Food Selection Optimization using Integer Programming within a Higher Education Institution
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Abstract. Food selection is essential for ensuring the well-being of university students by providing the necessary nutritions. Students’ lives are significantly influenced by their ability to overcome challenges such as time constraints, financial limitations and unpredictable schedules. These pressures often lead to unhealthy eating habits, contributing to health issues like obesity or malnutrition. This study utilizes integer programming to optimize meal plans in food selection for students in a higher education environment. The focus is on balancing cost, nutrition and dietary preferences. Twelve food options were evaluated, with the goal of minimizing costs while meeting nutritional requirements. A quantitative approach namely the integer programming model was optimized using Excel Solver, identifying the most cost-effective and nutritionally adequate options. The optimal solution consists of three meal options namely curry chicken noodle, nasi ayam penyet and rice with fried egg and vegetable soup. These meals were selected based on their affordability and ability to provide sufficient nutrients including carbohydrates, protein and fats. The optimized solution with a daily total of 1509 calories provides 251.9 grams of carbohydrates, 72.6 grams of protein and 45.7 grams of fat, all of which meet or exceed the daily nutritional requirements for an average student. The findings suggest that integrating optimization techniques in food selection offers a practical approach to improve students' health while ensuring cost efficiency.
INTRODUCTION

Meal planning based on nutrient density plays a vital role in the health of university students, especially considering the unique challenges they face. A recommendation of food selection should feature a variety of foods from different categories, ensuring a proper balance of all essential nutrients in the required quantities [1]. University students are often burdened with time constraints, limited financial resources and unpredictable schedules due to their academic and extracurricular commitments. These pressures make it increasingly difficult for students to maintain a well-balanced diet, often leading to unhealthy eating habits. The rigorous demands of university life, including long hours of study and academic stress, can contribute to a range of health issues such as obesity and malnutrition. Despite being aware of the importance of proper nutrition, some university students encounter extra complexities in their poor diet due to the nature of their lives. Lack of time is another factor that contributes to poor eating habits, especially since all the time goes to handling academic work which makes eating patterns become irregular, consequently snacks are often hurried. Most of the readily available food is usually high calories and has low nutrient options. This is compounded by issues to do with finance whereby the student may opt to go for cheap meals that may not necessarily be healthy for them. Poor nutrition can lead to fatigue, lack of focus and even absenteeism, which directly affects academic outcomes. Altogether, these issues lead to an unhealthy lifestyle that slows down learning, affects physical health and creates emotional imbalance among students. A balanced diet, characterized by diversity and simplicity, aligns with the concept of healthy eating [2].
Despite the growing awareness of the importance of healthy eating among university students, limited studies have focused on systematic and quantitative approaches to meal planning that consider both nutritional adequacy and affordability. This research is motivated by the need to develop a meal planning model that supports students in achieving balanced nutrition within their financial constraints. Good meal planning can address these challenges by providing students with nutrient dense food, affordable and easily accessible food options. By integrating nutrient rich meals into students’ routines, it can foster a healthier environment that supports both academic success and health. Students that have access to balanced meals not only nourish their bodies but also enhance their cognitive functions, improve mental health and provide the necessary energy for academic and extracurricular activities.
A focus on nutrients in meal planning can help in improving the burden of food cost, which many students face, particularly those with limited financial resources. The affordability and practicality of food selections in meal planning make it easier for students to make better food choices without compromising their budget or time constraints. When meal planning is optimized, it encourages students to make healthier choices, leading to improved academic performance, better physical health and enhanced mental well-being. Ultimately, the integration of effective meal planning into the university setting helps create an environment where students can thrive both academically and personally, setting the foundation for a healthy and successful future.
The use of mathematical optimization methods, such as integer programming, in optimizing meal plans could help in identifying the most effective food combinations that can meet nutritional needs while minimizing costs. It is useful when multiple constraints are considered simultaneously. One of the key benefits of applying integer programming to food selection in meal planning is that it allows students to choose meal plans that cater to the diverse dietary needs while staying within budget. It also enables them to consider various factors, such as calorie intake, food preferences and financial constraints, ensuring that students’ needs are met efficiently. This paper aims to develop a lunch meal option and minimize the cost while maintaining the important nutrients. By improving the meal planning for university students this study could contribute to the health and well-being of university students by considering cost, nutrition and food options.
LITERATURE REVIEW

Health is shaped by various factors, among which diet and nutrition are the most adaptable and controllable. Diet encompasses the total intake of food, supplying essential nutrients that significantly affect physical, mental and social functioning. A balanced diet includes six primary nutrients: fats, proteins, carbohydrates, fibre, vitamins and minerals. These nutrients are crucial not only for meeting caloric needs but also for promoting overall well-being [3]. Without proper nutrition, the human body becomes more vulnerable to illnesses, infections, fatigue and reduced performance in daily activities. Nutrition is integral to health, as unhealthy dietary choices often lead to adverse behaviours and their associated consequences. Moreover, the high cost of healthy food is a significant barrier to adopting a balanced diet, particularly for lower income groups [2]. Diet is not only important in addressing malnutrition but also plays a crucial role in preventing obesity. Obesity has become a growing pandemic in the Asia Pacific region, with its prevalence rising rapidly [4]. Diet optimization is a vital area to be investigated when attempting to prevent malnutrition and meet nutritional necessities [5]. Tackling diet and obesity requires a comprehensive and sustained approach. Fostering a culture of health consciousness and providing accessible resources for healthy living could address these issues and improve the well-being of the population.
Students in higher learning institution form a critical group for studying diet-related problems because they are at a transitional life stage where lifestyle habits are established. Poor dietary practices during this period can have long-term health and behavioural consequences. Many students experience irregular eating patterns, financial limitations and a dependence on fast food, which often leads to nutrient deficiencies and weight-related issues. These habits not only affect their physical and mental health but also their academic performance and productivity. Therefore, studying diet optimization for university students is essential to identify strategies that balance nutritional needs with financial consideration supporting both their academic success and long-term health outcomes.
The application of integer programming to optimize meal planning has gained significant attention in recent years, particularly in addressing the dietary needs of specific groups, such as for students. This demographic often faces unique challenges, including time constraints, financial limitations and demanding schedules, which impact their ability to maintain balanced and nutritious diets. Many students prioritize cost-saving measures, neglecting proper dietary practices and consuming inadequate nutrients [6]. Integer programming offers a systematic and cost-effective solution to these challenges. It is a subset of mathematical optimization that deals with decision variables constrained to integer values, making it particularly useful for problems involving discrete choices, such as selecting food items. One study applied linear programming to develop nutrient adequacy for preschool children in rural Malawi by focusing on riboflavin and zinc intake while considering for the challenges posed by high-phytate foods [7]. Although the model demonstrated the potential of optimization in resource constrained environments, its limited nutrient scope may restrict its broader applicability. Another study proposed a mathematical model to ensure that secondary school students meet their daily nutrient requirements at minimal cost, reflecting a practical balance between nutrition and affordability in institutional settings [8]. Meanwhile, the use of mixed-integer linear programming has enabled the generation of personalized meal plans for college students, aiming to encourage healthier eating behaviours by considering individual dietary needs and preferences [9]. Despite the enhanced personalization, such models often require complex data inputs, posing challenges for real world implementation. These varied approaches collectively highlight the adaptability and effectiveness of linear programming in optimizing diet planning in different scope, population and operational feasibility.
Diet optimization has been applied to various health related dietary needs by using mathematical models that balance nutrition goals with practical constraints. Integer programming has been used to create cost-effective menus that meet nutritional requirements, particularly focusing on cancer-preventive foods [2]. For elderly individuals, optimization algorithms have been designed to generate suitable meal plans that consider age specific dietary needs [1]. Nutritional planning to prevent chronic diseases like diabetes and heart disease has also been addressed by developing balanced meal plans aligned with key nutrient targets [10]. In managing diabetes, optimization techniques have been used to maximize variety in food ingredients while meeting individual dietary restrictions [11]. For cardiovascular patients, multi-objective fuzzy linear programming has been applied to reduce the intake of saturated fats, salt, monosaccharides and calories. This method also considers uncertainties in nutrient intake, making the diet plans more realistic and applicable [12]. A more comprehensive model has been proposed to support various diet-related tasks such as detecting imbalances, calculating ideal food quantities, selecting products from databases and adjusting diets with supplements or bioactive ingredients to correct deficiencies [13]. These studies demonstrate the flexibility of diet optimization models in addressing diverse health conditions.
Linear programming has also been applied to develop high energy and nutrient dense food product prototypes and therefore proving its strength in formulating products that meet specific nutritional requirements [14]. Beyond product development, personalized diet planning has been enhanced through models that combine dietary preferences with expert guidelines. Integer programming is particularly suited for this study because meal planning involves discrete decision-making which is selecting specific food items in specific. Compared to other methodologies such as heuristic algorithms, regression models or simulation-based approaches, integer programming provides an exact, transparent and mathematically optimal solution that can simultaneously consider multiple constraints such as nutrient requirements, cost limitations and food availability. It allows clear trade-offs between nutritional adequacy and affordability, making it ideal for practical implementation in a university setting where decisions must be both feasible and cost-effective.
METHODOLOGY

[bookmark: _Hlk186998559]Data collection for this study was carried out using both primary and secondary data sources. The primary data were obtained through unstructured interviews with the owners of restaurants operating within the Universiti Utara Malaysia (UUM) cafeteria. This approach facilitated spontaneous and flexible interactions, allowing for the immediate collection of relevant information. During these interviews, the prices of the proposed menu items were directly gathered, ensuring accuracy of the data.
In addition to the primary data, secondary data were used to supplement the study. The menu selected for analysis were based on the suggested menu options available at the UUM cafeteria. These meals were used as decision variables to determine the most cost-effective options that could meet the specified nutritional requirements. A total of 12 menu options were identified, each providing sufficient nutrition for students. The nutritional values and other relevant details were gathered from secondary sources, such as MyFitnessPal, which provided information on nutrients like carbohydrates, protein and fats. These nutrients are essential for energy production and supporting bodily functions, including brain development, muscle building and cell function, all of which are vital for students’ academic performance and overall health. The data are illustrated as in Table 1 with the nutrients in grams.














TABLE 1. Nutrition Ingredients and Price
	Decision
Variable
	Menu
	Carbohydrate (grams)
	Protein (grams)
	Fat (grams)
	Calories (cal)
	Price (RM)

	
	Rice + fried fish + vegetable
	40.7
	25.1
	15.3
	409
	4.50

	
	Rice + omelette + sardine
	28.8
	27.1
	13.9
	353
	4.00

	
	Rice + fried chicken + vegetable
	36.1
	25.1
	20.6
	434
	5.50

	
	Thai noodle
	44.3
	30.1
	24
	497
	7.00

	
	Chicken curry noodle
	60
	40
	29
	675
	4.50

	
	Nasi goreng kampung
	36.3
	12.3
	8.4
	274
	6.00

	
	Nasi ayam penyet
	150
	20
	10
	550
	6.00

	
	Noodle soup 
	12
	10
	8
	356
	5.00

	
	Rice + fried egg + vegetable soup
	41.9
	12.6
	6.7
	284
	3.50

	
	Laksa
	33.8
	16.6
	12.8
	313
	6.00

	
	Rice + fried fish + vegetable
	40.7
	25.1
	15.3
	409
	4.50

	
	Rice + omelette + sardine
	28.8
	27.1
	13.9
	353
	4.00



Nutritional information was sourced from the MyFitnessPal app, which offers detailed data on the calories and nutrient content per serving of various food items. While the values obtained may not be entirely precise, they are considered to fall within an acceptable range of variability, making them reliable for the purpose of this analysis. Table 2 presents the recommended daily requirements for calories and essential nutrients, which serve as benchmarks for evaluating the nutritional adequacy of the selected menus. The daily nutrient intake consists of 214 grams of carbohydrates, 70 grams of protein and 196 grams of fat, providing a total of 2,400 calories. This composition provides enough nutrients to support daily activities, maintain energy levels and promote overall health.

The objective function is to minimize the cost using the integer programming method. The decision variables and constraints are shown below. The objective function and constraints are as follows: 

Minimize:  				         (1)

Equation (1) is the objective function, which aims to minimize the total cost ​ associated with the selected food items. Here, ​ is a binary decision variable that takes a value of 1 if the th menu is included in the meal plan and 0 otherwise. The summation is for 12 possible menus, ensuring the most cost-efficient combination is chosen.

 				         (2)

Equation (2) ensures that the total carbohydrate content from the selected menus meets or exceeds 214 grams, which is the minimum daily requirement.

 					         (3)

The combined protein content from the selected menu is at least 70 grams should be met, satisfying the minimum dietary need for protein in equation (3).

 				         (4)

Equation (4) refers to a constraint that limits the total fat content from the selected menu to no more than 196 grams, adhering to a healthy dietary guideline.

 				         (5)

The cap of total calories intake is at 2400 calories, preventing excessive energy consumption that could lead to unhealthy weight gain as demonstrated in equation (5). The nutrient constraints were kept as at least values for carbohydrates and protein to ensure minimum dietary adequacy, which is more relevant to university students who often experience nutrient deficiencies rather than excess. Fat and calorie constraints already serve as upper bounds to prevent overconsumption. Moreover, because the objective minimizes cost, the model inherently avoids excessive nutrient levels. Thus, using minimum thresholds achieves the intended nutritional balance without requiring range-based constraints. The binary nature of ​ signifies whether a specific menu  is included in the menu plan (1) or not (0). This ensures that each item is either fully included or excluded.

In this optimization model, ​ represents the cost of each menu item and ​ is a binary variable indicating whether a specific lunch menu (denoted by ) is selected, where  ranges from 1 to 12. The parameters , ,  and  refer to the nutritional content of the menu items, specifically the amount of carbohydrates, protein, fat and calories provided by each menu option.
ANALYSIS RESULT

The model is optimized using Microsoft Excel Solver tool. The result identified three menu options out of 12 suggested lunch menus with a total minimum cost of RM14.00 as presented in Table 3. 

TABLE 2. Optimized Solution 
	Decision Variable
	Menu
	Price (RM)

	
	Curry chicken noodle
	4.50

	
	Nasi ayam penyet
	6.00

	
	Rice + fried egg + vegetable soup
	3.50



Table 3 outlines the optimized solution derived from a decision-making process to determine the ideal menu items and their respective prices. The selected options are curry chicken noodle (RM4.50), nasi ayam penyet (RM6.00) and rice with fried egg and vegetable soup (RM3.50). This solution represents a balanced mix of affordability and variety. These items were chosen to meet specific criteria, which are cost efficiency and nutritional requirements. Each price reflects the optimization of resources to provide maximum value while remaining accessible to different backgrounds of students. The daily calories and nutrients contribution optimized by this model is illustrated in Table 4. 

TABLE 3. Optimized Daily Calories and Nutrients
	Nutrient
	Amount

	Carbohydrate
	251.9 g

	Protein
	72.6 g

	Fat
	45.7 g

	Calories
	1509 cal



The optimized solution satisfies the daily calorie and nutrient requirements while adhering to dietary constraints. As illustrated in Table 4, the model provides a daily intake of 251.9 grams of carbohydrates, exceeding the minimum requirement of 214 grams and ensuring sufficient energy supply. Protein is optimized at 72.6 grams, slightly above the required minimum, supporting essential bodily functions such as muscle repair and growth. Fat intake is well-controlled at 45.7 grams, significantly below the upper limit of 196 grams, promoting a healthy balance. With a total of 1509 calories, the solution aligns with the recommended daily energy range for an average individual.
This composition reflects a well-balanced and nutritionally adequate meal plan. By meeting essential dietary guidelines without compromising affordability, the model demonstrates its effectiveness in creating practical and sustainable meal solutions. It highlights the potential of quantitative approaches in decision science to address challenges in diet and nutrition planning.
CONCLUSION

A healthy diet plays a fundamental role in the well-being and performance of students, as their bodies require a consistent intake of essential macronutrients and micronutrients to meet the demands of academic and extracurricular activities. Proper nutrition supports cognitive functions, concentration and energy levels, enabling students to excel in their studies and physical pursuits. Conversely, unhealthy dietary habits can lead to negative outcomes such as fatigue, weakened immunity, poor academic performance and increased vulnerability to mental health challenges like depression, anxiety and irritability. Sleep disturbances and difficulty concentrating are additional consequences of inadequate nutrition, emphasizing the critical need for balanced dietary habits in student populations.
This study addresses these challenges by using integer programming to optimize lunch menu selections that meet students' nutritional requirements while remaining cost-effective. By formulating the problem in binary terms, the model successfully identified an ideal menu comprising dishes 5, 7 and 9, with a total daily cost of RM14.00. This optimized solution aligns with the study's objective to provide nutritionally balanced meals that cater to the unique dietary needs of students, supporting their overall health and academic success. The chosen meals are designed to deliver the necessary macronutrients and micronutrients while accommodating budgetary constraints, making them suitable for individuals seeking to maintain healthy eating habits without exceeding their financial means.
The use of integer programming in this study highlights its effectiveness in solving complex optimization problems, particularly in the context of food selection and dietary planning. By translating specific nutrient requirements into a mathematical framework, the model ensures that all dietary constraints are met while minimizing meal costs. This approach demonstrates the potential of decision science tools to develop innovative, practical solutions for improving health outcomes in targeted populations. Furthermore, the findings underscore the importance of combining nutrition science with mathematical optimization techniques to create meal plans in food selection that are both accessible and nutritionally adequate. This study provides a framework for supporting students' dietary needs in the context higher education environment.
references

1. 	L. K. Gautam and V. S. Gulhane, Multi-constraint particle swarm optimization algorithm in diet recommendation for Indian elderly persons. In: Proceedings of the 5th International Conference on I-SMAC (IoT in Social, Mobile, Analytics and Cloud, pp. 1018–1022, (IEEE, 2021). 
2. 	R. Alaini, R. Rajikan and S. M. Elias, BMC Public Health 19(4), 546 (2019). 
3. 	S. Islam, K. Hasan and M. R. Islam, Linear programming approach to determine balanced diet with minimum cost: A case study. In International Conference on Mechanical, Industrial and Energy Engineering, Rajshahi, Bangladesh, (2019).
4.	D. T. W. Lui et al., J. Asian Pac. Soc. Cardiol. 3, e21 (2024). 
5.	A. E. Babalola, B. A. Ojokoh and J. B. Odili, Diet optimization techniques: A review. In: 2020 International Conference in Mathematics, Computer Engineering and Computer Science. (IEEE, 2020). 
6. 	N. A. Baki, N. S. M. Mangsor and M. K. A. Razak, Int. J. Adv. Trends Comput. Sci. Eng. 8(1.5), 3036–3043 (2019).
7. 	N. Darmon, E. Ferguson and A. Briend, Am. J. Clin. Nutr. 75(2), 245–253 (2002). 
8. 	M. Ali, S. Sufahani and Z. Ismail, Glob. J. Pure Appl. Math. 12(1), 413–419 (2016). 
9. 	B. Cottrell, X. Qu, M. Anwar and P. Hines, A mixed integer linear programming model for personalized meal recommendations to African-American students. In Proceedings of the 2019 IISE Annual Conference, (2019).
10. 	M. Mamat, N. F. Zulkifli, S. K. Deraman and N. M. Mohamad Noor, Appl. Math. Sci. 6(103), 5109–5118 (2012).
11. 	F. U. Salamah and D. Wardani, Particle swarm optimization to support low protein diets for diabetic nephropathy patients. In 2021 International Conference on Artificial Intelligence and Computer Science Technology, pp. 240–245, (IEEE, 2021).
12.	C. H. Eghbali, SSRN Electron. J. (2019).
13. 	M. A. Nikitina, "Development of a personalized diet using structural optimization," in Studies in Systems, Decision and Control, edited by A. G. Kravets et al., (Springer, 2023), pp. 43–52. 
14. 	E. Sheibani, A. D. Moghaddam, A. Sharifan and Z. Afshari, J. Sci. Food Agric. 98(4), 1444–1452 (2017). 

