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Abstract: The aim of this paper is to develop a goal 

programming nutrition optimization model to meet daily 

nutrients needs of the reference woman and the reference man 

subject to the available household budget. Objective function in 

the model is designed in a way to minimize deviations from the 

defined micronutrients and macronutrients needs as well as 

from the food cost. The nutrients needs are determined 

according the World Health Organization (WHO) standards 

and are incorporated in the model constraints. The sample in 

this research consists of 55 most frequently used food items as 

decision variables which are selected based on a survey of 50 

households in the capital of Bosnia and Herzegovina. As the 

result, the solution of the model is optimal selection of the food 

intake, subject to minimize deviations from the defined goals.   

Keywords: goal programming, optimization, nutrients, food 

cost, constraints  

 

1.  INTRODUCTION 
 

Proper intake of the food is the key aspect of the 

human health. The selection of the consumed food is 

usually done intuitively and many times it is subject of a 

trade off between available household budget for food 

and the micronutrient and macronutrients needs. 

Mathematical programming techniques can be applied to 

optimize both micronutrients and macronutrients needs 

and available household budget.  

Study [1] presents the application of goal 

programming to determine the diet of children aged from 

9 to11 months in Bogor District in Indonesia, which will 

satisfy the recommended values of nutrients taking into 

account the usual dietary habits and acceptable food cost. 

Indonesia is selected because of the high prevalence of 

malnutrition of children, a large number of preschool 

children and poor nutrition. 

Research [2] develops a goal programming model 

that will reduce cost for food, and satisfy the required 

amounts of nutrients. The study is conducted in Nigeria, 

where the data analysis found that 65,45% of rural 

households have inadequate nutrition. The results show 

that a significantly smaller amount of food can satisfy the 

required amounts of nutrients. 

Reference [3] shows the application of goal 

programming for optimization agriculture of the local 

population in the Savannah zone of Nigeria, to ensure 

enough food for their families, increase the cash income 

and minimize the use of hired labor. Goal programming 

is used to distribute the resources of farmers (land, labor 

and capital) with the aim of an optimal combination of 

crops that will satisfy the needs of farmers. 

In research [4], the weighted goal programming is 
used for resources allocation of the population to ensure 
sufficient quantities of food. The constraints in the model 
are arable land, labour, dietary requirements, 
requirements for livestock grazing and the demands for 
products for both food and domestic energy needs. 

Paper [5] investigates the difference between the 
models of linear and goal programming. Models are used 
for determining the nutrition of Thais that will satisfy the 
need for nutrients. Linear programming results give the 
minimal food cost as the goal function. Goal 
programming technique minimizes deviations from the 
recommended nutrient values as the goal function while 
increasing the food cost.  

Article [6] shows that using the goal programming 
the diabetic diet can be calculated in terms of intake of 
certain nutrients. The results show that the goal 
programming can quickly determine the diet of diabetics 
where the nutrient values are closer to the recommended 
nutrient values than the manual calculation. 

Research [7] analysis how various factors such as 
age, gender, weight, degree of obesity or thinness, 
ambient temperature, pregnancy and lactation, at rest or 
performing activities affecting the caloric requirements 
of individuals. The model predicts how changes in the 
environment, activities, and demographic characteristics 
affect the actual energy consumption of the population. 
The results show the energy value as a function of 
gender, age, activity level and also show how these 
values differ from the recommended values by the Food 
Agriculture Organization (FAO). 

Reference [8] develops optimization diet models for 
the reference man and the reference woman using linear 
programming optimization technique. Objective function 
in the model is food cost, while constraints are defined as 
daily needs for macronutrients and micronutrients in 
accordance with the standards of the World Health 
Organization (WHO) and National Academic Press 
(NAP). The results of the research show the optimum 
amount of food that will minimize the food cost and 
satisfy daily needs for macronutrients and micronutrients. 
In a case of the limited household budget which can not 
satisfy minimal food cost obtained by linear 
programming technique it is not possible to meet 
recommended needs for micronutrients and 
macronutrients and goal programming technique can be 
used to make the compromise between household food 
budget and proper food intake. 

 The aim of this study is to develop optimal feeding 
patterns of the reference woman and the reference man 

- 0243 -



 

 

using goal programming. Multiple goals are defined to 
meet daily nutrient needs and minimal daily feeding cost.  

As results of the developed goal programming model 
in this paper, optimal selection of the food intake subject 
to minimize deviations from the WHO recommended 
micronutrients and macronutrients intakes, including 
energy needs, and available household budget for food is 
obtained. 

 Model developed in this paper assumed equal 
weights to all goals. So, future research will be focused 
on defining specific weights to different deviations of 
micronutrients and macronutrients as well as of available 
household budget.  

 

2.  RESEARCH METHODOLOGY 
 
Dietary patterns are connected with well defined 

clinical entity such as anemia, muscle weakness, rachitic, 
infections and other diseases which can be induced by an 
excess or deficiency of nutrient intake. A healthful diet 
can be reached throughout the intake of multiple 
combinations of foods.  

The food-based dietary guideline focuses on how a 
combination of foods can reach nutrient requirements 
rather than on how each specific nutrient is provided in 
adequate amounts. One of the earliest dietary guideline 
based on the mathematical principle of a food intake food 
from different groups was made by Sherman. Nutrient 
intake goal is to promote general health and control of 
specific nutritional diseases. In practice the set of food 
combinations which provide nutritional adequacy is 
limited by household budget. 

In this study the focus is on caloric requirements as 
well. There are several available models for prediction of 
human caloric requirements. This research uses 
recommendations of World Health Organization. These 
recommendations include proportions of macronutrients 
(fats, carbohydrates as well as proteins) in energy intake.  

As micronutrient adequacy must be included in 
evaluating the nutritive value of diets, beside the energy 
some micronutrients are included too. The most frequent 
health problems are connected to vitamins A, D, E, K, 
B6, B9, B12, C and minerals such as calcium, sodium, zinc 
and iron. In the model for each every nutrient daily 
intake recommendation there is RNI value 
(Recommended Nutrient Intake: the reference daily 
intake - the daily intake level of a nutrient that is 
considered to be sufficient to meet the requirements of 
97% to 98% of healthy individuals) and UL value (Upper 
Limit: the highest average daily nutrient intake level that 
is likely to pose no risk of adverse health effects to 
almost all individuals in the general population. As 
intake increases above the UL value, the potential risk of 
adverse effects may increase).  

Although many phytochemicals are bioactive, they 
are not considered as nutrients since they are not 
essential in the diet and there is no daily requirement. 
Because of their benefits for human health there is 
request of minimum of 400 grams of daily intake of 
fruits and vegetables in the model.  

The fat is a major source of energy for the human 
body and helps absorption of fat-soluble vitamins and 

other food components such as carotenoids. The percent 
of energy that is consumed as a fat can vary from 15% to 
30%.  

Saturated fatty acids are synthesized by the body and 
those intake from diet have adverse effect on health and 
thus are not required. Therefore in the model RNI is not 
required. Only UL for this nutrient is defined as 10% of 
daily energy intake.  

Monounsaturated fatty acids can be synthesized by 
the body, and those taken from diet have beneficial role 
in preventing chronic diseases. In the model they range 
from 10% to 14% of energy intake. The n6 and n3 
polyunsaturated fatty acids are essential. A deficiency of 
n6 polyunsaturated fatty acids is characterized by rough 
and scaly skin, dermatitis while n3 polyunsaturated fatty 
acids play an important role as structural membrane 
lipids, particularly in nerve tissue and the retina of the 
eye. In the model n6 range from 5% to 8%, and n3 from 
1% to 2% of energy intake.  

Proteins form the major structural components of all 
cells of the body. They are included in production of 
energy too. By WHO recommendation percentage of 
caloric participation of proteins ranges from 10% to 15%. 
In the model single amino acids are not considered, but 
there is constraint that the ratio of proteins from plant and 
animal source foods is 1:1. 

Carbohydrates (sugars and starches) provide energy 
to cells in the body, particularly the brain, which is a 
carbohydrate-dependent organ. In the model 
carbohydrate requirement is from 50% to 70%. 

The reference woman and the reference man are 
considered in developing the model of goal programming 
to design healthy nutrition pattern. According to 
definition, the reference woman is healthy female person 
aged 25 with an average weight of 55 kg and low active 
lifestyle, while the reference man is healthy male person 
aged 25 with an average weight of 65 kg and low active 
lifestyle.  

Data of 55 most frequently consumed food 
commodities are used for this study. These data are 
collected during two months period in February and 
March in 2011 using carefully designed questionnaire 
carried out in a random sample of 50 households in the 
capital of Bosnia and Herzegovina. Included food 
commodities are: 11 from cereals group (including 
snacks), 8 from fats group, 7 from meat, fish and eggs 
group, 7 from milk and dairy products group, 10 from 
vegetables group, 10 from fruits group and 3 from sugar 
and sugary concentrate group. 

Prices of included food commodities in the research 
are the market prices expressed in local currency 
Convertible Mark (KM).  

 

3. MATHEMATICAL MODEL AND RESULTS 
 
Goal programming mathematical model is expected 

to minimize sum of deviations of WHO recommended 
daily micronutrients and macronutrients needs as well as 
of available household food budget.  
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Decision variables in the model represent 55 different 

food commodities. Number of the model constraints, 𝑛, 

includes 37 for both RNI and UL values of nutrients, 1 

for food cost and 1 for recommended values of energy 

intake, which counts for total of 39 constraints. 

Objective function in the model is defined as: 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑍 =   𝑑𝑖
− + 𝑑𝑖

+ 

𝑛

𝑖=1

 (1) 

where:  

𝑑𝑖
−,  𝑑𝑖

+ are positive and negative deviational 

variables representing deviations from the 𝑖𝑡ℎ  goal. 

For the RNI constraints positive deviation 𝑑𝑖
+ = 0, 

while for the UL constraints negative deviation 𝑑𝑖
− = 0. 

In the case of micronutrients and macronutrients 

requirements the objective function is subject to the 

following constraints: 

 𝑎𝑖𝑗

𝑚

𝑗 =1

∙ 𝑥𝑗 +  𝑑𝑖
− − 𝑑𝑖

+ = 𝑔𝑖  (2) 

where: 

𝑖 = 1 to 37, number of constraints 

𝑚 = 55, number of food commodities 

𝑥𝑗 = decision variables representing mass of the 

selected food commodities expressed in grams 

𝑎𝑖𝑗 = content of the 𝑖𝑡ℎ  nutrient in the 𝑗𝑡ℎ  food 

commodity 

𝑔𝑖 = RNI or UL 

The objective function is subject to the following 

constraint with respect to the energy value, 𝑒:  

 𝑏𝑗

𝑚

𝑗 =1

∙ 𝑥𝑗 +  𝑑𝑒
− − 𝑑𝑒

+ = 𝑒 (3) 

where: 

𝑏𝑗 = energy quantity per grams for the 𝑗𝑡ℎ  food 

commodity 

𝑑𝑒
−,  𝑑𝑒

+ = positive and negative deviations from the 

recommended energy value 

The objective function is also subject to the following 

constraint with respect to the food cost:  

 𝑐𝑗

𝑚

𝑗 =1

∙ 𝑥𝑗 +  𝑑𝑐
− − 𝑑𝑐

+ = 𝐶 (4) 

where: 

𝑐𝑗 = cost per gram of 𝑗𝑡ℎ  food commodity 

𝑑𝑐
−,  𝑑𝑐

+ = positive and negative deviations from the 

food cost  

𝐶 = household food budget constraint 

WHO recommends daily intake at least 400 grams of 
raw vegetables and fruits in order to prevent chronically 
diseases like heart diseases, cancer, diabetes as well as 
prevention of lack of micronutrients, especially in less 
developed countries. For that reason in the model an 

additional constraint is included that intake of raw 
vegetables and fruits must be at least 400 grams.  

Target available household budget in the model is 2,5 
KM per person daily and is estimated based on average 
household income in Bosnia and Herzegovina.  

Tab. 1. shows WHO defined RNI and UL for the 
reference woman and the reference man.  

 

 
Woman Man 

Energy (kcal) 2017 2590 

Limits RNI UL RNI UL 

Polysaccharides (g) 246 344 316 442 

Sugar (g) - 49 - 63 

Protein (g) 49 74 63 95 

Saturated fatty acid (g) - 22 - 28 

Monounsaturated fatty acids (g) 22 30 28 39 

n3 (g) 2 4 3 6 

n6 (g) 11 17 14 22 

Diet fibers (g) 27 40 27 40 

Vitamin A (μg) 270 500 300 600 

Vitamin D (μg) 5 50 5 50 

Vitamin E (mg) 15 1000 15 1000 

Vitamin K (μg) 55 - 65 - 

Vitamin B6 (mg) 1,3 100 1,3 100 

Vitamin B9 (μg) 400 1000 400 1000 

Vitamin B12 (μg) 2,4 1000 2,4 1000 

Vitamin C (mg) 45 1000 45 1000 

Ca (mg) 1000 3000 1000 3000 

Na (mg) 1000 2000 1000 2000 

Zn (mg) 4,9 45 7 45 

Fe (mg) 18 45 8 45 

Tab. 1. Energy, RNI and UL micronutrient and macronutrient intake 

 
A standard software package is used to solve 

developed goal programming optimization model and 
generate results of the optimization. 

Results of the optimization model show that all 
deviational variables for nutrient needs are equal zero. It 
means that for the reference woman and the reference 
man all nutrients needs are met. Deviation different from 
zero is only 𝑑𝑐

+. For the reference woman positive 
deviation 𝑑𝑐

+ = 0,54 KM, while positive deviation 
𝑑𝑐

+ = 0,89 KM for the reference man. It means that the 
reference woman spends 3,04 KM, and the reference man 
spends 3,39 KM to meet all daily nutrient requirements.  

Tab. 2 shows model results for food commodities for 
the reference woman while Tab. 3 shows model results 
for food commodities for the reference man. 

Fig. 1 presents model results of the group food 
commodities percentage share for the reference woman, 
while Fig. 2 depicts model results of group food 
commodities percentage share for the reference man. 

 

 
Food Commodity Quantity [g] 

Cereals 

Corn wheat 149,95 

Oat wheat 76,08 

Rise 121,55 

Cornflake 23,76 

Fats 
Sunflower oil 27,81 

Walnut 8,35 

Meat, fish, eggs  
Canned sardine 66,63 

Canned tuna 4,13 

Milk and dairy 
products  

Cheese 41,14 

Vegetables Cabbage 400 

Tab. 2. Model results for food commodities for the reference woman 
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Food Commodity Quantity [g] 

Cereals 

Corn wheat 39,84 

Oat wheat 98,91 

Rise 321,51 

Cornflake 6,89 

Fats 
Sunflower oil 30,46 

Walnut 13,5 

Meat, fish, eggs  Canned sardine  64,82 

Milk and dairy products Cheese 69,17 

Vegetable 
Carrot 6,02 

Cabbage 78,31 

Fruit 
Apple 313,02 

Orange 2,65 

Tab. 3. Model results for food commodities for the reference man  

 

Cereals; 40%

Fats; 4%

Meat, fish and 

eggs; 8%

Milk and dairy 

products; 4%

Vegetables;

44%

 
Fig. 1. Group food commodities percentages for the reference woman  

 

Cereals; 45%

Fats; 4%Meat, fish and 

eggs; 6%

Milk and dairy 

products; 7%

Vegetables; 

8,%

Fruits; 30%

 
Fig. 2. Group food commodities percentages for the reference man  

 

Fig. 3 depicts calories percentages share with respect 

to the group food commodities for both female and male. 

To show the influence of the lack of household 

budget for food, the model was tested in a way that 

positive deviation variable from the food cost  𝑑𝑐
+ is fixed 

at zero. As expected, the results of the model prove that 

not all deviation variables 𝑑𝑖
− are equal zero. In the case 

of the reference woman n3, vitamin D and vitamin E are 

underachieved. In the case of the reference man 

polysaccharides and n3 are underachieved and diet fibers 

are overachieved. 

 

4.  CONCLUSION 
 

The results of this research show that for the reference 

woman and the reference man it is possible to develop 

reliable goal programming mathematical model in order 

to make compromise between the food cost and 

micronutrients and macronutrients intake. 
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Fig. 3. Calories percentages share with respect to the group of food 
commodities  

 
Limitation of the model is that it is developed for 

daily needs of the reference woman and the reference 
man and thus does not include food variety consumption 
as the function of a time as it is natural human need.  

Since model developed in this paper assumed equal 
weights to all goals, future research will be focused on 
defining priority and specific weights to defined goals 
according to international organization standards and 
recommendations.  

The final aim should be to develop weekly food 
pyramid for the reference woman and the reference man.  
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