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Abstract: This paper presents a new linear optimization model which improves a 

nutritional adviser’s work and prevents mistakes when preparing a diet plan for a client 

manually. The model takes the client’s favourite or the adviser’s recommended recipes into 

account, prevents unbalanced nutrition, respects the client’s eating habits and habits of 

measuring when cooking, ensures recommendations for people from the Czech Republic 

and prevents wasting food items. The model also ensures that the client’s daily 

recommended intake of nutrients is met, that certain nutrients are balanced in proportion 

when applicable, and that the energy intake is distributed during the whole day. The model 

involves linear constraints to ensure that two incompatible recipes are not used in the same 

meal and that a recipe is not used in an incompatible meal. A corresponding balanced 

feeding plan is produced for the client for several days. The solution will yield particular 

recipes for particular days with the exact amounts of the food items used. The final dietary 

plan for the client is optimal.   
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1 Introduction 

The question of feeding people is a fundamental question for the entire planet: an 

estimated two-thirds of the world’s population suffers from various degrees of 

nutrition deficiency (malnutrition1). This nutrition deficiency is caused by 

starvation, quantitative and qualitative insufficient nutrition as well as faulty and 

unbalanced nutrition. It is also linked to bad habits, such as overeating. People 

                                                           
1  Malnutrition is a bad nutrition state of a client. It is caused by insufficient intake of 

basic nutrients (proteins, saccharides and fats) as well as vitamins, minerals and trace 

elements.  
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with gastrointestinal tract defects, absorption defects or digestive disorders, stress, 

alcoholism, smoking habits, etc. can also suffer from malnutrition. It is worth 

noting that sufficient food intake does not automatically mean sufficient intake of 

necessary nutritional factors, see [11] and [27]. 

According to Kleinwächterová and Brázdová [11], some causes of bad nutrition 

include: genetic and metabolic issues, exogenous factors linked to socio-

economical status, nutrition (structure of nutrition, frequency of food intake, 

knowledge about nutrition, childhood food habits) and sports activities. According 

to recent research, biological leanness is related to hereditary factors, but fatness is 

not.  

Kohout [12] and Urbánek [27] state that malnutrition can inhibit blood 

transportation, deteriorate muscles (the heart muscle reacts to malnutrition by 

weakening the active muscle matter of the myocardium), and causes shortness of 

breath, worsens gastrointestinal tract motility, decreases immunity, inhibits 

recovery, increases vulnerability to infectious complications, decreases the 

effectiveness of drugs, etc.  

According to Rážová [20], the nourishment of the population in the Czech 

Republic has the following particular characteristics: unsuitable choice of food 

items (frequency, amounts, variety), high energetic intake, high intake of animal 

products (fats and proteins), bad ratio of nutrients in favour of saccharides (fibre), 

high intake of salt (smoked meat products), low intake of vegetable and fruit, bad 

water intake, etc.  

This kind of bad nutrition causes various diseases, such as heart and vascular 

diseases, diabetes, intestinal cancers, etc., which often concern people living in 

economically developed countries and are characterized by overeating, sedentary 

lifestyle and stress. This is the reason why these diseases are called Civilizational. 

These diseases were uncommon in the past, see [11]. 

A regime of balanced nutrition combined with balanced energetic intake and 

necessary amounts of vitamins and minerals is generally accepted as having a 

protective effect. It constitutes the base for good health, quality of life as well as 

aiding in the prevention and treatment of many illnesses, see [12], [18], [20]. 

Nutrition from the perspective of linear programming is always about fulfilling all 

nutritional requirements of a larger group of people or the population from 

developing or industrial countries. The objective functions of the linear 

programming models are as follows: minimize climate impact through greenhouse 

gas emissions [4], [15]; minimize the difference between the optimal and current 

diet [4], [6], [16], [17]; minimize the cooking and preparation time of food [14]; 

and also minimize the cost [1], [3], [4], [7], [23]. The outcomes of the papers are 

recommendations or certain types of scenarios for people or government. To the 

author’s best knowledge, there are no papers concerning the needs of an 

individual; not every person can follow the recommendations for the general 
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population. Only specialists certified in healthcare nutrition can treat individuals, 

but these specialists lack efficient tools to prepare individually-orientated diets.  

The model in this article reflects the methods adopted by a nutrition adviser and 

improves their processes as well as optimizes their effectiveness. It paves the way 

for modern nutritional consultancy. The model prevents some mistakes that the 

advisor could make when creating a feeding plan. The model takes the national 

recommendations for people in the Czech Republic into account. The model uses 

complete recipes including techniques of their preparation (the advisor prefers 

boiling and stewing). In our previous article [22], we worked with food items 

without technological processing only. The model prevents food wastage, takes 

into account the system of measurement of the client (pinch, teaspoon, spoon, cup, 

etc.), and it creates a more balanced eating plan.     

The nutritional adviser always uses software, but the feeding plan is composed 

manually. The adviser has to choose the food items, follow the client’s 

preferences (which food items the client does not like or cannot eat), follow the 

recommendations, etc. The new feeding plan must also be reasonable and has to 

be acceptable for the client. Licenced programs usually work with about 14 

nutrients. It takes more time if the adviser works with more nutrients. That is why 

the adviser does not work with the majority of nutrients and the creating of the 

feeding plan is based on the adviser’s experience and practice. Further details can 

be found in [22].     

The below constructed model will greatly help the adviser. The adviser will be 

sure that the client obtains the best feeding plan, all the needs of the client are 

satisfied, the plan does not harm the client and the recipes are meaningful.    

2 The Problem 

The nutrition adviser offers individual consultations to two types of the clients: 

clients whose physician recommended them to visit the adviser (have some 

malnutrition, high blood pressure or have some diseases that can be affected by 

proper nutrition), and clients who are simply interested in a healthy style (want to 

fix some nutritional details, lose weight, need support in doing sport). In both 

cases, it is important to work with the client’s physician.   

The task of the adviser is to analyse the client’s consumed food items and 

beverages, measure the client’s body (weight, fat, etc.), to determine the 

individual nutritional values, and to compute the feeding plan. Then the adviser 

presents the plan to the client and compares it with the client’s current eating 

habits, see [19] and [20]. 

The adviser’s methodology of examination consists of two parts. 
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1) Diagnostic part – anamnesis   

The client informs the adviser about the client’s personal data, job (sedentary job, 

working environment, possibilities and style of feeding), intolerance, allergy, 

eating habits, smoking, alcohol, past and present illnesses (hypertension, diabetes 

mellitus, liver disease, etc.). Some physical and biochemical examination 

(cachexy, swelling, power of muscles, total cholesterol, LDL and HDL 

cholesterol, glycemia, etc.) are available from the physician’s data. The adviser is 

also interested in the client’s family anamnesis – if there are any genetical risks, 

for example high blood pressure, familial hypercholesterolemia, diabetes mellitus, 

heart attack before the age of 60, tumours and everything that should be taken into 

account when creating the client’s diet. See [12] and [29] for further details. 

2) Analytical part  

This part includes the measurement of height, weight, BMI, circumference of 

limbs, hipline, waistline, measurement of subcutaneous fat, visceral fat, the 

amount of the muscle mass, the amount of minerals in the client’s bones, blood 

pressure and the resting heart rate. Then the adviser evaluates the client’s body 

composition and takes into account the measurements and other factors, such as 

psychological or social, when calculating the nutrient requirements. 

Next, the client has to prepare a list of all food items consumed during at least one 

week before the meeting, including the amounts of the items, technology of 

preparation, time of eating and physical activities. For further details, see [11] and 

[12]. 

Then the adviser determines the ideal body weight as follows [12]  

 𝜔𝑚 = 0.655 ℎ𝑚 − 44.1 , (1) 

 𝜔𝑓 = 0.593 ℎ𝑓 − 38.8 , 

where 𝜔𝑚 or 𝜔𝑓 is the ideal weight of a man or a woman, respectively, in 

kilograms and ℎ𝑚 or ℎ𝑓 is the height of the man or the woman, respectively, in 

centimetres.      

The adviser recognizes the basal energy expenditure and the total daily energy.  

The basal energy expenditure is important to support all functions of the body. We 

can determine the energy by using the indirect calorimetry. This technique uses 

the measurement of oxygen consumption and carbon dioxide expenditure when 

the client is breathing over a period of time. The equipment to perform the 

measurements is uncommon, see [27]. 

That is why the basal energy expenditure is determined by using the Harris-

Benedikt equation. The equation was established experimentally by indirect 

calorimetry measurement of many people. The corresponding equations are as 

follows  
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 𝛽𝑚 = 4.184(66.473 + 13.751𝜔𝑚 + 5.003ℎ𝑚 − 6.755𝛼𝑚) ,    (2) 

𝛽𝑓 = 4.184(655.095 + 9.563𝜔𝑓 + 1.849ℎ𝑓 − 4.675𝛼𝑓) ,   

where 𝛽𝑚 or 𝛽𝑓 is the basal energy of a man or a woman, respectively, in 

kilojoules (kJ) per day and 𝛼𝑚 or 𝛼𝑓 is the age of the man or the woman, 

respectively, in years. See [13] for different experimental calculations of basal 

energy. 

When the adviser treats an obese client, the adviser has to use the adjusted body 

weight [27] instead of the ideal body weight in the Harris-Benedikt equation. This 

is due to the big difference between the current body weight and the ideal body 

weight, therefore the following is used  

𝜔′ = 0.25𝜓 + 𝜔 , 

where 𝜔′ is the adjusted body weight, 𝜓 is the real body weight and 𝜔 is the ideal 

body weight.  

Apart from the basal energy expenditure, the additional energy corresponds to the 

demands made on the functioning of body activities including physical and 

psychological activity. According to [26], we can add it as follows. 

We need to calculate the factor of physical activity. The calculation is generated 

from the list of the client’s physical activities. It is calculated as the weighted 

average of relative times of activities performed by the client during a day; each 

activity has a specific weight (sleeping 0.95, resting 1.0, very easy work 1.5, hard 

work 7.0, see [12]). The relative time is the time (in hours) spent by the client to 

perform an activity divided by 24 hours. The weighted average is calculated for 

each day of the week and finally the average for the whole week is calculated. 

This one-week average is the factor of activity, denoted as 𝜌.  

Then the total daily energy requirement can be calculated by using a device for 

monitoring the heart rate, or using the equation 
 

         𝜏 = 𝛽𝜌 + 𝛿, (3) 

where 𝜏 is the total daily energy requirement in kJ, 𝛽 is the basal energy 

expenditure, 𝜌 is the factor of activity and 𝛿 is the postprandial thermogenesis. 

(The postprandial thermogenesis of a healthy client is 𝛿 = 919 kJ, see [2]). 

According to [11], energy is taken from macronutrients, such as proteins, fats and 

saccharides. Micronutrients include vitamins and minerals. There are two classes 

of vitamins: fat-soluble (A, D, E, K) and water-soluble (the others).  

Provazník [19] states that each nutrient is of a particular importance. For example, 

sodium is responsible for osmotic pressure balance; cholesterol is a building 

nutrient of bile acids and steroid hormones; magnesium is important to construct 

the bones and to decrease the nervous muscle tension. Fat-soluble vitamins are not 

excreted by urine, so the client can be overdosed. Every nutrient is needed in a 

certain amount. 
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We adjust the total amount of energy according to the higher heating value. The 

physical higher heating value is the amount of energy which is lost by completely 

burning one gram of a nutrient in a calorimetric bomb. One gram of saccharides 

yields 17 kJ of energy, one gram of proteins yields 23 kJ and lipids around 38 kJ. 

The values are distinct from the physiological higher heating values, which are the 

amounts of energy the body can utilize. In the case of saccharides and lipids, the 

values are almost the same, but in the case of proteins the physiological value is 

16.7 kJ. The nutrients should be composed so that the 15%, 30%, and 55% of the 

total daily energy intake comes from proteins, fats, and saccharides, respectively, 

see [26]. 

3 Mathematical Model 

The aim is to design the diet plan for some period of time, so let us consider 𝐷 =
7 days (Monday, Tuesday, Wednesday, etc.) denoted by 𝑑 = 1, … , 𝐷. There will 

be some meals during each of the days. We will work with 𝐾 = 5 meals 

(breakfast, first snack, lunch, second snack, dinner) per day denoted by 𝑘 =
1, … , 𝐾. So we will have 35 meals during the week in total. Every meal will be 

cooked according to some recipes, so let us consider recipes 𝑟 = 1, … , 𝑅. A recipe 

is a set of instructions and food items that describes how to prepare a meal. So let 

us consider food items 𝑗 = 1, … , 𝑛 (such as chicken, potatoes, cheese, milk, etc.), 

including drink items (such as tea, mineral water, juice, etc.).  

The recipe 𝑟 uses food items 𝑆𝑟 ⊂ {1, … , 𝑛}, where 𝑆𝑟 ≠ ∅ and ⋃ 𝑆𝑟
𝑅
𝑟=1 =

{1, … , 𝑛}. Some of the sets 𝑆𝑟  can be singletons. The recipes can be composed 

individually. That depends on the client’s habits and the client’s or the adviser’s 

preferences. For example, if the client is a vegan, we can use recipes just for 

vegans from a recipe book. 

Each food item consists of some nutrients, so let us consider nutrients 𝑖 = 1, … , 𝑚 

(such as fats, saccharides, proteins, ect.). Consider a real non-negative matrix 𝑨 =
(𝑎𝑖𝑗) where 𝑎𝑖𝑗  means the quantity of nutrient 𝑖 in one unit of the food item 𝑗 for 

all 𝑖 = 1, … , 𝑚 and for all 𝑗 = 1, … , 𝑛. The aim is to satisfy the recommended 

daily intakes of nutrients, which should be between some upper and lower bound. 

Denote the minimal and maximal recommended daily intakes of all nutrients by a 

non-negative vector 𝒃min = (𝑏𝑖
min) and a non-negative vector 𝒃max = (𝑏𝑖

max), 

respectively, with 𝑖 = 1, … , 𝑚.  

If the client suffers from some nutrition malfunction or is in danger of certain 

illnesses, the vectors 𝒃min and 𝒃max have to be modified, i.e. the values of the 

recommended daily intakes of certain nutrients have to be increased, decreased or 

have to be equal to zero.  
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Let us have a binary matrix 𝑪𝑅𝑅 = (𝑐𝑟1𝑟2
𝑅𝑅 ) for all 𝑟1, 𝑟2 = 1, … , 𝑅 which mean 

compatibility between recipes (𝑐𝑟1𝑟2
𝑅𝑅 = 1 if recipes 𝑟1 and 𝑟2 are compatible, i.e. 

can be used in the same meal, and 𝑐𝑟1𝑟2
𝑅𝑅 = 0 otherwise) and binary matrix 𝑪𝐾𝑅 =

(𝑐𝑘𝑟
𝐾𝑅) for all 𝑟 = 1, … , 𝑅 and for all 𝑘 = 1, … , 𝐾, which means compatibility 

between meal 𝑘 and recipe 𝑟 (𝑐𝑘𝑟
𝐾𝑅 = 1 if meal 𝑘 and recipe 𝑟 are compatible, i.e., 

meal prepared according to the recipe 𝑟 can be served in the meal 𝑘, and 𝑐𝑘𝑟
𝐾𝑅 = 0 

otherwise). Clearly, the matrix 𝑪𝑅𝑅 will be symmetric and with ones on its 

diagonal. 

Let us have real non-negative matrices 𝑴min = (𝑚𝑟𝑗
min) and 𝑴max = (𝑚𝑟𝑗

max) for 

all 𝑟 = 1, … , 𝑅 and for all 𝑗 = 1, … , 𝑛, which means the minimal and maximal 

quantity of the food item 𝑗 in the recipe 𝑟. The elements will be positive, 0 <

𝑚𝑟𝑗
min ≤ 𝑚𝑗𝑟

max, if 𝑗 ∈ 𝑆𝑟, and zero, 𝑚𝑟𝑗
min = 𝑚𝑟𝑗

max = 0, if 𝑗 ∉ 𝑆𝑟 .  

Now we can proceed with the formulation of the mathematical model. Let 𝑧𝑑𝑘𝑟  be 

a binary variable which means if the recipe 𝑟 is used in the meal 𝑘 of the day 𝑑 

(𝑧𝑑𝑘𝑟 = 1)  or not (𝑧𝑑𝑘𝑟 = 0). Two incompatible recipes cannot be used in the 

same meal. We can express that by the following inequalities 

 𝑧𝑑𝑘𝑟1
+ 𝑧𝑑𝑘𝑟2

≤ 1 ,              (4) 

for all 𝑑 = 1, … , 𝐷, for all 𝑘 = 1, … , 𝐾 and for all 𝑟1, 𝑟2 = 1, … , 𝑅 such that 

𝑐𝑟1𝑟2
𝑅𝑅 = 0. 

We also do not want to use the recipe 𝑟 if it is not compatible with the meal 𝑘, so 

we use the condition 

 𝑧𝑑𝑘𝑟 = 0 ,       (5) 

for all 𝑑 = 1, … , 𝐷, for all 𝑘 = 1, … , 𝐾 and for all 𝑟 = 1, … , 𝑅 such that 𝑐𝑘𝑟
𝐾𝑅 = 0.  

We introduce the real non-negative variabes 𝑥𝑑𝑘𝑟𝑗 . The vaule 𝑥𝑑𝑘𝑟𝑗  means the 

amount of the food item 𝑗 used in the meal 𝑘 and the recipe 𝑟 in day 𝑑. We need to 

satisfy the client’s minimal and maximal daily recommended intake as follows 

 
∑ ∑ ∑ 𝑎𝑖𝑗𝑥𝑑𝑘𝑟𝑗 ≥ 𝑏𝑖

min,       

𝑗∈𝑆𝑟

𝑅

𝑟=1

𝐾

𝑘=1

 
              

(6) 

 
∑ ∑ ∑ 𝑎𝑖𝑗𝑥𝑑𝑘𝑟𝑗 ≤ 𝑏𝑖

max,       

𝑗∈𝑆𝑟

𝑅

𝑟=1

𝐾

𝑘=1

 
 

(7) 

for all 𝑖 = 1, … , 𝑚 and for all 𝑑 = 1, … , 𝐷. Inequalities (6) and (7) are typical 

constraints of the classical Diet problem. 

We want to use reasonable amounts of food items in the recipes so we add 

inequalities 
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 𝑥𝑑𝑘𝑟𝑗 ≥ 𝑚𝑟𝑗
min 𝑧𝑑𝑘𝑟  , 

𝑥𝑑𝑘𝑟𝑗 ≤ 𝑚𝑟𝑗
max 𝑧𝑑𝑘𝑟  , 

   (8) 

(9) 

for all 𝑑 = 1, … , 𝐷, for all 𝑘 = 1, … , 𝐾, for all 𝑟 = 1, … , 𝑅 and for all 𝑗 ∈ 𝑆𝑟 .  

There can be some nutrients which should be balanced in certain proportions. For 

example, according to [28], the ratio of the essential amino acids n-6:n-3 should 

be in the ratio 5:1. The proportion of the plant and animal proteins should be in the 

ratio 1:1, see [19]. Denote the set 𝐼1 = {𝑖11, 𝑖12, … , 𝑖𝜄𝜇1
} of nutrients which should 

be in the ratio 휁11: 휁12: … : 휁1𝜇1
, set 𝐼2 = {𝑖21, 𝑖22, … , 𝑖2𝜇2

} of nutrients which 

should be in the ratio 휁21: 휁22: … : 휁2𝜇2
, etc., and set 𝐼𝜈 = {𝑖𝜈1 , 𝑖𝜈2, … , 𝑖𝜈𝜇𝜈

} of 

nutrients which should be in the ratio 휁𝜈1: 휁𝜈2:…: 휁𝜈𝜇𝜈
. The nutrients can be in the 

ratios with some tolerances. Let 휀𝜄𝜅 be the tolerance of the coefficient 휁𝜄𝜅  for 𝜄 =
1, … , 𝜈 and 𝜅 = 1, … , 𝜇𝜄. We assume that 0 < 휀𝜄𝜅 < 휁𝜄𝜅 . 

We can express that as follows 

 
(휁𝜄𝜅 − 휀𝜄𝜅) ∑ ∑ ∑ 𝑎𝑖𝜄𝜆𝑗𝑥𝑑𝑘𝑟𝑗 ≤ (휁𝜄𝜆 + 휀𝜄𝜆) ∑ ∑ ∑ 𝑎𝑖𝜄𝜅𝑗𝑥𝑑𝑘𝑟𝑗

𝑗∈𝑆𝑟

𝑅

𝑟=1

𝐾

𝑘=1

 ,     

𝑗∈𝑆𝑟

𝑅

𝑟=1

𝐾

𝑘=1

 

(휁𝜄𝜅 + 휀𝜄𝜅) ∑ ∑ ∑ 𝑎𝑖𝜄𝜆𝑗𝑥𝑑𝑘𝑟𝑗 ≥ (휁𝜄𝜆 − 휀𝜄𝜆) ∑ ∑ ∑ 𝑎𝑖𝜄𝜅𝑗𝑥𝑑𝑘𝑟𝑗

𝑗∈𝑆𝑟

𝑅

𝑟=1

𝐾

𝑘=1

 ,     

𝑗∈𝑆𝑟

𝑅

𝑟=1

𝐾

𝑘=1

 

    

 

(10) 

 

 

 

 

 

(11) 

 

for all 𝜄 = 1, … , 𝜈, for all 𝜅 = 1, … , 𝜇𝜄 − 1, for all 𝜆 = 𝜅 + 1, … , 𝜇𝜄 and for all 𝑑 =
1, … , 𝐷. 

In some situations, the variable 𝑥𝑑𝑘𝑟𝑗  should attain discrete values. For example, if 

𝑗 = 𝑗0 is an egg of medium size, then the variables 𝑥𝑑𝑘𝑟𝑗0
 should be integer (the 

number of eggs). Or the client may use a system of measurement involving pinch 

(0.5 grams), cups (Figure 1 and Figure 2) with discrete cup system or spoons (see 

Figure 3) with discrete system of measurement. Then the variable 𝑥𝑑𝑘𝑟𝑗  should 

also be discrete. So denote 𝐽 ⊆ {1, … , 𝑛} the set of food items such that the 

corresponding variables 𝑥𝑑𝑘𝑟𝑗  should be integer. Then 𝑥𝑑𝑘𝑟𝑗 ∈ ℤ for all 𝑗 ∈ 𝐽, for 

all 𝑑 = 1, … , 𝐷, for all 𝑘 = 1, … , 𝐾 and for all 𝑟 = 1, … , 𝑅. 
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 Figure 1 Figure 2 

 Cup system (author’s photo) System of measurement (author’s photo) 

 

 

 

 

 

 Figure 3 

 Spoon system (author’s photo)  

We would like to avoid the situation of eating too much or too little in some 

meals. Denote the minimal and maximal energy intake as 𝑏1
min and 𝑏1

max. Inspired 

by [21], we can naturally distribute the energy intake during the whole day among 

the meals, for example 20% of the total daily energy for breakfast, 12.5% for the 

first snack, 30% for lunch, 12.5% for the second snack and 25% for dinner. This 

depends on the feeding plan which the adviser is preparing. The desired energy 

intake distribution during the day is given by the non-negative vector 𝒗=(𝑣𝑘) with 

∑ 𝑣𝑘 = 1𝐾
𝑘=1 . Then we want to satisfy the inequalities 

 
∑ ∑ 𝑎1𝑗𝑥𝑑𝑘𝑟𝑗 ≥ 𝑣𝑘  𝑏1

min,       

𝑗∈𝑆𝑟

𝑅

𝑟=1

 
 

(12) 

 
∑ ∑ 𝑎1𝑗𝑥𝑑𝑘𝑟𝑗 ≤ 𝑣𝑘  𝑏1

max,       

𝑗∈𝑆𝑟

𝑅

𝑟=1

 
 

(13) 

for all 𝑑 = 1, … , 𝐷 and for all 𝑘 = 1, … , 𝐾, where the nutrient no. 1 is energy. 

The advisers do not usually care about wasting the food. We know that some food 

items are bought in packages of specific sizes. For example, we can buy yoghurt 

in packages of 100, 150, 200 or 500 grams, or eggs in packages of 6, 10, 15, 20 or 

30 pieces. 
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Denote the set Ξ = {𝑗1, … , 𝑗𝜗} of food items which are bought in packages of 

specific sizes. Let food item 𝑗1 be bought in packages of sizes Ρ𝑗1

1 , Ρ𝑗1

2 , … , Ρ
𝑗1

𝜃𝑗1 , 

where 0 < Ρ𝑗1

1 < Ρ𝑗1

2 < ⋯ < Ρ
𝑗1

𝜃𝑗1 , let food item 𝑗2 be bought in packages of sizes 

Ρ𝑗2

1 , Ρ𝑗2

2 , … , Ρ
𝑗2

𝜃𝑗2 , where 0 < Ρ𝑗2

1 < Ρ𝑗2

2 < ⋯ < Ρ
𝑗2

𝜃𝑗2 , etc., and let food item 𝑗𝜗 be 

bought in packages of sizes Ρ𝑗𝜗

1 , Ρ𝑗𝜗

2 , … , Ρ
𝑗𝜗

𝜃𝑗𝜗 , where 0 < Ρ𝑗𝜗

1 < Ρ𝑗𝜗

2 < ⋯ < Ρ
𝑗𝜗

𝜃𝑗𝜗 . 

For 𝑗 ∈ Ξ, we can use equations like 

 

∑ ∑ ∑ 𝑥𝑑𝑘𝑟𝑗 =

𝑅

𝑟=1
𝑆𝑟∋𝑗

𝐾

𝑘=1

𝐷

𝑑=1

∑(

𝜃𝑗

𝜋=1

Ρ𝑗
𝜋 − Ρ𝑗

𝜋−1) 𝜉𝑗
𝜋 , 

 

(14) 

for all 𝑗 ∈ Ξ, where 𝜉𝑗
𝜋 are new integer variables such that 0 ≤ 𝜉𝑗

1 ≤ 𝜉𝑗
2 ≤ ⋯ ≤

𝜉
𝑗

𝜃𝑗
. For all 𝑗 ∈ Ξ, we put Ρ𝑗0 = 0. 

Example: Food item 𝑗 can be bought in packages of 100 grams, 150 grams and 

180 grams, so let Ρ𝑗0 = 0, Ρ𝑗1 = 100, Ρ𝑗2 = 150 and Ρ𝑗3 = 180. Then we can use 

equations like 

 
∑ ∑ ∑ 𝑥𝑑𝑗𝑘𝑟 = 100 𝜉𝑗

100 +

𝑅

𝑟=1
𝑆𝑟∋𝑗

𝐾

𝑘=1

𝐷

𝑑=1

50 𝜉𝑗
150 + 30 𝜉𝑗

180, 
 

 

where 𝜉𝑗
100, 𝜉𝑗

150, 𝜉𝑗
180 are new integer variables such that 0 ≤ 𝜉𝑗

100 ≤ 𝜉𝑗
150 ≤

𝜉𝑗
180. The coefficient 30 by  𝜉𝑗

180 means the difference between the size of the 

packages of 150 and 180 grams and 50 by 𝜉𝑗
150 the difference between the size of 

the packages of 100 and 150 grams. We formulate analogous equations for each 

food item 𝑗 = 1, … , 𝑛 that is supplied in packages. 

To exclude the situation when some recipes are repeating during the week, we add 

inequalities 

 

∑ ∑ 𝑧𝑑𝑘𝑟

𝐾

𝑘=1

𝑑0+6

𝑑=𝑑0

≤ 1 , 

 

(15) 

for all 𝑑0 = 1, … , 𝐷 − 6 and for all 𝑟 = 1, … , 𝑅. 

The adviser should follow the national nutrition recommendations for the 

population. According to Dostálová [5] and Hrnčířová [9], there are specific 

recommendations for people from the Czech Republic; what and how much they 

should eat or drink, including the recommendations about the intake of nutrients:  

- some fermented food items every day, 

- legumes at least two times a week, 
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- lean meat (300–400 grams) every week and a combination of poultry and 

veal,  

- fish (400 grams) at least twice a week, 

- animal viscera (liver, lungs, stomach, etc.) once every two weeks, 

- handful of nuts a day (10 grams) 

- 3 or 4 eggs a week 

- vegetables at least 400 grams a day 

- fruit 150–200 grams a day 

- food of plant origin at least once a week [19] 

- water intake at least 22 mililitres per 1 kilogram of personal weight 

where all minerals from mineral water should be between 150–500 

miligrams per litre, 

- alcohol: men wine/beer/spirits at most 250/500/60 mililitres, respectively, 

women at most 125/300/40 mililitres, respectively, 

- sweets, smoked meat and other salted products eaten rarely,  

- etc. 

If the recipe 𝑟 is used, then the corresponding food items 𝑗 ∈ 𝑆𝑟 which the recipe 

consists of must be used. For that reason we introduce new binary variables 𝑦𝑑𝑘𝑗  

which mean whether the food item 𝑗 is used in the meal 𝑘 of the day 𝑑 (𝑦𝑑𝑘𝑗 = 1) 

or not (𝑦𝑑𝑘𝑗 = 0).  So we require that 

 𝑦𝑑𝑘𝑗 ≥ 𝑧𝑑𝑘𝑟  ,  (16) 

for all 𝑑 = 1, … , 𝐷, for all 𝑘 = 1, … , 𝐾, for all 𝑟 = 1, … , 𝑅 and for all 𝑗 ∈ 𝑆𝑟 .   

Conversely, if we use the food item 𝑗, then at least one recipe 𝑟 including this food 

item must be used. Inequalities to express this condition are as follows 

 
𝑦𝑑𝑘𝑗 ≤ ∑ 𝑧𝑑𝑘𝑟  ,

𝑅

𝑟=1
𝑆𝑟∋𝑗

 
      

(17) 

for all 𝑑 = 1, … , 𝐷, for all 𝑘 = 1, … , 𝐾 and for all 𝑗 = 1, … , 𝑛. 

We introduce sets 𝐸1, 𝐸2, … , 𝐸𝑇  of food items that are related as above, for 

example set 𝐸1 of fermented food items, set 𝐸2 of legumes, etc.  

So let us consider the set of all fermented food items 𝐸1. We know that the client 

should eat or drink some fermented food items every day. We express this 

condition by inequalities   

  
∑ ∑ 𝑦𝑑𝑘𝑗

𝑗∈𝐸1

𝐾

𝑘=1

≥ 1 , 
 

(18) 

for all 𝑑 = 1, … , 𝐷. We should eat legumes from the set 𝐸2 at least two times a 

week so we introduce the inequalities  
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∑ ∑ ∑ 𝑦𝑑𝑘𝑗

𝑗∈𝐸2

𝐾

𝑘=1

𝑑0+6

𝑑=𝑑0

≥ 2 , 

 

(19) 

for all 𝑑0 = 1, … , 𝐷 − 6. 

We should eat 300–400 grams of lean meat from the set 𝐸3 every week and 

combine poultry and veal from 𝐸31 and 𝐸32 where the sets 𝐸31, 𝐸32 are disjoint 

and 𝐸31⋃𝐸32 ⊆ 𝐸3. This condition is expressed by inequalities  

 

∑ ∑ ∑ ∑ 𝑥𝑑𝑘𝑟𝑗 ≥ 300

𝑗∈𝐸3

𝑅

𝑟=1

𝐾

𝑘=1

𝑑0+6

𝑑=𝑑0

 , 

 

(20) 

 

∑ ∑ ∑ ∑ 𝑥𝑑𝑘𝑟𝑗 ≤ 400

𝑗∈𝐸3

𝑅

𝑟=1

𝐾

𝑘=1

𝑑0+6

𝑑=𝑑0

 , 

∑ ∑ ∑ 𝑦𝑑𝑘𝑗1
≥ 1

𝑗1∈𝐸31

𝐾

𝑘=1

𝑑0+6

𝑑=𝑑0

 , 

∑ ∑ ∑ 𝑦𝑑𝑘𝑗2
≥ 1 ,

𝑗2∈𝐸32

𝐾

𝑘=1

𝑑0+6

𝑑=𝑑0

 

 

(21) 

 

(22) 

 

(23) 

for all 𝑑0 = 1, … , 𝐷 − 6. 

Furthermore, the client should eat food of plant origin, i.e. exclude meat during 

the whole day, at least once a week. So let the set 𝐸4 include all meat items and let 

us add inequalities    

 
∑ ∑ 𝑦𝑑𝑘𝑗

𝑗∈𝐸4

𝐾

𝑘=1

≤  𝐾 |𝐸4| 휂𝑑  , 

∑  휂𝑑 ≤ 6

𝑑0+6

𝑑=𝑑0

 , 

          

 (24) 

 

(25) 

for all 𝑑 = 1, … , 𝐷 and for all 𝑑0 = 1, … , 𝐷 − 6, where |𝐸4| is the cardinality of 

the set 𝐸4 and  휂𝑑 are new binary variables.  

Inequalities for the rest of the recommendations are analogous to (18)–(25). 

Finally, we consider fluid intake. According to Zavadilová [28], adults should 

drink 22–38 mililitres of water per one kilogram of body weight in the weather 

with temperature between 22–37°C every day. The recommended fluid intake also 

depends on physical activity. Let 𝐸𝑇 be the set of sparkling water, tea, juice, 

mineral water and other liquids. Then we add inequalities 
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∑ ∑ ∑ 𝑥𝑑𝑘𝑟𝑗 ≥ 𝑏𝑚

min

𝑗∈𝐸𝑇

𝑅

𝑟=1

𝐾

𝑘=1

,    
 

(26) 

 
∑ ∑ ∑ 𝑥𝑑𝑘𝑟𝑗 ≤ 𝑏𝑚

max

𝑗∈𝐸𝑇

𝑅

𝑟=1

𝐾

𝑘=1

,    
 

(27) 

for every 𝑑 = 1, … , 𝐷, where 𝑏𝑚
min or 𝑏𝑚

max is minimal or maximal amount of fluids 

per day, respectively.  

The above conditions correspond to the recommendations of diet for the Czech 

Republic and the adviser can apply them to the clients who prefer a balanced diet 

plan. Of course, if the client cannot eat some food item, we do not include the 

food item into the sets 𝐸1, 𝐸2, … , 𝐸𝑇.  

The entire model is a mixed-integer linear programming model and consists of 

contraints (4)–(27). The model should use a large database of recipes. We can add 

an objective function (minimize the price of eaten food items or minimize the 

difference between the current and new bought food items) to the model, but this 

is not necessary for us now. We need to only find a feasible solution, so we 

minimize the zero objective function. 

4 Results 

Let us describe a particular client. We will not show the whole anamnestic and 

analytical part described in Section 2, but only the necessary fundamental data that 

we need to show our results of the model in Section 3. 

The client is a woman, 26 years old and 173 cm tall. Using the equation (1) from 

Section 2 we have the ideal body weight 𝜔𝑓 = 64 kilograms. Then we can 

calculate from equation (2) the basal energy expenditure 𝛽𝑓 = 6166 kJ and from 

(3) the total energy 𝜏 = 10109 kJ. Using the anamnestic and analytical part we 

can determine the amounts of the macro- and micronutrients. The macronutrients 

are as follows: 89 or 82 or 327 grams of proteins or fats or saccharides, 

respectively. The exact values can be in the tolerance of 5% so we can work with 

intervals. The amounts of microelements are simply inspired by [8], [24] and [25]. 

Table 1 presents the amounts of nutrients contained in food items we work with, 

the minimal and maximal recommended amounts of nutrients and a solution for 

one day in the Solution column. In the calculations we used 70 food items in 40 

recipes and 31 nutrients.  

In total, there are 43564 variables, out of which 22340 are integer, and 397642 

constraints in the model.  
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Table 1 

Contains the input data, calculated amounts of nutrients and final result per day 

Nutrient Food items [100 g] Recommended amounts 

  Chicken Potato … Minimum Solution Maximum 

Energy [kJ] 694 322 … 9098  11006 11122 

Proteins [g] 20 2 … 80  97 98 

Fats [g] 10 0 … 73  80 90 

Saccharides [g] 0 16 … 294  330 360 

Fibre [g] 0 2 … 25  25 35 

…
 

…
 

…
 … 

…
 

…
 

…
 

Vitamin [C] 2 15 … 75  220 230 …
 

…
 

…
 

…
 

…
 

…
 

…
 

The food plan found by our model for one day is presented in detail in Table 2. 

Table 2 

Optimal diet plan for one day 

Meal Food items 

Breakfast 

250 ml milk, 45 g oat flakes, 10 g almonds, 30 g orange,  

7 g honey 

Snack 100 g curd, 60 g apple, 30 g orange, 5 g linseed oil 

Lunch 

Soup: 75 g whole-wheat pasta, 30 g sweet corn, 25 g peas, 200 ml broth 

The main course: 130 g lentils, 150 g chicken, 5 g sunflower oil 

Salad: 25 g cucumber, 25 g potato, 35 g iceberg lettuce, 3 g olive oil,  

1 pinch sesame seeds  

Snack 60 g kaiser rolls (1 piece), 8 g margarine, 60 g cheese  

Dinner 

150 g slice a bread, egg spread (1 egg, 10 g margarine, 35 g curd, 3 g chives) 

Salad: 25 g tomato, 100 g bell pepper, 50 g cucumber 

Drinking 250 ml fresh orange juice and 250 ml water, 2000 ml unsweetened tea 

This model was solved by the optimization software FICO® Xpress Optimization 

Suite on a Windows XP SP3 computer with 1 GB RAM and Intel Atom 1.60 GHz 

CPU. The computation took about 45 seconds. 

5 Discussion 

The nutritional adviser is unable to create a diet for the whole week that respects 

the optimal amounts of all 31 nutrients every day.  

If the adviser decides to use the presented mathematical model, then the adviser’s 

work is reduced to assigning of food items to the recipes, assigning the recipes to 

the meals and setting minimal and maximal amounts of nutrients. 
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We would like to extend the model so that it includes not only the client but also 

the family members of the client. The reason is that, in practice, it is not easy to 

prepare different meals daily for everybody. And so in many cases it can happen 

that the client does not manage the diet properly or stops following the nutrition 

recommendations all together.  

The model can also be extended to nutrition healthcare in hospitals and be useful  

for nutritional assistants, nutritional therapists and nutritionists (physicians 

specialized in artificial nutrition).   

Conclusions  

This article provides a new approach that will help improve the effectiveness for 

the nutritional adviser. We introduced a tool, which efficiently optimizes the 

adviser’s work. It saves the adviser’s time and effort, not only by supporting one 

client, but by supporting all the adviser’s clients. 
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