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Artificial Immune System for Diabetes Meal Plans 
Optimization 

K. R. Priliantia), P. B. Callista, H. Setiawan 

Informatics Engineering, Ma Chung University, Indonesia  
 

a)kestrilia.rega@machung.ac.id 

Abstract.  Type 2 diabetes mellitus is a disease that occurs because the body lacks of insulin or the insulin produced by 
the pancreas cannot work effectively such that the glucose level in the blood cannot well controlled. One of the most 
common causes of diabetes mellitus type 2 is obesity, therefore this disease can be controlled with the appropriate diet 
regarding to the daily calorie requirement. Hence, the level of blood glucose is maintained. Unfortunately, because the 
lack of proper diet education and facility, many people cannot work on proper daily healthy diet by their own. In this 
research Artificial Immune System algorithm was applied to build a model that help diabetes mellitus patient arrange 
their meal plans. The model can calculate the amount of daily calorie needed and arrange the appropriate daily meal plans 
based on it. The meal plans vary according to the patient calorie needs. The required input data are age, gender, weight, 
height, and type of patient daily main activity. The experiments show that this model has a good result. The result is 
already approaching the patients’ daily calorie need, i.e. 97.6% (actual need is not less than 80% and not greater than 
100%). Carbohydrate of the meal plan is 55-57% (actual need is not less than 45% and not greater than 60%) whereas the 
protein approximate 15-18% (actual need is not less than 15% and not greater than 20%) and fat of approximate 22-24% 
(actual need is not less than 20% and not greater than 25%). 

INTRODUCTION 

Diabetes mellitus is one of chronical disease that needs long term medical treatment. Factors that stimulate the 
occurrence of this disease are obesity, high level of triglycerides in blood, genetic susceptibility, smoking habit and 
hormonal abnormality. Among those factors, the most common cause is obesity which related to improper diet. 
Obesity occurs when a person has accumulated so much body fat. Excessive fat in blood could reduce sensitivity of 
the insulin (the hormone which control blood glucose level) and leads to a condition in which cells fail to respond to 
insulin properly. Commonly, thus condition is recognizes as type 2 diabetes mellitus. Therefore, a tight diet control 
is the main method for the patient to deal with type 2 diabetes mellitus. Diet control for Type 2 diabetes mellitus is  
focused on sugar content  distribution on daily meal such that total calorie consumption do not exceed the patients’ 
calorie need. Hence, blood glucose level is maintained below the normal treshold.                

  Meal plan arrangement for type 2 diabetes mellitus is not an easy task since food nutrition content and daily 
calorie need is not a common knowledge. Moreover, consultation fee for a nutritionist is not cheap either. Those are 
some obstacle that prevent type 2 diabetes mellitus patient from having a good treatment at home. Some researchers 
had been try to develop an automatic system for meal plan arrangement using various techniques. For example ant 
colony optimization algorithm [1], bayesian optimization algorithm [2] and simplex algorithm [3]. Unfortunately, 
those system is not provide patient with an “easy to do” menu. It just suggest the raw material rather than a food 
recipe. Patient still need to find out how to mix those raw material into delicious food. Another problem is the total 
running time needed. Using previous method the running time can not support dynamic and online system. 
Therefore, the system is deployed in offline mode which is not practical for nowadays used in internet of thing era. 

In this research, a technique based on human imune system concept was developed to modeled the meal plan 
arrangement for type 2 diabetes mellitus and speed up the running time. Using this model, the patient will 
automatically get personal menu suggestion that match their nutrition daily need. As an additional, the model can 

Symposium on Biomathematics (SYMOMATH 2016)
AIP Conf. Proc. 1825, 020017-1–020017-8; doi: 10.1063/1.4978986

Published by AIP Publishing. 978-0-7354-1493-8/$30.00

020017-1



also generate several similar menu to provide alternative for the patient. The model was deployed in web-based 
application to provide ease of access. 

MATERIALS AND METHOD 

As much as 200 Indonesian meals recipes were collected from various sources (internet, recipe books, private 
collection) to be saved in the database. Those recipes are covers meals for breakfast, lunch, dinner and snack time. 
The main requirement for the recipes to be fit on the model is it must inform the serving size and the size of each 
ingredient being used. In the preprocessing step, the sizes were transformed into calorie (in cal) using food catalog 
like the USDA National Nutrient Database.  

Type 2 Diabetes Mellitus Meal Plans 

In fact, there is no significant difference on meal arrangement between people with diabetes and normal people. 
Both of them can eat the same foods, but people with diabetes should concern on the daily total amount of the 
nutritional content on their meal. It must must be ensure that the daily total calorie intake is match the total calorie 
need in a day. The total calorie need is depends on gender, daily activity, weight, height, age and other conditions, 
such as being pregnant [4]. First, the ideal weight should be determines using Eq. 1 and Eq. 2, followed by basal 
calorie calculation using Eq. 3 and Eq. 4.  
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݁݅ݎ݈ܽܥ�݈ܽݏܽܤ�݈݁ܽ݉݁ܨ ൌ ቐ
���െͷΨǤ Ǥݐ݄ܹ݃݅݁�݈ܽ݁݀ܫ ʹͷǡ �݁݃ܣ  ͶͲݎܽ݁ݕ�
�െͳͲΨǤ Ǥݐ݄ܹ݃݅݁�݈ܽ݁݀ܫ ʹͷǡ ݁݃ܣ  Ͳݎܽ݁ݕ�
�െʹͲΨǤ Ǥݐ݄ܹ݃݅݁�݈ܽ݁݀ܫ ʹͷǡ ݁݃ܣ  Ͳݎܽ݁ݕ�

�                                               (3) 

 

݁݅ݎ݈ܽܥ�݈ܽݏܽܤ�݈݁ܽܯ ൌ ቐ
��െͷΨǤ Ǥݐ݄ܹ݃݅݁�݈ܽ݁݀ܫ ͵Ͳǡ �݁݃ܣ  ͶͲݎܽ݁ݕ�
�െͳͲΨǤ Ǥݐ݄ܹ݃݅݁�݈ܽ݁݀ܫ ͵Ͳǡ ݁݃ܣ  Ͳݎܽ݁ݕ�
�െʹͲΨǤ Ǥݐ݄ܹ݃݅݁�݈ܽ݁݀ܫ ʹͲǡ ݁݃ܣ  Ͳݎܽ݁ݕ�

�                                               (4) 

 
 
 The daily total calorie need is then calculates regarding to the type of the daily activity (rest, light, moderate, 
heavy or very heavy) and weight category (under weight or overweight) using Eq. 5 and Eq. 6 consecutively. Total 
calorie intake for one day should not exceed the daily total calorie need. Another requirement is related to the 
nutrition distribution. The recommended distribution for type 2 diabetes mellitus patient are 45% up to 60% 
carbohydrate, 15% up to 20% protein and 20% up to 25% of fat. Moreover, it is highly recommend that the daily 
calorie intake is distributes as follows, 20% from breakfast, 30% from lunch, 30% from dinner and 25% from snack 
time,   

�݀݁݁ܰ�݁݅ݎ݈ܽܥ ൌ

ە
ۖ
۔

ۖ
ۓ

ͳͲΨǤ ǡ݁݅ݎ݈ܽܥ�݈ܽݏܽܤ ݕݐ݅ݒ݅ݐܿܣ ൌ �������������ݐݏܴ݁
������ʹͲΨǤ݁݅ݎ݈ܽܥ�݈ܽݏܽܤǡ ݕݐ݅ݒ݅ݐܿܣ ൌ ������������������ݐ݄݃݅ܮ

͵ͲΨǤ݁݅ݎ݈ܽܥ�݈ܽݏܽܤǡ ݕݐ݅ݒ݅ݐܿܣ ൌ ������������݁ݐܽݎ݁݀ܯ
ͶͲΨǤ݁݅ݎ݈ܽܥ�݈ܽݏܽܤǡ ݕݐ݅ݒ݅ݐܿܣ ൌ ���������ݕݒܽ݁ܪ
���ͷͲΨǤ݁݅ݎ݈ܽܥ�݈ܽݏܽܤǡ ݕݐ݅ݒ݅ݐܿܣ ൌ ݕݒܽ݁ܪ�ݕݎܸ݁

�                                        (5) 

 
݀݁݁ܰ�݁݅ݎ݈ܽܥ       ൌ ൜ െʹͲΨǤ݁݅ݎ݈ܽܥ�݈ܽݏܽܤǡ���������ܹ݄݁݅݃ݐ ൏ ͳͳͲΨǤ ݐ݄ܹ݃݅݁�݈ܽ݁݀ܫ

��ʹͲΨǤ݁݅ݎ݈ܽܥ�݈ܽݏܽܤǡ���������ܹ݄݁݅݃ݐ  ͳͳͲΨǤ  (6)                              �ݐ݄ܹ݃݅݁�݈ܽ݁݀ܫ
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Artificial Immune System 

Artificial immune system (AIS) is one among the methods in the field of biologically-inspired computing to 
solve computational problems. It concerns on abstracting the immune system mechanism of the vertebrate to 
computational system. Generally, immune system refers to the defence machanism agains pathogens using an agent 
called antibodies. These antibodies are generated specific to the pathogen agent called antigen, the purpose is to 
remove the antigen before it spread and cause major damage. B-cell and T-cell are two types of lymphocyte (white 
blood cell) which is responsible for the production of antibodies.    

Various optimization problems have been solved using this approach [5]. Some techniques which is used in this 
system are clonal selection algorithm, negative selection algorithm, immune network algorithm and dendritic cell 
algorithm. Clonal selection algorithms are the most common technique to solve optimization problem, part of them 
similar to parallel hill climbing and the genetic algorithm but left out the recombination operator [6-7]. It is 
mimicking the theory of clonal selection of acquired immunity whereas B-cell and T-cell is in the state of affinity 
maturation (the condition when both cells improve their response to antigens over time). Selection procedure is 
inspired by the affinity of antigen-antibody interactions, only cells that successfully recognize the antigen will 
proliferate, thus being selected against cells that do not. Cell division is inspiring the reproduction procedure, and 
somatic hypermutation is inspiring the variation. Hence, the clonal selection theory’s main features are: (1). New 
cells are duplicates of their wellspring (clone) subjected to a mutation mechanism with high rates (somatic 
hypermutation); (2). Displacement of newly differentiated lymphocytes carrying self-reactive receptors; (3). 
Proliferation and differentiation on contact of mature cells with antigens. 

There are four basic step to implement basic AIS i.e. encoding, calculating the similarity, selection and mutation. 
But the first task is defining the antigen and antibody data structure. An antigen is the solution (target) and 
antibodies are the rest of the data. It is possible to maintain more than one antigen at a time. The antibodies usually 
present in a large number simultaneously. The representation of antigens and antibodies should be exactly the same, 
therefore they should be encoded in the same way. Generally, the most obvious representation is a string of numbers 
or features, where the length is the number of variables, the position is the variable identifier and the value (could be 
binary or real) of the variable.  

Model Building 

The most important step during model building is defining the representation of antigen and antibody. It could be 
represents as vectors or matrices. Table 1 depicts the general concept which is used to create the antibodydies in this 
research. The meal time divided into 5 categories, i.e. breakfast, snack 1, lunch, snack 2, and dinner. Meanwhile, the 
meal recipes divided into 7 categories, i.e. rice, meat/poultry/fish, vegetables, bread/cereal, milk, fruits and 
cake/cookies.  

TABLE 1. The arrangement of meal recipe category for each meal time 

Meal 
Time 

Recipe Category 

Rice  
 

Meat/ 
Poultry/ 

Fish  
Vegetables  Bread/ 

Cereal  
Milk 

 
Fruits 

 
Cake/ 

Cookies  

R MPV V BC M F CC 
Breakfast √ √ √ √ √ x x 
Snack 1 x X x x x √ √ 
Lunch √ √ √ x x x x 
Snack 2 x X x x x √ √ 
Dinner √ √ √ x √ x x 

 
The cells with cross symbol (x) indicate that a particular meal time will not use the meal recipes category and the 
cells with check symbol (√) indicate that a particular meal time will use the meal recipes category  in the 
coresponding column.  As an example, for lunch time, the meal recipes from category bread/cereal, milk, fruits and  
cake/cookies will not be chosen from the database and in the other hand the category rice, meat/poultry/fish and 
vegetables will be chose. This basic rule is based on the regular Indonesian meal arrangement. But, it could be 
modified to adjust the eating habit for other culture. This rule was then used to pick up the recipes for the antibody. 
Each antibody will bring information about the recipe code used in the database and then retrives the coresponding 
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total calorie. The code was created based on the arrangement as shown in Table 2. It consist of 4 digit, the first digit 
represnt the recipe’s category and the other 3 digits represent the recipe identity number on database.  

 
TABLE 2. Code arrangement for each category of recipe 

Breakfast Snack 1 Lunch Snack 2 Dinner 
R MPV V F CC R MPV V F CC R MPV V 

1xxx 2xxx 3xxx 6xxx 7xxx 1xxx 2xxx 3xxx 6xxx 7xxx 1xxx 2xxx 3xxx 
 
Figure. 1 is the examples of vectors in a population which are created based on rule on Table 1 and code 

arrangement on Table 2. Each population contains 20 antibodies, one antibody represent as a vector which each cell 
on it contain a code which is refers to the particular recipe. Those codes are used to retrive the calorie amount of 
each coresponding recipe. For each vector,  the calculation is done to obtain the total calorie from the recipes and its 
ditribution for each meal time.  

 
Antibody 1  =   [1001, 2005, 3023, 6012, 7001, 1002, 2016, 3003, 6008, 7025, 1004, 2003, 3012] 
Antibody 2  =   [1004, 2015, 3031, 6002, 7021, 1015, 2017, 3015, 6002, 7005, 1001, 2013, 3011] 
Antibody 3  =   [1001, 2012, 3001, 6010, 7013, 1013, 2015, 3011, 6009, 7014, 1002, 2017, 3021] 
  
         :                  :         :        :         :         :         :         :         :          :         :         :        :        :    
 
Antibody 20 =   [1003, 2022, 3004, 6017, 7011, 1003, 2003, 3017, 6011, 7019, 1009, 2027, 3022] 

 
FIGURE 1. Vector representation of antibodies  

 
 
The affinity measurement between antibody and antigen is conducted using Eq. 7 and Eq. 8, cag is carbohydrate 

of the antigen, cab is carbohydrate of the antibody, pag is protein of the antigen, pab is protein of the antibody, fag is fat 
of the antigen, fab is fat of the antibody, calag is fat of the antigen and calab is fat of the antibody.   

 
ݕݐ݂݂݅݊݅ܽ ൌ ଵ

௧௦௦
                                                                   (7) 

 
ݏݏ݁݊ݐ݂݅ ൌ ሺ൫ܿ െ ܿ൯  ൫ െ ൯  ሺ ݂ െ ݂ሻሻ כ ͲǤ͵ሻ � ሺ൫݈ܿܽ െ ݈ܿܽ൯ כ ͲǤሻ                              (8) 

 
 

Using Eq. 8 the priority of the requirement condition is set up. In this research, the total calorie fulfillment is 
weighted 70% and the calorie distribution is weighted 30%. These weights could be adjusted as the requirement of 
the system change.  Hence, the artificial immune system procedure is apply [8,9]. Figure 2 decpict the flowchart of 
the procedure.  
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FIGURE 2. Flowchart of the system  

 
Selection of the antibody is done using a selection probability (Eq. 9). Antibodies with high selection probability 
will be cloned using Eq. 10. Therefore, as the selection probability increase, the number of clone is increase as well. 
This mechanism ensures that only the best antibody will remain until the end of the procedure.  
 

ݕݐ݈ܾܾ݅݅ܽݎ�݊݅ݐ݈ܿ݁݁ݏ ൌ
௧௬ೌ್
σ௧௬ೌ್

                                                                (9) 
 

̴ܰ ൌ ܰǤ   �                                                         (10)ݕݐ݈ܾܾ݅݅ܽݎ�݊݅ݐ݈ܿ݁݁ݏ
 

In order to create the positive variation of the antibody, mutation process is applies to the selected antibody. The 
mutation probability is calculates using Eq. 11.  

 
ݕݐ݈ܾܾ݅݅ܽݎ�݊݅ݐܽݐݑ݉ ൌ ͳ െ  �                                               (11)ݕݐ݈ܾܾ݅݅ܽݎ�݊݅ݐ݈ܿ݁݁ݏ

 
The two values (selection probability and mutation probability) are then compared, if selection probability is less 

than mutation probability the antibody will mutate. Mutation is applies by randomly pick up one recipe from the 
antibody and switch it with other recipe in the same category. The mutation result then evaluate whether it could be 
remain on the population or should be discarded. The process will be run over and over again until at least 80% of 
the population contains exactly the same antibodies and the recommendation is determines from those antibodies.   
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RESULT AND DISCUSSION 

Table 3 represents an example of the menu which is recommended by the system for overweight patient. It could 
be seen that the recommended menu is “ready to use”, it is equipped with the exact serving size that help the patient 
consume the meal in right dose. Detail of the calorie amount is also provided such that quality of the menu could be 
easily evaluated.    

TABLE 3. Example of the recommended menu. 
Meal Time Recipe Serving Size Calorie     

(cal) 
Carbohydrate 

(cal) 
Protein       

(cal) 
Fat       
(cal) Portion gram 

Breakfast Raisins Cake 0.5 15 49 32 8 9 
Breakfast Yoghurt 1 240 136 80 56 0 
Snack 1 White Bread 0.5 70 194 160 16 18 
Snack 1 Bake Peanut 1 15 100 16 12 72 
Lunch Fried Rice 0.5 75 129 64 20 45 
Lunch Bake Catfish 0.5 50 94 0 40 54 
Lunch Butter Corn 0.5 50 61 44 8 9 
Snack 2 Kemang 0.5 105 48 48 0 0 
Snack 2 Macademia Nut 1 13 57 8 40 9 
Dinner Chicken Steam 

Rice 
1 150 258 128 40 90 

Dinner Vegetable salad 1 100 20 12 8 0 
Dinner Milk 0.5 100 90 20 16 54 

Total 1236 612 264 360 
 
Moreover, a web based interface was developed to provide patient with an interactive experience. Patient could 

get the detail information by clicking the recipe of interest. The information contains “how to make” and also 
pictures of the meal. It also provides information regarding the quality of the recommended menu, whether it is good 
or poor to fulfill the patient’s calorie need. If its quality is poor, patient could reruns the system to get new 
recommendation. Therefore, patient could decide by themselves which menu should be retains and which menu 
should be discard. Figure 3 depict example of the system’s web interface screenshot.         

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 3. Screenshot of the system’s web based interface. 
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In order to test the system’s performance, an experiment was conduct using 30 patients with different body mass 
profile i.e. overweight, ideal and underweight. Table 4 present the summary of the system performance to fulfill the 
patient’s daily calorie need. Overall, the system performance is satisfying. It is shown that the systems tend to 
recommend recipes with total calorie less than the patient’s calorie need. In the case of diabetes, the total calorie 
intake should not exceed the total calorie need. Therefore, the system tendency would not bring negative effect for 
the patient. Moreover the average deficiency is only 2.4%, this number far below the maximum calorie intake 
deficiency treshold which is 20%. The average running time is also acceptable to be deployed in the web 
environment. However, the summary also reveals that for underweight cases the system tend to less accurate 
compare to the other two. Adjustment should be made to the serving unit size of the recipe. It seems that the serving 
unit size of the common recipe is more suitable to fulfill the calorie need for overweight and ideal cases. The recipe 
database should be enriched with the ability to automatically create the variation of the smaller serving unit size.  

 
TABLE 4. Summary of the system’s performance on fulfillment of the daily calorie need. 

 
Calorie Need 

(cal) 
Calorie from The  

Recommended Recipe (cal) 
Difference 

(cal) Iteration  Running 
Time (s) 

Overweight 1573 1537 36 370 6.674 

Ideal 1880 1850 30 408 3.394 

Underweight 2188 2117 71 677 5.208 

 
Figure 4 depict the system’s performance on the distribution of fat, protein and carbohydrate which is compared 

to the minimum and maximum healthy diet requirement. It is shown that the system successfully meet the 
requirement. The overall fat, protein and carbohydrate distribution for three categories of patient’s body mass is 
reasonably lies between minimum and maximum amount. A little imperfection was happened for fat distribution, the 
system tend to recommend recipe which is contain fat at merely maximum allowable amount.                    

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

FIGURE 4. System’s performance on main nutrition distribution    
 
Figure 5 depicts the system’s performance to distribute the calorie for each meal time. It compares the required 

calorie distribution to the calorie distribution on recipe which is recommended by the system. It is shown that in 
general, the system could reasonably match the requirement, indicate that the system could organize the recipe 
regarding the meal time calorie suggestion. However, the figure also reveals that for snack 1 and snack 2 the system 
tends to recommend recipe with the total calorie above the requirement. Meanwhile, for lunch time the system tends 
to recommend recipe with the total calorie below the requirement. Adjustment should be made on the database that 
handles the fruits and cake/cookies category. The serving unit size should be reviewed for those categories. But, 
since the daily total calorie from the recipe could well match the daily total calorie need, this tendency will not bring 
major problem for the patient.       
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FIGURE 5. System’s performance on meal time’s calorie distribution  
 

CONCLUSION 

The evaluation of the artificial immune system model for diabetes meal plan optimization in this work shows 
very promising result. Accuracy of daily calorie fulfillment from the recommended menu reach 97.6% and its main 
nutrition (carbohydrate, protein and fat) distribution lies between the ideal thresholds. Distribution of the calorie 
regarding the meal time is reasonably appropriate as well. Running time test of the web based environment system 
was also indicates that the web application could run well in the World Wide Web. However, a little adjustment is 
still need to be done on the recipe database. It would be much better if the databases could automatically adjust the 
serving size to the exact amount needed by the patient such that it could be well adapt to the patient body mass 
category. Another artificial intelligence technique e.g. fuzzy logic could be applies for this matter. Using such 
hybrid technique will increase the accuracy of the system [10-11].             
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