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1. Introduction

Food is one of the basic human needs that must be fulfilled. Apart from being a source of energy,
nutrients in food are also needed by human organs to function properly. Foods with balanced nutrients
have 5 main components: carbohydrates, protein, fat, vitamin, and mineral (Tasgmn, 2017). Balanced
nutritional intake has a vital role in a person's growth, intelligence, and physical development
(Lifshitz, 2009; Cusick et al., 2016). However, nowadays, there are still often unbalanced nutritional
problems such as overnutrition or malnutrition (Le Nguyen et al., 2013). Many factors can affect it,
one of which is an unbalanced diet.

Several efforts can be made to maintain balanced nutrition, one of which is to use an optimization
system for nutritional needs as a regulator of the daily food menu (Fauziyah & Mahmudy, 2017; Dewi
et al., 2021; Mustafa et al., 2017). There are still many who do not know the nutritional needs needed
and often overeat for some people. With a nutritional optimization system, daily food patterns can be
adjusted according to nutritional needs. Everyone has a different level of nutritional adequacy. The
level of nutritional adequacy is the average nutritional intake per day to meet nutritional needs based
on a person's physical condition and daily activities (Gerrior et al., 2006).

Genetic algorithms are part of the evolutionary and metaheuristic algorithms that are often used
and popular to solve optimization problems (Oktaviani et al., 2018). Genetic algorithms imitate the
concept of natural evolution where the best individuals will survive and the less good individuals will
undergo natural selection. In addition, the operators used also imitate biological concepts such as
mutation, crossover, and selection (Albadr et al., 2020). Genetic algorithm is a population-based
method so it is very useful for solving large scale optimization problems (Shahab et al., 2021) and can
find solutions that are outside the local optimum solution. So that the solution obtained is almost close
to the most optimal solution (Xu, 2021).

In this study apply genetic algorithms as a method to optimize nutrition. The results of the
nutritional optimization are given in the form of food menu recommendations (breakfast, lunch,
dinner, and snacks). The system searches for combinations of foods with total nutrition close to
nutritional needs by using genetic algorithms. The combination of foods with the smallest difference
with nutritional needs will be used as the system's best solution or food recommendations.
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1. Method

A. Nutritional adequacy

Everyone has a different level of nutritional adequacy. The level of nutritional adequacy is the
average nutritional intake per day to meet nutritional needs based on a person's physical condition and
daily activities. Nutritional needs such as carbohydrates, fats, and proteins can be determined based
on a person's total energy needs by using equation (1) or equation (2) as follows to get the Basal
Metabolism Rate (BMR) (Picolo et al., 2016).

Female = 665 + (9,6 * Weight) + (1,8 * Height )- (4,7 * Age) (D)
Male = 66 + (13,7 * Weight )+ (5 * Height)- (6,8 * Age) 2

The calculation of the need for carbohydrates, protein, and fat as a source of energy needs is based
on the categories specified in Table 1.
Table 1. Recommended Needs for Carbohydrates, Protein and Fat
Category Carbohydrate (%)  Protein (%)  Fat (%)

Toddler 70 10 20
Child & Teen 55 15 30
Adult 65 15 20

B. Chromosome Representation and Fitness Function

It is necessary to determine the chromosome representation used in the early stages to compose a
genetic algorithm structure. The chromosome representation is adjusted according to the expected
solution (Rody et al., 2019). The system that will be built is a food menu recommendation with the
distribution of the daily menu, namely breakfast, lunch, dinner, and two shacks. Based on the designed
food menu, the chromosome representation that will be used is as follows:

Pi=[m1lm2m3sl1s2]=[24167] 3)

Explanation:

* ml, m2, m3is number of main foods at main food’s dataset.

«  sl,s2 is number of snacks at snack’s dataset.

To get the fitness value, it is necessary to accumulate the nutritional content contained in the
chromosomes and calculate the difference from the required nutritional needs. For more details, it can
be explained in Table 2.

Table 2. Chromosome Representation and Nutritional Difference

Gen Food Number  Carbohydrate  Protein Fat
M1 2 37.30 4.00 1.20
M2 4 22.60 7.40 2.10
M3 1 40.20 7.00 34.40

S1 6 24.30 1.00 0.80
S2 7 25.50 25.50 44.40
Total 149.90 44.90 82.90
Target 304.51 60.90 81.20
Difference 154.61 16.00 1.70

The fitness value is calculated by using equation (4):
1000
AC+4 + AP+4 + AF+9 (4)

fitness =

Explanation:

AC = difference between total and target carbohydrates
AP = difference between total and target protein

AF = difference between total and target fat
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C. Crossover and Mutation

Crossover is a genetic operator that crosses between two individuals to produce a new individual
(Mahmudy et al., 2020). In this study, the type of crossover that will be used is uniform crossover.
This type of crossover is exchanging genes from both parents at certain indices based on the mask.
The value in the mask is a binary number [0,1], and its length is the same as the length of the parent
chromosome. If the value for mask is equal to 0 then no gene exchange will be carried out, whereas if
the value for the mask is equal to 1 then gene exchange will be carried out.

Mask=[10010]
P1=[24167] Cl=[34127]
P2=[35928] C2=[25968]

The mutation is a genetic operator that changes one or more genes on a chromosome or individual.
The population will be randomly selected to generate new individuals from the mutation process
(Rikatsih et al., 2019). In this study, the type of mutation used is a single-point mutation. One of the
genes on the chromosome will be randomly selected to modify its value. The selected point will be
changed its value with a range of values according to the dataset.

Selected point = 3
P=[24167] > M=[24967]

D. Selection Method

Selection of individuals in the population genetic algorithm is carried out to select individuals in
the population and offspring that will be maintained in the next generation. The quality of the
chromosomes depends on the fitness value. Chromosomes or individual with a high fitness value has
a high chance of being used as a solution (Seisarrina et al., 2018). The selection method to be used is
Tournament Selection. A total of k individuals will be randomly selected in the population and the
offspring for a tournament, as illustrated in Figure 1. The individual who has the best fitness values
will pass and enter the next generation population. The tournament continues until the entire new
population is filled.
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Fig. 1. The Illustration of Tournament Selection

111. Results and Discussion

A. Genetic Algorithm Parameter Testing

The test aimed to obtain the best parameters of the genetic algorithm in solving the problem of
optimizing daily nutritional needs. The tests carried out were testing the population size, the
combination of cr and mr, and the number of generations. The test was carried out 10 times for each
condition.
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1) Population Size Testing

The best population size parameter is obtained based on the average of the best fitness values
obtained from the population size test. To test the population size parameter, another genetic algorithm
parameters used are cr = 0.5. mr = 0.5, and number of generations = 50. The results of the population
size test can be shown in Table 3 and Figure 2.

Based on the population size test results in Table 3 and Figure 2, it is found that the average best
fitness value is at a population size of 80, which is 83,483. So, it can be said that the best population
size parameter is 80.

2) Cr and Mr Combination Testing

The best cr and mr parameter is obtained based on the average of the best fitness values obtained
from the cr and mr combination test. To test the combination cr and mr parameter, another genetic
algorithm parameters used are population size = 50 and number of generations = 50. The results of
the cr and mr combination test can be shown in Table 4 and Figure 3.

Table 3. The Results of Population Size Test

Pop Number of Test Average
Size 1 2 3 8 9 10 Fitness
10 25.79 47.04 25.54 33.7 14.59 118.76 39.51
20 41.36 21.94 36.94 .. 20.85 37.75 5855  38.788
30 46.02 85.18 45.27 . 3239 3221  109.65 57.486
40 41.07 18.48 30.46 76.1 25.32 3791  43.024
50 45.07 44.13 88.81 . 1337 68.63 39.7 72.922
60 59.59 43.42 50.51 .. 5734 11494  94.07 59.415
70 42.19 44.82 65.75 .. 10593 3741 74.29 59.516
80 62.62 84.1 81.83 .. 9183 63.17  104.38  83.483
90 13532  39.75 56.53 .. 50.94 55.16  103.84  68.000
100 59.95 46.23 49.9 .. 12315  79.94 52.55 67.962
110 48.38 11223 13123 .. 8764 88.57 48.47 80.05
E_D .
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Fig. 2. Population size test graph
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Table 4. The Results of Cr and Mr Combination Test

Number of Test Average
cr M 1 2 3 8 9 10 Fitness
0 1 52.63 68.35 37.68 35.84 59.24 48.08 57.213
0.1 0.9 56.66 43.52 88.5 57.44 46.38 72.99 53.46
0.2 0.8 14451 42.9 42.72 185.53 34.48 67.2 73.824
0.3 0.7 62.11 84.32 44,78 60.24 41.07 39.67 53.778
0.4 0.6 35.15 43.54 101.94 87.18 57.54 51.95 59.043
05 0.5 44.39 62.19 48.83 146.41 49.31 51.49 60.18
0.6 0.4 40.47 53.5 27.62 32.86 46.38 72.73 64.066
0.7 0.3 24.02 51.81 49.88 99.01 90.91 31.08 55.234
0.8 0.2 82.99 40.24 42 40.93 37.74 102.88 50.112
0.9 0.1 29.82 21.62 38.67 33.22 43.14 21.16 33.213
1 0 20.36 57.05 17.46 16.26 26.35 23.65 27.463

Based on the results of testing the combination of the values of cr and mr in Table 4 and Figure 3,
it was found that the highest average fitness value was at cr = 0.2 and mr = 0.8, which was 73.824.
So, it can be said that the best combination of cr and mr values is 0.2 and 0.8.

3) Number of Generations Testing

The best number of generations parameter is obtained based on the average of the best fitness
values obtained from the number of generations test. To test the number of generations parameter,
another genetic algorithm parameters used are population size =50, cr =0.5., and mr = 0.5. The results
of the number of generations test can be shown in Table 5 and Figure 4.

Based on the results of testing the number of generations in Table 5 and Figure 6, it was found that
the highest average fitness value is in the number of generations of 110, which is 90.956. However,
the number of generations 70 and 80 have an average fitness value close to the highest average fitness
value with a value of 85.74 and 86.901, respectively. In order to shorten the computation time, the
optimal number of generations chosen is 70.
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Fig. 3.Cr and Mr Combination Test Graph
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Table 5. The Results of Number of Generations Testing

75

Average
Izl;uew Number of Test Fitness
2 3 8 9 10
10 28.29 11.27 23.56 15.39 19.83 285 22.54
20 28.74 22.97 35.19 41.29 25.54 27.93 34.895
30 29.97 17.96 78.31 33.34 38.24 51.47 44.116
40 41.08 37.76 47.87 112.23 105.15 29.31 56.419
50 81.17 67.16 41.65 85.76 44.09 29.33 60.976
60 42.96 63.05 34.49 23.89 121.36 89.05 63.155
70 129.7 123.92 143.47 59.24 325 98.62 85.74
80 214.13 61.05 149.48 50.92 95.33 47.42 86.901
90 50.99 26.02 50.76 78.74 60.5 45.66 49.026
100 70.32 58.07 119.62 78.06 63.45 121.07 76.789
110 70.57 70.87 259.74 37.02 188.32 7.7 90.956
E_D .
%07
w
g w0
=
<
20 1
D T T T T T
20 40 B0 80 100
Mumber of Generations
Fig. 4.Number of Generations Test Graph
Table 6. Input Parameter of System Testing
Age  Gender Body Weight (Kg) Body Height (cm) Daily Activity
12 Female 38 145 Lightly active
15 Male 45 156 Moderately active
17 Male 45 160 Very active
20 Male 54 173 Lightly active
21 Female 50 170 Moderately active
22 Female 48 165 Sedentary
25 Male 65 180 Super active
28 Female 56 169 Moderately active
30 Female 54 171 Lightly active
35 Male 75 180 Very active
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Table 7. The Results of Food Recommendation System Test

Nutritional Difference Fitness
No  Energy Need  Total Food Energy Carbohydrate Protein Fat Value
1 1683 kcal 1679 kcal 0.29 % 253% 0.14% 102.04
2 2108 kcal 2110 keal 0.72% 3.1% 0.09%  53.36
3 2357 kal 2361 kcal 0.57 % 181% 062%  54.92
4 2110 keal 2113 kcal 0.25 % 203% 1.02%  63.29
5 2080 kcal 2082 kcal 0.03 % 0.47 % 08%  193.42
6 1571 kcal 1559 kcal 0.13% 3.75 % 1.4 % 68.63
7 3204 kcal 3213 keal 0.7 % 2.62 % 1.1% 29.22
8 2116 keal 2102 kcal 0.18 % 1.7% 134%  73.58
9 1842 kcal 1825 kcal 0.2% 214% 254%  56.69
10 3028 kcal 3002 kcal 0.24 % 421% 027%  39.28
Average 0.33% 244%  0.93%  73.443

B. Figure

From the results of population size test, combination of cr & mr test, and number of generations
test, the most optimal genetic algorithm parameters are population size = 80, cr = 0.2, mr = 0.8, and
number of generations = 70. These parameters will be used in system testing. The system testing is
aimed at assessing the genetic algorithm in optimizing daily nutrition. The system created will be
tested with several input parameters in Table 6.

Each input parameter will be tested on the system to see the difference in the nutritional content
obtained. The difference in nutritional content will be represented in the form of a percent which is
obtained by means of the difference in nutrition / nutritional needs * 100%. The results of the system
tests carried out are shown in Table 7.

From the test results obtained, the system is able to provide food recommendations with a
nutritional difference below 5%. Likewise, the total food energy recommended by the system is able
to approach the daily nutritional needs of the user. It can be concluded that the genetic algorithm is
able to optimize nutritional needs quite well.

1. Conclusion

This research implements a genetic algorithm to optimize nutrition and food recommendations.
The results of food recommendations in breakfast, lunch, dinner, and snack menus using a genetic
algorithm. The results of food recommendations have a nutritional difference below 5% of daily
nutritional needs, so it is very effectively used for optimization problems. The subsequent study will
apply a better chromosome representation and combine it with another method to get better food
recommendations.

References

Albadr, M. A, Tiun, S., Ayob, M., & AL-Dhief, F. (2020). Genetic Algorithm Based on Natural Selection
Theory for Optimization Problems. Symmetry, 12(11), 1758. https://doi.org/10.3390/sym12111758

Cusick, S. E., & Georgieff, M. K. (2016). The role of nutrition in brain development: the golden opportunity of
the “first 1000 days”. The Journal of pediatrics, 175, 16-21. https://doi.org/10.1016/j.jpeds.2016.05.013

Dewi, N. A. C., Resmi, F., & Ngastiti, P. T. B. (2021). Optimization of balanced menu for pregnant women in
grobogan-central java using simplex method. Jurnal Matematika MANTIK, 7(1), 59-66.
https://doi.org/10.15642/mantik.2021.7.1.59-66

Fauziyah, A. N., & Mahmudy, W. F. (2017). Optimization of food composition for hypertensive patient using
variable neighborhood search. Indones. Indonesian Journal of Electrical Engineering and Computer
Science, 8(2), 327-334. https://doi.org/10.11591/ijeecs.v8.i2.pp327-334

Gerrior, S., Juan, W., & Basiotis, P. (2006). An easy approach to calculating estimated energy requirements.
Preventing chronic disease, 3(4), A129.

Le Nguyen, B. K., Le Thi, H., Thuy, N. T., Huu, C. N., Do, T. T., Deurenberg, P., & Khouw, 1. (2013). Double
burden of undernutrition and overnutrition in Vietnam in 2011: results of the SEANUTS study in 0- 5-11-

Muhammad Ardhian Megatama et al. (Food Menu Recommendations Based...)



Bulletin of Culinary Art and Hospitality 77
Vol. 1, No. 2, December 2021, pp. 70-77

year-old children. British Journal of Nutrition, 110(S3), S45-S56.
https://doi.org/10.1017/S0007114513002080

Lifshitz, F. (2009). Nutrition and growth. Journal of clinical research in pediatric endocrinology, 1(4), 157.
https://doi.org/10.4274/jcrpe.v1i4.39

Mahmudy, W. F., Pardede, A., Widodo, A. W., & Rahman, M. A. (2020). Efficient Scheduling of Plantation
Company Workers using Genetic Algorithm. Knowledge Engineering and Data Science, 3(2), 60-66.

Mustafa, W. F., Djamal, E. C., & Yuniarti, R. (2019, June). Optimalisasi Menu Makan Diet Sehat Menggunakan
Algoritma Genetika. In SNIA (Seminar Nasional Informatika dan Aplikasinya) (Vol. 3, pp. 50-54).

Oktaviani, S., Putri, F. P., & Gunawan, D. (2018). Genetic Algorithm for Web-Based Food Stand Assignment
Scheduling. 1IINMT (International Journal of New Media Technology), 5(2), 104-108.
https://doi.org/10.31937/ijnmt.v5i2.926

Picolo, M. F., Lago, A. F., Menegueti, M. G., Nicolini, E. A., Basile-Filho, A., Nunes, A. A., ... & Auxiliadora-
Martins, M. (2016). Harris-Benedict equation and resting energy expenditure estimates in critically ill
ventilator patients. American Journal of Critical Care, 25(1), e21-e29.
https://doi.org/10.4037/ajcc2016758

Rikatsih, N., Mahmudy, W. F., & Syafrial, S. (2019). Hybrid Real-Coded Genetic Algorithm and Variable
Neighborhood Search for Optimization of Product Storage. JITeCS (Journal of Information Technology
and Computer Science), 4(2), 166-176. https://doi.org/10.25126/jitecs.201942111

Rody, R., Mahmudy, W. F., & Tama, I. P. (2019). Using Guided Initial Chromosome of Genetic Algorithm for
Scheduling Production-Distribution System. JITeCS (Journal of Information Technology and Computer
Science), 4(1), 26-32. https://doi.org/10.25126/jitecs.20194195

Shahab, M. L., Azizi, F., Sanjoyo, B. A., Irawan, M. I., Hidayat, N., & Rukmi, A. M. (2021, March). A genetic
algorithm for solving large scale global optimization problems. In Journal of Physics: Conference Series
(Vol. 1821, No. 1, p. 012055). IOP Publishing. https://doi.org/10.1088/1742-6596/1821/1/012055

Seisarrina, M. L., Cholissodin, I., & Nurwarsito, H. (2018). Invigilator examination scheduling using partial
random injection and adaptive time variant genetic algorithm. JITeCS (Journal of Information Technology
and Computer Science), 3(2), 113-119. https://doi.org/10.25126/jitecs.20183250

Tasgin, E. (2017). Macronutrients and Micronutrients in Nutrition. International Journal of Innovative Research
and Reviews, 1(1), 10-15. Retrieved from http://www.injirr.com/article/view/8

Xu, J. (2021). Improved Genetic Algorithm to Solve the Scheduling Problem of College English Courses.
Complexity, 2021. 1-11. https://doi.org/10.1155/2021/7252719

Muhammad Ardhian Megatama et al. (Food Menu Recommendations Based...)


https://doi.org/10.25126/jitecs.20194195

