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Trial and error methods, "expert" guessing                      
or linear programming?   

Formulating sound nutritional recommendations                            
for complementary feeding  

 

André Briend, Institut de Recherche pour le Développement et                                          
Institut Scientifique et Technique de la Nutrition et de l’Alimentation 

 

During complementary feeding, children require a nutrient-dense diet to meet their high nutritional requirements. 
International interest exists in promoting affordable, nutritionally adequate diets during complementary feeding 
prepared with locally available foods, and possibly some fortified foods. In this context, two questions arise:  

��is it possible to design a diet suitable for the complementary feeding period using locally available food? 
��if so, what is the lowest-cost, easily available, nutritionally adequate diet?  

 

These questions are usually answered using a "trial and error" approach or by "expert" guessing. However, an 
efficient and rigorous technique based on linear programming is also available to answer these questions. This 
technique examines the compatibility of different mathematical inequalities using simple mathematics. Until re-
cently, its application was limited by the large number of equations to be solved simultaneously. This short paper 
examines the principle of this method and illustrates how with a computer it can be used to answer very practical 
questions.  
 

Designing a diet complying with multiple nutritional constraints  
 

A very simple example can explain the basic principles behind linear programming. A meal from rice and beans is 
needed with a minimum and maximum energy content of 400 kcal and 600 kcal respectively, and a minimum of 
15 g of proteins and a maximum of 100 mg of sodium. Table 1 reports the protein and sodium content of the 
rice and beans used for this theoretical example.  
 

Firstly, compatibility between all the constraints can be determined using a graph. For this, the constraints are 
expressed as y > ax + b. The constraint for the minimum energy content can be expressed in three ways using 
this equation, taking into account that 1 g of rice provides 3.5 kcal and 1 g of beans provides 3.2 kcal:  weightrice 
* 3.5 + weightbeans* 3.2 > 400; or  weightbeans > (400 - weightrice * 3.5)/3.2; or weightbeans= - 3.5/3.2 * 
weightrice + 400/3.2. 
 

On a two dimensional graph (beans on Y axis, rice on X axis), all rice and bean combinations fulfilling this con-
straint are above the minimum content of the energy line (Figure 1, next page).  In the same way, the constraints 
on the maximum content of energy and sodium and the minimum content of protein can be represented as 
straight lines. These straight lines on the graph limit the areas respecting and not respecting the constraint. They 
form a polygonal "feasible region". All rice and bean combinations represented within this feasible region have a 
nutritional composition that respects all the constraints defined initially.  
 

For some sets of constraints, there is no feasible region and no food combination can be found to fulfil the initial 
nutritional constraints. All paediatricians know, for instance, that no combination of rice and milk can provide a 
young child all the iron he/she needs during the complementary feeding period. This can be shown formally on a 
graph. Using this example, the iron content of milk (65 kcal/100 ml) and rice are 1 mg/100 g and 0.1 mg/100 g 
respectively, but a breastfed child cannot consume more than 600kcal from complementary food and has an iron 
requirement of 10 mg. Figure 2 (next page) shows that the feasible area for energy (below the "energy line") has 
no common part with the feasible area for iron (above the "iron line"). Therefore, these constraints are not com-
patible. To meet these constraints, a third iron rich (possibly fortified) food needs to be introduced.  
 

Determining the least expensive food combination that respects multiple nutritional  
constraints   
 

Using the first example of rice and beans, the next step is to select the least expensive combination fulfilling all 

 Energy (Kcal/100g) Proteins (g/100g) Sodium (mg/100g) 

Rice 350 8 80 

Beans 320 25 50 

Table 1  
Composition of foods used 
in the examples in the text. 
Note: the values do not 
correspond to the real nutri-
ent content of these foods 
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the constraints. What would this combination be if rice costs one currency unit (CU) and beans two CU per kg?  
 

In theory, this question can be easily solved mathematically. The least expensive solution is always at one of the 
feasible region corners. The right solution can be found by comparing the price of rice and bean combinations 
corresponding to each corner. This involves solving the systems of equations corresponding to the two lines 
crossing each other at each corner. In practice, this becomes complicated. Since the feasible region has five cor-
ners, this means that even in a very simple example, five systems of two equations each need to be solved in 
order to find the right solution.     
 

Here an Excel spreadsheet, or equivalent programme, can help find the solution. First, the food composition 
table should be displayed on the spreadsheet as shown in Figure 3 (next page). Below this, lay out a recipe as 
shown in Figure 3 and calculate the total nutrients of the recipe. This should be done using the standard 
spreadsheet functions. The amount of rice and beans in this example are set at 50 g arbitrarily. Next, activate 
the solver function. This function is not installed by default in all computers and can be installed following in-
structions from the help menu.  
 

Once the solver function is activated (Figure 4, next page), select the variable to be optimized. In this example, 
total cost should be minimized, therefore, enter it as a target cell (C15 in this example) with the "minimize" op-
tion activated. Then choose the "variable cells". In this example, this represents the quantity of rice and beans 
(B12 and B13) to be adjusted in order to minimize the cost. Eventually, enter constraints in the model by acti-
vating the "Add constraint" menu. In these examples, constraints are represented by the inequalities imposing a 
maximum and a minimum value for energy, protein and sodium. In the option menu, click on "Options" of the 
solver function. It is important to mention that "All variables are supposed positive". Now, by clicking the 
"Solve" function, a new screen appears with the solution immediately displayed in the recipe column (Figure 5, 
page 39).  The least expensive option is obtained with 84 g of rice and 33 g of beans for a cost of 0.15 CU. This 
corresponds indeed to one of the corners of the feasible area, where the lines representing the constraints for 
minimum protein and energy cross each other.  
 

Figure 1 
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Figure 4 

Linear programming in real life 
 

In real life, designing a diet for the complementary feeding period represents a much more complex problem 
than the examples discussed. First, diets are never designed with only two foods, but at least 10 or 20 depending 
on local resources, and infant and young child feeding practices. Unfortunately, this makes graphic representation 
of constraints compatibility impossible. Yet, the basic principles remain the same.   
  

In practice also, constraints have to be added to the model to make sure the obtained recipes are acceptable and 
realistic. This is done by setting a maximum limit for each food which should be obtained from key informants.  
This limit corresponds to the maximum amount of each food which can reasonably be recommended in the con-
sidered age group.  
 

Although the full theory behind linear programming was developed more than 50 years ago, it has gained popu-
larity with the advent of low cost, powerful, small computers. Now, even the most complex nutritional problems 
involving hundreds of different foods with nutritional and acceptability constraints can be solved in a few sec-
onds once the data have been properly displayed on a spreadsheet. Easy to use linear programming programmes 
incorporating the nutrient composition of most foods available in developing countries are now available on the 
Internet (www.nutrisurvey.de) and are better to use for this purpose than Excel.  
 

Practical applications of linear programming 
 

Very practical questions regarding complementary feeding have been debated over many years with no clear solu-
tion achieved.  Without the help of linear programming, even for an expert, it is impossible to use intuition and 
guessing alone to arrive at solutions to problems which require solving hundreds of equations simultaneously. 
Further, conflicts of opinion on these issues are difficult to avoid as long as opinions are based on guesses. Linear 
programming should clarify these issues.  
 

Everyone agrees that nutrient recommendations formulated by different expert committees are difficult to use in 
practice. So far, few practitioners have succeeded in providing recommendations that are realistic and consistent 
with recommended nutrient intakes. Very often recipes or diets based on current food recommendations do not 
provide all nutrients at the recommended level. Linear programming should lead to major progress in this area.   
 

Figure 3 
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Figure 5 

In conclusion, linear programming is a powerful tool that could help formulate sound nutritional advice, espe-
cially in the context of complementary feeding in poor countries.  Coupled with behaviour change communica-
tion strategies, it has the potential to improve infant and young child nutrition. This rigorous method has been 
used for years in industry and animal nutrition. Its introduction into human nutrition is long overdue.  
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