILSS to publish 
later the food aid charter. 

It would be no exaggeration to conclude that 
food aid competes with the fragile production 
base by capturing part or all of a market which 
is already narrow; it pushes down already low 
prices and takes up all the already limited 
storage available. In the final analysis, it 
discourages farmers from producing. It perverts 
the mentality of people by transforming them 
into assisted persons. It changes the food habits 
of local people. It is expensive since it has to be 
imported from outside. In this context, current 
initiatives of the World Food Programme (WFP) 
aiming at purchasing food aid in the 
neighbourhood has to be greatly encouraged. 

2 CETRA : Centre de Recherche sur l'Amerique Latine et le Tiers Monde. 
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CHAPTER 
TWO 

ROLE OF WHEAT 
IN THE AFRICAN FOOD DIET 

2.1 WHEAT IMPORTS INTO AFRICA 

Bread consumption was virtually unknown in 
Sub-Saharan Africa at the beginning of this 
century. It was considered during the 1950s as 
the food of the intellectual and the urban 
minorities belonging to the privileged class of 
society. Since 1960, bread consumption has 
been increasing at a frenetic rate, rising from 
four per cent (4%) per year over the period 1950-
1960 to eighteen percent (18%) over the period 
1960-1975 and by six per cent (6%) from 1975 
to 1995. This growth rate is 3.9 percent since 
1990. The relative decline in wheat imports is 
certainly the results of : i) the sensitization 
actions carried out by number of organizations 
such as ECA; (ii) the wheat imports ban in 
Nigeria from 1987 to 1991, the impact of which 
is still sensible in the country; and (iii) the baking 
here and there of small quantities of composite 
flour bread in several countries. Nevertheless, 
bread remains very popular in Africa and is even 
considered as a staple food in many countries 
where it is rapidly gaining ground in the rural 
areas and among the less privileged members 
of society. As result, average African bread 
consumption per head has been multiplied by 
2.4 while the population was multiplied by 2.2 
during the period 1961-1995. (See Figure 1). 

The unfortunate success of bread can also be 
explained by the substantial stability of supply 
of imported wheat and its low price in the 

context of periodic shortages and inconsiderate 
fluctuations in the prices of traditional 
foodstuffs. Also, often by exaggeration, people 
make a case for its nutritional value. Only a 
few years ago, large advertising boards in 
Nigeria carried the following message: "Join 
the energy feast - eat bread". This popular 
enthusiasm for bread is all the more worrisome 
as wheat growing is unknown in most areas of 
Africa Sub-Sahara. 

Wheat and wheat flour imports into Africa (see 
Table 1) increased 6.4 per cent per year in real 
terms, rising from 4.7 million tons in 1970 to 
22.4 million tons in 1995. They increased 11 
per cent per year in value from US$ 322 million 
in 1970 to US$ 4339 million in 1995. These 
rates were respectively 10 per cent and 17.5 per 
cent between 1970 and 1985. The import 
volume increased five times in 25 years while 
the corresponding value figures increased 13 
fold. All the coffee export earnings, whatever 
the year, are not enough to cover the wheat 
imports. Taking sub-Saharan Africa alone, 
bread consumption annual growth rates 
(represented by wheat imports) are far beyond 
those of the population and the G.D.P. 

For a given country, the situation of wheat 
supply (commercial imports and food aid) can 
be traced over a period spanning a decade in 
order to follow closely its evolution. Import 
growth over the period chosen, should be 
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Figure 1: Bread consumption per head in Africa (in kg in 1961 and 1995). 
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Table 1 : Imports of wheat (wheat and wheat flours as wheat equivalent, in Africa, 1961 
- 1993 (Quantity in thousand tons and value in million US Dollars) 

COUNTRY 1961 1965 1970 1975 1980 1985 1990 1995 

Africa Quantity 3605 4112 4718 9812 15506 19899 1901 22448 
Value 251 297 322 1971 3323 3603 3272 4339 

Algeria Quantity 471 274 343 1577 3001 4038 3604 5064 
Value 39 22 27 385 690 752 623 1069 

Angola Quantity 32 48 94 97 143 126 164 253 
Value 3 3 7 20 32 18 26 41 

Benin Quantity 5 6 10 8 42 53 83 44 
Value 0 1 1 2 10 8 16 10 

Botswana Quantity 4 10 10 18 29 38 37 69 
Value 0 1 1 2 8 7 11 14 

Burkina Fa§o Quantity 5 12 27 13 27 31 33 39 
Value 1 1 2 4 7 5 6 10 

Burundi Quantity 2 3 12 8 18 19 18 16 
Value 0 0 1 3 6 7 6 5 

Cameroon Quantity 24 31 53 67 117 81 284 83 
Value 3 3 4 15 28 12 54 15 

Cap Vert Quantity 2 3 4 6 13 15 17 15 
Value 0 0 0 2 1 2 2 3 

Cen.Afr. Rep. Quantity 5 6 10 10 11 16 36 29 
Value 0 1 1 3 4 3 9 8 

Chad Quantite 3 3 9 9 5 36 25 29 
Valeur 0 1 1 3 2 7 5 6 

Comoros Quantity 1 2 2 2 1 3 5 5 
Value 0 0 0 0 0 1 1 1 

Congo Quantity 12 17 23 34 85 86 64 88 
Value 1 2 2 7 20 16 15 14 

Cote d'lvoire Quantity 8 64 100 79 197 211 217 265 
Value 1 5 8 13 46 37 53 59 

Djibouti Quantity 3 5 7 7 14 21 25 28 
Value 0 0 1 1 3 4 5 6 

Egypt Quantity 1261 2078 1232 3796 5423 6996 6439 5472 
Value 72 142 66 726 1035 1260 1063 937 

Ethiopia, PDR Quantity 5 26 71 66 396 659 658 512 
Value 0 1 5 11 64 143 128 133 
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COUNTRY 1961 1965 1970 1975 1980 1985 1990 1995 

Gabon Quantity 5 6 10 57 22 45 31 46 
Value 0 1 1 6 6 8 9 11 

Gambia Quantity 2 2 4 2 11 10 19 25 
Value 0 0 0 0 3 2 3 6 

Ghana Quantity 87 51 85 84 131 77 195 131 
Value 9 5 7 20 31 14 32 29 

Guinea Quantity 13 22 17 23 39 67 98 122 
Value 1 1 1 3 6 11 18 22 

Guinea-Bissa Quantity 1 2 6 2 3 8 3 3 
Value 0 0 1 0 0 1 1 1 

Kenya Quantity 13 10 3 83 49 150 323 283 
Value 1 1 0 11 14 24 55 58 

Lesotho Quantity 5 17 37 42 68 48 78 68 
Value 0 0 1 5 13 8 9 12 

Liberia Quantity 6 5 9 11 11 17 5 83 
Value 0 1 1 3 4 4 1 17 

Libya Quantity 112 136 238 501 745 559 1201 1063 
Value 6 8 15 119 180 110 210 241 

Madagascar Quantity 21 26 34 15 37 32 73 90 
Value 2 3 2 3 10 4 11 19 

Malawi Quantity 6 13 21 20 23 29 0 66 
Value 0 1 2 4 7 6 0 14 

Mali Quantity 4 20 17 49 23 61 53 48 
Value 0 1 1 9 9 10 10 11 

Mauritania Quantity 13 13 9 26 55 170 151 152 
Value 1 1 1 4 10 21 27 34 

Mauritius Quantity 31 47 63 80 80 84 97 152 
Value 2 3 4 17 22 16 16 34 

Morocco Quantity 393 313 415 1383 1693 1966 1414 2581 
Value 25 20 29 255 330 266 182 471 

Mozambique Quantity 33 50 75 116 192 87 131 242 
Value 3 3 5 26 41 18 23 46 

Namibia Quantity 7 11 16 19 24 28 12 26 
Value 0 1 1 2 4 4 2 6 

Niger Quantity 3 2 12 4 27 68 45 64 
Value 0 0 2 1 7 10 14 13 
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COUNTRY 1961 1965 1970 1975 1980 1985 1990 1995 

Nigeria Quantity 96 56 267 408 1176 1442 252 808 
Value 11 10 22 89 281 370 53 180 

Rwanda Quantity 0 2 11 10 10 16 14 14 
Value 0 0 1 3 4 5 6 5 

Senegal Quantity 75 61 113 105 98 140 284 206 
Value 6 5 9 22 24 23 77 50 

Seychelles Quantity 1 2 2 2 2 3 3 5 
Value 0 0 0 1 1 1 1 2 

Sierra Leone Quantity 14 20 38 26 20 27 36 32 
Value 1 2 4 6 7 4 8 7 

Somalia Quantity 14 23 31 70 91 91 116 48 
Value 1 2 2 12 36 20 27 10 

South Africa Quantity 104 0 122 4 22 129 593 1251 
Value 6 0 8 1 3 15 90 156 

Sudan Quantity 105 131 229 124 224 1073 563 440 
Value 6 9 15 23 65 180 88 84 

Swaziland Quantity 0 0 0 0 0 17 60 49 
Value 0 0 0 0 0 2 11 8 

Sao Tome Quantity 2 2 3 2 4 5 6 6 
& Pricipe Value 0 0 0 0 1 1 2 1 

Tanzania Quantity 40 48 32 159 45 66 56 71 
Value 3 4 3 35 12 12 12 15 

Togo Quantity 2 7 15 0 19 24 90 53 
Value 0 1 1 0 7 5 21 12 

Tunisia Quantity 368 180 454 265 651 487 899 1653 
Value 27 13 34 39 156 71 142 302 

Uganda Quantity 23 33 26 1 7 8 12 29 
Value 2 3 2 0 2 1 2 5 

Zaire Quantity 47 79 116 107 177 196 226 299 
Value 5 8 9 24 33 33 40 68 

Zambia Quantity 22 30 107 160 179 67 37 44 
Value 2 2 6 19 31 13 12 11 

Zimbabwe Quantity 85 90 57 41 3 139 94 86 
Value 5 5 4 8 1 21 26 31 

Source; FAO, AGROSTAT Data Base. 
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Table 2 : Growth pattern of domestic 
wheat supply in Senegal 

critically analyzed and the observed trend 
interpreted in terms of socio-economic 
conditions and such facts as the: decline or 
increase in revenue; decline or increase in 
expatriate population; urban population growth 
rate; population growth; price of wheat on the 
world market; price of wheat on the domestic 
market; effort to promote local cereals; change 
in food habits; price of bread on the domestic 
market compared to that of other countries; 
occurrence of drought. 

Table 2 shows, in the case of Senegal, the 
commercial imports and food aid growth 
pattern of the country's wheat supply from 1974 
to 1985. 

The historical trends scenario presupposes 
that the consumer price index for the 
various cereals remains unchanged. This 
situation should prevail if ; 

(a) The market price of imported cereals is 
periodically raised by the Government so 
as to keep pace with inflation; 

(b) Shortfalls in local cereal production 
continue to be made good with imports. 

The considerable growth of wheat demand in 
Senegal from 1974 to 1985 has been the result 
of intensive urbanization coupled with a 
profound change in food habits dominated more 
specifically by the European pattern of bread 
and pasta consumption. 

2.2 TRENDS AND NORMATIVE 
PROJECTIONS OF DEMAND 

Using the analysis of factors affecting the growth 
of wheat demand such as; increase in per capita 
consumption, population growth, change in food 
habits, etc..., it is possible to build import growth 
scenarios for the future. These scenarios, which 
fail to consider the growth of supply, do reflect 
a projected demand which should translate into 
actual consumption to the extent that a 
corresponding supply of wheat becomes 
available. The historical trends scenario 
presupposes that the consumer price index for 
the various cereals remains unchanged. This 
situation should prevail if: (i) The market price 
of imported cereals is periodically raised by the 
Government so as to keep pace with inflation; 
(ii) Shortfalls in local cereal production continue 
to be made good with imports. 

According to these two conditions, consumer 
prices of cereals should keep pace with 
inflation. With regard to Senegal and 
considering the historical trends projection of 
population growth (10,300,000 inhabitants by 
the year 2000) and the average wheat 
consumption (in kg/head/year) observed during 
the period 1975-1989 (35.52 kg per head), total 
wheat needs by the year 2008 should be 365,856 
tons. 

Year Commercial 
imports 
(in tons) 

Total Food 
aid 

(in tons) 

Total 
(in tons) 

1975 101.900 6.277 108.177 

1976 119.900 5.627 125.527 

1977 96.000 9.477 105.477 

1978 142.400 1.145 143.545 

1979 122.900 872 123.772 

1980 97.200 16.782 113.982 

1981 121.800 41.741 163.541 

1982 99.166 32.596 131.762 

1983 116.513 24.500 141.013 

1984 74.142 64.000 138.142 

1985 132.362 31.500 163.862 

1990 284.000 _ 284.000 

1995 206.000 - 206.000 

Sources: Direction de la Statistique pour les 
importations commerciales Commissariat ä la 
Securite alimentaire (CSA) pour I'Aide alimentaire. 
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Table 3 : Projection of wheat imports in 
Senegal (in tons) 

Year Historical 
trend 

scenario 

Normative 
trend 

scenario 

1985 163,862 163,862 

1992 203,002 

1998 204,168 

1999 225,949 179,570 

2000 238,378 182,330 

2001 251,491 185,134 

2002 265,324 187,980 

2003 279,919 190,870 

2004 295,317 193,804 

2005 311,561 196,784 

2006 328,699 199,809 

2007 346,780 202,881 

2008 365,856 206,000 

Historical trend : Annual growth of 5.5 per cent 
Normative trend : Annual growth of 1.54 percent 

In this country as in most African countries, 
should the historical trends scenario be left to 
evolve, imports growing at a rate of about 5.5 
per cent per year would be required. With a 
deliberate Government decision aiming at 
enhancing domestic food production, it should 
be possible to reduce gradually these imports 
as in a normative trends scenario. In such a 
scenario (Table 3), special import quotas 
coupled with import taxes should be instituted 
to reduce imports. In Senegal, for instance, 
wheat imports could then be reduced to 20 kg/ 
head/year instead of the 35.52 kg of the 
historical trends scenario shown in table 3. The 
difference should be made up by local cereals, 
tuber and pulse staples in the frame of food 
security strengthening. 

It could also be envisaged that the composite 
flour objective will be to reduce further the level 
of wheat imports already reached with the 
normative scenario. This second alternative will 
be considered throughout the study. For 
example, a country is importing 100,000 tonnes 
of wheat a year with a capital cost of US$20 
millions. With a Government policy based on 
quotas and taxes, the imports may be reduced 
to 60,000 tonnes a year at a first stage with a 
foreign currency saving of US$8 millions per 
year in the context of a normative scenario. 
Composite flour application using 30 percent 
of local materials will further reduce the actual 
level of wheat imports to 42,000 tonnes per year. 
The total wheat imports reduction will be 58,000 
tonnes with cost saving of US$11.6 millions. 

2.3 IMPACT OF WHEAT IMPORTS 
ON THE NATIONAL ECONOMY 

2.3.1 Change in food habits 

The mirage of bread is visible in the capital cities 
of Africa. In Libreville, Gabon for instance, 
bread is less expensive than cassava or plantain 
and some 200 grammes of bread are consumed 
daily per person which is more than the average 
consumption in the industrialized countries3. 
And yet, bread is not a major staple food in 
Africa. A consumption survey conducted in 
1979 in Senegal (one country in which more 
than the average per capita volume of bread is 
consumed in Africa) revealed that only 30 per 
cent of the people eat bread daily and that was 
mainly for breakfast. The figure can be as low 
as 5 per cent in certain countries. It may be 
concluded therefore that a small proportion of 
the population imposes on the country a huge 
amount of foreign exchange spending on the 
importation of wheat which affects not only the 
trade balance but also weakens food production 
and management. 

3 Ble, Minoteries et Boulangeries en Afrique, "Europe-Outremer". No. 640-641. 
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The above situation is worsened by 
advertisements exclusively focused on 
imported products such as bread, weaning food 
and pasta. Since mass communication (radio, 
television) is developing fast in African 
countries, these advertisements reach the vast 
majority of the population (particularly the 
rural population) and end up denigrating local 
staples in favour of imported foods. 

This penetration of bread in Africa is further 
enhanced by the westernization of mass 
consumption: menus in school canteens, 
boarding schools, the army, hospitals, etc. are 
established on the basis of Western standards. 
Food aid wheat, despite its usefulness in 
adjusting cereal demand and supply, goes to 
accentuate this phenomenon. 

This change in traditional consumption patterns 
is greatly enhanced by urbanization due to the 
high population growth in the major cities and 
the exodus of the working population attracted 
by the city centres. This reduces growth in local 
agricultural production and increases 
dependency on the outside world for such 
strategic foodstuffs as wheat. 

The trade balance of a country like Niger, which 
recorded a shortfall of CFAF 6,300 million 
francs (US$ 18 million) in 1986, would have 
shown a surplus of CFAF 1,700 million (US$ 
4.8 million) had the country not imported 
foreign cereals, particularly wheat, for CFAF 
8,000 million (US$ 22.8 million).4  

2.3.2 Milling and baking industries 

The increasing proportion of wheat-based 
products (bread, pasta, semolina, etc...) in 
household consumption in Africa, contributed 
to the development of the milling and baking 
sectors which offer genuine profit opportunity 
for private sectors. In most African countries, 
there exist flour milling facilities which 

essentially process wheat. Countries in which 
these wheat processing industrial mills do not 
exist, content themselves with supplies of 
finished products from external markets. 

Senegal has two big wheat milling plants: 
Grands Moulins de Dakar with a wheat capacity 
of 450 quintals/day and the Moulins 
SFNTENAC whose capacity is 100 quintals/ 
day. The installed capacity of the Grands 
Moulins de Dakar alone exceeds the needs of 
the country. In carrying out such an investment, 
officials of this milling plant speculated upon 
the constant increase in bread consumption in 
Senegal and in the neighbouring countries to 
which they already export part of their 
production. 

In Senegal, it is in milling and dairy farming 
that we find the most externally oriented agro-
based sector. Wheat-based products, such as 
bread and pasta, symbolize the change in food 
habits noted in African cities. Their 
consumption by the urban population is 
increasing tremendously, especially bread which 
is being consumed even in the rural area where 
an interesting market is developing for unsold 
stale bread from the cities. This development 
of bread consumption in Senegal has increased 
the number of bakeries. In Senegal, they 
increased by almost two fold from 145 in 1974 
to 273 in 1979 within a space of five years. 

Considering the dynamic demand of wheat in 
the African countries, one could wonder why 
enough wheat is not produced in the continent. 

2.4 PROBLEMS OF WHEAT 
PRODUCTION IN AFRICA 

The Mediterranean countries of North Africa 
(Morocco, Algeria, Tunisia, Libya and Egypt) 
have a long tradition of wheat production and 
consumption. They produce, in total, about 9 
million tons in 1995 contributing 65 per cent of 

4 JeuneAfrique Economie, No. 97, May 1987, p.29 



20 ROLE OF WHEAT IN THE AFRICAN FOOD DIET 

Table 4 : Production of wheat in Africa (1000 t) 

1960 1965 1970 1975 1980 1985 1995 

World 244.800 267 369 318 437 355 824 446 107 505 729 547 000 

Africa 4 030 6 492 7 984 9 706 8 919 10 181 13 700 
Algeria 1 509 1 325 1 435 1 848 1 511 1 478 1 150 

Angola 20 20 12 10 10 3 

Botswana - - - 1 1 1 

Burundi 4 8 13 13 4 8 

Cameroon - - - - 1 1 

Chad 2 4 7 2 6 5 

Egypt 1 499 1 272 1 519 2 033 1 796 1 872 5 700 

Ethiopia 650 693 808 734 522 774 1 700 

Kenya 129 172 221 158 216 275 

Lesotho 58 55 60 50 28 18 

Libya 33 57 21 70 141 149 

Malawi - - - 1 1 1 

Mali 4 4 4 2 2 3 

Mauritania - - - - - 1 

Morocco 974 1 580 1 801 1 575 1 811 2 050 1 100 

Mozambique 9 10 9 3 3 5 

Namibia 1 1 1 1 1 1 

Niger 1 1 1 2 2 7 

Nigeria 16 15 7 6 24 40 

Rwanda 1 1 1 2 3 5 

Somalia - - - 1 1 1 

South Africa 774 669 1 396 1 v792 1 470 1 680 2 000 

Sudan 25 56 115 269 231 79 400 

Tanzania 12 23 61 56 68 83 

Tunisia 439 520 449 976 869 1 380 

Uganda - - - 14 17 12 

Zaire 2 3 3 2 6 20 

Zambia 1 1 - 1 10 18 

Zimbabwe 1 4 40 85 164 205 100 

Source: FAO Production Yearbooks. 
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the total African wheat production. However, 
they have to import from the international 
market more than twice their production to meet 
their consumption requirements estimated at 25 
million tons in 1995. 

In a few Sub-Saharan African (SSA) countries 
(South Africa, Ethiopia, Kenya, Tanzania, the 
Sudan and Zimbabwe), wheat is also a 
traditional crop which is grown also in some 
areas having marginal ecological conditions. 
Production was estimated at 4.7 million tons in 
1995, with the six countries accounting for most 
of it. Table 4 provides statistics on production 
over the period 1960-1995. 

In total, 11 countries produce 98 per cent of 
Africa's total wheat output which was estimated 
at 13.7 million tons in 1995. Some countries 
have made substantial efforts to identify, 
formulate, finance and implement wheat 
development projects in order to replace their 
wheat imports by locally-grown wheat. This is 
the case of Nigeria, Cameroon, and Burkina 
Faso, especially. 

The case of Nigeria is worth mentioning. Since 
the 1970s, the basic objective of the National 
Development Plans of the country has been the 
attainment of self-sufficiency in food. In the 
case of wheat for which annual imports averaged 
1.5 million tons per year, the Federal 
Government has massively invested in several 
wheat development projects with the 
involvement of FAO, USAID, the 
Commonwealth Development Corporation 
(CDC) and the World Bank. The studies of these 
organizations concluded that wheat can be 
grown in the northern part of the country in the 
dry season and with irrigation. The feasibility 
studies of the early 1970s gave shape to the first 
set of projects already identified in the 
preliminary studies of the 1960s. 

There were three projects to start with: the first 
20,000 ha Mano River Project (Phase I), is 
inigated with water from the Tiger Dam. This 
project entered into production in the early 
1970s and is considered the best of the three. 
And yet, the 1982 harvest did not exceed 5,000 
tons. The second project is that of Bakolori, 
with its area planned for irrigation substantially 
bigger at 23,000 ha, and drawing water from a 
huge dam on the Sokoto River. Less than 2,000 
tons of wheat were produced in the 1981-1982 
season and a negligible amount in 1982-1983. 

The third project, the South Chad Irrigation 
Project (SCIP), is at the extreme east of northern 
Nigeria. The first stage of the project covered 
22,000 ha and was irrigated with water pumped 
from Lake Chad. Only some 1,200 tons of wheat 
were produced in the 1980-1981 season. All 
three projects are small-holder schemes and the 
land prepared for irrigation has been handed 
back to its original owners. 

In 1985, the total wheat production in the 
country was 40,000 tons and nearly 50,000 tons 
in 1995 against a projection of 300,000 tons. 
Against this poor performance Gunilla and 
Beckman5 have calculated that the factory gate 
cost of domestic wheat (1982 prices) at 
Nigeria's leading flour mill can be estimated 
at some six to eight times the cost of imported 
wheat. University "Consortium for the study 
of Nigerian Rural Development" - suggested 
that it would make more sense to use oil money 
to import wheat cheaply (from the USA) rather 
than to grow it in Nigeria. Already in 1987, the 
US Cultural Attache in Lagos noted that "... 
barring an extraordinary technological 
breakthrough, Nigeria would never become a 
significant wheat producer" because of its 
unfavourable natural environment: neither the 
climate, nor the soil is suitable. This is also the 
view expressed in international literature on 

5  The WheatTrap, Gunilla Andrea and Bjorn Beckman, Zed Book Ltd. Scandinavian Institute of African 
Studies,  1985. 
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wheat growing in the tropics. It would seem, 
however, that the Government's decision to ban 
wheat imports from January 1987 gave a new 
impetus to wheat growing without tangible 
result todate. 

Cameroon also has a wheat promotion project 
in the Adamawa highlands being conducted by 
the Societe pour le Developpement du Ble 
(SODEBLE). In spite of substantial 
investments made in the 1970s and 1980s, the 
yields have been poor (less than 1.5 tons per 
hectare) and the 1985 output was barely 1,000 
tons and also insignificant in 1995. 

Numbers of unsatisfactory wheat production 
projects can be mentioned in other African 
countries such as Niger, and Chad. 

The introduction of triticale in Africa has not 
significantly changed the characteristics of 
production even though that cereal is more 
indigenous than wheat. The most it has done 
is to arouse albeit vague hopes given of the 
complexity of the agricultural and technical 
problems concerning its baking quality as an 
artificial cereal. 

In conclusion, a recent survey on the 
development of wheat production in the Third 
World noted that wheat production in Sub-
Saharan Africa and South-East Asia will long 
remain insignificant relative to demand 
because of the unsuitable production 
environment. All the same, research should 
continue for adapting suitable varieties to the 
local conditions of the wheat growing areas. 
Good results could be obtained as was the case 
in Sourou region of Burkina Faso where wheat 
is grown under irrigation with an acceptable 
yield per hectare of 45 quintals as compared 
to 80 quintals in France and a CFAF 66,000 
production cost similar to what is normally 
incurred by co-operatives in France6. 

However, thanks to various subsidies, 
imported wheat to Burkina Faso is much 
cheaper than the local wheat. 

As natural factors constrain Africa to 
responding positively to wheat demand, what 
are the possibilities for Governments to face 
the wheat challenge? 

2.5 WORKABLE POSSIBILITIES FOR 
REDUCING OR ELIMINATING 
WHEAT IMPORTS 

The effort to reduce wheat demand in African 
countries must start with upgrading local 
cereals, tubers and pulses and restoring their 
consumption especially in the urban area. 

The rapid increase in wheat consumption in 
Africa is due partly to the nature of bread, a 
product "ready-to-eat" (RTF) and partly to the 
change in the quite discernible food habits in 
cities where the population is influenced by 
Western consumption patterns. Further, the 
bread availability on most markets in African 
countries at quite often subsidized prices, 
intensifies this phenomenon which is gradually 
gaining ground among the rural folk. 

One of the main causes of the decline in the 
consumption of local cereals, tubers and pulses 
in Africa, is that they do not come RTF. To 
check both this decline and the increasing 
dependency on external wheat, co-ordinated 
action should be taken in terms of their 
production, marketing and processing into 
RTF. 

In this context, any policy action concerning 
wheat should aim at giving advantage and 
priority to local products. Different possibilities 
can be envisaged. 

6 Marches Tropicaux et Mediterranees : No. 2225, 1 July 1988. 
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(i) The outright banning of wheat imports 
which would be the ideal solution for a 
country. Consumers would then see how 
they can get along by switching to local 
staples. A number of Governments would 
hesitate to make such a move because of 
the politically sensitive nature of bread. 
Nigeria has banned wheat imports from 
1st January 1987 to 1991 without 
incurring social troubles; 

(ii) The development, production and 
marketing of new ready-to-eat foods that 
will replace bread. Such foods would be 
made from local raw materials. Research 
to be conducted along the lines of this 
possibility has been set forth in most 
national economic development plans but 
has yielded no tangible results to date and 
which can replace wheat. 

(iii) The use of pre-gelatinization, as a 
technique for baking non-wheat flours; 

(iv) The pure and simple baking into bread of 
local flours other than wheat flour and/or 
composite flours containing a high 
proportion of local flours. This is the case 
in Nigeria during the wheat ban period. 

(v) The use of pentosan as a gluten substitute 
in local flours to be made into bread. 
Experiments conducted at the University 
of Louvain in Belgium and in Togo have 
yielded a product similar in texture to 
bread. However, the import of pentosan 
derived from rye, a cereal seldom grow 

in Sub-Saharan Africa, would lead to 
another dependency. Had there been 
local sources of cheap pentosan, its use 
would have been recommended; 

(vi) The procurement of wheat gluten or the 
production of synthetic gluten that would 
make it possible for non-wheat flours to 
be made into bread. Such a synthesis, 
unfortunately, has not been possible at 
the current stage of research and the use 
of wheat gluten would both be expensive 
and lead also to another form of 
dependency; 

(vii) The introduction of gluten into the 
genetic composition of maize, sorghum, 
millet, cassava and other crops through 
genetic engineering. This is a far-fetched 
theory because the bonding of glutelin 
and gliadin to form what is known as the 
gluten network is so complex a process 
that no applicable discovery can be 
foreseen in the near future; and 

(viii) The adoption of composite flour option. 

As it can be seen, the outright banning 
of wheat imports or the pursuit of option 
(i) is difficult to implement for the 
reasons that led Nigeria to cancel its 
wheat banning decision (ii) to (vii) offer 
no immediate prospects. In contrast, the 
composite flour approach could offer 
consumers bread in acceptable quantities 
and quality while at the same time 
significantly reducing wheat imports. 
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CHAPTER 
THREE 

THE COMPOSITE FLOUR APPROACH 

3.1 DEFINITION AND ADVANTAGES 

Composite flour programmes can be seen as 
part of the effort a number of countries are 
making to reduce their dependence on one or 
several imported products or of the general 
effort being made to improve the food and 
nutrition of people. In many African countries 
which are overly dependent on imported wheat, 
this would mean partial or total substitution of 
wheat with other locally-produced materials 
for the preparation of bread, pasta, biscuits and 
baby foods. 

The use of composite flours becomes one way 
of developing local cereals, tubers and pulses 
with the effect of setting up small- and 
medium-scale industries and developing other 
branches of agricultural activity. Generally 
speaking, the development of composite flours 
provides the following benefits to a country: 

(i) A stable market outlet is created for 
cereals, tubers and pulses which will be 
more utilized in the agro-food system 
leading to increased food production and 
rural incomes. 

(ii) A greater degree of food self-sufficiency 
is achieved; 

(iii) Substantial foreign exchange savings are 
secured with the reduction of wheat 
imports; 

(iv) Industrial investment is intensified and 
expanded, thus creating more jobs; 

(v) The nutritional value of grain crops that 
are poor in lysine but rich in methionine 
is sufficiently enriched through the 
addition of pulse flours that are rich in 
lysine but are poor in methionine; and 

(vi) Reduction of food losses and greater 
utilization of by-products. 

In such a context, the ninth meeting of the 
Conference of African Ministers of Industry, 
held from 29 to 31 May 1989 in Harare, 
Zimbabwe, adopted resolution 10 (IX) 
paragraph 6 in which it was recommended that 
member States should develop composite flour 
programmes in order to reduce wheat imports 
and save foreign currency which will be used 
to stimulate the production of local staples. 

Well before resolution 10 (IX), the Fifth 
Conference of the African Ministers of Industry 
had adopted on 20 October 1979, Resolution 
3 (V) which, inter alia, called for the 
production and publication of a Technical 
Compendium on Composite Flours. This 
Compendium was prepared by the United 
Nations Economic Commission for Africa in 
1985 and widely circulated in 1986 among the 
African countries. Prior to the Compendium, 
the FAO composite Flour Programme, Volume 
I, was published in 1973 and widely circulated. 
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3.2 THE TECHNICAL COMPENDIUM 
ON COMPOSITE FLOURS 

The Technical Compendium has been 
compiled by a team of experts drawn from both 
African and overseas research and 
development institutions that specialize in flour 
processing and flour utilization technology. 
FAO's international experience on the subject 
of composite flours and its findings in technical 
and economic studies conducted in the African 
region during the 1970s, are fully reflected in 
the publication for which financial assistance 
was kindly provided by the Netherlands. 

The primary objective of creating awareness 
and disseminating information on the 
feasibility of combining wheat with local 
cereals, roots and tubers into bread-like 
products has been well accomplished. 
Instructions of procedures to follow to achieve 
the required standards of processing and 
product manufacture have been effectively 
organized in Chapter VI. This presentation has 
been further clarified in Chapters III to V, with 
an analysis of the required raw material 
properties and descriptions of processing 
procedures. The Technical Compendium is a 
useful guide to commercial flour millers and 
bakeries. 

For the scientific reader, the physical and 
chemical properties of such raw materials as 
sorghum, maize, rice and cassava are described 
with much theoretical details. This part 
provides a basic understanding of the 
technology involved in the laboratory, the flour 
mill and the bakery. 

The Technical Compendium has come out at a 
time when the need, in the African region, for 
substituting imported food with local foods has 
become paramount in order to conserve foreign 
exchange for other essential imports that are 
indispensable to economic development. This, 
precisely, is what the book intends to achieve 
and it was circulated to policy makers. 

administrators, industrialists and the small-scale 
food processing entrepreneurs. As a result of 
these efforts, the concept of composite flours 
has become known in most African countries 
but its application has yet to achieve the 
expected success. 

3.3 AFRICAN EXPERIENCES 

Many research institutions in Africa and 
elsewhere have done important work in the use 
of composite flours, with the view of processing 
local cereals, tubers and pulses into RTE 
products. 

The Annex to Part 2 shows the research 
institutions which have done work on composite 
flours and the products they have developed. 
The results of the work done have been 
commercially exploited in a number of 
countries. 

It would seem to be an established fact nearly 
everywhere in Africa that bakers mix wheat 
flour with other types of local flour any time 
the price ratio shifts in favour of such flours. 
By doing this, the bakers break those laws which 
stipulate that bread should be made only of 
wheat. Those laws should be reviewed and 
amended with a view to making it lawful to use 
tropical flours in bakeries. 

It is just as well that a number of countries have 
already taken action to promote composite 
flours. The countries having done so may be 
classified into several categories depending on 
their type of experience. 

3.3.1 Experiences crowned with 
success in Ethiopia, Tunisia, 
Zimbabwe, and Burkina Faso 

In Ethiopia, the national programme on 
composite flour has been a remarkable success. 
The success is due to rigorous planning of the 
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various operations involving production, storage 
and provision of the substitute raw material 
(maize), a sensible price policy, production of 
composite flour and its distribution to the bakers 
concerned. 

The major components of the programme are : 

(i) the supply-storage-distribution sub
system with several operative units that 
are co-ordinated by the Agricultural 
Marketing Corporation (AMC). The State 
Farms and the formal subsector are very 
active in the supplies of raw materials; 

(ii) the processing-marketing sub-system 
with a number of state-owned grain mills 
and bakeries under the co-ordinating and 
administrative supervision of the 
Ethiopian Food Corporation (EFC). 

The two major components are serviced by : 

(i) the planning department, to carry out 
feasibility studies; 

(ii) the commercial department, to monitor 
sales; and 

(iii) the operations department, to ensure the 
flow of inputs to the processing factories 
of the EFC. 

Since 1981, Ethiopia has been producing 
composite flour containing 83.7 per cent wheat 
and 16.3 per cent maize to meet 40 per cent of 
the baking flour needs and with this the country 
saves about US$15 million on its annual wheat 
import. A second project has being studied for 
production of wheat/sorghum flour. This project 
will enable Ethiopia to replace 80 per cent of 
the baking flour needs with composite flour. 

Tunisia exports the costly durum wheat grain 
and imports soft wheat grain at a cheaper rate. 

thus making a substantial profit on the bargain. 
Also, bread made from composite flour 
containing 10 per cent maize is always marketed 
in the country alongside 100 per cent wheat 
bread which is sold at a much higher price than 
that containing maize. 

Some bakeries in a number of African countries 
such as Zimbabwe and Burkina Faso produce 
and market breads containing 5 to 10 per cent 
of maize, sorghum or cassava flour during the 
period of the year where these commodities are 
cheaper than wheat flour. 

3.3.2 Limited success of the Senegalese 
programme 

By decree 79-665 of 7 June 1979 which came 
into force on 26 August of the same year, the 
Government of Senegal made compulsory the 
production and sale of pamible (bread 
containing 15 per cent millet and 85 per cent 
wheat). The foreign exchange savings from this 
programme were estimated at CFAF 1 billion 
(US$ 4 million) at that time. Regarding the flour 
mills responsible for the production of 
composite flour, the Government achieved price 
balance by taxing imported wheat and using the 
revenue to subsidize local millet. 

The "Institut de Technologie Alimentaire" has 
trained millers and bakers all over the country 
in new technologies for producing and using 
composite flour. The programme took off 
successfully and pamible was well accepted by 
consumers. Unfortunately, it was discontinued 
after a few months for the following reasons: 

(i) Unfavourable agricultural situation 
resulting in a virtual disappearance of 
millet from the market due to drought 
and changes within the Office National 
de Cooperation et d'Assistance an 
Developpement (ONCAD)7; 

7 ONCAD O f f i c e  N a t i o n a l  d e  C o o p e r a t i o n  e t  d ' A s s i s t a n c e  a u  D e v e l o p p e m e n t  ( d i s s o l v e d  i n  1 9 8 1  -
1982). 
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(ii) The reluctance of bakers who were 
unwilling to switch from their routine and 
who were little open to innovations since 
most of their workers were illiterate; 

(iii) Opposition from occult forces to the 
project. 

(iv) Difficulties faced by bakers who had 
refused to participate in training seminars 
organized prior to the launching of 
PAMIBLE since they could not guarantee 
quality bread to their customers; 

(v) Increase in prices of bread during the 
launching period. 

Lessons drawn from the Senegalese experience 
show that, for a launching of composite flour 
programme, it is necessary to; 

(i) Assure the supply of raw materials; 

(ii) Secure the effective and total co-operation 
of all concerned professions; 

(iii) Provide bakers with quality flour, through 
independent flour blending and 
distribution facilities; 

(iv) Provide adequate policy incentives; 

(v) Train bakers adequately. 

Since these conditions are difficult to provide 
in many African countries, it is preferable to 
introduce the composite flour programme 
gradually. Launching of the programme, as in 
the second experiment currently in progress in 
Senegal, may initially involve only a limited 
number of bakeries. In Senegal, five bakeries 
are involved and directly receive supplies of 
millet flour from a small processing plant 
installed in one of them. New marketing system 
has been adopted and "Pamible" is now called 
"pain riche" sold only in big hotels and rich 
middle-class areas of Dakar. 

3.3.3 Projects that have not taken off 
for lack of adequate pricing policy: 
the first attempt of Burkina Faso 
and the current case of Ghana 

The Grands Moulins du Burkina (GMB) has 
under the same roof three flour mills for wheat, 
maize/sorghum and millet respectively. In 
order to reduce wheat import expenditure, the 
GMB launched, in 1974, the "Blegho" 
operation which combined (70 per cent wheat 
and 30 per cent sorghum) with an extensive 
programme for the training of bakers in the 
techniques of making "blegho" flour into 
bread. The "blegho" bread, well accepted by 
consumers, was launched at a time when 
sorghum was abundant and cheaper than 
imported wheat. Later on, the price of sorghum 
rose but "blegho" survived for a few months 
afterwards with the help of subsidies granted 
by the  Office  National  des  Cereals  
(OFNACER). Such subsidization was ad hoc 
and not integrated into a co-ordinated whole 
through organized and planned decisions. 
Thus, the financial cost of the subsidies 
became unbearable for the Office which freed 
itself from the burden towards the end of 1975. 
That dealt the final blow to "Operation 
Blegho" which is said to have resumed in 
1987-1988. 

In Ghana, the Food Research Institute and the 
Department of Nutrition, Science and Food 
Technology, the University of Ghana, Legon 
has published scientific documents on various 
aspects of the production and use of composite 
flour. During hard times, it was common for 
the bakeries to adulterate the small quantities 
of wheat flour available with all sorts of local 
flour including gari (produced from cassava). 

Since 1989, a new mill with a total capacity of 
95 tonnes/day has been installed and is 
marketing maize/wheat composite flour. The 
level of maize in the composite flour varies 
from 5% to 20% depending on the prevailing 
price of maize on the local markets. High levels 
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of maize are added when the price of maize is 
low and its incorporation in the wheat flour is 
economically viable. 

However, current prices policy in 1992 favours 
wheat imports and jeopardizes the nascent 
composite flour industry. 

3.3.4 Projects that have not taken off for 
lack of implementation of decisions 
taken : the cases of the Sudan and 
Kenya 

In the Sudan, the Food Research Centre in 
Khartoum produces daily, a few hundred round 
loaves of bread containing 20 per cent 
sorghum. This is the best bread in the city. 
However, despite Government licences granted 
in 1980-1981 to enable promoters to import 
and install sorghum flour mills for the 
manufacture of composite flour, the national 
programme has yet to get off the ground. The 
programme was replaced in 1982 by US AID 
project which was meant to promote composite 
bread in the Sudan. After the US AID project 
failure which was observed only in 1989, it 
appears that the Government has decided to 
take other measures. In this context, financing 
by African Development Bank (ADB) of a first 
group of seven sorghum flour mills was secured 
in 1990 and the programme is to be supervised 
by the Food Research Centre in Khartoum. 

The Kenya Industrial Research and 
Development Institute (KIRDI), has for 
several years experimented with the composite 
flour using funds from the National Council 
of Science and Technology. The very positive 
results obtained since the beginning of the 
1980s had not, however, been implemented 
until 1988 when the Government was to 
include in the 1989-1993 plan the 
implementation of a national composite flour 
programme. 

Consequently, two national workshops were 
organized in 1990 and 1991 to review 

composite flour formulation for policy making. 
The two workshops underlined that the current 
Kenya development plan represents a major re
orientation of policies and priorities in certain 
key areas. Among these, the quest to redress 
and reshape those policies and strategies which 
deal with food is top on the list. Priority ranking 
in the agricultural sector centres on food 
production, with the overall thrust being, 
among others, on the achievement of internal 
self-sufficiency and on economic gain to the 
farmers in the semi-arid areas. Composite 
flours development will greatly contribute to 
achieving these goals. It was further stressed 
that composite flour development in Kenya has 
reached the stage maturity at pilot level to test 
the market. 

The 1991 workshop reported that flour millers 
had already taken up the composite flours and 
are ready to test immediately the market should 
Kenya Bureau of Standards give the go ahead. 
Particularly, UNGA Limited has experimented 
with sorghum, millet, maize, potato and wheat 
composite flours. Maize flour has been found 
the most successful and was incorporated with 
wheat up to 45 percent without adverse effects. 
These works have been performed on the basis 
of the recommendations of the sessional papers 
which periodically emphasize the need to 
replace imported wheat by endogenous 
materials. However, these sessional papers do 
not have any legal enforcement. 

The workshop revealed also that economic 
operators such as flour millers, bakers, 
researchers, manufacturers and concerned 
State enterprises have already gone beyond the 
simple Government will and are waiting for 
appropriate government policy measures for 
launching composite flour programme at the 
industrial and commercial levels in Kenya. 
Such policies shall include the removal of 
subsidies on wheat products if any, the taxation 
of  the  imported wheat  i f  necessary  and 
particularly the adoption of new food laws on 
bakery products. The actual law "Bread flour 
shall not contain flour from non-wheat flour" 
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should be replaced by appropriate standards of 
composite flours. 

The workshop also discussed the formal 
charting out of an Action Plan to be adopted 
nationally towards the launch of composite 
flours and various food that can be processed 
from them. The following recommendations 
were made: 

(i) Co-ordination among researchers, 
industrialists, universities, government, 
financiers and farmers; 

(ii) Clear policy on composite flour and 
indigenous crops; 

(iii) Formulation of composite flours; 

(iv) Promotion of use of these products in 
institutions; 

(v) Dissemination of research findings to 
interested parties; 

(vi) Increase consumption of indigenous 
cereals by 15% within the year; 

(vii) Consumer education, publicity and 
marketing. 

Finally a Task Force which would implement 
the above recommendations was formed and 
housed by the Nations Cereals and Produce 
Board (NCPB). The Task Force comprises of 
NCPB, Universities, Ministries of Finance, 
Health, Agriculture, Research and Science and 
Technology, Marketing and Supplies, 
Livestock, Education, Millers, Bakers, Kenya 
Consumer Association, Kenya Seed Company, 
Kenya National Farmers Association, Food 
processors. Chain Stores, Kenya Agricultural 
Research Institute (KARI), Kenya Industrial 
Research & Development Institute (KIRDI), 
Management of Science and Technology for 
Development in Africa (MANSCI) and Kenya 
Bureau of Standards (KBS). 

This large Task Force would be charged with 
the responsibility of appointing smaller 
committees to deal with specific issues which 
will arise. 

3.3.5 Projects that have not taken off for 
lack of an institutional framework: 
the cases of the Democratic 
Republic of Congo (RDC), Togo, 
Benin and Tanzania 

These four countries have at one time or the 
other carried out experiments on production 
and use of composite flour. In the agro-food 
centre of Lubumbashi in RDC, a certain 
amount of composite bread is produced daily 
and sold in the cities. The project is supported 
by a maize research and production centre. The 
experiment deserves to be replicated nation
wide. 

In Togo, pentosan bread experiments were 
carried out in 1979 under the joint sponsorship 
of France and Belgium (Prof Casier). It 
demonstrated the possibility of making bread 
with 100 per cent cassava, sorghum or maize 
flour when one to four per cent of rye pentosan 
extract was added. Because no appropriate 
institutional framework exists the replication 
of the experiment under a national programme 
has not been possible. 

Experiments to make bread with composite 
flour took place in Benin in 1979 and 1982 at 
the initiative of the Department of Food and 
Applied Nutrition of the Ministry of Health. 
It was not followed up until 1988 when a 
request was made to ECA for an application 
study. 

In the United Republic of Tanzania, four 
different institutions were working separately 
on composite flour at the beginning of the 
1980s without any co-ordination among them. 
They are the Department of Food Science and 
Technology of the University of Dar-es-Salaam 
at Morogoro, the Tanzanian Food and Nutrition 
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Centre(TFNC), the National Milling 
Corporation (NMC) and the Small Industry 
Development Organization (SIDO). The 
research achievements have been compiled and 
published in kiswahili in 1991 by TFNC. 
However, the country still lacks a focal point 
which will co-ordinate the research works and 
recommend to government appropriate policy 
measures for industrial and commercial 
application. 

3.3.6 Preliminary studies for composite 
flours application 

Benin, Burundi, Rwanda, the Niger, Central 
African Republic, the Congo, Angola, Zambia, 
Mozambique, Sao Tome and Principe, 
Equatorial Guinea, Uganda and many other 
countries belong to this category. An 
exploratory study has already been conducted 
for Angola, Zambia, Mozambique and Nigeria 
between 1982 and 1985 by FAO. Similar 
studies have been conducted for Benin, the 
Niger, Burundi, Rwanda, Sao Tome and 
Principe and Guinea in 1988 and 1989 by ECA. 

3.3.7 Using 100 percent local tropical 
flours for breadmaking: the case 
of Nigeria 

In Nigeria, wheat imports which accounted for 
about US$600 million per annum during the 
first half of the 1980s, were banned with effect 
from January 1987 and an Inter-Ministerial 
Committee was set up by the Federal 
Government to plan, execute and control 
projects for the production of local flours for 
making bread which may or may not contain 
wheat. The Federal Institute of Industrial 
Research at Oshodi (EURO), has been 
responsible for developing appropriate 

formulae for using these flours in breadmaking. 
Training courses for bakers on new 
breadmaking techniques are organized 
regularly by the Institute (See Part IV). 

3.4 SPECIFIC EFFORTS OF 
PROMOTION OF COMPOSITE 
FLOUR AT NATIONAL LEVEL : 
THE CASE OF COTE DiVOIRE 8 

3.4.1 The problematical 

The Societe Ivoirienne de Technologie 
Tropicale (I2T) has developed an efficient 
industrial technology for processing cassava 
tubers into flour for bread. The procedure 
developed by I2T consists in bulk peeling 
(Figure 2) of the tubers with an efficiency 
comparable to that of manual peeling (75 per 
cent) followed by grinding, centrifugal drying 
and hot-air drying before fine final grinding 
and sieving the dry material to cassava flour. 
A pilot unit has been operating at industrial 
level at Toumodi, since 1983. 

All experiments carried out confirmed that the 
specifications (particle size, hygienic quality 
a n d  c h e m i c a l  c o m p o s i t i o n )  m e e t  t h e  
requirements for the manufacture of the French 
type of bread the "baguette". This flour, alone, 
can be baked into bread, that is, without adding 
any wheat, using pregelatinization techniques 
or baking with xanthan gum as advised by 
FAO. It can be substituted for wheat flour in 
proportions allowed by such local conditions 
as capacity to produce and process cassava 
tubers; the acceptability by the consumer has 
been tested. Experiments carried out on 
composite flour of wheat and cassava gave the 
following results: 

8 For more details, read : "Note sur la production industrielle en Cöte d'lvoire de farine de manioc 
pour une incorporation au taux de 5% dans la farine de ble destinee ä la boulangerie", by 12T, 
October 1988. 
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(i) At "Ecole de Boulangerie et de 
Patisserie de Paris, with the Grand 
Moulins de Paris", France: 

Using wheat flour from the Grands Moulins 
d'Abidjan (GMA) the W strength was 131 to 
133 and with wheat flour from the Grands 
Moulins de Paris (GMP) the strength was 139; 
the rate of blending cassava flour with wheat 
flour in making the French bread, which resulted 
in good quality bread, was 5 to 10 per cent. 

(ii) At the "Institut National de la 
Boulangerie-Pätisserie de ROUEN", 
France: 

Using wheat flour whose W strength was 170, 
the rate of blending of cassava flour with the 
wheat flour was up to 30 per cent, but did not 
affect the quality of the bread. 

With these good results, I2T undertook activities 
to promote wheat and cassava composite flour 
baking production technology for which there 
is a big market in Cote d'lvoire. 

3.4.2 The wheat flour market in Cote 
d'lvoire 

The consumption of wheat flour in Cote 
d'lvoire is about 200,000 tons/year, that is, 
equivalent to 267,000 tons of imported wheat. 
The production of this flour is carried out 
exclusively by the GMA which has two mills, 
one in Abidjan and the other in San-Pedro. The 
total milling capacity of the GMA is 290,000 
tons of wheat/year, that is, an annual production 
of 217,000 tons of flour per year. The Ivorian 
market is protected in favour of the GMA by 
an agreement signed between that company and 

Figure 2: Partial view of mechanical peeling of cassava tubers 

Photo: I2T, Toumodi, Cote d'lvoire & ECA Addis Ababa, 1992 
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the State of Cote d'lvoire. The clauses of the 
agreement provide that: 

(i) The GMA should have monopoly over 
its activities; 

(ii) All flour imports should be authorized by 
the Government; 

(iii) The prices of flour and middings are to 
be fixed by the State; they are US$ 
445.22/ton for wheat flour and US$ 52/ 
ton for middings in 1993. 

(iv) The flour price is fixed at the beginning 
of the year on the basis of the international 
wheat price and is considered as a 
standard price by both Government and 
GMA. At the end of the year or of the 
period, this standard price is compared 
with the effective wheat imports price 
obtained by GMA. The difference, if 
positive, is transferred to the Government 
by GMA and, if negative, is provided to 
GMA by Government. 

3.4.3 The composite flour project 

This is to blend a certain amount of cassava 
flour produced in Cote d'lvoire with imported 
wheat flour before sale to bakers. 

a) Macro-economic advantages 

It is strongly advisable to adopt the composite 
flour programme in Cote d'lvoire in order to 
support the food self-sufficiency policies of 
the country and to minimize its dependence on 
imported wheat. The programme will make it 
possible to apply an Ivorian technology, thus 
contributing to an endogenous and sustainable 
industrialization. 

The substitution of 10 per cent of wheat flour 
with cassava flour will bring the following 
benefits to the Ivorian economy:(i) A foreign 

exchange saving of about CFAF 1.3 billion, 
(US$ 5.2 million) a year based on an average 
import price estimated at CFAF 50,000 per ton 
of wheat; (ii) Creation of 460 industrial jobs 
following the construction of eight cassava 
processing plants of the Toumodi model, and 
also 2,000 agricultural jobs; (iii) Industrial 
investments of about CFAF 8 billion tax free 
(US$ 32 million) which will generate a 
turnover of CFAF 5.5 billion (US$ 22 million), 
etc. 

However, a project of this dimension cannot 
be carried out without the close co-operation 
of the Government, bakers and millers. The 
last named can make the project fail for fear of 
losing business opportunity. To avoid this 
opposition, it is planned to offset whatever loss 
they might suffer. 

b) The pricing problem 

In Cote d'lvoire, wheat flour production itself 
is not subject to the 25 per cent VAT. Under 
these circumstances, wheat flour is sold by 
GMA at CFAF 111.305 (US$ 445.22) per ton 
while cassava flour delivered to Abidjan, 
without any subsidy, would be sold at CFAF 
278,000 tax-free (US$ 1,112) per ton. This 
selling price makes it possible to secure a 
minimum internal rate of return of 16 per cent 
for the producer of cassava flour and a net profit 
margin of CFAF 5,300/ton of cassava tubers 
for the farmer. 

Taking into account the cost of blending 
estimated at CFAF 1.9/kg of flour, the bagging 
which costs about CFAF 4.4/kg and the 
maintenance of a profit margin of CFAF 15/kg 
of flour for the GMA, the cost price of cassava 
flour would be CFAF 299.3/kg without any 
subsidy. The selling price of composite flour 
(90% wheat and 10% cassava) for bakers would 
thus be CFAF 130.105/kg tax-free instead of 
the current price of CFAF 111.305 for 100% 
wheat flour. 
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It should be noted that both types of flour are 
not competing on equitable conditions. 
However, if the State does not want to stick to 
the principle of liberalism which implies 
removing subsidies granted to wheat in order 
to re-establish the true prices, it should set up 
a system which would enable the cassava flour 
to counter the advantages offered to wheat. 

c) Solutions to pricing problems 

In the context of the current prices, blending 
10 per cent of cassava flour into the wheat flour 
would result in an increase of CFAF 5 in the 
price of the French bread (baguette), from 
CFAF 70 to CFAF 75. This increase, though 
minimal, poses the problem of its financing, and 
especially, the socio-professional category that 
would bear it. 

Several solutions are proposed, as follows: 

i) Payment of the difference by consumers 

The new price of the french "baguette" can be 
easily borne by the Ivorian consumer who is 
richer than his West African counterparts who 
have long been paying higher for their bread. 

The price of CFAF 75 not only makes it possible 
to offset the actual effect of the increase of the 
price of flour on te price of bread, estimated at 
CFAF 3.54 per "baguette", but also to earn 
additional income estimated at CFAF 1.7 billion9 

(US$ 7 million). This sum may be used to: (i) 
increase the price of purchasing cassava from 
farmers; (ii) attract bakers into the project to 
use composite flour by enabling them to benefit 
from a part of this amount in reducing for them 
the price of composite flour; (iii) enable the 

State thus to improve the economic profitability 
of the project; and (iv) attract the interest of the 
GMA to the project by compensating them for 
a reduction in the activities of their flour mills. 

The price of the bread can be increased by 
directly raising the price of the 228 grams 
French "baguette" to CFAF 75 or by reducing 
the weight of the "baguette" by 11 grams (from 
228 grams to 217 grams) and keeping the price 
at CFAF 70. The latter option would be more 
acceptable psychologically to the consumers 
as a reduction of 11 grams from the weight of 
the bread would be hardly perceived. 

( i i )  Payment  o f  the  d i f ference  by  bakers  

The Government can decide to make the bakers 
bear the cost of the increase in the price of flour. 
In fact, the bakers are exempted from payment 
of VAT (Article 325 and Annex IV of the 
second book of the Tax Code), whereas they 
derive huge profits, estimated at CFAF 16 per 
"baguette". If reduced by CFAF 2.46 (from 16 
to 13.54) per "baguette", their profit margin 
will still be 28 times higher than that of the 
cassava producers (see Table 5) and five times 
higher than that of the GMA. Therefore, it is 
possible to request the bakers to bear the cost 
of this increase arising from the production of 
composite flour. 

( i i i )  Payment  o f  the  d i f ference  by  the  
Government 

The project is justified by the macro-economic 
advantages that the State will derive from it. 
Therefore, the solution would be to reduce the 
pr ice  of  wheat  f lour  by  reducing the  
standardizing charge. 

9 Methodology of computing of the 1.7 billion is as follows : 200,000 tons of flour x 1.363 (composite 
bread output for 1 kg of flour) = 272,600 tons of bread = 1,195,614,000 "baguettes" of 228 grammes 
x (75-73.50) = 1.7 billion CFAF. 
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Table 5 : Profit distribution for a consumption of 200,000 tons of Composite flour per year 

Profession 

Production Profit 
Margin 

Gross Profit 
Margin in 

Million 
CFAF 

Co-efficient 

Profession 
Item Tonnage CFAF/K 

g 

Gross Profit 
Margin in 

Million 
CFAF 

Co-efficient 

Cassava producers Cassava 100,000 5.3 530 1 
Cassava flour plant Cassava flour 20,000 40 800 1.5 
GMA Composite flour 200,000 15 3,000 5.6 

Bakers Bread 272,600 10 55 15,000 28 

Taking as a basis the sum of CFAF 6 billion 
(US$ 24 million) paid to the State during the 
1990/1991 financial year by the GMA as 
standardizing charges, this amount represents 
an increase in the price of wheat flour of CFAF 
30,000/ton11. By reducing this amount by 60 
per cent, the price of composite flour can be 
kept at the current price of wheat flour, which 
is CFAF 111,305/ton. The balance of the 
charges (40 per cent or CFAF 2.24 billion) 
could be used to sustain the price of flour 
should the price of wheat rise considerably. The 
financial outlay required from the State is about 
CFAF 3.76 billion/year, corresponding to the 
additional cost of cassava flour when compared 
with that of wheat. 

( iv )  Shar ing  o f  the  cos t  among the  S ta te ,  the  
bakers  and the  GMA 

In order to avoid any increase in the price of 
bread, it may be advisable to distribute the 
increase between the State and the bakers at 
the ratio of 70 per cent for the State and 30 per 
cent for the bakers. This would mean: (i) A 
reduction of 42 per cent of the charges paid to 
the State for wheat purchase and would mean 
a reduction in the price of wheat flour from 
CFAF 111,305 to CFAF 96,686/ton, with the 
profit margin of the GMA remaining 

unchanged; (ii) An increase in the price of 
composite flour for bakers, which will thus 
move up from CFAF 111,305 to CFAF 116,945/ 
ton. For this price of composite flour, the 
increase in the price of the "baguette" to be 
borne by bakers would be CFAF 1.06. This 
solution will mean a financial outlay, in the 
profit of the consumers and the farmers of: (i) 
CFAF 2.5 billion/year from the State by 
reducing the standardizing charges paid by the 
GMA; (ii) CFAF 1.2 billion/year from the 
bakers. 

With regard to the GMA, it should be noted that 
the production of 20,000 tons/year of cassava 
flour will reduce the activities of the San Pedro 
mills which currently produce 30,000 tons/year 
of wheat flour. Therefore, the GMA will 
immediately lose business opportunity. 
Nevertheless, the activities of this unit will 
gradually pick up as bread consumption 
increases. 

d) The production of composite flour 

Drawing on past experiences, successfully 
carrying out the project would mean finally 
establishing an independent structure for 
blending the two types of flour, and the Grands 
Moulins dAbidjan will be a share-holder in the 

10 Bread yield of composite flour = 1.363, as against 1.350 for wheat flour. 
11 Data from GMA. See "Fraternite Martin Newspaper of 1 -2-3/05/1992. 
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structure. The GMA will therefore be obliged 
to release all their production to this structure 
which will purchase the necessary cassava flour 
for the blending from other manufacturers. The 
structure will then be required to supply only 
composite flour to bakeries. 

3.5 NON-AFRICAN EXPERIENCES 

3.5.1 The experience of the developed 
countries 

Most industrial countries, have long been 
making bread and other products from 
composite and non-wheat flours. Maize bread 
(broa) is a traditional product common in 
Northern Portugal and the former Yugoslavia, 
while rye-bread is fairly widespread in Europe. 
In Japan, bread often contains rice or maize. 

3.5.2 The Central American experience 

During the 1970s, Costa Rica produced and 
marketed biscuits containing 10 to 15 per cent 
cassava flour. In Jamaica, 1.6 ton of cassava 
flour were produced every day and used as 
composite flour in bakeries. The operation was 
stopped after the bankruptcy of the Jamaica 
Flour Mills. In Panama, a law promulgated in 
1976 made it compulsory to incorporate 10 per 
cent cassava flour in baking flour. 

3.5.3 The South American experience 

The "Andean Pact" countries, namely Bolivia, 
Columbia, Ecuador, Peru and Venezuela, began 
to explore collectively the technological aspects 
of composite flours as far back as 1967. In 
principle, the industrial production, use and 
marketing of the flour were accepted by the 
countries, including the various commercial 
agents concerned. Only the non-availability of 
substitute raw materials and their high prices 
relative to imported wheat delayed, indeed, 
stalled the take-off of national programmes. 

However, in 1978, the Pact approved the 
implementation of a set of projects, one of which 
was on the development of composite flours in 
each of the five member States. Of these, only 
the Columbian experience finally resulted in the 
permanent marketing of bread containing 30 per 
cent maize. Pasta containing maize is also 
marketed on a permanent basis. 

In Brazil, a law promulgated in 1973 made it 
compulsory for bakeries to use composite flour 
containing 20 per cent cassava and 80 per cent 
wheat. In Chile, the production of "quinoa" 
(Chenopodium quinoa) based composite flour 
began with the ESCUARDRON flour mill. In 
Ecuador, the training of industrial bakers in the 
use of composite flours for breadmaking, which 
was an indispensable pre-requisite for obtaining 
composite flour-based bread of acceptable 
quality, was completed in the early 1980s. 

3.5.4 The experiences of Asia and the 
Middle-East 

In India, Sri Lanka and Pakistan, millet, 
sorghum, rice and chick-pea-based composite 
flours are in everyday use. In India and Thailand, 
wheat/maize-based composite bread production 
is compulsory under the law. In the Philippines, 
under Republic Act No. 657, all bakeries are 
compelled to use wheat/cassava flour. In Sri 
Lanka, the State Flour Milling Corporation and 
Prima (Cey.) Ltd. daily produce a composite 
flour containing 20 per cent rice and 3 per cent 
oil-free soya bean flour for bakeries. 

The consumption of brown sorghum, maize and 
rye bread is customary in Yemen, Egypt, Iran 
and Turkey; in the last mentioned country, the 
bread contains some potato. 

In conclusion, the above-reviewed experiences 
show that certain conditions should be fulfilled 
to secure the success of a national composite 
flour programme. 
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3.6 OPTIMUM MIXTURES OF WHEAT 
FLOUR WITH OTHER FLOURS 

Those who have conducted studies on the use 
of millet or maize in bread-, pastry- and biscuit-
making have noted that it was impossible to 
obtain from these cereals pastas comparable 
to those produced from wheat flour and that 
the pastas obtained after dehydration of tropical 
cereals are not visco-elastic. 

The obstacles to the use of tropical cereals in 
bread, biscuit, and food pasta-making 
industries are essentially the fact that their 
proteins do not form gluten which is a protein 
and a visco-elastic compound obtained by 
leaching fine flour paste under tap water in 
order to give the dough its necessary quality 
for breadmaking. 

Such cereals as millet and sorghum, which lack 
this quality, need to be mixed with wheat flour. 
The rate of mixture with wheat flour is 15 to 
20 per cent for breadmaking without much 
changes in the usual baking techniques and in 
the nature of the bread, and up to 30 or 40 per 
cent, in which case special kneading techniques 
involving separate intensive kneading or tin 
baking are adopted. 

Studies conducted by the Inst i tute  de  
Technologie Alimentaire in Dakar, Senegal, 
have shown that it is possible to achieve a 30 
per cent rate of mixture by using the intensive 
kneading system which consists in preparing 
two doughs, one with glutenless flour with 
water only and the other with wheat flour 
containing all the necessary ingredients (water, 
salt, yeast, etc..). Two minutes before ending 
the kneading of the wheat dough, the dough 
without gluten is incorporated. 

The studies conducted by TNO Institute in 
Wageningen, Holland, showed that bread-

making with glutenless flour is possible by 
using substances capable of making the starch 
cohesive. These are generally emulsifying 
substances or surfactants whose efficiency is 
especially perceptible in the case of tin-baking. 

Even if, technically, it is possible to make bread 
from composite flour containing 30 per cent 
and more of glutenless flour, it is recommended 
that a commercial operation could begin from 
a low rate of mixture, say 10 to 15 per cent, 
moving gradually upwards to the maximum 
rate12. Such an approach will minimize the 
risks of rejection, both at the level of consumers 
and within the professional circles (millers and 
bakers). This approach is especially 
recommended so as to enable the agricultural 
system to be organized for the production of 
the required quantity and quality of local raw 
materials. 

A Composite Flour Programme (CFP) should 
take into account the supply of non-wheat raw 
materials. It is advisable that the non-wheat raw 
materials are selected by economic criteria and 
on the basis of acceptability to consumers. 
Besides, their processing into flour should be 
sufficiently mastered. 

In the case where there is no operational 
industrial unit for the production of local non-
wheat flours, it is recommended that with the 
help of competent research centres, small 
production units should be set up for the 
production of non-wheat flours to be mixed with 
wheat flour in existing flour mills. 

3.7 STRATEGY FOR THE PROMOTION 
OF COMPOSITE FLOURS 

The importance of the use of composite flour 
for non-wheat producing countries, especially 
most African countries, cannot be 

12 Maximum rate may reach 100 per cent non-wheat flour. 
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overemphasized, from both the economic and 
nutritional points of view. It is in the interest 
of these countries to promote the use of local 
cereals, tubers and pulses for bread-, pastry-
and biscuit-making or for preparing diets for 
vulnerable groups such as children, old people 
and sick people. With regard to the use of these 
raw materials for bread, some countries will 
need to do more promoting than others in the 
introduction of composite flour-based bread. 

Given the specific constraints to the "baguette", 
a good mastery by bakers of the techniques of 
preparing composite flour-based bread is 
necessary. In that regard, the obtaining of a 
good composite flour-based bread requires 
much more patience and care on the part of 
the baker. It requires his making a clean break 
from the habits acquired in wheat flour 
breadmaking, at a certain level of substitution. 

To keep closer to the bread taste already 
acquired by the consumers it is advisable to 
replace gradually the wheat by local cereals 
and tubers over a period of five to ten years. 
The advantage of such a strategy is that 
consumers, on eating bread containing more 
and more of other products, would be more 
willing to accept wheatless bread in the long 
term. Furthermore, since increasing amounts 
of local raw materials are necessary for the 
substitution, producers should be allowed more 
time to fulfil their responsibility. 

One of the conditions for success in the 
promotion of composite flour is the provision 
of good technical assistance to bakers through 
an institution experienced in composite flours. 
Such an institution will be required to organize 
training seminars for bakery workers and also 
to be responsible for the take-off and follow-up 
of composite flour-based bread production. 

3.7.1 Consumer education 

Since consumers often regard the quality of a 
composite flour-based product as inferior while 

it is not true, it is necessary to inform and 
sensitize them with regard to its economic and 
nutritional advantages as well as certain aspects 
of its taste and preservation. 

In the case of composite flour-based bread, one 
of the reflexes of consumers is to try to find in it 
all the characteristics of wheat bread to which 
they are accustomed. They should, therefore, 
be prepared psychologically to see the product 
as different and having its own characteristics. 
Specialists on the promotion of new products 
recommend, moreover, that a specific form 
should be chosen and new catchy trade names 
adopted for the new products. 

3.7.2 Publicity 

The publicity should contribute to preparing 
consumers better to receive the product. It 
should be well implemented and centred on the 
advantages to be derived from widespread 
consumption of composite flour-based bread. It 
is necessary to recommend the adoption of a 
sufficiently attractive publicity slogan, such as: 
"For better growth, eat Rich Bread". As for the 
gradual introduction of the new product, priority 
should be given to publicity at the points of sale. 

3.8 INSTITUTIONAL FRAMEWORK 

On the global composite flour programmes, it 
has been noted that very few such programmes 
have resulted in the marketing of the products 
on a permanent basis at the national level. 
Among the reasons advanced for this is lack of 
Government support and of programme co
ordination at the ministerial level. 

The economic stake in promoting composite 
flour is such that it is necessary to make the 
importance attached to it by the State felt at all 
levels. To this end, it is advisable to set up an 
Inter-Ministerial Co-ordinating Committee 
(ICC) for the CFP and to identify an executing 
agency for the programme. 
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3.8.1 The Inter-Ministerial Co-ordinating 
Committee (ICC) 

The ICC will be made up of decision-makers 
selected from the Ministries responsible for 
industries, trade, planning, finance and 
agriculture as well as from among such cereal 
trade professionals as millers, bakers and 
Chambers of Commerce. The Committee will 
act as a policy organ which will draw up and 
recommend the necessary political, economic 
and technical measures for an efficient 
implementation of the programme. 

The proposed terms of reference of the ICC for 
the CFP include the following: 

(i) The drawing up of a strategy for 
introducing composite bread into the 
national market; 

(ii) The drawing up of a strategy for regular 
supply of good quality composite flour to 
bakeries; 

(iii) The proposing of extensive measures for 
stimulating production of composite 
flour-based bread; 

(iv) The design of a wheat import quota 
system (including food aid) and wheat and 
tropical flours pricing policy in order to 
promote the production and consumption 
of the latter; 

(v) The establishment of the level of 
substitution, at the initial stage, of 
imported wheat flour with local flours in 
breadmaking, taking into account both 
acceptability of the composite bread and 
the economic needs of the country; 

(vi) The co-ordination and control of 
sensitization and information activities 
undertaken through the following three 
m e d i a :  M a s s  c o m m u n i c a t i o n s ;  
Educational broadcasting; Promotional 
activities; 

(vii) The monitoring of the progress of the CFP 
and the securing of its co-ordinated 
implementation; 

(viii) The proposing of an executing agency for 
the programme; 

3.8.2 The Executing Agency 

The executing agency could be a food 
technology research institute or a business 
concern having the requisite expertise for 
implementing the following terms of reference: 

(i) To master the techniques for the 
production and baking of the composite 
flours; 

(ii) To intensify and adapt experimentation on 
breadmaking with non-wheat and 
composite flours and select the suitable 
recipes; 

(iii) To conduct acceptability and marketing 
tests in sample localities and increase the 
points of sale; 

(iv) To develop optimum storage conditions 
for composite flour and/or other flours; 

(v) To select throughout the country a number 
of commercial bakeries for extensive 
breadmaking experiments and marketing 
tests; 

(vi) To calculate the cost price elements of 
composite flour-based bread and prepare 
an economic paper on composite flours; 

(vii) To prepare a project paper with a detailed 
check-list of activities for industrial and 
commercial production and utilisation of 
composite flours; 

(viii) To draw up and implement, after the take
off of the commercial phase of the CFP, a 
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research programme involving a wide 
range of new composite and pure tropical 
flours; 

(ix) To initiate and carry out sensitization and 
information activities on composite 
flours; 

(x) To organize training seminars for millers 
and bakers before the take-off of the 
industrial and commercial phase. 

3.9 CONSTRAINTS TO THE 
DEVELOPMENT OF COMPOSITE 
FLOURS 

The constraints to the development of composite 
flours in breadmaking are at various levels: 

At the consumer level : In many countries, 
composite flour-based bread in the past 
appeared in difficult times such as times of war 
and famine. Hence, these products are often 
regarded by consumers as low-quality products. 
This attitude is the reason why bakers are 
reluctant to making bread with composite flour 
during the period of normal wheat supply. 

At the technical level : Here, 100 per cent 
wheat bread, being generally more developed 
than composite flour-based bread of equal 
weight, has a slightly greater volume. Since 
bread is sold by weight, the consumer, on buying 
composite bread, feels that it costs more; in 
addition: (i) in many cases, bakery workers, 
mostly illiterate, are trained on the job and show 
little enthusiasm for innovations which imply 
an effort to re-adapt; (ii) in many countries, 
local cereals, tubers and pulses are mostly 
processed traditionally, hence their non
existence on the industrial flour market. Often, 
the launching of composite flour requires the 
installation of local flour production plants. This 
constitutes a major handicap in that the new 
plants require not only substantial financing but 
also considerable time before achieving mastery 
of the production of quality in the finished 
products and are often faced with problems of 
securing quality local raw-material supplies. 

At the price level : Imported flours are far 
cheaper than the local ones. African countries 
experience the shocks created by rapid 
technological advancement among farmers in 
developed countries as well as by subsidization 
policies. International competition, therefore, 
renders local agriculture increasingly less 
competitive in providing products to cities and 
national industries. 
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CHAPTER 
FOUR 

PRODUCTION OF CEREALS, TUBERS 
AND PULSES AS SUBSTITUTES FOR IMPORTED WHEAT 

4.1 PRODUCTION SYSTEMS AND 
POTENTIAL 

The priority long accorded to cash crops in the 
agricultural sector of the economies of African 
States reflects a relative slow-down in the 
production of food products. 

It is often observed that in Africa, the production 
of food crops has stagnated or, at best grown 
only marginally in spite of the agricultural 
potential. Special attention should be given to 
production systems within the framework of the 
CFP. 

In Senegal, for example, millet and sorghum 
hold potential for mass production that can be 
harvested very quickly if marketing is organized 
and the problem of processing solved. This 
explains why the work done on the use of 
composite flour in breadmaking has been based 
on these two cereals. 

With a view to intensifying rain-fed farming of 
millet and sorghum, the improvements 
recommended by research are based mainly on 
mechanization of some operations: tilling, 
mineral manuring and the use of selected plant 
varieties. 

All the above themes constitute a technological 
package recommended for simultaneous 
application; for instance, the selected plant 
varieties, in particular, can only be grown with 

a sufficient quantity of manure and appropriate 
farming techniques. 

The studies on the potentials of each country 
will be based on the various climatic zones and 
for each of them, the necessary factors for 
improving yield should be identified; for 
instance: Choice of varieties; Use of quality and 
treated seeds; Improvement of farming 
techniques by disseminating efficient methods; 
Adoption of such good farming practices, as soil 
preparation, planting and harrowing; Timely 
availability of suitable agricultural inputs. 

Studies on these subjects should be reviewed 
and competent technicians from institutions 
such as research centres, the department of 
agricultural production consulted before any 
action is taken. 

4.2 TREND AND NORMATIVE 
PROJECTIONS OF PRODUCTION 

The major determinants of production are 
cultivated area and yield. The pattern of cereal, 
tuber and pulse production should be assessed 
on the basis of statistics collected over the past 
10 years, in order to make trend projections 
that will reflect the laissez-faire scenarios of 
the past. 

The theoretical possibilities for increasing 
production, which will allow new development 
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potentials to be defined, will be subsequently 
analyzed on the basis of existing studies in this 
field. Finally, new ambitious objectives will be 
proposed within the limits of what is feasible, 
in order to identify surpluses for the CFD. 

Senegal, for example, has opted for a more 
proactive policy in the field of food production. 
Not content with mere projection of demand 
trends whereby no additional measures are taken 
in terms of pricing with a view to selectively 
promoting or curbing consumption of some 
products, the Plan Alimentaire Senegalais has 
deliberately set new objectives within the limits 
of a desired and defined consumption pattern, 
taking into account genuine potential rather than 
acquired habits. 

Thus, in 1986, projections were made of what 
the millet/sorghum/maize situation will be by 
the year 2000 (see table 6). From those 
projections, it is possible to determine and 
quantify the share of production which can be 
allocated to the CFP. 

4.3 FOOD PRODUCTION AND SELF-
SUFFICIENCY 

The issue addressed here is the estimation of 
domestic supply and demand. By combining 
the growth scenarios of national demand for and 
production of cereals, tubers and pulses, it 
should be possible to determine the overall 
requirements for adjusting supply and demand. 
Three combinations of the various growth 
assumptions of supply and demand should be 
used, namely: the historical, normative and 
maximal trend scenarios. 

The historical trends scenario for the chosen 
time-frame (up to the year 2000 for example) 
combines growth trend scenarios of production 
and demand. The assumptions are that: 

(i) No fresh effort is made to develop 
production; 

(ii) Consumer prices of imported cereals 
remain unchanged in real terms, when 

Table 6 : Millet/sorghum/maize production prospects by the year 2000 

Scenarios Millet/Sorghum Maize 

Historical 
Trends 

Normative 
Trends 

Historical 
Trends 

Normative 
Trends 

Available National Production 
(in tons) 

415 000 612 000 198 000 378 000 

Projected demand by the year 2000: 69 73 11 11 

-Kg/person) - Total (in tons)* 716 000 761 000 125 000 125 000 

Surplus/short - fall (in tons) - 301 000 - 149 000 + 73 000 + 253 000 

Possible adjustment of demand 
(in tons) 

- 73 000 - 149 000 + 73 000 + 149 000 

Surplus/short- fall after adjustment 
(in tons) 

- 228 000 0 0 + 104 000 

Source: Etude de I'approvisionnement en milet mais au Senegal conducted by Louis BERGER 
International Inc. on behalf of the 1TA/USAID Millet Processing Project. 
* For a population estimated at 10,425,000 by the year 2000 
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compared to their current levels (which 
means that they follow inflation), whereas 
local products supposedly follow the same 
pattern by adjustment to market prices; 

(iii) No measure is taken to promote urban 
consumption of such local products as 
cereals, tubers and pulses. This is 
reflected by the stability of the 
consumption pattern, given stable price 
relations. 

The normative trends scenario over the chosen 
time-frame (by the year 2000 for example) 
combines what are termed normative growth 
scenarios for production and demand. The 
assumptions are that: 

(i) Maximum effort will be made to improve, 
within feasible limits, productivity: 
cereal, tuber and pulse cultivation; 

(ii) Urban consumption of these local 
products will be encouraged by 
developing a processing sector (such as 
the CFP) and by increasing the price of 
imported wheat-based products. The 
level of such price increases in any 
country will depend on that country's 
specific situation; 

(iii) Prices of local products will increase, as 
in the historical trends scenario, at a rate 
close to that of inflation; 

(iv) Producer prices also follow the same 
historical trend. 

The maximal trends scenario for the chosen 
time-frame (up to the year 2000 for example) 
combines the normative demand scenario and 
the maximal production growth scenario. The 
assumptions are similar to those of the 
preceding scenario - with the difference that 
by means of a policy on the pricing of such 
local staples as cereals, tubers and pulses an 
increase of the sizes of land area under them is 
secured from other crops, such as export crops. 

Through the data on the various scenarios, it 
should be possible to develop a production 
strategy in order to achieve food self-
sufficiency. In Senegal, millet having been 
chosen for the CFP, a study was conducted on 
the various scenarios based on this cereal (cf. 
table 7). 

Tables 6 and 7 show that maize has better 
chances than millet and sorghum of meeting 
the raw material requirements of the NCFP in 
Senegal. 

Table 7 : Scenario of supply and demand of millet in Senegal (1000 tons) 

Scenario Production Rural 
Demand 

Available 
for urban 

con
sumption 

Urban 
demand 

Balance Scenario 

Gross Consumable 
(72%) 

Rural 
Demand 

Available 
for urban 

con
sumption 

Urban 
demand 

Balance 

Trends 1985 558.6 402 458 0 56 - 112 

Trends by 2000 575.7 415 612 0 104 - 301 

Normative trends 849.6 612 612 0 149 - 149 

Maximal trends by 2000 1087.2 783 612 171 149 + 22 

Source : Etude de Tapprovisionnement en mil au Senegal; conducted by Louis BERGER 
INTERNATIONAL on behalf of the ITA/USAID Millet Processing 
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4.4 CONSTRAINTS TO FOOD 
PRODUCTION 

It was emphasized earlier that the major 
production determinants are crop area and 
yield. What is needed is to identify the major 
constraints to these two determinants, by taking 
into account the various inter-regional 
differences in terms of soil and yield. Such 
constraints may be grouped under five major 
categories for cereals, tubers and pulses, 
namely: 

(i) Environmental / Agricultural: drought, 
reliability of rainfall, degree of soil 
fertility or impoverishment and use of 
inputs; 

(ii) Economic: relative prices of harvested 
grains/tubers and of seeds, fertilizers or 
other inputs. 

(iii) Social/manpower: availability of 
seasonal manpower, social structure, 
migration pattern, and cultivation 
technique; 

(iv) Physical and institutional infrastructures: 
transport for sales, extension service, 
marketing co-operatives, marketing 
channels and financing; 

(v) Lack of suitable policy. 

Taking Senegal as an example, an analysis of 
obstacles to the development of the main cereal 
crop (millet), chosen within the framework of 
CFP, led to the following recommendations: 

(i) Widespread use of quality seeds; 

(ii) Systematic use, at optimum measured 
doses, of chemical fertilizers in areas 
where rainfall exceeds 800 mm; 

(iii) Availability of agricultural equipment; 

(iv) Securing producer incomes by creating 
such markets for produce as processing 
plants. 

In Senegal, though prospects for the 
development of maize production are brighter 
than those of millet, CFP chose the latter crop. 
This is due to the fact that, as a general rule, 
the taste preference of Senegalese is for millet 
rather than for sorghum, or maize; they 
moreover consume many millet flour-based 
traditional foods including doughnuts and 
biscuits. Should the historical trend scenario 
up to the year 2000 result in a millet deficiency 
of say 300,000 tons the choice would still be 
justified since adjustments can be made 
through the gradual introduction of maize into 
the food habits. 
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CHAPTER 
FIVE 

PILOT COMPOSITE FLOUR PLANT 

5.1 TECHNOLOGY FOR MILLING, 
BLENDING AND BAKING 
COMPOSITE AND TROPICAL 
FLOURS 

Milling technologies deal with all operations 
carried out from the reception of raw materials 
to packaging, indeed, to the storage of finished 
products as well as techniques and equipment 
needed in these operations. 

Blending consists in preparing composite flour 
with products derived from raw materials that 
are different in given optimum proportions. 
Breadmaking also applies to both common and 
refined bread (milk bread, sandwich bread, 
croissants, etc...). After the going into operation 
of the industrial and commercial phase of 
breadmaking, pastry and biscuit making will be 
considered so as to diversify. 

5.1.1 Milling of cereals 

This essentially includes pre-cleaning, 
decortication and reduction to flour. 

(a) Cleaning 

The objective is to remove from the raw material 
all impurities likely to infest the flour and/or to 
have a negative effect on its quality and stability. 

Pre-cleaning consists in scaling to eliminate 
impurities larger or smaller than the grain 

considered, on the one hand, and in carrying out 
densimetric separation on the other hand. 
Densimetric separation makes it possible to 
eliminate impurities of the same dimension 
but heavier such as stones. The lighter 
impurities can be eliminated through air-
separation (suction or aspiration). In certain 
cases, pre-cleaning could include grain 
damping. 

In all pre-cleaning operations there exist 
accessible technologies as well as possibilities 
to adapt and even innovate. 

(b) Decortication 

The objective is to separate, partially or 
completely, the grain bran from the endosperm. 
The degree or rate of decortication must be 
such that the final product obtained is 
acceptable from the organoleptic viewpoint 
while efforts are made to preserve as much as 
possible its nutritive value. Dry decortication 
is the most recommended method because it 
has more advantages than wet decortication. 

The designing and functioning of the various 
decorticating machines are based on the 
principle of rubbing the grains against rough 
and abrasive surfaces and against each other. 
Generally, rough surfaces are either 
carborundum wheels or resinoid discs or emery 
wheels. Abrasive cone decorticators are 
increasingly being discarded in favour of disc 
or wheel decorticators. Some notes on such 
machines are provided in the annex. 
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However, the use of machines which preserve 
the full endosperm is highly recommended. 
The advantage of this is that it correlates the 
decortication rate and the effective elimination 
of grain bran. 

Decortication incidentally leads to partial 
degerming. None the less, dry degerming can 
only be done effectively during milling 
(densimetric separation). Further, it should 
be pointed out that complete degerming needs 
supplementary equipment which generally 
consumes much energy especially when the 
humidification method is used. Increased 
degerming, which is generally not needed in 
flour-making, has negative effects on current 
flour and semolina productivity. 

The decortication operation is of vital 
importance in the non-wheat flour-making 
process. The separation of bran from 
endosperm must be well done and when 
necessary, brushing and/or densimetric 
separation must be carried out. The quality of 
the decorticating process determines the 
quality of the finished products. In this respect, 
the particle size homogeneity of grains 
enhances balanced decortication. 

(c) Milling 

The objective of milling is to produce flour 
from decorticated grains. It is necessary to 
state that flour means any product resulting 
from crushing whose fineness is determined 
by its users. Indeed, though particles which 
make up wheat flour known as baker's flour 
range from 2 to 150 microns, flour meant for 
the making of traditional couscous can 
comprise within it particles equal to or 
exceeding 500 microns. Milling may or may 
not be followed by sifting and scaling whose 
objective is to obtain one or several products 
of a given particle size/composition or profile. 

While variable damping is used in the 
traditional milling of tropical cereals, on one 

hand and, in the conventional milling of wheat 
and maize, on the other hand, it is highly 
recommended that dampness be avoided in the 
mechanized milling of tropical cereals. 
Reasons belying this recommendation are 
related not only to the nature of the bran of 
these cereals but also to the stability of finished 
or semi-finished products. 

At the moment, there is a wide range of mills 
and grinding machines that are perfectly suited 
to the making of flour from cereals, pulses, 
roots and tubers produced in Africa in 
particular and in tropical countries in general. 
Depending on their design and functioning 
principles, there exist the following mills; 
hammer mills,wheel mills, pin or spindle mills, 
attrition mills and cylinder mills. 

For each type of these mills, there exist various 
models and their capacity could go from a few 
killogrammes up to several tons per hour. Each 
type of mill has advantages and disadvantages 
depending on the raw material used and the 
expected characteristics of the desired finished 
product. 

Selection of the most appropriate technology 
must be guided by technical and economic 
factors. The industrial fabric and the technical 
skills of people must be taken into account in 
order to avoid the errors of the past. Also worth 
considering are problems relating to 
maintenance, spare parts and renovation. 

5.1.2 Other specific and special operations 

These are operations whose ultimate objective 
is to introduce changes designed to improve 
organoleptic quality, nutritive value and/or 
digestibility. That is why regarding pulses, use 
can be made of steeping (hot or cold), 
fermentation, germination, toasting and 
defatting. As concerns roots and tubers, there 
are specific pre-milling operations such as 
peeling, grating, pressing, steeping and 
fermentation. 
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All these specific or special operations are 
followed by drying generally and require 
relatively simple techniques. The objective 
would be simply to provide the appropriate 
equipment so that the experimental plant can 
conduct tests in a good number of areas. 

5.1.3 Blending 

Blending is generally carried out on flour but in 
certain cases it is possible to effect it on grains 
before or during milling. Above all, it is 
necessary to ensure the homogeneity, 
consistency and stability of the composite flour 
obtained. At the present stage of research, the 
characteristics and properties of local flour are 
not yet sufficiently known, especially their 
behaviour when blended and the effects which 
that could have on the stability of composite 
flour. 

The means of controlled blending determine the 
quality of composite flour, and in this respect, 
the blending techniques are chosen in terms of 
the nature of the basic components (grains, flour 
or pasta). Local and foreign constructors have 
the appropriate machines and equipment 
available (Archimedean screw, kneading 
troughs, beaters etc...) 

5.1.4 Breadmaking 

The objective pursued here is to make all types 
of bread according to the countries including 
the "baguette" bread. 

In fact, the current state of the breadmaking 
art has yet to reach the stage of obtaining from 
composite flour French bread whose specific 
volume would be equal to that of 100 per cent 
wheat-based bread, all things being equal. In 
order to attain an equivalent specific volume, 
it would be necessary to incorporate additional 
ingredients. This would entail an increase in 
production cost. Such a situation would greatly 
reduce the competitive edge of composite 

bread over wheat bread. The use of durum 
wheat would have mitigated the loss in volume. 
A cost-benefit analysis should be conducted 
before any decision is taken in this area. 
Moulded pan (English-type) bread is easier to 
make with tropical flours. 

Limiting the notion of bread to the "baguette 
frangaise" in French-speaking countries is one 
of the errors of the past which had handicapped 
many NCFPs. The establishment of the 
Pamible programme in Senegal surely suffered 
from this. The conventional breadmaking 
techniques are easily more adaptable to the use 
of composite flour in making millet or English 
bread. 

Formulae and methods for making bread from 
composite and non-wheat flour are available 
at: I.T.A., B.P. 2765, Dakar, Senegal for millet-
wheat and maize-wheat composite flour; 
FURO, P.M.B. 21023, Ikeja, Lagos, Nigeria for 
composite flours of maize-wheat, sorghum-
wheat, cassava-wheat, millet-wheat, and 
recently non-wheat flour; ERC, P.O. Box 213, 
Shambat, Khartoum-north, Khartoum, Sudan 
for sorghum-wheat composite flour. This 
information can also be obtained from the ECA 
(Industry Division), P. O. Box 3001, Addis 
Ababa, Ethiopia, and from the FAO 
(Agricultural Industries Services) Via delle 
Terme di Caracalla, 00100 Rome, Italy, for the 
pre-gelatinization techniques. Several 
formulae and methods can also be consulted 
from the Technical Compendium on Composite 
Flours published by the ECA in 1985. 

5.1.5 Other applications of composite 
flours 

The experimental plant will, above all, 
concentrate its activities on breadmaking. 
Later on, it must adapt the existing technologies 
to such areas as the making of pastry, biscuits, 
pasta and weaning foods. This diversification 
is highly advisable, indeed, recommendable, 
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because many current or completed 
experiments in numerous countries have 
achieved encouraging results. 

5.2 PHYSICAL COMPONENTS OF 
THE PILOT PLANT 

5.2.1 Buildings 

The experimental plant will be established over 
a land area of 80m x 60m, that is, 0.48 hectare. 
It will comprise two main buildings: one for 
non-wheat flour milling and the other for the 
bakery, laboratory, meeting room and offices 
(see building layout on page 48, Fig. 3). 

(a) Afaw-wheat flour milling unit 

The building will comprise the following: 

Stores for raw materials and finished 
products. Such stores will allow for 
phytosanitary treatment, particularly 
fumigation; 

A machine room for equipment for 
cleaning, specific and special 
decortication operations, milling and 
blending, bagging and packaging of 
finished products; 

Staff cloakroom and common office; and 

The mill officials' office. 

Provision should be made for a place for future 
extension. 

(b) Bakery-laboratory 

The building will comprise the following: 

Premises for storage of flour and other 
non-perishable foodstuffs; 

Spacious and well ventilated bake-house 
for equipment and furniture; 

Cloakroom and general office; 

Meeting room for classes and conferences 
for about 30 people; 

Sufficiently large room for the laboratory, 
with an office for the head of the 
laboratory, and enough space for 
measuring appliances such as precision 
scales; 

Office for the head of the experimental 
plant; 

Office for the secretariat and other 
services such as accounting; 

Toilets. 

(c) Annex buildings 

These buildings will provide space for the 
maintenance service, selling point (shop) and a 
tasting room (See building layout on page 48). 

5.2.2 Infrastructural facilities 

(a) Shared facilities 

The plant should be established on land located 
in an area of easy access but away from 
residential quarters, preferably on the same 
premises as the executing agency or in its 
vicinity. It should be connected to various 
networks (water, electricity, telephone, etc.). 
and be equipped with a transformer designed to 
supply current at 220 and 380 volts. The 
electrical installations should provide power for 
external lighting and an alarm system. A stand
by generator should be installed to supply 
current to the whole experimental plant in the 
event of a power cut. 
Connection to the water network should regulate 
water pressure and flow in order to avoid any 
drop in pressure that can affect the laboratory 
and especially the bakery. It will provide for a 
fire-plug. 
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Figure 3 : Building layout. 
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Provision should be made for a fence and the 
construction of roadways, the main ones of 
which will be tarred or cemented. An enclosed 
parking lot should be constructed for visitors' 
and staff cars. 

(b) Specific infrastructures 

In the flour mill, these infrastructures should 
essentially comprise: 

Individual control rooms for machines, 
sockets for immediate connection of 
machines and equipment for flour milling 
activities and maintenance services; 

Internal circuits for compressed air, 
potable and used water, and gas to provide 
heat during processing. 

In the bakery and laboratory, provisions should 
be made for; 

A good system of waste water drainage; 

A ventilation system of wide glass 
openings for proper lighting and good 
circulation of air; and 

Easily washable surface preferably with 
tiles on floors and walls up to a height of 
1.5m. 

5.2.3 Equipment 

(a) Flour milling 

The cleaning equipment should comprise: 
drying equipment, a gravity separator, an 
aspirator and a magnetic separation device, a 
destoner, tempering equipment and a weigher. 

The decortication equipment will comprise: a 
small disc-decorticator for minor tests, a 
production PRL/RIIC or NUHUL decorticator, 
a sifter for supplementary cleaning or 

measuring of grains before or after 
decortication. 

Equipment for milling, blending and packaging 
should include: a conventional testing mill for 
fine wheat with an hourly capacity of 10 to 
15kg (CHOPIN model), a cylinder grinder with 
two holes (one grooved and the other smooth) 
with an hourly capacity of 200 kg or more 
(BUHLER or OMAS), a single-box plansifter 
(BUHLER), a laboratory sifter (TRIPETTE 
and RENAUD), a specific gravity table for 
further degerming whenever necessary, a 
mobile hammer mill with an hourly capacity 
of 400 to 600 kg, a pin-mill (ALPINE), a flour 
blender with a well-balanced mixing system, 
a measuring scale and balance, a sack fastener, 
portable sewing machine, adjusting and 
measuring tools and instruments. 

(b) Baking equipment 

This should comprise: an oven for trial 
breadmaking (CHOPIN), a production oven 
with pastry furnace and a baking rack with a 
capacity of 150 to 200 loaves of bread per day, 
two trial kneading troughs with a capacity of 2 
to 10 kg, a kneading trough of 60 litres (100 
kg of flour), a 10 x 20 hydraulic divider, a 
moulder, two cupboards with adjustable locks 
and accessories, a water cooler with a capacity 
of 100 to 200 litres, baking moulds and plates, 
bread racks, scoops and trolleys, a measuring 
scale and balance, a bread volume measurer, 
measuring appliances, crockery trolley, various 
light equipment and a refrigerator-freezer. 

(c) Laboratory equipment 

This should be designed to meet milling and 
baking needs in the control and analysis of raw 
materials, finished and semi-finished products 
on the one hand, and to satisfy the external 
demands of professionals (industrialists, traders 
and other users) and administrative bodies 
operating in the agro-based food sector. In this 
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respect, it will conduct routine and specific 
analyses on flour from cereals, pulses and tubers 
with special emphasis on moisutre content, ash 
or mineral substances, proteins, lipids, acidity, 
pH, colour, particle size, phytosanitary quality. 

The following equipment should be provided: 
three laboratory sample grinders (KT, ALPINE, 
CHOPIN), two laboratory sifters (TRIPETTE 
and RENAUD, ALPINE), one chondrometer to 
determine the specific weight of grains, three 
precision scales, one microscope, one light 
magnifying glass, one muffle furnace, two 
precision scales, one ash oven, one multicellular 
drying oven, two dryers, two-litre blenders, one 
multipurpose dosage measurer, one viscometer, 
one water filter, one refrigerator-freezer, various 
light equipment (plates, glasses, light measuring 
apparatuses: hygrometers, thermometers, 
chronometers), one hood and one air 
conditioner. 

5.3 INVESTMENTS 

The Composite Flour Programme (CEP) will 
normally be housed by an existing appropriate 
R&D institution such as a Eood Technology 
Centre. In this context, costs of infrastructure, 
land and buildings and even of some equipment 
may be saved to some extent. In case such an 
institution does not exist, or needs to be 
strengthened, here are the costs estimates for 
the case of Senegal. 

5.3.1 Infrastructural facilities 
(estimates for Senegal; values 
in CFAF, 1993 

- Land 

- Land development 

- Roadways 

- Eence & parking lot 

CFAF US$ 
1,500,000 6,000 

2,500,000 10,000 

3,000,000 12,000 

1,500,000 6,000 

- Water connection 3,000,000 12,000 

- Electrical equipment & 7,500,000 30,000 

- Installations 10,000,000 40,000 

Total infrastructures 29,000,000 116,000 

5.3.2 Buildings (estimates for Senegal) 
Elour mill (312m2) 

Bakery, Pastry, 
Laboratory and 
administrative 
services (572m2) 

Maintenance 
workshop (32m2) 

Total Buildings 

24,000,000 96,000 

43,000,000 172,000 

5,000,000 20,000 

72,000,000 288,000 

5.3.3 Equipment 13 

CFAF US$ 

5.3.3.1 Flour mill 30,400,000 121,600 

6,400,000 25,600 

3,000,000 12,000 

1. Cleaning 
- Laboratory 

cleaner - separator 
- Destoner or lab 

specific gravity table 3,000,000 12,000 
- 200 kg weighing machine 400,000 1,600 

2. Decortication 4,800,000 19,200 
- Scale 300,000 1,200 
- SISM AR/CNRA-CRDI1, 

decorticator 500,000 6,000 
- PRL/RIIC decorticator 2,500,000 10,000 
- Rotary sifter 500,000 2,000 

3. Milling 13,700,000 54,800 
- SISM AR Noflaye mill 1,500,000 6,000 
- MGS hammer grinder 2,500,000 10,000 
- PM (OMAS-Italy) 

cylinder mill 4,000,000 16,000 

13 Some brands and addresses of manufacturers of equipment are indicated in Annex. 
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Vibrating sifter 3,400,000 13,600 - Complete 

Round sorter 2,000,000 8,000 GM beater-mixer 2,000,000 8,000 

Air compresser 250,000 1,000 - Rolling mill 2,500,000 10,000 

Calculators 50,000 200 - Rollers with accessories 100,000 400 
- Piping bags 50,000 200 

. Blending 2,900,000 11,600 - Baking trays and tins 500,000 2,000 . Blending 2,900,000 11,600 
- Water heater 250,000 1,000 

MR 101 Blender 900,000 3,600 
- Water heater 250,000 1,000 

900,000 3,600 
- Water filter 50,000 200 

Swivel blender 2,000,000 8,000 
50,000 200 

Swivel blender 2,000,000 8,000 
- Miscellaneous appliances 300,000 1,200 

. Packaging 1,300,000 5,200 - Electric cooker 350,000 1,400 

. Miscellaneous 1,300,000 5,200 5.3.3.4 Laboratory 25,800,000 103,200 

, Furniture 500,000 2,000 - Laboratory grinder 500,000 2,000 
(including KT30) 1,570,000 6,680 

,3.3.2 Bakery 32,000,000 128,000 - ROTACHOC ,3.3.2 Bakery 32,000,000 128,000 - ROTACHOC 
1,500,000 6,000 

32,000,000 128,000 
Laboratory sifter 1,500,000 6,000 

Chopin trial oven 1,500,000 6,000 - ALPINE laboratory 
6,000 

Production oven 17,000,000 68,000 sifter 4,000,000 16,000 
Trial kneading troughs 2,000,000 8,000 - Precision scales (2) 1,000,000 4,000 
Production kneading - Magnifying glasses 50,000 200 
trough 3,000,000 12,000 - Ash oven 2,000,000 8,000 
Hydraulic divider 1,700,000 6,800 - Multicellular 
Moulder 1,500,000 6,000 vacuum drier 750,000 3,000 
Weighing machine 400,000 1,600 - Desiccator (1) 1,600,000 6,400 
Scale 300,000 1,200 - Ventilated modular drier 200,000 800 
Equipped fermentation 1,000,000 4,000 - Desiccator (2) 750,000 3,000 
chamber - MR - 2 It. mixer 600,000 2,400 
Water cooler (100 1.) 1,500,000 6,000 - Installable multi
Refrigerator 500,000 2,000 purpose proportioner 8,000,000 32,000 

Baking trays and tins 500,000 2,000 - pH-metre 500,000 2,000 

Bread trays 200,000 800 - Sterile basket 1,500,000 6,000 

Bread baskets 50,000 200 - Refrigerator 400,000 1,600 

Cooling shelves 100,000 400 - Freezer 500,000 2,000 

Flour bins and crockery 100,000 400 - Gas cooker 300,000 1,200 

Rising gauge 50,000 200 
- Water filter 50,000 200 Rising gauge 50,000 
- Furniture 500,000 2,000 

Bread volumeter 200,000 800 
- Furniture 500,000 2,000 

200,000 800 
- Calculator 30,000 120 

Miscellaneous equipment 370,000 1,480 
30,000 

Calculators 30,000 120 5.3.3.5 Maintenance 17,000,000 68,000 
workshop and transport 

.3.3.3 Pastry 7,600,000 30,400 - Various appliances 2,500,000 10,000 
Complete - Furniture 500,000 125,000 
PM beater-mixer 1,500,000 6,000 - Vehicles (2) 14,000,000 56,000 
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5.3.4 Summary of investments 
1. Infrastructures 
2. Buildings 
3. Flour mill 
4. Bakery 
5. Pastry 
6. Laboratory 
7. Maintenance & 

transport 

29,000,000 
72,000,000 
30,400,000 
32,000,000 

7,600,000 
25,800,000 

116,000 
288,000 
121,600 
128,000 

30,400 
100,000 

17,000,000 68,000 

213,800,000 855,200 8. TOTAL 
9. Studies & sundries 

5% of the above 
total 10,700,000 42,800 

10. Working capital 39,000,000 156,000 
11. Contingencies 

(5% of 8+9+10) 13,000,000 52,000 

GRAND TOTAL 276,500,000 1,106,000 

The working capital was calculated for a three-
month operation period. It includes salaries of 
staff the number of which is broken down as 
follows: 

Senior Technicians Workers Labourers 
Staff 

Flour mill 1 2 1 0 

Bakery 0 2 1 0 

Laboratory 0 2 0 0 

Maintenance 1 1 1 0 

Management/ 
Co-ordination 1 2 3 1 
Total 3 9 6 1 

about US $1,106,000 needed to implement the 
CFP, of which CFAF 112,8 million or 
US$451,200 is for equipment (non-wheat 
cereal flour mill. Bakery-pastry, Laboratory 
Maintenance and Transport). Such investment 
and the resulting activities are to lead the 
country towards more production and 
consumption of indigenous food and less 
import of wheat. 

Not all benefits accounting from the industrial 
and commercial use of composite flour can be 
measured. For instance, reduced food 
dependency constitutes a far-reaching policy 
achievement difficult to quantify; the increased 
food security that the programme achieves for 
the country has a basically social objective, 
namely: to provide a high nutritional level and 
hence ensure the health of the population. This 
will indirectly make the population more 
productive for the country. However, 
composite flour development entails the 
reduction or abolition of wheat imports, and 
boosts the production of local foodstuffs whose 
economic and financial impact can be 
quantified. 

Quite apart from the immeasurable socio
economic benefits, the immediate macro-
economic benefit from the CFP will be 
substantial foreign exchange savings, estimates 
of which are given in table 8 for some 
countries. The initial investment for the 
implementation of a CFP of about US$ 
1,106,000, financed by the State or by a UN 
Agency or Non-Governmental Organization or 
by the private sector, will be quickly 
compensated for by the economic returns of 
the programme. 

5.4 ECONOMIC PROFITABILITY OF 
THE CFP 

5.4.1 Foreign exchange savings 

The above estimation of investments shows a 
total amount of about CFAF 276,5 million i.e. 

5.4.2 Methodology of economic evaluation 
(1993) 

The following data are given only as examples. 
They derive from case study in Senegal. Each 
c o u n t r y  w i l l  h a v e  t o  d e t e r m i n e  i t s  o w n  
according to its appropriate conditions. 
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The capacity of the pilot non-wheat flour mill 
is rated 500 kg/hour. 40 percent of this capacity 
will be utilized during the first year, 60 percent 
during the second year and at least 80 percent 
during subsequent years. See table 9 for the 
productions. 

The flour derived from the above mill will be 
partly used in composite flour in the pilot 
bakery and partly sold to the population for 
traditional uses (See table 9). The composite 
flour will incorporate 30 percent of the non-
wheat flour (NWF) during the first and second 
years, 40 percent during the third and fourth 
years, 50 percent during the fifth and sixth 
years, 60 percent during the seventh and eighth 
years, 70 percent during the ninth and tenth 
years and 80 percent from the eleventh and 
subsequent years. The composite flour will also 
incorporate 20 percent of soyabean or 
groundnut flour from the third year when the 

Table 8 : Foreign exchange savings for 
composite flour bread comprising 
30 per cent non-wheat flour 
and 70 per cent wheat flour 
(US dollars) 

1 Source: FAO Trade Yearbook, 1988. 
2 The volume of wheat imported is supposed to 

be used entirely for composite flours. 

rate of NWF reaches 40 percent. Composite 
flour for cake making will incorporate 50 
percent of NWF. 

The composite flour used in breadmaking at 
the pilot plant is fixed at 120 kg/day during 
the first year, 200 kg/day during the second year 
and 300 kg/day during the third year and 
onwards. For other bread products such as milk 
bread, the volume is fixed at 20 kg/day during 
the first year and double that amount during 
subsequent years. For cakes, the volume of 
composite flour is set at 10 kg/day during the 
first year and double that amount during 
subsequent years. 

Thus, the requirements of NWF for the bakery 
section of the composite flour pilot plant are 
as follows : 47 kg/day during the first year, 82 
kg/day during the second year and 142 kg/day 
during the third year etc... As matter of 
calculation and as an example, the break down 
of the first figure shows: 

NWF for bread : 120kg x 30 percent = 36 kg 

NWF for other 
bread products 
such as milk bread: 20kg x 30 percent = 6 kg 

NWF for cakes : 10 kg x 50 percent = 5 kg 
Total NWF = 47kg 

In Senegal, the prices of raw materials and 
finished products are as follows: 

Primary processed products 

- Maize (mill gate price) CFAF 75/kg 

- Soyabean or groundnut CFAF 125/kg 

- Maize flour for breadmaking 
= Bread flour = (BF) CFAF 160/kg 

- Maize flour processed and 
sold for traditional use 
(couscous.. .porridge, 
pastas...) CFAF 160/kg 

- Maize semolina processed 
and sold for traditional uses CFAF 215/kg 

Country Value of wheat 
imports in 

19951 

Foreign 
exchange 
savings2 

South Africa 156.000 37.400 

Angola 41.000 9.800 

Benin 10.000 2.400 

Cameroon 54.000 13.000 

Cote dTvoire 59.000 14.100 

Ghana 29.000 7.000 

Kenya 46.000 14.000 

Mozambique 23.400 11.000 

Nigeria 180.000 43.200 
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Table 9 : Calculation method of processed products and annual productions in kg (to be 
adapted to each country) 

First year Second year Third year 

1. Local cereals (LC) (Maize) 

1.1. Gross quantities needed for the mill 
200, 300 and 400 kg/h x 6 h/j x 250 j/year 300,000 450,000 600,000 

1.2. Impurities (2% of 1.1) 6,000 9,000 12,000 

1.3. Dehulled grains (80% output) 
((!.!)-(1.2)) x (80% output) 

235,200 352,800 470,400 

1.4. Flours obtained (output 77.22% of(l.l)) 231,600 347,400 463,200 

2. Primary processed LCs (maize) 

2.1. Bread flour (BF) for the pilot baker: 
47, 106 and 146 kg/day x 250 + 2% of 
flouring and losses 

11,985 27,030 37,230 

2.2. B.F. sold to other users 
(bakeries, pastry shops, etc.) 

50,000 100,000 200,000 

2.3. Flour for traditional uses (FTU) 
(couscous, porridge, pastas ...): 

96,800 121,840 125,830 

2.4. Semolina for porridge and other 
traditional recipes 72,815 98,530 100,140 

3. Secondary processed products: 

3.1. Composite flour (CF) bread 
Volume of CF x 164 (bread output) 
x 250 days 

49,200 82,000 123,000 

3.2. Composite flour milk bread: 
231 loaves of 140 g each/20 kg of CF 57,750 115,500 115,500 

3.3. Composite flour cakes : 
333 cakes of about 50g each/10 kg of CF 83,250 166,500 166,500 

4. By-products 

Volume of maize x 20.6% of bran sold 61,800 92,700 123,600 

5. Current laboratory analysis 
(External services) 

Moisture, ash, proteins, fats : 
3 analyses/day x 250 days 

Total : 3,000 analyses /year at CFAF 4,875 each 3,000 3,000 3,000 
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Secondary processed products 
- Composite bread CFAF 65/loaf of 200g 

- Composite milk bread CFAF 60/loaf of 140g 

- Composite flour cake CFAF 50 each of 
about 50g 

5.4.3 Application of the economic 
profitability evaluation for Senegal 

a) At the agricultural level 

The non-wheat raw materials required for 
gradually replacing and eventually phasing out 
wheat imports under a normative scenario can 
be determined from table 3 and are shown in 
table 10. 

The cereals, tubers and pulses produced locally 
to replace imported wheat, as indicated in the 
table 10 below, will generate additional 
revenue in the farming areas. An approximate 
calculation of such additional revenue can be 
made from table 9 on the basis of the following 
assumptions. The producer price for maize is 
fixed at CFAF 50 per kilo during the entire 
period and the cost of intermediate operations 
(collection, storage and transportation up to the 
mill) estimated at CFAF 25 per kilo. For soya 
beans and/or groundnut, the producer price and 
the cost of intermediate processing are 
estimated at CFAF 100 and CFAF 25 per kilo 
respectively. Table 11 presents the level of 
additional revenue that can be injected into the 
national economy on the basis of these 
assumptions. 

The processing of local raw materials (maize 
and soya beans and/or groundnuts in the case 
of Senegal) can be started at the production 
areas with the cleaning, decortication and 
grinding into grits of the grains in order to 
facilitate the transportation to the mills to 
be blended with wheat for final milling. 
These operations would also promote the 
establishment of small rural industries, rural-
urban drift and strengthen the rural economy. 

At the micro-economic level, the fixing of 
the price of imported wheat and that of local 
raw materials in such a way that all-wheat 
bread is more expensive than the composite 
flour bread would give bakers a higher profit 
margin on composite flour bread. 
Consumers on their part, would gain 
financially by buying the composite flour 
bread or the 100 per cent non-wheat bread. 
At the macro- and micro-economic levels 
taken together, the foreign exchange savings 
and the additional revenue for rural folk and 
bakers would be an incentive for them to aim 
at increasingly higher rates of substitution 
of imported wheat by local cereals, tubers 
and pulses. 

b) At the pilot plant level 

The experimental unit is itself designed to 
be economically viable (profitable) from the 
second year of operation when the flour mill 
with a nominal capacity of 500 kg/hour, 
would have attained the working speed of 
300 kg/hour of flour production for both 
bread and traditional uses. 

With regard to the financial autonomy and 
profitability of the CFP, the example of 
Senegal is illustrated by tables 12 and 13. The 
unit can function autonomously, generate its 
own resources and, to a degree, finance itself 
if necessary. The only government 
expenditure will be the initial outlay which, 
in any case, will be quickly recovered through 
foreign exchange savings or paid back by the 
pilot unit. 

From the second year of its operation, the pilot 
plant should be able to finance all expenses 
related to its research works, and also generate 
substantive profits as shown in table 13. These 
profits will be used to support further 
development activities such as training and 
technology transfer from the centre to the 
industrial flour millers and bakers. 
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Table 10 : Estimates of maize and soya requirements for the CFP in a normative scenario 
(proposals for Senegal) 

Year Wheat 1 Maize Soyabeans Wheat 2 Year Wheat 1 

Rate % Tonnage Rate % Tonnage Rate % Tonnage 

1990 176,581 100 176,581 

1991 179,570 100 179,570 

1992 182,330 100 182,330 

1993 185,134 30 59,507 70 136,594 

1994 187,980 30 60,422 70 131,586 

1995 190,870 40 81,801 20 38,174 40 76,348 

1996 193,804 40 83,059 20 38,761 40 77,522 

1997 196,784 50 105,420 20 39,357 30 59,035 

1998 199,809 50 107,040 20 39,962 30 59,943 

1999 202,881 60 130,423 20 40,576 20 40,576 

2000 206,000 60 132,428 20 41,200 20 41,200 

2001 209,172 70 156,879 20 41,834 10 20,917 

2002 212,393 70 159,295 20 42,479 10 21,239 

2003 215,664 80 184,855 20 43,133 0 0 

200..n Popul. y 80 Wheat lx** 20 Wheat 1x0.2 0 0 

Source : ITA, Dakar, Senegal & EGA Addis Ababa (Estimates before 1994 CFAF devaluation) 

Wheat 1 : Volume of wheat to be imported in a normative scenario. 

Wheat 2 : Volume of wheat to be imported in a normative scenario within the context of a NCFP. 

Maize : (Quantity of maize needed = Wheat 1 x 0.75 x Maize Rate % / 0.70) as Wheat flour 
extraction rate = 75% and Maize flour extraction rate = 70% ; 
From year 2003, Wheat 1x** = Maize tonnage = Wheat 1 x 0.75 x 0.80 / 0.70 

Soya : (Quantity of soyabean needed = Wheat 1 x Soya Rate %) as Wheat flour extraction 
rate = 75% and Soya flour extraction rate also = 75%; Soyabeans may be replaced by 
groundnut. 

y : Per capita wheat requirement 

Rate ; Percentage of maize, soyabean and imported wheat in the composite flour 

Popul.y : Population of the country x per capita wheat requirement 
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Table 11 : Additional revenue for the national economy (in millions of CFAF, 1993) 

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 

Agricultural 
sector 

- Maize 

- Groundnut 

2,927 

0 

2,820 

0 

3,817 

3,817 

4,153 

3,876 

5,271 

3,936 

5,352 

3,996 

6,521 

4,057 

6,621 

4,120 

7,844 

4,183 

7,965 

4,248 

9,243 

4,313 

Intermediate 
operations 

- Maize 

- Groundnut 

1,464 

0 

1,410 

0 

1,909 

954 

2,076 

969 

2,635 

984 

2,676 

999 

3,260 

1,014 

3,310 

1,030 

3,822 

1,046 

3,982 

1,062 

4,621 

1,078 

Total for the 
national 
economy 

- Maize 

- Groundnut 

4,391 

0 

4,230 

0 

5,726 

4,771 

6,229 

4.845 

7,906 

4,920 

8,028 

4,995 

9,781 

5,071 

9,931 

5,150 

11,766 

5,229 

11,947 

5,310 

13,864 

5,391 

Total 4,391 4,230 10,497 11,074 12,826 13,023 14.852 15,081 16,995 17,257 19,255 

Source : (Derived from table 9) 

Table 12 : Estimate of earnings of the pilot plant: case of Senegal (in CFA francs 1,000, 
1993) 

First year Second year From Third year 

Bread flour 8,000 16,000 32,000 

Flour for traditional use 15,488 19,494 20,133 

Semolina 15,655 21,200 21,500 

By-products 3,090 4,635 6,180 

Sub-total for flour mills 42,233 61,329 79,813 

Composite flour bread 12,792 21,320 31,980 

Milk bread 3,465 8,328 8,328 

Cakes 4,164 8,328 8,328 

Sub-total for bakeries 20,421 37,976 48,636 

Laboratory analysis 14,625 14,625 14,625 

Grand total 77,279 113,930 143,074 
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Table 13 : Determination of the profitability of the pilot plant: case of Senegal 
(in CFA francs 1,000,1993) 

First year Second year Third year 
& following 

Non-wheat raw materials 22,500 33,750 45,000 

Wheat flour 
Other materials 

4,474 
6,000 

10,091 
9,000 

13,900 

Chemicals 100 150 150 

Workshop & laboratory supplies 250 250 300 

Wages 22,464 24,710 28,080 

Manufacturing costs 7,565 9,227 11,065 
Electricity 1,800 2,250 2,700 

Gas 700 1,050 1,400 

Fuel and maintenance (transport) 2,015 2,150 2,300 

Water 450 525 600 

Repair and maintenance 2,600 3,252 4,065 

General management costs 17,224 18,922 19,730 

Wages 12,224 11,247 12,730 

Representational costs 300 300 300 

Office supplies 600 700 

Mail & telecommunications 1,200 1,200 1,200 

Insurance 1,500 1,500 2,000 

Taxes 1,500 1,650 

Travel 1,000 1,575 

Training 500 500 550 

Documents & Information 500 500 600 

Works & services 500 550 600 

Selling & distribution costs 800 1,125 1,450 

Production cost 81,877 107,775 132,275 

Earnings 78,279 113,930 141,676 

Gross production margin (3,598) 6,155 9,401 
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CHAPTER 
SIX 

MAJOR CONSIDERATIONS IN PLANNING A 
COMPOSITE FLOUR PROGRAMME 

6.1 PRICING MECHANISM 

6.1.1 Pricing in support of composite flours 

Considering the economic advantages of 
composite flour bread, including foreign 
exchange savings, revitalization of local 
production and increased revenue for peasants, 
the government will apply a pricing mechanism 
that could promote such product. 

Where the two types of bread are to be marketed 
together (as in the case of the second "pain riche" 
operation in Senegal), it is important to consider 
a pricing mechanism that establishes a price 
differential wide enough to stimulate the 
consumption of composite flour bread. 

Where only composite bread is marketed, (as 
in the case of Pamible - millet-wheat composite 
flour bread), a pricing mechanism should be 
found that prevents any possibility of cheating 
by bakers who could be tempted not to adhere 
to the recommended mixing levels. To avoid 
this happening, the mixing should be done at 
the mill. 

Judging from the Senegalese experience, it 
would be advisable to sell initially the two types 
of bread together. Generally, the institution of a 
high tax on wheat imports (see table 14 on 
proposals for Senegal) and of its by-products 
could stimulate the consumption of local 
products including composite flour and non-

wheat bread. The monies thus collected could 
be paid into a Fund for the promotion of food 
security. 

Such a fund could also be used to : 

(i) Supporting advertisement and 
sensitization of the population on the 
theme of "consume local." 

(ii) Introducing annual awards for bakers who 
d i s t i n g u i s h  t h e m s e l v e s  b y  t h e i r  
innovations in the manufacture and sale 
of wheatless bread; etc. 

6.1.2 Wheat import quotas and taxation 
policy 

According to the projections made for Senegal 
(see tables 7 and 10) the country would be 
importing 365,856 tonnes of wheat by the year 
2000 if the present trend continues. To avoid 
such catastrophe, the adoption of a combination 
of measures comprising wheat import quotas 
and taxation could help bring down the level of 
imports to 206,000 tonnes, based on a voluntary 
and normative scenario. The aim of the quotas 
and taxation policy is to encourage the people 
to reduce their overall consumption of all-wheat 
bread by increasing the price of such bread. 
Proposed prices are indicated in table 14. The 
current price of CFAF 65 should be maintained 
for composite flour bread while the price of all-
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Table 14 ; Price of wheat bread, taxes and revenue for national budget (proposals for Senegal) 

Current Situation Possibility 1 Possibility 2 Posibility 3 

1. Price per kg of 75% 
extraction wheat flour 
sold to bakery 160 F 585 F 716 F 1,010 F 

2. Weight of wheat flour 
per 200 g bread 153 g 153 g 153 g 153 g 

3. Price of 153 g of 
wheat flour 24.5 F 89.5 F 109.5 F 154.5 F 

4. Production cost + 
profit for 200 g bread 40.5 F 40.5 F 40.5 F 40.5 F 

5. Selling price of 200 g 
all-wheat bread 65 F 130 F 150 F 195 F 

6. Additional tax per kg 
of wheat flour actual 425 F 556 F 850 F 

7. Corresponding tax 
per kg of imported 
wheat actual 319 F 417 F 564 F 

8. Net annual budget 
revenue 
(millions CFA francs) 
in 1993- 129,594 tonnes 
in 1998- 59,943 tonnes 
in 2002- 21,239 tonnes 
in 2003- 0 

actual 
actual 
actual 
actual 

41,340 
19,122 
4,651 

0 

54,050 
24,996 
8,857 

0 

73,091 
33,808 
11,979 

0 

1. The prices per kilo of flour in possibilities 1, 2 and 3 are deduced from the current selling price of 
200 g bread. 

2. Calculated on the basis of a bread/flour ratio of 1.312. 
3. Calculated from 1 and 2. 
4. Deduction of 3 from 5 (on the basis of fixed selling price). 
5. Price fixed by the Government and/or proposed by the Inter-ministerial NCFP co-ordinating 

committee. 
6. Tax calculated from 1 
7. Price calculated from 6, the flour represents 75 per cent of the grains. 
8. Calculated by multiplying the unit tax (7) by imported wheat quantities (see wheat 2 in table 9). 
F = CPAP 
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wheat bread sold along with composite flour 
bread is increased significantly (see possibilities 
1, 2, 3 in table 14) to achieve the desired 
deterrence. 

6.2 SUPPLY OF LOCAL RAW 
MATERIALS 

The supply of local raw materials (cereals, tubers 
and pulses) is one of the major constraints in 
the smooth running of the CFP. Although the 
farming system, in most countries, is capable of 
quickly responding to new demands, such 
arrangements as would best secure the supplies 
should be made in each country. 

Considering the conditions for the marketing of 
millet in Senegal, the following steps could be 
recommended for supplying mills: 

(i) The traditional commercial channels 
should be used and the exclusive 
dependence on official marketing 
structures which only collect raw 
materials during bumper years avoided; 

(ii) With the seasonal price changes, it is 
recommended to stock-up all the supplies 
that will be required throughout the year 
as soon as harvesting begins: this entails 
having adequate storage facilities; 

(iii) Using regional price differentials, supplies 
should be bought from the structurally 
surplus regions; 

(iv) Primary wholesalers and collectors who 
are already experienced and who are best 
able to provide supplies at reasonable cost 
should be used; 

(v) Recourse to such wholesalers requires 
purchases, deliveries and primary storage 
to be made at urban centres in the 
collection areas. The mills should 
therefore send purchasing agents to such 

centres to receive, weigh, check the 
quality of grains and pay the local 
wholesalers. Primary storage could be 
undertaken locally mainly by hiring 
existing storage infrastructure. This 
would make it possible to spread out the 
transfer of needed supplies to the mills as 
and when transport facilities become 
available; 

(vi) Production contracts should be 
established. This entails identifying, 
selecting and supervising a small number 
of individual producers or groups of 
producers within a given structure and to 
sign contracts with them. This system 
would enable the CFP to control directly 
and to promote the production (variety, 
quantity, quality, basic processing, etc.) 
that it requires independently of the efforts 
of national rural development 
departments. The supervision could 
include the provision of agricultural 
inputs to farmers in exchange for their 
commitment to deliver all or part of their 
production to CFP mills; 

(vii) Marketing co-operatives have been 
formed in certain countries and are very 
active. Such groups could constitute a 
reliable alternative for the supply to the 
CFP of local cereals, tubers and pulses. 
For instance in the Niger, the Union 
nationale des cooperatives strives to 
deliver a given volume of sorghum-millet 
to the CFP, during good years and bad, 
under annual fixed purchasing contracts. 

6.3 PRODUCTION AND BLENDING OF 
FLOURS 

Flour production and blending techniques are 
described in chapter 5, section 5.1. It should be 
noted, however, that the blending can be done 
at the mill. Experience has shown that it is in 
fact possible to grind wheat together with other 
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cereals so long as such cereals are suitably 
prepared (decorticated, degermed and broken 
down into grits in the case of maize14 and 
decorticated in the case of millet-sorghum). 
When necessary, the flour can be dried by 
current techniques used in traditional mills. 

In the industrial and commercial use of 
composite flours, it is important that the quality 
of the non-wheat flour should be constant and 
conform to technical specifications for obtaining 
a good secondary processed product, namely a 
good composite flour bread. For the production 
of such flour, it is recommended to use existing 
mills as much as possible before thinking about 
the establishment of new units by private 
promoters. In any case, account should be taken 
of available research findings. 

Within the context of the Pamible operation in 
Senegal, the public authorities had granted tax 
relief to two mills in order to encourage them 
to acquire additional equipment for the 
production of millet flour. 

6.4 TRAINING OF FLOUR MILLERS 
AND BAKERS 

This phase is decisive for the industrial and 
commercial success of the CFP. Training should 
be financed by the CFP and participation of the 
operators concerned should be mandatory. 
Depending on the country and region, the 
training could be carried out in two stages. 
Firstly, training of trainers and secondly the 
training of the staff of flour mills and bakeries 
by trainers. These trainers should come from 
commercial mills and bakeries and they will be 
required to train their colleagues. 

6.4.1 Training of flour millers 

Such training should be provided in the form of 
workshops during which supervisors and 

trainers deal with all the technical and economic 
aspects of milling with explanations of specific 
experiences and practical cases. The training 
course should focus on the techniques of 
simultaneous milling of wheat and non-wheat 
materials in the existing wheat mills and the 
separate milling followed by blending after 
milling, problems of conservation and storage 
of the flours. 

The courses should be geared towards 
production and marketing officials at the 
industrial and semi-industrial mills as well as 
cereal importers. Special attention should be 
paid to the quality of the imported wheat, given 
that its dilution with non-wheat flours reduces 
its rheological qualities. During the launching 
period, the CFP should provide assistance and 
advice in the form of periodic visits and 
monitoring of the quality of basic and 
composite flours produced by the mills. 

6.4.2 Training of bakers 

This should be done at two levels and should 
be mandatory. The first level of training should 
be aimed at the proprietors, directors and 
managers of bakeries. Their training should 
consist of impressing upon them the need to 
stop importing wheat and the various aspects 
of the use of composite and non-wheat flours 
in breadmaking. 

The training should be carried out in the form 
of seminars for a dozen people in each regional 
or provincial capital and should address the 
following issues: objectives and importance of 
the CFP, the role of bakery proprietors and 
managers in the success of the CFP, advantages 
of composite flour bread (yield). 

The second level of training should be aimed 
at production officials. Their training should 
be carried out in the form of seven to 10-day 

14 The milling together of wheat and maize at the Grand Moulins de Banfora in Burkina Faso does not 
require any special prior preparation of the maize. 
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workshops with the assistance of a selected 
bakery, and should be based on the Trainer's 
Manual on Production and Utilization of 
Composite Flours (Part 4). 

If necessary, the training should be provided 
in the appropriate national languages and 
should include practical sessions with an 
examination at the end of each seminar. The 
CFP should follow-up the people trained 
through visits and respond to the requests for 
assistance from bakeries during the launching 
phase. 

Each wheat mill and each bakery will transport 
its participants to the seminar. Participants 
should continue receiving their salaries in the 
form of paid leave for the duration of the 
seminar. 

6.5 MARKETING AND DISTRIBUTION 
STRATEGY 

Bakeries will be directly supplied with 
composite flour through the usual distribution 
channels. The bread will also be sold to the 
public through the existing channels such as at 
counters in bakeries, bread kiosks, 
neighbourhood shops, supermarkets, 
traditional markets, railway and lorry stations, 
eating houses, restaurants, cafeterias, canteens, 
hotels, etc. 

During the acceptability and pre-marketing 
trial period, it is important to study carefully 
the motivations of consumers, identify the 
psychological bases for their behaviour and use 
the appropriate distribution channels 
accordingly. 

The Pain-riche experiment in Senegal began 
by targeting the distribution channels 
frequented by the affluent classes of society 
(rich residencial areas, big hotels, supermarkets, 
restaurants, grocery shops, etc.). The 
acceptance of composite flour breads or non-

wheat flour breads by such people could enhance 
the value of the product and hence its 
popularization among the other classes of the 
society. This kind of marketing strategy requires 
the gradual introduction of the composite flour 
bread on the market. 

Besides, the types and forms of composite flour 
bread to be offered to consumers, be it baguette, 
small loaves, soft bread, fancy bread, 200, 100 
or 50 grammes bread, should also be studied in 
detail. 

Following the two experiences in Senegal of the 
marketing of composite flour bread, namely 
Pamible and Pain-riche, the following 
recommendations could be made: 

(a) Instead of selling the composite flour 
bread alone, it would be preferable to start 
selling the two types of bread, composite 
flour bread and all-wheat bread together 
right from the outset; 

(b) New forms of composite flour bread 
should be introduced including small 
sugar loaves which are well liked by 
children. The innovations should be made 
mostly in accordance with the segments 
of the markets being targeted; 

(c) A price differential in favour of composite 
flour bread should be applied right at the 
beginning to enable consumers quickly to 
discover the benefits of this bread and to 
get accustomed to it; 

(d) Distribution channels should be carefully 
selected so as to satisfy consumer 
demands as fully as possible (for some 
channels hot bread will be preferred at 
certain hours of the day); 

e) The appropriate promotion-publicity 
strategy should be applied to each 
segment of the market. 
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6.6 CHECKLIST OF ACTIVITIES FOR 
LAUNCHING THE CFP 

The following is an inexhaustive list of activities 
to be undertaken by the various bodies from the 
beginning to the end of the experimental phase. 

6.6.1 Activities to be performed by 
Government 

Appoint members of the Inter-ministerial 
Co-ordinating Committee of the CFP 
(ICC/CFP). The Chairman of the ICC 
should be a senior official at the Office of 
the President of the Republic while the 
Secretary of the Committee should be the 
Director of the Executing Agency; 

Officially inaugurate the work of the ICC 
and the CFP. During the inaugural 
session, the Government should give 
directives to the ICC to replace current 
bread with composite flour bread 
containing increasing quantities of local 
flours and eventually with 100 per cent 
local flour within the quickest possible 
time; 

Set new prices for imported wheat and 
local raw materials on the proposal of the 
executing agency of the CFP through the 
ICC. The new prices for imported wheat 
should be higher for imported wheat than 
for local raw materials and thus make the 
latter more competitive; 

Enact and disseminate a new law on food 
giving a new definition of bread which 
makes the manufacture of non-wheat 
breads official; 

Allocate the necessary resources for the 
execution of the CFP; 

Facilitate and ensure application of the 
policies and strategies for implementing 
the CFP. 

6.6.2 Activities to be performed by the 
ICC of the CFP 

Identify an executing agency and make a 
proposal to the Government for its 
appointment; 

Prepare the terms of reference of the ICC 
and of the executing agency; 

Propose to the Government for enactment 
and dissemination a new food law 
defining bread; 

Submit to the Government for adoption a 
study comprising a new pricing policy on 
imported wheat and local raw materials; 

Review and adopt the study prepared by 
the executing agency on modalities and 
strategies for providing non-wheat raw 
materials for the CFP; 

Supervise the implementation of the CFP 
by finding solutions to problems 
encountered. 

6.6.3 Activities to be performed by the 
Executing Agency 

Prepare an implementation plan for the 
CFP; 

Draft a new food law defining bread; 

Prepare a detailed study proposing a new 
pricing mechanism for imported wheat 
and local cereals, tubers and pulses; 

Develop a training programme for flour 
millers and bakers on the basis of the 
available training manual (when, how, 
where, number of participants in each 
training session, etc.); 

Prepare and invite for the supply of the 
flour milling, bakery and laboratory 
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equipment necessary for the 
experimental unit; 

Prepare and invite bids for the 
construction of the buildings (if the 
executing agency does not have the 
required facilities) and supervise their 
construction as well as the establishment 
of the physical infrastructure (water, 
electricity, gas, etc.); 

Prepare plans for the installation of the 
equipment and supervise the installation 
work and for the supply of raw materials; 

Carry out quality control tests on the raw 
materials and final products and make 
an appropriate report to the ICC; 

Receive and erect the equipment; 

Produce composite flours incorporating 
increasing volumes of local flours and 
use them for baking bread; try various 
methods and procedures already used by 
institutions such as ITA, FURO, FRC, 
TNO and FAO (See Annex to Part II); 

Carry out acceptability and pre
marketing tests; 

Select a number of commercial bakeries 
and carry out expanded pre-marketing 
tests; 

Develop a strategy for co-opting more 
bakeries into the CFP. 
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ANNEX 

SOME RECOMMENDED EQUIPMENT 
FOR EXPERIMENTAL AND INDUSTRIAL PURPOSES 

1. Cleaning 
( a )  E x p e r i m e n t a l  p l a n t  ( s m a l l  i n d u s t r y )  

BUHLER MTRA-60/100AG 
cleaner - separator 
HELIOS TRIPETTE and 
RENAUD (T.R.) type H-30 (1000 
kg/hr) cleaner-separator 
Vibrowest T and R Model 900 6 
SWECO vibrating sifter 
Densimeter type INRA GM model 
- capacity of 100 to 1500 kg/h 
Destoner - BUHLER MTSB-50 
model 
SCHULE model 10 (1000 kg/h) 
Siddi Vinavaka Machinery 
Equipment, model SV-4 

( b )  I n d u s t r i a l  p l a n t  
HELIOS T and R type H.300 
cleaner - separator (13000 kg/h) 
BUHLER MTRA-60/100 or 
MTRA 100/100 
Plansichter monocaisse BUHLER 
model ROTOSTAR AR-8 
Destoner - BUHLER model 
MTSB-50 
SCHULE Model 30 (3000 kg/h) 
Siddi Vinavaka Mach. Eq. model 
SV-8 

2. Decorticating 
( a )  E x p e r i m e n t a l  p l a n t  

Decorticator PRL/RIIC 
Decorticator CRDI/SISMAR/ISRA 
NUHUL/Peace Bridge Brokerage 

( b )  I n d u s t r i a l  p l a n t  

Decorticator PRL/RIIC (a set) 
NUHUL (a set) 
Decomatic decorticator 
Vertical decorticator SHULE 
GmbH 
Vertical UMS type DVA 
Aspirator BUHLER MVSE 
Winnowing machine-separator 
BUHLER MVSB 

3, Milling 

( a )  E x p e r i m e n t a l  p l a n t  

SISMAR - type Noflaay C hammer 
crusher 
ABI hammer crusher 
ARUSHA Hammer Mills MGMS 
Pin mill ALPINE 160-UPZ or 315 
model 
Cylinder crusher with sifter 
OMAS-Italy 
BUHLER Plansichter monocaisse 
Vibrating sifter (Tripette and 
Renaud or SWECO) 
Horizontal sifter Tripette and 
Renaud le Coq model 
HEID densimeter Tripette and 
Renaud model GA-100 
BUHLER densimeter MTLB 
model 

( b )  I n d u s t r i a l  p l a n t  

Refer to numbers 1, 4, 5, 6, 7, 8, 9 on 
next page. 
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4. Mixing 

( a )  E x p e r i m e n t a l  p l a n t  

Blender with double alternating 
spirals, multi-purpose grinder of 
800 to 1000 kg capacity 

Spiral conveyor blender: Tripette 
and Renaud, BUHLER, SCHULE 
and all general manufacturers 

MR10L Tripette and Renaud 
blender (for trials) 

( b )  I n d u s t r i a l  p l a n t  
MR10L blender (for trials) 
Spiral conveyor blenders 
Blender with double alternating 
spirals, multi-purpose grinder of 
1600 kg capacity 

5. Bakery 

The necessary equipment could be found from 
the following suppliers: 

Establishment DUCORBIER Foumitures 
49, Rue Saint-Julien 
76 100 Rouen 
FRANCE 

Societe PAVAILLER ZI 
B.P. 102 
26 501 Bourg-les-Valence 
FRANCE 

1. BUHLER GmbH Company 
Postfach 3396, d-3300 
BRAUNSCHWEIG 
Federal Republic of Germany and/or 

BUHLER GmbH Company 
CH 9240 UZWIL 
Switzerland 
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SOME ADDRESSES OF EQUIPMENT SUPPLIERS 

2. Societe TRIPETTE and RENAUD ZI 
du Val-de-Seine 
20, Avenue Mareclin BERTHELOT 
92 390 Villeneuve-la-Garenne 
France 

3. ALPINE AG Company 
D-89 AUGSBURG 1 
P.O. Box 10-1109 
Federal Republic of Germany 

4. Societe Industrielle Sahelienne de 
Mecanique, de Materiel et de 
Representation (SISMAR) 
BP 3214 Dakar, Senegal 
Tel. 22 24 85 & 21 24 30 

5. Abidjan Industrie (ABI) 
01 BP 343 Abidjan 01 
45, Rue Pierre et Marie Curie 
Zone Industrielle de Vridi, Zone A 
Abidjan, Cote d'lvoire 
Tel. 225. 35 43 60 

6. OMAS Company 
35 010 ARSEGO-S, GIORGIO Delle 
Pertiche (Padova) 
Italy, Fax 049/5742610 

7. Rural Industries Innovation Centre 
TSHOKTSA House 
P.O. Box 18 Gaborone 
Botswana 

8. RH. SCHULE GmbH 
D-2000 Hamburg 26 
P.O. Box 260 620 
Federal Republic of Germany 

9. S.R.I. SIDDI VINAVAKA Machinery 
Equipments 
MYSORE, India 

10. BLOUNT Agro-industrial Corp. 
P.O. Box 256, 805 S. DECKER DRIVE 
BLUFFTON, IN 46714 USA (Telex 232-
419 MM Clipper BFTN) 

11. Peace Bridge Brokerage 
SASKATOON, Canada, S7K 4R4 
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INTRODUCTION 

From Part I, it can be concluded that composite flour programmes in Africa 
should eventually lead to wheatless bread such as "broa"1 and other flour-based 
products such as pasta, biscuits and couscous. The first step in this direction is 
to obtain good quality flours out of local cereals, legumes, roots and tubers. The 
utilization of glutenless flours in the baking industry requires better knowledge 
of biochemical composition, histology, functional properties of constituents, etc... 
Knowing the importance of gluten in breadmaking, particular attention has been 
focused on it in order to find "substitutes". The following chapters focus on new 
findings in local processing of raw materials. Breadmaking using sorghum, millet 
and cassava has already been fully described in the Technical Compendium on 
Composite Flours (UNECA, 1985). 

1 Broa : High ratio composite flour bread where wheat is the residual material amounting to only 10 
or zero percent. Broa is currently produced and consumed in Portugal and in Lusophone countries. 
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CHAPTER 
ONE 

R&D ADVANCES IN 
COMPOSITE FLOUR TECHNOLOGY 

Recent R&D findings offer wheat-importing 
countries an attractive way to produce bread, 
pastas and biscuits from staple crops with few 
or no additives. Polysaccharide gum, such as 
xanthan produced from several bacteria and 
pregelatinization technique, could be used as 
an additive to replace gluten. 

1.1 GLUTEN IMPORTANCE AND 
GLUTEN "SUBSTITUTES" 

1.1.1 The importance of gluten in 
breadmaking 

In the breadmaking process, flour, water and 
yeast are mixed into a dough. In mixing, a 
quantity of air is entrapped in the dough, where 
it is divided into a large number of small 
bubbles. The dough is allowed to rest for a 
certain time, during which the yeast generates 
carbon dioxide gas. In a wheat flour dough, 
most of the gas developed by the yeast is 
retained. It diffuses into the air cells initially 
present and makes them expand. As a result, 
the dough rises. When the increase in dough 
volume is sufficient, the dough is put in the 
oven. Dough volume increases greatly as heat 
causes expansion of the gas inside the cells. 
Additional expansion comes from the more 
than linear increase in pressure of water vapour 
inside the dough as heating causes evaporation. 

As long as the entrapped air, the carbon 
dioxide, and the water vapour are sufficiently 
retained, the dough volume increases 
considerably during the first stage of baking. 

Eventually, heat causes changes to occur in the 
cell wall-constituents that permit no further 
expansion. Also a crust is formed on the 
exterior of the loaf, imposing a barrier to 
expansion. With this, the dough is transformed 
into a loaf of bread. 

If bread with a fine crumb structure texture is 
desired, the dough must intimately contain a 
large number of gas cells. The larger the 
number of gas cells the thinner will be the walls 
between the cells, and the softer will be the 
crumb after baking. The number of cells in 
the crumb portion of the bread depends, in the 
first place, on the fineness of distribution of 
the air that is initially entrapped in the dough 
during mixing. The yeast in the dough is of 
itself unable to create gas cells, since a 
considerable force is required to create a gas 
hole in a mass as heavy as dough. 

It is a generally accepted view that the 
outstanding suitability of wheat flour to yield 
light, evenly structured baked products with a 
soft crumb from dough simply made with water 
and yeast is due mainly to the properties of 
specific proteins of wheat flour that swell with 
water to give the so-called gluten. Research 
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works continue at INRA2 in France, at the 
University of Winnipeg, Manitoba in Canada 
and at TNO/IGMB 3 in Holland to build up 
better knowledge on gluten. 

1.1.2 Use of gluten extracted from wheat 

As described above, the suitability of wheat in 
producing bread is due to the fact that it contains 
substantial quantities of gluten which enable 
dough to stretch and rise as it traps small bubbles 
of carbon dioxide produced by the yeast. It is 
therefore expected that the incorporation of 
sufficient quantities (about 7-10 per cent) of 
gluten in non-wheat flour will make possible 
the baking of the latter. Several attempts have 
been made across the world to produce bread 
with non-wheat flour mixed with gluten 
extracted from wheat. Without behaving exactly 
like wheat, a non-wheat flour supplemented 
with gluten can still produce an acceptable 
quality of bread. 

In the mid 1970's, a Beninese private 
professional baker has produced, in Gabon, good 
quality bread with cassava flour using 10 per 
cent of imported gluten. Recently (Ca/1992) 
FAO sub-contracted with the "Italian Nutrition 
Institute" an in-depth research to look into the 
technical feasibility of baking tropical flours 
using gluten extracted from wheat. 

These two experiences have shown that wheat 
imports cannot be replaced by gluten imports. 
It is not an economic viable solution. 

1.1.3 Gluten "substitutes" 

A dough made from pure non-wheat flour or 
starch, water and yeast represents a suspension 
which is less stable than the wheat dough but 
where repulsive forces exist between the 
granules. The air retained in the dough in the 
course of mixing and the carbon dioxide 

developed by the yeast do not find in such a 
system enough coherent structures to be 
entrapped and therefore to make the dough rise. 
The result is considerably more rigid and its 
texture is irregular. 

If the non-wheat starch or flour granules in such 
a concentrated suspension are made to attract 
each other, their mobility decreases. This results 
in the forming of a cell network now being 
sufficiently strong to retain the gas so that the 
dough can rise more efficiently. The end result 
is a baked product having a greater volume, a 
softer crumb and a more regular texture. 
Therefore, to make bread with non-wheat 
materials, it will be indispensable to find a 
product which will induce the desired attraction 
between flour or starch granules; such a product 
will be considered to act as a granule-to-granule 
binder. 

As a result of the above, it has been shown, 
as early as in the 1960's (Rotsch, 1954, TNO 
Wageningen) that it is possible to prepare 
structured bread from starches that do not 
contain gluten-forming proteins, provided that 
a swelling agent or a binder is added when 
the dough is prepared. TNO (J.C. Kim and D. 
de Ruiter), in the 1960^ had tested different 
substances among which carboxymethyl-
cellulose, locust bean gum, xanthan gum, 
alginate (visutal 1201, manucol SS LL), 
methylcellulose, methocel, micro crystalline 
cellulose as well as emulsifying agents like 
soyabean, lecithin and glyceryl monostearate 
(GMS). Pregelatinized starches were also 
tested. 

1.2 BREAD FROM NON-WHEAT 
FLOURS 

Basic research concerning breadmaking from 
non-wheat flours was started primarily for the 

2 INRA : Institut National de la Recherche Agronomique 
3 TNO/IGMB : Netherlands Organization for Applied Scientific Research/Cereals, Flours and Bread 

Institute 
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purpose of gaining a better insight into baking 
quality. Rotsch (1954) conducted a research 
programme on the role of starch in bread from 
doughs in which the gluten had been replaced 
by other gelforming substances. He concluded 
that starch gelatinization is the main factor in 
structuring the bread crumb; the role of gluten 
would be important for the retention of the 
carbon dioxide formed during fermentation and 
for temporarily binding the water required to 
gelatinize the starch. The bread crumb structure 
could be influenced by the degree of 
gelatinization. Any gel-forming substance could 
perform these two functions. Rotsch 
recommended the use of locust bean gum or 
sodium alginate as gel-forming substance. 

TNO, Jongh (1961, 1968) demonstrated that 
adding GMS to a starch dough improved gas 
retention and bread structure. Jongh postulated 
that a dough made from pure starch and water 
represents a concentrated stable suspension. In 
this suspension mutually repulsive forces 
between the starch granules made the 
suspension dilatant. This air entrapped in the 
dough during mixing and the carbon dioxide 

Wheatless bread 
84% Maize flour + 16% Cassava starch 
Photo: FRI, Accra, Ghana & EGA Addis 

Ababa, 1992. 

produced by the yeast do not find enough 
coherent structures to retain them. Part of the 
gas escaped too early and part of it is retained 
to form irregular cells. The addition of GMS to 
such a concentrated suspension attracts the 
starch granules to each other. When this 
attraction attains a given strength, the dough 
acquires plastic property and becomes 
sufficiently cohesive for retention of the carbon 
dioxide that has developed during fermentation. 
After baking, the produce has a larger volume 
and a more regular crumb. 

Applied research has been carried out in various 
countries to develop gluten-free bread for 
coeliac patients. Later on, the work has lent 
renewed impetus to special programmes for the 
formulation of bread without wheat for 
application in countries whose climate and/or 
soil are unsuitable for wheat cultivation. The 
Institute for Gereals, Flour and Bread of the 
TNO in Wageningen, The Netherlands, has 
tested numerous combinations of high-starch 
and high-protein flours with various gluten 
substitutes to establish their suitability for 
making bread (Kim and de Ruiter, 1968; 1969 
and 1970)4. The problems were of two kinds, 
namely : 

(i) How to obtain a dough whose cohesive 
properties are sufficient to permit a proper 
rise; and 

(ii) How to obtain a bread crumb having 
adequate cohesion. 

For instance, for a good result with cassava/soya 
bread, it was important to : 

(i) Add so much water, while preparing the 
dough, that a semi-liquid batter is 
obtained (this requirement is mentioned 

Figure 4 : Maize/Gassava wheatless bread 

4 In "Advances in Cereal Science and Technology", Volume II, Published by American Association of 
Cereal Chemists, Incorporated, St. Paul Minnesota, 1978 (Edited by Y. Pomeranz, USDA, Manhattan, 
Kansas). 
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Figure 5 : Effect of wheat flour (10 to 20 %) on wheatless bread 

Photo: Paul Bureng, Project FAO/TCP/NIR/0052, 1991, Lagos, Nigeria 

by virtually all researchers who have 
worked with similar mixtures); 

(ii) Add GMS in the form of an emulsion; 

(iii) Mix the components intensively, and 
preferably remix them after short 
fermentation; and 

(iv) Ensure that the protein in the defatted soya 
flour has a nitrogen solubility index (NSI) 
of approximately 60 percent. 

These four factors all contribute in a large way 
to the air being incorporated into the cassava/ 
soya dough during mixing. This makes the 
dough rise with less gas pressure (Baker and 
Maize, 1941, 1946, de Ruiter, 1968). If one-
third of the cassava starch is replaced by corn 
starch, the product's eating characteristics are 
definitely better during the first day than those 
of the cassava/soya bread; the crumb is neither 
soggy nor rubbery. After the first day, the product 
quickly turns crumbly and dry. Replacement of 
pure starches by flour (cassava, corn, sorghum 

or millet) improved loaf volume and bread 
crumb cohesion and structure. Bread made from 
84 per cent maize flour plus 16 per cent cassava 
starch is illustrated in Figure 4, page 76. In this 
context, a FAO-financed project carried out in 
Nigeria by the Federal Institute of Industrial 
Research, Oshodi, Lagos (FURO), demonstrated 
the feasibility of high quality breadmaking using 
only little percentage of wheat flour as shown 
in Figure 5. 

1.2.1 Use of xanthan gum 

The development of xanthan gum by the United 
States Department of Agriculture, (USDA) 
Northern Regional Laboratory at Peoria, Illinois, 
U.S. has opened up new possibilities for making 
bread without wheat. Xanthan is a fermentation 
product of Xanthomonas campestris on a 
glucose substrate. This species of bacteria 
ferments carbohydrates to produce the xanthan 
gum, a water soluble polymer with a high 
viscosity and heavy molecular weight (Rocks 
1971). 
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In the Northern Regional Laboratory in the U.S., 
bread has been made from various grain starches 
with 3 to 6 per cent xanthan gum, flour basis, as 
additive (Christianson 1974 and 1976). As in 
Wageningen (TNO), Hobart planetary mixer 
was used initially in preparing the dough. 
However, this could be done manually. 
Immediately after mixing, the dough is 
deposited in a pan and baked after a final proof 
of 1 hour. The outcome of tests, carried out 
with four different types of starches, showed that 
dent corn starch and potato starch produced 
good results. Experiments were also conducted 
with protein enrichment. Up to 22 per cent 
soluble soy protein isolate gave good results. 

Microscopically, no starch granules could be 
seen in the crumb of starch/xanthan gum breads, 
contrary to the crumb of regular wheat bread in 
which numerous distorted granules are 
observable. Christianson (1976) suggested that 

Figure 6: Wheatless Breads 

6(a): Cassava bread made with raw and pre-
gelatinized cassava flour; (prepared by Dr. 
Morton Satin in Detmold, Germany in 1990) 

Photo: Dr Morton Satin, FAO, 1990) 

6(b): Sorghum/Cassava Breads 

SOCA Bread 

Cassava starch 

1. 75% sorghum 15 10 
2. 70% sorghum 10 20 
3. 65% sorghum 15 20 
4. 65% sorghum 20 15 

Photo: Dr Paul Bureng, Project FAO/TCP/NIR/0052, Lagos, Nigeria, 1991 

Gelatinized 
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6(c): Sorghum/Cassava Bread ready for 
consummers acceptability test. 

free granular starch must be present in the 
formulations to retain gas during leavening, and 
that gelatinized starch combined with xanthan 
gum to form a complex lattice-structured wall 
which retains gas. In many respects, the wheat 
xanthan gum bread resembled regular wheat 
bread far more closely than the gluten-free 
breads developed earlier. 

The American Institute of Baking in Chicago 
also conducted research into the preparation of 
bread from non-wheat flour with xanthan gum 
as additive. Kulp (1974) compared 
pregelatinized starch, carboxymethyl cellulose 
(CMC) and xanthan gum, both singly and in 
combination with such surfactants as CMS, and 
diglycerides, and stearoyl lactylates as binders 
for starch to produce gluten-free bread. The 
procedure was the same as that followed in 
Wageningen (Kim and de Ruiter, 1968). The 
three starch-gluten substitute systems produced 
structurally acceptable bread when used without 

emulsifiers. The xanthan gum bread was 
superior in volume, general properties, and 
flavour when compared to bread made with 
CMC or pregelatinized starch. 

Hart (1970) of the USDA Western Utilization 
Research and Development Division at Albany, 
California (US) examined various additives as 
possible improvers in baking bread from 
sorghum and barley flours. Good rise was 
achieved with batter-like dough containing 45 
per cent solids. Several gums, especially 4000 
centipoise carboxymethyl cellulose, increased 
gas retention in sorghum bread and improved 
the texture of both sorghum and barley bread. 

Xanthan gum for specific uses is currently 
available in most developed countries; it can 
also be easily produced in Africa using the same 
Xanthomona campestris, a single cell micro
organism. A pilot project on laboratory 
production and utilization of xanthan gum is 
being implemented at ITA. Dakar, Senegal, in 
1998.  Xanthan gum 5  i s  safe  for  human 
consumption and its use as food additive has 
been approved by the US Food and Drug 
Administration. 

1.2.2 Pregelatinization method6 

The Food and Agriculture Organization of the 
United Nations (FAO) has, in 1987 and 1988, 
applied a technology for making bread without 
wheat. The strategy sustaining this effort is that 
"if the people want to eat bread, then let them -
but it should be bread free of the imported wheat 
that puts the agricultural base at risk". The 
following recipe has been published by FAO. 
It can serve for all types of wheatless bread. The 
baker has only to choose the flour mostly 
available in his region. This recipe may be 

Photo: Dr Paul Bureng, FAO Project TCP/ 
NIR/0052, Lagos, Nigeria, 1991 

5 NOVO Industry A/S - Enzymes Division DK - 2880 Bagsvaerd, DENMARK Tel. 452 98 23 33 Tlx 
37173, is one of the manufacturers of xanthan gum. 

6 For more information, contact: Dr. Morton Satin, Chief, Food & Agricultural Industries Services of 
FAO Agricultural Services Division, Via delle Terme di Caracalla 00100 Rome, Italy. 
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divided into 5 equal portions to produce 5 
loaves. Once baked and cooled, the loaves can 
be frozen until future utilization. 

1. Paste - 400 g. cassava or rice starch or 
flour in 2,000 ml water. 

- Mix and boil until translucent. 
- Remove from heat and cool 

slightly. 

2. Batter - Add to above mixture: 
- 2,000 g. flour (either maize, 

cassava, sorghum, millet or rice) 
100 g. sugar 
40 g. salt 
40 ml. edible oil 

- Mix and let cool to touch 

3. Add 25 g. fresh yeast in 160 ml water 
containing 5 g. sugar. 

4. Mix for 5 minutes, pour batter into baking 
tin and allow to rise (25 minutes). 

5. Bake at 210oC for 35-45 minutes. 

6. Remove and cool (12 hours) 

7. Slice and serve (Bon appetit) 

Figure 6 illustrates breads made from pure 
cassava flour and blends of sorghum/cassava 
flours using the pre-gelatinization method. 
Bread in Figure 6 (a) was prepared in Detmold, 
Germany, in 1990 by Dr. Morton Satin from 
FAO. 

1.2.3 Enzymes in breadmaking 

During the last twenty years, industrial use of 
enzymes has been rapidly expanding. They are 
used as improvers and aids in food processing. 
The basis for the success of enzymic processes 
may be expressed by the key words: efficiency, 
precision, versatility and economy. 

In the baking industry, amylases (starch -
hydrolysing enzymes) and proteinase (protein 
- hydrolysing enzymes) are the enzymes most 
commonly used for supplementation and 
improvement of wheat flour. The fungal alpha-
amylase breaks down starch into dextrins and 
fermentable sugars. The beta-amylase of the 
flour further breaks down these dextrins into 
maltose which serves as substrate for the 
baker's yeast during leavening of the dough. 
Proteinase is used as weakening agent to 
improve flours for breadmaking when the 
gluten of the flour is too strong. 

Research and development, particularly in 
biotechnology, are crucial to modern enzyme 
industry. Molecular biological techniques, 
such as gene splicing (recombinant DNA) offer 
particularly interesting possibilities, both with 
a view to improving existing enzyme 
production processes and to developing new 
enzyme products. At TNO/IGMB in 
Wageningen where research works on enzymes 
are underway, it is expected that enzymes could 
considerably improve the baking quality of 
composite flours and non-wheat flours for 
breadmaking. The area is ripe for research in 
Africa. 
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CHAPTER 
TWO 

NEW PROCESSING TECHNOLOGIES OF 
MILLET, MAIZE AND NIEBE 

Since 1982, considerable progress has been 
made by various institutes in diverse fields, 
especially in the transformation of millet, 
sorghum and maize into biscuits, couscous and 
pastas, as well as the processing of cowpea or 
"niebe" (flour and recipes). 

2.1 MILLET PROCESSING IN 
SENEGAL7 

Senegalese consume more rice and wheat than 
millet because they are easier to cook and 
consume. Adapting millet processing technique 
to the exigencies of modern life is indeed a 
prerequisite to widespread consumption of 
millet. The aim of ITA (Food Technology 
Institute based in Dakar) therefore is to innovate 
technologies for processing millet by 
introducing industrialists to prototypes of millet-
based products. 

2.1.1 Decortication (Dehulling) 

Decortication of millet is a crucial phase in the 
transformation process. It helps remove the 
ingestible carbohydrates and bran while 
preserving the protein and aleurone cover rich 
in vitamins. Dry method decortication of millet 
is recommended because it makes it possible to 
obtain grains with low moisture content (9 to 

10 per cent) which can be preserved for a long 
time and which determine the quality of the 
finished products. The percentage of ash 
content in the grains depends on the 
decortication yield of the whole grains, 
especially as the mineral components are 
concentrated in the bran. ITA has established a 
Senegalese standard for decorticated millet by 
fixing its ash content between 0.8 and 1.2 
percent. Optimum decortication is linked to the 
variation of phosphorus (P.O. content in the 
bran). 

The optimum coefficient of correlation between 
P,0. content and the decortication yield 
corresponding to a given time of decortication 
was 0.88 compared to 0.56 with respect to ash 
content. It can be seen from the above that there 
is a close relationship between the percentage 
of phosphorus and the decortication yield. 
Organoleptic evaluation of samples decorticated 
at different time-frames shows an acceptable 
time-frame from 7 minutes upwards, in other 
words a content of 516 mg. per 100g of dry 
substances. Tests were carried out using a PRL 
machine (Nutama), with the grains remaining 
in contact with the abrasive areas turning at a 
speed of 1,670 rpm during the required time
frame (See Table 15). 

A rapid method of assessing the decortication 
yield consists in boiling the decorticated grain 

7 Project financed by USAID under legislation PL 480. 
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Table 15 : Variations of moisture, P,05 and ash with decortication time, in millet. 

Decortication Moisture Ash content in P,05 content in 
Time in min. Content mg/100g.DM8 mg/100g. DM 

0 10.1 1.6 666 

1 10.0 1.5 641 

2 10.0 1.5 611 

3 9.9 1.5 551 

4 9.8 1.3 547 

5 9.8 1.3 530 

6 9.9 1.3 518 

7 9.8 1.2 516 

8 9.7 1.1 590 

Source: Etudes Techniques sur la Transformation du Mil, ITA, juin 1986 (Technical Studies on Millet 
Processing). 

for ten minutes and tasting it as it is. This 
method makes it possible to determine quite 
easily the decortication yield in the absence of 
an automatic ash and phosphorus content 
detector. 

Decorticating tests on an industrial scale were 
carried out using SENTENAC mills fitted with 
a Wonder Grain Jaybee Decorticator and at the 
"Grands Moulins de Dakar" (GMD) with a 
Keller Decomatic Decorticator. The results of 
sensorial, chemical and physical analyses are 
shown in Tables 16 and 17. 

Cleaned and decorticated grains can be ground 
using various types of mills. At the ITA 
Laboratory, a Bühler MLU-202 fitted with 
fluted-roller grinders was used. The mixture 
thus obtained is sieved with a Sweco vibrating 
separator producing : rough semolina or broken 
millet, the particle size of which varies between 
1 and 1.7 mm; average semolina called Sanxal, 
the particle size of which ranges between 0.5 

and 1 mm; fine semolina, the particle size of 
which is below 0.5 mm. 

Broken millet is used as a substitute for 
broken rice in the preparation of "Thiebou 
Djeun" or rice with fish (a favourite 
Senegalese dish) and tiakri (a light slurry with 
milk). It is hoped that this will reduce rice 
importation in Senegal. Millet semolina or 
sanxal is used in the preparation of porridge, 
couscous and "arrow". This preparation 
requires the mixing of the flour with water. 
The millet flour, the particle size of which 
determines its finality, is also used in the 
manufacture of baked products such as bread, 
biscuit, pancake as well as the preparation 
of weaning foods and cakes . Below is the 
particle size profile of the "flour" used in the 
preparation of couscous or "arrow", while 
flours used in the manufacture of baked 
products have a particle size ranging between 
150 and 300 microns. The chemical analysis 
is shown in table 18. 

8 DM = Dry Matter. 
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Table 16 : Chemical and physical analysis of the decorticated grains of millet using a Wonder 
Grain Jaybee Decorticator. 

Parameters ITA 
Reference 

Decortication 
in 90 sec. 

Decortication 
in 120 sec. 

Decortication 
in 150 sec. 

Decortication Yield% 80 84 81 81 

Moisture % 9.6-10.2 9.2-9.8 9.2-9.8 9.2-9.8 

Ash % DM 1.2 1.0-1.1  0.8-0.9 0.8-0.9 

Fat % DM 3.2- 4.0 - 2.3-2.9 2.3-2.8 

Protein % DM 8.7-9.0 - 9.5-9.8 9.5-9.8 

Colour (1) 7.1 7.0 7.6 7.6 

Taste (1) 7.5 7.6 6.8 6.8 

Texture(1) 6.6 7.3 7.9 7.9 

Source: Etudes Techniques sur la Transformation du Mil, ITA, Juin 1986. 
(1) Scale of marking from 1 (poor) to 10 (best). 

Table 17 : Chemical and physical analysis of the decorticated grains of millet using a Keller 
Decomatic Decorticator. 

Parameters ITA 
Reference 

Decortication 
in 90 sec. 

Decortication 
in 120 sec. 

Decortication 
in 150 sec. 

Decortication Yield 80 68.8 75.8 73.6 

Moisture % 9.8 10.4 10.3 8.3 

Ash % DM 0.9 0.7 1.1 1.0 

Fat % DM 3.4 2.8 4.2 3.9 

Protein % DM 9.8 9.2 10.2 10.4 

Colour (1) 3.5 3.3 - 3.3 

Taste (1) 2.6 3.5 - 3.5 

Texture(l) 3.7 2.8 - 2.8 

Source;Report of "Technical Studies on Millet Processing" ITA, June 1986. 
(1) Scale of marking from 1 (poor) to 10 (best). 



84 NEW PROCCESSING TECHNOLOGIES OF MILLET, MAIZE AND NIEBE 

Dimension of the particles Percentage 
>500 Microns 3.43 % 
250-500 Microns 55.71 % 
125-250 Microns 35.04 % 
<125 Microns 5.82 % 

Table 18 : Chemical analysis of millet flours 

Parameter Broken 
millet 

Sanxal 
(Coarse 

semolina) 

Flours 
(2 types) 

Moisture% 9.8 9.6 7.6 

Ash % DM 0.9 1.0 0.8 

Protein % DM 9.8 9.7 9.1 

Fat % DM 3.4 3.3 3.6 

Source : ITA, Technical Studies on millet 
processing June 1986. 

2.1.2 Millet-based biscuits 

This project is a tripartite ITA/ARCT 9 FAO 
project entitled "Research Project on the 
Manufacture of Products from Composite 
Flours". The aim was to work out formulae 
based on flours obtained from various cereals 
and enriched with leguminous flours for the 
manufacture of biscuit and different types of 
crackers. Preliminary research works focussed 
on the preparation of raw materials : millet and 
corn flours, niebe and soya flours, groundnut 
flour and paste. 

The most common biscuits (locally produced 
or imported) have been used as a reference in 
formula preparation, taking into account 
technical feasibility, the nutritive value, the cost 
of raw materials and the percentage of local 

flours produced from cereals and leguminous 
grains. The various formulae which include 30 
to 40 percent of wheat have been tested not only 
in the laboratory but also and more importantly, 
at the traditional, semi-industrial and industrial 
levels. Biscuits produced from composite flours 
are generally very much appreciated (by 78 per 
cent of the people interviewed) compared to a 
semi-fine biscuit produced by a local biscuit 
factory and which is often referred to as the 
favourite of the slum dwellers. 

2.1.3 New millet products 

In order to expand the various possibilities of 
the use of millet in the urban areas, ITA has 
come up with non-traditional newly designed 
products such as millet beverage, millet biscuit 
that goes with groundnut butter, "Bagels" bread 
( American bread) and millet pancake. 

Weaning foods obtained from a mixture of local 
cereals which have high nutritive value 
compared to imported cereals were 
manufactured and scientifically tested in 
several countries. Among these weaning foods, 
mention should be made of Fafa and Cerifam 
by the Ethiopian Food Corporation, Musalac 
by the Musaga Medical and Nutrition Centre 
in  Bujumbura ,  Burundi ,  the  baby food 
produced by  the  Ouando Hor t icul tura l  and 
Nutrition Centre in Porto-Novo, Benin, and 
more recently the baby foods developed in 
Senegal from millet.10 

2.2 COWPEA (NIEBE) PROCESSING AT 
ITA 

This project aims at the promotion of local 
consumption of cowpea in both the urban and 

9  I T A :  I n s t i t u t  d e  T e c h n o l o g i e  A l i m e n t a i r e ,  D a k a r ,  S e n e g a l .  A R C T  :  A f r i c a n  R e g i o n a l  C e n t r e  f o r  
Technology, Dakar, Senegal. 

10 Formulae and techniques for the preparation of the various products referred to above are available 
in the concerned institutes. 
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rural areas with a view to enhancing its 
production. The fall in the consumption of 
niebe in Senegal was attributable to the 
distention of the stomach and the flatulent 
effect it produces. Cowpea like all leguminous 
grains contains a relatively large quantity of 
oligosaccharide which the human body cannot 
transform through the metabolic process. 
Raffinose and stachyose are the two sugars 
responsible for gas formation in the large 
intestine and the colon. These two sugars are 
digested by the microflora of the large intestine, 
producing CO, and CH4. ITA working plan 
therefore consists in working out niebe 
processing techniques that can neutralize the 
flatulent effect of the sugars. 

Two techniques were worked out towards 
achieving this objective, namely (a) fermenting 
the niebe grains for several hours and (b) 
grilling them in an oven or with sand as is the 
case in the rural areas. The fermentation period 
varies between 24 and 27 hours. The fermented 
niebe is dried and can be easily husked and 
ground. For each of the two techniques, a semi-
industrial processing diagram was prepared and 
tested by ITA. 

Flours obtained from fermented or roasted 
cowpea are stabilized hydrothermically. The 
process consists in damping the flour to 16 per 
cent and later raising its temperature to 100oC 
for ten minutes. Many products were 
formulated from stabilized niebe flour. 
Cowpea improves the organoleptic and 
sensorial qualities of bread, particularly the 
colour, when used in composite flours. 

2.3 LOCAL FLOUR PASTA 
PROCESSING AT LTC/DCA-CIRAD11 

Usually, the absence of gluten in non-wheat 
material renders the moulding of hydrated non-

wheat flour impossible. It is therefore not 
possible to prepare pasta using exclusively 
flours that do not contain gluten. On the other 
hand, it is possible to add about 30 to 40 per 
cent of a non-wheat particularly maize flour 
to hard wheat semolina without altering 
significantly the quality of the pasta obtained 
therefrom. 

As in breadmaking, however, beyond that limit, 
a new technique must be applied. This consists 
essentially in making up for the lack of gluten 
by adding to the maize flour a certain amount 
of gelled starch whose role is to give the 
hydrated pasta enough cohesion to allow its 
modelling by extrusion. 

The technique developed by Cereal 
Technology Laboratory uses a portion of the 
flour to be converted into pasta. This portion 
is pregelatinized on DUPRAT drum dryers or 
on extruder cookers. A specific percentage of 
it is then added to the flour to be converted 
into pasta. Thus, it becomes possible to make 
pastas incorporating exclusively cereals and 
other tropical starchy products devoid of 
gluten. 

Pastas made from maize are white or yellow 
amber in colour which are very much 
appreciated by consumers. However, the 
presence of tinted pigments in sorghum and 
millet gives the pasta obtained therefrom a 
rather dark, browny-grey or greenish-grey 
outlook, thus making them less attractive. This 
constitutes a commercial handicap based on 
psychological reasons. 

Several pasta-making tests were carried out on 
various gluten-free tropical flours on industrial 
scale in Montpellier in co-operation with 
BASSANO-ACN Establishments and now 

11 LTC/DCA-CIRAD ; Laboratoire de Technologie des Cereales du Departement des Cultures Annuelles 
du Centre de Cooperation Internationale en Recherche Agronomique pour le Developpement. 
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with AFREM12 Engineering - Lyon. The 
technique used is essentially the type applied 
on wheat pasta and requires no additional 
investment. 

Preliminary flour processing (pregelatinization 
of starch by diluting a portion of the cereal flour 
in water and drying it on the cylinder and 
grinding it prior to the pasta making process) 
entails only a small increase in the production 
cost. 

A new process has been developed also by 
LTC/DCA/CIRAD and LTC/INRA to 
manufacture good pasta products from a blend 
of durum wheat semolina and maize flour (up 
to a ratio of 33:66) without requiring 
pregelatinization. It consists of submitting to 
a high temperature of 90oC for 90 minutes pasta 
previously processed under the usual industrial 
conditions. There is a net improvement in 
cooking quality (cooking losses and surface 
conditions of pasta). 

As in the case of breadmaking using composite 
flours, the cost of the local raw materials 
(maize, sorghum ...) is a determining factor as 
far as profitability is concerned. Industrialists 
will be motivated by technological innovations 
only if they are sure that such techniques have 
economic advantages, such as, if the local 
cereals are cheaper than imported wheat. For 
example, though a wheat and maize producing 
country, Zimbabwe has a wheat shortage. The 
only pasta factory in the country is operating 
at half of its production capacity in the IQSO's 
even though the market is not saturated. The 
price of imported wheat is 50 per cent higher 
than the local white corn flour. Partial 
substitution of wheat by maize is economically 
feasible and will help cut down significantly 
on production cost. 

2.4 DEVELOPMENT OF NEW 
TECHNIQUES AND EQUIPMENT 
FOR INDUSTRIAL PROCESSING 
OF MILLET AND MAIZE 
COUSCOUS AT LTC/DCA/CIRAD 

In West Africa couscous made from maize, 
millet and sorghum are traditionally eaten. 

Test was earned out on millet by ITA in Senegal 
and on millet and maize by LTC/IRAT in 
Montpellier, France. As is known, "flour 
rolling" (le roulage) is a delicate and vital 
operation in couscous making. It is done 
manually according to traditional technique and 
the operation precedes cooking, drying and 
sifting. 

"Rolling" consists in massing particles of 
hydrated semolina in a rolling machine, 
producing thereby granules with the desired 
dimensions which are then passed through the 
sieve. In the case of millet and maize couscous 
(gluten-free cereals), the "rolling" is relatively 
simple. The big granules dissolve and can be 
immediately recycled to be rolled anew and 
gauged. 

2.4.1 The "Rolling" (Le roulage) 

The flour is mixed with water to agglomerate 
in a Paterson Kelly (PK) solid liquid mixer at 
ITA and in a BASSANO mixer at LTC. The 
percentage of moisture content that determines 
the quality of the couscous is closely observed. 
This percentage depends more often than not 
on the granulation of the flour to be rolled. The 
brazing/massing operation lasts for about 45 
minutes with the PK mixer, broken down as 
follows: 35 minutes of damping at a specific 

12 AFREM: Societe de Construction de Materiel pour ['Industrie des pätes allmentaires. Immeuble 
Thelemas, 12 Quai du Commerce, BP 216 Lyon 69336 Cedex 09; Tel.(33) 78 43 43 43; Fax (33) 78 
64 87 77 
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flow and 10 minutes of brazing without water 
so as to strengthen the granules of the couscous 
thus formed. The rolling will be easier and 
the output greater if rough semolina (250-315 
microns) is used rather than the fine semolina 
(75-150 microns). 

2.4.2 Pre-cooking and drying 

The granules thus obtained are steam-cooked 
to make them more resistant. After the 
granules have been fully gelatinized, the 
couscous swells steadily irrespective of the 
duration of the cooking. After precooking, the 
percentage moisture content of the couscous 
should be brought down between 10 and 11 
per cent to ensure better preservation. Drying 
can last for 4 hours at 50oC in a 60 per cent 
relative humidity, whereas drying in the open 
air will required about 72 hours to produce the 
same result. The dry pre-cooked couscous is 
sieved and packed. 

2.4.3 Development of a couscous roller at 
LTC/IRAT/AFREM 

A cylinder grader was jointly designed by the 
IRAT Cereals Technology Laboratory (LTC) 
and AFREM and manufactured by the latter. 
It is a small-capacity machine (20 to 50 kg/h) 
designed to meet the requirements of small-
scale entrepreneurs in developing countries. 
The price is moderate. It was released by 
AFREM in June 1987 and has been tested by 
LTC throughout 1988 with encouraging results. 
These tests have made it possible to define new 
specifications aimed at lightening and 
improving the roller/calibrator, as well as 
cutting down on cost. LTC has installed the 
roller in the laboratory of food sciences, faculty 
of agricultural sciences of the National 
University of Benin in Cotonou with a view to 
testing in the field its working capability. A 
second new prototype was manufactured in 
1994 and tested with full satisfaction in 
Montpellier. 

2.5 CO-MILLING OF WHEAT AND 
NON-WHEAT CEREALS AND 
TUBERS IN THE EXISTING 
WHEAT MILLS 

2.5.1 Generalities 

In Africa, only a few countries have sound 
industrial hulling and milling capacities for 
tropical cereals and tubers. The flours 
produced by the small artisanal mills are not 
suitable to provide good quality composite 
flour for breadmaking. On the other hand, 
industrial wheat flour mills exist all over Africa 
in the major cities and ports. These factories 
have a reasonably large production capacity. 
Therefore, there will be obvious advantages in 
co-milling non-wheat cereals and tubers with 
wheat using the existing wheat-roller mills for 
direct production of composite flours. Number 
of experiments have been carried out to this 
effect. 

In Colombia, the Technological Research 
Institute in Bogota examined the co-milling of 
wheat and rice while the "Centro International 
de Agricultura Tropicar (CIAT) carried out the 
co-milling of wheat and cassava chips. In the 
former Tropical Products Institute (now 
Natural Resources Institute in U.K.), the 
possibilities of co-milling wheat and millet was 
studied. In the Institute for Cereals, Flour and 
Bread TNO, Wageningen/Netherlands, 
Meppelink and de Ruiter earned out a study 
on co-milling of wheat and sorghum. 

The successful conclusions obtained from the 
above TNO experiments have been introduced 
into practice in Cape Verde, using the flour mill 
in Mindelo which has a milling capacity of 2.5 
tons of wheat per hour. A mixture of 12 per 
cent of a white sorghum with purple testa and 
88 per cent of European wheat was milled on 
this industrial flour mill. The breadmaking 
quality of the flour (73.8 per cent extraction 
rate) obtained was acceptable. 
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Further, and in 1979-1980, the "Grands Moulins 
de Dakar" have milled together 85 per cent of 
wheat and 15 per cent of millet producing 
directly a fine composite flour. However, only 
the "Grands Moulins Bourkinabe" are currently 
co-milling wheat-sorghum composite flour on 
a commercial basis. 

2.5.2 Composite flours production 
and co-milling of wheat and 
maize in Burkina Faso 

2.5.2.1. Introduction 

The "Grands Moulins du Burkina" (GMB) were 
established in 1970 with the stated objective of 
processing local cereals and making maize and 
sorghum flours available to households. Thus, 
the factory was set up under one roof from the 
beginning with a wheat mill processing 120 tons 
of wheat per day, a maize mill processing 40 
tons per day and a sorghum mill of 30 tons per 
day. 

Nevertheless, because of inappropriate 
technological choices, involving poor hulling of 
maize and sorghum, the flours obtained did not 
satisfy the taste of the consumers; the latter quite 
rightly wanted to have a product of a quality at 
least similar to that of village-ground flours. 

Under these conditions and after some months 
of operation, the mills for grinding local cereals 
ceased to function and only the mill processing 
imported wheat continued operations. It 
therefore became a real challenge to be able to 
continue processing local cereals to respond to 
this challenge. GMB went through three phases 
of experience with production and use of 
composite flours, from 1976, from 1987 and 
from 1989 to the present. 

2.5.2.2. The first phase: Co-milling of 
wheat-sorghum, 1976 

GMB began direct milling of wheat and 

sorghum together in a wheat flour mill, without 
first hulling the sorghum. This was the operation 
called "blegho", that is wheat + sorghum. The 
wheat and the sorghum were cleaned and stored 
in different silos. At the bottom of each silo is a 
volumetric scale weighing each load of grain 
before  the  f i r s t  gr inding.  Thus ,  GMB 
successively tested the production of 3 types of 
blegho flours which contained 5 per cent, 10 
per cent and 15 per cent sorghum respectively. 

The blegho flour with the 10 per cent sorghum 
mix was selected on the basis of breadmaking 
tes ts  and was  d is t r ibuted  to  baker ies .  
Nevertheless, no explanation about the new 
breadmaking procedures required was provided 
to the bakers, who experienced difficulties in 
working with the new flour. It must be noted 
that the blegho flour was not of the best quality 
due to bits of sorghum bran which remained in 
the flour. The many protests which ensued led 
to the suspension of the blegho operation which, 
as a result, therefore lasted only for a few weeks. 

2.5.2.3. The second phase: Co-milling of 
wheat-maize, 1987 

In December 1986, the government urgently 
reques ted  GMB and o ther  concerned 
es tabl i shments  in  the  country  to  f ind  an  
immediate solution in order to absorb the excess 
supplies of cereals coming from the rural areas. 
To face up to such an emergency, GMB began 
this time to mill together wheat and maize. The 
maize had not been previously dehulled nor 
degermed. After conclusive breadmaking tests 
the operations got underway. GMB processed 
about 1,000 tons of maize into composite flours, 
with a five per cent maize mix during 1987. 
Remembering the causes of the failure with 
blegho in 1976, GMB was careful to organize 
training seminars for bakers in the four largest 
cities in the country: Ouagadougou, Bobo-
Dioulasso, Koudougou and Ouahigouya. 

As was the case with blegho flour, the wheat 
and the maize were cleaned, stored separately, 
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measured and milled together. Such 
simultaneous milling presented enormous 
problems largely because of the very different 
sizes between the grains of wheat and maize. 

The adjustment of the gap between the rollers 
for the first crushing proved to be a very 
delicate matter and the grain of maize very 
often obstructed the rollers. Furthermore, the 
germ of the maize was not completely 
removed. This situation had led GMB to 
modify the compartments of the plansifters to 
allow the elimination of the germs in order to 
obtain a higher shelf life and grade quality of 
flour. Such difficulties prevented the 
maintenance of this system of milling. 
Another method had to be found and this 
marked the advent of the third phase of the 
experience, which has lasted since then. 

2.5.2.4. The third phase: A new method of co-
milling, 1989 to present. 

Following the experiences of 1976 and 1987, 
the new method of direct mixed co-milling 
attempted by GMB required prior separate 
preparation of the grains of maize and wheat. 
The wheat received was de-stoned, cleaned and 
stored in a silo. 

The maize was also cleaned, hulled, degermed 
and roughly crushed. The resulting meals were 
graded by sifting and by density into big, 
medium and fine broken maize called krisbi 
in Burkina Faso. The low-grade flour is used 
in biscuitmaking and in the preparation of "to", 
a national dish of Burkina Faso, while the 
germs are used in livestock feed. The diagram 
(Figure 7) shows the sequence of operations 
in the preparation of krisbi. 

The above diagram is further illustrated for 
industrial purposes by section B of the flow 
sheet (Figure 8 b). That section shows the 
preparation of maize into krisbi before co-
milling. 

Figure 7: Diagram of krisbi milling 

Figure 8 a : Diagram of Co-milling 
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Figure 8 b: Flow sheet of industrial process of co-milling 
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The big size krisbi coming from store rooms 
and the wheat coming from the silos (Figure 8 
a) were mixed in well established proportions 
in a silo. The mixture is then weighed and milled 
in the normal wheat-flour mill by crushing, and 
sifting. The composite flour thus obtained by 
direct co-milling of wheat and maize was 
homogeneous and of good quality. It contains 5 
to 10 per cent of maize and its production is 
more or less regular since 1990. This production 
is linked to orders of krisbi by the breweries. 

The advantages of such direct co-milling are 
many; 

(a) The krisbi has had the shell of bran 
removed and contains little fat; 

(b) The granular composition of maize krisbi 
is similar to that of wheat; no particular 
adjustment of the gap between the rollers 
is necessary; 

(c) The quality of the composite flour is 
regular and uniform. 

The flow sheet (Figure 8 b) indicates the 
manufacturing process and the sequence of 
operations that are involved in co-milling of 
wheat and maize for the production of quality 
composite flour. 

White sorghum already dehulled can also be 
mixed with wheat for direct milling into 
composite flour. The dehulled sorghum is 
marketed in Burkina Faso under the name of 
"goudo" and consumed as rice, like pearled 
sorghum in other African countries. In 
addition, this type of milling allows production 
of the flour used for making "to". 

It must be noted that the milling and delivery 
of composite flour to bakeries is part of a large 
programme for cereals processing. Thus, it is 

not only composite flour for breadmaking and 
the grits (krisbi) for breweries that are 
produced, but also the maize flour for "to" and 
"foyo" or "cous cous" from maize for 
households. 

The GMB essentially processes semi-vitreous 
maize with the following end products: 

- big size krisbi 21.6 percent 
- medium krisbi 21.6 percent 
- fine krisbi 16.8 per cent 
- low-grade flour, 3.0 percent 
- maize germ, 7.2 per cent 
- livestock feeds, 28.9 per cent 

The medium and fine krisbi with about 1.1 per 
cent fat content are delivered to breweries 
whose demand is about 150 tons per month. 
The big size krisbi which has 1.3 per cent fat 
content is mixed with wheat to obtain the 
composite flour. Around 800-1,000 tons of 
krisbi are used in composite-flour production 
each year. This corresponds to about 4,000 to 
5,000 tons of maize acquired from the local 
market. 

The development of composite flours and the 
utilization of local cereals are generally 
considered in Burkina Faso as a basic need. 
This strategy was meant to lead the country to 
a baking industry that will use only local flours 
in the future. 

A control and research laboratory installed next 
to the flour mill allows the monitoring and 
control of the quality of all products throughout 
the processing phases. It is adequately 
equipped for carrying out all rheological 
analyses (alveograph), as well as all physico-
chemical ones (moisture content, protein, fat 
content, ash, alpha-amylase). The laboratory 
also carries out breadmaking experiments with 
composite flours and can provide laboratory 
analysis services to other enterprises. 
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CHAPTER 
THREE 

PRODUCTION, BAKING AND OTHER 
PROPERTIES OF MAIZE AND 

PEARL MILLET COMPOSITE FLOURS13 

In 1991, at the "Bundesanstalt fur Getreide 
Kartoffel und Fettforschung" (Federal Centre for 
Cereal, Potato and Lipid) in Detmond, Germany, 
maize and pearl millet grains were milled into 
flour, semolina and grits. The various 
granulations and wheat flour were blended at 
10% to 40% levels of replacement. The 
rheological properties of these composite flours 
were determined. 

Bread was baked from the different blends and 
the changes in freshness evaluated up to 7 days. 
Trials were also made from blends of wheat, 
maize and pearl millet. 

It was established that the coarser the 
granulation of maize and pearl millet, the higher 
the volume of the bread baked from them. 
Freshness and shelf-life properties were also 
better for coarser granulations. 

A 1% (w/w) addition of DATEM bread 
improver increased volume and freshness over 
malt-lecithin bread improver. However, volume 
increase was even more with a 2% addition of 
bakery fat. The effect of blending more than 2 
cereals in bread was found to be additive. 

3.1 MILLING 

Maize {Zea mays L.) grains yellow in colour 
and grown in Germany and pearl millet 
(Pennisetum americanum L. Leake) grains of 
tan colour were milled into grits, semolina, and 
flour in varying degrees. 

3.1.1 Maize milling 

Dry milling of maize was mechanically carried 
out as follows; 

Cleaning: 

The maize grains were cleaned in a Granotest 
(DGM)71 cereal cleaner (Kalker Trieurfabrik, 
Köln, Germany) to remove dust and impurities. 

Tempering: 

A computed amount of water was added to the 
grains to raise the moisture content to 20%. The 
water and the grains were mixed in a J. 
Engelmann A.G. (Ludwigshafen am Rhine, 
Germany) mixer for 90 min. The wet grains 
were then conditioned overnight for 18 hrs. 

13 This study was carried out in Bundesanstalt fur Getreide, Kartoffel und Fettforschung Detmold, 
Germany, by Mr John T. Manful of the Food Research Institute, Accra, Ghana, in 1991 
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De germing: 
The tempered grains were crushed in a roller 
mill with 3,5 grooves/cm. The crushed grains 
were then passed twice through a bran polisher 
with 3300 \im mesh openings to remove the bran 
and germs. 

Grits production: 
The products from (iii) above were then milled 
in a Biihler Automatic (MLU 202) laboratory 
mill fitted with sieves of 1450 |im, 1250 |im 
and 1000 |im mesh sizes. The various 
granulations produced from this milling were 
mixed in a (Englemann) mixer for 90s. The 
resulting product was designated as grits. 

Semolina production: 
A portion of the grits was passed twice through 
a MIAG (Braunschweig, Germany) semolina 
polisher to produce a finer and a coarser fraction. 
The two fractions were thoroughly mixed and 
designated as semolina. 

Flour production: 
A part of the semolina produced was milled at 
a rate of l,6kg/h to produced maize flour. 

3.1.2 Pearl millet milling 

Dry milling of pearl millet grains was carried 
out mechanically as described below: 

Decorticating: 
The pearl millet grains were decorticated in 
500g batches in a F.H. Schiile GmbH (Hamburg, 
Germany) Barley Pearler for 7.5min and cleaned 
by aspiration. 

Semolina production: 
The dehulled grains were milled in a Biihler 
laboratory (MLU 202D) durum mill, polished 
in a MIAG semolina polisher and designated as 
pearl millet semolina. 

Flour production: 
A part of the semolina was milled at a rate of 
2.8kg/h to produce pearl millet flour. 

3.1.3 Particle size (sieve) analysis 

As a result of the large size and relative hardness 
of the maize grains, it was possible to produce 
3 differing granulations (grits, semolina and 
flour) as against 2 granulations (semolina and 
flour) from pearl millet. 

Table 19 shows the percentages of maize and 
pearl millet granulations retained on the various 
sieve mesh openings. Almost 90% of the maize 
grits was retained on the 1000 jam sieve. While 
over 50% of maize flour passed through the 250 
)j,m sieve, less than 25% of maize semolina 
passed through the same sieve (table 19 b). 

Table 19 : Particle Size (Sieve) Analysis 

(a) 42,5% of the wheat flour was retained on a 75 |im sieve after aspiration for 5 min 

(b) Sample % Retained on sieve openings Pass through 

1000 pm 750 pm 500 pm 250 pm 250 pm sieve 

Maize flour 0.2 0.6 13.1 32.6 52.5 
Maize semolina 0.2 6.6 23.6 47.2 22.5 
Maize grits 89.1 6.3 3.0 1.0 0.6 

(c) Sample % Retained on sieve openings Pass through 

500 pm 450 jim 250 pm 150 pm 150 pm sieve 

Pearl millet flour 0.0 0.0 0.2 8.0 91.8 
Pearl millet semolina 0.0 3.4 32.8 28.8 34.9 
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Over 90% of the pearl millet flour passed 
through the 150 |im sieve (table 19 c). 

Concerning the wheat flour used, 42.5% of it 
was retained on a 75 )am mesh after being 
aspirated for 5 minutes on an Alpine A.G. 
(Augsburg, Germany) air suction sieve (table 
19a). 

3.1.4 Flours blending into composite 
flours 

Various percentages by weight of wheat flour 
and maize flour as well as wheat flour and pearl 
millet flour were blended for 3min. in a Gebr.-
Lodige (Paderborn, Germany) laboratory flour 
mixer. The samples were then stored in a cold 
room at 80C until needed. 

The wheat flour (78% extraction rate) had a 
moisture content of 13.3%. 

Table 20 shows the proximate composition of 
straight and composite flours on dry matter 
basis. The data reveal that: 

(a) There were wide differences in ash 
content with 0.92% for pearl millet flour 
and 0.49% of maize flour. Wheat flour had 
an ash content of 0.64%. Hence, ash 
content of composite flours increased with 
pearl millet additions and decreased with 
maize additions. 

(b) Pearl millet flour had a high crude fat 
content of 2.53%. The crude fat contents 
of wheat flour and maize flour were 
1.30% and 1.26% respectively giving 
their composite flours a relatively 
constant fat content of about 1.28%. On 
the other hand, crude fat content increased 
as more pearl millet was added to wheat 
flour up to a level of 1.74% for 60% 
wheat/40% pearl millet flour. 

(c) The wheat flour had a protein content of 
13.40%. Protein contents for maize and 

pearl millet flours were 10.60% and 
11.60% respectively. As a result, protein 
content decreased as maize and pearl 
millet flours were added to wheat flour. 

(d) Sedimentation value for wheat flour was 
32. This decreased as maize and pearl 
millet flours were added. The rate of 
decrease was higher with the addition 
of pearl millet flour. 

3.2 RHEOLOGICAL PROPERTIES OF 
DOUGHS 

The wheat flour had a Falling number of 401. 
This decreased as maize and pearl millet flours 
were added (table 21). Here the rate of decrease 
was higher with the addition of maize flour. 90% 
wheat/10% maize flour had a falling number of 
352 as against 388 for 90% wheat/10% millet 
flour. Falling numbers for 60% wheat/40% 
maize flour and 60% wheat/40% millet flour 
were 284 and 360 respectively. 

3.2.1 Amylograph 

The peak viscosities as well as the initial and 
peak gelatinisation temperatures of the wheat 
and composite flours were determined according 
to ICC Standard No. 126 (1986). 

The amylogram characteristics of the flours are 
shown in table 21; the wheat flour had initial 
and peak gelatinisation temperatures of 62.50C 
and 88.0oC respectively. The maximum 
viscosity of wheat flour was 840AU. As maize 
flour was substituted for wheat flour, the 
maximum viscosity and peak temperatures 
dropped. 100% maize flour had a maximum 
viscosity of 410 AU and a peak gelatinisation 
temperature of 80.0oC. The reverse was the case 
for pearl millet composite flours. Maximum 
viscosities and peak temperatures increased with 
pearl millet flour substitution. 100% pearl millet 
had a maximum viscosity of 1610AU and apeak 
temperature of 90.0oC. 
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Table 20 : Proximate composition of straight and composite flours on dry matter basis 

Sample Sedimentation 
values 

Ash 
% 

Fat 
% 

Protein 
% 

100% wheat flour 32 0.64 1.30 13.40 

100% maize flour - 0.49 1.26 10.60 

100% pearl millet flour - 0.92 2.53 11.60 

90% wheat/10% maize flour 29 0.62 1.28 13.00 

80% wheat/20% maize flour 27 0.61 1.28 12.70 

70% wheat/30% maize flour 24 0.59 1.29 12.30 

60% wheat/40% maize flour 22 0.57 1.28 11.90 

90% wheat/10% pearl millet flour 28 0.67 1.40 13.10 

80% wheat/20% pearl millet flour 24 0.70 1.55 12.80 

70% wheat/30% pearl millet flour 19 0.73 1.61 12.60 

60% wheat/40% pearl millet flour 15 0.75 1.74 12.30 

Table 21 : Amylograph characteristics of wheat and composite flour doughs 

Sample Falling 
number 

Peak 
viscosity 

(AU) 

Initial 
Gel. 

temp.0C 

Peak 
Gel. 

temp.0C 

a-Amylase 
(ICC-Units) 

100% wheat flour 401 840 62.5 88.0 0.24 

100% maize flour - 410 63.0 80.0 3.54 

100% pearl millet flour - 1610 74.0 90.0 4.28 

90% wheat/10% maize flour 352 830 64.0 87.5 -

80% wheat/20% maize flour 328 710 63.5 86.5 -

70% wheat/30% maize flour 297 620 64.0 84.5 -

60% wheat/40% maize flour 284 480 63.0 81.5 -

90% wheat/10% pearl millet flour 388 1030 65.5 88.5 -

80% wheat/20% pearl millet flour 373 1190 68.5 89.0 -

70% wheat/30% pearl millet flour 369 1200 70.0 89.0 -

60% wheat/40% pearl millet flour 360 1280 72.0 89.5 -



96 PRODUCTION, BAKING AND OTHER PROPERTIES OF MAIZE AND PEARL MILLET COMPOSITE FLOURS 

Table 22 : Farinogram characteristics of wheat and composite flour doughs 

Sample Water 
absorption 

( % )  

Dough 
devpt. time 

(min) 

Dough 
stability 

(min) 

Dough 
resistance 

(min) 

Degree of 
softening 

(FU) 

100% wheat flour 64.0 2.5 2.5 5.0 20 

90% wheat/10% maize flour 65.1 3.0 1.5 4.5 85 
80% wheat/20% maize flour 66.2 3.5 1.5 5.0 105 
70% wheat/30% maize flour 67.3 4.0 1.5 5.5 110 
60% wheat/40% maize flour 68.5 7.0 1.0 8.0 110 

90% wheat/10% pearl millet flour 63.1 2.5 2.0 4.5 70 

80% wheat/20% pearl millet flour 62.2 3.0 0.5 3.5 75 

70% wheat/30% pearl millet flour 61.3 2.5 0.5 3.0 85 

60% wheat/40% pearl millet flour 60.5 3.0 1.0 4.0 100 

Table 21 also shows pearl millet as having a 
very high oc-amylase activity and despite that, 
high maximum viscosity values. This may be 
due to the very high initial and peak 
geletinisation temperatures of 74.0oC and 
90.0oC respectively for pearl millet flour. As a 
results, the a-amylase system was probably 
inactivated before the gelatinsation process of 
millet starch was completed. 

3.2.2 Farinograph 

The Brabender Farinograph was used to study 
the dough characteristics during the mixing of 
wheat and the various composite flours with 
water. This was carried out according to ICC 
Standard No. 115 (1986). From the farinogram, 
the dough development time (min), dough 
stability (min), dough resistance (min) and the 
degree of softening (FU) were computed. 

The farinogram behaviour of doughs made from 
wheat and the various composite flours blends 
is presented in table 22. Water absorption for 
wheat flour was 64.0%. This increased by an 
average of 1.1% for every 10% substitution with 
maize flour. 

The water absorption for 60% wheat/40% maize 
flour was 68.5%. On the other hand, water 
absorption decreased by an average of 0.9% for 
every 10% substitution with pearl millet flour. 
60% wheat/40% pearl millet flour had a water 
absorption of 60.5%. 

Dough development time for pearl millet 
composite flours ranged from 2.5 min to 3.0 
min. This compared with that of wheat flour of 
2.5 min. However, dough development time for 
maize composite flours increased steadily to 7.0 
min for 60% wheat/40% maize flour. This 
followed the general trend reported by Sathe et 
al (1981), Olatunji et al (1982), Youssef and 
Bushuk (1986) among others. 

The dough stability of 2.5 min for wheat flour 
tended to decrease with the substitution with 
other flours. The degree of softening increased 
sharply from 20 FU for wheat flour to 110 FU 
and 100 FU for 60% wheat/40% maize flour 
and 60% wheat /40% pear l  mi l le t  f lour  
respectively, (table 22). 

Dough resistance for wheat flour was 5.0 min. 
This increased with the substitution with maize 
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flour to 8.0 min for 60% wheat/40% maize flour. 
On the other hand, dough resistance decreased 
as pearl millet flour was substituted for wheat 
flour (table 22). 

3.2.3 Extensograph 

The dough resistance to extension (Rm), dough 
extensibility (E), the proportional number (Rm/ 
E ) and the dough strength (S) of the doughs from 
wheat and the composite flours were determined 
according to ICC Standard No. 114 (1986). 

Table 23 shows the extensogram behaviour 
(after 135min) of wheat and the various 
composite flours (with and without ascorbic 
acid). Dough resistance to extension, the energy 
of the dough (dough strength) and the dough 
extensibility decreased with increasing 
replacement of wheat flour. This is in general 
agreement with the findings of Sathe et al 

(1981), Kailasapathy and MacNeil (1985), 
Bamidele et al {1990) among others. In all these 
parameters, the rate of decrease was greater with 
the substitution of pearl millet flour than with 
maize flour. 

3.2.4 Alveograph 

Using the Chopin alveograph, the maximal 
overpressure, (P), which is related to the 
resistance of the dough to deformation, the 
swelling index (G), the curve configuration 
ration (P/L) and the work required to deform 
lg. of dough (W) were calculated according to 
the ICC Standard No. 121 (1986). 

Alveogram characteristics of wheat and the 
composite flours are shown in table 24. The 
alveogram behaviour of 60% wheat/40% millet 
flour dough as well as doughs of flours with 
more than 10% maize could not be measured. 

Sample Normal with Ascorbic acid Sample 

Rm 
(EU) 

E 
(mm) 

Rm/E S 
(cnT) 

Rm 
(EU) 

E 
(mm) 

Rm/E S 
(cnO 

100% wheat flour 240 170 1.40 51 510 145 3,50 96 

90% wheat/10% maize flour 180 133 1.40 30 535 119 4.50 80 

80% wheat/20% maize flour 185 123 1.50 28 420 103 4.10 53 

70% wheat/30% maize flour 150 104 1.40 20 425 78 5.50 40 

60% wheat/40% maize flour not measu rable not measu rable 

90% wheat/10% millet flour 6225 146 1.50 39 575 120 4.80 86 

80% wheat/20% millet flour 210 126 1.70 32 480 106 4.50 64 

70% wheat/30% millet flour 170 105 1.60 22 470 91 5.20 51 

60% wheat/40% millet flour 95 88 1.10 12 225 74 3.00 20 

Table 23 : Extensogram characteristics (after 135 min) of wheat and composite flour doughs 

Rm = Dough resistance E = Dough extensibility 

Rm/E = Proportional number S = Dough strength (area under curve) 
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Table 24 : Alveogram characteristics of wheat and composite flour doughs 

Sample Maximum Swelling Curve Work 
Over-pressure Index Configuration (WX10-4 

(P m/m) (G) Ratio (P/L) joules) 

100% wheat flour 98.7 18.0 1.48 214 

90% wheat/10% maize flour 111.2 13.3 3.09 162 
80% wheat/20% maize flour not measurable 
70% wheat/30% maize flour not measurable 
60% wheat/40% maize flour not measurable 

90% wheat/10% millet flour 97.7 15.3 2.04 164 
80% wheat/20% millet flour 89.1 14.1 2.17 141 
70% wheat/30% millet flour 90.8 11.8 3.13 109 
60% wheat/40% millet flour not measurable 

Weipert (1981) found a strong relationship 
between the maximal overpressure (P) and the 
farinogram water absorption of flours. The high 
maximal overpressure for 90% wheat/10% 
maize flour dough as well as the lower values 
for pearl millet composite flour doughs 
confirmed this relationship when compared with 
the farinogram water absorptions of table 22. 

The higher swelling index (G) of 90% wheat/ 
10% millet flour dough as compared to that of 
90% wheat/10% maize flour dough and the 
general tendency for G to decrease with the 
substitution of wheat flour also confirms the 
findings by Weipert (1981) of a strong 
correlation between G and loaf volume (tables 
24 and 29). 

The sharp drop in deformation energy (Work) 
with the substitution of wheat flour and the 
higher energy for 90% wheat/10% millet flour 
dough as compared to that for 90% wheat/10% 
maize flour follows the AACC (1987) report 
that, in comparing bread evaluation scores with 
alveogram values, deformation energy (W) was 
the best differentiator of quality (tables 24 and 
30). 

3.3 BAKING 

Bread was processed from 100% wheat flour as 
well as from 10%, 20%, 30% and 40% wheat 
flour replacements. The substitutes were maize 
flour, maize semolina, maize grits, pearl millet 
semolina and pearl millet flour. The most 
desirable granulation of maize and pearl millet 
were selected and bread from mixtures of wheat, 
maize and pearl millet with these granulations 
processed. 

3.3.1 Baking formula 

Wheat Hour/plus replacements 100 parts 
(14% m.b.) 

Fresh yeast 
(Saccharomyces cervisae) 
Uni. DHW 

Salt 

Sugar (sucrose) 

Groundnut fat 

Bread improver 

Ascorbic acid (0,1 % w/w) 

4 parts 

1.8 parts 

1 part 

1 part 

1 part 

0.002 parts 
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Sorbic acid 0.2 parts 

Water according to farinograph (see table 
absorption 22) 

Malt-Lecithin and Diacetyltartaric acid ester 
(DATEM) were used as bread improvers. 

3.3.2 Baking procedure 

( a )  D o u g h  p r e p a r a t i o n  w i t h  m a i z e  
grit replacements 

Due to hardness of the grits, equal quantities by 
weight of grits and boiling water were left to 
stand for 4 to 5 hours before being incorporated 
into the other ingredients for dough preparation. 

( b )  M o u l d i n g  a n d  p r o o f i n g  

The dough from (a) was shaped by a Frilado (F. 
Laureck Backereimaschinen, Dortmund, 
Germany) mechanical moulder, panned in pre-
greased aluminium pans and proofed at 320C 
and 80% RH for 60min. (100% wheat dough 
was proofed for 70min). 

( c )  B a k i n g  

The proofed doughs were baked in a Matador 
(Werner & Pfleiderer) oven at 230oC for 40 min. 

3.3.3 Cooling and measurements 

The bread was allowed to cool at room 
temperature for 2 hours, bagged in polythene 
bags and stored in a warm cupboard at 280C 
and 60-65% RH for up to 7 days. After 24 hours, 
the following measurements were carried out: 

(i) Loaf weight (g) 

(ii) Loaf volume (ml) by seed displacement 

(iii) Loaf volume yield (LVY) 

= Loaf volume X 100 
Flour weight 

(iv) Baking value 

= Loaf volume X Pore factor 
100 

(v) Evaluation score 

= Baking value +/- Crumb value 

The loaf volume factor (LVF) is related to loaf 
volume yield (LVY) as shown below: 

LVY 300 356 389 400 430 472 520 

LVF 0 56 89 100 115 136 160 

ie. for volume yields between 300 and 400, 
(LVY) 300 has (LVF) 0 and (LVY) 400 has 
(LVF) 100. For LVYs of over 400, the excess 
above 400 is divided by 2 and added to 100 to 
obtain the LVF. 

The pore values (PV) are on a scale of 1 = very 
coarse pores to 8 = very fine pores and are 
related to the pore factor (PF) as shown below : 

P V  1 2 3  4 5  6  7 8  

PF 30 40 50 60 70 80 90 100 

The crumb values were computed taking into 
account the loaf form, crumb texture, pore 
distribution and crumb elasticity. 

( a )  L o a f  F o r m  ( b )  C r u m b  T e x t u r e  

Description Value Description Value 

Good 0 Coarse 0 

Satisfactory (- 5) Somewhat coarse ( +10) 

Somewhat flat(-10) Somewhat soft ( + 15) 

Flat (-20) Soft (+20) 

Soft silky (+30) 

Silky (+40) 



1 00 PRODUCTION,  BAKING AND OTHER PROPERTIES OF MAIZE AND PEARL MILLET COMPOSITE FLOURS 

( c )  C r u m b  E l a s t i c i t y  

Description Value 
Value 

Good 

Somewhat 
good 

Satisfactory 

Questionable 

0 

(-5 ) 

(-30) 

(-75) 

( d )  P o r e  D i s t r i b u t i o n  

Description 

Uniform (+5) 

Somewhat 0 
uniform 

Not uniform (- 5 ) 

Unsatisfactory (-100) 

(vi) Crumb and crust characteristics 

These were determined by sensory evaluation 
on a scale of 1 = very good to 6 = very bad and 
repeated every other day up to 7 days. 

3.3.4 Bread characteristics (See Figure 9) 

Tables 25 to 28 show the dough and bread 
characteristics of wheat and the various 
composite flours. As a result of the high water 
absorption of maize flour, the dough yield 
increased with the substitution with maize 
flour. Dough yields decreased as wheat was 
replaced with pearl millet flour. Dough 
elasticity changed towards "very short" at 40% 
replacement of wheat flour. 

Bread volume decreased as the level of 
substitution of wheat flour by non-wheat flour 
increased. However, for both maize and pearl 
millet, bread volume increased as the particle 
size of the substitute fraction increased . This 
confirms the suggestion of Brummer et al 
(1988). The nature of the bread slice grain 
changed gently from "soft silky" towards 
"coarse" as more wheat flour was replaced. 

a) Bread Evaluation Scores 

The bread evaluation scores which take into 
account the volume, the nature and distribution 
of pores, the loaf form, crumb texture and 
elasticity, are reported in table 29. From these 

Figure 9 : Dough and Bread characteristics; 
prepared by John Manful at 
Bundesanstalt für Fetreide, 
Kartoffel und Fettforschung 
(Federal Centre for Cereal, Potato 
and Lipid Research), Detmold, 
Germany, 1991. 

Photo: J. Manful, FRI, Accra, Ghana, 1991 

scores, breads from all blends with up to 20% 
levels of substitution as well as with 30% pearl 
millet semolina were judged as "very good". 
Based on theses scores, maize semolina was 
chosen as the best granulation for maize 
composite flours while pearl millet semolina 
was preferred to pearl millet flour. 

b) Freshness Evaluation 

Using softness as a measure of freshness, the 
crust and crumb characteristics were evaluated 
by sensory test on a scale (of 1 to 6). The results 
are reported in tables 30 to 34. Freshness 
deteriorated with age as well as with 
replacement of wheat flour. The freshness also 
followed the pattern of volume depression, 
namely, deteriorating as the particle size of the 
substitute became finer. Maize composite flour 
breads had a particularly softer crust and this 
was very probably due to the higher water 
absorption of maize flour. 

3.3.5 Three-cereal bread 

Based on the bread evaluation scores (table 29), 
bread was baked from blends of wheat flour, 
pearl millet and maize semolina (see Figure 10). 



PRODUCTION, BAKING AND OTHER PROPERTIES OF MAIZE AND PEARL MILLET COMPOSITE FLOURS 1 01 

Figure 10 : Three-Cereal Bread; prepared by John Manful at Bundesanstalt für Fetreide, 
Kartoffel und Fettforschung (Federal Centre for Cereal, Potato and Lipid Research), 
Detmold, Germany, 1991. 

Photo: J. Manful, FRI, Accra, Ghana, 1991. 

Explanations Fett = Bakery Fat 

DAWE-Backmittel = DATEM Bread Improver 

Hirsegrieß = Pearl Millet Semolina 

Lecithin-Backmittel = Lecithin Bread Improver 

Maisgrieß = Maize Semolina 

rmn ^ irrtTTifti 
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Table 25 : Dough and bread characteristics at 10% level of replacement (see also Figure 10) 

Characteristics 100% 
wheat 

10% 
millet 
flour 

10% 
millet 

semolina 

10% 
maize 
flour 

10% 
maize 

semolina 

10% 
maize 
grits 

Dough yield 163 163 161 165 162 162 

Dough characteristics 

- surface normal normal normal normal normal normal 

- elasticity normal normal -
somewhat 

short 

almost 
normal 

almost 
normal 

almost 
normal 

almost 
normal 

Volume yield 666 612 634 587 599 624 

Grain characteristic soft silky soft soft silky soft soft soft silky 

Crumb elasticity good good good good good good 

Table 26 : Dough and bread characteristics at 20% level of replacement 

Characteristics 100% 
wheat 

20% 
millet 
flour 

20% 
millet 

semolina 

20% 
maize 
flour 

20% 
maize 

semolina 

20% 
maize 
grits 

Dough yield 163 162 159 166 161 161 

Dough characteristics 

- surface normal normal normal normal normal normal 

- elasticity normal somewhat 
short 

somewhat 
short 

somewhat 
short 

somewhat 
short 

normal -
somewhat 

short 

Volume yield 666 536 580 543 547 583 

Grain characteristic soft silky almost soft soft almost soft almost soft soft 

Crumb elasticity good good good good good somewhat 
good 
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Table 27 :Dough and bread characteristics at 30% level of replacement 

Characteristics 100% 
wheat 

30% 
millet 
flour 

30% 
millet 

semolina 

30% 
maize 
flour 

30% 
maize 

semolina 

30% 
maize 
grits 

Dough yield 163 161 156 167 159 159 

Dough characteristics 

- surface normal normal normal somewhat 
dry 

normal somewhat 
moist 

- elasticity normal short short short short somewhat 
short 

Volume yield 666 512 538 470 490 521 

Grain characteristic soft 
silky 

somewhat 
coarse 

almost 
soft 

somewhat 
coarse 

somewhat 
coarse 

almost 
soft 

Crumb elasticity good good good good good satisfactory 

Table 28 : Dough and bread characteristics at 40% level of replacement 

Characteristics 100% 
wheat 

40% 
millet 
flour 

40% 
millet 

semolina 

40% 
maize 
flour 

40% 
maize 

semolina 

40% 
maize 
grits 

Dough yield 163 160 154 168 158 158 

Dough characteristics 

- surface normal normal normal somewhat normal somewhat 

- elasticity normal very short very short very short very short short 

Volume yield 666 450 466 388 414 442 

Grain characteristic soft silky coarse somewhat 
coarse 

coarse coarse somewhat 
coarse 

Crumb elasticity good good good good good satisfactory 
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Table 29 : Bread evaluation scores 

Sample Pearl Pearl Maize Maize Maize 
% Millet Millet flour semolina grits 
Replacement flour semolina 

0% 216 216 216 216 216 
10% 185 204 174 179 188 
20% 141 163 143 144 143 
30 to 40% 127 142 110 117 96 

Over 140 = very good 110-140 = good 90- 109 = satisfactory 

Table 30 : Sensory evaluation of crust and crumb characteristics of pearl millet flour 

Number of days old % Replacement Number of days old 

0% 10% 20% 30% 40% 

1 Crust 1 1 2 2 3 
Crumb 1 1 2 2 3 

3 Crust 1 3 3 4 4 
Crumb 1 3 3 4 4 

5 Crust 2 3 4 5 5 
Crumb 2 3 4 5 5 

1 = very good 6 = very bad 

Table 31 : Sensory evaluation of crust and crumb characteristics of pearl millet semolina 

Number of days old % Replacement Number of days old 

0% 10% 20% 30% 40% 

1 Crust 1 1 1 2 2 
Crumb 1 1 1 2 2 

3 Crust 1 2 3 3 4 
Crumb 1 2 3 3 4 

5 Crust 2 3 4 4 5 
Crumb 2 3 4 4 5 

1 = very good 6 = very bad 
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Table 32 : Sensory evaluation of crust and crumb characteristics of maize flour 

Number of days old % Replacement Number of days old 

0% 10% 20% 30% 40% 

1 Crust 1 1 1 2 3 
Crumb 1 1 1 2 3 

3 Crust 1 2 2 3 3 
Crumb 1 2 2 3 3 

5 Crust 2 2 3 3 4 
Crumb 2 2 3 3 4 

1 = very good 6 = very bad 

Table 33 : Sensory evaluation of crust and crumb characteristics of maize semolina 

Number of days old % Replacement Number of days old 

0% 10% 20% 30% 40% 

1 Crust 1 1 1 2 3 
Crumb 1 1 1 2 3 

3 Crust 1 2 2 3 3 
Crumb 1 2 2 3 3 

5 Crust 2 2 3 3 4 
Crumb 2 2 3 3 4 

1 = very good 6 = very bad 

Table 34 : Sensory evaluation of crust and crumb characteristics of maize grits 

Number of days old % Replacement Number of days old 

0% 10% 20% 30% 40% 

1 Crust 1 1 1 2 2 
Crumb 1 1 1 2 2 

3 Crust 1 1 2 2 3 
Crumb 1 1 2 2 3 

5 Crust 2 2 2 3 3 
Crumb 2 2 2 3 3 

1 = very good 6 = very bad 
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The amounts of lipid added were varied and 
diacetyltartaric acid ester (DATEM) was 
substituted for malt lecithin as bread improver 
in the composite flour breads to enhance 
freshness. 

There were no significance changes in the dough 
yields of the 3-cereal breads when compared to 
the 2-cereal breads (see figure 10). Dough yields 
of the 3-cereal breads were always between that 
of wheat flour/millet semolina and wheat flour/ 
maize semolina doughs. Dough elasticity 
changed towards "very short" at 40% 
replacement of wheat flour just as in the 2-cereal 
doughs. This means that, at the stage of 
kneading, the bakery fat and bread improvers 
made no significant difference. There were 
however large changes in volume as bakery fat 
was increased form 1 % to 2% and 1 % DATEM 
bread improver was added. Relative volume 
decreased to 94%, 85% and 78% for 20%, 30% 
and 40% levels of replacement respectively. 
There was no noticeable change in taste with 
the addition of DATEM bread improver. 

Preliminary trials indicated that, for every 
recipe, volume and other characteristics of the 
3-cereal bread were approximately the average 
of wheat flour/millet semolina composite bread 
and wheat flour/maize semolina composite 
bread. This means that the effect of blending 
various cereal flours was simply additive. 
Although DATEM bread improver produced 
breads of higher volumes than malt-lecithin 
bread improver, an increase of bakery fat content 
from 1% to 2% produced even more volume. 
This agreed with the findings of Pomeranz et al 
(1965, 1966a and 1966b). However, Hoseney 
et al (1976), Rogers and Hoseney (1983) and 
Schuster and Adams (1984) found DATEM as 
being most effective in combination with mono-
and diglycerides (MDG). 

It is worth noting that although pearl millet 
fractions (flour and semolina) had a finer particle 
size (table 19), higher ash content (table 20) and 
a lower water absorption capacity (table 22) as 
compared to the maize fractions, they always 

produced larger volumes. Probably, the more 
active a-amylase system played a role in the 
improving action of pearl millet flours (Badi et. 
al, 1976). 

3.4 CONCLUSION 

In the use of cereals other than wheat and rye in 
breadmaking, the coarser fractions are to be 
preferred (Brummer et al, 1988). This study 
confirmed the above statement. In this respect, 
future scientific work on the use of composite 
flours would have to be on coarser rather than 
finer granulations. The case of the segregation 
of the various fractions during transport 
(UNECA, 1985) is found to be of little 
consequence. This is taken care of during 
kneading which should ensure a homogeneous 
dough. 

Pearl millet composite flours produced breads 
of good volume. The freshness (shelf-life) 
qualities were also good. Scientifically, it would 
be of interest to investigate the factors 
responsible for the good baking properties of 
pearl millet. 

Although maize semolina was preferred to 
maize grits in this study, the case for the grits 
may not be totally closed. Maize grits produced 
a higher volume than maize semolina (table 29). 
The grits could be flaked to reduce or eliminate 
the wet-heat treatment time. This would in turn 
reduce the strong browning and the hard bite. 

The significant improving effect of bakery fat 
on  composi te  f lour  breads  should  be  an  
encouragement to traditional bakers without 
advanced technologies. With the appropriate 
amounts of bakery fat, higher levels of non-
wheat flours can always be used. 

The effect of blending more than two cereals 
was found to be additive. Hence various cereals 
could be blended to satisfy consumer tastes and 
preferences. 
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CHAPTER 
FOUR 

PROCESSING AND USE OF OTHER 
STARCHY MATERIALS IN BREADMAKING 

4.1 CASSAVA 

An important breakthrough in the form of a 
reliable industrial technology for cassava 
processing is now available with the Institute 
of Tropical Technology (Societe Ivoirienne de 
Technologie Tropicale - I2T-) in Cote 
d'lvoire. The main technological findings 
include a patented mechanical peeling system 
(see Figure 2, page 31), a special artificial 
drying technique and energy production. 

The mechanical peeling of cassava tubers is a 
key operation of the whole process. The 
technology is specific and unique in the world. 
It is known as "Broyage differentiel", with an 
efficiency higher than that of the hand peeling 
which is known as the most economical until 
the I2T breakthrough. 

The artificial drying of the cassava pulp uses a 
specific dryer "Sechoir a lit fluidise ' or a rotative 
dryer which provides equal quality of flour. The 
mechanical peeling and the drying systems are 
the core components of the I2T cassava 
processing technology. 

The biogas production contributes to increase 
the economic return of the factory. The biogas 
(methane) is generated in a giant digestor using 

14 This study has been carried out by Dr. Jackson N. Kabira; Kenya Agricultural Research Institute, 
National Potato Research Centre at Tigoni, RO. Box 338, Limuru, Kenya. 

mainly the factory wastages (cassava peels, 
factory losses, wasted waters) and subsidiarily, 
the aerial parts of cassava stems and leaves after 
harvesting. Such energy production covers more 
than the requirements of the factory and 
electricity surplus can be supplied to the 
neighbouring villages. However about 10 per 
cent of this requirement is to come from outside 
for the starting periods of the factory. 

The factory is designed to process cassava tubers 
of any size, any form and any configuration. The 
flour produced is highly convenient in 
breadmaking and its specification is as follows: 

Starch 88 % 
Cellulose 0.5 % 
Protein 1 % 
Ash 0.5 % 
Water 10 % 
Energy 350 kcal / kg 

4.2 POTATO PROCESSING 14 

In Kenya, Researchers collaborate with 
Universities and millers, to improve crop 
varieties for composite flours and with farmers 
to improve farming systems. They are working 
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out socio-economic implications of production 
of traditional crops. In this context, Kenya 
Agricultural Research Institute (KARI) has also 
worked with the biggest flour mill in the country 
"UNGA Ltd." over four years (1987-1990) on 
potato/wheat blend for bread, chapati, cakes and 
mandazi 15. 

Figure 11: Flow sheet for manufacture of 
uncooked dehydrated potato flour 

Source: J. N. Kabira, KARI, (1990) 

4.2.1 Solar dehydration 

Over 500,000 tonnes of potatoes were produced 
in Kenya in 1991, representing a big 
achievement due to the use of improved 
varieties, certified seeds and other 
technological improvements. 

Fully mature potato tubers of the variety 
Desiree were used for processing. The flow 
sheet for the dehydration and production of 
potato flour is given in Figure 11. Pre
processing treatments were sorting, washing, 
peeling abrasively and trimming. The peeled 
and trimmed potatoes were cut using a manual 
slicer into 1 mm thick slices and washed in 
running tap water to remove surface starch. The 
slices were then dipped in a 0.5% solution of 
sodium metabisulphite for 5 min to prevent 
discolouration during dehydration and 
subsequent storage. 

The treated potato slices were loaded onto 0.5 
rrT screen-bottom galvanized wire mesh trays 
at the rate of 4.0 kg/rrT. The trays were loaded 
into a 3-tier open-sided air/solar dryer (Shaw 
and Booth, 1982) or a 5-tier air/solar dryer with 
ventilation controls (Keane et al., 1986) and 
dried to a final moisture content of 
approximately 10%. The dehydration process 
lasted for 20-24 hr during favourable weather, 
utilizing natural night air flow and day time 
direct solar radiation and natural air 
convection. Solar drying may require a backup 
system i.e. using fuelwood, diesel or electricity, 
to process potatoes during cool and overcast 
period. 

4.2.2 Potato flour milling 

Dried potato slices were milled into flour using 
a hammer mill or the experimental Bühler 
(roller) mill. The hammer mill was found to 

Fresh Potatoes 

Peeling (abrasive) 

Trimming 

Slicing (1 min.) 

Washing (2 min.) 

Chemical treatment 
(0.5% sulphite 5 min.) 

Loading into trays 
(4 kg/mO 

Natural air/solar drying 
(20-24 hrs) 

Milling 
(Hammermill, 1 mm screen) 

Flour 

15 Procedings of the workshop on composite flours formulation, processing and usage : Utalii College, 
Nairobi, Kenya, 18-19 April 1991; p.8 
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Table 35 : Cost analysis17 of producing dehydrated potato flour in two small-scale plants of 
different sizes 

Cost parameter Plant 1 18 

(85 kg raw material 
per day) 

Plant 2 19 

(236 kg raw material 
per day) 

Fixed costs 

Interest (13% p.a., half life basis) 0.30 0.45 

Depreciation (10 year life span) 0.47 0.68 

Subtotal 0.77 1.13 

Variable costs 

Potatoes 20  3.64 10.11 

Chemicals 0.17 0.50 
Labour 5.48 6.67 

Packaging 0.24 0.67 
Milling 0.20 0.57 
Maintenance (5% of capital costs) 0.23 0.34 

Subtotal 9.96 18.86 

Total costs/day 10.74 19.98 

Total output/day (kg) 14.40 40.00 

Cost of producing 1 kg of flour 0.75 0.50 

Source : Kabira, 1990 

be appropriate for milling dehydrated potatoes 
because it is readily available within potato 
growing areas for maize milling. Furthermore, 
the hammer mill is low-cost and locally made 
unlike the roller mill which is imported. The 
roller mill, used commonly for production of 
sifted maize meal and white wheat flour in 
urban areas could, however, be important if, 
as advised, the manufacture of composite 
flours is carried out at the flour mills (ECA, 
1985; NCPB16, 1991). Millers expressed 
interest in doing the milling themselves after 

farmers and other entrepreneurs have dried 
the potatoes. 

Dehydration of sulphited raw potato slices 
gave acceptable products while reducing 
e n e r g y  c o s t s  a s s o c i a t e d  w i t h  t h e  u s u a l  
commercial practices of blanching and pre-
cooking. Electricity is not widely available 
in potato growing areas and other forms of 
cooking fuel including fuel wood are in short 
supply. Microbial counts of uncooked potato 
flour were found to be compatible with Kenya 

16 NCPB : National Cereals and Produce Board, P.O.Box 30586, Nairobi, Kenya 
17 In US$ 
18 Dryer based on that of Shaw and Booth (1982) 
19 Dryer based on that of Keane et al. (1986) 
20 Calculated on the basis of farm-gate prices (10% of production costs) 
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Bureau of Standards Specifications for cereal 
flours even after 9 months of storage at ambient 
temperature (22o-30oC). The flour had a 
reasonable level of protein (8.6%) containing 
all essential amino acids except methionine and 
cystine (Kabira et al., 1991). The flour is also 
a good source of potassium, phosphorus and 
magnesium. The high level of lysine makes 
potato flour ideal for protein complementation 
with cereals. 

4.2.3 Economic considerations 

Cost analyses were conducted to determine the 
cost per kilogram of dehydrated potato flour 
based on assumed farm-gate prices normally 
prevailing during harvest in potato growing 
areas. The cost analyses were based on two 
small-scale plants with capacities for 
processing 85 and 236 kg of fresh potatoes per 
day (equivalent to 72 and 200 kg of prepared 
slices) to yield approximately 14 and 40 kg of 
flour, respectively (table 35). 

The calculations indicated that processing 
more than 200 kg of potatoes per day to 
produce flour could be profitable due to the 
lower costs of production associated with 
economies of scale. 

4.3 POTATO BASED PRODUCTS 

The sensory acceptability of dehydrated potato 
flour in commercially baked bread, home-baked 
goods (chapatis, flat unleaved bread and 
mandazis, chemically leavened doughnut) and 
traditional foods (ugali and uji) was determined 
by consumer panels. The products were evaluated 
on a hedonic scale of 1 to 8 (l^extremely 
unacceptable; 8=extremely acceptable). Scores 
of 5 and above were considered acceptable. 

4.3.1 Commercial breadmaking 

Straight grade wheat flour with a protein content 
(N x 5.7) of 13.6% and an ash content of 0.6% 

(on a dry matter basis) was blended with potato 
flour at 5%, 10%, 15% and 20% by weight and 
used for making white pan bread. All test-baking 
trials were conducted at the Quality Control 
Laboratory of Unga Ltd., a large flour milling 
company in Nairobi, using the straight dough 
procedure. The breadmaking formula consisted 
of 100 parts composite flour containing 5 to 20 
percent by weight of potato flour; 1.5 parts, salt; 
3.0 parts, sugar; 3.0 parts of hydrogenated 
vegetable shortening; 2.0 parts, active dry yeast, 
and quantities of water which increased as the 
level of potato flour increased to give uniform 
dough consistency. The bread formulation and 
baking procedure are as follows: 

: 1 000g 
(Potato flour: 5 to 20%) 

:15g 
:30g 
:30g 
: 20g 
: variable (550-600 ml) 

Baking procedure 

: 2 minutes 
: 90 minutes 

(30oC/75% RH) 
: 550g (by portion) 

( a )  B r e a d  f o r m u l a  

Composite flour 

Salt 
Sugar 
Fat 

Dry yeast 
Water 

( b )  

Mixing 
Fermentation 

Scaling 
Moulding: 
Intermediate proof 
Final proofing 
Baking 

10 min.(30oC/75% RH) 
60 min.(30oC/75% RH) 
24 minutes (220oC) 

The water absorption of baker's flour increased 
by addition of potato flour. Potato flour enhances 
the retention of moisture in baked products and 
can, therefore, be used to advantage in 
improving the shelf life of bread. Baking 
strength of wheat flour was decreased by potato 
flour, indicating an impairment of the ability of 
bread to rise due to dilution of the gluten. 
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Table 36 : Baking performance of potato/wheat flour blends 

Potato flour Loaf wt Loaf volume Relative volume Acceptability 
( % )  (g) (ml) ( % ) 2 1  scores22 (n=52) 

0 513 3,081 100 6.5 

5 520 2,953 96 6.7 

10 529 2,790 91 6.5 
15 523 2,748 89 6.3 
20 524 2,581 84 5.9 

Source: J.  N. Kabira, KARI, Kenya 

Results of the baking trials (Figure 12 below) 
showed that it is feasible to incorporate high 
levels of potato flour in white pan bread. 
Incorporation of potato flour reduced loaf 
volume but increased loaf weight (table 36). 
Substitution of wheat flour by potato flour up 
to 20% did not affect the acceptability of the 
bread to any appreciable extent. 

Figure 12 : Wheat/Potato (20 %) Bread 

Photo J. N. Kabira, KARI, National Potato 
Research Centre, Tigoni, Kenya 

4.3.2 Home-baked products 

Potato flour was blended with commercially 
available home-baking flour at 10%, 20%, 30% 
and 40% by weight. The flour blends were 
mixed in a Henry Simon tumbler mixer for 5 
minutes and used for preparation of chapatis and 
mandazis. 

( a )  C h a p a t i s  

Approximately 200 g of flour and 2g of salt were 
mixed with water (48-55%), the level increasing 
with that of potato flour, and kneaded by hand 
for preparation of chapatis. The dough was then 
divided into 200g portions which were 
individually rolled out on a floured pastry board 
using a wooden rolling pin. A little corn oil was 
brushed onto the dough which was kneaded into 
a ball, rolled out again and the chapatis sheeted 
to a final circular shape of thickness 2mm and 
diameter 20 mm, respectively. The chapatis 
were then transferred to a cast iron griddle 
preheated to 200oC over an electric plate and 
baked on each side for approximately 2min or 
until sufficiently browned. 

( b )  M a n d a z i s  

Two hundred grams (200 g) of the dry 
ingredients were placed in a bowl and the water 

2 1  Relative volume = Bread volume/volume of control x ICQ 
2 2  On a hedonic scale of 1-8; scores of 5 and above are acceptable 
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added. The dough was kneaded by hand and 
rolled as for the chapatis to a sheet of thickness 
approximately 4 mm. The sheeted dough was 
cut with a biscuit cutter into circular portions 
of diameter approximately 6.5cm. The mandazis 
were deep-fried in corn oil at 170o-180oC for 
2-3 min. or until brown in colour. 

Formulae and procedures of both chapatis and 
mandazis are as follows: 

Formula Chapatis Mandazis 

Composite flour 200 g 
Salt 
Sugar 
Fat 
Baking powder 
Water 

Procedure 

2 g 
5.4 g 

16 g 
96-110 ml 

200 g 

16 g 
5.4 g 

96-110 ml 

Mixing 
Kneading into dough 
Rolling and shaping 
Baking: 200oC on iron griddle for chapatis 
Deep-frying : 2-3 min/170o-180oC for mandazis 

The home-baking trials indicated the possibility 
of incorporating up to 40% of potato flour in 
home-baking flour without adversely affecting 
the consumer acceptability of the products. The 
flour blends could also be used to make biscuits, 
cakes, cookies and other commercially baked 
goods. 

In conclusion, farm-level solar dehydration of 
uncooked potato slices and milling with widely 
available low-cost hammer mills is a feasible 
technology which produces stable and good 
quality flour. This flour can be mixed with wheat 
flour up to 20% in commercial breadmaking, 
up to 40% for chapatis and mandazis and much 
more for industrially baked goods such as 
biscuits, cookies and cakes since dilution of the 

gluten is not as critical for these products as for 
bread. It can also be mixed with maize meal up 
to 40% in traditional foods such as uji and ugali 
and with sorghum, finger millet or bulrush millet 
up to 50% in traditional weaning porridges. 

4.4 SWEET POTATO IN BREADMAKING 

As far back as 1950,s, sweet potato {Ipomoea 
batatas) flour has been used in breadmaking, 
particularly in Israel. Experiments carried out 
in that country indicated that the sweet potato 
surpasses the Irish potato in its content of fat, 
carbohydrates, fibre, sugar, calories and the 
vitamins carotene, riboflavin and pantothenic 
acid23. 

Bread baked with 6 percent peeled sweet potato 
flour was similar in taste, quality, and inner and 
outer appearance to regular wheat bread. In the 
laboratory, baking experiments where dough 
composition and preparation were carefully 
supervised, volume of bread made with potato 
flour was, on average, 15 per cent greater than 
that of regular wheat bread. Even in a large 
bakery where workers were unused to such flour 
composition and took no extra precautions in 
obtaining maximum results, porosity of this 
bread was noticeably higher. 

The addition of sweet potato flour increased the 
output of the bread as its water absorption was, 
on  the  average ,  1  per  cent  h igher .  The  
experiments proved that there is no difference 
in the degree of freshness between regular and 
sweet potato bread. Also, no obvious difference 
exists in the nutritional value of sweet potato 
and regular bread. The protein content is more 
or less the same at about 8.9 per cent. 

The experiments recorded also that the addition 
to wheat flour of 6 per cent flour from dried 
unpeeled sweet potatoes considerably increases 
the volume of bread and has a positive influence 
on the crumb structure. 

23 Coole, I.S.: World product and food value of sweet potatoes. Economic Botany, pp.83-87, 1948. 
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Table 37 : Chemical composition of breadfruit (All in per cent) 

Dry matter Moisture Crude 
Protein 

Fibre Calcium Phosphorus 

Fresh 29.7 69 0.3 1.0 - -

Dried 87.9 6 3.4 3.4 0.29 0.16 

The above finding is verified in Burundi with 
the FAO project BDI/89/01 "Promotion of 
small-scale food processing technologies". 
However, in this country, the sweet potato goes 
through a more direct process. 

During the harvest period where sweet potato 
is abundant, unpeeled fresh tubers are 
thoroughly washed, cooked and kneaded 
directly with the wheat dough at a ratio of BO
SS per cent. The other operations of the baking 
process remain the same. The bread obtained 
is of good quality and is currently produced and 
marketed by at least one private commercial 
bakery in Bujumbura. Besides this, five 
secondary schools in Burundi produce daily 
sweet potato bread as they found this innovation 
more economical for the schools management. 

4.5 BREADFRUIT IN BREADMAKING 

Breadfruit (Artocarpus altilus) and particularly 
the seedless variety {Artocarpus incisa non 
seminifera) is a major source of carbohydrate, 
growing easily in the humid tropical areas. 
Considerable quantities are available in Africa 
(Sao Tome and Principe) and in the Americas 
(Grenada and other West Indian Islands) with a 
production cost virtually free. It was recorded 
(R.D. Bowers) that breadfruit yield would be 
eight tonnes of dried meal per hectare against 
six tonnes for corn in the United States. 

For rationalizing the utilization of breadfruit at 
national level, data need to be collected on the 

yield of the trees at different stages of maturity. 
Different varieties and sub-varieties need to be 
examined both in terms of yield, quality of fruit 
and disease resistance. The seedless varieties 
have superior quality with high volume of edible 
pulp. 

The chemical composition, as provided by the 
former British Tropical Product Institute (now 
"Natural Resources Institute,") shows in table 
37 above. 

The conversion of the fresh fruit into flour 
requires the removal of large quantities of water. 
Different methods of water removal such as sun 
drying method, the use of centrifuges and 
expellers might be considered as alternatives to 
evaporation. However, before the water can be 
removed and as  sugges ted  by  a  pr iva te  
researcher in Sao Tome and Principe, it is likely 
that the fruit will have to be sliced and cooked. 
The details of these operations will have to be 
worked out taking into account the increasing 
energy costs. Investigations should also be 
carried out with a view to developing methods 
so that the processing or partial processing could 
be carried out on small farmers holdings. 

In Sao Tome and Principe, a private researcher 
has produced good quality bread using breadfruit 
flour with little quantity of wheat. 

African Food Research Institutes should carry 
out experiments including the direct utilization 
of fresh breadfruit in breadmaking without prior 
conversion into flour. 
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ANNEX 
RESEARCH INSTITUTES EXPERIENCES IN COMPOSITE FLOUR TECHNOLOGY 

Research institute Raw materials used Products developed and rate 
of incorporation of substitutes 

Federal Institute of Industrial 
Research Oshodi, Ikeja, 
Lagos, Nigeria 

Wheat flour, cassava, soya, 
maize 

Bread (30 per cent), 
cakes (50 per cent), 
biscuits (50 per cent) 

Food Research Centre, 
Khartoum, Sudan 

Wheat flour, sorghum Bread (20 to 25 per cent) 

Institut de Technologie 
Alimentaire (Dakar,Senegal) 

Wheat flour, sorghum, cassava, 
groundnut, fish protein 
concentrate 

Bread (30 per cent), 
pasta (33 per cent) 

Food Research Institute, 
Accra, Ghana 

Wheat flour, maize, cassava, 
plantain, yam flours and 
sorghum flours. 

Bread up to 30 percent 
Biscuit up to 10 percent 

Kenya Industrial Research 
and Development Institute, 
Nairobi, Kenya (KIRDI) 

Wheat flour, sorghum, cassava 
flours 

Bread up to 20%, 
Biscuit up to 70%, Pasta 

Kenya Agricultural Research 
Institute (KARI) 

Wheat flour, sorghum, and 
millet flour 

Bread up to 25 percent of potato 
flour and other preparations 

Societe Ivoirienne de 
Technologie Tropicale (I2T), 
Abidjan, Cote dTvoire 

Wheat flour and cassava flour Bread up to 15 percent 

University of the West Indies 
(Trinidad) 

Wheat flour, sweet potatoes, 
yam, dried fruits, cottonseed 
flour, fish protein concentrate 

Bread (10 to 25 per cent). 
Cakes (20 per cent), 
Biscuits (30 per cent) 

Tropical Products Institute 
(Culham, England) (Now 
NaturalResources Institute at 
Chatham Maritime, 
Kent ME4 4TB, U.K.) 

Wheat flour. Cassava, yam, 
sorhum, rice, maize, millet, 
cottonseed flour, coconut, fish 
protein concentrate 

Bread up to 40 per cent 
Biscuits (cassava/sorghum 
mixture) 

Instituto Centro-Americano 
de Investigacion Technologia 
Industrial (ICAITI, 
GUATEMALA) 

Wheat flour, potatoes, cassava, 
maize 

Bread (10, 25 and 30 per cent) 

Institutio de Investigaciones 
Technologicas (Bogota, 
Colombia) 

Wheat flour, soya, cassava Pastries (75 per cent). 
Bread (20 per cent) Biscuits, 
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RESEARCH INSTITUTES EXPERIENCED IN COMPOSITE 
FLOUR TECHNOLOGY (Cont'd) 

Research institute Raw materials used Products developed and rate 
of incorporation of substitutes 

Food and Nutrition Research 
Centre, Manilla, Philippines 

Wheat flour, coconut, 
mung-bean (leguminous) 

Pasta (50 per cent), 
bread and biscuits (15 per cent) 

University of Zagreb, 
Laboratory of Cereal 
Processing, Zagreb, Croatia 

Wheat flour, sunflowerseed 
flour, soya, maize, potatoes 

Bread (15 to 33 per cent), 
pasta (33 per cent) 

Laboratoire de Technologie 
des cereales de 1'Institut de 
Recher-ches Agronomiques 
Tropicales et des cultures 
vivrieres, LTC/IRAT, 
Montpellier, France 

Wheat, maize, sorghum, 
millet flours 

100% non-wheat pasta and 
couscous, bread 

Grain Research Laboratory 
(Winnipeg, Canada) 

Wheat flour, cassava, soya, 
legumes 

Bread 

Instituto Nacional do Pao, 
Lisbon, Portugal 

Wheat flour, sweet potatoes, 
sorghum, soya, rice, cassava 

Bread (up to 35 per cent) 

Ege Universitesi, Ziraat 
Fakultesi, Bornova, Izmir, 
Turkey 

Wheat flour, soya, potatoes Bread (10 per cent) 

Department of Agriculture, 
Nadi, Fiji 

Wheat flour, maize, sorghum "ROTIS" bread 
(up to 50 per cent) 

Research Institute of the 
Management of Flour Mills 
and Bakeries, Prague 4, Czech 

Wheat flour, rye, soya, gluten, 
wheat germ 

Bread for diabetics, biscuits 

Technoloski Fakultet 
Yugoslovenski Institut Za 
Prehrambenu Industryu, 
Novi Sad, Serbia 

Wheat flour, wheat germ, soya, 
gluten 

Biscuits for diabetics, pasta, 
bread 

Universitario di Chimica 
Bromatologica Laboratorio 
Provinciale di Igiene e 
Profilassi di Cremona 
(Cremona, Italy) 

Wheat flour, maize Pasta 
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RESEARCH INSTITUTES EXPERIENCED IN COMPOSITE 
FLOUR TECHNOLOGY (Cont'd) 

Research institute Raw materials used Products developed and rate 
of incorporation of substitutes 

Central Food Technological 
Research Institute, India, 
Mysore 2 

Institute for Cereals, 
Flour and Bread TNG, Zeist, 
Netherlands. 

Universidad Agraria Instituto 
de Selva La Molina 
(Lima, Peru) 

Tests on a number of flour 
mixtures, with and without 
wheat flour 

Wheat flour, soya, cassava, 
groundnut, millet, sorghum, 
maize, rice 

Wheat flour, boiled potatoes 

Bread, pasta, biscuits, typical 
Indian products 

Bread (30 per cent), 
biscuits (100 per cent) 

Bread (20 per cent) 
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INTRODUCTION 

The baking of leavened cereal dough is a very ancient practice, its origin outdating 
the historical era. Refinements and improvements in the art came very slowly 
over the millennia until the acceleration of scientific and technological advances 
which began in the nineteenth century. Within the decade of IQSO's, great strides 
have been made toward putting baking practice on a firm scientific footing. 

Wheat flour is unique among cereal flours for breadmaking in that, when mixed 
with water in the correct proportions, its protein component will form an elastic 
network which is capable of holding gas and which will set to a rather firm 
spongy structure when heated in the oven. 

Some of the overall phenomena occurring in the oven are expansion, coagulation 
of proteins, gelatinization of starches, and evaporation of water. Expansion 
occurs not only as the result of increases in the volume of gases already present 
in the vesicles, but as the consequence of further evolution of carbon dioxide, 
the increased vapour presssure of water, and the volatilization of ethanol-water. 

Coagulation of protein and gelatinization of starch alter the characteristics of 
the vesicle walls causing them to become more permeable to carbon dioxide. 
The protein becomes less elastic, retarding expansion of the loaf. There is not 
enough water in the dough to permit complete gelatinization of the starch, and, 
as a result, the carbohydrate remains in a state of incomplete hydration. The 
crumb of the bread is thus dry and elastic (as compared to the dough) rather than 
sticky and gummy. 

Loss of water is continuous during the baking period but is much more rapid 
during the last few minutes. The dehydration, in combination with protein 
denaturation and starch gelatinization, fixes or sets the crumb so that it does not 
collapse when cooled. 

In order to obtain batter and doughs which will handle satisfactorily and yield 
finished products of good eating quality, the proper flour must be used. Suitability 
of a flour for a particular purpose is governed primarily by the variety of wheat 
from which it was milled, the protein content of the flour, and the milling 
conditions. Quality of baking flour depends then on variety of wheat. 



Wheats may be divided into soft and hard, with the latter group subdivided into 
winter and spring wheats. Hard wheats are indispensable for the production of 
flour intended for use in bakery foods of low density, such as ordinary white 
bread. Flours made from hard wheats can yield doughs which are elastic, have 
excellent gas-holding properties, and respond well to the usual bread processing 
techniques. Spring wheats often yield flours which are somewhat "stronger" 
than those obtained from winter wheats. Flours from soft wheats are used for 
cakes, cookies, pie crusts, and other products when a high specific volume is not 
essential and a harder texture is desired. In conclusion, even among wheats, the 
right type has to be selected to make bread. 

Similarly, to make bread with tropical flours, one should be more careful. The 
first step will be to learn more about the new materials in order to control them 
better. To this extent, the implementation of the successful results achieved 
through intensive Research and Development during 1960's and 1970's has 
created today a growing awareness of the need for national and international 
standardization of processed millet, sorghum, maize and cassava flours used 
singly or in combination with wheat to produce high quality composite flour 
products such as bread, pastas, biscuits etc. 

This study summarizes information currently available on existing standards, 
both official and otherwise, for maize, sorghum, millet and cassava, and discusses 
the related quality parameters. The compilation of these standards is intended 
to serve as a guide for the elaboration of national standards appropriate for local 
conditions which should include in particular the consumer's acceptability. 
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CHAPTER 
ONE 

GENERAL TESTS FOR FLOURS 

There may be variations between standards for 
the different cereal and tuber products in 
different countries but the quality parameters 
that are consistently emphasized are moisture, 
fibre, protein, particle size, ash and starch 
contents plus general cleanliness of the 
product. Producer countries should therefore 
aim to achieve and maintain the desired good 
quality in these products. 

1.1 MOISTURE 

Air ovens are commonly used to determine the 
moisture in flour. The usual conditions are 
1200C for one hour with constant air 
movement. Numbers of semi-automatic and 
automatic ovens have been developed using a 
variety of heat sources. The Carter-Simons 
moisture tester and the Brabender moisture 
tester are two of this type. Low moisture 
content (8-12%) of the flour is necessary for 
safe storage. 

1.2 PROTEIN 

There is only one method of importance for 
measuring the protein content of flours. This 
is the time-tested Kjeldahl technique. In this 
method, the product is digested by the 
application of heat and strong sulphuric acid, 
usually in the presence of a catalyst. The 
nitrogen is converted to ammonia which forms 

a salt with the sulphuric acid. After the solution 
has cooled, the ammonia is released by adding 
a strong base, the freed ammonia distilled into 
a standard acid solution and the excess acid 
determined by back titration. 

In this way, the amount of nitrogen in a flour 
is determined. By using an appropriate factor 
the percent nitrogen is translated into percent 
protein. 

1.3 ASH 

The higher the ash, the more bran particles 
there are in the flour. Ash is therefore used as 
an indication of flour grade or extraction rate. 

The principle of this test is to burn the flour 
until all organic material is converted to gases 
and driven off along with water. The residual 
metallic oxides are weighed and the percent 
of ash is calculated. 

Normally, this determination is made in a 
muffle furnace at a temperature of about 5500C 
for a minimum of 2 hours. 

1.4 COLOUR 

The colour of flour can be measured either by 
visual comparison with standards or by suitable 
electronic instrumentation. 
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One visual method is called the Pekar Colour 
Test. Samples of the flour are placed side by 
side on a flat glass or metal plate. The surface 
of the flour is smoothed using a spatula. The 
slicks are either examined unwetted (sorghum) 
or immersed in water and then air- or oven-
dried (maize flour). The wet Pekar process 
intensifies the dark colour of off-grade flours 
and bran specks are easily seen. The flours 
are graded visually by comparison with a 
standard product. 

Electronic colour graders depend upon 
measurement of reflected light, usually in the 
yellow region of the spectrum. The flour is 
made into a paste with water, and light of a 
specific wavelength is allowed to impringe on 
this paste (Kent-Jones and Brown, 1966). The 
whiter the flour, the higher the reflectance 
value. 

1.5 FIBRE 

To determine fibre, it is necessary to extract 
the sample with ether and digest it, first with 
dilute sulphuric acid then with dilute sodium 
hydroxide .  Af ter  each  d iges t ion ,  the  
solubilized carbohydrates and proteins are 
removed by filtration and washing. The residue 
is dried and weighed directly. 

1.6 PARTICLE SIZE 

There are four general methods of measuring 
particle size adaptable to flours. These are sieve 
analys is ,  microscopic  measurements ,  
sedimentation techniques, and air permeation 
techniques. 

Sieve analysis depends upon the passage of 
cereal products through standard mesh screens 
of graduated size under standard conditions. 
The percentage of material on each sieve is 
determined. A machine called a Ro-tap is 

widely used, which, through mechanized 
agitation, assures standardized test conditions 
for the sieving. This type of analysis is used for 
cereal grains and for some flours. 

For smaller particles, Alpine sifters or 
measurement using a microscope having a 
calibrated eyepiece or special sifters can be used. 

Sedimentation techniques depend upon Stokes 
Law which says that in a given liquid or gas, 
large particles of equal density settle more 
rapidly. Therefore, the amount of a sample 
which precipitates in a known time is measured 
and by appl ica t ion  of  S tokes  Law,  the  
dimensions of the particle can be drawn. 

Air permeation techniques can be used to 
measure the particle size of flours. As the size 
of the particles becomes smaller, the average 
interstitial space becomes less. Thus, a given 
volume of small particles will give more 
resistance to the passage of a liquid or a gas 
than will the same volume of large particles. 
The time required for passage of a given volume 
of gas at constant pressure, or the pressure 
required to pass a given volume of gas in a given 
time, is measured. 

1.7 FAT 

The fat content of cereal products is estimated 
by solvent extraction procedures. A sample of 
well dried material is extracted with anhydrous 
ether for from 4 to 16 hours. The ether is driven 
from the fat by heat and the ether - free fat 
sample weighed. The percentage of fat in the 
original material is calculated. 

1.8 FAT ACIDITY 

The fat acidity is determined by neutralization 
of the free fatty acid with the standard alkali. 
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CHAPTER 
TWO 

PROPOSED STANDARDS 
FOR MILLET PRODUCTS 

2.1 PROPOSED STANDARD FOR 
MILLET GRAINS 

2.1.1 Scope 

This standard shall apply to dry millet grain 
intended for human consumption. It does not 
apply to processed millet. 

2.1.2 Description 

2.1.2.1 Product Definition 

Millet shall be threshed, evenly dried, matured 
grains, characteristic of the Pennisetum species 
based on varieties Souna and "sanio". 

2.1.2.2 Presentation 

Millets may be presented as one variety (e.g. 
"Souna" or "Sanio" of Senegal) and each lot 
must contain at least 90% by weight of millet 
of that variety. 

Mixed millets include lots of millet which 
consists of more than 10% but less than 90% by 
weight of any one particular variety. 

2.1.3 Essential composition and quality 
factors 

2.1.3.1 General Requirements 

Millet grains shall not contain grains with any 
abnormal or foreign odour or flavour as 
determined from samples representative of the 
lot. 

Millet grains shall be of a reasonably uniform 
colour according to variety, be whole and clean 
and practically free from impurities and insects. 

2.1.3.2 Quality Factors - Specific 

2.1.3.2.1 Moisture Content 

The moisture content of lots of millet shall not 
exceed 13% (w/w)1. 

2.1.3.2.2 Weight of grains 

1000 whole grains shall weigh between 5.0 and 
10.0 grammes. 

2.1.3.2.3 Definition of Defects 

a) Blemished grains are grains which are 
diseased, discoloured, insect or vermin 
damaged, stained, germinated. 

1 Weight by weight 



PROPOSED STANDARDS FOR MILLET PRODUCTS 127 

i) Diseased grains are rotting kernels 
which can easily be detected by 
v isual  examinat ion  wi thout  
opening the kernel. 

ii) Discoloured grains are grains 
which are materially discoloured by 
excess ive  heat  resul t ing  f rom 
various causes such as excessive 
respi ra t ion  (heat  damage)  or  
excessive drying temperatures. 

iii) Insect or vermin damaged grains 
include those kernels with obvious 
weevil - bored holes or which have 
evidence of boring or tunnelling, 
indicating the presence of insects, 
insect webbing, or insect refuse or 
degermed grains, chewed in one or 
more than one part of the kernel 
which exhibit evident traces of an 
attack by vermin. 

iv) Stained grains are those whose 
natural colour has been altered by 
external factors. This includes soil 
or weather damaged kernels, which 
may have  dark  s ta ins  or  
d iscoloura t ions  wi th  a  rough 
external appearance. 

v) Germinated grains are kernels 
which  have  v is ib le  s igns  of  
sprouting. This includes kernels 
with cracked seed coats through 
which a sprout is beginning to 
emerge. 

b) Broken Grains (Further work needs to 
be done to differentiate between sizes of 
whole and broken grains). 

c) Extraneous vegetable matter means any 
leaf or cob material from the millet plant 
or other vegetable material such as grass 
weeds or other cereals seeds. 

d) Filth means any foreign matter, organic 
or inorganic other than indicated in (c) 
which adversely affects the appearance 
and quality of the millet. 

2.1.3.2.4 Tolerances of Defects 

Based on a sample, the product shall have not 
more than the following: 

Blemished grains 7.0% w/w 
including: 

Diseased grains 0.5% w/w 

Broken grains 

Extraneous Vegetable matter 2.0% w/w 

Filth 0.5% w/w 

Toxic or noxious seeds: Mil le t  sha l l  be  f ree  
from toxic or noxious seeds in amounts which 
may represent a hazard to health. 

2.1.4 Food additives and contaminants 

2.1.4.1 Food additives. If food additives 
are needed, they must be carefully 
choosen among those authorized by 
t h e  a p p r o p r i a t e  n a t i o n a l  
Authorities. 

2.1.4.2 Pesticide Residues. If pesticides 
and other permitted chemicals are 
used to control rodent and other 
animals, the greatest care must be 
taken in the choice and technique 
of  the i r  appl ica t ion  to  avoid  
incurring any risk of tainting on the 
addition of toxic residues to the 
millet grains. Any such residues 
shall not exceed maximum limits 
prescr ibed by the  Codex 
Alimentarius Commission standards 
(CAC/RS 65-1974, CAC/RS 71-
1976, CAC/RS 100-1978). 
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2.1.4.3 Contaminants - Millet shall be free 
from heavy metals in amounts 
which may represent a hazard to 
health. 

2.1.5 Hygiene 

a) It is recommended that the product 
covered by the provisions of this standard 
be prepared in accordance with the 
appropriate section of the Codex 
Alimentarious Commission Code of 
Hygienic Practice - General Principles of 
Food Hygiene (Ref.No.CAC/RCP 1-
1969, Rev.l). 

b) When tested by appropriate methods of 
sampling and examination, millet grains: 

i) shall be, to the extent possible in 
Good Manufacturing Practice, free 
from objectionable matter. 

ii) Shall be free from pathogenic 
micro-organisms, toxic substances 
originating from micro-organisms, 
or other poisonous or injurious 
substances in amounts which may 
reasonably represent a hazard to 
health. 

2.1.6 Packaging 

The millet grains shall be packed in containers 
which will safeguard the hygienic and other 
qualities of the food. 

The containers including packaging material 
shall be made only of substances which are safe 
and suitable for their intended use. 

2.1.7 Labelling 

Each packaging of millet shall be officially 
sealed. The packaging or all documents 
accompanying each lot of millet shall contain 
at least the following information: 

a) Name of Food 
The name of the food shall be "millet". 

b) Country of Origin 
The country of origin of food shall be 
declared. 

c) Net Content 
The net contents shall be declared by 
weight in metric units "Systeme 
International". 

d) Names and Addresses 
The names and addresses of the 
distributor, importer and exporter of the 
millet grains shall be declared. 

e) Lot Identification 
Each bulk consignment and each 
container of a packaged consignment shall 
be marked in code or in clear to identify 
the packer and the lot. 

2.1.8 Methods of sampling and analysis 

a) Sampling 
According to: 
ISO 950 - 1981 Cereals - Sampling 
(as Grain) 
ICC 101 

b) Determination of Moisture 
According to: 

i) ISO 6540 - 1980 Maize -
Determination of moisture content 
(of milled grains and of whole 
grains) Type II Method 

ii) ICC 110/1 Determination of 
Moisture Content of Cereals and 
cereal products (Reference 
Methods) Type III 

iii) AOAC (1980) 14.004 Air Oven 
Method (Type III) 
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2.2 PROPOSED STANDARD FOR 
MILLET FLOUR 

2.2.1 Scope 

This standard applies to millet flour suitable for 
bakery products such as bread, biscuits and 
cakes and as such destined for human 
consumption and prepared from kernels of 
millets (Pennisetum species) (based on Senegal 
millet). 

2.2.2 Description 

Millet flour shall be the product obtained from 
fully mature sound, unsprouted, degermed 
kernels of millets (Pennisetum typhoides) by a 
grinding process in which the grain is pulverised 
to a suitable degree of fineness to comply with 
section 2.2.3.2a, and from which bran and germ 
have been removed. 

2.2.3 Quality factors and essential 
composition 

2.2.3.1 Quality Factors - General 

Millet flour shall be made from millet grains 
that are clean from impurities, seeds of weeds 
and other cereals; suitable and of good quality. 

Millet flour shall be free from fermented, musty, 
rancid or other objectionable odours. 

It shall be wholesome and fit for human 
consumption in all respects. 

The moisture content of millet flour shall not 
exceed 13.0%. 

2.2.3.2 Essential Composition 

Millet flour shall conform to the following 
requirements as determined on moisture free 
basis; 

Crude fibre percent by weight, 1.5 
maximum 

Total ash percent by weight, 1.2 
maximum 

Crude fat percent maximum 4.0 

Protein content 7.0 
(N x 6.25) percent minimum 

Fat acidity (to be 
determined) 

a) Granularity 

Not less than 95 percent of millet flour 
shall pass through a sieve of aperture size 
0.5 mm diameter and the range of particle 
size should fall within 90-180 microns. 

b) Extraction Rate 

The extraction rate of millet flour should 
be 78-80% 

c) Colour 

Millet flour shall be natural colour 
between the range 18 to 30 (Kent-Jones 
Colour Grader Method). 

2.2.4 Contaminants 

Millet flour shall be free from heavy metals in 
amounts which may represent a hazard to health. 

If pesticides and other permitted chemicals are 
used to control insects, rodent and other animal 
pests, the greatest care must be exercised in the 
choice and technique of their application to 
avoid incurring any risk of tainting or the 
addition of toxic residues to the millet flour. Any 
such residues shall not exceed maximum limits 
prescribed by the Codex Alimentarus 
Commission Standards (CAC/RS 65-1974, 
CAC/RS 71-1976). 
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2.2.5 Hygiene 

It is recommended that the food covered by 
the provisions of the standard be prepared in 
accordance with appropriate sections of the 
Code of Hygienic Practice-General Principles 
of Food Hygiene (Ref.No. CAC/RCP 1-1969, 
Rev.l). 

When tested by appropriate methods of 
sampling and examination, the product: 

(i) Shall be, to the extent possible in Good 
Manufacturing Practice, free from 
objectionable matters. 

(ii) Shall be free from micro-organisms, 
substances originating from micro
organisms, or other poisonous or 
deleterious substances in amounts which 
may reasonably represent a hazard to 
health. 

2.2.6 Packaging 

The millet flour shall be packed and transported 
in containers which will safeguard the hygienic, 
nutritional and technological qualities of the 
product. 

The containers shall be made only of substances 
which are safe and suitable for their intended 
use. They should not impart any toxic substance 
or undesirable odour or flavour to the product. 

2.2.7 Labelling 

Each packaging of millet flour shall be officially 
sealed and shall contain at least the following 
information in addition to sections 1,2,4 and 6 
of the Codex General Standard for the labelling 
of Prepackaged Foods (Ref.No.Codex Stan 1-
1981). 

Name of Food 

The name of the product shall be "millet flour". 

List of ingredients 

A complete list of ingredients present in the 
product shall be declared on the label in 
descending order of proportion. 

Other information on the package 

The names and addresses of the manufacturer, 
packer, distributor, importer, exporter or vendor 
of the food and also the net weight of the content 
shall be declared. 

Country of origin 

The country of origin of the product shall be 
declared if its omission would mislead or 
deceive the consumer. 

When the product undergoes processing in a 
second country which changes its nature the 
country in which the processing is performed 
shall be considered to be the country of origin 
for the purpose of labelling. 

Lot identification 

Each container shall be embossed or otherwise 
permanently marked, in code or in clear, to 
identify the producing factory and the lot. 

Date Marking and Storage Instructions 

The date of minimum durability, (preceded by 
the words "best before") shall be declared by 
the day, month and year in uncoded numerical 
sequence. 

Storage Instructions 

a) In addition to the date, any special 
conditions for the storage of the food shall 
be indicated if the validity of the date 
depends thereon. 
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b) Where practicable, storage instructions 
shall be in close proximity to the date 
marking. 

2.2.8 Methods of sampling and analysis 

2.2.8.1 Sampling 

According to: 

ISO 2170 - 1980 Cereal and Pulses -
Sampling of Milled Products. 

ICC 130 Sampling of Milled Products 
(Semolinas, Flours, Agglomerated Flours 
and by-products). 

AO AC (1980) 10.092 Sampling, 10.125 
Cereal Adjuncts. 

AACC 64-60 Sampling of Flour, 
Semolina and Similar Products; 
Feeds and Feedstuffs in Sacks. 

2.2.8.2 Determination of Moisture 

According to: 

ISO 712-1979 Cereal Products -
Determination of Moisture (Routine 
Reference Method). (Type II; air oven). 

ICC 110/1 Determination of Moisture 
Content of Cereals and Cereal Products 
(Reference Method). Stated to be 
identical to ISO. 712-1979. 

AO AC (1980) 14.004 Air Oven Method 
(Type III). 

AACC 44-15A Air Oven Method (Type 
III). 

2.2.8.3 Determination of Granularity 

According to: 

AOAC (1980) 10.128-10.129 (Ro-Tap 
sieve machine method or equivalent) 
(Type I method with sieve specifications 
as in ISO 3310/1-1982 Test sieves). 

2.2.8.4 Determination of Ash 

According to: 

AOAC (1980) 14.006 (Type II method; 
5500C to constant weight). 

ISO 2171-1980 (Method B-5500C to 
constant weight; Type III Method). 

AACC 08-01 (Type III method). 

2.2.8.5 Determination of Protein 

According to: 

ICC 105/1 Method for the Determination 
of Crude Protein in Cereals and Cereal 
Products for Food and for Feed (Type II 
method). Selenium/copper catalyst. 

AOAC (1980) Total Nitrogen 14.026, 
2.055-2.057 Improved Kjeldahl Method 
for Nitrate-Free Samples (Type III 
method). 

AACC 46-11 Crude Protein - Improved 
Kjedahl Method for Nitrate-Free Samples 
(Type III method). 

2.2.8.6 Determination of Crude Fat 

According to: 

AOAC (1980) 14.067,7.056 Crude Fat or 
(Anhydrous) Ether Extract (Type II 
method). 

ISO 5986-1983, Animal Feed stuffs -
Determination of Diethyl Ether Extracts 
(Type III methods). 

2.3. PROPOSED STANDARD FOR 
MILLET/WHEAT BREAD 
"PAMIBLE" 

2.3.1 Scope 

This standard prescribes quality requirements 
for millet/wheat bread. 
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2.3.2 Description/Definition 

For the purpose of this standard the following 
definition shall apply. Millet/wheat bread or 
"pamible," shall be the product obtained by 
baking fermented dough made from 15% millet 
flour and 85% baker's flour (derived from 
wheat), with provision for raising of the dough 
by air or carbon dioxide. 

2.3.3 Ingredients 

a) Main Ingredients 

Composite flour made up of 85% (by weight) 
of wheat flour conforming to standards on white-
bread flour and 15% millet flour conforming to 
proposed standards; Baker's yeast; Edible 
common salt; Potable water. 

b) Optional Ingredients 

Baker's fat or vegetable oil, sugar. 

2.3.4 Improver 

Ascorbic acid of food grade quality may be 
added at a maximum level of 50 p.p.m. 

2.3.5 General requirements 

The "pamible," shall be characteristic of 
fresh, light, well-baked bread free from 
bitterness or any other objectionable 
flavours or taste. 

It shall be of symetrical shape. 

Bread crust - the crust shall have an 
appetizing golden light brown colour and 
shall be free from blisters. The crust shall 
not be burned and shall be free from soot 
or any other foreign matter. The loaf shall 
be evenly baked on all sides including the 
bottom. 

Character of crust - A good crust is thin 
and breaks easily. It shall not be thick, 
tough or rubbery. 

The crumb - The crumb shall be springy, 
with air cells uniformly distributed 
throughout with thin cell walls. It shall 
be free from non-porous mass, from 
lumps of dough or salt or any other 
evidence of incomplete mixing. The 
texture of crumb shall be soft and velvety. 

There shall be no hollow space between 
the crust and the crumb. 

"Pamible," shall be free from indications 
of "rope" or mould. 

Colour of crumb - The crumb colour 
shall be cream and bright with lustre. 
When sliced, the surface of slices shall 
present uniform shade without streaks or 
dark patches. 

Aroma - The ideal "Pamible," has a 
pleasant wheaty or nutty aroma. 

Foreign matters - "Pamible," shall be 
free from any foreign matter except for 
negligible amount of dusting bran, or 
flour, maize flour or rice flour from the 
baker's shovel which may adhere to the 
bottom of the loaf. 

2.3.6 Hygiene 

It is recommended that the "Millet/wheat bread 
shall be prepared in accordance with the 
appropriate sections of the Code of Hygienic 
Practice - General Principles of Food Hygiene 
(Ref. No. CAC/RCP - 1-1969 Rev.l). 

Millet/wheat bread shall be free from micro
organisms, substances originating from micro
organisms, or other poisonous or deleterious 
matter in amounts which may reasonably 
represent a hazard to health. 
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CHAPTER 
THREE 

PROPOSED STANDARDS FOR 
SORGHUM PRODUCTS 

3.1 PROPOSED STANDARD FOR 
SORGHUM GRAINS 

3.1.1 Scope 

This standard applies to sorghum grains 
intended for human consumption. It does not 
apply to processed sorghum. 

3.1.2 Description 

3.1.2.1 Product Definition 

Sorghum is the threshed, evenly dried mature 
grains characteristic of the Sorghum species. 

3.1.2.2 Presentation 

Sorghum may be presented as yellow, 
white or brown or a mixture of these 
colours. 

White sorghum grains include all 
sorghum varieties with white seed coats 
and must contain at least 90% by weight 
of sorghum of white colour. Coloured 
spots upon kernels of sorghum grains 
otherwise white shall not affect their 
classification as white sorghum grains. 

Yellow sorghum grains include all 
varieties with yellow, salmon-pink or red 
seed coats and may include not more than 
10% by weight of sorghum of other 
colours. 

Brown sorghum grains include all 
sorghum varieties with brown seed coat 
and may contain not more than 10% by 
weight of sorghum of other colours. 
Sorghum grains with white seed coats and 
brown subcoats shall be classed as brown 
sorghum grain. 

Sorghum may all be presented as 
corneous or soft or mixtures thereof. 

Corneous sorghum includes sorghum of 
any colour which consists of 90% or more 
by weight of grains of corneous sorghum. 

Soft sorghum includes sorghum of any 
colour which consists of 90% or more by 
weight of soft sorghum. 

Mixed sorghum grains include sorghum 
not falling into the classes of white, yellow 
or brown nor the types corneous or soft. 
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3.1.3 Essential composition and quality 
factors 

Same as for millet grains with exception of 
weight of grain. 

3.1.4 Methods of sampling and analysis 

Same as for millet grains except that the name 
of the product shall be Sorghum Grains. 

3.2 PROPOSED STANDARD FOR 
SORGHUM FLOUR 

3.2.1 Scope 

This standard applies to sorghum flour suitable 
for bakery products such as bread, biscuits and 
cakes and as such defined for human 
consumption and prepared from kernels of 
Sorghum species. 

3.2.2 Description 

Same as for millet flour except that "Sorghum 
(Sorghum Spp)" shall replace "millet 
(Pennisetum Spp)" 

3.2.3 Quality factors and essential 
composition 

3.2.3.1 General quality factors 

They are the same as for millet flour. 

3.2.3.2 Essential composition 

Sorghum flour shall conform to the following 
requirements: 

Total Ash: 
Percent by weight, maximum - 0.9% w/w 
Crude Fat: 
Percent by weight, maximum - 2.2% w/w 
Fat acidity: 
Protein Content: 
(N x 6.25), minimum - 8.4% w/w 
Granularity: Same as for millet flour 

Extraction Rate: The extraction rate of 
sorghum flour should be 72-80 per cent. 

Colour: Sorghum flour shall be of natural 
colour with a reflectance of above 70% . 

3.2.4 Methods of sampling and analysis 

Same as for millet flour except Colour 
Reflectance which shall be determined 
according to manufacturer's instructions on a 
photovolt Reflectance Meter. (No reference 
method worked yet). 

3.3 PROPOSED STANDARD FOR 
SORGHUM/ WHEAT BREAD 

3.3.1 Scope 

This standard prescribes the quality 
requirements of sorghum/wheat bread. 

3.3.2 Description 

For the purpose of this standard the following 
definition shall apply. Sorghum/wheat bread 
shall be the product obtained by baking 
fermented dough made from 20% sorghum flour 
and 80% baker's flour (derived from wheat), 
with provision for raising of the dough by air or 
carbon dioxide. 

3.3.3 Ingredients 

Main and optional ingredients are the same as 
for millet/wheat bread. 

3.3.4 Improver 

Same as for millet/wheat bread. 

3.3.5 General requirements 

Same as for millet/wheat bread. 

3.3.6 Hygiene 

Same as for millet/wheat bread. 
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CHAPTER 
FOUR 

PROPOSED STANDARDS FOR 
MAIZE (CORN) PRODUCTS 

4.1 PROPOSED STANDARDS FOR 
MAIZE (CORN) GRAINS 

4.1.1 Scope 

These standards shall apply to dry maize grains 
intended for direct human comsumption. They 
do not apply to processed maize. 

4.1.2 Description 

Maize (Corn) shall be the shelled grains of dent 
maize, Zea mays indentata L, and/or of flint 
maize, Zea mays indurata L. or of their hybrids. 
It shall not include pop corn, Zea mays everta 
L. or Sweet corn, Zea mays saccharata L. 

4.1.3 Classes of maize 

Maize may be presented as white, yellow or red, 
or a mixture of these colours. These three basic 
classes may be further classified and presented 
as dent or flint maize or their hybrids or mixtures 
thereof. 

4.1.3.1 White maize 

White maize shall contain at least 98% by 
weight of maize of white colour. 

4.1.3.2 Yellow maize 

Yellow maize includes yellow grains of either 
of the two varieties and may not contain more 
that 5% by weight of maize grains of other 
colours. 

4.1.3.3 Red maize 

Red maize shall contain not more than 5% by 
weight of maize grains of other colours. 

4.1.3.4 Dent maize 

Dent maize shall contain not less than 90% of 
the shelled, evenly dried, matured grains 
characteristic of the variety Zea mays indentata 
L. 

4.1.3.5 Flint maize 

Flint maize shall contain not less than 90% 
matured grains characteristic of the variety Zea 
mays indurata L. 

4.1.3.6 Mixed maize 

Mixed maize includes lots of maize that do not 
fit into the classes of white, yellow or red. 
Mixed maize may also contain more than 10% 
but less than 90% by weight of any one 
particular variety. 
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4.1.4 Essential composition and quality 
factors 

4.1.4.1 General Requirements 

Same as for millet grains 

4.1.4.2 Quality Factors 

a) Moisture content: Maize (com) grains 
shall have a moisture content that does 
not exceed 13.0% w/w. 

b) Weight of grains: Depends on moisture 
content. Grains should contain not more 
than 13 % moisture. 

c) Fat acidity: The fat acidity, expressed 
as mg KOH required to neutralize free 
fatty acids from 100g maize on dry weight 
basis, shall not exceed 20mg. 

4.1.4.3 Definition of defects 

Defects found in maize grains are the same as 
in millet. Definitions of these are given under 
the standard for millet. 

Broken grains or kernels shall be kernels and 
pieces of kernels of com that will past readily 
through a 12/64inch sieve. A 12/64inch sieve 
shall be an aluminium sieve 0.0319 inch thick 
perforated with round holes 0.1875(12/64) inch 
in diameter which are 1/4 inch from centre to 
centre. The perforations of each row shall be 
staggered in relation to the adjacent row. 

Tolerance for defects: Based on a sample, the 
product shall have not more than the following: 

According to Codex 
Standard 153-1985 

Blemished grains 7.0% w/w 

Including diseased grains 0.5% w/w 

Broken kernels 6.0% w/w 

Other grains 2.0% w/w 

Foreign matter of which... 

Inorganic matter 0.1% w/w 

Filth Maize shall be free from 
toxic or noxious seeds in 
amounts which may 
represent a hazard to 

health. 

4.2 PROPOSED STANDARD FOR 
MAIZE FLOUR 

4.2.1 Scope 

The standard prescribes the requirements for 
flour derived entirely from cleaned matured 
grains of maize (corn) {Zea mays L.) suitable 
for bakery products such as bread, biscuits and 
cakes  and thus  in tended for  human 
consumptioon. It does not apply to maize meal, 
maize grits nor to maize starch (popularly known 
as "com flour"). 

4.2.2 Description 

Maize (corn) flour shall be the food prepared 
from fully mature, sound, correct, degermed, 
ungerminated kemels of maize (com), Zea mays 
L., by a grinding process in which the bran and 
germ are removed and the remainder of the grain 
is comminuted to a suitable degree of fineness 
to comply with the granularity requirements of 
this standard. 

4.2.3 Presentation 

Maize flour shall be presented as white or yellow 
or a mixture of both colours that are natural to 
the varieties. 

4.2.4 Quality factors and essential 
composition 

4.2.4.1. Quality Factors - General 

Maize flour shall be made from clean maize 
grains and shall have a characteristic taste. 
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colour and odour that are natural to the species. 
It shall be free from any foreign odour or flavour, 
and from insect infestation, fungal infection, 
rodent contamination, dirt and other extraneous 
matter. 

4.2.4.2 Adulteration 

Maize flour shall be free from adulteration. The 
term "adulteration" in this standard covers 
alteration of the composition of Maize Flour by 
any means whatsoever so that the resulting 
mixture or combination is either not of the type 
prescribed or its quality or flavour is injuriously 
affected or its bulk or mass altered. 

4.2.4.3 Essential Composition 

Maize (corn) flour shall have the following 
essential composition: Low values for ash, fibre 
and fat contents are desirable in order to promote 
good crumb colour and palatability of bakery 
products. 

(on moisture-free basis) 

Total ash 
Crude Fat 
Crude Fibre 
Crude Protein 
(N x 6.25) 

1.0 w/w maximum 
2.5% w/w maximum 
0.5% w/w maximum 
8.0% w/w minimum 

4.2.4.4 Moisture Content 

Maize flour shall have a moisture content of not 
more than 13.0% w/w. 

4.2.4.5 Granularity 

To obtain bakery products with good palatability 
and a less gritty and less crumbly texture, maize 
flour with fine granularity is desirable. In 
composite flour, the particle size of maize flour 
(and of other non-wheat flours) should be almost 
the same as that of wheat flour in order to 

prevent separation of the different flours during 
transportation and storage. 

For the purpose of this standard, not less than 
95 per cent of maize flour shall pass through a 
sieve having aperture size of 0.5 mm diameter. 
The range of particle size shall fall within 90-
180 micrometers. 

4.2.4.6 Hygiene and Contaminants 

Hygiene and contaminants are the same as 
information given under millet flour. 

4.2.5 Methods of sampling and Analysis 

Same as information given under millet flour. 

4.2.6 Packaging and Labelling 

Packaging and labelling are the same as 
information given under millet flour. 

4.3 PROPOSED STANDARD FOR 
MAIZE (CORN)/WHEAT BREAD 

4.3.1 Scope 

This standard specifies the requirements for 
maize (corn)/wheat bread. 

4.3.2 Description 

Maize/wheat bread shall be the product obtained 
by baking fermented dough made from a mixture 
of maize flour (up to 50%) and wheat flour, with 
provision for raising the dough by air or carbon 
dioxide. 

4.3.2.1 Main Ingredients 

"Millet" in the paragraph (2.3.3a; page 132) in 
script to be replaced with maize (corn). 
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Everything else stays the same as under millet/ 
wheat bread (2.3.3a). 

4.3.2.2 Optional Ingredients 

Same as 2.3.3b. 

4.3.3 Improvers 

Ascorbic acid of food grade quality may be 
added at a level of good manufacturing practice 
(50 p.p.m.) Emulsifiers such as lecithin, glyceryl 
monostearate (GMS) or calcium/sodium 

stearoyl lactylate at levels of 0.2 percent of total 
flour weight may be added to improve the 
palatability of the bread and to decrease the 
staling rate. Other permitted improvers may be 
used at a level of good manufacturing practice. 

4.3.4 General requirements 

Same as for millet/wheat bread. 

4.3.5 Hygiene 

Same as for millet/wheat bread. 
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CHAPTER 
FIVE 

PROPOSED STANDARDS FOR 
CASSAVA PRODUCTS 

5.1 PROPOSED STANDARDS FOR 
CASSAVA FLOUR AND STARCH 

5.1.1 Scope 

These standards shall apply to cassava flour and 
cassava starch suitable for bakery products such 
as bread, biscuits, and cakes destined for human 
consumption. 

5.1.2 Description 

Cassava flour and starch shall be the products 
obtained from peeled cassava tubers, and 
processed into a suitable degree of fineness to 
comply with the requirements of the end-use. 
Tubers shall be from the plant Manihot esculenta 
Crantz, which is variously known according to 
the region in which it is grown as cassava, 
tapioca, manioc, mandioca or yuca. 

5.1.3 Quality factors and essential 
composition 

5.1.3.1 General quality factors 

Cassava flour and starch shall be made from 
fresh cassava tubers (less than 24 hours old after 
harvesting) and of good quality. Cassava flour 
and starch shall be free from objectionable 

odours. They shall be wholesome and fit for 
human consumption in all respects. 

The moisture content of cassava flour and starch 
shall not exceed 13%. 

5.1.3.2 Essential composition 

Cassava flour shall conform to the following 
specification: 

Range of specification for cassava flour, 
following official standards of Cote d'lvoire 

Cassava 
Flour 

Starch content (dry basis) 
Total ash (dry basis) 
Crude fibre (dry basis) 
Hydrocyanic acid (HCN) 

88.00% 
1.18% 
2.00% 

5.2 PROPOSED STANDARD FOR 
CASSAVA/WHEAT BREAD 

5.2.1 Scope 

This standard prescribes the quality 
requirements for cassava/wheat bread. 
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5.2.2 Description 

Cassava/wheat bread shall be the product 
obtained by baking fermented dough made from 
20-50% cassava starch/flour and 50-80% strong 
wheat flour with provision made for raising of 
the dough by air or carbon dioxide. 

5.2.3 Ingredients 

5.2.3.1 Main Ingredients 

Composite flour made up of 50-80% (by weight) 
of strong wheat flour conforming to standards 
on white bread flour and 20-50% cassava flour 
or cassava starch conforming to proposed 
standards. In addition, baker's yeast; edible 
common salt; and potable water. 

5.2.3.2 Optional Ingredients 

Bakers's fat or vegetable oil, sugar. 

5.2.4 Improvers 

Ascorbic acid of food grade quality may be 
added at a maximum level of 50 p.p.m. to 
improve the volume of bread. Emulsifiers such 
as lecithin, glyceryl monostearate (GMS) or 
calcium/sodium stearoyl lactylate at a level of 
0.2 percent of total flour weight may be added 
to improve the platability of the bread and 
decrease the staling rate. 

5.2.5 Other requirements 

General requirements and Hygiene are the same 
as those for millet/wheat. 
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INTRODUCTION 
TECHNICAL TERMS USED IN BAKING 

Dough - Elastoplastic mass formed when wheat flour is mixed with water. It 
differs from batter in that it can be handled or kneaded on hard surface. 

Batter - Flour mixture of dropping or pouring consistency, e.g. cake batter, non-
wheat batter. 

Gluten - Elastic substance formed when wheat or rye flour is mixed with water. 
It results from the hydration of flour proteins. The gluten network entraps carbon 
dioxide gas produced during fermentation and expands during baking, giving 
bread its characteristic light and spongy form. Wheat and rye are two common 
cereal flours that exhibit this characteristic. 

Fermentation - A stage in the breadmaking process during which the dough/ 
batter is allowed to rise. This involves the production of gas (carbon dioxide) as 
a result of the action of yeast on sugars present in flour, in the presence of moisture 
and warm temperatures. 

Scaling - A step in the breadmaking process involving division of the bulk dough/ 
batter into smaller individual parts of predetermined uniform weight. 

Panning - Operation involving placement of the divided batter into greased 
baking pans. In non-wheat bread, scaling and panning take place simultaneously 
by pouring the batter into the greased pans and weighing. 

Proofing - A step in the breadmaking operation, after panning, in which the 
dough/batter is allowed to rise in the pan before baking. Usually proofing involves 
conditions of higher temperature and humidity than fermentation. 

Kneading - Mechanical or manual operation in the baking process involving 
light folding motions on the dough. In the non-wheat process, this operation is 
done during dough making where the batter is semi-solid and not of watery 
consistency as in cake. 

Crust formation - Formation of a dry skin on the batter/dough. 



Oven spring - The sudden increase in volume of the batter/dough during the 
first 2-10 mins in the baking oven by about one-third of its original size, as a 
result of thermal expansion of gases entrapped in the dough. 

Knocking back - An operation involving punching the batter together or re
mixing, after fermentation, to eliminate excess gas prior to proofing. 

Enriched flour - Flour which has been increased in nutritional value by the 
addition of such materials as vitamins, soyaflour, sesame flour and other protein 
concentrates. 

Bread crust - The outer covering of a loaf usually having a golden brown colour. 

Bread crumb - The inner soft part of a loaf usually of white-creamy colour. 

Protein - Chemical substance found in some foods of animal and plant origin, 
and essential for growth and replacement of body tissues. 

Starch - A carbohydrate found in cereals and other crops. 

Carbon dioxide - Gas produced by all leavening agents, including yeast, and 
which causes batter/dough to swell and increase in volume. 

Creaming - An operation in cake making in which fat and sugar are well mixed 
to a light and smooth consistency. 

Flour improvers - Chemical substances added to flour to improve their baking 
quality. These substances modify the physical properties of the protein in flour 
during fermentation, resulting in bread of better quality. 

Specific volume of bread - Volume per gram weight of bread. It is an index of 
bread quality calculated as volume of loaf/weight of loaf in ml/g. It allows for 
volumetric comparison of different loaves of bread. 

Composite flour: Blends of flours from wheat and non-wheat materials such as 
maize, sorghum, millet and cassava or blends of only tropical flours. 
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CHAPTER 
ONE 

THE BREADMAKING PROCESS 

1.1. BREADMAKING INGREDIENTS 
AND THEIR FUNCTIONS 

Bread is made from four essential ingredients, 
namely flour, yeast, water, salt. Sugar and fat 
are optional ingredients. 

Flour is the most important ingredient as it is 
the structure builder for bread. 

Water: In the dough, water comes next to flour 
in order of importance. Functions of water in 
breadmaking are many: 

In the presence of water, insoluble wheat 
proteins form the elastic gluten which 
gives the dough its unique characteristics. 

The consistency of dough can be 
controlled with water. Increase or 
decrease in water can make the dough 
softer or harder as desired. 

Dough temperature can be controlled by 
warming or cooling of the water used. 

Water dissolves soluble ingredients such 
as sugar, salt and ascorbic acid and helps 
to disperse them uniformly in the dough 
during mixing. 

In presence of water, starch in the dough 
gets wet and swells and is subsequently 

rendered digestible when it gets 
gelatinized (cooked) during baking. 

The presence of water allows enzymic 
activity to occur in the dough. 

Yeast {Saccharomyces  cerev is iae) ,  is a 
unicellular micro-organism of the fungus type 
which depends on the presence of water, air and 
food sources for its growth and development. 
It is selected from a variety and strain that has 
been found to be the best adapted for the purpose 
of baking. (Other kinds of yeast exist for other 
purposes such as brewing.) When yeast is mixed 
with flour in the presence of water and made 
into a dough, the yeast cells begin to grow and 
multiply very fast. The growth process involves 
the break-down of sugars by the enzymes in the 
yeast into carbon dioxide and alcohol. This 
process is called fermentation. The carbon 
dioxide produces a leavening effect, forms small 
bubbles in the dough, and causes the dough/ 
batter to rise and expand in volume. If there is 
no sugar available in the dough, no fermentation 
occurs even in the presence of excess yeast. The 
sugar needed for fermentation is made available 
by: 

fermentable sugars already in the flour, 

enzymic activities in the dough resulting 
in the break-down of starches into sugars: 
and 

sugar added in the formula. 
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The carbon dioxide (CO,) gas aerates the batter 
and causes it to rise. Most of the alcohol is driven 
off during baking while the remainder 
contributes to flavour the bread. Too little yeast 
results in slow fermentation and a firm crumb 
while too much results in coarse grain and poor 
flavour. 

Yeast is sold in two forms to the baker: as 
compressed yeast with a moisture content of 
about 70%, and as dried yeast with only 8% 
moisture content. Most countries in Africa 
import all yeast required for the bakery industry. 
Since compressed yeast does not keep under the 
normal conditions of shipping, and facilities for 
refrigeration are not readily available to most 
bakers in Africa, dried yeast which is more 
stable under various climatic conditions, is 
preferred. Dried yeast is usually vacuum 
packed. 

Salt: Common salt or table salt used for food 
preparation is the type used for breadmaking. 
Salt performs the following functions in 
breadmaking: 

it enhances the bread flavour by helping 
to bring out the taste of other ingredients; 

salt toughens gluten and thus strengthens 
the dough. This indirectly improves the 
grain and texture of the bread; 

the colour of the crust developed during 
baking is influenced by the salt content; 
and 

it aids in the prevention of the growth of 
undesirable bacteria, and thus helps to 
preserve bread. 

Sugar: Sucrose (cane or beet sugar), in the 
granulated form, is the principal sugar used in 
breadmaking. Its functions in breadmaking are 
as follows: 

it serves as a form of food for the yeast 
during fermentation of the dough; 

it aids in the retention of moisture and 
helps to prolong freshness in the loaf; 

it contributes to the development of a 
good crust colour by means of 
caramelization (browning reaction) in the 
baking stage; and 

it contributes to the flavour of the bread. 

Shortening: Shortening refers to fats or oils 
used to tenderize baked products. These include 
baker's fat, margarine, butter and vegetable oil. 
Shortening in bread: 

is responsible for the tenderness of bread 
and thus improves the eating qualities, 

contributes to the flavour in bread; 

lubricates the gluten in the dough during 
the mixing stage, and makes it air tight 
for better loaf volume, desirable grain and 
texture of bread; and 

reduces the staling of bread, particularly 
bread from composite flour. 

Dough Improvers. The dough/batter is 
strengthened by the addition of oxidizing agents. 
The most commonly used and best known dough 
improvers  are  Potass ium Bromate and 
Ascorbic Acid. Ascorbic acid, or Vitamin C, 
is safer than Potassium Bromate. The volume 
of bread is normally improved by 20 - 30 percent 
by the addition of Ascorbic Acid. Breadmaking 
operations are shown in figure 13. 

1.2 FUNDAMENTALS OF 
BREADMAKING PROCESS 

1.2.1 Mixing 

The functions of mixing are as follows : 

it permits the flour to absorb the optimum 
amount of water; 
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Figure 13 : Processing operations in pan 
breadmaking 

it homogenizes all ingredients in the 
dough; 

it develops the optimum rheological 
characteristics of the dough; and 

it incorporates air into the dough to 
improve its rheological characteristics. 

Dividing (scaling): The dough is divided into 
individual portions of predetermined weight. 

Rounding: When the dough piece leaves the 
divider, it is irregular in shape with sticky cut 
surfaces. Rounding forms a continous new 
surface skin and thereby prevents the gas from 
escaping. 

In some cases there is another operation that is 
carried out after about 2/3 of the bulk 
fermentation time is over. This operation is 
known as knockback or punching. The 
operation is a kneading operation that is carried 
out for not more than 2-3 minutes. It is believed 
the operaton helps in: 

reducing the retarding effect of 
accumulated carbon dioxide gas on 
fermentation by releasing it; 

introducing atmospheric oxygen into the 
dough and stimulating yeast action for 
vigorous fermentation. 

Water Absorption or Hydration : This is the 
phase when water is absorbed by the flour. 
During this stage the gluten matrix is developed 
and envelopes the starch giving a dough of the 
desired consistency. The hydration rate is the 
weight of water absorbed by the flour, expressed 
as a percentage of the weight of flour, (e.g. if 
65 litres of water are added to 100kg of flour 
then the hydration rate is 65%). 

The hydration of flour depends on: 

the quality of the protein; 

the quantity of the protein; 

the initial moisture content of the flour; 

the extraction rate of the flour; 

the level of starch damage during milling. 

Non-wheat flours with a high extraction rate 
absorb more water than those with a low 
extraction rate. Hydration rate of millet or 
sorghum/wheat composite flour is higher than 
that of wheat flour. The extent of increase in 
hydration rate depends on the level of the non-
wheat cereal flour. 

1.2.2 Fermentation (Gas Production) 

Dough fermentation is an alcoholic 
fermentation, caused by yeast enzyme (Zymase) 
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action to convert the sugar in the dough into 
alcohol (50%) and carbon dioxide (50%). The 
carbon dioxide is retained in the dough by the 
gluten and raises the dough. The alcohol is 
evaporated in the oven. As soon as the yeast is 
added, the fermentation process starts in the 
dough. The quality of the bread is much 
influenced by this process. The fermentation 
of the dough is divided into two steps. 

First Fermentation / Bulk fermentation: This 
occurs during the time from the end of mixing 
to the moulding of the first loaf. The bulk 
fermentation has great effect on the rheological 
characteristics of the dough. The gluten is 
conditioned to make it extensible for the bread 
to have a good volume. For the same flour; 

dough in which the first fermentation has 
been too short has a tendency to be 'weak' 
and too 'slack' resulting in flat bread. 

dough in which it has been too long has a 
tendency to become 'short' and if all the 
sugar available in the dough has been 
consumed by the yeast, the fermentation 
decreases and a poor quality bread with 
pale crust will be obtained. 

Second Fermentation / Proofing or Final 
Fermentation: This occurs between the 
moulding of the first loaf and placing it in the 
oven. The second fermentation has less 
influence on the rheological characteristics of 
the dough, and aims at allowing the dough to 
expand to its optimum by fermentation before 
putting it into the oven. 

Factors Influencing the Fermentation 

the quantity and quality of the yeast; 

the level of salt content; 

the temperature of the dough; 

the consistency of the dough; soft dough 
will ferment faster than a stiff one; 

the fermentation power of the flour, which 

is related to the quantity of the pre
existing fermentable sugars in the dough 
and to the enzymic activity (amylase) 
which can produce sugars from flour 
starch. The fermentation power of flour 
can be increased easily by the addition of 
malt flour or sugar to the formula. 

Gas Retention: Retention is the ability of the 
dough to retain or keep the carbon dioxide 
produced during fermentation. The volume of 
the bread is directly related to the gas retention 
potential of the dough. The main objective of 
mixing is to develop to the optimum the 
rheological characteristics of the flour. Great 
care should be given to each step of the process. 
During mixing the dough is oxidized by oxygen 
in the air. This strengthens the gluten and 
increases its ability to retain gas. Oxidation 
can also be improved by the addition of 
Potassium Bromate or Ascorbic Acid. 

1.2.3 Baking 

The purpose of baking is to transform the well-
fermented dough into bread. Baking is carried 
out in an oven and results in: 

the formation of dry, golden crust; 

the development of aerated soft bread 
crumb. 

Function of Steam : Steam helps to increase 
the bread volume by delaying the formation of 
the crust. It allows a longer time for the dough 
to expand to its opimum in the oven. Steam 
helps to give the bread a fine crust with golden 
colour. 

Baking Temperature : Baking temperature 
should be chosen according to the size and 
weight of the bread. Small-size bread needs 
higher temperature than large-size bread. An 
oven that is too hot will produce dark-coloured 
bread which is small in volume and not well 
baked. An oven with a lower temperature than 
specified will give bread with a pale crust 
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which is often flat. For the effect of different 
temperatures on the baking process, refer to 
the paragraph below. 

Baking Time : Baking time varies with the 
loaf weight and size. At the normal baking 
temperature of 250oC the baking time is 20 to 
25 minutes for a loaf of 280g. For small loaves 
of 80g to 100g the baking time is about 12 to 
15 minutes at 260oC. The effect of 
temperature in the baking process is as 
follows: 

iii) 45 - 55 

Temperature 0C Results 

i) 35 -45 - The carbon dioxide expands in 
dough, which increases in 
volume. 

ii) 45 - 50 - The yeast is inactivated. 

iv) 60 - 70 

v) 75 - 80 

vi) 80 - 85 

Protein coagulation starts, the 
dough is bound and water is 
liberated. 

Starch begins to gelatinize and 
readily absorbs all water freed 
from the protein. Amylases, 
important enzymes which break 
down the starch to sugar and 
dextrin, are most active at these 
temperatures. 

Amylases are inactivated. This 
temperature range is critical for 
the bread crumb characteristics. 

Protein is coagulated and the 
protein matrix, embedded with 
gelatinized starch, has been 
formed. 
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CHAPTER 
TWO 

PRODUCTION OF LOCAL FLOURS 
FOR BREADMAKING 

2.1 RAW MATERIALS REQUIRED 
FOR BAKING TROPICAL FLOUR 

The consumption of bread in Africa is increasing 
and, in fact, bread is becoming one of the major 
dietary staples. This trend would have been 
acceptable if the raw materials were available 
locally. Unfortunately, most African Countries 
are not able to produce wheat because of 
climatic and soil conditions. This means that 
virtually all the wheat used for bread and 
confectionery products is imported. Yet, these 
countries have not enough resources to maintain 
the importation of wheat. In Nigeria, for 
instance, wheat importation which stood at N40 
million in 1973 rose to N300 million in 1982 
and was projected to be over a billion naira in 
1987. In the face of the enormous increasing 
cost of wheat importation, coupled with the 
dwindling foreign exchange, the Federal 
Government expressed its inability to support 
wheat importation and placed a ban on it from 
January 1987. Therefore if Africans must 
continue to eat bread, they have to find an 
alternative local substitute for wheat, hence the 
idea of non-wheat flours in breadmaking and 
confectionery products. Numerous raw 
materials are available for that purpose. 

African countries grow staples that may be used 
in place of wheat. These can be grouped as 
follows; cereals (corn, millet, sorghum); roots 
and tubers (cassava, potato, yam); legumes 
(soyabeans, beniseed or sesame). 

Cereals : Maize (corn), sorghum and millet 
are staple food crops in many African countries 
where the hot climate does not permit the 
growing of wheat. This is particularly true for 
countries south of the Sahara where they 
account for more than half the staple food 
consumption. Rainfall in these forest regions 
can sustain two crops per year. In Nigeria 
alone, the estimated production of maize, 
sorghum and millet for 1990 was 7.5, 9.4 and 
4.8 million tons respectively. 

Roots and tubers : Cassava and yam are the 
two most important roots crops produced in 
African countries and they form the principal 
source of carbohydrate in the diet. These crops 
have a high percentage of moisture (65 - 70%) 
and this aids rotting. They are therefore 
processed into dried products of various types, 
including chips, flours and starches. Nigeria 
for example, alone produces 12-14 million 
tons of yams annually while the estimated 
production of cassava for 1990 is 21.3 million 
tons. 

Legumes : Soyabean is a high protein legume 
with great potential. It is an annual crop grown 
in the Guinea savannah zone. The seed is 
becoming increasingly important as a protein 
supplement in food and compares favourably 
with egg protein. Beniseed is another oilseed 
rich in protein. It is being exploited for use as 
a protein supplement in food and flour-based 
confectionery products. 
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2.2. CEREAL PROCESSING (MAIZE, 
SORGHUM OR MILLET) 

The traditional method of processing local 
cereals is quite labour intensive, inefficient and 
time consuming with often very low yield and 
poor quality flour. The industrial processing of 
maize is well known. For sorghum and millet, 
there is today an improved method through 
which good quality flour can be supplied in 
sufficient quantities to meet commercial 
requirements. This method is known as the dry 
mechanized system and is based on the 
application of modern concepts of prior 
tempering and conditioning of the grains. The 
method is based on a principle of grains 
conditioned with a small amount of water just 
sufficient to wet the bran. This then becomes 
loosened and easily removed from the grains 
during processing. The method involves: 

(i) Pre-cleaning: Defective grains, stones 
and other impurities are removed using a 
pre-cleaning machine. 

(ii) Conditioning: The cleaned grains are 
sprayed with a calculated amount of water 
(2-3%), thoroughly mixed and allowed to 
equilibrate or temper for about 10-20 
minutes. During this time, the outermost 
layer of the grain becomes leathery, thus 
facilitating its easy removal from the 
grain. 

(iii) Decortication/degerming: The 
tempered grains are decorticated in an 
abrasive type dehuller or a hammer type 
decorticator. This operation removes the 
bran and breaks the grain into grits thereby 
loosening the germ. 

(iv) Aspiration and drying: The product 
discharged from the decorticator usually 
contains some loose germ and bran and 
these parts are removed with the aid of 

an aspirator. The resulting grits are then 
dried at 50o-60oC using a through-flow 
air dryer to about 8% moisture content. 

(v) Milling: The dried grits are now milled 
into flour using a Hammer or roller mill. 
Recommended particle size of flour is 250 
microns (0.25mm). 

2.3 TUBER PROCESSING (CASSAVA) 

Processing of cassava roots into starch involves 
washing and peeling of the roots. The peeled 
roots are then grated and washed through a 
vibroscreen of No.72 mesh size and the starch 
is collected in clean aluminium tanks. The 
cassava starch employed for baking should be 
edible (detoxified cassava starch). The 
fermentation method is cheaper. The starch is 
allowed to ferment in the tank at room 
temperature for 24 hours, after which 
dewatering is done. The wet mash is collected 
and oven dried at 50oC, milled and sieved. 
Cassava flour processing will preferably use 
the C6te-dTvoire/I2T technology. 

2.4 OIL SEED PROCESSING (SOYA, 
BENISEED) 

The use of soyabeans as food is limited by its 
bitter taste and the presence of a trypsin 
inhibitor. However, boiling removes the bitter 
taste and destroys the trypsin inhibitor. Full fat 
flours of soya/beniseed or groundnut can be used 
for baking. For soya, the beans are cleaned and 
preheated using an air dryer to render the hull 
very fragile and to disintegrate it during cracking 
in an Asiko mill. The dehulled beans are then 
washed and cooked for 3-5 hours to ensure the 
complete destruction of the trypsin inhibitor. 
The cooked beans are then dried and milled into 
flour. For beniseed, processing also involves 
cleaning, dehulling, heating, dry milling and 
sieving to obtain the flour. 
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CHAPTER 
THREE 

PROCESSING OF LOCAL FLOURS 

3.1 EQUIPMENT AND METHOD OF 
USING TROPICAL FLOURS FOR 
BREADMAKING 

Production of bread from non-wheat flours is a 
new technology and the course will be 
incomplete without discussing the type of 
equipment that will be required and the method 
to be adopted. Many types of equipment have 
been introduced in recent times to meet the ever 
increasing innovations in the baking industry. 
Attempts have therefore been made to utilize 
equipment and methods already in existence 
with some modifications. 

3.1.1 Equipment 

The items of equipment required for making 
non-wheat bread are as follows: 

- Weighing scale or balance 
- Mixer 
- Proving cabinet 
- Baking pans 
- Oven 
- Wrapper 

Weighing scale/balance. A scale is used for 
weighing ingredients required for baking. It can 
also be used for scaling of dough or batter. 
Various types under different brand names are 
available although the methods of operation are 
basically the same. Weighing is done by direct 
reading from the scale or by the addition of 
weights. The unit is either the gram (g) and 

kilogram (kg) for metric system or pound (lb) 
and ounce (oz). The type to buy depends on the 
sensitivity and the minimum and maximum 
loads desired. For baking purposes, however, a 
highly sensitive balance is not advisable. A 
scale that can weigh up to 10 kg of material with 
direct reading is ideal. 

Mixer. Technological development in the 
baking industry has resulted in the use of highly 
sophisticated mixers for dough and cake 
making. Nevertheless, the traditional vertical 
mixer still constitutes the mixing equipment 
used in majority of the bakeries. The vertical 
mixer consists of a stainless steel bowl with 
mixing blade/blades that are either detachable 
or permanently fixed to the machine head on a 
pivot. Mixers are available in different 
capacities with variable mixing actions and 
speed. Dough mixers usually have one or two 
speeds whilst the planetary type or vertical 
mixers for cake have three or more speeds. The 
planetary mixer is very versatile because it can 
be used for mixing any type of product in the 
baking industry. 

A mixer is used to: 

- blend thoroughly the wet and dry 
ingredients to form a homogeneous mass 
of dough or batter; 

- develop the gluten in the case of dough; 
and 

- aerate batters in the case of cake, sponge 
goods and non-wheat bread. 
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When wheat flour is hydrated, a dough with an 
elastic substance called gluten is formed. Mixing 
this type of flour requires the cutting and 
kneading of the dough to develop the gluten. 
Non-wheat flour gives a batter with no gluten. 
It requires a mixer that can beat the batter until 
it is smooth and of light consistency. The 
planetary or spiral type is therefore more 
appropriate. 

Proving cabinet: Furniture with shelves where 
panned batters are stored for proving. 

Baking pans: They are shallow tin-plated 
containers used for panning, proving and baking. 

Oven: The baking oven performs the important 
function of converting the unpalatable raw 
dough or batter into bread or cake using heat. 
Important factors that are considered for 
designing modern ovens are: 

- method of supplying and transmitting the 
heat to the baking product: 

- the control of the heat for proper baking; 

- the cost of supplying the heat; and 

- the operation and maintenance of the 
oven. 

Examples of modern ovens are multi-deck, 
draw plate, rack, tunnel or travelling ovens. 
The old type is the mud oven which is still in 
use in some bakeries. Choice of oven depends 
on the production capacity, availability of space 
and of course the cost. Loading and unloading 
methods depend on the type of oven being used. 
Heating of oven is carried out using firewood, 
coal, electricity or oil. Fuel selection is 
determined by a number of considerations, 
such as cost, efficiency, availability and 
convenience. 

Wrapper : This can be simple transparent 
polythene bags or the more sophisticated type 
using wrapping machine and paper or 
polyethelene. 

3.1.2 Non-Wheat Breadmaking Methods 

There are many methods for making bread from 
wheat flour. These are: 

(i ) The straight dough method, 

(ii) The sponge and dough method, 

(ii) The mechanical dough development 
method, and 

(iv) The continous dough process. 

The straight dough method is one in which all 
the ingredients are mixed together in a single 
batch. The method is employed in most bakeries 
in Africa because it is simple and straight
forward. It is also adopted for non-wheat 
bread. 

The basic steps followed when using this 
method for making non-wheat bread are: 
weighing ingredients, mixing, fermenting, 
remixing and scaling, proving and baking. 

Weighing or measuring of ingredients: One 
of the most important operations in the baking 
industry is the accurate weighing of ingredients 
required for a particular product. For anybody 
to survive in the highly competitive baking 
industry, a good manufacturing practice is 
desired. Weighing must be correctly carried out. 

Mixing: Mixing involves the dispersion of 
various ingredients that make up the batter and 
eventual blending of the ingredients to a smooth 
and homogeneous mass. Air is also incorporated 
during the process of mixing. At the initial 
mixing stage, the mixture is thick and rough but 
as mixing progresses, the batter becomes softer, 
creamier and smoother. 

Fermenting: Fermenting the batter under 
appropriate condition and time results in the 
production of good bread. As the flour has no 
gluten, fermentation time of 30 minutes is 
adequate. Excessive fermentation results in 
collapsed and unattractive bread. 
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Remixing and scaling: The batter is remixed 
to expel excess gas and scaled into baking pans 
(for English-type bread) or manually shaped 
(French-type bread). 

Proving: After remixing and scaling, the gas 
already generated would have been expelled. 
If the batter is baked without proving, a 
smallish and dense loaf is obtained. Leaving 
the tinned batters for a short while enables the 
yeast to produce carbon dioxide once again and 
this increases the volume of the batter. 

Baking: As the proving batter goes into the 
hot oven, yeast activity continues until it is 
destroyed by the oven heat. The gas particles 
also expand, causing the bread to rise slightly. 
If the bread has been given excessive proof 
time, the structure of the loaf is in such a 
delicate state that it breaks. When this happens, 
the loaf collapses. The starch particles 
gelatinize and set to form the structure of the 
loaf. The colour of bread also changes 
gradually to light brown as baking progresses 
indicating that the loaf is ready. 

3.2 THE USE OF COMPOSITE FLOUR 
IN BREADMAKING 

Several types of composite flours have been 
extensively investigated. These include 
mixtures of wheat flour and other cereal flours 
(maize, sorghum, rice and millet); starches 
from roots and tubers, such as cassava, and 
legumes such as soya beans to increase the 
protein content of the composite flour. 

The flour is a mixture of wheat flour and non-
wheat flours. Various flour combinations have 
been tested - wheat/sorghum/soya, wheat/ 
cassava starch/soya, wheat/corn/soya, and 
wheat/millet/soya. 

The procedure involves mixing all the 
materials together for 10 minutes, fermenting 

the dough for about 2 hours and then re-mixing 
for 5 mins. Scaling is done, followed by in-
pan proving until dough rises in the pan. 
Baking is then done at 220oC for about 45 
minutes. 

Experimental results have shown that with up 
to 30% dilution the resulting defects in bread 
are tolerable. The possibility of increased loaf 
volume is also affected. This means that with 
the inclusion of non-wheat flour, less water and 
less time are required for mixing into dough. 
In additon, the dough requires less handling 
than normal wheat dough. Apart from the 
above, however, the loaves were good and 
acceptable. 

Higher dilutions (up to 50%) are possible. 
However, it will be necessary to add dough 
improvers such as glyceryl monostearate 
(GMS) at 1% and others, such as ascorbic acid 
at 0.015%, and malt 0.4% of flour weight. 

It has also been established that it is possible 
to add 10% good quality soya bean flour to 
wheat flour without affecting baking qualities. 
This enriched flour (high protein flour) is baked 
into good and acceptable bread comparable to 
the normal 100% wheat flour bread. 

In conclusion, expermental results have shown 
that it is possible to dilute wheat with non-
wheat flours to produce acceptable bread. For 
high protein composite flour, not more than 
10% of soya flour would be required but for 
other flours up to 30% dilution resulted in only 
slight changes in the quality of bread. For 
higher dilutions the use of improvers is 
recommended. 

Sorghum/wheat, millet/wheat, and maize/ 
wheat breads have been commercialized in a 
number of African countries especially in 
Sudan and in Senegal respectively. 
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Formulae 

i) Sorghum/Wheat Bread 
Wheat flour 80 % 
Sorghum flour 20 % 
Yeast (dry) 1 % 
Fat 0.9 % 
Salt 1.7% 
Ascorbic Acid 50 p.p.m (5g per 100kg) 
Water Variable; 4% higher 

than for all-wheat flour 

fermentation begins at the end of mixing 
and ends at the beginning of moulding. 

iv) Cut and weight dough into pieces of 
280g. This activity is performed either 
manually or mechanically depending on 
facilities in the bakery. 

v) Form the dough pieces into round smooth 
shapes. Rounding provides a smooth 
sealed skin to each piece of dough and 
makes it easy for moulding to be done. 

ii) Millet/Wheat Bread 

m) 

Wheat flour 
Millet flour 
Yeast 
Fat 
Salt (optional) 
Ascorbic Acid 
Water 

85 
15 
2 
1 
2 

% 

% 

40 p.p.m (4g per 100kg) 
Variable; 3% higher 
than for all-wheat flour 

Maize/wheat bread 
Same as sorghum/wheat bread. 

vi) Mould the dough pieces after a short rest 
of about 10 minutes, into the desired 
shape (oval or finger shape). Moulding 
is done manually or mechanically 
depending on available facilities. Manual 
moulding is done by first flattening the 
rounded dough and thus removing the gas. 

vii) Fold the dough over and roll in with the 
thumbs and palms until a tight strand that 
is slightly tapered is formed. Seal the 
edges tightly to form a closed seam and 
so prevent opening during proofing and 
baking. 

Procedure 

The Ingredients are individually prepared and 
conditioned as described in chapter 1, section 
1.1 . 

i) Turn the flour (or flour mixture) in the 
mixer at low speed for two minutes to 
homogenize it. 

ii) Add other ingredients except the salt, and 
mix at high speed for another 13 minutes. 

iii) Add the salt (or salt solution) and mix 
further for 5 minutes. Mixing time for 
steps (i) - (ii) should take a total of 20 
minutes. Quantity of water added should 
be enough to make the dough as soft as 
possible for good handling without 
making it sticky. The first or bulk 

viii) Place the units on canvas cloth and allow 
to prove (ferment and increase in volume) 
for 3/4 of the total time required; brush 
the top lightly with water, and make 
diagonal cuts across the top spaced about 
10cm apart. All the units to reach full 
proof before baking. 

For all-wheat bread, the duration of this 
step, known as final proof or second 
fermentation requires up to 2 hours; 
only 1 hour is needed for the composite 
flour bread. The total time for the second 
fermentation starts from the beginning of 
moulding to the beginning of baking. 
Proving of dough is best done in an 
enclosed chamber with a temperature of 
35° - 360C and relative humidity of 80 -
85%. 
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Procedure: 

1. Weigh flour, starch and fat together and 
mix well. 

2. Dissolve sugar and salt in water and add 
to above mixture. 

3. Add yeast, enzyme and rest of the water 
and mix thoroughly to a smooth batter. 

4. Allow to ferment for 30 minutes. Remix 
and pour into greased pans. 

5. Prove (allow to rise) for 20-30 minutes 
and bake in a hot oven (180o-200oC for 
30-40 minutes). 

3.3.2 Cake 

Formula: 
Ingredient Weight Equivalent 

or vol. measure 

ix) Bake the bread in an oven heated to a 
temperature of 250° - 260oC. Baking time 
for all-wheat bread is the same as for 
sorghum or millet bread and is 25 
minutes. The bread is considered baked 
if a hollow sound results when the top or 
bottom of the loaf is tapped with the 
knuckles. 

x) Remove from the oven and stack on a 
table in a vertical position to cool. 

3.3 FORMULAE AND PROCEDURES 
FOR PREPARATION OF TROPICAL 
FLOUR BREAD/PRODUCTS 

In Nigeria, the general formula for non-wheat 
breadmaking is as follows: 

Flour 100% flour basis 
Yeast 1% flour basis 
Salt 1.5% flour basis 
Sugar 10% flour basis 
Fat 2% flour basis 
Water Variable 
Enzyme Variable 

In the same country, the following recipes are 
currently used: 

3.3.1 Bread 

Formula: 
Ingredient Weight Equivalent 
or vol. measure 

Maize/ 350g 
sorghum flour 
Cassava starch 150g 
Yeast 5g 
Salt 7.5g 
Sugar 50g 

Fat 10g 
Water 400 - 500ml 
Enzyme 6g 

31/2 milk cups 

1V2 milk cups 
1 level tablespoon 
1 level tablespoon 
5 level or 1/3 milk 
cup 
1 level tablespoon 
21/2-3 cups 
(Optional) 

Sugar 250g 
Margarine 250g 
Eggs 250g 
Maize/ 350g 
sorghum flour 
Cassava starch 150g 
Milk powder 10g 
Baking powder 30g 
Water 300-350ml 

Flavour 2-3 drops 

Procedure: 

1. 

2. 

3. 

4. 

1 2/3 milk cup 
1 milk cup 
5 eggs 
31/2 milk cup 

1 Vi milk cup 
1 level tablespoon 
2 level tablespoon 
2-21/2Cups 

1/8 teaspoon 

Cream sugar and margarine until light and 
fluffy. 

Add eggs, one at a time and cream into 
the batter. 

Add flour, starch, milk powder and baking 
powder and mix thoroughly. 

Add water and finally the flavour. Mix 
the batter until creamy and smooth. 

Scoop with spoon into greased pans and 
bake in a preheated oven, at 100oC for 20 
- 30 minutes (for small cakes). 
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3.3.3 Pastry (for sausage rolls and meat 
pie) 

Procedure: 

1. 
Formula: 
Ingredient Weight Equivalent 

2. 
or vol. measure 2. 

Maize/ 175g 1 34 milk cup 3. 
sorghum flour 

Cassava starch V5g 3/4 milk cup 4. 
Salt 2.5g VA level teaspoon 

Fat 50g 5 level teaspoon 5. 

Egg 25g 1 egg 6. 
Water 100ml 2/3 milk cup 

Mix the flour, starch, fat and milk powder 
together. 

Add yeast, sugar and salt solution, egg and 
water. 

Mix into fairly stiff paste and ferment for 
30 minutes. 

After fermentation remix and spread on 
table. 

Cut with biscuit cutters to form rings. 

Allow to prove before frying in hot oil to 
golden brown colour. 

Procedure: 3.3.5 Chinchin 

1. Rub fat into flour, starch and salt. 

2 Add egg and water and mix until smooth. 

3. Spread on the table to required width. 

4. Fold and cut into required sizes. 

5 Bake in hot oven, 180o-200oC, until 
golden brown. 

3.3.4 Doughnut 

Formula : 
Ingredient Weight Equivalent 

or vol. measure 

Formula: 
Ingredient 

Maize/ 
sorghum flour 

Cassava starch 

Sugar 

Salt 

Fat 

Milk powder 

Egg 

Nutmeg 

Weight Equivalent 
measure 

350g 3V2 milk cup 

150g 

100g 

lg 

100g 

10g 

40g 

2.5g 

IV2 milk cup 

2/3 milk cup 

V2 milk cup 

1 level tablespoon 

1 egg 

VA, teaspoon 

Maize/ 350g 31/2 milk cup 
sorghum flour 

Cassava starch 150g 1 VI milk cup 
Procedure : 

Sugar 100g 2/3 milk cup 1. Mix flour, starch and fat together. 
Salt 7.5g 1 level tablespoon 2. Add sugar and salt, milk powder, egg. 
Fat 20g 2 level tablespoon nutmeg and water. 

Milk powder 10g 1 level tablespoon 3. Mix to a smooth paste. 

Eggs 40g 1 egg 4. Roll out on table and cut into required 
Yeast 10g 2 level tablespoon shape. 

Water 400-440ml IVI - 2% cups 5. Fry in hot oil until golden brown. 
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3.3.6 Puff-puff 

Formula 
Ingredient Weight Equivalent 

or vol. measure 

Maize/ 350g 3V2 milk cup 
sorghum flour 

Cassava starch 150g IVi milk cup 

Sugar 100g 1 milk cup 

Yeast 5-10g 1-2 level tablespoon 

Milk powder 10g 1 level tablespoon 

Fat 20g 23A level tablespoon 

Water 440ml 21/2 - 3 milk cup 

Procedure : 

Follow the same procedure as for chinchin . 
Ferment for 45-50 minutes immediately after 
mixing. Remix after fermentation for 5 minutes 
and then fry in deep hot oil. 

3.3.7 Buns 

Same recipe as puff-puff but replace the yeast 
with baking powder. Fry in hot oil. 
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CHAPTER 
FOUR 

ESSENTIAL PRACTICES 
IN THE BAKERY 

4.1 QUALITY CONTROL IN THE 
BAKING INDUSTRY 

When we refer to "quality" we are talking about 
conforming to the standard which has been set 
for a particular process or ingredient or job. To 
prevent deviation from this goal, a conscious 
effort must be made by checking or controlling 
the process towards the set standard so that by 
avoiding possible errors, the job may not have 
to be done over again. The supervisor must 
make his employees "quality conscious" and 
plan towards "zero defects". 

In the baking industry, like all other industries, 
a defective raw material will inevitably yield a 
defective finished product. There are food laws 
made by the government to which the baker has 
to conform. Therefore quality assurance is of 
paramount importance to the successful 
industrialist so that he can also make maximum 
profit by maintaining constantly high standards. 
This topic will be considered under the 
following major headings: Raw materials 
control and Process control. 

4.1.1 Raw materials control 

Flour: The baker should ensure that the bag of 
flour he purchases is not broken in order that 
extraneous matter, including insects, will not 
contaminate it. The flour should be free from 
mouldiness, lumps and any foreign matter. 

including rodents' hair and mud. It should not 
be discoloured. 

Yeast: The baker's yeast is different from the 
brewer's yeast. For bread production, dried or 
compressed yeast is available. The baker should 
always attempt to purchase yeast from reputable 
dealers. Active dried yeast should be relatively 
dry and free from both lumpiness and 
objectionable odour. 

Water: Water for bread production and for any 
food processing should be fit for drinking. Dirty 
and untreated well water should not be used. 

4.1.2 Process control 

Weighing: It is necessary to weigh every 
ingredient correctly. Therefore every bakery 
must possess a good scale. Apart from this, there 
should be somebody who knows how to use the 
scale correctly. Recipes and formulations will 
alter if the ingredients are weighed incorrectly. 
Should the yeast, for example, be doubled due 
to a faulty scale the bread will collapse in the 
oven. 

Mixing: In mixing for bread production, it is 
better to add the salt and sugar dissolved in water 
to the flour before the yeast suspension. All the 
ingredients and water should be mixed properly 
to incorporate all ingredients. 
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Fermentation: During the fermentation of the 
dough, the temperature of the room should be 
approximately between 30oand 350C. If the 
weather is cold, you should close all widows or 
put the batter nearer the oven. A cool room 
will chill the yeast, retarding the fermentation 
process. If on the other hand the room is unduly 
hot or dry, windows should be opened to let air 
in. Both under and over fermentation have their 
disadvantages. 

Proving and oven baking: The batter should 
be divided correctly and placed in clean baking 
pans before proving. It is necessary to prove 
correctly because over-proofed batter will 
invariably collapse in the oven and under-
proofed batter will not have the correct oven 
spring. 

The baking oven should be controlled. In an 
electric baking oven, the temperature range 
should be between 180oand 220oC for bread and 
about 1730C (3430F) for cakes and biscuit. In 
local ovens without temperature control, a 
thermometer should be used to fix the correct 
baking temperature. A very hot oven burns the 
bread, while in too cool an oven the bread may 
not be properly cooked. It may also reduce the 
effective volume of the loaves. 

Cooling and packaging: The baked bread 
should be properly cooled before being 
wrapped. As much as possible of the bread 
should be packaged in the bakery by bakery 
staff. 

4.2 COMMON BREAD FAULTS 

Some common faults make bread unappealing 
to consumers and possible causes of these are 
listed below. 

4.2.1 External faults 

1. Poor volume 
a) Insufficient yeast/inactive yeast 
b) Excess salt 

c) Overmixing or undermixing 
d) Overfermentation or underfermentation 

of batter 
e) Insufficient pan proof 
f )  C h i l l i n g  t e m p e r a t u r e s  d u r i n g  

fermentation or proving 
g) Low speed mixing, not allowing for air 

incorporation into batter. 

2. Pale crust colour 
a) Insufficient sugar 
b) Deficient diastatic activity 
c) Baking period too short 
d) Low oven temperature 

3. Too dark crust colour 
a) Excessive sugar 
b) Too high oven temperature 
c) Overbaking 

4. Cracks in crust 
a) Very high oven temperature 
b) Weak or untreated flour 
c) Underproving 

5. Depression or groove in crust 
a) Too low oven temperature 
b) Excess diastatic activity 
c) Excess water 
d) Overproving 

6. Rough pan crust 

a) Insufficient fat 
b) Insufficient water 
c) Underproving 

4.2.2 Internal faults 

1. Streaking crumb 
a) Improper mixing of ingredients 
b) Insufficient water 

2. Coarse grains (holes in bread crumb) 

a) Insufficient salt 
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b) Weak flour 
c) Over mixing 
d) Excess yeast 
e) Low oven temperature 
f) Excess diastatic activity 
g) Overproving 

3. Poor taste 

a) Insufficient/excess salt 
b) Insufficient/excess yeast 
c) Underbaking/low baking temperature 

4. Poor odour 

a) Presence of external odours 
b) Excess yeast 
c) Over fermentation 
d) Under fermentation 

5. Dry, crumbly loaf interior 

a) Insufficient water 
b) Absence of binding material in recipe 
c) Flour not of fine granulation 

6. Very firm crumb 

a) Improper mixing 
b) Deficient diastatic activity 
c) Insufficient water 
d) Underproving 
e) Absence of binding material in recipe. 

7. Poor keeping quality 

a) Unbalanced bread formula 
b) Poor quality ingredients 
c) Improper breadmaking techniques 
d) Underbaking/low oven temperature 
e) Improper bread cooling practices 
F) Insanitary baking conditions 

Bread faults and their causes are summarized 
in table 38. 

4.3 SENSORY EVALUATION 
Sensory evaluation is made by all the four senses 
of taste, smell, sight and touch when food is 

eaten. The complex sensation that results from 
the interaction of our senses is used to measure 
food quality in programs for quality control and 
new product development. 

Sensory evaluation can be carried out by at least 
five persons or by several hundreds. The first 
and the simplest type is bench-top observation 
made by the research worker who develops new 
food products. He relies on his own evaluation 
to determine gross differences in products. 
Sensory evaluation is conducted in a more 
formal manner by laboratory and consumer 
panels. 

Most aspects of quality can only be measured 
by sensory panels, although new instruments 
have been developed to measure individual 
quality factors. Even when this is done, sensory 
evaluation will still be needed to prove and 
standardize new objective tests. 

In the baking industry, a small panel can be used 
to test the palatability of each batch of bread 
produced as a preliminary acceptance testing. 
A laboratory panel can also be used to determine 
some of the following factors; 

1. The best baking procedure; 
2. Suitable varieties of raw materials; 
3. Effect of substituting one ingredient for 

another; 
4. Suitable recipes for the use of new 

products; and 
5. Comparison with competitors' products. 

In using people in place of an instrument, it is 
necessary to control rigidly all testing methods 
and conditions to overcome errors caused by 
psychological factors. 

4.3.1 Types of test 

There are many types of sensory test used in 
industries for different purposes, but the two 
major types used most commonly are the 
"difference test" and the "preference test". In 
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"difference test", the members of the panel 
are merely asked if a difference exists between 
two or more samples. Individual likes and 
dislikes are disregarded and each panelist is 
advised to be objective in his evaluation. He 
may or may not like a particular product but 
he is taught what constitutes good and poor 
quality and tries to evaluate it on the basis of 
the instructions received. He is acting as a 
quality measuring instrument. The "difference 
test" has different test methods which include 
the triangle test, the duo-trio test, paired 
comparison, ranking, multiple comparison 
scoring and flavour profile tests. 

The "preference or acceptance test" on the 
other hand, requires a large number of 
panelists. This is mainly used for consumer 
acceptance studies. 

4.3.2 Sample preparation and 
presentation 

Panel members are usually influenced by all 
the characteristics of the test material. 
Therefore, test samples should be prepared 
uniformly. 

As little information as possible about the test 
should be given to the panelists, since this 
information will influence results. No 
information positive or negative should be 
given to them, which will influence their 
attitudes towards the samples to be evaluated. 

Samples should be coded in such a manner 
that the judge or panelist cannot distinguish 
the samples by the code or be influenced by 
code bias. Examples; if a sample is coded 1, 2, 
3 or A, B, C the judge might associate 1 or A 
as best or superior sample while for 3 digit 
random numbers or alphabets such as TPX or 
244, OPT or 244 will help eliminate code bias. 

The order in which the samples are presented 
to the panelists may also influence results. 

Samples should be presented randomly to the 
panelists. 

The choice of panelists should be made purely 
on their ability to detect differences in products. 
Panelists must be familiar with the product 
under test and must know what constitutes good 
quality in the product. Since there are many 
sources of variation in sensory test, the more 
tasters on the panel, the more likely it is that 
individual variations will balance. Five 
panelists is the recommended minimum number 
while 10 is the recommended number for routine 
laboratory checks or evaluation. A small panel 
of high sensitivity and ability to differentiate 
may be preferred to a large panel of less 
sensitivity. 

The room where the tests are done may be 
simple or elaborate, but it is very essential that 
the panelists must be independent of each other, 
either sitting in separate booths or apart from 
each other around a large table. The room 
should have appropriate lighting and the test 
should be done preferably an hour before a meal 
and two hours after a meal. The time of the day 
for tests has been found to influence results. A 
special room must be set aside for sample 
evaluation and shall be free from noise and 
odours. 

The samples to be tested should be presented 
to the panelists in clean containers and orderly 
arrangement. The samples should not just be 
dumped in disorderly fashion on the tray. Water 
should be supplied in a clean glass to each 
panelist for rinsing the mouth in between 
testings. 

A simple questionnaire is used for routine 
checks of batches produced. But a new 
questionnaire should be prepared if the method 
or objective of the test changes. 

4.3.3 Designing of questionnaire 

In designing a questionnaire the objective of the 
test should be given great consideration, and this 
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will determine the test method to be used. For 
training of the panelists for routine testing, the 
"triangle" test is used to evaluate their ability to 
differentiate between samples with very little 
or great differences. But for routine evaluation 
the "scoring and ranking tests" should be 
adequate. For the scoring method, coded 
samples are evaluated by the panelist who 
records his reactions on a description graduated 
scale. These scores are given numerical values 
1 - 5 or 1 - 10 by the analyst, where 1 will 
represent excellence and 5 or 10, poor quality. 
The "ranking" test involves the ranking of 
several coded samples according to intensity of 
some particular characteristics in order of 
preference. 

Consider the example of three flour samples 
from different sources or suppliers out of which 
the baker wants to select a supplier for his flour. 
The flour samples will be used in baking of 
bread using the same recipe. The samples of 
bread will then be subjected to sensory 
evaluation. The results from this evaluation can 
reveal the best flour sample and thus the best 
supplier or source. The scoring test can be used 
alone or in conjunction with the ranking test for 
routine checks. 

The statistical analyses required are the 
analysis of variance and the Duncan Multiple 
Range test for scoring, where the samples are 
up to two or more. Or a simple mean score can 
be computed in case of a single sample and then 
noted. The ranking test involves transforming 
the scores according to Kehan and Cooper 
method (1973) where each score is assigned a 
numerical value. Statistical tables are required 
in both cases to determine the significance level. 

4.4 SANITATION AND HYGIENE IN A 
BAKERY 

This sanitation control involves the control of 
insect and rodent infestations, prevention of 

bacteria and mould and maintenance of clean 
environment and personal hygiene. As applied 
to the baking industry, sanitation is a way people 
work and live at the plant and involves such 
aspects as: 

1. Personal hygiene- (a) no long nails, (b) 
no nail varnish, etc., 

2. Respect for the food and materials 
produced; 

3. Good appearance during operations, e. g. 
clean uniforms, caps and head ties; 

4. Soundness of equipment and structure of 
equipment - no grease dripping into food; 
and 

5. Adequate pest control programme. 

There are two basic approaches to sanitation: 
Preventive and Corrective. 

The preventive method is a far more effective 
method designed to prevent undesirable 
situations from occurring. Preventive sanitation 
anticipates possible sanitation difficulties and 
counteracts them before they develop. 

The corrective method is that which eliminates 
undesirable situations after they have been 
discovered. No measures for permanent control 
are adopted under this type of programme. 

The following ensures good sanitation 
measures :-

a) Master sanitation cleaning schedule -
this should consist in listing of all 
important  areas  and equipment  and 
indicate just when they are due for daily 
or periodic cleaning. 

b) Foreign materials control involves: 

i )  V i s u a l  e x a m i n a t i o n  o f  
incoming ingredients, 
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ii) Storage practices; and 

iii) Production practices and 
laboratory examination of 
ingredients and products. 

For anyone who proposes to shift the site of 
his bakery, or set up a new business, the 
selection of a location is of primary 
importance. As far as possible, locations that 
provide or are likely to be breeding grounds 
for rats, mice, flies and harmful insects should 
be avoided. 

The Floors of the bakery are liable to have 
water, grease and other ingredients spilt on 
them and have to withstand the weight of 
equipment and a lot of traffic (workers). They 
should therefore be impervious, have no open 
joints or cracks, be smooth but not slippery to 
allow easy cleaning and be hard wearing. In 
order to prevent accumulation of dirt, cobwebs, 
flour etc, the walls of a bakery should be 
impervious and washable. 

For good ventilation, windows should be 
properly placed to allow sufficient flow of air. 
Doors and windows need to be made insect 
proof to keep away flies and other insects. 

Adequate lighting is essential to enable 
workers to see clearly all materials they handle 
and also for easy detection of dirt especially in 
corners. 

Continuous water supply is essential both for 
production and for maintenance of sanitary 
environment. Design and layout of equipment 
and machinery should allow easy cleaning. All 
machines and work surfaces should be 
brushed or wiped clean every day before the 
commencement of production and at the end 
of the each day's work. Other tools and 
apparatus must be kept clean and the floor of 
the bakery needs to be kept free from spilt flour, 
dough pieces and dirt. 

4.5 STORAGE CONDITIONS FOR 
INGREDIENTS 

Wheat, sorghum, millet and maize flours. 
During storage, flour in bags should be piled 
off the floor on wooden planks. There should 
be circulation of fresh air around the piles of 
flour. Each pile of flour should have enough 
room around it to allow easy movement of 
workers, and also to allow old stocks to be 
removed and used first. Direct sunlight 
adversely affects the quality of flours, and 
so should be avoided. Temperatures of 19°-
240C are suitable for flour storage. Cereal 
flour has a tendency to pick up foreign 
odour. It should therefore be stored away from 
any ingredients or materials that will impart 
an odour. These include petrol, kerosene, 
spices, flavour extracts and onions. 

Yeast: Storage conditions for yeast should be 
such that the activity of yeast cells is preserved. 
Compressed yeast is a perishable commodity 
owing to its high moisture content. 
Refrigeration at 10oC retains its fermenting 
power for about 5 weeks. It can however be 
stored for months in the frozen state. In this 
case it should be thawed out slowly before use 
because an abrupt change in temperature of the 
yeast can cause rupture of the yeast cells and 
destroy them. Dried yeast should be stored in 
a cool dry place. Ideal storage temperature for 
dried yeast is lo-10oC. It is essential to keep 
the tin containing the yeast tightly closed after 
each time of use otherwise moisture from the 
atmosphere is picked up by the yeast cells 
which subsequently deteriorate in quality and 
lose their capacity for gas generation. 

Shortening. Fats and oils become rancid when 
exposed to light, heat and air. The use of rancid 
fat gives off-flavour to bread. Fats and oils 
are best stored at temperatures of 210-260C; 
and in cool, dark and clean places away from 
direct light and heat. Other ingredients with 
strong flavours should be kept away since fats 
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and oils readily absorb the smell and odour of 
such materials. 

Sugar. Sugar picks up moisture and loses it 
readily with changes in atmospheric humidity. 

This may lead to it becoming wet and soggy or 
caked. Granulated sugar, usually packed in 
bags, should not come into direct contact with 
the floor. It should be packed on wooden boards 
or planks in a dry well ventilated room. 
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ANNEX I 

EQUIPMENT LIST FOR FLOUR PROCESSING AND SUPPLIERS IN NIGERIA 
AND COTE D'lVOIRE 

ITEM 

CEREALS PROCESSING 

Pre-deaning unit 

(i) Destoner 

(ii) Aspirator 

(iii) Sorter/Grader 

(iv) Grain storage bin 

Grinding unit 

(i) Dehuller 

(ii) Decorticator 

(iii) Sifter 

(iv) Degerminator 

(v) Roller mill 

(vi) Hammer mill 

(vii) Dryer (Rotary/Tray) 

(viii) Auto weigher 

b) Cassava processing 

Addis Eng. Ltd., Isolo, Lagos. 

* These suppliers are given just as examples. There are many others in Africa. 

SUPPLIER 

Amtec Eng. Works, Ojodu. Lagos 

Amtec Eng. Works, Ojodu, Lagos 

Addis Eng. Ltd, Isolo,Lagos 

Lukes and Judas, Apapa, Lagos 

J.R. Sakon Nig. Ltd., 10, Oladoje St. Agege , Lagos 

Amtech Eng. Works, Ojodu, Lagos 

Fober Eng. Ltd., Ibadan 

J.R. Sakon Nig. Ltd. 10, Oladoje St. Agege, Lagos 

N.Bolaji Steel Const., Co., Ogudu, Lagos 

Amtec Eng. Works Ltd., Ojodu, Lagos. 

Fober Eng. Ltd., Ibadan 

Addis Eng. Ltd., Isolo, Lagos 

Fober Eng. Ltd., Ibadan 

Societe Ivoirienne de plant Technologie Tropicale 
(I2T) 04 B.P 1137 ABIDJAN 04 Cote-dTvoire. 

Federal Institute of Industrial Research, Oshodi, 
Lagos. 

Aseesan Eng. Works, 15, Onabola Street, Pedro, 
Bariga, Lagos. 
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ANNEX II 

SENSORY EVALUATION BY FEDERAL INSTITUTE OF INDUSTRIAL 
RESEARCH, OSHODI (FURO) OF NON-WHEAT BREAD 

Test objective 

The objective of the test is to establish the effect of the following parameters on the eating quality 
of the bread: 

1. Fermentation time, 

2. Proving time, 

3. Varying yeast levels 

4. Varied water levels, and 

5. Mixing methods and mixer speeds. 

Experimental design 

Five to six trained Laboratory panelists were used throughout the tests. A standard hedonic type 
questionnaire was used in addition to the ranking tests. The data obtained from the valuations 
were analyzed statistically by analysis of variance test and Duncan multiple range test by the 
Kehan and Cooper method. 

Results 

The results obtained from the statistical analysis showed that fermentation time, proving time, 
water levels and mixing methods did not significantly affect the eating quality of the bread samples. 
The results also revealed the following facts: 

1. Very long fermentation is not necessary for making non-wheat bread. 

2. The maximum proving time should be 20 minutes while the minimum should be 10 minutes. 

3. Water level of between 70 and 85% would be adequate for bread making. 

4. Yeast level of 1 to 2% would be adequate. 

5. Bread mixer was found to be a better mixing machine for non-wheat bread. 

6. The non-wheat bread was quite acceptable. 

From the above preliminary results more adjustments were made in the recipe and method used 
in breadmaking. These results are by no means conclusive, more work needs to be done to establish 
the final standards to be used in the non-wheat breadmaking. 
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FRI : 

ITA : 

FURO : 

I2T : 

KIRDI ; 

UNGA Ltd : 

EFC/FRDC : 

FAO : 

LTC/CIRAD : 

PRL : 

KARI : 

SRDC : 

US : 

NDLT : 

UN/ECA : 

CFP : 

CMAI : 

ICC : 

RDC ; 

OECD : 

CILSS ; 

ACRONYMS 

Food Research Institute, Accra, Ghana 

Food Technologie Institute, Dakar 

Federal Institute of Industrial Research at Oshodi, Lagos 

Tropical Technology Institute, Abidjan, Cote d'lvoire 

Kenya Industrial Research and Development Institute, Nariobi 

Flour Mill, Nairobi 

Ethiopia Food Corporation / Food Research and Development Centre 

United Nations Food and Agriculture Organisation 

Laboratory of Cereal Technology/International Corporation Centre in Agronomic 
Research for Development, Montpellier, France. 

Prairie Regional Laboratory 

Kenya Agricultural Research Institute 

Sub-Regional Development Centre for West Africa 

Etas-Unis 

Note from the Translation 

United Nations Economic Commission for Africa 

Composite Flour Programme 

Conference of African Ministry of Industry 

Interministerial Coordination Committee 

Republique Democratique du Congo 

Organisation of Economic and Cooperation Development 

Comite Inter-Etats de Lutte Coutre la Secheresse au Sahel 
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CETRA ; Centre de Recherche sur TAmerique Latine et le Tiers Monde 

WFP ; World Food Programme 

CDC : Commonwealth Development Corporation 

SCI? : South-Chad Irrigation Project, Nigeria 

USAID : United States Agency for International Development 

SODEBLE : Wheat Development Corporation, Cameroon 

CFAF : Franc of the African Financial Community 

AMC : Agricultural Marketing Corporation, Ethiopia 

ONCAD : National Bureau for Corporation and Assistance for Development 

PAMIBLE : Bread Millet + Wheat 

BLEGHO : Bread Wheat + Sorghum 

OFNACER : National Bureau for cereals, Burkina Faso 

ADB : African Development Bank 

NCPB : National Cereals and Produce Board, Kenya 

KBS ; Kenya Bureau of Standards 

TFNC : Tanzania Food and Nutrition Corporation, Tanzanya 

SIDO : Tanzania Smal Scale Industry Organization 

NMC : National Milling Corporation, Tanzania 

GMA : Grands Moulins d'Abidjan 

GMB : Flour Mills of Banfora, Burkina Faso 

VAT : Value Added Tax 

RDD ; Research and Development 

TNO : The Netherlands Applied Sciences Organizarion 

MSG : Monostereate de Glyceryl 
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ADN : Acide Dexoxyribo-Nucleique 

ARCT : African Regional Centre for Technology 

GMD : Flour Mills, Dakar 

INRA : National Institute for Agronomic Research, Senegal 

CIAT : International Institute for Tropical Agriculture, Colombia 

TPI : Tropical Product Institute, Grande Bretaguw 

NRI : Natural Resource Institute, Grande Bretagne 

CCA : Commission of Codex Alimentarus 

ICC : International Cereal Chemistry 

ISO : International Standard Organization 

RTE : Ready-to-eat 
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