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Micronutrient deficiencies are widespread in many low- and middle-income 
countries, but tend to be most severe in children and in pregnant women, 
who have higher micronutrient requirements (Han et al., 2022). Micronutrient 
deficiencies stem from inadequate intake or absorption of vitamins and minerals 
which are required for normal functioning of the body; they cause specific 
conditions and also affect overall health, growth and development, resistance 
to disease, cognitive function, and energy and productivity (Tulchinsky 2015; 
Bailey, West and Black 2015). Common micronutrient deficiencies include those 
for iron, vitamin A, iodine, folate, and zinc (Bailey, West and Black 2015). The most 
widespread micronutrient deficiency at the global level, iron deficiency causes 
anemia and contributes to maternal deaths and impaired child development. 
Vitamin A deficiency is the primary cause of preventable childhood blindness 
and a major contributor to child sickness and deaths from other diseases. 
Iodine deficiency in pregnant women can lead to lifelong neurological and 
cognitive issues in children. Folate deficiency during pregnancy also affects 
fetal development and can cause low birth weight and neural tube defects. 
Zinc deficiency impairs overall growth and development and is believed to be 
a leading contributor to overall disease burden in developing countries (Bailey, 
West and Black 2015). 

In Africa, in addition to high rates of undernutrition and growing levels of 
overnutrition, micronutrient deficiencies, or hidden hunger, are also widespread 
and provoke serious health issues. The age-standardized prevalence rate 
of dietary iron deficiency ranged from approximately 12,000 per 100,000 in 
Southern Africa to over 21,000 per 100,000 in Western Africa in 2019. Vitamin A 
deficiency ranged from close to 8,000 per 100,000 in Southern Africa to nearly 
26,000 per 100,000 in in Central Africa in the same year (Han et al. 2022). 

I. Introduction
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Muthayya et al.’s 2013 study of global disease burdens due to iron, vitamin A 
and zinc deficiencies suggested that 29 of the 30 countries with the highest 
disease burdens were African. 

Nutrient deficiencies result from inadequate intake of nutrients (Bailey, West 
and Black 2015). Unfortunately, healthy diets that supply adequate calories 
as well as vitamins and minerals are inaccessible for much of the world’s 
population. FAO et al. (2022) estimated that close to 3.1 billion people worldwide 
were unable to afford the cost of a healthy diet in 2020. In Africa, healthy diets 
were estimated to be out of reach of nearly 80 percent of the population, over 
1 billion people. The cost of a healthy diet is increasing, and severe food price 
inflation in 2022 is likely to have further worsened access to healthy diets. 

Among other factors, high prices of nutritious foods contribute to low access to 
and low intakes of nutrients. Headey and Alderman (2019) compared relative 
prices of calories from different food groups and found that nutrient-dense 
foods such as eggs, milk, and fruits and vegetables are relatively expensive 
compared to starchy staples, and this difference is more pronounced in lower-
income countries. Higher prices of nutrient-rich foods are associated with 
lower consumption among children. High rates of poverty in Africa suggest 
that unaffordability of nutrient-dense foods is likely to contribute to nutrient 
deficiencies on the continent. 

Policy responses to address micronutrient deficiencies include vitamin and 
mineral supplementation, industrial food fortification, crop biofortification, 
and efforts to improve diet quality as well as public health interventions. 
Supplementation is a common strategy to overcome severe micronutrient 
deficiencies in the short term and address the needs of high-risk groups, 
while food fortification is used to improve micronutrient content of foods 
at the processing stage and has successfully addressed population-level 
micronutrient gaps in many countries (Tulchinsky 2015). Biofortification, a 
process through which nutrient content of crops is enhanced through breeding, 
is a cost-effective way to reach rural populations that might be underserved by 
other interventions (Bouis and Saltzman 2017). 

Strategies to improve the quality of diets and promote dietary diversity are 
potentially highly sustainable in the long term and can address multiple 
micronutrient deficiencies as well as other forms of malnutrition. Improving 
diet quality requires putting in place an enabling environment through efforts 
to increase the availability and affordability of nutrient-rich foods and provide 
nutrition education to the population (Nair, Augustine and Konapur 2016).  

Although nutrient deficiencies are common in low-income countries, they are 
not evenly distributed, and regions within a country can show strikingly dissimilar 
patterns of nutrient adequacy. Production and trade patterns, access to 
markets, and dietary preferences differ within and between countries, resulting 
in variations in food and nutrient availability and consumption. In addition, 
similar levels of nutrient deficiencies in different locations may have different 
causes and require context-specific solutions. 
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A review of micronutrient-targeted programs by Howson, Kennedy, and Horwitz 
(1998) found that the most successful interventions were designed according 
to a location’s specific characteristics, including the severity and causes of 
deficiencies, the cultural context, and local implementation capacity. Given 
that deficiencies in multiple micronutrients often occur due to general patterns 
of food insecurity, interventions that target multiple deficiencies are likely to be 
more efficient and impactful than those targeting a single micronutrient (Bailey, 
West, and Black 2015; Muthayya et al. 2013; Howson, Kennedy, and Horwitz 1998).

Given the spatial heterogeneity in micronutrient adequacy across the globe, 
solving global food security issues will require evidence-based interventions at 
local level. Hence, this paper intends to examine subnational patterns of nutrient 
adequacy in 12 African countries, focusing on two macronutrients—kilocalories 
and protein—and 11 micronutrients (iron, vitamin A, vitamin B12, and other key 
vitamins and minerals).  Unlike previous studies, we identify nutrient adequacy 
gaps at the subnational level through household consumption data, rather than 
relying on average national estimates. We estimate and map nutrient gaps at 
subnational levels, identify key food items supplying nutrients in each country, 
and estimate related income and price elasticities. The analysis suggests 
serious nutrient adequacy gaps in all 12 countries. Nutrient adequacy differs 
not only between countries but within countries, demonstrating the importance 
of local-level interventions.

The remainder of the paper is organized as follows. In the next section, we 
discuss the analytical framework for the nutrient adequacy analysis. In section 
three, we describe the data sources used and carry out descriptive analysis. 
The following section presents the nutrient adequacy results at national and 
subnational level and discusses key food groups and elasticities of demand for 
nutrients. The final section discusses policy implications and concludes.

II. Analytical Framework

As stated in the introduction, we use individual food transactions reported by 
households. With respect to food items, the paper focuses on both individual 
items as well as each of eight food groups: cereals, pulses, vegetables and 
tubers, fruit, meat and fish, dairy, oil, and sugar products. This categorization 
is in line with standard practice. For each nutrient, we calculated household 
consumption adequacy levels and estimated elasticities of demand with 
respect to total food expenditures and to prices of different food groups.

Nutrient Consumption and Adequacy 
First, we converted all quantities consumed into kg. To do this, we used the 
expenditures and quantities of products purchased to determine the prices 
of products. Since the quantities purchased and consumed are not always in 
familiar standard units (e.g., kg, g, liter, etc.), the prices obtained were used 
to determine the equivalences between the non-standard units and standard 
units. 

We supplemented with price data from humdata for products for which we 
could not obtain prices. We then used these equivalences to convert products 
consumed but not purchased into kg. 
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Secondly, we apply an edible conversion factor to each food item and match 
it with the most suitable record within the appropriate Food Composition Table 
(FCT). If no FCT existed for a given country, we used FCTs from neighboring 
countries.1 Tables from other countries were also used in cases where not all 
foods were present in the main table. We did not account for changes in energy 
and nutrient content due to food processing and cooking, as we do not have 
information on how food is cooked by households. Finally, we estimated for 
each food consumption item the total content in each nutrient. 

To derive nutrient intake estimates for each household member, we applied 
the corresponding Adult Male Equivalent (AME)2 factors (FAO 2001) to account 
for household disparity and composition, as we assume that food is distributed 
to members in proportion to each member’s share of energy requirements. 
After calculation, observations outside the plausible consumption range of 
500–5000 kcal consumption per person per day (Voortman et al. 2017) were 
removed. Actual nutrient intakes were compared to recommended daily 
nutrient intakes defined in WHO/FAO (2005) to determine Nutrient Adequacy 
Ratios (NARs). As some households exceeded recommended intakes and 
others had deficits, household NARs were truncated at 100 percent before 
calculating average urban, rural and national consumption adequacy in order 
to avoid households with surplus intakes masking nutrient deficiencies. Nutrient 
Household Adequacy (NHA) is given by:

NHAi = tr RIij
consijb l; E

j=1

N

|
N
1

 
where N stands for the total number of households per area, tr(.) is a truncation 
function which sets all values above 100% equal to 100%,  cons

ij represents the 
consumption of nutrient i by household j, RI

ij
 is the recommended intake of 

nutrient i using AME scales to the household’s demographic structure, and 
cons

ij
/RI

ij
 are the nutrient adequacies at the household level.

Modeling Demand for Food Nutrients
To derive expenditure and price elasticities, we use the QUAIDS model, which is 
an extension of the Almost Ideal Demand System (AIDS) developed by Deaton 
and Muellbauer (1980). Following Banks et al. (1997), QUAIDS has indirect utility 
functions (V) of the form

 lnV= b(p)
lnm- lna(p)< F-1 + m(p)( 2

-1

    

where m represents total food expenditure and p is a vector of food prices. The 
term in squared brackets is the indirect utility function of a demand system of 
the PIGLOG preference class. The functions ln a(p) and b(p) are, respectively, 
the translog and the Cobb-Douglas price aggregator functions defined by

ln a p^ h= a0 + Ri=1n a i ln pi+ 2
1 Ri=1n c ij ln pi ln p j       

b(p) = pibii=1

n%        

1  The Western Africa FCT for 2019 developed by the Food and Agriculture Organization of the United Nations (Vincent et al. 2020) was 
used for West African Countries; the Central and Eastern Uganda FCT developed by HarvestPlus in 2012 was used for Uganda (Hotz 
et al. 2012); the Tanzania FCT developed in 2008 was used for Tanzania (Lukmanji et al. 2008); the Malawian FCT developed by the 
Government of Malawi in 2019 was used for Malawi (MAFOODS 2019).

2 Adult male equivalents (AME) express energy requirements on the basis of gender, age, and physiological status as a proportion 
of the energy requirements of an average adult male (Weisell and Dop 2012, World Health Organization, 2004).

(1)

(2)

(3)
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The price aggregator function is given by

m p̂h= mii = 1

n| lnpi

                                                                      

where mii
| = 0 . Applying Roy’s identity to equation (1), food budget shares

for each food group can be expressed as

Differentiating the budget share equations with respect to expenditure (m) and 
price (p) yield the following expenditure and price elasticities, respectively:

In terms of n i , expenditure elasticities are given by

ei = 1 + ~ i

n i

Similarly, the Marshallian or uncompensated price elasticities of demand can 
be expressed as

eij
u = wi

n i j - di j

where di j is the Kronecker delta taking the value of 1 if i=j  and 0 otherwise. 

Using the Slutsky equation, the Hicksian or compensated price elasticities are 
given by

eij
c = eij

u - wj ei

(4)

(5)

(6)

(7)

(8)

(9)

(10)

As such, the Marshallian (uncompensated) demand curve reflects how demand 
changes due to price changes while holding income constant. In contrast, 
the Hicksian (compensated) demand curve allows deriving price elasticities 
under constant utility or “real income”. Theoretical restrictions of adding up, 
homogeneity, and Slutsky symmetry are imposed by setting

R i a i = 0, R ibi = 0, R i c i j = 0, R j c i j = 0, R imi = 0, c i j

The econometric problem with the AIDS family of models is that, apart from 
equation (11) which glues the system of equations (5), the demand equations 
are seemingly unrelated, as none of the endogenous quantities or budget 
shares appear on the right-hand side of the equations. This explains the use of 
the seemingly unrelated regression equations (SURE) model, as proposed by 
Zellner (1962).

(11)
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The econometric problem with the AIDS family of models is that, apart from 
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are seemingly unrelated, as none of the endogenous quantities or budget 
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where mii
| = 0 . Applying Roy’s identity to equation (1), food budget shares

for each food group can be expressed as

Differentiating the budget share equations with respect to expenditure (m) and 
price (p) yield the following expenditure and price elasticities, respectively:

In terms of n i, expenditure elasticities are given by

ei = 1+ ~ i
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Similarly, the Marshallian or uncompensated price elasticities of demand can 
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under constant utility or “real income”. Theoretical restrictions of adding up, 
homogeneity, and Slutsky symmetry are imposed by setting
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equation (11) which glues the system of equations (5), the demand equations 
are seemingly unrelated, as none of the endogenous quantities or budget 
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Following Ecker and Qaim (2011), nutrient elasticities with respect to expenditure 
(E

N
) and food prices (e

iN
) are estimated as follows:

EN = R JR f cijN s jf q j
R JR f c jfN s jf q jE j

eiN = R JR f cijN s jf q j
R JR f c jfN s jf q j e j

where c
jfN

 is a technical coefficient measuring the content of a particular nutrient 
(N) in food item f that belongs to food subgroup j. s

jf
 denotes the average share 

of food item f in subgroup j, and q
j
 specifies the average consumed quantity 

of food subgroup j.

III. Data and Descriptive Analysis

We analyzed data from the most recent quantitative cross-sectional food 
consumption surveys from 12 African countries. The data for Senegal were 
collected through the Projet d’Appui aux Politiques Agricoles (PAPA), while data 
for all other countries are from the Living Standards Measurement Study - 
Integrated Agriculture Survey (LSMS-ISA).

Table 1 provides general demographic information for the 12 household 
surveys used in this study, along with the data sources and years. Surveys are 
representative nationwide at the district/departmental level and for rural and 
urban areas. The food consumption modules of each survey provide the main 
data for our analysis. 

They report the quantities consumed for a list of 59 food items in Tanzania 
and more than 100 items in other countries, with a distinction between what 
was purchased, consumed from own production, or received in kind in the last 
seven days before the interview. 

The typical household is headed by a male member aged between 42 years in 
Côte d’Ivoire and 57 years in Senegal (Table 1). Average household size ranges 
from 4.1 in Togo to 10.2 in Senegal. 

Access to knowledge seems to be a concern in Burkina Faso, Niger, and Mali, 
given that less than 50% of household heads can read or write. The majority 
of surveyed households reside in rural areas, with urban shares ranging from 
18.3% in Malawi to 49.2% in Benin. 

Over half of total expenditures are spent on food in most countries.

(12)

(13)
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Table 1. Summary Statistics

BEN BFA CIV GNB MWI MLI NER NGA SNE TZA TGO UGA

Household 
size

4.9 6.8 4.7 8.6 4.7 7.5 7.0 6.1 10.2 5.1 4.1 5.3

Household 
size (AME)

3.7 4.8 3.4 6.4 3.5 5.3 4.8 4.4 7.8 3.7 3.1 3.8

Age of HH 
(years)

43.3 46.6 41.9 47.9 43.1 48.9 45.8 48.8 57.1 46.2 44.2 45.4

Male-HH (%) 80.2 86.7 81.2 79.4 70.1 92.4 86.4 82.8 76.5 74.9 72.8 65.3

Literacy of 
the HH (read/
write) (%)

50.6 37.9 59.9 60.9 72.3 45.3 38.1 75.3 50.1 79.4 68.6 78.7

Share of food 
exp (%)

53.6 46.7 52.3 54.7 57.3 54.8 58.6 64.7 68.4 71.2 49.3 56.4

HH is married 
(%)

76.3 85.5 68.4 74.9 72.5 91.9 90.1 58.7 82.6 52.2 66.1 75.1

Urban (%) 49.2 44.6 40.2 37.1 18.3 41.7 26.0 32.3 33.3 40.7 36.2 35.4

Sample sizea 8012 6959 12774 5335 11432 6593 5987 5024 6506 2218 6076 3004

Number of 
food items

135 133 131 134 130 136 126 138 113 59 132 108

Year and 
source of 
survey

LSMS-
ISA 
2018/19

LSMS-
ISA 
2018/19

LSMS-
ISA 
2018/19

LSMS-
ISA 
2018/19

LSMS-
ISA 
2019/20

LSMS-
ISA 
2018/19

LSMS-
ISA 
2018/19

LSMS-
ISA 
2018/19

PAPA 
2017

LSMS-
ISA 
2019/20

LSMS-
ISA 
2018/19

LSMS-
ISA 
2018/19

Source: Authors’ calculations
Note: AME: Adult Male Equivalent; BEN: Benin; BFA: Burkina Faso; CIV: Côte d’Ivoire; GNB: Guinea 
Bissau; MWI: Malawi; MLI: Mali; NER: Niger; NGA: Nigeria; SNE: Senegal; TZA: Tanzania; TGO: Togo; 
UGA: Uganda.
a Sample size is the number of households considered in this analysis after data processing.

IV. Results

This section discusses estimated nutrient adequacies at the national and 
subnational levels for 12 African countries. We first map intake adequacy 
patterns for calcium, iron, vitamin A, riboflavin, and vitamin B12 at the 
subnational level31before reviewing nutrient adequacies at the national level. 
We then examine key foods contributing to nutrient intake in each country and 
estimate elasticities of demand for nutrients with respect to income and to 
prices of different food groups. 

Differences within and across countries

	» Calcium
Calcium deficiency is important health issue in Africa. It is associated with 
impact on bone health, including osteoporosis and rickets, as well as negative 
pregnancy outcomes including hypertension and preeclampsia. 

Calcium supplementation during pregnancy has also been found to reduce 
the risk of preterm birth and neonatal mortality (Conti et al. 2019).  

3  Maps for the other 8 nutrients can be found in the Annex.	
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Calcium intake remains well below recommended levels in most African 
countries, including Senegal, Nigeria, Burkina Faso, Guinea Bissau, and Tanzania, 
where average adequacy is below 40% in many districts or departments. 
Malawi is the only country that has a fairly good calcium intake throughout 
its territory, followed by Mali and Togo. Malawi’s good performance could be 
attributed to the consumption of green leafy vegetables (nkhwani, cabbage, 
etc.) and smoked fish that often accompany Malawian staple dishes.

Figure 1. Calcium consumption adequacy in 12 African countries

Benin Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi  Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations

	» Iron
Iron deficiency has major impacts on cognitive function and productivity and 
is a major contributor to maternal mortality and low birth rate (Conti et al. 
2019). A review by Harika et al. (2017) of studies in 4 African countries found 
that anemia affected 18–51% of women of reproductive age. Iron deficiency 
and iron-deficiency anemia prevalences reached 9–18% and 10% of women 
of reproductive age, respectively; prevalences among pregnant women were 
even higher. 

Households in Malawi and Niger have good iron intake, with households in 
all districts consuming at least 90% of recommended levels on average. Iron 
consumption adequacy is more varied in the other countries. Several districts 
in Senegal, Burkina Faso and Guinea Bissau show low intake adequacies of 
less than 50%. In Senegal, intakes of iron, zinc, and folate come mainly from 
the consumption of millet (grain and processed), rice (whole), and cowpeas 
(Table 3). For these three nutrients, the highest levels of adequacy (over 60%) 
are found in the groundnut basin, north of the Gambian border, where millet 
production is highest.
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	» Vitamin A
According to Conti et al. (2019), vitamin A deficiency is one of Africa’s most 
serious public health issues, causing decreased immune system function and 
increased mortality during pregnancy and early childhood. Nearly half (48 
percent) of children under five in Africa south of the Sahara were estimated 
to suffer from vitamin A deficiencies in 2013, compared to an average of 29 
percent in all low- and middle-income countries (Stevens et al. 2015). 

Spatial distribution of vitamin A deficiency differs across and within countries. 
It appears to be a significant issue in Soum, Koulpélogo, Loroum, Yatenga, and 
Banwa provinces in Burkina Faso; Njombe region in Tanzania; and northern 
communes of Benin. Households in Malawi, southern Mali, southwestern 
Senegal, and Niger also show inadequate consumption of vitamin A. 

In most of these countries, the main sources of vitamin A in the diet are plant 
foods (Table 2), which contain beta-carotenes, a vitamin A precursor whose 
bioavailability is much lower than that of retinol, found in animal-source foods. 
In Mali, the most problematic area for vitamin A and several other nutrients 
is the southern part of the country, a major agricultural area; despite good 
food availability, the population has limited access to nutrients due to low food 
expenditures.

Figure 2. Iron consumption adequacy in 12 African countries

Benin Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi  Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations
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Nigeria, southern Benin, the Casamance region of Senegal, and Côte d’Ivoire’s 
border regions with the Gulf of Guinea and Guinea perform very well, with 
vitamin A adequacy levels reaching over 90%. Nigeria’s performance is certainly 
related to its position as Africa’s largest consumer of palm oil, which is very rich 
in vitamin A. Similarly, in Benin, Côte d’Ivoire and Senegal, the areas of high 
vitamin A consumption appear to align with palm oil production areas.

Figure 3. Vitamin A consumption adequacy in 12 African countries

Benin

 

Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi  Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations

	» Riboflavin (Vitamin B2)
Riboflavin, also known as vitamin B2, helps the body to convert carbohydrates, 
protein, and fat into glucose, which is used to produce energy. Riboflavin 
deficiency impedes digestion of these nutrients as well as absorption of iron, 
and can result in anemia, cataracts and other eye problems, growth delays, 
and other developmental and health issues (Mahabadi et al. 2022). 

On average, riboflavin remains a major concern, with average nutrient 
household adequacy levels below 50% in Burkina Faso, Guinea Bissau, and 
Nigeria, and below 75% in most of the countries examined. 

Riboflavin intake adequacies are highest in Tanzania (border area with Malawi 
and Zambia, Kilimanjaro and Manyara regions), southern Niger, and west, 
central, and eastern Uganda.
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Figure 4. Riboflavin consumption adequacy in 12 African countries

Benin Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi  Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations

	» Vitamin B12
Vitamin B12 is necessary for cellular metabolism and red blood cell production 
as well as neurological functioning. Elderly people are particularly susceptible 
to vitamin B12 deficiency, as well as children and women of reproductive age 
whose diets are low in animal-source foods (Green et al. 2017).

Several of the countries examined have concerning levels of vitamin B12 
deficiency, including Malawi, Niger, Tanzania, northern and eastern Nigeria, 
and some departments of Senegal. Affordability may be a factor, since vitamin 
B12 is found only in animal products, which are likely to be relatively expensive 
(Headey and Alderman 2019). In Niger, although animal husbandry is one of the 
main economic activities in the Agadez and Tahoua regions, adequacy rates 
for vitamin B12 are low. In Nigeria, there is some correlation between coastal 
fishing sites and vitamin B12 adequacies. In Senegal the situation is better in the 
center of the country, in the west, in Bakel, and in Bounkling, which corresponds 
to some extent to the location of various types of livestock.
 
In Mali, the northern and eastern areas of Timbuktu, Gao and Kidal are 
characterized by pastoral lifestyles (WFP 2021), which could explain the high 
level of vitamin B12 and calcium adequacy in these parts of the country. In 
Guinea Bissau, vitamin B12 deficiency primarily affects households in Pirada 
and Galomaro sectors. We do not see a strong concordance between the 
East region (where livestock is most important) and levels of vitamin B12 and 
calcium adequacy, perhaps due in part to feed losses or lack of processing.
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Figure 5. Vitamin B12 consumption adequacy in 12 African countries

Benin Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi  Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations

							     
Table 2 provides an overview of household nutrient adequacy per country 
at national level. Our findings highlight significant inadequate consumption 
of micronutrients. Malawi, Niger, Mali, and Uganda perform the best, with 
households in these countries consuming more than 75% of the recommended 
daily intake in nine of the thirteen nutrients considered. 

Households in most countries fare remarkably well in terms of kilocalorie and 
protein adequacy, consuming on average at least 77% of the recommended 
intake (except for Togo for kilocalories). Micronutrient deficiencies are much 
more pronounced for calcium, vitamin B12 and riboflavin. It is only in Togo, Malawi, 
and Mali where households consume more than 80% of the recommended 
daily intake of calcium. In the other countries, consumption varies between 
42% (Nigeria) and 70% (Niger). For vitamin B12, the highest levels of adequacy 
are found in Togo, Benin, and Senegal (with at least 80%). Households in 
Niger, Uganda and Tanzania have riboflavin adequacy levels of over 75%, but 
adequacy in the other countries barely reaches 60%. These nutrients are mainly 
found in foods such as pulses, meat, and fish; their relatively high prices may 
explain the inadequate intake.

For vitamin A, Nigeria reaches almost 99% adequacy, followed by Senegal and 
Côte d’Ivoire with 89% adequacy each. This high adequacy  can be explained 
by the high consumption of red palm oil (Table 3), which is rich in vitamin A 
(about 5720 mcg/100 g). Notably, iron adequacy for Malawi and Niger is quite 
high, reaching 98.7% and 95.7%, respectively. 
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Table 2. Consumption adequacy (%)

  BEN BFA CIV GNB MWI MLI NER NGA SNE TZA TGO UGA

Kilocalories (Kcal) 82.5 77.7 81.2 87.1 87.6 96.0 93.9 82.2 86.5 86.0 71.9 83.2

Protein (g.) 93.2 93.4 93.6 95.7 96.7 98.7 97.9 92.3 94.3 93.2 92.9 88.3

Calcium (mg.) 59.7 45.4 67.9 44.9 94.4 83.7 69.7 41.6 47.0 51.5 80.9 65.9

Zinc (mg.) 65.4 70.7 64.6 69.9 89.9 75.6 92.9 75.0 60.9 74.8 70.1 74.9

Iron (mg.) 69.0 71.0 64.9 64.1 98.7 77.3 95.7 73.3 65.0 67.9 66.5 69.5

Folate (mcg.) 83.2 81.2 64.0 58.3 85.3 83.1 96.7 92.8 68.3 81.6 79.4 96.9

Vitamin B12 (mcg.) 87.4 72.2 71.1 72.2 34.9 70.0 38.5 73.4 80.0 54.8 94.7 62.5

Vitamin A (mg.) 82.4 51.6 88.7 84.7 56.3 65.7 74.7 98.8 89.1 72.0 86.0 87.0

Vitamin B6 (mg.) 79.3 74.9 78.8 70.5 91.6 81.1 93.9 87.2 66.4 87.3 80.4 95.9

Vitamin C (mg.) 89.8 51.3 89.5 77.9 91.3 73.6 66.9 90.4 75.6 86.2 87.0 98.3

Riboflavin (mg.) 54.1 48.8 60.2 49.5 58.4 61.9 83.4 48.3 59.7 76.8 55.0 82.9

Thiamin (mg.) 78.6 74.7 65.8 69.1 93.3 78.2 93.0 89.1 68.5 93.9 69.6 90.7

Niacin (mg.) 73.9 72.5 86.8 81.0 70.8 82.2 84.7 75.7 91.5 82.4 73.6 84.7

Source: Authors’ calculations

Note: BEN=Benin; BFA=Burkina Faso; GNB=Guinea Bissau; MWL=Malawi; MLI=Mali; NER=Niger; 

NGA=Nigeria; SNE=Senegal; TZA=Tanzania; TGO=Togo; UGA=Uganda.  Dark green cells indicate 

adequacy levels of 75.0% or higher; light green indicates levels of 50.0% to 74.9%; red indicates 

levels below 50.0%.

Sources of nutrients across countries

Table 3 presents the three most important food items according to their share 
in overall intake for each country and nutrient. Most kilocalories are obtained 
from cereals, roots and starches, and oil. Cereals and pulses are major sources 
of protein in most countries, and fish (dried, smoked, or fresh) contribute to 
protein consumption in Benin, Côte d’Ivoire, Senegal, Tanzania, Togo, and 
Uganda. 

By far the most important food sources behind calcium intake are fish, which are 
rich in calcium and appear among the top sources in all countries except Niger, 
Nigeria, and Uganda. Dry okra is also a good source of calcium in most West 
African countries. Milk, which is very rich in calcium, appears as a top source 
only in Senegal, Tanzania, and Uganda, while the level of calcium adequacy 
is rather low in these countries. The high adequacy level of calcium found in 
Malawi can be explained by the consumption of nkhwani (pumpkin leaves), 
smoked fish, and tomato.

In all 12 countries, fish and animal products are the most important source of 
vitamin B12. The relatively high average prices of these foods could explain the 
low vitamin B12 intakes. The most important food source of vitamin A is oil (red 
palm oil, refined palm oil, peanut oil, vegetable oil), which is extremely rich in 
this nutrient, except in Malawi and Tanzania where households obtain it from 
sweet potatoes, green vegetables, and other foods. Pulses are an important 
source of folate, as well as millet, maize, and dry okra in some countries. 
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Table 3. Top 3 Food Sources of Nutrients

BEN BFA CIV GNB MWI MLI NER NGA SNE TZA TGO UGA

Kilocalories

Maize G.; 
Gari ; 
Local rice

Maize G.; Sorghum; 
Small Millet

Imp. rice; 
Local rice; 
Ref. palm oil

Imp. rice; 
Cashew 
nut; 
Local rice

Maize fl.; 
Green 
Maize; 
Cooking oil

Local rice; 
Millet; 
Maize G.

Millet; Ref. 
palm oil; 
Sorghum

Sorghum; 
Local rice; 
Yam

Rice br.; 
Rice Wh.; 
Millet pro.

Maize 
fl.; Rice; 
Cooking oil

Maize G.; 
Yam; 
Imp. rice

Cassava Fr.; 
Matooke; Sw. 
Potatoes

Protein

Maize G.; Cowpeas/dry 
beans; Dry/fried fish

Maize G.; Sorghum; 
Cowpea/dry beans

Local rice; 
Imp. rice; 
Sm. mangni 
fish

Imp. rice; 
Cashew 
nuts; 
Local rice

Maize fl.; 
Green 
Maize; Bean

Local rice; 
Peanut 
paste; Millet

Millet; 
Cowpea/
dry beans; 
Sorghum

Sorghum; 
White 
beans; Local 
rice

Rice Wh.; 
Rice br; 
Fr. fish

Maize fl.; 
Pulses; 
Fr. fish & 
seafood

Maize G.; 
Sm. horse 
mackerel; 
Sm. 
anchovy

Beans dry; 
Eggs; 
Dry/ Sm. tilapia 
fish

Calcium 

Dry/fried fish; 
Dry okra; Adémè

Dry fish; Dry okra; 
Soumbala

Sm. fish 
mangni; 
Other Sm. 
fish; 
Dry okra

Cashew 
nuts; Dry 
fish; Salt

Nkhwani; 
Sm. fish; 
Tomato

Local rice; 
Dry fish; Dry 
okra

Dry okra; 
Soumbala; 
Moringa

Cassava - 
roots; White 
beans; Yam

Dry fish; 
Milk 
powder; 
Rice br.

Fr.  Milk; Fr.  
fish and 
seafood; Milk 
products

Sm. horse 
mackerel; 
Sm. 
anchovy; 
Dry okra

Amaranth; Fr. 
Milk; Beans dry

Iron 

Maize G.; Dry cowpea/
beans; Pepper

Small millet; Sorghum; 
Maize G.

Local rice; 
Chili 
pepper; 
Imp. rice

Cashew 
nuts; Imp. 
rice; Local 
rice

Nkhwani; 
Sm. fish; 
Sun Dry fish

Millet; 
Local rice; 
Soumbala

Millet; 
Sorghum; 
Soumbala

Sorghum; 
Millet; White 
beans

Millet G.; 
Millet pro.; 
Rice Wh.

Maize fl.; 
Pulses; 
Green 
vegetables

Maize 
G.; Chilli 
pepper; 
Sm. horse 
mackerel

Beans dry; 
Amaranth; 
Maize cobs

Zinc 

Maize G.; Cowpea/dry 
beans; Dry/fried fish

Sorghum; Small millet; 
Maize G.

Imp. rice; 
Cassava; 
Beef

Cashew 
nuts; Imp. 
rice; Bread

Maize fl.; 
Tomato; 
Nkhwani

Local rice; 
Millet; 
Peanut 
paste

Millet; 
Sorghum; 
Dry okra

Cassava 
- roots; 
Sorghum; 
White beans

Rice Wh.; 
Millet pro.; 
Millet G.

Maize fl.; 
Rice; Pulses

Maize G.; 
Sm. horse 
mackerel; 
Sm. 
anchovy

Beans dry; 
Maize cobs; 
Amaranth

Vit. A 

Red palm oil; 
Chilli; Peanut oil

Ref.  palm oil; 
Red palm oil; 
Chilli

Ref.  palm 
oil; Red 
palm oil; 
Chili pepper

Palm nuts; 
Palm oil; 
Peanut oil

Orange 
Sw. potato; 
Pumpkin; 
Beef meat

Peanut oil; 
Red palm 
oil; 
Other leafy 
vegetables

Ref.  
palm oil; 
Moringa; 
Offal & 
tripe liver, 
kidney, etc.

Palm oil; 
Maize fl.; 
Groundnuts 
Oil

Palm oil; 
Vegetable 
oils; 
Peanut oil

Sw. 
potatoes; 
Green 
vegetables; 
Vegetables

Red palm 
oil; 
Chilli; 
Peanut oil

Amaranth; 
Eggs; Cooking 
oil Ref. 

Folate 

Cowpea/dry beans; 
Maize G.; Dry okra

Cowpea/dry beans; 
Small millet; Sorghum

Dry okra; 
Yam; 
Plantain

Cashew 
nuts; 
Fr. peanut 
with shell; 
Imp. rice

Maize fl.; 
Leavening; 
Bean

Millet; 
Dry okra; 
Dry 
Cowpea/
beans

Millet; 
Dry okra; 
Cowpea/
dry beans

White 
beans; 
Sorghum; 
Yam

Millet G.; 
Cowpea; 
Millet pro.

Pulses; 
Maize fl.; 
Green 
vegetables

Cowpea/
dry beans; 
Maize G.; 
Dry okra

Beans dry; 
Amaranth; 
Cassava Fr.

Vit. B12 

Dry/fried fish; 
Fr. horse mackerel 
Silivi; 
Sm. mackerel Solomon

Dry fish; Fr.  fish horse 
mackerel; Fr.  fish 
mackerel

Dry fish; 
Fr. 
chinchard; 
Offal & tripe 
liver, kidney, 
etc.

Fr. Djafal; 
Dry fish; 
Sm. catfish

Beef meat; 
Sm. fish; 
Eggs

Dry fish; 
Beef meat; 
Captain

Offal & 
tripe liver, 
kidney; 
Goat meat; 
Sheep 
meat

Fish fr; 
Gari; 
Beef meat

Dry fish; 
Fr. fish; 
Meat beef, 
sheep, 
goat

Fr. fish and 
seafood; 
Fr. milk; Milk 
products

Sm. horse 
mackerel; 
Sm. 
anchovy; 
Dry fish

Beef meat; E
ggs; 
Goat Meat

Vit. B6 

Maize G.; Dry okra; Dry 
cowpeas/beans

Sorghum; Maize G.; 
Small millet

Plantain; 
Dry okra; 
Imp. rice

Imp. rice; 
Fr.  Djafal; 
Cashew 
nuts

Maize fl.; 
Pumpkin; 
Rice

Local rice; 
Dry okra; 
Millet

Millet; 
Dry okra; 
Sorghum

Yam; 
Sorghum; 
Local rice

Rice Wh.; 
Millet pro.; 
Millet G.

Maize fl.; 
Cassava 
dry/fl.; 
Bananas, 
plantains

Maize G.; 
Yam; 
Dry okra

Matooke; Sw. 
Potatoes; Maize 
cobs
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Vit. C 

Pepper; Orange; 
Adémè

Mango; Pepper; 
Cabbage

Plantain; 
Pepper; 
Cassava

Lemon; 
Mango; 
Baobab 
fruit

Green 
Maize; 
Guava; 
Mango

Fr. bell 
pepper; 
Mango; 
Other leafy 
vegetables

Moringa; 
Baobab 
leaf; 
Malohiya 
Fakkou

Cassava 
- roots; 
Fr.  Pepper; 
Yam

Cabbage; 
Mango; 
Onion

Cassava 
dry/fl.; 
Vegetables; 
Sw. potatoes

Pepper; 
Adémè; 
Fr. tomato

Cassava Fr.; 
Amaranth; 
Matooke

Thiamin 

Maize G.; Cowpea/dry 
beans; Gari 

Maize G.; Sorghum; 
Small millet

Imp. rice; 
Corn fl.; 
Local rice

Cashew 
nuts; Imp. 
rice; Bread

Maize fl.; 
Leavening 
Bean

Local rice; 
Millet; Maize 
G.

Millet; 
Sorghum; 
Maize G.

White 
beans; 
Sorghum; 
Maize fl.

Millet G.; 
Millet pro.; 
Rice Wh.

Maize fl; 
Pulses; 
Cassava 
dry/fl.

Maize G.; 
Cowpea/
dry beans; 
Yam

Beans dry; 
Maize cobs; 
Cassava Fr.

Riboflavin 

Maize G.; Pepper; 
Local rice

Small Millet; Sorghum; 
Maize G.

Local rice; 
Pepper; 
Dry okra

Cashew 
nuts; 
Local rice; 
Djagatu

Maize fl.; 
Leavening 
Beef

Local rice; 
Millet; 
Milk powder

Millet; 
Dry okra; 
Soumbala

Sorghum; 
Millet; 
Leaf 
Cocoyam, 
Spinach, etc

Rice Wh.; 
Millet pro.; 
Rice br.

Sweet/con; 
Maize fl.; Fr. 
milk

Maize G.; 
Pepper; 
Sm. horse 
mackerel

Eggs; Matooke; 
Amaranth

Niacin 

Local rice; Maize G.; 
Pepper

Sorghum; Maize G.; Fr. 
peanuts in shell

Local rice; 
Sm. fish 
mangni; 
Peanut 
paste

Local rice; 
Imp. rice; 
Fr.  peanut 
with husk

Maize fl.; 
Leavening 
Groundnut

Local rice; 
Peanut 
paste; Millet

Millet; 
Dry okra; 
Sorghum

Sorghum; 
Local rice; 
Yam

Rice br.; 
Rice Wh.; 
Peanut 
pro.

Maize fl.; 
Fr.  fish and 
seafood; 
Rice

Sm. horse 
mackerel; 
Maize 
G.; Sm. 
anchovy

Cassava Fr.; 
Maize cobs; 
Matooke

Note: Imp.=Imported; Ref.=Refined; Fr.=Fresh; Fl.=Flour; br.=broken; G.=Grain; Wh.=Whole; pro.=processed; Sw.=Sweet; Pulses=Peas, beans, lentils and other pulses; Green 
vegetables=Spinach, cabbage and other green vegetables; Milk products=Cream; cheese, yoghurt etc.; Sweet/con=Honey, syrups, jams, marmalade, jellies, canned fruits; 

Vegetables=Onions, tomatoes, carrots and green pepper, other viungo; Leavening=Yeast, baking powder, bicarbonate of soda;  Nkhwani =Pumpkin leaf.
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Nutrient consumption responses to price and income changes

Table 4 presents nutrient expenditure elasticities for food consumption in 
urban and rural areas in each country as a proxy for income elasticities. Across 
countries, nutrients exhibit positive expenditure elasticities, ranging from 0.25 
(vitamin A in rural Tanzania) to 1.56 (vitamin C and calcium in urban Mali and 
rural Benin, respectively), which is in line with expectations that increases 
in income lead to increases in nutrient consumption. Nutrient expenditure 
elasticities are generally not close to zero, implying that increasing incomes 
would reduce malnutrition (Behrman and Deolalikar, 1987).
 
As a result, policy instruments that focus on increasing income could likely be 
effective in reducing nutrient deficiencies. In most countries (with the exception 
of Uganda), the income elasticity of most micronutrients is greater than 0.8 in 
both rural and urban areas. 

Compared to other countries, households in Uganda respond the least to 
increases in income. Expenditure elasticities for most nutrients are less than 
0.75. For Malawi, the results are consistent with those of Ecker and Qaim (2011), 
who found high average rural expenditure elasticities (above 0.7) for calories, 
protein, iron, zinc, riboflavin, folate, and vitamins A and B12.

Our findings also show that vitamins C and B12 in most countries (except in 
Uganda) are among the most elastic nutrients with respect to expenditure, 
with income elasticities greater than 1. With respect to iron, zinc and folate, 
urban households (Burkina Faso, Côte d’Ivoire, Guinea Bissau, Mali, Niger, and 
Togo) are more sensitive to changes in income or expenditure than their rural 
counterparts. In Togo, Benin, and Malawi, iron has high elasticities above 1; the 
same is true for zinc in Togo and Benin. 
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Table 4. Income elasticities

Area Calories Protein Calcium Iron Zinc Folate Vitamin B12 Vitamin A Vitamin B6 Vitamin C Niacin Thiamine Riboflavin

Benin
Rural 1.10 1.20 1.56 0.88 1.13 0.90 1.09 0.81 0.95 0.82 0.88 0.98 1.46

urban 0.92 1.03 1.13 1.01 1.02 0.95 1.14 0.75 1.00 1.08 0.99 0.98 1.11

Burkina 
Faso

Rural 0.88 1.02 1.16 0.93 0.99 1.08 1.31 0.84 0.95 1.04 1.05 0.98 0.97

urban 0.81 1.02 1.24 0.93 0.99 0.90 1.46 0.71 0.97 0.97 0.99 0.90 1.06

Côte d’Ivoire
Rural 0.89 0.95 1.08 0.95 0.95 0.93 1.19 0.86 0.98 1.06 0.94 0.89 0.98

urban 0.91 0.94 1.09 0.95 0.95 0.91 1.18 0.98 0.99 1.11 0.93 0.89 1.01

Guinea 
Bissau

Rural 0.90 0.90 1.04 0.91 0.89 0.88 0.96 0.88 0.91 1.01 0.85 0.88 1.01

urban 0.95 0.96 1.12 0.97 0.96 0.96 1.12 1.00 0.94 1.07 0.95 0.95 1.10

Malawi
Rural 0.89 1.03 0.98 1.07 0.90 0.89 1.29 0.91 0.94 0.79 0.98 0.90 0.99

urban 0.82 0.97 0.99 1.07 0.84 0.84 1.31 0.97 0.96 0.83 0.98 0.87 1.03

Mali
Rural 0.92 1.13 1.22 0.95 1.05 1.04 1.48 1.00 1.00 1.17 1.14 1.03 1.10

urban 0.77 1.01 1.20 0.90 0.94 0.80 1.56 0.75 0.97 1.23 0.95 0.84 1.04

Niger
Rural 0.89 0.90 0.91 0.91 0.91 0.73 1.25 0.84 0.93 0.99 0.88 0.85 0.97

urban 0.71 0.98 1.17 0.86 0.96 0.84 1.11 0.70 0.94 1.06 0.87 0.92 1.15

Nigeria
Rural 0.93 0.95 0.96 0.92 0.96 0.95 1.16 0.76 0.99 1.09 0.95 0.95 0.93

urban 0.92 1.00 1.18 0.92 0.98 0.86 1.17 0.75 0.98 1.12 0.95 0.89 1.15

Senegal
Rural 0.86 0.96 1.17 0.85 0.90 0.85 1.47 0.94 0.96 1.10 0.91 0.86 0.95

urban 0.80 0.93 1.15 0.79 0.91 0.87 1.48 0.90 1.03 1.27 0.85 0.81 0.92

Tanzania
Rural 0.87 0.97 0.76 0.99 0.98 0.85 0.89 0.25 0.30 1.01 0.92 0.76 0.69

urban 0.90 1.00 0.90 0.96 0.97 0.97 1.10 0.95 0.97 1.03 0.96 0.72 1.00

Togo
Rural 0.94 1.04 1.07 1.01 1.03 0.99 1.12 0.69 1.01 1.01 1.04 1.01 1.02

urban 0.85 0.96 1.08 1.07 1.08 0.91 1.07 0.74 1.04 1.20 1.09 1.01 1.16

Uganda
Rural 0.74 0.53 0.76 0.57 0.60 0.52 0.33 0.73 0.75 0.89 0.53 0.60 0.78

urban 0.70 0.48 0.76 0.52 0.53 0.48 0.34 0.73 0.72 0.86 0.43 0.56 0.77

Source: Authors’ calculations
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Figures 6 and 7 show elasticities of demand for nutrients with respect to prices 
of different food categories. There are notable differences between individual 
nutrients and food groups. Overall, nutrient consumption is generally price 
inelastic. However, nutrients respond more to changes in the price of the food 
groups that contribute the most to consumption of the nutrient concerned. In 
most countries, these are cereals, pulses, meat, dairy products, and oil.

Micronutrient consumption is not very sensitive to the price of sweets, 
beverages, and oil and fats in almost all countries and in both rural and urban 
areas. However, we note that in Senegal (urban and rural areas) and in Côte 
d’Ivoire (urban areas), an increase in the price of oils and fats mainly affects 
the consumption of calcium and vitamin A, but the decrease is more than 
proportional for the consumption of vitamin A. When cereal prices increase, 
consumption of iron, protein, zinc, folate, vitamin B6, niacin, vitamin A, and 
thiamin is expected to decrease more for urban Malian households compared 
to those in other countries. Concerning dairy products in urban areas, calcium, 
vitamin B12, riboflavin, and thiamine are most affected in some countries when 
their prices increase.

Vitamin B12 is the most price-sensitive nutrient with respect to prices of meat 
and fish, reflecting the fact that most vitamin B12 intake comes from meat and 
fish. Price elasticities tend to be higher in Mali, Senegal, Uganda, and Malawi 
than other countries. Similarly, increases in the prices of vegetables and fruits, 
which encompasses the foods that contribute most to daily vitamin C intake 
in most countries (Table 3), are associated with a significant decrease in the 
consumption of this nutrient. 

Figure 6. Nutrient elasticities with respect to food prices: Urban (%)
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Source: Authors’ calculations

Figure 7. Nutrient elasticities with respect to food prices: Rural (%)
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Source: Authors’ calculations

V. Conclusions and Policy Implications

The analysis highlights the persistence of serious micronutrient adequacy 
gaps in Africa, as well as the spatial heterogeneity of adequacy levels. Intake 
deficiencies tend to be most pronounced for calcium, vitamin B12 and riboflavin. 
The relatively high prices of food items rich in these nutrients may account for 
intake gaps. Despite some commonalities, there is significant variation in the 
severity of nutrient adequacy gaps between and within countries. For example, 
households in Malawi and Niger have average adequacy levels of iron above 
95%, while households in Côte d’Ivoire and Guinea Bissau consume less than 
65% of recommended levels. Within the latter country, adequacy levels are 
above 90% in some departments and below 50% in others. In some countries, 
nutrient adequacy patterns appear to be correlated with production patterns, 
while in others, even areas with high production of nutrient-rich foods show 
intake gaps. 

Examining the top foods contributing to nutrient intake reveals some common 
patterns as well as significant variations. Fish are major contributors to calcium 
intake in most countries, and dried okra contributes significantly in most West 
African countries; increasing consumption of these calcium-rich foods could 
contribute to filling calcium intake gaps. However, even when dietary adequacy 
levels are similar, diets can differ markedly. For example, households in Burkina 
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Faso, Guinea Bissau, and Togo all consume around 70% of zinc requirements 
on average, but households in Burkina Faso obtain zinc mainly from sorghum, 
millet, and maize, those in Guinea Bissau from cashews, imported rice, and 
bread, and those in Togo from maize and smoked fish. Strategies to increase 
zinc intake should take into account existing dietary patterns in each country to 
identify priority foods that could contribute to increased consumption.

Estimated nutrient income and price elasticities can also help to inform the 
design of policies to increase nutrient consumption. The analysis found positive 
income elasticities for all nutrients in each country, suggesting that cash 
transfer programs or other interventions to increase incomes would likely result 
in increased consumption of nutrients. Vitamin C and vitamin B12 are especially 
responsive to changes in income in several countries. The analysis of price 
elasticities shows that nutrient demand can be relatively inelastic to prices of 
foods, but the elasticity of a given nutrient is higher with respect to prices of 
foods rich in that nutrient, suggesting that there is scope to impact nutrient 
adequacy through food price interventions. 

These results highlight the potential of income and food price policies to 
improve the quality of diets as well as the importance of tailoring policies to local 
circumstances. The high degree of variation in nutrient gaps across and within 
countries, differences in dietary sources of nutrients, and varying elasticities of 
demand for nutrients all highlight the importance of attention to local contexts 
when designing policies to combat nutrient deficiencies. Strategies should be 
informed both by detailed analysis of the distribution of deficiencies as well as 
the potential impacts of policies on nutrient consumption.  
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Annex
Figure A1. Calorie consumption adequacy in 12 African countries

Benin Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi  Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations

Figure A2. Protein consumption adequacy in 12 African countries

Benin Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi  Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations
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Figure A3. Folate consumption adequacy in 12 African countries

Benin Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations

Figure A4. Zinc consumption adequacy in 12 African countries

Benin Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi  Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations
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Figure A5. Vitamin C consumption adequacy in 12 African countries

Benin Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi  Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations

Figure A6. Thiamine consumption adequacy in 12 African countries

Benin Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi  Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations
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Figure A7. Niacin consumption adequacy in 12 African countries

Benin Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi  Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations

Figure A8. Vitamin B6 consumption adequacy in 12 African countries

Benin Burkina Faso Côte d’Ivoire Guinea Bissau

Malawi  Mali Niger Nigeria

Senegal Tanzania Togo Uganda

Source: Authors’ calculations
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