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Abstract

This paper presents linear and goal programming optimization models for determining and analyzing the 
food basket in Bosnia and Herzegovina (BiH) in terms of adequate nutritional needs according to World 
Health Organization (WHO) standards and World Bank (WB) recommendations. A linear programming (LP) 
model and goal linear programming model (GLP) are adequate since price and nutrient contents are linearly 
related to food weight. The LP model provides information about the minimal value and the structure of 
the food basket for an average person in BiH based on nutrient needs. GLP models are designed to give us 
information on minimal deviations from nutrient needs if the budget is fixed. Based on these results, poverty 
analysis can be performed. The data used for the models consisted of 158 food items from the general con-
sumption of the population of BiH according to COICOP classifications, with average prices in 2015 for these 
products. 
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1. INTRODUCTION

Two specialized agencies of the United Nations, 
the FAO (Food and Agriculture Organization) and 
WHO (World Health Organization) are making efforts 
to define international recommendations for the in-
take of essential nutrients. Estimations of the qual-
ity and quantity of food lack for people with com-
promised nutritional status are based on nutritional 
needs standards. The results of these estimations can 
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be used for targeting the food supply. 
The results also can be used in planning for agri-

cultural production and the creation of national pro-
grams, such as, for example, the enrichment of food. 
The target intake of nutrients for a population is the 
average intake of certain food components or indi-
vidual food groups preferable for maintaining health, 
where health is defined as the low incidence of dis-
ease directly associated with food intake. Unlike many 
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countries that have set nutrition-based recommenda-
tions, BiH has no such recommendations or studies 
that address the question of setting nutrition-based 
recommendations for its citizens. 

This is the reason why this study aims to apply line-
ar programming and goal programming optimization 
models for determining and analyzing the food basket 
in BiH using nutritional needs harmonized with the 
recommendations of the World Health Organization 
(WHO) and the World Bank (WB). The linear program-
ming (LP) model and goal linear programming model 
(GLP) are adequate since prices and nutrient content 
are linearly related to the weight of food items. 

The paper is divided into five parts. The litera-
ture review provides an overview of the theoretical 
background and application of linear programming 
models for analyzing nutrition needs for specific age 
groups and specific countries. Section 3 explains the 
data and methodology used for the analysis of the 
food basket in BiH. The results and analysis are pre-
sented in Section 4, which is divided into four main 
parts: a determination of the absolute minimal daily 
costs; a determination of minimal daily costs accord-
ing to the food pyramid; an analysis of the BiH food 
basket provided by WB and the creation of an LP mod-
el to increase food basket efficiency. Finally, brief sum-
mary and concluding remarks are given in Section 5.

2. LITERATURE REVIEW

Application of linear programming to analyze food 
intake is mostly related to cost minimization. There 
have been many studies that use a linear program-
ming approach focused on countries with extreme 
poverty or a society’s vulnerable groups, such as in-
fants, children, the elderly, people suffering from spe-
cific diseases, etc. 

Skau, J. et al. (2013) have used linear programming 
to investigate whether four different complementary 
food products could contribute to fill nutrient gaps in 
the local diets for 6-11 month-old Cambodian infants 
and therefore to ensure an adequate diet. Even though 
this study has its limitations (a small sample size re-
garding dietary data, and dietary data collected by us-
ing the average recipes of mixed-food dishes, etc.), it 
emphasized the value of LP for planning a nutritional-
intervention program. Darmon, N., Ferguson, E. and 
Briend, A. (2002) explained the use of linear program-
ming as a method to design nutrient-adequate diets 
of optimal nutrient density and to identify the most 
stringent constraints in nutritional recommendations 
and food consumption patterns in a population’s diet 
in rural Malawi, Africa. This study showed that linear 

programming can be used to identify dietary patterns 
and limiting nutrients and to assess whether a nutri-
tionally adequate diet is achievable with locally avail-
able foods in different seasons, as well as to identify 
combinations of foods and portion sizes needed to 
achieve a nutrient-dense diet and desirable modifica-
tions to observed food patterns. 

In addition, a certain number of studies analyze 
the food poverty threshold and recommend meth-
ods that enable reducing the population under the 
poverty threshold, based on an analysis of the food 
basket. Recommendations are related to specific 
food items and agricultural activities, Pretty, J.N., et 
al. (2003); Greer and Thorbecke (1986) and Kyereme 
and Thorbecke (1987). In this way, Drewnowski, A. and 
Specter, S.E., (2004) analyzed the relationship between 
food quality and economic value and the effect of the 
increase of high energy density food intake as a result 
of a convenient ratio of cost and energy. The study as-
sociates inequality, poverty and education with the in-
crease of inadequate food patterns.

Anderson, A.S et al. (2007) analyzed healthy food 
baskets without the application of any mathemati-
cal model. Instead, the study is based on a qualitative 
analysis of food (population-based dietary surveys 
and the current definition of healthy foods by the UK 
Food Standards Agency). The aim of study was “to de-
velop an objective, nutrient-based, healthy eating indi-
cator shopping basket (HEISB) tool for use in studies of 
access to healthy food.” The final HEISB tool comprised 
35 items within the following categories – 17 from 
fruit and vegetables, nine from potatoes, bread and 
cereal, five from fish/meats, three from dairy, and one 
from fatty and sugary foods. The availabilty of food 
items for the chosen food basket is determined in all 
Schotland areas, with significant price variations de-
pending of area and sale type, Dawson, J. et al. (2008).

The studies that use LP as a tool to design and 
analyze food baskets are mainly associated with nu-
tritional food quality. Darmon, N., Ferguson, E.L. and 
Briend (2002), apart from identifying the lowest cost 
of a nutiritional diet, also analyzed different uses of 
LP. They developed an LP model that simulates influ-
ences one isolated factor to other variables. The goal 
function is defined as the sum of relative measures 
of absolute deviations from the average intake of a 
food item for corresponding LP variables. They con-
cluded that costs cause an increase of a certain food 
intake and “added considerable support to the idea that 
economic constraints are a major factor in determining 
the nutritional value of foods purchased.” By using the 
same goal function design, Darmon, N., Ferguson, E.L. 
and Briend (2006) analyzed the influence of cost con-
straints to food selection and an adequate nutritional 
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diet for French women. The study indicates that, with-
out cost constraints, the modeled diet prefers energy 
from fish, fruits and vegetables. If cost constraints are 
included, the share of meat, eggs and milk intake is 
increased. Authors concluded that WHO recommen-
dations are achievable for middle – and upper – in-
come French women, but for those on a low food 
budget, a different food – based recommendation is 
required. Rambeloson, Z.J., Darmon, N. and Ferguson, 
E.L. (2008) used LP to “identify the minimum changes 
required in the actual donation to achieve the French 
recommendations.” They stated that “French food-bank-
delivered food aid does not achieve the French recom-
mendations for dietary fibre, ascorbic acid, vitamin D, 
folate, magnesium, docosahexaenoic acid, α-linolenic 
acid and the percentage of energy from saturated fatty 
acids.” The study showed that, by using an LP model, 
these recommendations are achievable if more fruits, 
vegetables, legumes and fish were collected and less 
cheese, refned cerals and foods rich in fat, sugar or 
salt. Oktubo, H. et al. (2015) developed mathematical-
ly optimized food intake patterns that met the recom-
mended daily intakes for 28 nutrients studied in each 
sex and age group (192 healthy Japanese adults aged 
31 -76 years divided into two groups <50 and ≥ 50 
years). Using a linear programming model they identi-
fied optimal food intake patterns providing practical 
food choices and meeting nutritional recommenda-
tions for the Japanese population.

Gerdessen, J.C. and De Vries, J.H.M. (2015) ex-
plained the usage of extended goal programming 
tools in designing diets that are consistent with nu-
tritional, palatability and cost constraints. The authors 
defined different goal functions and applied them 
on a diet problem which included 144 foods, 19 nu-
trients and several types of palatability constraints. 
Nutritional constraints are modeled with fuzzy sets. 
The study investigated the sensitivity of results in dif-
ferent models and states that a range of solutions with 
various properties can be obtained from the same 
dataset.

In Bosnia and Herzegovina, Pašić, M. et al. (2011) 
developed a linear programming optimization model 
of food consumption with minimal costs to meet the 
daily nutritional needs of the average woman and 
the average man, in accordance with World Health 
Organization standards. They have used the 59 most 
frequent food items gained out of a survey of 50 
households as decision variables. Pašić, M. et al. (2012) 
showed that it is possible to develop a goal program-
ming model with available household budget and at 
the same time meets required nutritional needs.

 

3. THE DATA AND METHODOLOGY
This paper aims to find the absolute minimal daily 

food intake costs that meet nutritional needs and to 
analyze the adequacy of the official BiH food basket 
provided by the World Bank. Based on the official food 
basket, linear programming modeling is used to pro-
vide a more efficient solution for the food basket. We 
used World Health Organization recommendations 
for the daily nutritional needs of average men and 
women, and price information on 158 food items from 
the BiH Statistical Agency. The data used for modeling 
consists of 158 food items from the BiH consumption 
expenditure according to a COICOP classification. The 
food item’s average prices in 2015 are used. 

The form of the basic model used in this study is: 

where, ci – is the average price of the products 
in 2015; – χi is the 158 food item decision variables 
(η=158). The constraints are UL -Upper daily limits and 
RDI -Recommended daily intake for nutrients. The dai-
ly nutritional needs of average adults are used accord-
ing to the US Department of Health & Human Services 
– NIH (National Institutes of Health)1 and incorporated 
into model constraints. The nutrients that are used in 
the constraints are divided into three groups: macro-
nutrients, vitamins and minerals. Finally, we formed a 
model with 54 constraints (m=27).

Later, according to the goals and requirements of 
analysis, the basic model is modified. We have devel-
oped a goal programming model in order to minimize 
deviations from nutrients constraints for a fixed budg-
et. The LP model is modified and improved by using 
the parts of solution obtained by application of the GP 
model. 

4. RESULTS AND DISCUSSION

Through the application of linear programming 
models are determined with the absolute minimal 
daily costs, the minimal daily costs according to food 
pyramid, maximal food basket efficiency, and which 
analyze the official BiH food basket provided by the 
WB.

1  https://ods.od.nih.gov/Health_Information/Dietary_Reference_
Intakes.aspx

min	 � � ���� � ���� � �� ����
����� � ����� � �� ����� � �����
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4.1  Determination of absolute minimal  
   daily costs 

We estimated the model with the absolute mini-
mal costs and which satisfied nutritional needs. The 
resulting food basked is analyzed according to the 
US Department of Health and Human Services food 
pyramid (where food items are divided into 6 major 
groups: 1. cereals, bread and pasta 40%; 2. sugar and 
fat 1-2%; 3. meat, fish and eggs (12,5%); 4. milk and 
dairy products (12,5%); 5. fruits (14%) and 6. vegeta-
bles (20%)).

The obtained results show that the minimal daily 
costs for men amount to 1.95 KM. However, by analyz-
ing the content of the optimal food basket for the first 
model, we found that a small number of food items 
(just 11) are included. Also, by comparing the per-
centage shares of food groups with the correspond-
ing groups in the food pyramid, we found that the 

obtained values significantly deviate from those rec-
ommended (Figure 1). 

Similar results are obtained for women with a 
minimal daily food cost of 1.84 KM (Figure 2). Again, 
very few food items are included in the food basket 
and there is significant deviation from the percent-
age shares of food groups recommended by the food 
pyramid.

4.2  Determination of minimal daily costs  
   according to food pyramid

In order to improve the first model, we expanded the 
set of constraints by the percentage shares of food 
groups recommended by the food pyramid. The mod-
els with the exact percentage shares and also with +/- 
10% and +/- 20% from the recommended percentage 
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shares are tested. Table 1 presents the results of these 
analyses for standard men. Based on tested models, 
the minimal daily costs obtained are too high (be-
tween 3.96 KM and 4.62 KM), and the models fail to 
provide sufficient food diversity. For example, a daily 

cost of 4.30 KM implies minimal monthly food con-
sumption of 130 KM per person.

Based on this conclusion, we decided to include in 
our model the food items suggested in the BiH food 
basket provided by official BiH statistical Agency. 

Figure 2: Nutritional constraint report and percentage of food groups in optimal LP solution for an average woman. 

Source:  Authors
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4.  Analysis of the BiH food basket provided  
 by the WB

According to selected nutritional constraints, we have 
analyzed two BiH food basket structures provided 
by the WB. We used the food basket structure given 
in the “Poverty and Living Conditions” report from 
the Household Budget Survey 2007. This document 
doesn’t provide a methodology for the selection of 
food items or a criteria for their corresponding quanti-
ties, so we aimed to investigate whether the LP model 
fits into frame presented or whether it can provide 
better solution from a nutritional point of view. 

Food basket methodology documentation in 
Montenegro decribes how the selection of the includ-
ed food items for a food basket, both in Montenegro 
and other former Yougoslav countries, was inherited 
from the official statistical agencies of Yougoslavia. 
The food basket consisted of 66 food items. Reaserch 
on a food basket including 156 food items was con-
ducted in Montenegro. It concluded that over 90% 

of consumption was associated with 54 items, all of 
which were already included in a previous list of 66 
food items. This is the one of probable reasons why 
the WB recommends a food basket of 66 food items 
for BiH. 

In the abovementioned document, “Poverty and 
Living Conditions” , two different food basket structures 
are given: the first is named the “starting food basket,” 
and the second the “optimal food basket.” This list of 
food items is different from that which we obtained 
under the COICOOP classification, so it was necessary 
to make certain adjustments. Based on the LP model, 
we obtained minimal costs with the suggestions of the 
structures of “food basket 1” and “food basket 2”.

The results for an average man are given in Table 2. 
In the first food basket, minimal costs amount to 3.54 
KM, but not all of the constraints are met. For example, 
in the case of an adult man, there are deficiencies in 
the adequate intake of vitamins B12 and B5, and also 
Calcium, Magnesium, Sodium and Potassium. It can 

Table 2: Minimal costs with constraint analysis of the WB suggestions of “food basket 1” for average man. 

Source: Authors
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be investigated whether the permanent lack of these 
nutrients can cause certain diseases.

In the second model, the minimal costs are 3.21 
KM and, in several cases, exceeded the lower or up-
per limits. Table 3 presents the results from the second 
model.

Again, there are lacks in the adequate intake of E 
vitamin, Calcium, Magnesium and Potassium, and an 
excessive intake of vitamins A and B3 and Sodium. 

4.4  Creation of an LP model to increase food 
basket efficiency 

In the end, based on the LP model, we suggested a 
more efficient food basket structure that would meet 
all constraints with lower costs. We have modified the 
LP model constraints by including restrictions related 

to variables or sets of variables according to the struc-
ture of the food basket suggested by the WB. We also 
used the results of the GP model obtained on the ba-
sis of a fixed budget to modify the constraints of the 
LP model in order to minimize deviation from the 
original food basket. The results of the GP model of-
fer different structures for food baskets according to 
constraints and a pre-defined budget. For all of these 
different food baskets we have analyzed the structure 
related to the food pyramid, and selected a food bas-
ket with a budget of 3.54 KM. This is the same budget 
that we calculated in “food basket 1” (Table 2) except 
that we offer a different food basket structure. Our 
food basket meets the nutritional requirements for an 
average man. The resulting food basket, presented in 
Table 4, follows the structure of the “66 item” food bas-
ket, costs 3.54 KM on a daily basis and satisfies all of 
the recommended nutritional needs.

Table 3: Minimal costs with constraint analysis of the WB suggestions of “food basket 2” for average man. 

Source: Authors
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Table 4: Food basket optimal structure based on LP model. 

Source: Authors

Figure 3: Percentage of food groups in optimal food basket obtained by LP. 

Source: Authors
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Yogurt and sour milk, 0,6168 Leafy fresh vegetables 1,519994 
Sour cream 0,1816 Cabbages 0,392 
Cream cheese 0,2296 Tomato 0,2664 
White cheese 0,1808 Pepper 0,2104 
Eggs 0,192 Cucumber 0,1664 
Butter 0,072 Peas and beans 0,0512 
Margarine, shortening 0,0792 Dried beans 2,441595 
Cooking oil 0,56 Carrot 0,072 
Other animal fat 0,2536 Onions 0,1704 
Sugar 0,6168 Garlic 1,119706 
Jam, jelly 0,1128 Potato 23,35035 
Other confectionery products 
(ice cream, ...) 0,04 Other fresh vegetables 0,665716 

Vinegar 0,0616 Processed and canned vegetables 0,159474 
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The resulting food basket follows the structure of 
the food pyramid more efficiently than the food bas-
ket from the first model (Figure 2).

Note that the structure of the food basket fol-
lows the list of food items contained in the docu-
ment “Poverty and Living Conditions” report from 
the Household Budget Survey 2007, from the BiH 
Statistical Agency. In this document, certain groups 
of products are classified into groups or not listed. 
For example, no. 36 is coffee, while numbers 37, 38 
are omitted, and in the original list should be tea and 
cocoa. 

5. CONCLUSION

This paper analyzes the food basket, aiming to min-
imize daily food costs while satisfying recommended 
nutritional daily requirements. A few LP models were 
created and the results showed that the minimal daily 
food costs in BiH were 1.95 KM for the average man 
and 1.84 KM for the average woman. The structure 
of the optimal food basket contained approximately 
74% vegetables. Therefore, an additional request re-
garding adherence to the food pyramid structure was 
included. In the sequel, instead of the food pyramid, 
the structure of the food basket provided by World 
Bank was used. For the proposed two food baskets 
(starting and optimal), determined LP models had re-
sulted showing daily food costs of 3.21 KM and 3.54 
KM, while nutritional constraints were not met. The LP 
model was modified in several ways and the GP model 
was introduced in order to minimize deviation from 
the proposed food basket proposition with nutritional 
needs met. The results were included into a modified 
LP model and the optimal food basked resulted in 
daily food costs of 3.54 KM, with all nutritional needs 
satisfied. 

Specifically for BiH we can see that the food bas-
ket consists of a large percentage of vegetables and 
fruits, and cost reduction is achieved by increasing the 
percentage of vegetables. We found that a food bas-
ket that can satisfy nutrition demands for a healthy 
diet can be created even below the extreme poverty 
line (according to EU commission data, the extreme 
poverty line is 1 $ to 2.15 $2 ). We believe that this 
result can be used in the poverty analysis in Bosnia 
and Herzegovina (for the analysis of the adequacy of 
a nutritional poverty threshold or in determining the 

2  The $1 per day concept came from collecting together the 
standards used by 15 of the world’s poorest countries and for the 
CEE/CIS countries the World Bank has suggested an absolute pov-
erty line of $2.15, Manuscript European Commission (2011), http://
ec.europa.eu/social/ 

size and causes of extreme poverty results),and that 
this result can be used in the planning of agricultural 
production. 

Methodologically, this paper brings a new and dif-
ferent application of LP to nutrition basket analysis. 
The LP model has been transformed according to GP 
logic, so that the previous LP goal function has be-
come a budget constraint and the new goal function 
is defined as the minimum deviation from the previ-
ously given values. In our case this was the structure 
of the food basket, which was known in advance. This 
research is mainly quantitative and we believe that the 
qualitative aspect with the appropriate involvement 
of nutritionist experts will lead to improved research.
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