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Abstract 

The weaning period, that is the period in a young child's life 
when supplementary foods are introduced to complement breast milk, 

poses great nutritional risk to children in developing countries. By 

the end of the second year of life, one-third of children in eastern 
and southern Africa are chronically malnourished. The following 

factors contribute to the growth faltering commonly observed in 

weaning-age children: low nutrient intake, high incidence of diarrheal 

disease (often caused by contaminated weaning foods), and recent 

declines in duration and intensity of breastfeeding. 

Food scientists, nutritionists, and health planners working in 

Africa and South Asia met in an international workshop to examine 
household-level food technologies that hold promise for improving 

nutrition of infants and young children. After reviewing current 
knowledge of breastfeeding and weaning practices in eastern and south- 
ern Africa, participants discussed the use in weaning diets of fer- 

mented foods and germinated flour, for both improved nutrient intake 

by young children and decreased risk of food contamination. Research 
that should be conducted into the effectiveness of the food technology 
was identified and its diffusion at the community level discussed. 

This publication contains the proceedings, conclusions, and 

recommendations of the workshop. It is directed at scientists and 
health planners who are involved in nutrition research and developing 
programs to improve feeding of infants and young children in 
developing countries. 

Resume 

Le sevrage, c'est-a-dire la periode oD V on commence a donner des 

aliments solides a un jeune enfant en complement du lait maternel, 
presente de graves risques nutritionnels pour les enfants dans les 
pays en developpement. Des la fin de leur deuxieme annee, le tiers des 
enfants en Afrique orientale et australe souffrent de malnutrition 
chronique. Les facteurs suivants sont a l'origine du retard de crois- 
sance que V on retrouve couramment chez les enfants en age d'etre 
sevres : carence nutritionnelle, forte prevalence des maladies diar- 
rheiques (qui s'expliquent souvent par la contamination des aliments) 
et diminution recente de la dure et de 1'intensite de 1'allaitement 
maternel. 

Des specialistes des sciences de 1'alimentation, des nutrition- 
nistes et des planificateurs de la sante travaillant en Afrique et en 
Asie du Sud se sont reunis dans le cadre d'un atelier international 
afin d'examiner des technologies alimentaires applicables au niveau 
des menages qui semblent prometteuses pour ameliorer la nutrition des 
nourrissons et des jeunes enfants. Apres avoir examine les connais- 
sances actuelles en matiere d'allaitement au sein et les pratiques de 
sevrage en Afrique orientale et australe, les participants ont discute 
de l'utilisation, au tours du sevrage, d'aliments fermentes et de 
farine germee, tant pour ameliorer 1'apport nutritionnel chez les 
jeunes enfants que pour diminuer les risques de contamination des 
aliments. Its ont egalement discute des recherches qu'il y aurait lieu 
d'entreprendre sur 1'efficacite des technologies alimentaires et sur 
leur diffusion dans la collectivite. 
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Cette publication fait un compte rendu des discussions de 
1'atelier et presente ses conclusions et ses recomnandations. Elle 

s'adresse aux scientifiques et aux planificateurs de la sante qui 
participent a des recherches en matiere de nutrition et a 

1' elaboration de programmes visant a ameliorer 1 ' al imentation des 
nourrissons et des jeunes enfants dans les pays en dbveloppement. 

Re sumen 

E1 periodo de destete, es decir, aquel periodo en la villa de un 

ni o en que se introducen en su dieta alimentos suplementarios para 
complementar la leche materna, representa un gran riesgo nutritional 
para los nin os de paises en vlas de desarrollo. Hacia el final de su 

segundo a o de vida, un tercio de los ni os en Africa oriental y del 
sur muestran se ales de malnutrition crbnica. Los siguientes factores 
contribuyen al crecimiento vacilante que se observa comunmente en los 
ni os que se encuentran en edad de dejar la lactancia materna: baja 
ingestion de nutrientes, alta incidencia de diarrea (a menudo causada 
por alimentos para el destete contaninados), y nuevas disminuciones en 
la duration e intensidad de la alim entacion proveniente del pecho de 

1 a madre . 

Cientificos del campo de los alimentos, especialistas en 

nutricion y planificadores de la salud que trabajan en Africa y en el 

Sur de Asia se reunieron en un taller international para examinar las 
tecnologias de alimentos que se utilizan en el hogar y que prometen 

bunos resultados en el mejoramiento de la nutricion de lactantes y 
ni os peque os. Despues de analizar el conocimiento que existe 
actualmente sobre la alimentation recibida a traves del pecho de la 

madre y las practicas que se utilizan para el destete en el oriente y 
sur de Africa, los participantes discutieron el use en dietas para el 
destete de alimentos fer?nentados y harina genninada para que los ni os 

pudan ingerir nutrientes mejorados y haya una disminucion en el riesgo 
causado por la contamination de los alimentos. Se identifico la 
investigation que se debe realizar sobre la efectividad de las 
tecnologias de alimentos y se discutio su difusion en el seno de la 

comunidad. 

Esta publication contiene las actas, conclusiones y recomenda- 

ciones del taller. Esta dirigida a cientificos y planificadores de la 
salud que participan en lainvestigacion nutritional y en progranas de 

desarrollo para mejorar la alimentation de lactantes y ni os en los 
paises en desarrollo. 
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SORGHUM AND MILLETS IN EAST AFRICA WITH REFERENCE 
TO THEIR USE IN WEANING FOODS 

M. Seenappa 

United Nations Children's Fund, 

P.O. Box 4076, Dar es Salaam, Tanzania 

Abstract In sub-Saharan Africa, millions of children 
are given sorghum and millet as weaning foods. Although 
lysine has been found to be a limiting amino acid, the 

problem of protein digestibility can be alleviated by the 
use of a legume with the sorghum in weaning-food prepara- 
tions. This technique offers a solution to the problem of 
"bulkiness" common to sorghum and millet weaning foods: the 

use of only 5% malted flour (from finger millet) has proved 
a simple yet efficient method of reducing viscosity; by 
allowing, moreover, for the addition of twice the normal 

account of flour, this technique has the effect of increasing 
the energy density of the food. Nutrition campaigns, espe- 
ciaZZ& those in Tanzania, have provided good opportunities 
for the promotion of "power flour" (P.F.) or "kimea." The 

Iringa Nutrition Programme has shown that moderate and even 
severe protein energy malnutrition (PEM) could be reduced in 
sorghum-dominated areas as much as in maize-dominated 
areas. The introduction of affordable technology, such as 
sorghum dehulZers and hand mills, has a positive impact on 
the utilization of sorghum and millets; this technology 
appears, moreover, to reduce the workload of women. 

Fool i; an essential component of nutrition; food production in 

Africa, however, is on the decline. In sub-Saharan Africa, daily food 
intake per capita has decreased from 2109 kcal in 1961 to 2097 kcal in 

1984. Persistent drought, frequent famines, and misdirected policies 
all have adversely affected the traditional food systems in many 
countries in Africa. Despite being the "home" for sorghum and 
millets, sub-Saharan Africa is able to produce an average yield of 
only 0.5 t/ha - a figure that appears embarrassingly low when compared 
with the 3.0 t/ha or more produced in other countries. In 1984, about 
140 million (of Africa's total population of 531 million) were fed 
with grain - maize, wheat, and rice - imported from other countries. 
By the year 2025, the population in Africa will probably triple to 
1.5 billion; the chronic decline in the production of cereal grains is 

therefore a cause for serious concern. 

The number of malnourished people in Africa has risen, since 

1980, from 80 to 100 million. The worst affected are children under 
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5 years of age. Of a global estimate of 575 million children under 
5 years of age in 1986, nearly 14 million died because of malnutri- 
tion, diseases, and inadequate health facilities; over 4 million 
(30.9%) of these young-child deaths were in Africa. Of the children 
alive today, more than 40% suffer from moderate malnutrition and 8-10% 
from severe protein energy malnutrition (PEM). According to 1986 
estimates, most countries with "very high" (more than 175) and "high" 
(95-174) mortality rates for children under 5 years are in Africa. In 

East Africa, it has been observed that most young-child deaths occur 
during the 1st year of life. The period during which undernourishment 
is most likely to take place is between 4 and 6 months. For normal 
growth, an infant of this age would need a supplementary food in 

addition to breast milk; this weaning food would, ideally, be based on 
locally available foods. In the sorghum and millet areas, a thin 
gruel made from these cereals and mixed with milk or a little sugar, 
constitutes a good introductory weaning food. [Editor's note: c.f. 
Greiner's distinction between weaning and complementary foods.] 
Between 6 and 12 months, a well-balanced sorghum or millet basic mix 
(or preferably a multimix) is essential. It is mandatory that breast- 
feeding and the provision of weaning food should continue together for 
2-3 years, until the child is ready to share the family pot. In this 
paper, an attempt is made to elucidate critically the advantages of 
sorghum and millet weaning foods and to emphasize their importance for 

child survival and development. Experiences are drawn mainly from the 
Iringa Nutrition Programme in Tanzania. 

Experiences from the Iringa Nutrition Programme 

Tanzania's Iringa Nutrition Programme, organized by the World 
Health Organization (WHO), the United Nations Children's Fund 

(UNICEF), and their Joint Nutrition Support Programme (JNSP), seeks, 
under its mandate, to reduce infant mortality and morbidity through an 
integrated approach toward improving the nutritional status of 
children under 5 years. The program started in December 1983, with 

168 villages from seven Divisions; it now covers 50,000 children under 
5 years, and is expanding to cover the whole region of more than 
600 villages. Weaning foods are a priority in the program, and are 
being promoted on a systems approach basis, with a conceptualization 
of problems, causes, and interventions (Table 1). 

Campaigns 

Nutrition campaigns have been of great assistance in mobilizing 
improved feeding and growth monitoring of children. The 1984 cam- 
paigns in Iringa had the following impact in 168 villages where a 
locally produced film was screened: all children were immunized, the 

use of "power flour" ("kimea") made from finger millet was demon- 
strated, and all the children were fed with this improved porridge. 
Emphasis was placed on the use of green leafy vegetables and oilseeds, 
such as pumpkin seeds, groundnuts, and sunflower seeds; a village- 
based system for monitoring child growth was established. This 
experience was recently used to promote an expansion of the program 
into another 425 villages in Iringa. 
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Table 1. Logistics of selection of program interventions 
related to food security. 

Problem Possible causes 

Inadequate food in Lack of household 
households (very planning 
severe in few Choice of wrong crops 
months before Failure of rains 

harvest) Poor crop management 
Storage losses 

Inadequate nutrient Poor economic resources 
intake Nutritionally poor diet 

Shortage of fuelwood 
Shortage of fruits and 
vegetables 
Scarcity of small 
animals 

Bulky weaning foods Lack of awareness of 

and inadequate children's needs and 
feeding of nutrient value of 

prepared foods 
Inadequate feeding 
frequency 

Scarcity of energy- 
dense items, such as 

groundnuts and cooking 
oil 
Bulky starch foods 
Too much workload 

Source: Seenappa (1987c). 

Program intervention 

Training of trainers on 
household food produc- 
tion planning 

Promotion of drought- 
resistant crops, such 
as sorghum, sunflower, 

cowpea, and especially 
cassava 
Improved storage 

Promotion of income- 
generating activities 

Nutrition education 
(especially mothers) 
through village health 
workers 

Training and inputs for 
village afforestation 
and home gardening 

Training and inputs for 
keeping of small 
animals 

Provision of weaning 
recipes based on local 
foods 

Promotion of breast- 
feeding 

Education of mothers; 
provision of "community 
contributed meal" 

Promotion of production 
and processing of sun- 
flower 

Campaign on use of 
"kimea" (power flour) 

Training in appropriate 
technology (use of hand 
mills, etc.) 

Sorghum and Millet Diets and Nutrition 

Sorghum is produced on 4.8 million ha of land in Africa. In 

these areas, nearly 70% of dietary protein and energy intake is, 
therefore, supplied locally by sorghum and millet products, and 
millions of children are given weaning foods made with these grains. 
Observations on the quality of sorghum and millets have so far been 
based on rat-feeding trials in the laboratory; surveys or trials in 

the field have been limited. In this paper, an attempt is made to 
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compare the performance of children in sorghum-dominated areas with 
that of children in maize-dominated areas. 

A village-based monitoring system is functioning very success- 
fully in Iringa. About 50,000 children under 5 years are weighed 
every 3 months. The village health workers take advantage of these 
weighing sessions to talk with the mothers, stressing the benefits of 
foods that are locally produced. The use of "kimea" is always 
recommended. The available data on children's weight enabled us to 
compare the nutritional status of children in the sorghum-dominant 
area (Pawaga) with that of children in the maize-dominant areas 
(Table 2, Fig. 1). The reduction in levels of moderate malnutrition, 
as well as of severe malnutrition, was found to be comparable in the 
two areas. The mobilization of mothers and their informal education 
on improved child feeding may well be responsible for this reduction 
in malnutrition. 

Results of Luganga Trial 

Luganga is one of the "Ujamaa" villages in Iringa Region, 
Tanzania. The staple crop in this village is sorghum. Because of 

constraints in processing the 'Serena' sorghum, villagers often trade 
sorghum for maize. 

Observations from Other Countries 

Studies in other countries have also shown the advantages of 
using improved sorghum/millet weaning foods to enhance the nutritional 
status of young children. Pushpamma et al. (1979) and Pushpamma and 
Devi (1979) have demonstrated the usefulness of dehulled sorghum and 
local grain legumes for increasing the nutritional status of preschool 

children in villages around Hyderabad, India. 

In Uganda, cereal-based weaning foods (such as sorghum, millet, 
banana, or maize) were supplemented with "jiko" (a paste made from 
groundnuts and sesame) and this cereal was then fed to 68 children 
with severe PEM. A comparison between children on a milk-based diet 
and those on the cereal-"jiko" diet showed that the latter group 
recovered at least 1 week earlier, and that their mortality rate was 
1.3%, compared with a rate of 11.5% for children on milk diets 
(Kakitahi 1985). 

Table 2. Comparison of children (under 5 years of age) with moderate 
malnutrition in sorghum-dominant areas with those in maize-dominant 

areas, Iringa Nutrition Programme, Tanzania. 

% moderate malnutrition during 2nd quarter of: 

Division Main crop 1984 1985 1986 1987 

Pawaga Sorghum 50.26 36.42 40.93 37.57 
Ifwagi Maize 57.42 49.57 43.14 43.78 
Wanging'ombe Maize 52.53 39.13 35.79 34.73 
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1984 1985 1986 1987 

Year 

Fig. 1. Comparison of percentage of children (under 5 years of age) 
with severe malnutrition in a sorghum-dominant area (Pawaga, ) with 

those in a maize-dominant area (Wanging'ombe, ) for the 2nd quarter 

of the years covered ( , region). 

Studies by Brandtzaeg et al. (1981) in several South Indian 
villages showed that combinations of sorghum and green gram, or of 

finger millet and green gram, produced nutritive weaning foods with 
good acceptability, and that these foods had the effect of acceler- 
ating weight gain in the children. 

In Ethiopia, Svanberg and co-workers (personal communication) 
executed a 20-day trial, wherein 20 preschool children were fed 
porridge made with "power flour" or germinated sorghum. This bulk- 
reduced porridge contained 25% more flour and was, therefore, 25% more 
nutrient dense than untreated porridge. Despite the short duration of 
this trial, the bulk-reduced porridge could be seen to have a positive 
effect on the nutritional status of the children. 

Thus, reports from many countries show that sorghum- and millet- 

based weaning foods influence the nutritional status of young 
children; this is especially true when the children are fed a weaning 
mix that includes a legume. These reports also show that the use of 

malted millet or sorghum helps to reduce dietary bulk, thus increasing 
the nutrient density of the weaning food. 

As observed by Eggum et al. (1982), a diet that consists only of 
sorghum, and that therefore has a low lysine content, does not allow 
adequate utilization of protein and energy. If, however, the sorghum 
is combined with other foods that are rich in lysine, the protein and 
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energy are used more effectively. This observation is supported by 
other feeding trials with preschool children (Pushpamma and Devi 1979; 

Pushpamma et al. 1979). 

The studies cited above, although few, do indicate that when 
feeding is sufficiently frequent, and dietary intake adequate, then 
sorghum- and millet-based weaning foods can have a positive effect on 
weight gain in children. A successful promotion of these weaning 
recipes would, however, require the sort of package used in Iringa, 
promoting production, processing, and utilization. 

Promotion of Sorghum and Millet Weaning Foods 

Field Experiences 

There is currently a major emphasis in the developing countries 
on formulation and promotion of appropriate recipes based on locally 
available foods. Community participation is essential in nutrition 
education and in monitoring child growth (Hendratta and Johnston 
1978). Because sorghum- and millet-based weaning foods are regaining 
their position in the food systems of sub-Saharan Africa, there is now 
a concentration of attention on these foods. 

In Tanzania, the promotion of proper weaning foods has a high 

priority: the Tanzania Food and Nutrition Centre, for example, is 

producing a weaning food manual specific to every region. In the 

Iringa Nutrition Programme (WHO/UNICEF/JNSP), the promotion is based 
on a conceptual analysis of household food security, as presented in 

Table 1 (Seenappa 1987c). Promotion of sorghum and millets 
constitutes a package that includes 

promotion of production of sorghum and cowpeas (Table 3); 

promotion of minidehullers for sorghum and cowpea; 
promotion of appropriate recipes; and 
promotion of "kimea" or "power flour," with nutrition education 
on dietary bulk reduction. 

Traditional Home Processing 

Traditionally, grain pounding (dehulling) is a woman's job in the 

household. More commonly, wet-grinding is practiced (with inclusion 

of about 2% moisture). In remote villages in sorghum and millet 
areas, a flat granite stone and a small rubbing stone or roller-type 

stone pestle are used. More commonly, however, a wooden mortar and 

pestle ("kinu") is used. In 1 h, a woman usually pounds and processes 
2-2.5 kg of sorghum. Because many flour particles are lost through 
crude dehulling and hand winnowing, the extraction rate is around 

60%. Flour thus obtained is very moist, with a water content of 
30-40%; it can, therefore, be stored for only 1-2 weeks. Furthermore, 

sorghum flour has a very high fat content - higher even than that of 

maize; this high fat content can also reduce the storage capability of 

the flour. 

Sorghum processing constitutes a strenuous workload for women in 

the semi-arid tropics. In sorghum-growing areas in Tanzania, women 

spend several hours every day, beginning in the early morning, 

pounding and processing sorghum (Seenappa et al. 1984). The time 
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Table 3. Distribution of drought-resistant crops among villages 
in Pawaga Division, Iringa Rural District, 1986-1987. 

Main crop Communal pilot Demonstration 

Popu- Area Area Area 

Village lation Crop (ha) Crop (ha) Crop (ha) 

Kimande 3000 Sorghum 246 Sorghum 31 Cassava 1.2 

Cowpea 6 

Itunundu 1385 Sorghum 185 Sorghum 23 Cassava 1.2 

Cowpea 2 

Mooliboli 1167 Sorghum 194 Sorghum 24 Cassava 0.3 

Cowpea 4 

Kisanga 843 Sorghum 204 Sorghum 24 Cassava 0.8 

Cowpea 2 

Isele 1058 Sorghum 97 Sorghum 16 Cassava 0.8 
Cowpea 5 

Groundnut 4 

Luganga 1060 Sorghum 104 Sorghum 16 Cassava 0.8 
Cowpea 10 

Pigeon pea 3 

Magozi 620 Sorghum 84 Sorghum 16 Cassava 0.8 

Cowpea 10 

Pigeon pea 2 

Ilolo 599 Sorghum 80 Sorghum 16 Cassava 0.8 
Cowpea 10 

i geon pea P 2 

Mkombilenga 541 Sorghum 67 Sorghum 16 Cassava 0.8 

Cowpea 6 

Pigeon pea 3 

Note: During November-December 1986, the Iringa Nutrition 
Programme supported the launching of a campaign to promote cassava and 
other drought-resistant crops; this was followed by the supplying of 
cassava cuttings, of 9000 kg of sorghum, and of pigeon pea and cowpea 
seeds. 

Source: Seenappa (1987a, b). 

spent on this task amounted to nearly 2 full days in a week. In 

general, the red varieties of sorghum have always required more time. 
Despite problems with dehulling and processing, sorghum is still a 

staple for an estimated six million people in Tanzania (Tanzania Food 
and Nutrition Centre, Dar es Salaam). The situation is similar in 
most of the sub-Saharan countries of Africa. An affordable, alterna- 
tive technology would greatly reduce the women's workload and would 
increase the use of sorghum and millets; such a technology would also 
allow for the production of better food, especially for children. 
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A study in a sorghum-growing Tanzanian village (Tobisson 1980) 

found that women spent about 8.7 h/day on nonagricultural activities, 
including collecting water, fetching firewood, milling, grinding, and 
preparing food. In his explanation of the role of women in the 
postharvest conversion of food, Brandtzaeg (1982) observed that in the 
household, 83% of food processing was done by women, 15% by girls, and 
none by men. 

The International Development Research Centre (IDRC) has main- 
tained its support of appropriate milling systems, especially sorghum 
dehullers in sub-Saharan Africa, and has created a network of mutual 
help among these countries. This is, however, only a small beginning: 
effort is required from every policymaker, researcher, and administra- 
tor to lighten women's workload by making the technology accessible 
and affordable. 

Mechanical Milling Systems 

Dehulling, winnowing, and pulverization are three important steps 
in grain milling; when the appropriate power is added, either from 
diesel engines or from electric motors, a complete milling system is 
formed. To be successfully disseminated in the rural areas, however, 
these milling systems must be simple, viable, and affordable. 

Since 1976, IDRC has been supporting research into improving and 
simplifying milling systems for sorghum in sub-Saharan Africa. Sup- 

port given to the Rural Industries Innovation Centre (RIIC), Botswana, 
resulted in the modification and improvement of the prototype dehuller 
provided by the Prairie Regional Laboratory (PRL) of the National 
Research Council of Canada. The PRL type had already been tested in 
Botswana, in Maiduguri, Nigeria, and in Senegal. The modified PRL 
dehuller came to be known as the RIIC/PRL type. A smaller version 
known as a minidehuller was later developed by the PRL as a laboratory 
mill, and has now been introduced in many countries (Schmidt 1983). 

The PRL dehuller has 13 carborundum stones of 30 cm diameter, 
evenly spaced on a 92-cm shaft (Fig. 2). The bran is aspirated by a 

fan to a cyclone. This dehuller is suitable for a fairly large-scale 
operation with continuous flow and is used for sorghum, millet, 
cowpeas, and maize. 

The RIIC/PRL dehullers are similar to the PRL type, but smaller. 
They can be used as a batch- or continuous-flow type. The carborundum 
stones are 25 cm in diameter. Although they can be used as a service 
mill, each needs a daily throughput of 1.5 t to be economically 
viable. 

The minidehuller (PRL) is a smaller, simplified version of the 
batch-type dehuller, fabricated first by PRL (now the Plant Biotech- 
nology Institute) and intended to dehull small batch samples of 2-8 kg 

of sorghum and many grain legumes (Reichert et al. 1984). This 

machine (Fig. 3) is low in cost, simple to operate, and highly 

suitable as a service mill for small villages or communities. It 

takes less than 5 min to dehull one 5-7 kg batch of sorghum. This 

machine operates either with an electric motor or with a 5-hp diesel 

engine. Because there is no cyclone to aspirate the bran, it has to 

be separated by hand winnowing. 
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Fig. 2. The PRL dehuller is identical to the PRL/RIIC dehuller, 
except that the latter has a hinged door on the bottom to allow the 
dehulled cereal to drop into a collecting basin. 1, grain hopper; 

2, feed gate; 3, air inlet; 4, carborundum stones; 5, adjustable gate; 
6, overflow outlet (dehulled grain); 7, fan; 8, bran; 9, to cyclone. 

The minidehuller has been successfully tried in Egypt, Guatemala, 
India, the Philippines, and Thailand, as well as many countries in 

Africa. The RIIC/PRL-type dehullers were initially introduced into 

Tanzania by the Small-scale Industries Development Organization (SIDO) 
with the support of IDRC; the minidehuller tried in Morogoro (Sokoine 
University) and in Iringa has proved to be more of a service mill, 
targeted mainly at subsistence farmers. 

After the sorghum has been dehulled, it is ground into flour - a 

process known as "pulverization." Hammer mills are mainly used for 



48 

Fig. 3. PRL minidehuller. 

Fig. 4. (a) Samap and (b) Diamant hand mills. 

this purpose in most countries in sub-Saharan Africa; they are pro- 
duced locally and are therefore readily available to village 
cooperatives or even to private individuals. 

Local availability of dehullers is, however, still a problem. 

Botswana and Tanzania are producing these on a small scale. The only 
limiting factor is the importation cost of carborundum stones or 
resinoid discs. 
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In place of hammer mills, hand-grinding mills are being promoted 

as affordable machines in several countries. In Tanzania, SIDO is 

producing hand mills based on the "Atlas" design. These cost about 

5000-6000 TZS (in 1988, 69 Tanzanian shillings [TZS] = 1 United States 

dollar [USD]). As the production is on a very small scale, the other 

common types being imported are the "Samap" and the "Diamant" types 

(Fig. 4), the former costing USD 60 and the latter, USD 110 (prices in 

July 1986). 

Milling Properties 

Different from millet in structure and composition, sorghum is 

the more difficult of the two to mill and process. Red, high-tannin 

varieties of sorghum pose more problems than do the yellow and white 

varieties: because the darker varieties need longer dehulling, their 

extraction rates are very low (Table 4). The milling properties of 
sorghum also vary according to the type of milling practiced - wet or 

dry. Furthermore, the nature of the endosperm in the grain affects 

the way in which this grain is broken: of the soft, medium, and hard 

types of endosperm, the soft type breaks too easily, making its grain 
very difficult to dehull. In Tanzania, the varieties available 

include 'Serena,' with soft endosperm; 'Lulu,' with medium endosperm; 
and Bihawana local and Gairo local, with hard endospertns. These all 

exhibit concomitant variations in milling properties. Mechanical 

dehulling is easier for the hard type of grains: with these, it is 

possible to attain a uniform pearling or polishing, and to secure good 

extraction rates (Eggum et al. 1982; Bangu 1986). 

As with other cereal grains, the pearling or polishing of the 

sorghum grain results in the loss of some nutrients. To show which of 

these are vulnerable, Table 5 illustrates the distribution of 
nutrients in the sorghum grain (Fig. 5). 

Table 4. Extraction rates of some sorghum varieties 
after dehulling. 

% content 

Sorghum Whole grain Dehulled grain Extraction 
variety Ash Fad s a rate W 
Durra yellow 1.70 3.22 1.08 1.81 80 

Durra red 1.58 3.60 1.06 2.38 74 

USA red 1.48 3.25 3.25 1.27 65 

Table 5. Distribution (%) of nutrients in sorghum grain. 

Scutellum Embryo Endosperm Aleurone 

Thiamine 62 2 3 32 
Riboflavin 14 12 32 37 

Niacin 1 1 12 82 
Protein 4.5 3.5 72 16 
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Fig.5. Anatomy of a sorghum grain. 1, scutellum; 2, embryo; 3, 
endosperm; 4, aleurone layer; 5, pericarp and testa. 

A number of weaning recipes (Table 6), suitable for household 
preparation and based on sorghum and millets, are being promoted 
through appropriate nutrition education in a number of African 
countries. 

Table 6. Sorghum and millet weaning recipes. 

Ingredients Quantities Comments 

Tanzania 

Sorghum 75 g Cassava leaves are pounded well 
Kidney beans 25 g before adding 
Cassava leaves 10 g Final gruel solids 7.5%, viscosity 

reduced by addition of 1% w/w 
"power flour" (Mosha 1984) 

Sorghum 75 g Cowpeas used as slightly roasted 
Cowpeas 25 g flour, giving the aroma of ground- 
Greens 10 g nut. "Power flour" (5 g) added when 
Cooking oil 5 g "uji" is ready (JNSP-Iringa) (TFNC) 

Sorghum flour 140 g Proposed for 1-2 year olds. Energy, 
Cowpeas 100 g 1095 kcal; protein, 50.6 g; calcium, 
Dry fish ("dagaa") 20 g 818 mg; iron, 13.9 mg; vitamin A, 
Vegetable oil 20 g 1220 IU; vitamin C, 40 mg (Van 

Dark-green leafy 
vegetable 

Rossum 1984) 

Sorghum flour 90 g Proposed for 6-12 month olds. Energy, 

Groundnut 30 g 617 kcal; protein, 25 g; iron, 

Dry fish ("dagaa") 10 g 6.5 mg; vitamin A, 900 IU; vitamin C, 
Sugar 
Dark-green leafy 

20 g 30 mg (Van Rossum 1984) 

vegetable 30 g 

Water 500 mL 
(continued) 
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Ingredients 

Sorghum floura 
Beans/peas 
Egg 
Pumpkin leaves 

Sorghum floura 
Egg 

Sugar 
Cooking oil 

Sorghum floura 
Milk 
Sugar 

Sorghum floura 
Beans/peas 

Cooking oil 

Salt 

Sorghum floura 
Tomato 
Meat/fish/chicken 
Cooking oil 

Salt 

Mul timix 
Sorghum flour 
Field pea flour 
Fenugreek (soaked 
overnight) 

Oi 1 

Sugar 

Sorghum flour 
Sugar 
Milk, evaporated 

Sorghum flour 
Bean flour 

Red palm oil 

Onion 

Table 6. Concluded. 

Quantities Comments 

30 g 
30 g 

1 

30 g 

30 g 

1 

10 g 

5g 

30 g 

250 mL 
10 g 

30 g 

30 g 

5g 
to taste 

30 g 

1 medium 
30 g 

5g 
to taste 

Lesotho 

Ethiopia 

50 g Mix sorghum, pea flour, and fenugreek 
10 g with water; bring to boil, stirring 

well; add oil and sugar; cook gently 
5 g for 15 min; add a little salt to 
5 g taste. Energy, 295 kcal; approximate 
5 g volume, 150-200 mL 

Nigeria 
50 g Mix flour smoothly with a little 
5 g water; add more water and bring to 
5 g the boil; add evaporated milk and 

sugar. Energy, 205 kcal; approximate 
volume, 150 mL 

40 g Mix the bean flour to a smooth paste 

20 g with a little water; add some more 
5 g water, bring to the boil, and cook 
5 g gently with the chopped onion; when 

nearly cooked, add the sorghum flour 
and stir well; cook a further 15-20 
min, add the oil. Energy, 270 kcal; 
approximate volume, 200-250 mL 

Sources: Cameron and Hofvander (1983) and Lehloba (1985). 
a Millet could be used in place of sorghum. 
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There have been attempts, most of them successful, to produce 
sorghum/millet-based weaning foods on a semicommercial scale, often 
using the extrusion and malting technology. These foods have been 
promoted as "high energy" and "high protein"; some have become popular 
in the supplementary feeding programs and at nutrition-rehabilitation 
centres and in hospitals. For household utilization, however, some of 
these products will have to be made more affordable. 

Conclusions 

Sorghum and millets have a vital role to play in food security in 

sub-Saharan Africa. 

Millions of mothers are weaning their children on sorghum and 
millet porridges. When prepared in the traditional manner, 
however, these porridges are bulky and very low in overall 
nutrient density, as well as in energy content. 

Several basic and multimix recipes are now available for 

preparing sorghum- and millet-based weaning foods; these recipes 
are based on locally available and acceptable ingredients. 

Affordable technologies are now available for dehulling sorghum, 
with a view to decreasing women's workload, and to increasing the 

digestibility of the foods. Hand mills have proved very useful, 
especially in Tanzania. 

Although lysine is a limiting factor for protein digestibility, 
the use of legumes in weaning food preparations would help to 
alleviate this problem. 

Of growing popularity in Tanzania, "kimea" or "power flour," 

prepared from malted finger millet or sorghum, helps to reduce 
dietary bulk and to increase the energy density of the food. 

Nutrition campaigns, such as those undertaken in Iringa, Kagera, 

Shinyanga, and other regions in Tanzania, have provided oppor- 
tunities for effective nutrition education at the village level; 
this is especially true for education on improved child feeding 
and on the use of "power flour." 

The Iringa Nutrition Programme has been studying the levels of 
moderate and severe protein energy malnutrition in children under 

5 years. The program operates in areas dominated by sorghum as 
well as in those dominated by maize; results from the two areas 
have been found to be comparable, with regard to lowering levels 
of malnutrition. 

The Luganga study in Tanzania showed that "power flour" was well 

accepted by the mothers: in fact, they already knew how to make 
it. In this study, the effect on weight gain was demonstrated in 

about 40 children over a period of 3 months. 

There have been attempts in Africa and in India to use malted 
millets on a semicommercial scale for the preparation of weaning 

foods; in several countries, this has been successful. The resul- 

tant products seem, however, to be used mostly in rehabilitation 
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centres and in hospitals. A more widespread use of sorghum and 

millets for weaning-food preparation would depend very much on 
the popularization of household technologies. 
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