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Abstract  

The objective of this work was to study the mathematical modeling in the development of complex menus for 

diabetic patients. For this purpose, a database of the main characteristics (proteins, fat, carbohydrates, calories 

and price) has been created for dishes offered at University of Food Technologies' Training Restaurant. The 

preferences of the consumers (through a survey conducted among the clients of the Training Restaurant) and the 

recommendations of physicians regarding the healthy nutrition of diabetic patients have been investigated. 

Mathematical models are developed based on binary variables (existing menu), with value - 1 representing menu 

entry, and value 0 defining non-participation in the target function. The mathematical model contains restrictions 

on the composition of the menu. Various menu types have been developed and have been assigned target 

functions. The proposed mathematical model allows for different conversions depending on specific goals that 

meet the limits of diabetics - the value of the selected dishes, compilation of a joint menu for two, depending on 

the preferences of the consumers, taking into account the recommendations of doctors and nutritionists. 

 

Practical applications 
A database of the key features (protein, fat, carbohydrate, calories and price) has been prepared for dishes offered 

at the UFT's Training Restaurant. It has been investigated (through a survey conducted between the clients of the 

Training Restaurant), the preferences of consumers and the recommendations of physicians regarding the healthy 

eating of diabetic patients. For the development of the mathematical models restrictions based on binary variables 

(existing menu) were formed, with value -1 representing menu entry, and value 0 defining non-participation in 

the target function. The mathematical model contains restrictions on the composition of the menu. Various menu 

variants have been developed using assigned target functions. The proposed mathematical model allows for 

different realizations depending on specific goals meeting the limits of the diabetics - value of the selected dishes, 

compilation of a joint menu for two, depending on the preferences of the consumers, taking into account the 

recommendations of the nutritionists. 
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Introduction 
 

In many EU States such as Denmark, Finland, 

Greece, Germany, Sweden, Hungary and Slovenia 

the number of diabetes diseases (EASD) is 

increasing. Similar is the statistic for Bulgaria 

(Register of Diabetic Patients in Bulgaria, 2015). 

Controlling the blood glucose levels in order to limit 

the risk of complications can also be achieved by 

following a proper diet regimen (Garille & Gass, 

2001; Marinos et al., 2005; Sies et al., 2005;. 

Sharifirad et al., 2009). Some authors (Czyzyk et al., 

1999; Taylor, 2015) offer linear programming 

models by identifying foods suitable for diabetics. 

 

Materials and Methods 
 

A consumer survey conducted among the clients of 

the UFT's Training Restaurant has examined 

consumer preferences. Nutritionists' recommenda-

tions on the healthy eating of diabetics have been 

taken into account. A mathematical model was 

developed, based on binary variables reflecting data 

from a developed and conducted survey and a 

database for the content of macronutrients in 

culinary dishes from the menu and prices. 

The target function has been defined (minimum or 

maximum menu value when meeting imposed 

restrictions). 
 

𝑍 =  𝑋1𝑃1𝐶1 + 𝑋2𝑃2𝐶2 + ⋯ +  𝑋32𝑃32𝐶32  (1) 
 

Restrictions on mandatory meals are introduced: 
 

𝑋1 + 𝑋2 + 𝑋3 + 𝑋4 + 𝑋5 = 1                            (2) 
 

mandatory salad: 
 

𝑋17 + 𝑋18 + 𝑋19 + 𝑋20 + 𝑋21 + 𝑋22 + 𝑋23 

+𝑋24 + 𝑋25 = 1                                                 (3)  
 

mandatory meat dish 
 

Restrictions on eligible meals and drinks: 
 

𝑋6 + 𝑋7 + 𝑋8 + 𝑋9 + 𝑋10 ≤ 1   (4) 
 

permissible soup 
 

𝑋11 + 𝑋12 + 𝑋13 + 𝑋14 + 𝑋15 + 𝑋16 ≤ 1     (5) 
 

permissible lean dish 
 

𝑋26 + 𝑋27 + 𝑋28 ≤ 1    (6) 
 

permissible dessert 
 

𝑋29 + 𝑋30 + 𝑋31 + 𝑋32 ≤ 1                            (7) 
 

permissible drink 

The maximum target function value at a set upper 

limit is established by vectors (nutritionists’ 

recommendations and consumer preferences). 

Complex menus (maximum and minimum value, 

joint menu for two, recommended vector and 

preferred vector) have been developed. In 

accordance with the defined priorities, the 

restrictions imposed are met. 

 

Results 

The mathematical model in Table 1 allows you to 

choose dishes from the menu for two people. The 

limit (the upper limit) is the value of the two lunches 

being 14.00 BGN. The minimum and maximum 

limits of the macronutrient content (proteins, fats, 

carbohydrates and calories) are set. The values of the 

main variables are determined by the target function 

(Z) and the imposed limitations for B: M: B, in kcal 

and kJ. In this model (Table 2) the mandatory dishes 

form the minimum amount of the menu for two. 

Permissible meals are recommended. The model 

selects the minimum value of the target function 

when meeting the limitations (minimum lunch 

value). Upper limit - max. value of BGN 8.00. 

Taking into account the values of the main variables 

in Table 2 shows that the menu at minimum value 

includes dairy salad, cream peas soup, chicken with 

rice and fried fish. Dessert and drink are not included 

due to the limited financial resources being allowed. 

In the model (Table 3), the Z target function is 

restricted. A number of mandatory dishes are set in 

groups. At the maximum value of the menu for two 

set at BGN 12.00, the dairy salad is replaced with a 

vegetable salad, cream soup of peas with spring 

soup, and the main dishes chicken with rice and fried 

fish with beef soufflé and grilled meatballs. Added 

to the menu are a spring soup and lemon-squash. 

The target function of the model (Table 4) is a scalar 

work of a reference vector, cost vector, and vector 

binary variables. Taking into account the nutrition-

nist’s recommendations for healthy eating of diabe-

tics, the model recommends cabbage salad with 

carrots, lentil soup, fried fish and veal with zucchini. 

Of the eligible meals, the model replaces the dessert 

with a drink – e.g. an apple juice. 

The model presented can also take into account 

customer preferences. From Table 5, it can be seen 

that the partial choice of the consumer is tas kebab 

and vegetable mixed salad. The other dishes from 

the menu are defined by the model so as to satisfy 

the values of protein, fat, carbohydrates and calories. 

The upper limit value of the menu for two, which 
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takes into account the customer's preference, is BGN 

13.00. The model also reflects nutritionists' 

recommendations for a healthy diet. 

 

Conclusions 

1. A mathematical model (with binary variables) 

was created, based on a database for the content of 

macronutrients and prices of culinary dishes from 

the menu of UFT’s Training Restaurant. 

2. Complex variants (menu for two, minimum and 

maximum value of the selected dishes, depending on 

the preferences of the consumers and taking into 

account the recommendations of nutritionists) have 

been developed and used as target functions. 
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Table 1. A joint menu for two customers 
 

 
 

 

Table 2. Minimum value of the menu 
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Table 3. Menu by maximum value 
 

 
 

 

 

Table 4. Recommended vector menu 
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Table 5. Menu with partial customer choice 
 

 

 
 

Prices are in Bulgarian levs 


