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Abstract
Objective: Food guides are important tools for nutrition education. While developing
a food guide in Benin, the objective was to determine the daily number of servings
per food group and the portion sizes of common foods to be recommended.
Design: Linear programming (LP) was used to determine, for each predefined food
group, the optimal number and size of servings of commonly consumed foods.
Two types of constraints were introduced into the LP models: (i) WHO/FAO
Recommended Nutrient Intakes and dietary guidelines for the prevention of
chronic diseases; and (ii) dietary patterns based on local food consumption data
recently collected in southern Benin in 541 adults. Dietary intakes of the upper
tertile of participants for diet quality based on prevention and micronutrient
adequacy scores were used in the LP algorithms.
Setting: Southern area of the Republic of Benin.
Subjects: Local key-players in nutrition (n 30) from the government, academic
institutions, international organizations and civil society were partners in the
development of the food guide directed at the population.
Results: The number of servings per food group and the portion size for eight
age–sex groups were determined. For four limiting micronutrients (Fe, Ca, folate
and Zn), local diets could be optimized to meet only 70 % of the Recommended
Nutrient Intakes, not 100 %.
Conclusions: It was possible to determine the daily number of servings and the
portion sizes of common foods that can be recommended in Benin with the help
of LP to optimize local diets, although Recommended Nutrient Intakes were not
fully met for a few critical micronutrients.
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Africa

Chronic non-communicable diseases are the leading cause of
mortality worldwide(1). Chronic diseases related to nutrition
are no longer the problem of developed countries only.
The socio-economic costs of chronic disease management
are huge and therefore prevention is essential, and it is
feasible(2–4). In low-income countries, nutrition-related
chronic diseases are on the rise, but undernutrition persists:
this is the double burden of malnutrition(5). Addressing the
double burden of malnutrition is compelling and requires
mutisectorial strategies targeting the food supply, health care
and education. Local health and nutrition professionals have
to be trained adequately in order to prevent and manage not
only malnutrition due to deficiencies, but also what is called
‘overnutrition’, i.e. obesity and other nutrition-related diseases
such as diabetes and CVD(6). Additionally, culturally sensitive
and population-specific educational tools are required.

Following the International Nutrition Conference of
1992, the FAO and WHO recommended that countries
develop food-based dietary guidelines (FBDG) in order to

promote healthy eating in their population(7). By 2005,
seventy-five countries had FBDG, including thirty-three
in Europe and a few in developing countries of Latin
America, Asia and Africa(8,9).

Key concepts in developing dietary guidelines are that
they address dietary patterns and that they be practical,
comprehensible and culturally acceptable. FBDG should be
based on locally consumed foods. They should address
existing nutrient deficiencies and excesses, and the resulting
nutrition-related public health problems of a specific country
or community(10). FBDG usually include simple messages,
like recommending a varied diet or the consumption of
fruits and vegetables every day, and avoidance of excessive
salt or sugar or alcohol consumption. They may also inte-
grate food guides that provide more specific advice on the
number and size of servings of foods belonging to different
groups, for adults and for other physiological groups of
consumers. Additionally, food guides frequently propose
pictorial representations of food groups and individual
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food servings(11,12). FBDG and food guides are based on
current scientific evidence on nutritional requirements and
diet-related diseases on the one hand, and on local dietary
patterns and culinary practices on the other. They provide
information for food choice, meal preparation and meal
planning. Available data on their effectiveness suggest
that they enhance awareness and understanding of what
healthy eating is about(13). Dietary guidelines permit the
development of healthy eating scores or indices on the basis
of adherence to the recommendations. Using this method, a
few studies in developed countries have reported that
dietary guidelines improved eating practices(14,15). FBDG
also serve as a basis for nutrition policy, as reported in
Japan(14). Despite limitations, FBDG are seen as valuable
tools to foster healthy eating according to a review on
implementation of FBDG in Chile, Germany, New Zealand
and South Africa(16).

The development of FBDG is a stepwise process that
should involve local stakeholders(10,17). This is the approach
being used in the Republic of Benin (West Africa) for the
development of a local food guide. This type of dietary
guidance was deemed essential to halt the progression of
chronic diseases while ensuring adequate intake to prevent
deficiencies. Obesity and other cardiometabolic risk factors
are indeed rising rapidly in the country and particularly
in Cotonou(18). Eating habits, along with physical activity,
play a significant part in the development of these health
conditions and for their prevention(19). This is the rationale
for initiating in 2009 the process of FBDG development
in Benin.

The FBDG development process began with locally
formulating and validating ten dietary recommendations
based on WHO guidelines for the prevention of chronic
diseases(20). The next step consisted of defining the food
groups and the pictorial presentation of the food guide. Five
food groups were agreed upon: cereals/tubers; plant/
animal-protein foods; vegetables; fruits; and dairy products
(or high-Ca foods as substitutes). The visual representation
adopted is a round traditional house with a thatch roof, each
food group being displayed as a wall layer. The present
study encompassed the determination of the number of
servings for each food group according to age and sex, and
the serving size for most foods that are locally consumed
according to recent data, using linear programming (LP).

Experimental methods

Linear programming for the optimization of local
diets
The LP method used is based on the work of Ferguson
et al.(21). LP is a rigorous mathematical approach that opti-
mizes (minimizes or maximizes) a linear function of a set of
decision variables while meeting linear constraints. In the
area of nutrition, it can be used to formulate culturally
specific, practical FBDG ensuring that the recommendations

are as close as possible to the local eating patterns while
simultaneously meeting the required nutrient intakes(21).
In our study, the objective function was to identify the
optimal amounts of foods (in weight) per each food group
that could meet nutrient requirements and comply with
preventive diet guidelines while being consistent with
local food habits.

All optimization models were performed on a standard
Microsoft® Excel Solver 2·0, Simplex LP. The software used
at the time would only accept a maximum of 200 constraints
per model. Therefore, the fifty-two most frequently con-
sumed foods, out of a total of 170 foods reported in the 24 h
food recalls of dietary surveys, were used for optimization
and subdivided in nine food categories (see Table 1). For
each age and sex group, starting with adult men and
women, two mathematical models were developed: one
with only legumes, nuts and seeds as the protein source and
one with only animal foods as the protein source. When the
two food groups were combined the model selected only
vegetable protein sources, whereas animal foods are an
important source of haem-Fe(22). Using alternative models
ensured that optimal quantities of either protein-food
group would be determined. The results of these two
models were then merged and therefore if an animal
protein source is not available, it can be substituted with a
vegetable protein source. A total of eighteen LP models
were constructed to include recommendations for all age
and sex groups above the age of 2 years, as well as for
pregnant and lactating women.

Recommended energy and nutrient intakes as
criteria in linear programming models
Two sets of constraints or conditions were included in the
LP algorithms: (i) recommended intakes and (ii) local
eating habits. The nutritional constraints ensured that LP
solutions would comply with the recommended dietary
intakes for energy, macronutrients and twelve micro-
nutrients. The Recommended Nutrient Intake (RNI) defined
by the WHO/FAO for micronutrients was used as the
minimum constraint(23–25). Total energy expenditure was
assessed with the WHO equations for BMR multiplied by a
physical activity level factor of low to moderate (1·675)(26).
For children and adolescents, pre-calculated energy expen-
diture according to WHO was used(26). For pregnant and
lactating women, a supplement of 1255 kJ (300 kcal) and
1883 kJ (450 kcal), respectively, was added to the total
energy needs for women(26).

For three micronutrients, i.e. Fe, Zn and Ca, bioavail-
ability had to be taken into account. The RNI for Zn and Fe
was that for diets with low bioavailability. As for Ca, we
multiplied the Ca content of Ca-rich foods by the estimated
absorption efficacy (Ca is absorbed at 32·1 % from milk v.
17·0 % from white beans)(27,28), which allowed for dairy
products to be retained in the models.

The dietary guidelines for the prevention of chronic
diseases(20) were also included as nutritional criteria in the
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LP models for adults (Table 2). Recommendations for
linoleic and linolenic acids were not integrated into the
models because of the lack of data in the available food
composition tables. For children, protein requirements
were according to the WHO report(24); for fat and carbo-
hydrates, we used the Institute of Medicine’s recommended
intake(25).

Local dietary intake data
The second set of constraints was there to make sure that
recommended foods and amounts would be acceptable
and relevant. We used in LP models quantitative dietary

data from cross-sectional studies on the nutrition transition
and CVD risk factors in apparently healthy adults aged
25–60 years (n 541) and living in Cotonou, Benin’s eco-
nomic capital, the smaller city of Ouidah and adjacent
rural areas(29–32). A multistage random sampling on the
area, living compound and sex was performed to select
participants. The data were collected in 2005 and 2006.
Intakes of energy and nutrients were assessed with two to
three non-consecutive 24 h food consumption recalls.
The portion sizes of consumed foods were assessed using
local measurements: bowls, spoons, and in the case of
street foods, the corresponding expense so that amounts

Table 1 Commonly consumed foods used for optimization of Benin diets

Selected foods for linear programming No. of people who consumed (n 541) Average portion size (g) (edible part) SD (g)

Corn dough, non-fermented 486 587·4 26·1
Unsweetened millet porridge (abokounkoko) 26 343·7 76·0
White rice, cooked 367 259·1 12·2
Fermented corn dough (akassa) 326 345·2 19·7
Fresh corn kernels, boiled 28 100·0 18·9
Corn on cob, boiled 26 150·0 21·6
White wheat bread 255 97·7 5·7
Sweetened wheat doughnut (yovodoko) 62 108·1 50·1
Boiled macaroni 99 195·9 26·3
Boiled cassava 23 123·2 23·6
Fermented cassava (gari) 286 104·3 7·8
Unsweetened tapioca 23 229·0 52·4
Cassava couscous (atiéké) 15 144·7 40·9
Cooked yam 76 115·8 19·0
Yam dough (teloubo) 31 364·7 49·7
Cooked sweet potato 16 83·4 56·1
Fresh plantain, cooked 22 173·3 27·2
White beans, cooked (white niébé) 165 244·0 26·3
Red beans, cooked (red niébé) 83 330·8 42·0
Bean cake (abla) 40 73·8 12·4
Soya porridge, unsweetened 8 347·5 125·0
Voandzou, boiled 18 145·5 47·1
Squash seeds (goussi) 32 42·2 13·2
Fresh coconut 43 119·8 37·0
Grilled peanuts 169 44·4 3·2
Palm nut flesh, puréed 60 148·5 7·4
Rabbit 13 45·8 30·9
Cooked beef, medium fat content 68 51·7 17·3
Cooked pork 14 72·3 35·0
Cooked lean lamb 71 59·0 8·9
Cooked chicken 58 87·1 16·8
Cooked tilapia fish 469 76·6 6·5
Cooked freshwater crab 126 97·8 11·3
Sardines 21 70·0 9·5
Fresh cooked mackerel (sylvie) 271 73·9 2·9
Boiled chicken eggs 75 44·0 4·6
Evaporated unsweetened milk (peak) 16 59·0 25·5
Local cheese 48 52·4 12·1
Traditional yoghurt 9 103·2 101·8
Fresh papaya 21 390·4 152·0
Fresh sweet banana 39 167·7 45·3
Fresh orange 88 139·5 18·9
Fresh mango 12 150·1 53·4
Fresh pineapple 37 140·7 40·9
Fresh orange juice, 100% 57 79·7 18·5
Tomatoes 147 72·6 42·6
Tomato sauce 464 151·4 10·5
Cooked carrots 19 55·9 30·7
Amaranth leaves (crin-crin) 174 137·5 20·3
Vegetable sauce 271 238·0 20·6
Red palm oil 134 18·0 1·6
Peanut oil 224 12·8 0·9
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could later be ascertained. This way meals and snacks
consumed outside the home were included. Dietary
quality data based on a micronutrient adequacy score and
a prevention score were also available(30,31). The micro-
nutrient adequacy score is based on the compliance or not
with fourteen micronutrients and the prevention score is
based on the adherence or not to eight recommendations
by the WHO for chronic disease prevention.

Based on the survey data, the most commonly eaten
foods were identified, as well as average portion size
(grams) for participants who had consumed the food item.
Amounts of food consumed by those participants in the
upper tertile of overall dietary quality (total of both quality
scores) were used for optimization by LP. Data were ana-
lysed using the statistical software package SPSS Statistics
version 17.

Two consumption constraints were introduced in LP
models. First, a maximal amount per food category was set
using dietary quality data based on a micronutrient ade-
quacy score and a prevention score of those participants in
the upper tertile of overall dietary quality. Two standard
deviations above their mean intake per 4184 kJ (1000 kcal),
multiplied by the energy needs of the corresponding age
and sex group, was used as a maximal amount per food
category. One exception was the dairy product category
since consumption was very low. In order to meet Ca
requirements, the maximum amount was set at 100 g of
milk (or other dairy products) daily for models with the Ca
RNI of less than 700mg/d (providing 30–35% of the RNI for
Ca) and 200 g of milk (or other dairy products) daily for
models with Ca requirements of 1000 to 1300mg/d (dairy
would then provide 20–25% of the RNI for Ca).

The second constraint was a maximum amount per
individual food item, which was set at the average portion
size for all participants consuming the food (Table 1).
Limiting the serving size to the average portion forced the
mathematical model to select a variety of foods instead of
optimizing large servings for a small selection of foods. For
animal-protein foods, the upper limit was set above the
typical average portion size in order to provide a minimum
of 15 g of protein per portion and for adequate haem-Fe
and Zn intakes. The maximal amount for the dairy product

food group was also increased to ensure proper Ca intake.
The consumption features of the fifty-two selected foods
for LP are presented according to food group in Table 1,
along with the number of people who reported having
consumed the food item and the average portion size
according to the 24 h food recalls(29,30).

Determination of recommended number and size of
servings per food group
In each food group, the size of one serving was defined
on the basis of the usual amount consumed at any one
time by the population and on macronutrient content
criteria, as seen in Table 3, except that for dairy products,
Ca content was used to define one serving. The LP results
in grams for a given food group were then translated into a
number of portions. Subsequently, the portion of a given
food was associated with a local domestic measure. For
example, 400 g of non-fermented corn dough= 120 g of
carbohydrates= 2 portions = 2 local bowls (250ml each).
The serving size of cereals and tubers was set as much
as possible at the amount actually consumed so that the
recommended number of servings would be easier to
understand and integrate into daily diet.

Tables 4 and 5 describe the adjustments made to all LP
models. In some models, no plausible solution was found
and therefore the intake criterion was lowered to 70 % of
the RNI for limiting nutrients (Ca, Fe, Zn, folic acid)(23). As
RNI are set at 2 SD above mean requirements, reducing
the recommended intake constraint to 70% of the RNI
amounts to using the average requirement, meaning that
half the population would still meet their requirements for
the given limiting micronutrient(23). The RNI for vitamin B12

was not included in the models without animal foods. WHO
recommendations for the prevention of chronic diseases
were not used for children, because these recommendations
were built mainly for adults.

Forty local key-players in nutrition were invited to take
part in the individual and group consultations. In total, thirty
of them were met for the consultations. These people were
invited early in the process to take part in the food guide
development. They were members of various local organi-
zations involved in food and health: government officers,

Table 2 Recommended nutritional intake to prevent chronic diseases(20)

Dietary factor Goal

Total fat* 15–30%
SFA* <10%
PUFA* 6–10%
Proteins 10–15%
Total carbohydrates 55–75%
Free sugars† <10%
Cholesterol <300mg/d
Fruits and vegetables >400 g/d (250 g of vegetables and 150 g of fruits)
Total dietary fibre >25 g/d

*Percentage of total energy needs.
†‘Free sugars’ refers to monosaccharides and disaccharides added to foods and beverages by the manufacturer, cook or consumer, and
naturally occurring sugars in honey, syrups.
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academics, non-governmental organizations, private insti-
tutions and representatives of international organizations.
The interactions were individual and group consultations to
reach consensus at every step of the process.

Results

Number and size of servings according to age–sex
groups
The recommended numbers of servings per food group
and per day as determined with the help of LP are given
for each age–sex group in Table 6. For dairy products, the
recommended number of servings is slightly higher than
typical eating habits in order to meet Ca intake require-
ments. The number of recommended servings for protein
foods had to be adjusted for cultural reasons. According
to calculations, women aged 19 years and over should
consume three portions of animal- or vegetable-protein
foods daily and men should consume two to three ser-
vings of this food group. The difference can be explained
by the higher Fe requirements for women than for men.
However, according to local experts, recommending
a higher number of servings for women than men would
not be culturally acceptable. Consequently, the number of
servings was set at 2–3 for women as for men, with an

indication for women of childbearing age to take Fe
and folic acid supplements according to local health and
nutrition policy.

Individual food portion sizes
Portion sizes in grams and domestic measures were deter-
mined according to the nutritional composition of specific
foods based on the reference food composition tables(33–35)

and taking into account the nutrition content criteria for
one portion of each food group as presented in Table 3. As
much as possible, the amount usually consumed on one
occasion was used as serving and portion, in order to avoid
the frequent confusion among consumers when servings
and portions are different(36). Examples of illustrative foods
and serving sizes are given in Table 7. The domestic or
simple measures chosen with local partners to illustrate
portion size were a standard bowl used to serve the corn
dough (250ml), a tablespoon (15ml) and a ‘bamboo’ glass
(215ml). Additionally, it was agreed to use as reference the
hand palm or thumb phalanx(37).

Discussion

The current study describes how LP was used to develop
locally relevant and nutritionally adequate FBDG in the

Table 3 Nutrient content criteria for one serving per food group

Carbohydrates Proteins Other(s)

Cereals and tubers 50 to 60 g
Vegetables and vegetable sauces 1 medium-size vegetable or 8 g of

carbohydrates for sauces
Animal protein sources 15 g
Vegetable protein sources 15 g
Fruits 15 g
Dairy products 250mg of Ca

Table 4 Constraint modifications in linear programming models for adults

Models for 19 years of age and above

Mathematical models
Women Men Pregnant women Lactating women

Model* 1 2 1 2 1 2 1 2

Nutritional constraints
RNI criteria
Ca 70% 70%
Zn 70% 70% 70%
Vitamin B12 NA NA NA NA
Fe 70% 70% 70% 70%
Folate 70% 70% 70% 70%

Dietary habits constraints
Maximum amount per food group
Dairy products 200 g 200 g 200 g 200 g 200 g 200 g 200 g 200 g
Upper limit per food
Meat portion size increased Yes Yes Yes Yes

RNI, Recommended Nutrient Intake; NA, not applicable.
*Model 1 includes all fifty-two most commonly eaten foods except for animal-protein foods; Model 2 includes all most commonly eaten foods except for
vegetable-protein foods.
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form of a quantitative food guide, in this instance in the
Republic of Benin, along with a participatory approach
with local partners in food and nutrition. National FBDG
are strongly recommended as educational tools to be used
with the population(7), but in sub-Saharan Africa, only
South Africa and Namibia went through the complex
process of developing such guidelines(38,39). In Benin,
the recent epidemiological studies on cardiometabolic risk
associated with diet and lifestyle changes typical of the
nutrition transition and the availability of quantitative
dietary data collected in these studies gave impetus to the
development of a food guide for the general population as
a preventive educational tool, with the help of LP.

LP has been used for various nutrition purposes and in
many contexts: in the USA to generate nutritive diets at a
low cost; in Israel to plan menus with a good ratio of price

to quality; and in Malawi to develop guidelines for com-
plementary feeding of infants and toddlers(40). Ours is
probably the first study to use LP for the purpose of
developing a national food guide.

It was not possible to optimize local diets with LP for some
micronutrients unless the nutritional criteria were lowered
to 70% of the recommended intakes, which nevertheless
would still be sufficient to meet the requirements of half the
population. The limiting micronutrients in our study were Ca,
Fe, Zn, vitamin B12 (if no animal sources of protein are
consumed) and folic acid, in accordance with the most
widespread dietary deficiencies reported worldwide(41). In
order to prevent deficiencies in these limiting nutrients,
higher amounts of foods or food groups also had to be
‘forced’ into some LP models, in addition to lowering the
recommended intakes. This was the case for dairy products

Table 5 Constraint modifications in linear programming models for children and adolescents

2–3-year-old
children

4–8-year-old
children

9–13-year old
children 14–18-year-old adolescents

Mathematical models
Girls Boys Girls Boys Girls Boys Girls Boys

Model* 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2

Nutritional constraints
RNI criteria
Ca 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 64%
Zn 70% 70% 70% 70% 70% 70% 70% 70% 70% 70% 70%
Vitamin B12 NA NA NA NA NA NA NA NA
Fe 70% 70% 65%
Folate 70% 70% 70%

Criteria to prevent chronic diseases
Criteria to prevent

chronic diseases
NU NU NU NU NU NU NU NU NU NU NU NU Yes Yes Yes Yes

Dietary habits constraints
Maximum amount per food group
Dairy products 100 g 100 g 100 g 100 g 100 g 100 g 100 g 100 g 100 g 100 g 100 g 100 g 200 g 200 g 200 g 200 g

Upper limit per food
Meat portion size

increased
Yes Yes Yes Yes Yes Yes Yes Yes

RNI, Recommended Nutrient Intake; NA, not applicable; NU, not used.
*Model 1 includes all fifty-two most commonly eaten foods except for animal-protein foods; Model 2 includes all most commonly eaten foods except for
vegetable-protein foods.

Table 6 Number of recommended daily servings per food group according to age and sex

14–18-year-old
adolescents 19 years of age and above

Food group
2–3-year-
old children

4–8-year-
old children

9–13-year
old children Girls* Boys Women* Men

Lactating
women*

Pregnant
women*

Cereals and tubers 2–3 2–4 3–4 4–6 5–7 3–5 4–6 5–6 4–6
Vegetables and

vegetable sauces
2–3 3–5 4–5 4–6 5–6 4–6 4–6 4–6 4–6

Meat, fish, legumes
and other sources
of protein

1 1–2 1–2 2–3 2–3 2–3 2–3 3 2–3

Fruits 1 1–3 2–3 2–3 2–3 2–3 2–3 2–3 2–3
Dairy products† 1 1 1 1–2 2 1–2 1–2 1–2 1–2

*Women of childbearing age can benefit from an Fe–folic acid supplement as prescribed by their health-care provider, since their needs are difficult to satisfy
with nutrition only.
†If dairy products are not available or accessible, they can be replaced with small dried fish or crabs (eaten whole), for example.
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as sources of Ca and for animal-protein foods for Fe, Zn and
vitamin B12. Additional recommendations were also intro-
duced in the food guide. For Ca, for instance, although dairy
products are little consumed at this time and primarily by
urban dwellers, the food group was maintained and 1–2
servings of dairy products daily are recommended. If dairy
products are not accessible, we advised that Ca-rich foods
like dried or smoked small fish, small crabs and fresh or
dried shrimps eaten whole be consumed. It is of note that
adolescents from Porto-Novo, the capital city of Benin,
had reportedly adequate Ca intake thanks to these Ca-rich
foods(42). There were no data on the serving sizes of the
different foods consumed by adolescents in that study. Fe
was also a limiting nutrient especially in adolescent girls’ and
women’s LP models, which is not surprising as the Fe
requirements of women of reproductive age can hardly be
met with food alone, particularly when diets provide for low
bioavailability of Fe. This is why Fe (and folate) supplements
are generally recommended for women of childbearing
age(43,44). According to Benin health and nutrition policy,
Fe–folate supplements during pregnancy are sold to women
at a subsidized price.

This food guide targets urban and semi-urban popula-
tions in particular, as it implies that recommended foods

are available, accessible and desirable. It is felt that such
an educational tool may be less relevant at this stage in
rural areas, where food intake is primarily determined by
local availability (and accessibility) of foodstuffs. Besides,
food intake data used to optimize local diets were mostly
collected in urban and semi-urban areas (370 participants
out of a total of 541). In cities, food supplies are usually
more varied, processed imported foods are available and
there is room for choice on the part of consumers, pro-
vided they have economic access to, and desire for, a
diversified diet. A cost constraint could have been inserted
in the LP models in order to optimize local diets at lower
cost. Previous studies have demonstrated the adverse
effect of a cost constraint in LP on nutrient density of diets
and food selection(45). However, the number of constraints
that could be introduced in LP at the time of the study
was limited. Nevertheless, since foods retained for the LP
models were the ones most frequently consumed, it was
assumed that they were accessible to a majority. Despite
this, as experienced elsewhere, the challenge of reaching
the low-income population is a barrier to successful
implementation of FBDG(16).

The numbers of food servings for age–sex groups are
based on average energy requirements for moderately

Table 7 Illustrative foods and serving sizes

Food item Weight (g) Serving size measurements

Cereals
Corn dough, non-fermented 185 1 bowl
Cooked white rice 220 1 bowl
Fermented corn dough (akassa) 185 1 bowl
Boiled macaroni 160 3/4 bowl
White wheat bread 87·5 1/2 bread
Unsweetened millet porridge (abokounkoko) 450 2 bowls

Tubers and roots
Boiled cassava 185–200 1 bowl
Cooked yam 185–200 1 bowl
Cooked sweet potato 185–200 1 bowl
Yam dough (teloubo) 175 1 bowl
Fermented cassava (gari) 60 1/4 bowl

Vegetables and vegetable sauces
Fresh tomato 100 2 medium
Tomato sauce 100 1 bowl
Carrot 60 1 medium
Leafy vegetables 60 2 bowls
Leafy vegetable sauce 80 1/2 bowl

Beans, nuts and seeds
Cooked white beans (white niébé) 140 1/2 bowl
Cooked red beans (red niébé) 140 1/2 bowl
Soya porridge, unsweetened 100 1/2 bowl
Vouandzou 50 1/5 bowl
Grilled peanuts 50 1/3 bowl

Fruits
Fresh papaya 150 1 bowl
Fresh banana 75 1 medium
Fresh orange 100 1 medium
Fresh mango 100 1 small or 1/2 large
Fresh pineapple 150 1 bowl
Pure orange juice 150ml 3/4 glass

Dairy products
Evaporated unsweetened milk (peak) 85 1/2 milk box
Local cheese 50 The length of two thumbs
Traditional yoghurt 125 1 small container
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active subjects; these have to be adjusted to an individual’s
energy requirements based on physical activity, particu-
larly as regards staple cereals and tubers as main providers
of energy(46). Similarly, the present food guide would have
to be adapted to different ecological and cultural contexts
within the country, as it is based on diets in the southern
and coastal part of Benin. Dietary patterns may markedly
differ in the hinterland and in drier northern areas.

Another limitation of the study is the fact that the food
guide was based on data quantitatively collected only
among adults; no data from children or adolescents were
suitable for use in LP models. One study provides data on
energy, Ca and P consumption in adolescents; however, it
does not provide information on portion sizes(42). It was
assumed that children have similar eating habits to their
parents. The gap related to the non-availability of food
consumption data for children and adolescents can partly
be filled when the food guide is revised in a few years.
Health and nutrition professionals using the food guide
with these age groups will then be able to identify the
discrepancies between the recommendations and the
actual eating habits, particularly in terms of portion sizes.
Additionally, more food consumption data pertaining to
children and adolescents may become available. Ideally,
the food guide should be revised every four years, but
much will depend on technical and financial resources.

Food composition data are incomplete for some traditional
food items and for cooked foods. Therefore, some nutrient
intakes might have been over- or underestimated.

The data were collected in different settings – urban,
semi-urban, rural – albeit only in the southern part of the
country. We selected the most commonly eaten foods
in our LP models because we estimated that if they are
eaten often they are likely physically and economically
accessible. Like any food guide, alternative choices are
provided within food groups as not all foods are available
and accessible in all areas and throughout the year. Animal
foods are not accessible to everyone; this is why we
developed two models: one with animal foods and one
without. The results from the two models were then
combined to give one recommendation for the ‘meat, fish,
beans and other protein foods’ group so that most people
are able to select in this group the foods that they have
access to.

The local domestic measures used to translate servings
into easily understood amounts may foster better com-
pliance to the recommended portion numbers and sizes
because they are commonly used and familiar to the general
population, as underlined in developing the Taiwan food
guide(47).

The food guide has now been officially adopted in
Benin. Its development involved the participation of a
wide array of local key-players in food and nutrition. The
ten recommendations illustrated in the food guide, as well
as the choice of the food groups for this guide, were
developed and tested with local groups of adults (self-help

groups for the prevention of chronic diseases; parent–
teacher associations). However, the food guide has not
been tested in its entirety with the population as yet. This
will be done during the course of its implementation.
Another critical step will be to foster its appropriate use by
health and nutrition workers with groups and individuals,
primarily through appropriate training. The early involve-
ment of Benin stakeholders in the food guide development
process is likely to facilitate its acceptance and its integration
with other health promotion policies and programmes.
A user-friendly explanatory text will have to be developed
to provide personnel guidance on the use of the food
guide. However, FBDG are only one educational tool. In
order to be effective, dietary interventions have to be com-
prehensive, population-based, integrated, multidisciplinary
and multisectorial(48). Besides a healthy diet, other lifestyle
components have to be addressed, including physical
activity, and the Benin food guide promotes an active life-
style though pictures. Implementation of the new Benin food
guide will have to be integrated not only into public health,
but also agriculture, food and education policy. Additionally,
a comprehensive communication strategy will be needed. It
will also be important once the Benin food guide is estab-
lished to plan for its monitoring and evaluation. FBDG would
need to be better evaluated than what is currently done
in order to be regularly revised for enhanced impact on
the population’s diets and nutritional status(49). FBDG are an
evolving tool needing periodic updating and improvements.

Conclusion

To our knowledge, the present study is the first to have
put LP to use for the development of a national food
guide, which confers greater cultural and environmental
relevance to recommended foods and servings. Several
challenges still lie ahead, including the formulation of a
strategy on how the food guide should be used to improve
dietary patterns of the population. A food guide is a con-
stant work in progress and according to the FAO(7), it
should be revised every four years. Before revisions, this
first version of the food guide will have to be pre-tested
and its relevance assessed in other cities of the country.
In the near future, the use of this tool by health-care
providers and its impact on behavioural change in the
local population will have to be evaluated, thereby filling a
research gap.
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