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Executive Summary
Micronutrient malnutrition is widespread in Africa, affecting many people of all ages and socioeconomic groups, but children under five years of age and pregnant and lactating women are particularly vulnerable. Countries in Africa, particularly West Africa, represent some of the most nutritionally at risk and most food insecure populations in the world, and the consequences are enormous.  The alarmingly high under-5 mortality rates in several West African countries are attributable to gross under-nutrition and micronutrient deficiencies, especially vitamin A deficiency.  Almost 50% of the 36 million children affected by VAD in sub-Saharan Africa live in Western and Central Africa.

Effective strategies exist to prevent and control micronutrient deficiencies.  Known interventions include supplementation, dietary diversification, public health measures, and fortification of commonly-eaten, widely-accessible staple foods.  Among these, food fortification could play a vital role to enable broad coverage of target populations with micronutrients, cost-effectiveness, and sustainability.  For the large and expanding populations of all socioeconomic classes in Africa who have access to and regularly purchase commercial or centrally processed foods, food fortification can make a large difference.  For those who do not have access to commercially processed foods, but instead rely on community-based production and processing, innovative ways to fortify at the small scale level are also available. 

Ensuring an effective fortification program involves several components and stages that can be considered as part of a “food fortification cycle”.  Choosing an appropriate vehicle, or vehicles, for micronutrient fortification in a particular country or region is one of the primary steps in this cycle.  The choices of vehicle often include staple foods and - especially relevant for Africa - less conventional vehicles such as salt, sugar, oil, and seasonings that are consumed by all segments of the population. Salt iodization is a good example of a national fortification program that enables almost universal coverage.  

Another important initial stage in the food fortification cycle is an assessment of the existing food industry to determine the feasibility of fortification of the chosen vehicles with the chosen micronutrients, and this report presents results of such assessments that were done in select countries.  

Fortification of food in West Africa is not yet widespread. However over the past three to four years, food fortification as a policy and strategy has received support from the ECOWAS (Economic Community of West African States) member countries.  With this support, it is expected that new food fortification initiatives will emerge over the forthcoming years.  

For the last three years, Helen Keller International (HKI) and the Micronutrient Initiative (MI) have worked with partners in several countries in West Africa to identify potential food vehicles for fortification and assess the capacity of existing food industries to produce and market fortified foods. The findings are encouraging and indicate great potential for food fortification in West Africa.  Promising foods identified for consideration include cooking oils and fats, sugar, wheat flour, bouillon cubes and salt.  Each of these foods present both opportunities and challenges in each country of the region that need to be addressed before proceeding with a national fortification program.

It is therefore recommended that governments and the private food industry in the region work together to address specific issues to promote and expand food fortification.  Food fortification should form part of an integrated strategy to address micronutrient malnutrition in each country that includes dietary promotion, supplementation and public health approaches. The important steps to advance this initiative are: 

· Increase awareness on the extent and consequences of micronutrient malnutrition and its alleviation through food fortification, 
· Generate political and food industry commitment to the initiative, 

· Address specific opportunities and issues (technical, economic and regulatory) with reference to the fortification of a specific food in each country,  
· Prepare and implement national strategies and plans.
1. Micronutrient Deficiencies in West Africa: Prevalence and Consequences

Micronutrient malnutrition is widespread in Africa, affecting many people, especially children and women. Globally, the three micronutrient deficiencies most commonly of public health importance are iodine, vitamin A and iron deficiencies. Often these forms of malnutrition do not exist in isolation, but are co-existent in the same population, worsening their adverse consequences.   

The number of people suffering from micronutrient malnutrition varies across regions. Sub-Saharan Africa is home to 14% of the world’s micronutrient malnourished populations, that is, nearly 170 million people are suffering from either vitamin A, iodine or iron deficiencies.

Countries in Africa, particularly West Africa, represent some of the most nutritionally at risk and most food insecure populations in the world. Micronutrient malnutrition can affect all ages and socioeconomic groups, but children under five years of age and pregnant and lactating women are particularly vulnerable. For the ECOWAS region, this means a significant impact as there are approximately 43 million children under 5 years old in the region.  Niger has one of the highest documented rates of under-five mortality (U5MR) in the world, 270 per thousand (UNICEF, 2002). Mali has the sixth highest rate of child mortality and Burkina Faso is ranked as number 12 in the world for child mortality rates (UNICEF 2002). Gross under-nutrition and micronutrient deficiencies, especially vitamin A deficiency, are major contributors to these alarming rates of child death in all three countries mentioned.  

Clinical vitamin A deficiency (VAD) is less common, but the sub-clinical form, defined by serum retinol < 0.7 μmol/l, is present in many populations.  It can be caused by low dietary intake of available vitamin A from animal sources such as liver, eggs, milk, or plant sources such as green leafy vegetables and orange fleshed fruits.  In children, vitamin A status may be aggravated due to infectious diseases.  The effects of vitamin A deficiency, both clinical and sub-clinical, range from blindness to decreased resistance to infections and increased mortality and morbidity.  In sub-Saharan Africa, 36 million preschool children are affected by VAD (MI, 2001).  Of these, 17.4 million (48%) are in Western and Central Africa.  

In most countries of the West Africa region, about half of the reproductive age women suffer from various degrees of anemia, and pre-school children and other age/physiological groups are extensively involved.  Anemia, one of the consequences of iron deficiency (IDA), is not only a risk for mortality (especially maternal), but has extensive effects on cognitive development, learning ability, and work capacity.  

20-40% of the people in the region are at risk for iodine deficiency disorders (IDD) which is the world’s leading cause of preventable mental disability. Although the coverage of iodized salt has increased over the years (in sub-Saharan Africa approximately 65% of households consume iodized salt, UNICEF,1999), the numbers of newborns unprotected from IDD continues to be large.  In West and Central Africa, it is estimated that more than 3 million newborns per year are born unprotected.

Table 1.  Prevalence of Micronutrient Deficiencies in West Africa

	Country
	U5MR

(per 1000 live births)
	Rank

(U5MR)
	% of households consuming adequately iodized salt

	Sub-clinical VAD

(% preschool children)
	Annual deaths of children 6-59 months attributable to VAD

	IDA

(%  pregnant women)

	Burkina Faso
	198
	12
	23
	71
	20,538
	n/a

	Côte d`Ivoire
	173
	22
	n/a
	47
	11,626
	34

	Ghana
	102
	49
	10
	55
	7822
	n/a

	Mali
	233
	6
	9
	73
	27,950
	73 

	Niger
	270
	3
	64
	n/a
	27,765
	n/a

	Nigeria
	184
	17
	98
	n/a
	102,267
	38

	Senegal
	139
	30
	9
	n/a
	4872
	60


Data Sources:

1) U5MR: State of the World’s Children, UNICEF, 2002 (data refer to 2000)

2) Sub-clinical VAD and IDA for CI, Nigeria and Senegal: The Micronutrient Report, MI, 2001 (except for Mali, reported prevalence at sub-national level)

3) IDA for Mali: DHS Survey, 2001

Steps have been taken to address micronutrient malnutrition over the past decade, with actions by both the public and the private sectors. The most intensive efforts have concentrated on the problems of IDD and VAD, with a focus on vitamin A supplementation and salt iodization. These efforts have yielded results: for example, the prevalence of severe vitamin A deficiency has shown a decreasing trend and IDD prevalence rates have, with the advent of widespread, effective salt iodization in many countries, decreased. Yet, the prevalence of sub-clinical vitamin A deficiency, VAD associated with increased mortality risk in children and pregnant women, is still estimated to be approximately 30-35% in the West and Central Africa Region, and the sustained attention to effective IDD programs remains a challenge. Iron deficiency in particular with all its apparent and less apparent effects, remains a problem of “hidden hunger”.  It has not yet been addressed through widescale food fortification efforts or through comprehensive, well-managed public health approaches as has been the case in the developed world for over 50 years.
2. Food Fortification as a Strategy to Address Micronutrient Malnutrition
Micronutrient deficiencies can be prevented and even eliminated if small quantities of the micronutrients are consumed by populations on a continuous and ongoing basis. Integrated approaches are recommended to reduce, and ideally eliminate, micronutrient deficiencies.  One strategy cannot eliminate all micronutrient deficiencies, nor can it reach all people.  However, known interventions such as supplementation (vitamin A and iron), fortification of staple and widely consumed, accessible foods (vitamin A, iron and iodine), dietary improvement and public health measures, have all been very successful worldwide, and have shown an impact on the micronutrient status of the at-risk population particularly when integrated. 

Complementary to micronutrient supplementation of most vulnerable age-groups, the fortification of commonly-eaten staple foods in a country raises the threshold of micronutrient intakes in the population. Fortification can play an important role to meet a demonstrable gap in intake apparent from dietary, biochemical or clinical evidence. Fortification should be viewed as part of a range of measures that influence the quality of food that include improved agricultural practices, improved food processing and storage and consumer education to adopt good food preparation practices. Eventually (as in many developed countries) fortification could become the key intervention to deliver micronutrients on a continuous and self-sustaining basis. 

Adequately fortifying a single, commonly consumed and accessible staple food will have an impact on the micronutrient status of the population, providing on average up to one third of the Recommended Daily Intake (RDI) of the nutrient added.  The recommended long-term goal of a national fortification plan is therefore to fortify multiple staples to achieve the largest potential impact.  Using food balance sheet tables, and making some assumptions (e.g. the level of fortification providing on average one third of the RDI), we estimate that by fortifying three food commodities that are regularly purchased and consumed in Africa, such as sugar, vegetable oil, maize and wheat flour with vitamin A, 100% RDI of vitamin A could be provided on average to the population in Nigeria; 50% in Mali, 70% in Ghana, 105% in Ivory Coast, and 47% in Burkina Faso (Bégin et al., 2001). 

2.1 Status of Food Fortification in the Region 

For a long time, the conventional view was that Africa (and particularly West and Central Africa) is not ready for food fortification.  This was based mainly on the fact that poor segments of the population do not have access to commercially-processed foods.  However, carriers such as salt, sugar, cooking oil, and seasonings could be used as vehicles for fortification because over the past decades, they are being consumed in increasing amounts by all socioeconomic classes, even in remote areas.  In addition, Africa has been increasingly affected by urbanization, as other parts of the world have, and it is expected that populations having access to centrally-processed foods will continue to expand.  With the exception of salt iodization, food fortification programs are at an infant stage in the region and most countries are exploring the feasibility of one or more approaches.  Nigeria is the most advanced with respect to food fortification.  It now has regulations in place to fortify cooking oils, sugar, and cereal flour with vitamin A.  Nigeria is also one of the two countries in Africa where double fortification of salt with iodine and iron is being tested (by the MI and UNICEF in collaboration with the salt industry).  In Ghana and Côte d’Ivoire, through a public-private partnership, one brand of cooking oil is now voluntarily fortified.  Mali, Burkina Faso, and Côte d’Ivoire are exploring the feasibility of fortifying sugar, bouillon cubes and wheat flour.   Niger is assessing wheat flour as a potential fortification vehicle.

2.2 Vehicles for Fortification
The consumption of staple foods varies widely across African nations. The potential impact of fortification on micronutrient intake will therefore vary greatly, depending mainly on the pattern of availability and consumption of that staple.  It is therefore important to understand and analyze the country-specific food production, processing and distribution systems and the patterns of food consumption to assess the potential contribution of food fortification to preventing micronutrient malnutrition.

Assessment tools are available specifically to assist with the identification of an appropriate vehicle for fortification. Fortification Rapid Assessment Tool (FRAT) surveys are useful to study food consumption patterns of the population and availability of foods at the household level and to identify which food may be appropriate.  The FRAT survey is designed to gather data specific to most vulnerable groups, i.e., children 12-36 months and women 15-49 years of age. 

Upon request from the governments to study the feasibility of fortification as a viable public health intervention in their country and to identify potential food vehicles for the addition of micronutrients, FRAT surveys were conducted in 2000 in Burkina Faso, Mali and Niger by HKI with support from the MI (Zagré, 1999).  These studies identified several promising vehicles for micronutrient fortification in the three countries including bouillon cubes, sugar, cooking oil and cereal flours.  These foods were consumed by the majority of surveyed people for 4 to 7 days a week.  For example, bouillon cubes were reported to have been consumed by at least 50% of the children in the three countries and by at least 67% of the women of childbearing age.  However, for some of the other vehicles, the reported consumption levels were relatively low.  For example, during the week preceeding the survey, the mean flour consumption by women of childbearing age was 164 g/day in Niamey (range 0-588 g) compared to 8.4 g/day  in Ouagadougou (range 0-107 g), and in preschoolers, the mean was 61.2 and 14.3 g/day, respectively.  For all commodities studied, amount consumed was less in rural areas than in the capital.

3. Industry Assessments 

Using the information collected during the situation assessment and analysis phase (where candidate food vehicles have been identified for fortification), and shared with the people and institutions who will be involved into the further program planning, the next step is to assess, explore and establish the technical and economic feasibility of fortification.  Following the analysis of the FRAT results, the MI commissioned industry assessments through consulting missions to Burkina Faso, Côte d’Ivoire, and Mali in consultation with the government and industry sectors.  The visits aimed to assess the feasibility of fortifying the following potential vehicles: 
· sugar and cooking oil with vitamin A; and 
· wheat/corn flour and bouillon cubes, with iron and possibly vitamin A.  
In Niger, an industry assessment was conducted for wheat flour only, and in Nigeria, salt industries were visited to assess the feasibility of introducing a new product: double fortified salt (iodine and iron).  The main findings from these visits are described below.

Ghana and Senegal were not visited by the consultants, but similar activities were studied independently.  

3.1 Cooking Oils and Fats
The production and refining of cooking oils is a centralized process in many countries. As vitamins A, D and E are fat soluble, they permit easy and cost-effective addition without need for elaborate equipment and can be uniformly distributed in oil. The stability of vitamin A is greater in oils than in any other food and oil facilitates the absorption of vitamin A by the body. Vegetable oils are consumed by almost everyone; thus, it is possible to improve people’s access to fat soluble vitamins through fortification.

In each of the countries visited, there are a small number of oil refineries, which would enable regulation and quality assurance at a centralized level.  In the three countries visited, the industry was found to be sophisticated and capable of implementing fortification with vitamin A.  It was also found that, in general, the oil producers had a positive attitude towards fortification.  One of the industries visited in Abidjan, Côte d’Ivoire, is already voluntarily fortifying refined palm oil with retinol palmitate (800 RE per 100 g). The government has been closely involved in the promotion of oil fortification with vitamin A.  

Palm oil accounts for 80% of the oil consumed in Côte d’Ivoire; while in Burkina Faso and Mali, cottonseed oil is far more consumed than the other oils.  As shown in the table below, estimated per capita consumption varies significantly across countries and is much higher in Côte d’Ivoire than in Mali and Burkina Faso.   According to Dary and Mora (2002), vitamin A fortification is relevant when amount of oil or margarine consumed is greater than 5g/day (1.8 kg/year).

Table 2. Oils and Fats Production and Consumption
	
	Côte d’Ivoire
	Burkina Faso
	Mali

	N. of industries

Range of production (mt/yr)
	3

(6000-170,000)
	3
	1

	Total production (mt)
	347,000
	n/a
	n/a

	Total imports (mt)
	28,000
	9000
	8000

	Total available for fortification (mt)
	181,000
	46,000
	64,000

	Annual per capita consumption (kg)
	11.3
	4.2
	5.8

	Daily per capita consumption (g)
	31
	11.4
	16

	Vitamin A fortification level required to provide 15% RDI (90 μg RE)

	(10 mg/kg
	(27 mg/kg
	(19 mg/kg


Packaging is an important element when considering the feasibility of oil fortification.  In the three countries visited, it was found that packaging size generally varies from small, 250 g sachets and clear PET bottles (1 L), to large, 20-litre jerry cans and 200-litre drums.   In Burkina Faso, oil is packed in drums and therefore a possible method of fortification may be to design a simple drum dosing system.  In rural areas, cooking oil is often dispensed to consumers in bulk in small plastic bags.  Quality assurance and quality control systems in most of the refining plants are found to be good to excellent, although some may need assistance in order to carry out quantitative vitamin A analyses.  

Based on list prices, the total costs for fortifying oil with vitamin A at a level of 9 (g RE (30 IU vitamin A) per gram of oil are 1400 CFA per ton (US$ 1.95/ton) which represents about 0.20% of the cost of oil production. 
Issues and Constraints

Stability: Although cooking oil is a very suitable vehicle for fortification with vitamin A, the retention of vitamin A depends on the way the product is used, in particular the temperature to which it is heated.  In general, research data shows good stability during storage; losses due to cooking can be up to 30-40% (Kakuda et al, 2002).  However, there are concerns regarding the stability of vitamin A among some industries in West Africa with respect to oil used for cooking when exposed to heating (deep-frying) for prolonged periods, in particular when preparing typical West African dishes.  Before proceeding, consumer practices would need to be studied to address this concern.  Additional studies should be conducted to determine whether cooking methods specific to the countries would result in losses comparable to what has been documented in other parts of the world.   

Also, exposure to light can cause much greater losses of the vitamin A in oil than cooking does.  In order to minimize losses, fortified oil should be stored as much as possible in dark containers until it is sold.  Recently the possibility of adding UV absorbers to plastic containers has been considered.

Small scale production: Although oil is mainly produced by large factories, there is a certain amount of oil (mainly groundnut) that is produced by small producers.   Shea butter (“beurre de karité”), also produced in small units, is consumed in considerable quantities by poor segments of the population.  Eventually fortification at the small scale level would have to be addressed in order to reach all vulnerable groups.  In Burkina Faso alone, there are between 200-300 small producers, mainly women’s groups (organized as oil production and sales organizations) which appear to be favorable to fortification of shea butter.

3.2 Sugar
In all three countries visited, the sugar industry is sufficiently modern, centralized and capable of fortification with vitamin A.  Although there is a lot of cross border trade of sugar in the region, there is a limited number of mills in each country which would make regulation and quality assurance at a national level an easier task. Imported sugar accounts for 25-50% of sugar on the market.  Europe and Brazil are the main sources of these imports.  There is also an unknown quantity that is imported informally from various sources by entrepreneurs.  Burkina Faso has only one large scale mill (privately owned), Mali has two with a third in the planning stage, whereas Côte d’Ivoire has four, privately owned by two consortiums.  In Mali, the two mills are jointly owned by the government (40%) and a Chinese holding company (60%).  

In all three countries, two types of sugar are produced: white sugar and “roux” sugar with a pale straw colour.  In West Africa, a high proportion of sugar is consumed in the form of cubes (‘carreaux’). In Burkina Faso, this form accounts for the majority (75%) of the sugar, while in Côte d’Ivoire and Mali, about 20% and 10% of sugar is consumed in cube form, respectively.  

It was observed that most of the sugar is sold in 50 kg polypropylene bags.  Cubes are packed in a plastic liner inside a 1 kg cardboard box.  The two packages provide good protection against moisture and light (both of which can affect the stability of the vitamin A added).

The existing quality assurance system is adequate and could be adapted to accommodate fortification.  Mill laboratory personnel would require training in vitamin A analysis, and some specialized equipment would be needed for quality control for testing at the premix production site.

As shown in the table below, based on the estimated per capita consumption, it appears that sugar could be fortified at a level providing on average 15% of the WHO recommended daily intake of vitamin A to the population if all sugar for household consumption was fortified.  According to Dary and Mora (2002), vitamin A fortification is reasonable in countries where sugar is consumed in amounts > 15 g/day (5.5 kg/year).  However, the table below only provides estimates from food balance sheets.  Detailed consumption surveys would be helpful to assess whether sugar fortification would be relevant for Burkina Faso and Mali in particular.

Table 3. Sugar Production and Consumption
	
	Côte d’Ivoire
	Burkina Faso
	Mali

	N. of mills


	4
	1
	2 (+ 1 in development)

	Total production (mt)
	166,000
	31,000
	30,000

	Total imports (mt)
	92,000
	12,000
	15,000


	Total available for fortification (mt)
	188,000
	43,000
	45,000

(not including imports)

	Annual per capita consumption (kg)
	12.0
	3.8
	4.0

	Daily per capita consumption (g)
	33.0
	10.4
	11.0

	Amount required if to provide 15% RDI (90 (g RE)

	9 mg/kg
	29 mg/kg
	27 mg/kg


The financial considerations for sugar fortification in each of the countries visited were found to be slightly different, but the interest in fortification was high.  Identification of possible alternative sources of funding for capital equipment and premix production, or procurement, was found to be needed in all three countries visited.  The cost of fortification to the industry amounts to US$ 9.18 per metric ton (Mora et al., 2000), which is about 2-3% of the retail price of sugar.
Premix production ideally should be done locally, but in some countries the capacity to do so may be limited, and importing the premix from neighboring countries may be a good alternative.

Issues and Constraints

Form of sugar produced: Sugar cube manufacturing presents a constraint for sugar fortification because the process involves heat and humidity, both of which affect the stability of the vitamin A.  Production of cubes continues year-round using sugar stored for up to six months.  Additional fortification may be required at this point given that vitamin A content may have decreased during the storage period.  Another constraint is the production and consumption of darker colored sugar.  This kind of sugar has a high moisture content which may affect the mixing of a premix with the sugar.  Further studies must be done on both the effects of the cube process and the humidity of the darker sugars on the stability and uniform mixing of the vitamin A.  

Health issues: Marketing and advocacy messages for the fortification of sugar should be developed in acknowledgement of the existing negative health messages regarding sugar, i.e. it is bad for oral health, it is empty calories etc.  It is important to clarify that fortifying sugar is not intended to promote or increase the consumption of sugar, but instead it is to provide the health benefit of added vitamin A to target populations which will in turn have an impact on reducing vitamin A deficiency.

Regional Standards & Trade: A regional approach to standards and trade is particularly important with regards to fortification of sugar given the significant flow of imported sugar in the region, and as the table shows for the countries visited, the variation in the amount of sugar that is imported per year.  Sugar trade represents a threat to the viability of a sugar fortification programs, because the costs cannot be passed on to the consumer if there is competition from unfortified sugar. Collaboration with ECOWAS to establish regional standards and trade agreements would be very helpful.

3.3 Wheat Flour
 In general, across the four countries visited, the wheat flour industries were found to be sophisticated and capable of fortification with iron, and possibly other micronutrients.  In each country it was noted that there are a limited number of mills, but often there is one large mill in each country.  As shown in the table below, domestic production of wheat grain ranges from virtually none in Burkina Faso and Côte d’Ivoire to 15,000 tons in Mali.  Most of the wheat therefore is imported (commonly from France and other African countries), ranging from 73,000 tons in Mali to 299,000 tons in Côte d’Ivoire.  The imported wheat is milled centrally.  In Mali, it was found that about 60% of the wheat flour on the market is imported (mainly from France).  In this case, regulations requiring that imported flour be fortified will be needed to create an equal marketplace.   

None of the countries visited had national food consumption surveys carried out.  Based on the FAO datasheets, the estimated annual wheat consumption per capita in the visited countries is less than Africa average ((45 kg/year), ranging from 7.4 kg/year in Burkina Faso to 17.7 kg/year for Côte d’Ivoire. Assuming that 90% of the total grain for food consumption is available for milling and assuming an extraction rate of 77%, estimated daily mean consumption of flour that could be fortified in Côte d’Ivoire and Burkina Faso (where all wheat grain is imported) is 33.7 and 14.5 g, respectively.  In the case of Mali and Niger, the same assumptions apply for imported grain, but there is also local production of wheat.  It was estimated during the consultant’s visit that only 25% of this grain production will be used at the large-scale mill, the rest being used at the village level.  This means that estimated daily consumption of flour that could be fortified at large scale level is 20.6 and 15.1 g for Mali and Niger, respectively.   
According to Dary and Mora (2002), fortifying flour that is consumed in quantities > 15 g/day (6 kg/year) is reasonable for vitamin A fortification.  Given that iron compounds are much less expensive than vitamin A, the estimated amount consumed appears to be sufficient to justify fortification with iron. 
Each of the mills visited had at least one micro feeder in place (or about to be installed) for adding flour improvements.  This feeder could be used to also add the micronutrient premix.  Premix containing 60 ppm of electrolytic iron and 1.5 ppm of folic acid is frequently used in flour fortification programs.  Using this level of fortification and based on the estimated per capita consumption, it appears that fortified wheat flour would provide between 9 to 20% of RDI to the population in each Côte d’Ivoire, Burkina Faso, Mali and Niger.  

In addition to iron, it is also technically possible to fortify cereal flour with vitamin A, but this increases the cost considerably and for the countries visited, oil, and to some extent sugar, may be a more cost-effective delivery mechanism for the much-needed vitamin A.

Table 4.  Wheat Flour Production and Consumption
	
	Côte d’Ivoire
	Burkina Faso
	Mali
	Niger

	N. of mills

Range of production 
	2 

(3 units, 

250-450 mt/d)
	1

(3 units, 40-140 mt/d) 
	1

(20,000 mt/yr)
	1

	Total grain production (mt)
	0
	0 
	15,000
	6000

	Total imports (mt)
	299,000

grain
	84,000

grain
	(grain) 73,000

(flour) 30,000
	78,000

grain

	Total grain for food utilization (mt)
	277,000


	83, F000
	86,000

+ 30,000 (flour)
	81,000



	Per capita wheat consumption (kg/year)
	17.7


	7.4
	7.7
	13.7

	Estimated annual consumption of flour that could be fortified1 (kg/year/person)
	12.3
	5.3
	7.5 2
	5.5

	Estimated daily consumption of flour that could be fortified (g/day/person)
	33.7
	14.5
	20.6
	15.1

	% RDA if fortified at 60 mg/kg (Rec.: 10 mg)
	20
	9
	12
	9

	Amount required if to provide 15% RDI of iron (1.5 mg) (mg/kg)
	44.5
	103
	73
	99


1. Assuming that 90% of grain for food consumption is available for milling and 77% extraction rate. For local production, this amount is assuming that 25% is available for milling at large scale.
2. Assuming that imported flour would be fortified

Information on quality assurance was available for one industry only (Côte d’Ivoire).  The mill in Abidjan is well equipped and has a properly staffed quality control laboratory.  It has implemented Good Manufacturing Practices and a Hazard Analysis and Critical Control Points plan (HACCP).

Based on the marketplace price of flour, cost of fortifying the flour with an iron and folic acid premix would be very small: 0.30 CFA/kg (US$0.00045/kg). This additional cost would be well within the range of normal price fluctuations in the market, thus suggesting that flour fortification in Niger, Mali, Burkina Faso and Côte d’Ivoire is financially viable.  

Infant cereal industry: In Burkina Faso and Côte d’Ivoire, an infant cereal industry was visited.  In both companies, cereal blends are fortified with several vitamins and minerals.  In Côte d’Ivoire, the product is also exported to Senegal and Burkina Faso.

Issues and Constraints

Small scale production: For several African countries, fortification at large scale mills will only reach a small proportion of the population or provide low coverage of RDI because of the small amount consumed.  In many countries, including several in West Africa, small scale production and home processing of staple foods is common and reaches large numbers of at-risk people. For example in Niger, it was found that in rural areas, the consumption of household-prepared flour was quite significant compared to cereal flour milled in village based mills.  In addition, the scale of production of flour at the village mill level is approximately 2.5 kg as compared to an average of 5-20 kg in other African countries.  Cereals processed at the village or household level include millet, sorghum, maize and to a lesser extent, wheat.  Pilot studies have been carried out to demonstrate the feasibility of fortifying at small scale in Malawi, Zambia, and Zimbabwe.  Results have been positive in terms of technical feasibility, but there are still many issues that need to be addressed such as economic feasibility, safety and quality assurance, as well as sustainability.  If fortification of cereals milled at the small scale level proves to be feasible beyond the pilot stage and can be sustained, the potential to provide micronutrients to at-risk populations will be tremendous.

3.4 Bouillon Cubes
In the three countries visited, the industry was observed as sophisticated and capable of fortification with multiple micronutrients. For all three countries visited, there are three main producers and two different methods of processing: 1) production from start to finish in one place; and 2) importing the powder and processing it into cubes at the factory.  In each country, there are a limited number of mills.  In Burkina Faso, there is one national company that imports the powder and processes it into cubes, and one distributor.  In Mali, there are two national industries: one similar to the one in Burkina Faso, and the other which is associated with a multinational to produce the cubes from scratch.  In Côte d’Ivoire, there are two multinationals producing bouillon cubes and one distributor.

For each factory, most of the ingredients are imported from Europe and several flavors are offered (chicken, beef, shrimp, tomato, etc).  Production of cubes is a relatively simple process which consists in mixing the dry ingredients (salt, glutamate, cornstarch, spices) with an ‘oily mixture’ (shortening, meat extract).  The product is then stabilized and formed into cubes.  Products are sold in units of 4 or 10 g and are often purchased by unit.  Each of the factories producing cubes was found to have an adequate quality assurance system and a laboratory for quality control.  

Bouillon cubes are found everywhere on the market place, even in remote areas.  In Nigeria, it was found to be the most widely-used potential vehicle for fortification.  Being so widely distributed, it offers a considerable advantage.  However, as shown in the table below, the estimated consumption per capita is small (between 1.5-3.0 g per person).  Based on the estimated consumption, the amount of iron that would need to be added in order to provide 15% RDI, ranges between 535 g to 1000 g per kg.  The higher level could be a problem and affects the characteristics of the product.  Studies looking at several preparations of iron (including encapsulated iron) and different levels of fortification would be needed in order to demonstrate that fortification of bouillon cubes will not affect the organoleptic properties of the final product.

Fortification with iron would only imply the cost of iron added to the mixture before it is formed in cubes.  It is also technically possible to fortify bouillon cubes with vitamin A, but this would increase the cost considerably for a product that has a small margin for any increased production costs.

Table 5. Bouillon Cube Production and Consumption 
	
	Côte d’Ivoire
	Burkina Faso
	Mali

	N. of industries

Range of production (mt/yr)
	2

(1500 – 6500)
	1

(3500)
	2

(4700-5800)

	Total production (mt)
	11,400
	3500
	10,500

	Total imports (mt)
	n/a
	2500
	n/a

	Total available for fortification (mt)
	11,400
	6000
	10,500

	Annual per capita consumption (kg)
	0.69-0.84
	0.55
	1.02

	Daily per capita consumption (g)
	1.9-2.3
	1.5
	2.8

	Amount required if to provide 15% RDI of iron (1.5 mg)
	652-789 g/kg
	1000 g/kg
	535 g/kg


Issues and Constraints

Acceptability: From the industry point of view, further work needs to be done to confirm that fortification will not affect the acceptability of the product.  In addition, for the industries that are only responsible for processing cubes, any decision related to fortification has to be approved by their headquarters in Europe.

Promoting consumption: The amount that is consumed per person on average is small. There are some worries from the public health sector that by fortifying bouillon cubes, one would promote their consumption.  However, as for salt and sugar, fortification of bouillon cubes would not promote its consumption but rather uses it as an appropriate vehicle to deliver micronutrients to populations at risk of deficiencies.

3.5 Double Fortified Salt 

98% of Nigerian households consume iodized salt (UNICEF, 2001).   Iodized salt has proven to be extremely effective in the prevention IDD, and the high coverage and the success of using salt as a vehicle for iodine has led to the investigation into the possibility of adding other micronutrients to salt.  

Two MI-commissioned visits have been done to Nigeria to examine the feasibility of introducing a new fortified product, Double Fortified Salt (DFS). DFS is a product under development where salt is fortified with both iron and iodine. There are two possible methods: 1) a premix of encapsulated iron and encapsulated iodine is added to unfortified dry salt; and 2) encapsulated iron is added to iodized dry salt. Efficacy tests were done in Ghana and results showed that it can provide up to 30% RDA of iron. Triple Fortified Salt (TFS), salt fortified with iron, iodine and vitamin A, is also under development, but is still at the preliminary stages.   

In Nigeria, over 90% of the salt consumed is imported as wet, crushed, iodized salt, which needs additional refining and drying before it is fit for the addition of iron.  However, two producers were found to be capable of producing dry salt of an acceptable quality for the purposes of adding the iron, one of which is the largest salt producer in Nigeria.  Production of iodized salt at the plants visited varies from 50 tons/day to 3000 tons/day, and the humidity of the product varies from 0.1-3% moisture content.  Each of the plants visited had the capacity to package iodized salt in 1kg, 500g and 300g packages.  Many technical issues remain to be worked out, as the particle size, the humidity and other conditions must be carefully controlled. 
4. Conclusions, Recommendations and Next Steps  
Micronutrient deficiencies in clinical and sub-clinical form are widely prevalent in all countries in West Africa. In keeping with the goals set at the UNGA Special Summit for Children to eliminate micronutrient deficiencies by 2010, food fortification could be a long term and permanent strategy to address micronutrient deficiencies. Food fortification is part of a comprehensive strategy that includes supplementation, dietary diversification, breastfeeding promotion and other public health measures 

Fortification is technically and financially feasible in the visited countries.  Fortified foods cannot be expected to reach all deficient populations.  For most West African countries, consumption of commercially processed foods by most vulnerable populations is low.  Fortifying two or three vehicles with the same micronutrient may provide an effective approach to increase intake of this particular nutrient while remaining in the safe margins of intake.  If several vehicles are fortified, the cost of fortification is therefore shared among several industries.   

In general, industry is receptive to the idea of fortification. Enabling and expanding the food fortification approach will involve coordinated action unfolding at a national and regional level 
Some further work needed
Following the industry assessment visits, some activities have been identified to facilitate the whole process.  These include:

· If information is lacking on food consumption patterns, conduct studies to better assess food consumption patterns (including processing and cooking), for oil in particular;

· Where information is missing, conduct quantitative studies on flour consumption by at-risk population in order to better assess the potential impact of fortifying flour milled at large scale mills;

· In the case of sugar, initiate a test program to determine the stability of fortified sugar in cube form.  Results will show whether any additional processing or precautions are needed to ensure the effectiveness of this retail package in delivering fortified product to consumers;

· For the bouillon cube, run some pilot tests using different levels of fortification and formulations of iron to assess how it affects organoleptic properties of bouillon cubes; and

· Not all companies are equipped with laboratories that can carry out quantitative vitamin A/iron analyses.  Assess what are the needs in terms of training, equipment, etc., and if required, assist in identifying or setting up a reference laboratory.

National strategies
If not already established, a National Task Force on Fortification that is well structured, with representatives from relevant government agencies, and has the support of international agencies and private sector is recommended to be established as it is critical to the success of any national fortification effort. Such a national core group needs to be formed to actively champion and advance food fortification programs through some or all of the following steps:

· Actively advocate and promote food fortification and engage the highest national policy-making levels

· Prepare a 5 year program identifying priority actions for both public and private sector to enable fortification and mechanisms to minimize costs, enhance supply and create demand 
· Developing consumer awareness by a strong advertising and IEC campaign to counter any misinformation and rumors about fortification and promote the benefits of fortified products, including the safety of it. This is particularly important if both fortified and unfortified products are available in the market. 
· Review and recommend a plan for financing the cost of fortification 

· Build monitoring and evaluation systems into the fortification program
· Address legislative and enforcement issues taking into account that it may be difficult to enforce the law because of the large number of small producers in Africa
· Develop training strategies and plans and identifying needs for technical assistance and capacity strengthening
Regional strategies
· Use the ECOWAS network to promote food fortification and develop a framework for that promotes an enabling environment for the  fortification of foods to protect public health 
· Develop regional standards and guidelines. All ECOWAS countries could adopt the same technical standards for fortification; those countries at a more advanced stage in fortification should lead the way for the other member states

· Include micronutrient malnutrition issues into the agenda of regional expert group consultations such as associations of pediatricians, nutritionists and reproductive health specialists  

· Develop regional institutions as Centres of Excellence to address specific technical, economic, communications and regulatory issues.

· Identify Regional institutions for training and capacity building activities
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� defined as ≥ 15 ppm iodine; data for the period 1995-98; MN Report, 2001


� Total in the ECOWAS region is estimated at 245,752


� Accounting for 30% losses


� There is no agreement on total amount of sugar imported each year; could range between 12,000 to 60,000 mt


� Accounting for 40% losses
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