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ABSTRACT 

Using household consumption data collected in 2017/18, this paper analyzes patterns of urban and 
rural food consumption in Senegal. We adopt two methodological approaches. The first is an in-
depth (spatial) analysis of current diets and corresponding nutrient intakes, coupled with an 
identification of possible food items to address nutrient gaps. The second approach is an 
application of the Quadratic Almost Ideal Demand System (QUAIDS) model to examine food 
consumption dynamics of Senegalese households. Results show that Senegal is a typical case of 
micronutrient deficiency, especially regarding calcium, iron and vitamin B12. Reflected by their 
more diversified diet, nutrient intake of urban dwellers is generally better compared to their rural 
counterparts, which relates to the urban sector’s higher income status and more secure access to 
food items, especially those rich in calcium, vitamin B12 and vitamin A. In contrast, the dietary 
status of rural populations is usually poorer and mainly driven by the nutrient content of cereals 
locally produced. Despite insufficient domestic production, the recent promotion and upsurge of 
small (local) cereal processing units might be a promising development to increase urban uptakes 
of iron. Although Senegal’s food system overall is underperforming in terms of assuring a 
nutritious diet for all, the most remote rural departments of the country, such as Saraya and Podor, 
display the highest nutrient deficiencies and therefore should be targeted with priority. Apart from 
geographical targeting and given their higher responsiveness to price and income changes, policies 
based on food pricing and income transfers should be implemented to ensure a minimal nutrient 
intake among the most food-insecure households. These policies could be further complemented 
with behavioral change campaigns which promote an alternative set of nutrient-rich and cost-
effective food items. At the same time, such campaigns should advocate against excessive or 
imbalanced intakes of sugar and fats, which are especially problematic in the more eastern located 
rural areas of the country and in the urban sector of various departments located in the western and 
central parts of Senegal, respectively. 
 
Keywords: food consumption, diets, nutrient adequacy, demand, elasticities, Senegal 
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1. INTRODUCTION 

Over the past three decades, food demand in West Africa has both substantially increased in level 
and changed in composition. This evolution is reflected in a study conducted by Me-Nsope and 
Staatz (2013) who extracted global food patterns for 15 ECOWAS countries by examining per 
capita food availability data between 1980 and 2009 derived from FAOSTAT’s food balance 
sheets. Next to calories, most of the individual ECOWAS countries were characterized by an 
increased availability of proteins, oil, sugar, fruit and vegetables. Among the major drivers 
underneath the changing food patterns, one typically cites population growth, increased 
urbanization, rising income levels (augmented by remittances) as well as changing lifestyles – 
which is much associated with the latter two trends (Zhou and Staatz 2016). Indeed, the 
development of an urban middle class in various African countries quickly alters consumption 
preferences towards more convenient and tasty food items with perhaps additional attributes in 
terms of quality, healthiness, food safety and origin of production. 

Compared to its ECOWAS counterparts, Senegal is no exception. With a population that 
has doubled between 1992 and 2018, of which now almost half currently lives in urban areas, and 
with a marked decrease in the proportion of people living on less than $1.90 going from 68% in 
1991 to 38% in 2011 (WDI 2019), Senegal largely shares the same demographic and economic 
evolution. In addition, the same analysis by Me-Nsope and Staatz (2013) points for Senegal to 
similar changes in food availability of calories, proteins, fruit and especially vegetables, while the 
picture is less clear regarding trends in oil and sugar. These changing patterns in food demand are 
likely to persist and deepen, which entails both a challenge and an opportunity for the country’s 
agriculture sector, its food system and wider economy. Indeed, to properly feed its own population 
(Johnston and Mellor 1961), domestic food supplies in Senegal should adapt to these changing 
preferences while becoming more competitive with respect to food imports. With a food deficit 
reaching more than $300 million per year in 2018 (WDI 2019), mainly driven by rice imports, 
there is a sizeable opportunity to structurally transform the country’s food system. 

Seen from the angle of household food consumption, this paper aims to identify key entry 
points behind a successful transformation of the Senegalese food system. Conceptually, as one of 
the key pillars of food security, the focus of this paper lies on the access dimension, both in terms 
of food and corresponding nutrients, which in Africa is typically measured at the household level. 
As a result, and limited by available data, this study ignores various aspects of food utilization, 
such as nutrient interaction and retention during meal preparation, intra-household allocation as 
well as individual health status (Jones et al. 2013). Likewise, since the data basically involve one 
cross-section, we are unable to consider the stability dimension of food security. In contrast, we 
will loosely rely on some secondary data sources to spatially link consumption and production 
patterns. 

In a following section, we first provide a qualitative review using available fragments of 
information to describe the relative importance and most recent trends of the major food crops in 
the country. This description will not only cover consumption but also trends in production and 
changes in food processing. Then, while presenting some descriptive statistics, we introduce the 
reader to a unique and spatially refined household consumption dataset, which has been compiled 
as part of a larger research project, called PAPA.1 Subsequently and driven by the data limitations 

 
1 PAPA stands for Agricultural Policy Support Project (in French: “Projet d’Appui aux Politiques Agricoles”) and is a 

collaborative research project financed by USAID. The project covers various research topics and draws on expertise from a 
network of national researchers, Michigan State University (MSU) and the International Food Policy Research Institute (IFPRI). 
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discussed in the previous section, we outline the methodological approach adopted in this paper. 
This approach mainly consists of a set of techniques and procedures to apply an in-depth dietary 
analysis and demand model. In a following section, we present and discuss the major findings of 
this study in terms of diet composition and corresponding nutrient intakes, its spatial distribution 
across sectors and departments, the existence of cost-effective diet alternatives as well as regarding 
food price and income dynamics. We end this paper with concluding remarks. 

 
More information can be found on the following website: www.papa.gouv.sn. 
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2. HISTORICAL TRENDS IN FOOD CONSUMPTION AND FOOD SUPPLY  
IN SENEGAL 

Food consumption in Senegal has undergone significant changes over the past few decades. These 
changes were triggered by various factors, including environmental, technological and economic 
evolutions as well as demographic, social and cultural trends. Rapid urbanization and significant 
growth in per capita income certainly stand out and provide a straightforward explanation behind 
the increased demand for animal source food items, vegetables and highly processed food (van 
Berkum et al. 2017). In addition to these more demand-driven factors, food consumption is also 
structured and determined by diversity in supply, which not only relates to the composition of 
domestic food production and food imports, but also to the exact forms in which food is processed 
and presented to consumers. An often-cited argument behind the decline in urban consumption of 
traditional staples, such as millet or sorghum, was the absence of processed or pre-cooked derived 
products to shorten the otherwise extensive preparation time (Zhou and Staatz 2016). As a result, 
the reliance on rice became more pronounced as it was a convenient alternative for a rapidly 
urbanizing and more time-constraint society (Diagne et al. 2013; Zhou and Staatz 2016). Apart 
from convenience embodied in the level of food processing, the emergence of supermarkets is 
another important and recent phenomenon which strongly affects food consumption behavior of 
urban dwellers. To better interpret the results in the empirical section of this paper, we first discuss 
the recent trends in food consumption and food supply for dry cereals, groundnut, onion and other 
horticultural products, and animal source food items. 
 
Dry cereals 
 
Rice is the main food staple in Senegal, both in urban and rural areas. Since independence, annual 
rice consumption per capita has increased substantially from 50 kg in the 1960s to 60 kg in 1990s 
(Tardif-Douglin and Diouf 1998), and further to 78 kg in 2017 – thus representing two thirds of 
total cereal consumption (IPAR 2017). As a result, rice self-sufficiency is a permanent concern to 
policymakers in the country. Between 1994 and 2006, the coverage of national rice production in 
total rice consumption has dropped significantly from 67% to 41%. In 2011, rice imports were 
estimated at 176 billion FCFA (ANSD 2013). This increased dependency on imported rice not 
only makes the country vulnerable to external shocks, as experienced following the 2007-08 
financial crisis, it also has significant macroeconomic effects as reflected by a worsening trade 
balance. To reduce its dependency on imported rice, the country launched the National Rice Self-
Sufficiency Program (PNAR) with the objective of reaching a domestic paddy production of 1.5 
million tons by 2012 (Fall & Dieye 2008; MINAGRI 2009), which was updated in 2014 to reach 
1.6 million tons by 2017 (MAER 2014). 

The middle stream segment of the rice value chain includes around 400 processing units 
located across the Senegal River Valley (95%) and the Anambé Basin (5%) (SAED 2005; VECO 
2014). Most of these units (93%) are simple rice huskers, producing rice of variable quality to 
mainly supply rural areas. In contrast, urban consumers (especially those in Dakar) are more 
demanding in terms of quality. As a result, urban markets are mostly supplied (apart from imports) 
with rice from (semi-)industrial processing units. Overall, recent policies that focused on 
improving processing capacity, have contributed to an increase of the share of local rice in the 
Senegalese diet (Fall et al. 2011). 
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As opposed to rice, the importance of millet and sorghum has much declined since the 
1960s, when these crops still accounted for the majority of total cereal consumption and 
production. Following irregular rainfall in the 1970s, yields became more erratic, which in turn 
provoked a gradual substitution of millet and sorghum by rice (Fall & Dieye 2008; Colen et al. 
2013). In absolute terms, this evolution translates for millet into a decrease in annual consumption 
from 78 kg per capita in 1990 to 49 kg per capita in 2009, which roughly corresponds to a decline 
from 42% to 25% in total cereal consumption between 1995 and 2009 (ReSAKSS/MSU/Syngenta 
2011). More recent estimates situate annual consumption levels for millet around 30 kg per capita 
and for sorghum around 1 kg per capita (IPAR 2017). 

Despite this general downward trend and following various price policies and programs to 
promote commercialization, the importance of millet has also increased in some respects and even 
became a cash crop in the early 1980s (Broutin & Sokona 1999). To encourage the consumption 
of local cereals, these programs promoted the introduction of small huskers and mills in rural areas 
and (semi-)industrial processing units in urban areas. More recently, Senegal has seen a revival in 
micro and small agrobusinesses, of which one in ten is involved in the processing of local cereals. 
These small companies, located in major cities such as Dakar, Thiès, Touba, Saint Louis, Fatick 
and Kaolack, specialize in the production and packaging of (semi-)finished products, such as 
several types of arraw, which is the general word used to describe the entire range of small granular 
balls prepared from millet, sorghum, fonio, rice or maize flour.2 The industrial branch is mainly 
based in Dakar and consists of a few plants only, such as SENTENAC, Grand Moulin de Dakar 
and Nouvelles Minoteries Africaines. Together, the development of artisanal, semi-industrial and 
industrial processing units has contributed to the reintroduction of millet into the diet of urban 
Senegalese dwellers (Faye & Gueye 2010). 

This evolution has been further facilitated by three other aspects. First, the introduction of 
small mills allowed for the processing of tailored quantities for immediate preparation and 
consumption without the need of storage facilities. In urban areas, female processors generally 
own small restaurants while offering several semi-finished and finished cereal products, such as 
flour, semolina and arraw (Ndiaye et al. 2005; Faye & Gueye 2010). These processors respond to 
an ever-increasing urban demand of small quantities at low prices. Second, new local cereal 
products have been developed, including mixed bread (called pain riche), millet beverages, 
biscuits, millet pancakes and infant flour (Ndiaye et al. 2005; Gueye 2006). Third, the two previous 
trends have been further strengthened by the Senegalese government and its partner institutions 
including the Institute of Food Technology (ITA), through the promotion of locally produced food 
using the slogan Consommer Sénégalais. 

Other cereals, such as maize and fonio, play a more marginal role in the Senegalese diet. 
This being said, the consumption of maize, traditionally cultivated to feed animals, has become 
more important between 1995 and 2008, both in terms of absolute quantity and share in total cereal 
consumption (ReSAKSS/MSU/Syngenta 2011). Large-scale processing however remains limited 
due to storage-related problems (Niaye et al. 2005). Regarding fonio, which is mainly consumed 
by producers because of its lengthy processing time, efforts are made at the political level to 
provide high-quality huskers and stimulate product development. As a result, new ready-to-cook 
fonio products are made available on the market. However, the consumption of fonio remains 
rather insignificant due to low availability and frequent supply interruptions (Ndiaye et al. 2005). 
 

 
2 Depending on their size, these granular flour balls receive different denominations: going from the smallest varieties to the 

largest ones, we can cite thiéré (or couscous), thiakry, fondé and laax. 
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Groundnut, onion and other horticultural products 
 
Despite the importance of cereals in general and rice in particular, the most important agricultural 
product in Senegal, both in volume and value, is groundnut (WB 2015). In 2018, the annual 
production of groundnuts reached a record of 1.5 million tons and was always higher than any 
other crop since 1960 (ANSD 2020). This relative performance goes back to the era of colonial 
rule when monocropping of groundnut was introduced. As a result, in the 1960s, Senegal became 
a major exporter of groundnut oil and groundnut cake, which generated 80% of total export 
revenues and contributed to 60% of agricultural GDP (WB 2015). Ever since the market share of 
Senegal in producing and exporting groundnut-based products has gradually decreased (except for 
groundnut cake), which was mainly due to increased competition from other countries and other 
vegetal oils. Despite various problems characterizing this sub-sector and given its versatile 
character as a food, cash, fodder and fertilizer crop, groundnut remains of important economic and 
strategic value to the country (MAER 2014). 
 With an estimated production of more than 400,000 tons in 2018, onion is by far the most 
important horticultural product cultivated in Senegal and currently accounts for almost one third 
of all horticultural output (ANSD 2020). Since the introduction of import restrictions in 2003, 
domestic onion production has increased fourfold, yet imports continued to increase as well 
(David-Benz & Seck 2018). These parallel developments not only point to the importance of 
onions in today Senegalese cuisine, but they also relate to an increased demand for high quality 
products, whereby the domestic value chain is struggling with issues of low quality and associated 
perishability (David-Benz & Seck 2018; Netherlands Enterprise Agency 2020). 

Whereas most policy effort to increase onion production is aimed at import substitution, 
other horticultural products are currently targeted to stimulate the export sector, in addition to 
supplying the major urban and tourist centers in Senegal (MAER 2014). In 2018, all fruit and 
vegetable production (including onions) stood at almost 1.5 million tons, which represents roughly 
a doubling of total output compared to 2010 (ANSD 2017; 2020). Over the same period, total 
exports of horticultural products almost tripled from 32,000 tons to 122,000 tons (ANSD 2020; 
MAER 2014). 

 
Animal source food products 
 
When households become richer, diets are gradually shifting to include relatively more nutrient-
dense food items, such as meat, fish, eggs and milk, compared to a meal which is largely composed 
of calorie-rich ingredients and typically observed at lower income levels (Delgado, 2003). With a 
coastline of more than 500 km, the supply of animal protein in Senegal is dominated by fish 
products. Sea fish production increased from 406,574 tons in 2010 to 479,194 tons in 2018, with 
the share of industrial fishing substantially increasing from 9% to 25% over the same period 
(ANSD 2020). Comparatively, with annual production levels around 11,000 tons and 1000 tons 
respectively, continental fishing and aquaculture are negligible forms of fish production (ANSD 
2020). In terms of consumption, the average Senegalese in 2018 consumed an estimated 29 kg of 
fish products per year, compared to 26 kg in 2008 (ANSD 2020; Mankor 2009). 
 With a total production level roughly half the size of fish, a similar increasing trend is 
observed for meat production, going from 176,840 tons in 2010 to 255,830 tons in 2018.3 This 

 
3 Data obtained from the Ministry of Livestock. Despite the increase in meat production, the predominant livestock farming 

system in Senegal remains extensive (i.e., grazing animals), resulting in low competition between the production of crops for animal 
feed and human consumption. 
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increase in total meat production coincides with a marked change in underlying composition, with 
beef being largely substituted by poultry meat. Indeed, whereas beef accounted for more than 40% 
of total meat production against less than 30% for poultry meat in 2010, these shares were roughly 
reversed by 2018. The changes in relative meat production largely mirror changes in demand, with 
chicken meat gaining ground as the most affordable meat type for people with increasing 
purchasing power (Mankor 2009). In addition, the introduction of import restrictions on poultry in 
2006 marked the expansion of the industrial branch, whose weight in total production gradually 
increased from less than 30% in 2006 to more than 60% in 2018 (ANSD 2020). In a similar vein, 
the production of chicken eggs has almost doubled over the same period from around 27,000 tons 
to 53,000 tons. In contrast, the decreasing share of beef in total meat production mainly results 
from reductions in cattle population linked to environmental challenges, especially in the sylvo-
pastoral and transhumance zones of Senegal (ANSD 2020). 

Despite the current difficulties in cattle rearing, milk production has more than doubled 
from 116,131 tons in 2005 to 249,436 tons in 2018, which is mainly attributable to an increase in 
output from semi-intensive and intensive production systems (ANSD 2020). Moreover, this 
increase in domestic milk production has reduced the share of imported milk (mainly in powder 
form) in total milk consumption from around 71% to 55% over the same period.4 In 2018, annual 
milk consumption reached a record of more than 0.5 million tons or around 35 liters per person, 
of which an important share is consumed as curdled milk mixed with local cereals, such as thiakry, 
fondé, laax (Broutin et al., 2005). 

 
4 Data obtained from the Ministry of Livestock. 
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3. DATA AND DESCRIPTIVE STATISTICS 

The primary dataset used to explore and improve our understanding of current household food 
consumption in Senegal is compiled from several modules developed under the PAPA project. In 
total, the dataset covers more than 200,000 individual food transactions performed by 2,231 
households in 19 major Senegalese cities in 2017 and by 4,338 rural households across the 
country’s 42 rural departments in 2018. Following the survey sampling design implemented, the 
data are representative for each of the above administrative levels.5 Given the different periods, 
we will structurally analyze both sectors separately while acknowledging that these two 
“snapshots” do not allow to account for seasonality.6 The food list comprises more than 100 
different food items, bought (90%), consumed from own produce (9%) or received in kind (1%), 
using a recall period of 7 days.7 For this analysis on food consumption, we assume that all food 
purchases are consumed within the same recall period. 

Table 1 presents some general household characteristics. The average Senegalese family 
consists of nine members with significant demographic heterogeneity across the country. Most 
salient in this respect is the capital city of Dakar with an average household size of only four 
persons, which is less than half the national average. In a similar vein, households in Dakar are 
more frequently headed by a female person (around 32%), compared to rural areas (7%). In 
contrast, there is little spatial variation regarding the age of the household head, which generally 
amounts to 55 years. Regarding educational attainment, household heads in Dakar and other urban 
areas are on average better educated, with respectively 40% and 30% of the heads having at least 
a secondary school diploma, compared to only 11% in rural areas. 

Table 1. Household characteristics by sector, Senegal (2017/18) 

 
All urban Dakar Other urban Rural National 

N 2,231 869 1,362 4,338 6,569 

Household size 9.04 4.47 9.76 10.35 9.46 

Male-headed household (%) 70.06 67.96 71.79 92.66 77.36 

Age of household head (years) 54.93 55.35 54.60 53.97 54.61 

Education level of household head (%) 
     

No formal education 41.79 32.51 49.38 62.83 48.58 

Literacy 1.20 1.10 1.27 12.90 4.97 

Primary 22.84 26.60 19.76 13.41 19.79 

Secondary 24.56 27.00 22.57 10.05 19.87 

Higher 9.62 12.79 7.02 0.82 6.78 

Source: Authors using PAPA (2017/18). 
 

 
5 The 19 major cities comprise the four urban departments of the Dakar region, the 13 other regional capitals, plus the large 

cities of Touba and Mbour. Given the existence of other smaller cities in Senegal, which were not considered in the PAPA sampling 
design, the “urban sector” in this paper should be understood as referring to these 19 major cities only. The PAPA dataset and 
corresponding metadata are available for public use and can be obtained by email at papagriculture@agriculture.gouv.sn. 

6 This being said, both urban and rural surveys took place in March-April, which is halfway the agricultural year and therefore 
an appropriate timing to measure at least average consumption levels. 

7 Despite the length of the pre-defined food list, no particular attention was devoted by the PAPA survey design to fortified 
food items, which may result in an underestimation of nutrient intake levels. 
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Table 2 provides a first insight into the food consumption pattern of Senegalese 
households. It presents the mean annual household consumption of the 30 most important food 
items. At the national level, the 10 first products (that is rice, fish, red meat, peanut, millet, vegetal 
oil, poultry, sugar, onion and powder milk) account for 62% of total food outlays. Overall, the 
listed food items have a similar importance across different sectors, except for Irish potato, 
concentrated tomato, watermelon and fresh cassava, which take a larger share in urban food 
budgets while cowpeas, maize and leafy vegetables rank higher in rural areas. The most evident 
explanation for these exceptions is differences in relative prices, which in part is influenced by the 
origin of production. Concentrated tomato and Irish potato for example, of which large amounts 
are imported from abroad, will be relatively cheaper in cities. 

In a similar vein, the higher budget ranking for cowpeas, maize and leafy vegetables in 
rural areas directly relates to their location of cultivation. Watermelons and fresh cassava, on the 
contrary, might be so cheap in rural areas (at least during certain times of the year) that a minor 
budget share is enough for these items to be sufficiently eaten. In addition, the consumption of 
wheat bread occupies the sixth position in the rural household budget; unfortunately, this item was 
not part of the survey’s urban food consumption list and the same was true for eggs.8 
  

 
8 Given their importance in urban diets, the non-coverage of bread and eggs will result in an underestimation of nutrient intakes 

and corresponding adequacy measures of the urban population. This underestimation is likely to be most problematic for food 
energy, protein and vitamin B12, however the precise extent cannot be assessed. 
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Table 2. Annual household food consumption by sector (FCFA), Senegal (2017/18) 
 National All Urban Dakar Other urban Rural 

 Mean Rank Share Mean Rank Mean Rank Mean Rank Mean Rank 

Rice 248,366 1 12.1% 245,113 2 250,021 2 241,102 1 255,190 1 

Fish 235,349 2 11.4% 270,736 1 309,639 1 238,947 2 161,113 3 

Red meat  142,772 3 6.9% 176,258 3 198,725 3 157,899 3 72,524 7 

Peanut 127,080 4 6.2% 95,108 6 74,442 8 111,994 6 194,155 2 

Millet 114,020 5 5.5% 94,991 7 73,166 9 112,826 5 153,939 4 

Vegetable oil 109,291 6 5.3% 132,545 4 141,699 5 125,065 4 60,508 8 

Poultry 94,204 7 4.6% 118,517 5 143,944 4 97,738 8 43,200 10 

Sugar 90,710 8 4.4% 92,621 8 84,889 6 98,939 7 86,700 5 

Onion 65,456 9 3.2% 76,104 9 81,053 7 72,060 9 43,117 11 

Milk (powder) 49,920 10 2.4% 60,628 10 66,828 10 55,563 10 27,455 15 

Potatoes 41,270 11 2.0% 51,320 12 59,156 12 44,918 12 20,187 20 

Watermelon 37,703 12 1.8% 53,995 11 63,727 11 46,041 11 3,527 30 

Tomato (concentr.) 35,558 13 1.7% 43,013 13 42,461 13 43,464 13 19,919 21 

Coffee 31,956 14 1.6% 35,534 14 29,946 16 40,100 14 24,451 17 

Tea 31,658 15 1.5% 30,536 16 32,453 15 28,969 18 34,013 12 

Mango 29,696 16 1.4% 33,732 15 35,251 14 32,491 16 21,229 18 

Palm oil 26,112 17 1.3% 26,452 20 27,111 19 25,914 23 25,399 16 

Cowpea 25,561 18 1.2% 22,523 25 16,924 29 27,098 20 31,934 13 

Tomato (fresh) 25,515 19 1.2% 29,460 18 25,565 20 32,644 15 17,238 22 

Maize (raw grain) 24,850 20 1.2% 10,847 30 4,982 30 15,638 30 54,228 9 

Cabbage 24,344 21 1.2% 26,046 21 25,003 22 26,898 21 20,774 19 

Cassava (fresh) 23,828 22 1.2% 30,233 17 28,430 18 31,707 17 10,391 28 

Leaves (various)  23,700 23 1.2% 21,212 27 23,739 24 19,148 28 28,918 14 

Carrot 22,608 24 1.1% 26,764 19 25,206 21 28,037 19 13,890 25 

Sweet potato 19,016 25 0.9% 23,076 23 22,800 26 23,303 24 10,498 27 

Industrial drinks 18,354 26 0.9% 22,947 24 29,630 17 17,486 29 8,717 29 

Milk (curdled) 18,168 27 0.9% 21,573 26 23,413 25 20,070 26 11,024 26 

Okra 17,991 28 0.9% 19,513 28 17,282 28 21,336 25 14,799 24 

Bouillon 17,454 29 0.8% 18,511 29 17,446 27 19,381 27 15,236 23 

Citrus 17,139 30 0.8% 25,309 22 24,291 23 26,141 22 0 31 

Wheat bread -- -- -- -- -- -- -- -- -- 84,002 6 

Other 269,780 -- 13.1% 258,972 -- 285,669 -- 237,157 -- 211,727 -- 

Total 2,059,430 -- 100.0% 2,194,189 -- 2,284,890 -- 2,120,073 -- 1,780,000 -- 

Note: This table presents the 30 most consumed food items in Senegal. FCFA stands for Franc de la Communauté Financière en 
Afrique, which is the currency used in Senegal and seven other West African countries. 
Source: Authors using PAPA (2017/18). 
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Table 3 presents how cereal consumption varies by income quintiles. Obviously, when 
income increases, the consumption of cereals in absolute terms accrues as well, going from 119 
kg per person per year for the first to 290 kg for the fifth quintile. This observation generally holds 
for all cereals listed, however, the extent by which cereal consumption increases with income, 
differs across cereals, thus affecting their share in the overall cereal basket. In this respect, two 
observations stand out. First, whereas the share of (local and imported) rice increases from 51% to 
59% going from quintile 1 to 5, the relative weights of millet, maize, sorghum and fonio either 
slightly decrease or remain stable. Second, as households become richer, they tend to substitute 
unprocessed millet for processed varieties. In the first quintile, processed millet roughly represents 
one third of total millet consumption, which accrues to almost two thirds for households in the 
fifth quintile. Regarding the ratio of local versus imported rice, there is no clear tendency emerging 
from the data, which is probably the result of imported rice being unaffordable to many households 
in more remote areas combined with domestic varieties being now broadly accepted throughout 
the country. 

Table 3. Annual cereal consumption by income quintile, Senegal (2017/18) 
Income  
(in FCFA/capita) 

1st quintile 
[15,834-176,935] 

2nd quintile 
[176,947-267,369] 

3rd quintile 
[267,385-382,103] 

4th quintile 
[382,110-579,781] 

5th quintile 
[580,307-9,729,004] 

(in kg/capita) kg share kg share kg share kg share kg share 

All cereals 119.0 100% 156.7 100% 177.1 100% 205.8 100% 290.4 100% 

Millet 25.5 21% 25.3 16% 28.4 16% 26.1 13% 33.3 11% 

Millet (processed) 12.0 10% 22.3 14% 25.8 15% 40.0 19% 49.5 17% 

Maize 9.4 8% 11.8 8% 12.5 7% 13.0 6% 16.8 6% 

Maize (processed) 5.9 5% 7.6 5% 9.2 5% 12.0 6% 14.9 5% 

Sorghum (brut) 3.2 3% 2.4 2% 2.1 1% 2.1 1% 4.4 2% 

Sorghum (processed) 1.9 2% 1.4 1% 1.6 1% 1.5 1% 0.8 0% 

Fonio 0.2 0% 0.2 0% 0.2 0% 0.2 0% 0.5 0% 

Local rice 26.5 22% 41.5 26% 43.8 25% 53.0 26% 78.1 27% 

Imported rice 34.1 29% 43.7 28% 53.3 30% 58.0 28% 92.2 32% 

Source: Authors using PAPA (2017/18). 
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4. METHODOLOGY 

The methodological approach adopted in this paper consists of two main parts. First, we will 
perform an in-depth dietary analysis to identify and locate urban and rural areas with high nutrient 
deficiencies, before listing the food items on which future interventions could be based to address 
the nutrient gaps identified. In a second stage and based on standardized food price data derived 
for the dietary analysis, the QUAIDS demand model is applied to the dataset to provide insights 
into household food consumption dynamics. 
 
Dietary analysis 
 
Given that food quantities in the dataset have not always been accurately recorded, we first derive 
a matrix of standardized regional food prices to subsequently convert all monetary expenditures 
into their corresponding metric weight.9 Then, we apply an edible conversion factor to each food 
item and match it with the most suitable record (mainly) within FAO’s West African Food 
Composition Table (FCT) (Stadlmayr et al. 2012).10 Finally, we estimate for each food 
consumption line the total number of calories, proteins, calcium, iron, zinc, folate, vitamin B12, 
vitamin A and sodium. 

Following this procedure, the nutritional content of almost 90% of total food consumption 
could be derived, with the remaining part being unidentified due to inaccurate food prices or 
incompatible FCT entries. The most constraining factor in this respect involves the aggregate food 
item descriptions added to the end of each food group for which no suitable FCT record could be 
identified, such as other dairy products, other fruit, or other fresh vegetables (among others). Most 
of these items have a negligible individual weight, yet combined they account for around 10% of 
total food consumption. To address this issue, we apply a household-specific linear mark-up 
procedure by first estimating the average price per nutrient as obtained through the consumption 
of items within each of eight food groups using the household’s identifiable part of food 
consumption. These nutrient prices are then used to estimate the nutrient content of the unidentified 
part of food consumption, whereby the summation of observed and estimated nutrients across all 
food groups will provide a proxy of total nutrient intake at the household level. Depending on the 
exact nutrient content of the observed and estimated food items, this proxy might either under- or 
overestimate the true nutrient intake. However, given the similar nutrient profile of food items 
which belong to the same food group and because nutrient prices will be derived per household, 
thus accounting to some extent for household-specific food preferences, one can assume the level 
of inaccuracy to be limited. 

To assess nutrient deficiency, we also compute Adult Male Equivalence (AME) scales for 
each nutrient based on the levels of recommended intake by age/sex as defined by 
FAO/WHO/UNU Joint Panels (FAO 2001; WHO/FAO 2004; WHO 2007). As a reference for 
these scales, which to some extent is an arbitrary decision as long as the nutrient recommendations 
are expressed in the same reference unit, we use a 30-year-old male and set his physical activity 
level equal to 1.75 while opting for a bioavailability level of 5% for dietary iron and 15% for 

 
9 The types of inaccuracy range from food quantities expressed in local measurement units for which exact metric conversion 

rates were missing to highly improbable values or simply missing data. In contrast, the corresponding food outlays recorded by 
households were more complete in coverage and suffered less from obvious inaccuracies. 

10 As most food items were underspecified in terms of variety, cultivar, color, maturation stage or biofortification level, 
assigning a suitable FCT record was sometimes challenging. 
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dietary zinc.11 Aggregating all food consumption data at household level while applying the 
corresponding AME scales, we estimate daily food energy and nutrient intake per AME. 

Although theoretically straightforward, the empirical implementation of this procedure is 
full of methodological challenges, including: (i) risk of overreporting, especially regarding cereals 
which were occasionally counted several times as they run through various processing stages 
performed by the same household; (ii) inaccurate recording of household size and composition, in 
some particular areas. As a result, final calorie intake for a significant number of households was 
exceptionally low or high, or at least beyond what is nutritionally acceptable defined by the interval 
of 500-5,000 kcal per AME/day (Lovon and Mathiassen 2014). To avoid that implausible intakes 
would bias the results, the sample size for this study was reduced by 11% to 5,830 households, of 
which 1,914 are located in urban and 3,916 in rural areas. To preserve the initial levels of 
representativeness, sampling weights were recalculated and applied throughout the analysis. 

Most of the spatial analysis performed in this paper is based on calorie and nutrient 
adequacy ratios (NAR). These ratios are first computed at household level by dividing observed 
daily calorie and nutrient intake per AME by its corresponding recommended intake. Then, before 
averaging these NAR at any geographical scale, they are first truncated at 100% to avoid that 
households with a deficient intake for a particular nutrient could be compensated for by surplus 
intakes observed in other households within the same region. Table 4 presents the various nutrients 
covered in this paper together with the health risks associated with insufficient intake. 

Table 4. Health risks associated with insufficient intake of calories and various nutrients 
Food component Health risk 

1. Calories  Calorie deficiency leads to loss of body weight, increased fatigue and reduced physical activity. 

2. Proteins Protein deficiency can lead to kwashiorkor and impairs many aspects of body function. 

3. Calcium Calcium deficiency affects bone health, which may lead to various forms of osteoporosis. 

4. Iron Iron deficiency is globally responsible for half of all anemia cases, which may lead to premature delivery, 
low birth weights and impaired cognitive development. 

5. Zinc Zinc deficiency is linked to several health risks such as stunting, weight loss, torpor, and delayed sexual 
development. 

6. Folate Folate deficiency causes megaloblastic anemia, low birth weights and neural tube defects.  

7. Vitamin B12 Vitamin B12 deficiency is associated with certain forms of anemia, but also leads to a variety of 
neurological and cognitive distortions. 

8. Vitamin A Vitamin A deficiency impairs the immune system, eyesight, skin health and control of infections. 

Source: Compiled by Authors based on Cashman (2002); de Benoist (2008); Garcia-Casal et al. (2018); Hombali et al. (2019); 
Shah et al. (2016); Ulimwengu et al. (2012). 
  
 Apart from deficiency, diets might also suffer from nutrient imbalances or excessive 
intakes of certain food elements, such as sodium, salt and sugar, leading to overweight, obesity 
and diet-related noncommunicable diseases (Shrimpton and Rokx 2012; WHO 2017). This co-
existence of nutrition problems not only applies to the more urbanized or middle-class layers in 
developing societies (Jones et al. 2016), poor and rural areas also appear to suffer increasingly 

 
11 In absence of clear guidelines and data on employment profiles of urban and rural dwellers, we decided to use the same 

physical activity level for both sectors. This will certainly lead to an underestimation of energy deficiency in rural areas relative to 
the one observed in urban areas. However, since the entire food consumption analysis will be conducted for both sectors separately, 
the impact of this decision on the spatial variation of energy deficiencies within each sector will be limited. 
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from the so-called double (or triple) burden of malnutrition12 (Akombi et al. 2019; Modjadji and 
Madiba 2019; Popkin et al. 2012). Whereas studies on excessive intakes are analytically similar to 
those on deficiencies (that is manipulating the intake of one nutrient while assessing health 
outcomes), examining diet balance and related health risks is more complex and requires a 
different conceptual approach (Jacobs and Tapsell 2013; Simpson et al. 2015). 
 To identify imbalances and excessive intakes, this paper takes a more pragmatic approach 
by simply relying on standard cut-offs defined by the international health and nutrition community 
(WHO/FAO 2003; WHO 2012). With respect to diet balance, we apply the following fork to three 
of the main food energy sources: 15-30% (fats), 55-75% (carbohydrates) and 10-15% (proteins). 
In this analysis we mainly focus on relative excess in fats and shortage in proteins, whereas 
carbohydrates act as the balancing component. For sugar, less than 10% of total food energy should 
be provided by this carbohydrate. However, lacking data on sugar content for each of the food 
items listed in the West African Food Composition Table (FCT) (Stadlmayr et al. 2012), 
calculations are based only on energy obtained from the food item “sugar” and therefore may 
underestimate the true prevalence of excessive sugar intake. With respect to sodium, it is 
recommended that daily intakes do not exceed 2 g per AME. Unfortunately, the PAPA food list 
did not comprise “salt”, which is extremely rich in sodium (39 g per 100 g edible portion). In 
contrast, bouillon cubes, rich in salt and thus in sodium too (24 g per 100 g edible portion) were 
part of both the urban and rural food list. Although some amounts of sodium will eventually not 
enter final consumption as they are extracted in the course of preparation13, the absence of salt 
from the food list will most probably result in an underestimation of true sodium intake. 
 
QUAIDS demand model 
 
In the literature, the main objective of demand analysis is to explain the quantity of commodities 
consumed by an individual given prevailing prices, his income level and characteristics, such as 
age, education, professional status, household type, and geographical environment (Sadoulet and 
de Janvry 1995). As such, it generates relevant evidence for the design, implementation, and 
evaluation of policy interventions (for example, taxation policy, food price policy, and nutrition 
policy). Analytically, it draws upon the neoclassical theory of utility maximization based on the 
assumption that households or individuals choose an optimal level of consumption which 
maximizes utility under a budget constraint given a set of prices. 

In this paper, to derive expenditure and price elasticities, we apply the QUAIDS model, 
which is an extension of the Almost Ideal Demand System (AIDS) developed by Deaton and 
Muellbauer (1980). The AIDS model is part of the price-independent generalized logarithmic 
(PIGLOG) class of demand models and has budget shares that are linear functions of the 
logarithmic of total expenditure. Banks et al. (1997), however, show that using AIDS can be 
misleading if there is nonlinearity in the budget share equations and thus developed QUAIDS, 
which has quadratic budget shares that are expressed as the logarithmic of total expenditure. 
  

 
12 Depending on whether calorie and micronutrient deficiencies (that is ‘hunger’ and ‘hidden hunger’, respectively) are seen 

as distinct forms of malnutrition, the burden can be labelled as double or triple. 
13 This of course depends on local recipes and cooking practices, which may vary across the country and for which we are 

unable to account. Yet, given that the most popular Senegalese dishes are one-pot meals (such as Thiéboudienne and Mafé), the 
level of sodium extraction is assumed to be rather limited. 
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Following Banks et al. (1997), QUAIDS has indirect utility functions (V) of the form 
 

𝑙𝑙𝑙𝑙 𝑉𝑉 = ��𝑙𝑙𝑙𝑙𝑚𝑚−𝑙𝑙𝑙𝑙𝑎𝑎(𝑝𝑝)
𝑏𝑏 (𝑝𝑝)

�
−1

+  𝜆𝜆 (𝑝𝑝)�
−1

                                                     (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 
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The price aggregator function λ(p) is given by 

 
𝜆𝜆(𝑝𝑝) =  ∑ 𝜆𝜆𝑖𝑖 𝑙𝑙

𝑖𝑖=1 ln 𝑝𝑝𝑖𝑖                                                                            (4)  

 
where ∑ 𝜆𝜆𝑖𝑖𝑖𝑖 = 0. Applying Roy’s identity to equation (1), food budget shares for each food 

group can be expressed as 
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Differentiating the budget share equations with respect to expenditure (m) and price (p) 

yield the following expenditure and price elasticities, respectively: 
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In terms of µ𝑖𝑖, expenditure elasticities are given by 
 

𝑒𝑒𝑖𝑖 = 1 + 𝜇𝜇𝑖𝑖
𝑤𝑤𝑖𝑖

                                                                                           (8) 

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

 
𝑒𝑒𝑖𝑖𝑖𝑖𝑢𝑢 = 𝜇𝜇𝑖𝑖𝑗𝑗

𝑤𝑤𝑖𝑖
− 𝛿𝛿𝑖𝑖𝑖𝑖                                                                                      (9) 

 
where 𝛿𝛿𝑖𝑖𝑖𝑖 is the Kronecker delta taking the value of 1 if i=j and 0 otherwise.  
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Using the Slutsky equation, the Hicksian or compensated price elasticities are given by 
 

𝑒𝑒𝑖𝑖𝑖𝑖𝑐𝑐 = 𝑒𝑒𝑖𝑖𝑖𝑖𝑢𝑢 − 𝑤𝑤𝑖𝑖𝑒𝑒𝑖𝑖                                                                                (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 

 
∑ 𝛼𝛼𝑖𝑖𝑖𝑖 = 0, ∑ 𝛽𝛽𝑖𝑖𝑖𝑖 = 0, ∑ 𝛾𝛾𝑖𝑖𝑖𝑖𝑖𝑖 = 0, ∑ 𝛾𝛾𝑖𝑖𝑖𝑖𝑖𝑖 = 0, ∑ 𝜆𝜆𝑖𝑖𝑖𝑖 = 0, 𝛾𝛾𝑖𝑖𝑖𝑖 = 𝛾𝛾𝑖𝑖𝑖𝑖                     (11) 

 
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). 

Since it measures the percentage change in demand for good i due to a percentage change 
in expenditure m, the level of expenditure elasticity ei typically classifies goods as “inferior” (if 

0<ie ), “neutral” (if 0=ie ) or “normal” (if 0>ie ). Normal goods are further subdivided into 
“necessity goods” (if 10 ≤< ie ) or “luxury goods” (if 1>ie ). Regarding own-price elasticities eii, 
a good i will be a Giffen good (if 0>iie ), a price-elastic non-Giffen good (if 0<iie and 1|| >iie ) 
or a price-inelastic non-Giffen good (if 0<iie and 1|| ≤iie ). Although the magnitude and sign of 
these elasticities are not pre-defined, it is expected within the framework of this paper that staple 
foods such as cereals will be basic necessities with inelastic own-price elasticities as opposed to 
dairy and other animal-based food items, which are expected to be luxury food items with higher 
absolute own-price elasticities. 

The entire QUAIDS demand analysis is conducted at the level of eight main food groups14, 
for which outlay-weighted prices were derived based on price data collected for individual items. 
Parameters of this model were estimated using the Stata command aidsills developed by Lecocq 
and Robin (2015). 

 
14 The eight food groups are cereals, pulses, vegetables & tubers, fruit, meat & fish, dairy, oil, and sugar products. This follows 

the same classification as typically used by WFP (2008) and others, except for tubers which join the food category of vegetables. 
This exception was applied to align with local food perceptions observed in Senegal. 
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5. RESULTS AND DISCUSSION 

Senegal’s diet and nutrient intake status 
 
The first three columns of Table 5 present descriptive statistics of total consumption and 
recommended intake levels for food energy and seven nutrients. This information provides 
indications of absolute gaps in urban and rural nutrition, all expressed per day and per AME. 
Combining real and recommended intake, the last two columns of Table 5 present consumption 
adequacy levels per area as explained in the methodological section. Our findings highlight 
significant inadequate consumption of micronutrients, making Senegal a clear case of a country 
suffering from hidden hunger. Compared to calories and proteins, where Senegalese households 
on average reach at least three fourths of what is recommended, micronutrient deficiencies are 
much more problematic. Indeed, consumption adequacy for urban households barely amounts to 
59% of the recommended intake for zinc and folate, and is as low as 41% (for vitamin B12), 31% 
(for iron) and 26% (for calcium) of the recommended levels. Remarkably, vitamin A adequacy for 
urban families is much higher with levels close to 86%. Except for iron, where adequacy levels 
amount to almost 47%, as well as for zinc and folate, where they are roughly the same as in urban 
areas, rural families perform considerably worse for vitamin A (56%), vitamin B12 (19%) and 
calcium (18%). 

Table 5. National food energy and nutrient adequacy levels based on consumption and 
recommended intake, Senegal (2017/18) 

 Total consumption (per day, AME) Consumption Adequacy (%) 

 Urban Rural Recommended 
intake Urban Rural 

 (1) (2) (3) (4) (5) 

Kilocalories (kcal) 2561.1 2307.1 2750.0 82.6 76.0 

Proteins (g.) 62.7 60.8 50.0 89.7 87.5 

Calcium (mg.) 254.1 177.3 1000.0 25.5 17.8 

Iron (mg.) 8.5 13.1 27.4 31.3 46.7 

Zinc (mg.) 8.4 8.3 14.0 58.7 57.2 

Folate (mcg.) 244.1 235.4 400.0 58.0 54.6 

Vitamin B12 (mcg.) 1.0 0.4 2.4 41.1 18.5 

Vitamin A (mcg.) 2094.9 739.3 600.0 85.5 56.1 

Source: Authors using PAPA (2017/18), FAO (2001), WHO/FAO (2004) and WHO (2007). 
 
 To understand the variation in nutrient adequacy between urban and rural areas, Figure 1 
displays for increasing levels of food consumption the diet composition expressed as the daily 
metric quantity consumed from each of eight distinct food groups. As such, it depicts for both 
areas the main sources of food and their relative weight from the smallest to the biggest food bowl. 
The findings suggest that there is a sharp difference in total food quantity consumed in each area: 
on average, a daily urban meal is roughly 50% bigger than in rural areas. In addition to quantity, 
diet quality of urban households is markedly better. Indeed, whereas cereal consumption remains 
stable, the intake of vegetables and tubers, meat and fish, and fruit gradually increases with 
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increasing levels of food intake. In rural areas, diet diversification is much less pronounced since 
higher food intake merely means the consumption of more cereals. 

Figure 1. Diet composition by food group, Senegal (2017/18) 

 
Panel (a): Urban area 

 
Panel (b): Rural area 

 
Source: Authors using PAPA (2017/18). 
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The latter observation on the dominance of energy-rich cereals within the rural diet 
explains why calorie adequacy is only slightly lower in rural areas compared to cities (see Table 
5), despite the much smaller food bowl in the former. For protein, similar adequacy levels across 
sectors are the result of comparatively higher meat and fish consumption in urban areas combined 
with higher intakes of pulses and (again) cereals in rural areas. The difference in calcium intake 
between both areas stems from the net difference in consumption of dairy products, which is 
slightly higher in urban compared to rural areas. Given that vitamin B12 is only found in animal 
products, the previous observations on meat, fish and dairy consumption explain why nutrient 
adequacy for this vitamin is two times higher in urban compared to rural areas. Regarding vitamin 
A intake, the markedly higher adequacy levels observed in cities might directly stem from the 
higher share of vegetables and tubers, and to a lesser extent (palm) oil.15 For iron, zinc and folate, 
the correlation between nutrient intakes and food groups is less clear, which we discuss in a 
following table. 

Table 6 presents the five most important food sources according to their share in total 
nutrient intake for each area and nutrient. In addition, the table also provides for each of these food 
items their corresponding prices per nutrient, their nutritional content per 100 g edible portion, and 
their food budget shares. In both areas, most iron is obtained from millet, which accounts for 
around 30% of overall intake in cities and 55% in villages. This difference of 25 percentage points 
is the combined outcome of millet being relatively more consumed, cheaper and more iron dense16 
in rural compared to urban areas, which in turn explains why iron adequacy is better in the former 
than the latter area as previously observed in Table 5. For zinc and folate, we note roughly equal 
adequacy ratios, between 55-59%, for both areas. Apart from millet, rice is an important source of 
zinc too, and both food items combined account for almost half of all nutrient intake in each area. 
On the other hand, to assure a sufficient intake of folate, the consumption of pulses is key given 
their higher nutrient density. In both areas, cowpea is the most important source of folate, followed 
by rice in urban areas and by millet, peanut and rice in rural areas. By far the most important food 
source behind vitamin A intake is (red) palm oil, which is extremely rich in this nutrient and 
accounts for 53% of overall intake in the urban and 69% in the rural area. The higher adequacy 
level of vitamin A in cities however stems from the consumption of carrots, being a common 
ingredient of the national dish, thiéboudienne. 
  

 
15 Another explanation for the low vitamin A adequacy in rural areas is purely methodological and relates to the predefined 

food list which labeled all leafy vegetables under the same heading. As such, recall errors might be more prevalent resulting in 
underreporting of food consumption. This is especially the case when certain food items are mainly known under local 
denominations, such as mbuum, which is a sauce based on baobab leaves and rich in vitamin A. 

16 Unprocessed millet grains are richer in iron than processed millet products (Stadlmayr et al. 2012). 
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Table 6. Top five food items according to share in nutrient intake, Senegal (2017/18) 

Nutrient 

Urban Rural 
Food item Nutrient 

intake 
share 

Price per 
nutrient 
(FCFA) 

Nutrient 
content 

100g 

Food 
budget 
share 

Food item Nutrient 
intake 
share 

Price per 
nutrient 
(FCFA) 

Nutrient 
content 

100g 

Food 
budget 
share 

Calorie 

Rice (broken) 20% 0.08 353.0 7% Rice (broken) 20% 0.08 353.0 12% 
Rice (whole) 15% 0.08 349.0 5% Millet (grain) 15% 0.06 348.0 6% 
Vegetable oil 15% 0.12 900.0 7% Rice (whole) 10% 0.08 349.0 6% 
Sugar 8% 0.15 400.0 5% Peanut oil 7% 0.09 900.0 5% 
Millet (processed) 6% 0.13 355.0 4% Maize (grain) 7% 0.06 351.0 3% 

Protein 

Fresh fish 18% 6.51 19.4 12% Millet (grain) 18% 1.81 10.9 6% 
Rice (broken) 15% 4.83 6.1 7% Rice (broken) 13% 4.68 6.1 12% 
Rice (whole) 12% 4.27 6.9 5% Peanut (processed) 10% 2.06 25.0 4% 
Millet (processed) 6% 6.40 7.4 4% Fresh fish 9% 5.32 19.4 9% 
Smoked fish 6% 1.83 28.1 1% Rice (whole) 7% 4.24 6.9 6% 

Calcium 

Milk powder 25% 0.29 968.0 3% Millet (grain) 16% 0.57 34.7 6% 
Onion 7% 1.38 25.1 4% Milk powder 14% 0.23 968.0 2% 
Fresh fish 7% 4.07 31.0 12% Peanut (processed) 8% 0.75 61.0 4% 
Rice (broken) 6% 2.74 10.8 7% Cowpea 7% 0.50 81.8 2% 
Rice (whole) 5% 2.44 12.0 5% Rice (broken) 7% 2.65 10.8 12% 

Iron 

Millet (processed) 20% 8.17 5.8 4% Millet (grain) 45% 2.08 9.5 6% 
Rice (whole) 11% 20.88 1.4 5% Millet (processed) 10% 4.17 5.8 3% 
Millet (grain) 11% 2.65 9.5 1% Maize (grain) 7% 6.02 3.3 3% 
Cowpea 8% 5.96 7.3 1% Cowpea 7% 5.54 7.3 2% 
Rice (broken) 8% 40.62 0.7 7% Peanut (processed) 5% 12.47 4.0 4% 

Zinc 

Rice (broken) 18% 26.96 1.1 7% Millet (grain) 16% 13.44 1.5 6% 
Millet (processed) 15% 16.29 2.9 4% Rice (broken) 16% 26.15 1.1 12% 
Rice (whole) 14% 25.20 1.2 5% Millet (processed) 12% 8.32 2.9 3% 
Cowpea 8% 9.47 4.6 1% Cowpea 10% 8.81 4.6 2% 
Fresh fish 6% 141.64 0.9 12% Rice (whole) 8% 25.06 1.2 6% 

Folate 

Cowpea 27% 0.10 417.0 1% Cowpea 31% 0.10 417.0 2% 
Rice (broken) 12% 1.48 20.0 7% Millet (grain) 11% 0.68 29.1 6% 
Rice (whole) 9% 1.46 20.0 5% Peanut (processed) 11% 0.45 110.0 4% 
Peanut (processed) 6% 0.71 112.0 2% Rice (broken) 10% 1.44 20.0 12% 
Onion 5% 2.16 16.0 4% Peanut (unshelled) 5% 0.24 92.0 1% 

Vitamin 
B12 

Fresh fish 34% 210.10 0.6 12% Fresh fish 37% 171.48 0.6 9% 
Meat 23% 239.75 1.1 9% Milk powder 21% 67.93 3.3 2% 
Milk powder 22% 87.12 3.3 3% Meat 18% 209.70 1.1 5% 
Smoked fish 9% 64.16 0.8 1% Milk (fresh) 9% 64.75 0.6 1% 
Dried fish 5% 159.96 0.8 1% Smoked fish 7% 154.61 0.8 2% 

Vitamin 
A 

Palm oil 53% 0.02 5720.0 1% Palm oil 69% 0.02 5720.0 2% 
Carrot 24% 0.05 713.3 2% Carrot 12% 0.06 713.3 1% 
Mango 6% 0.26 168.2 2% Mango 5% 0.23 168.2 2% 
Fresh fish 3% 2.93 43.0 12% Fresh fish 3% 2.39 43.0 9% 
Sweet potato 3% 0.32 135.2 1% Maize (grain) 2% 0.79 25.0 3% 

Note: Prices per nutrient are expressed in FCFA/kcal for calories; in FCFA/g for proteins; in FCFA/mg for calcium, iron and zinc; 
in FCFA/mcg for folate, vitamin B12 and vitamin A. 
Source: Authors using PAPA (2017/18). 
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Mapping nutrient adequacy by area and department 
 
Figure 2 provides a series of maps depicting nutrient adequacy ratios by area and department for 
the six micronutrients considered in this paper. These maps provide additional spatial detail to the 
findings discussed in Table 5.  
 On average, calcium intake is low in Senegal with little spatial variability across urban and 
rural areas, and departments. Within the urban sector, calcium intake is highest in Dakar, Mbacké 
and Mbour with adequacy rates slightly above 30%. For Dakar as well as Mbour, which is an 
important tourist destination and relatively close to the capital, this observation is likely due to 
increased access to dairy imports from abroad. For Mbacké, the higher calcium intake might relate 
to the neighboring department of Linguère, where a significant share of the country’s cattle is 
located (ReSAKSS eAtlas Senegal 2013). However, the rural population in the latter department 
does not seem to profit much in terms of calcium intake, neither does the population in Rufisque 
and Tambacounda, which account for most of the country’s milk production (ReSAKSS eAtlas 
Senegal 2013). Overall, the lowest calcium intake is found in urban Kédougou and in rural areas 
of Saraya, Ziguinchor and Goudomp, with adequacy levels barely reaching 10%. 
 Conform the fact that iron is mainly provided through the consumption of millet, the maps 
in Figure 2 point to lower deficiency levels in the so-called Bassin Arachidier, to the north of the 
Gambian border, where most millet is grown (ReSAKSS eAtlas Senegal 2016). Indeed, in various 
rural departments of this agroecological zone, iron adequacy is well above 60%. In a similar vein, 
in rural areas without millet production, like the departments bordering the Mauritanian and 
Malian border as well as in the western part of Casamance, iron adequacy is distinctly lower with 
levels below 30%. In general, the urban population has a markedly lower iron intake, which is 
especially the case for the urban areas of Saint-Louis and Louga as well as for the outskirts of 
Dakar and Mbour. The latter observation is remarkable given the relative proximity and existing 
transport infrastructure linking these urban centers with the Peanut Basin, which should warrant a 
closer inspection on the urban-rural linkages of the millet value chain. 
 As previously shown in Table 6, the consumption of rice (in addition to millet) is an 
important source of zinc intake. Given that rice is mainly grown in areas other than where millet 
production is dominant (ReSAKSS eAtlas Senegal 2016), the spatial variation in zinc adequacy is 
less pronounced compared to that of iron. Though, departments with the lowest zinc intake are still 
those located in the North (Podor, Saint-Louis, Dagana and Matam), in the Southeast (Saraya) and 
in the western part of Casamance, but deficiency is less of a problem given significant production 
and consumption of rice in those areas. However, especially for Podor, there remains an important 
incongruity between rice production and zinc intake, as if important quantities of rice produced in 
the Senegal River Valley travels to consumption centers outside the same area. 
 Most folate intake in Senegal results from the consumption of pulses, especially cowpeas 
but also peanuts. There is again a clear correlation between the location of production and the level 
of nutrient adequacies. Again, the Peanut Basin is generally performing better in terms of folate 
intake compared to other regions. In a similar vein, the rural areas of Louga in the northern part of 
the country, where large amounts of peanuts are produced as well, also perform markedly better, 
whereas areas less suitable to the production of pulses generally record lower folate adequacies. 
In contrast, the poor performance of Guinguinéo is remarkable given its location in the center of 
the Peanut Basin. Indeed, with a folate adequacy rate below 40%, this rural department is on the 
same level as the worst performer of all urban areas, which is Kédougou. 
 Regarding vitamins, the overall level of nutrient intake is very low for B12, and markedly 
higher for vitamin A. With respect to vitamin B12, the rural areas of Vélingara and Bakel as well 
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as Linguère perform slightly better, which aligns to some extent with the location of various types 
of livestock. In contrast, the rural population in Saraya, Goudiry, Guinguinéo, Mbacké, Dagana 
and Bambey suffer most from a deficient intake of vitamin B12, with adequacy levels not 
exceeding 10%. For vitamin A, the performance of Casamance stands out, which is explained by 
the production of palm oil for which this agroecological zone is very suitable. In addition, vitamin 
A adequacies are also higher in the rural departments of Ranérou Ferlo, Matam and Malem 
Hoddar, and alarmingly low in the rural areas of Saraya, and, to a lesser extent, in Podor. 
 For both vitamins, urban households on average have markedly higher adequacy levels 
compared to their rural counterparts. This observation most probably stems from cities being in 
general better connected to (international) markets, which assure a continuous supply of relatively 
cheap animal source food items. The same argument can be invoked to explain the very poor 
performance of Kédougou, being a remote city with the lowest adequacy rate for vitamin B12 of 
all locations. Similar as for calcium, the higher intake rate observed for the urban areas of Mbacké 
might relate to the significant livestock population in the neighboring department of Linguère. 
With respect to vitamin A, an explanation can be found in the growing incidence of urban 
vegetable gardening combined with existing horticultural production sites close to major cities in 
Casamance as well as along a broad strip close to the N2 national road stretching from Thiès to 
Saint-Louis (Gueye 2006:7). 
 Across all nutrient adequacy maps, the most concerning urban area covered by this study 
is Kédougou with a mean adequacy ratio (MAR) below 30% for all six micronutrients combined. 
The rural departments of Saraya and Podor are performing even worse with a MAR lower than 
25%. As a result, the government and its partners should give priority to these particular locations.
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Figure 2. Nutrient adequacy levels by area and department, Senegal (2017/18) 

      

       
Dakar area     Urban area       Rural area 
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Figure 2. Continued 

       

       
Dakar area     Urban area       Rural area 
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Figure 2. Continued 

       

       
Dakar area     Urban area       Rural area 

 
Notes: To map statistics for each of the 19 major cities in Senegal and to improve readability, we make use of the same GIS shapefile with departments in which those cities are located.  
Source: Authors using PAPA (2017/18). 
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Cost-effective diet alternatives 
Above we have identified food items from which Senegalese get most of the required nutrients. 
These food items should be targeted for improved food production, processing and marketing 
under current diet preferences. In addition, to help address micronutrient deficiencies, we should 
also consider existing cost-effective alternatives. These are food items which are currently less 
consumed by Senegalese families, but which have an advantageous nutrient-cost ratio and as such 
may substantially increase household nutrient intakes. Table 7 presents the five most important 
food items according to their price per nutrient. Similar to Table 6, it also provides the nutrient 
intake share, the nutrient content per 100 g edible portion and the share in overall food budget for 
each of the food items listed. 

Combining the findings from Tables 6 and 7, we can observe for cities that: (i) concentrated 
milk is a cheap source to increase calcium intake with an average price of only 0.19 FCFA per mg 
calcium. However, we need more in-depth analysis on the milk value chain before this item could 
be tagged as a viable alternative. In addition, pulses such as cowpeas and peanuts have potential 
to become valid candidates too; (ii) increased consumption of cowpea, arraw and processed 
sorghum might help address iron and zinc deficiencies; (iii) cowpeas can also be used to reduce 
folate deficiency in combination with French beans and sweet potato; (iv) to address vitamin B12 
deficiency in the urban area, a shift from meat to fish is recommended, as meat has an average 
nutrient price four times higher than the mean price level of smoked fish (240 FCFA versus 64 
FCFA per mcg of vitamin B12); (v) regarding vitamin A, we could not find economically viable 
alternative food sources. 

With respect to rural areas, options to alter the current food diet are more limited. Again, 
concentrated milk combined with cassava flour and fresh milk might be potential candidates to 
increase calcium adequacy. In a similar vein, adding peanuts and sorghum to the daily rural food 
bowl will be helpful to address zinc deficiency, and the same goes for sweet potatoes for vitamin 
A uptake. For iron, folate and vitamin B12 however, the current food choices are more-or-less also 
the most cost-effective ones. Indeed, the same items occur in both food lists. Therefore, the best 
option here may not be for people to eat differently, but simply eat more of the same food basket. 
Corollary, it follows that policies aimed at lowering prices or providing nutrition-sensitive social 
protection should focus on those food items that are rich in key nutrients which the poorest and 
most food-insecure households are currently lacking in their daily diets. 
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Table 7. Top five food items according to price per nutrient, Senegal (2017/18) 

Nutrient 

Urban Rural 
Food item Nutrient 

intake 
share 

Price per 
nutrient 
(FCFA) 

Nutrient 
content 

100g 

Food 
budget 
share 

Food item Nutrient 
intake 
share 

Price per 
nutrient 
(FCFA) 

Nutrient 
content 

100g 

Food 
budget 
share 

Calorie 

Millet (grain) 2% 0.07 348.0 1% Peanut (unshelled) 3% 0.05 414.0 1% 
Maize (grain) 2% 0.08 351.0 1% Maize (grain) 7% 0.06 351.0 3% 
Arraw millet/maize 1% 0.08 353.8 0% Millet (grain) 15% 0.06 348.0 6% 
Maize (processed) 3% 0.08 352.0 1% Sorghum (grain) 1% 0.06 344.0 1% 
Rice (whole) 15% 0.08 349.0 5% Millet (processed) 6% 0.07 355.0 3% 

Protein 

Smoked fish 6% 1.83 28.1 1% Peanut (unshelled) 4% 1.18 18.8 1% 
Peanut (unshelled) 0% 1.88 18.8 0% Millet (grain) 18% 1.81 10.9 6% 
Cowpea 5% 2.06 21.2 1% Cowpea 7% 1.91 21.2 2% 
Millet (grain) 3% 2.31 10.9 1% Sorghum (grain) 2% 1.96 10.5 1% 
Sorghum (grain) 0% 2.85 10.5 0% Peanut (processed) 10% 2.06 25.0 4% 

Calcium 

Milk (concentrated) 4% 0.19 261.0 0% Milk powder 14% 0.23 968.0 2% 
Milk powder 25% 0.29 968.0 3% Milk (concentrated) 1% 0.28 261.0 0% 
Peanut (unshelled)  0% 0.53 67.0 0% Cassava flour 0% 0.29 137.5 0% 
Cowpea 5% 0.53 81.8 1% Milk (fresh) 4% 0.32 120.0 1% 
Milk (fresh) 1% 0.58 120.0 0% Peanut (unshelled) 5% 0.33 67.0 1% 

Iron 

Millet (grain) 11% 2.65 9.5 1% Millet (grain) 45% 2.08 9.5 6% 
Cowpea 8% 5.96 7.3 1% Millet (processed) 10% 4.17 5.8 3% 
Arraw millet/maize 1% 5.99 4.8 0% Cowpea 7% 5.54 7.3 2% 
Sorghum (processed) 1% 7.83 3.8 0% Sorghum (grain) 2% 5.57 3.7 1% 
Maize (grain) 3% 8.01 3.3 1% Maize (grain) 7% 6.02 3.3 3% 

Zinc 

Cowpea 8% 9.47 4.6 1% Millet (processed) 12% 8.32 2.9 3% 
Arraw millet/maize 1% 11.86 2.4 0% Cowpea 10% 8.81 4.6 2% 
Sorghum (processed) 1% 13.90 2.1 0% Peanut (unshelled) 4% 9.21 2.4 1% 
Peanut (unshelled) 0% 14.71 2.4 0% Sorghum (grain) 2% 11.52 1.8 1% 
Millet (processed) 15% 16.29 2.9 4% Sorghum (processed) 1% 11.87 2.1 0% 

Folate 

Cowpea 27% 0.10 417.0 1% Cowpea 31% 0.10 417.0 2% 
Peanut (unshelled) 0% 0.38 92.0 0% Peanut (unshelled) 5% 0.24 92.0 1% 
Green beans 2% 0.68 61.7 1% Peanut (processed) 11% 0.45 110.0 4% 
Peanut (processed) 6% 0.71 112.0 2% Millet (grain) 11% 0.68 29.1 6% 
Sweet Potato 4% 0.83 52.0 1% Sorghum (grain) 1% 0.70 29.3 1% 

Vitamin 
B12 

Smoked fish 9% 64.16 0.8 1% Milk (fresh) 9% 64.75 0.6 1% 
Milk powder 22% 87.12 3.3 3% Milk powder 21% 67.93 3.3 2% 
Milk (fresh) 2% 116.94 0.6 0% Smoked fish 7% 154.61 0.8 2% 
Dried fish 5% 159.96 0.8 1% Fresh fish 37% 171.48 0.6 9% 
Fresh fish 34% 210.10 0.6 12% Eggs 2% 172.32 0.9 0% 

Vitamin 
A 

Palm oil 53% 0.02 5720.0 1% Palm oil 69% 0.02 5720.0 2% 
Carrot 24% 0.05 713.3 2% Carrot 12% 0.06 713.3 1% 
Mango 6% 0.26 168.2 2% Mango 5% 0.23 168.2 2% 
Sweet potato 3% 0.32 135.2 1% Sweet potato 2% 0.29 135.2 1% 
Tomato (fresh) 2% 0.68 52.0 2% Squash 0% 0.66 100.0 0% 

Note: Prices per nutrient are expressed in FCFA/kcal for calories; in FCFA/g for proteins; in FCFA/mg for calcium, iron and zinc; 
in FCFA/mcg for folate, vitamin B12 and vitamin A. 
Source: Authors using PAPA (2017/18). 

 
Excessive and imbalanced nutrient intakes 
Allocating more family resources to cost-effective alternatives cited above also implies that less 
budget be earmarked for other food items. Good candidates in the latter respect are those items 
responsible for excessive or imbalanced nutrient intakes. Figure 3 presents a series of maps for 
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both urban and rural areas, which subsequently display prevalence rates of excess intake in sodium 
(above 2g per AME), sugar (above 10% of total food energy) and fats (above 30% of total food 
energy) and for deficient intake in proteins (below 10% of total food energy). 

With missing data on salt consumption, the PAPA survey is unfortunately not very 
informative regarding the extent of excessive sodium intake in Senegal. In only two urban areas 
(Dakar and Mbour) and in three rural sectors (Mbour, Tivaouane and Goudomp), one observes a 
prevalence rate exceeding 5%. Except for Goudomp, where slightly more than 10% of rural 
dwellers have a diet containing too much sodium, this issue appears to be limited to some locations 
in the western part of the country. Yet, knowing that salt has a sodium content being more than 
50% higher than bouillon cubes (which is the second most important source of sodium), the 
excessive intake observed in above locations is likely to be more prevalent. 

With rates above 50%, excessive sugar intake is certainly a problematic issue in the cities 
of Mbour, Louga and Diourbel, but also the inhabitants of Guédiawaye (within the Dakar region) 
consume too much sugar. In addition, several rural departments bordering Mauretania and Mali 
also display excessive intake rates of sugar. More specifically, in Kanel, Podor and Matam, 
prevalence rates of people consuming too much sugar exceed 60% while in Bakel still more than 
half of the population is affected by this type of excessive intake. Remarkably, when moving south-
west, prevalence rates are gradually decreasing and appear to be lowest in the Peanut Basin as well 
as close to the Gambian border. In addition, Kédougou (both urban and rural areas) perform well 
in this respect, which aligns with previous observations on nutrient adequacy: apart from limited 
access to nutritious food, this department also appears to have limited access to potentially harmful 
food items, such as sugar. 

Regarding excessive fat intake, the rural pattern is much less pronounced compared to 
sugar, with most prevalence rates not exceeding 30%. Only in Salémata more than 50% of people 
consume too much fat, while also Goudiry and Dagana have prevalence rates above 40%. Contrary 
to expectations, excessive fat intake rates are rather moderate in most rural departments of both 
the Peanut Basin and Casamance despite the local production of fat-rich food items such as peanuts 
and (palm) oil. The situation is however markedly worse in various urban areas of the same Peanut 
Basin, but most particularly in Saint-Louis, Louga and Mbour, where more than 70% of urban 
dwellers are eating too much fat. 

To balance macronutrient composition of diets, it is recommendable to eat more proteins 
instead. Indeed, for various urban areas the large extent of excessive fat intake mimics that of 
deficient intake of proteins. This is especially true for Saint-Louis and Louga, as well as (to a lesser 
extent) Kaolack, Mbour, Rufisque and Thiès. In the latter urban area, an imbalanced intake of 
proteins even appears to affect more than 80% of people. The same association between relative 
excess in fats and shortage in proteins however applies less in other urban locations as well as in 
most rural departments (except perhaps in Salémata and Dagana). In those areas, macronutrient 
imbalances are most often characterized by deficient intake of proteins without fats acting as a 
potential source to lower consumption from. Rural areas with the highest prevalence of protein 
shortage are found in the departments of Goudomp, Ranérou Ferlo, Guinguinéo, Mbacké and 
Koumpentoum, all with rates exceeding 70%. On the opposite side of the scale, we find the rural 
areas of Goudiry and Nioro du Rip, where less than 10% of the population suffers from relative 
protein deficiency.
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Figure 3. Excessive and imbalanced nutrient intake by area and department, Senegal (2017/18) 

       

       
Dakar area     Urban area       Rural area 
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Figure 3. Continued 

       

       
Dakar area     Urban area       Rural area 

 
Notes: To map statistics for each of the 19 major cities in Senegal and to improve readability, we make use of the same GIS shapefile with departments in which those cities are located. 
Source: Authors using PAPA (2017/18). 
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Apart from lowering the consumption of sodium, sugar and fats in areas with excessive 
intake, one may also consider the substitution of rice by other cereals. Indeed, as illustrated by 
Table 8, rice appears among the most “empty” calorie of all cereals listed. Apart from vitamin 
B12, which is only found in animal-based food items and therefore absent in all cereals, whole 
grain rice (i.e. brown rice) has the lowest nutrient content for protein, fat, iron and vitamin A while 
being a bit richer in calcium compared to only maize. With respect to zinc and folate, brown rice 
performs slightly better than most other cereals listed. Yet, knowing that virtually all rice 
consumption in Senegal concerns white rice, the low nutrient content of this cereal is further 
underscored: for each component (especially fat and iron), the content of white rice is 
(significantly) lower than the content of the second-worst performer in the list. On the other side 
of the scale, there is no particular cereal that performs better across the board, yet millet and fonio 
are relatively rich in various nutrients, especially in terms of calcium and iron, while also sorghum 
is still performing better than rice. In this respect, the development and upgrading of value chains 
of traditional staples, such as millet and sorghum as discussed above, are not only promising in 
terms of employment, economic development or as a response to altered consumer preferences, it 
may also have significant nutritional benefits. 

Table 8. Nutritional content of main cereals per 100 g edible portion 
Food item Energy 

(kcal) 
Protein 

(g) 
Fat  
(g) 

Calcium 
(mg) 

Iron  
(mg) 

Zinc 
(mg) 

Folate 
(mcg) 

Vit B12 
(mcg) 

Vit A 
(mcg) 

Rice, white, raw  349.0 6.9 0.6 12.0 1.4 1.2 20.0 0.0 0.0 

Rice, brown, raw 352.0 7.8 2.2 21.5 1.9 2.0 40.0 0.0 0.0 

Wheat, whole grains, 
raw 

326.0 12.4 2.2 30.3 4.7 1.7 45.0 0.0 0.3 

Fonio, white, whole 
grain, raw 

348.0 7.0 3.1 40.0 8.5 1.5 29.2 0.0 0.0 

Sorghum, whole grain, 
raw  

344.0 10.5 3.3 24.1 3.7 1.8 29.3 0.0 1.4 

Millet, whole grain, 
raw 

348.0 10.9 4.1 34.7 9.5 1.5 29.0 0.0 na 

Maize, white, whole 
kernel, dried, raw 

349.0 9.2 4.1 18.7 3.1 1.5 26.0 0.0 0.0 

Maize, yellow, whole 
kernel, dried, raw 

353.0 9.0 4.5 12.4 3.5 1.7 26.0 0.0 50.0 

Source: Authors using FAO West African Food Composition Table (FCT) (Stadlmayr et al. 2012). 

 

Expenditure and price elasticities 
To better understand the dynamics of food consumption in Senegal, this section presents the results 
of the QUAIDS model outlined in the methodological part above. Table 9 presents food group 
budget shares, expenditure and own-price elasticities. Regarding budget shares, three food groups 
clearly stand out in both sectors, which are cereals, “vegetables & tubers” and “meat & fish”, 
together representing more than two thirds of the budget. Whereas urban households spend most 
of their budget on “meat & fish” (26%), the rural budget is dominated by cereals (33%). In both 
sectors, sugar occupies the fourth place with a budget share of 10%. Except for fruit in urban areas, 
all other food groups display shares of 6% or less. 

Expenditure elasticities are all significant and positive, except for sugar in rural areas 
(which is statistically not significant), indicating that an increase in income leads to an increased 
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demand for each food group. In urban areas, these elasticities vary between 0.480 (cereals) and 
1.498 (fruit), while among rural households they range from 0.693 (pulses) and 1.406 (meat & 
fish). Displaying expenditure elasticities above 1, dairy and “meat & fish” can be considered 
‘luxury’ goods in both urban and rural areas, and the same is true for fruit in the urban and 
“vegetables & tubers” in the rural sector only. Regarding both animal-based food groups, this 
result indicates that current food preferences are supportive in addressing the most alarming 
nutrient deficiencies in calcium and vitamin B12. In contrast, the low expenditure elasticities for 
pulses are remarkable, especially given the low corresponding budget shares, indicating that both 
urban and rural Senegalese households have little interest in consuming this nutrient-dense food 
group. However, given its low cost per nutrient as discussed above, increased consumption of 
pulses might help address deficiencies in calcium, iron, zinc and folate. Comparing both sectors, 
we observe that expenditure elasticities are markedly higher for cereals, pulses, “vegetables and 
tubers” and sugar among rural households compared to urban families, while the opposite is true 
for fruit. To some extent, these findings can be traced back to sector differences in overall diet 
composition, as displayed in Figure 1 above. 

Table 9. Predicted budget shares, expenditure, uncompensated and compensated own-price 
elasticities, Senegal (2017/18) 

 Budget shares Expenditure  
elasticities 

Uncompensated  
own-price elasticities 

Compensated  
own-price elasticities 

 Urban Rural Urban Rural Urban Rural Urban Rural 

Cereals 0.205*** 0.329* 0.480*** 0.759*** -0.817*** -0.837*** -0.719*** -0.587*** 

Pulses 0.032** 0.063*** 0.597*** 0.693*** -0.785*** -1.174*** -0.765*** -1.130*** 

Vegetables & tubers 0.210*** 0.169*** 0.977*** 1.175*** -0.882*** -1.170*** -0.677*** -0.971*** 

Fruit 0.088 0.049*** 1.498*** 0.996*** -0.689*** -1.194*** -0.556*** -1.145*** 

Meat & fish 0.255* 0.186 1.368*** 1.406** -0.300 -0.449 0.048 -0.188 

Dairy 0.056*** 0.041 1.282*** 1.204* -0.871*** -1.074*** -0.799*** -1.025*** 

Oil 0.052 0.062* 0.826*** 0.807*** -0.795* -0.697* -0.753* -0.647* 

Sugar 0.102 0.101*** 0.801*** 0.976 -0.632 -1.045*** -0.551 -0.947*** 

Notes: * p<0.05, ** p<0.01, *** p<0.001. 
Source: Authors using PAPA (2017/18). 

Further, all own-price elasticities are significant and negative, except for “meat & fish” 
(both sectors) and sugar (urban areas only) whose elasticities are not statistically significant. This 
result indicates that the urban and rural food basket are largely composed of ordinary (non-Giffen) 
goods, meaning that demand is expected to increase with any decrease in price. Overall, rural 
households appear to be more responsive to price changes compared to urban dwellers. This 
observation is in line with various studies which indicate that food price elasticities are generally 
stronger among poorer than richer countries and households (Green et al. 2013; Ni Mhurchu et al. 
2013). Indeed, among urban households none of the food groups is elastic (that is, yielding own-
price elasticities greater than 1 in absolute terms), while five (three) out of eight food groups have 
elastic uncompensated (compensated) own-price elasticities in rural areas. It is also worth noting 
that changes in food demand in response to price changes are markedly lower when “real income” 
is held constant as captured using the compensated (Hicksian) elasticities as compared to the 
uncompensated version. 
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In sum, whereas economic policies resulting in lower food prices generally have a 
redistributive effect on the nutrition status of the poor, other policies that strengthen people’s 
livelihoods and increase their incomes will mainly help address nutrient deficiencies in calcium 
and vitamin B12. Considering their various nutritional benefits, other policies could focus on 
creating a more positive attitude among Senegalese families towards the consumption of pulses. 
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6. CONCLUDING REMARKS 

By relying on a recent food consumption survey conducted in 2017/18, this paper studied diet 
composition, nutrient deficiencies and dynamics in food demand of urban and rural Senegalese 
households. While the findings of this study are of direct importance to improve targeting of 
nutrition-poor households at the end of the food system chain, they are equally informative to those 
concerned with upgrading the performance of the food system itself. In other words, Senegal 
should design and implement comprehensive policies, which, depending on the magnitude and 
composition of nutrient deficiencies, include structural improvements in domestic food 
production, processing and marketing alongside direct food safety net interventions. 

The findings of this study show that many Senegalese families are suffering from hidden 
hunger, which is the inadequate intake of micronutrients. Except for vitamin A in cities, all 
micronutrients considered in this paper display at best mean adequacy levels of 60%. The most 
problematic intakes in urban areas concern calcium (26%) and iron (31%), while rural households 
are mainly suffering from an insufficient intake of calcium (18%) and vitamin B12 (19%). The 
observed nutrient deficiencies as well as the poorer performance of the rural sector can be traced 
back to the composition of the diet. Not only is the urban daily food bowl roughly 50% bigger than 
its rural counterpart, it is also more diverse, especially with respect to vegetables and tubers, meat 
and fish, and fruit. In contrast, the rural diet remains very much dominated by cereals, also at 
higher income levels. 

Apart from differences between both sectors, the diet pattern and resulting nutrient intakes 
are spatially heterogeneous across the country’s departments as well. In general, there appears to 
be a certain link between production and consumption, meaning that the spatial pattern of nutrient 
adequacies aligns reasonably well with known locations of corresponding food crop and animal 
production. For example, iron deficiencies are lower in millet producing rural areas compared to 
urban or non-millet producing areas. The same observation applies to zinc, although its effect on 
household nutrient adequacy is more mitigated through the consumption of rice, which is produced 
in other agroecological zones compared to millet. An exception to this spatial linkage between 
nutrient intake and domestic crop and animal production concerns vitamin B12 and vitamin A, of 
which nutrient adequacies are markedly higher in cities compared to villages. 

The latter exceptions on vitamin B12 and vitamin A point to increased forms of existing 
(domestic and international) market integration, while at the same time they underscore the 
potential of developing new or upgrading existing food value chains. In this respect, the recent 
promotion and emergence of a domestic processing industry for traditional staples (such as millet 
and sorghum) is a step in the right direction. Not only because it involves processing and product 
development at various scales (ranging from artisanal to industrial), and therefore may better 
respond to consumer preferences of both urban and rural populations, it also has direct nutritional 
benefits. Indeed, compared to rice, these traditional staples on average have higher nutrient 
densities, and therefore are better able to reduce observed micronutrient gaps, especially in terms 
of iron and zinc. 

Despite a growing cereal processing industry and existing market integration for some food 
items in some geographical areas, the national food system is currently not able to provide a 
nutritious diet to all Senegalese households, especially those in the most remote areas in the 
northern, southeastern and southwestern part of the country. Therefore, in addition to structurally 
upgrade the country’s food system, most attention regarding immediate food safety net policies 
should be devoted to the city of Kédougou and the rural departments of Saraya and Podor, all 
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displaying alarmingly high micronutrient deficiencies. Apart from geographical targeting, policies 
should aim at lowering prices or provide nutrition-sensitive social protection to the poorest and 
most food-insecure households in order to guarantee at least a minimal intake of key nutrients. 
Given greater sensitivity of low-income households to price changes, the nutritional benefits of 
such policies would be greatest for these vulnerable groups. In addition to their redistributive 
effect, economic policies which aim at increasing people’s income, will, under current preferences 
for animal-source food items, tend to lower calcium and vitamin B12 deficiency in both urban and 
rural areas. 

Apart from structural and direct interventions to address Senegal’s nutrient challenges 
under existing food preferences, this analysis proposes to further study the potential effect of minor 
alterations in current budget allocations. This could be pursued through the implementation of 
behavioral change programs, which in urban areas should focus on drinking more “concentrated 
milk” as it is a very cheap source of calcium; on eating more pulses such as cowpeas and peanuts 
to increase the intake of protein, calcium, iron, zinc and folate; and on substituting meat for fish 
as the latter has a more advantageous nutrient-cost ratio for vitamin B12. With respect to rural 
areas, options to alter the current food budget appear to be more limited, except for consuming 
more (concentrated) milk, cassava, peanuts, sorghum, and sweet potatoes to slightly reduce 
calcium, zinc and vitamin A deficiencies. 

Given known health risks associated with excessive or imbalanced intakes, the above 
substitutions should best be based on lowering the consumption of sugar and fats. Whereas sugar 
consumption appears most problematic in several rural areas bordering Mauretania and Mali, an 
excessive fat intake is characteristic to various urban areas in the western and central parts of 
Senegal. To address the latter macronutrient imbalance, substituting fats for proteins is in most 
instances an appropriate response. In addition, one may also consider eating less rice given its low 
nutritional density compared to other cereals. Doing so, in combination with continued efforts to 
increase domestic production as to lower the import bill and corresponding vulnerabilities, the rice 
sector in Senegal might become, more quickly than expected, self-sufficient. 
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