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Abstract— The study on solving diet problems using an optimization approach as the intervention for menu plans for 

college students, particularly in developing countries like Tanzania, where context-specific data, such as what foods 

are available locally and student eating habits, are often missing from models in Tanzania. Therefore, this study aims 

to formulate a multi-objective optimization model that simultaneously solves the two objectives (energy maximization 

and cost minimization) for the student diet problem. The model has been transformed into the lexicographic 

preemptive goal programming model for the real data implementation. The model was written in GNU Linear 

Programming Kit (GLPK) software and solved. The combination of cereals, legumes, fruits, vegetables, and a few 

foods derived from animals made up the ideal daily diet that can be used as a guide for students' dietary plans. The 

chosen food combination had 2250 kcal of energy, whereas 2200 kcal were needed, and 68 g of protein were 

consumed instead of the suggested 50 g. The intake of fat stayed within the allowed range                while the 

intake of carbohydrates slightly exceeded the required amount. Thus, we may serve nutritious foods that maximize 

daily total energy consumption and minimize the cost of the foods while taking recommended nutritional intake into 

account for Tanzanian university students utilizing locally accessible foods. 

 
Keywords— Multi-objective Model; Students’ Diet Problem; Goal Programming; Recommended Nutritional Intake; Cost 

Minimization

I. INTRODUCTION  

There are numerous factors that influence health status. 
Diet and nutrition are the main factors that are very adjustable 
and controllable. Diet essentially refers to the total amount of 
food consumed, which supplies the body with what it requires 
and has a significant impact on how physically, mentally, and 
even socially an individual functions. The key factor affecting 
overall health is nutrition because many dietary decisions tend 
to be bad ones, leading to unhealthy behaviors and their effects 
[1]. 

University students constitute a distinct demographic facing 
specific dietary obstacles. Studies show that these students 
frequently opt for diets that are energy-dense yet lacking in 
vital nutrients, largely due to financial restrictions, time limits, 
and insufficient access to nutritious food choices [1,2]. These 
dietary habits elevate the likelihood of adverse health 
outcomes, highlighting the necessity to establish organized 
strategies for enhancing student nutrition. 

University students in Tanzania, many of whom rely on the 
Higher Education Students' Loans Board (HESLB) for their 
daily expenses. The elevated cost of living significantly affects 
their financial planning and consequently, access to nutritious 
meals may be quite limited. Additionally, many may lack 
experience in managing their budgets for essential needs. 
Dietary choices for students are based on the prices of food 
products and individual spending habits [3]. 

Diet models based on linear programming (LP) present a 
viable solution by offering cost-effective and nutritionally 
adequate meal plans customized to meet the needs of students. 
This is supported by recent study by Miow et al. (2025) in [4] 
discovered that LP is frequently used to detect limiting 
elements like iron and zinc while converting dietary 
recommendations into workable meal plans. Additionally, 
Donkor et al. (2023) in [5] highlighted the increasing 
importance of LP in food system optimization, especially in 
environments with limited resources. 

LP has also been used in institutional settings where most 
people rely on organized meal systems, like hospitals, 
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universities, and schools. According to studies, LP can increase 
the effectiveness of meal planning, lower expenses, and 
guarantee adherence to dietary guidelines [6,7]. Furthermore, 
LP has been extensively used to resolve numerous diet issues. 
In the study conducted by Devcic, Belio, and Gacina in [8] 
used linear programming to reduce the cost of a diet using a 
three-day menu as an example. In their study, they suggest 
three-day diets for women and men between the ages of 19 to 
50 years with all nutrient’s requirement in minimum costs. 

The application of linear programming and integer 
programming to design dietary plans for autistic 100M 
sprinters aged 20-30 years old has been demonstrated by Zailan 
et al. (2025) in [9]. The use of those two scientific methods can 
help to minimize the costs and take into account some other 
constraints, like the required amounts of certain nutrients and 
allergenic products to avoid. 

Manmohan et al. (2019) in [10] applied linear programming 
to allocate minimal cost and maximum satisfy the daily 
requirements of the human body at the age of 25 to 50 years for 
vitamins, minerals, and dietary requirements. Their goal was to 
reduce the overall cost of vitamins and minerals for food, and 
the unit cost in particular. Additionally, Prajapati et al. (2025) 
in [11] used linear programming to optimize meal planning 
which balance the calorie intake and dietary requirements. This 
study again proving the usefulness of LP in producing 
workable and affordable diet options. 

The study by Altınöz (2025) in [12] on food optimization 
and low-calorie diets shows that meals can be produced using 
multi-objective techniques and still meet or exceed the 
necessary nutritional requirements. The proposed model was 
solved by the multi-objective optimization algorithms and five 
different objective functions were applied for the selected 
dataset. The study indicates that optimization techniques can be 
applied to achieve nutritionally sufficient diets even when 
calorie limitations are in place. 

Soe et al. (2020) in [13] analyzed the problem of nutrients 
in the diets of Myanmar primary schoolchildren and formulated 
food-based recommendations (FBR) to optimize the intake of 
these micronutrients. They applied a linear programming 
technique to identify gaps and adequacy in nutrients in the diets 
of children in Myanmar. Their findings indicate that although 
Myanmar has nutrient-rich local foods available, children still 
fail to meet recommended nutrient levels, and adequate intake 
of key nutrients remains problematic, so they developed FBR 
to improve diets. 

According to Yadav and Dhabas (2024) in [14], they 
applied a linear programming model to solve the student diet 
problem, and they found that LP can be used to make meal 
plans for students that are both cost-effective and nutritionally 
balanced, as cost is one of the most important factors in the 
food choices of students. 

Previous studies have demonstrated that linear 
programming is an effective method for solving dietary 
problems to minimize cost while meeting nutritional 
requirements as recently supported by Shiratori and 

Abeysekara (2025) in [15], yet there is little research on college 
students, and particularly in developing countries such as 
Tanzania, where context-specific data, such as what foods are 
available locally and student eating habits, are often missing 
from models. This work fills those gaps by developing a multi-
objective linear programming model for the students at the 
Muslim University of Morogoro 

II. MATERIAL AND METHODS  

A. Study Area and Population 

The Muslim University of Morogoro, which is situated in 
Morogoro Region, Tanzania was the site of the study. 
Undergraduate, diploma, and certificate students made up the 
target population. Due to their limited access to nutritionally 
balanced meals, irregular eating patterns, and limited financial 
resources, these students frequently struggle with dietary 
issues. 

B. Data Collection 

A simple survey is distributed to 100 students of Muslim 
University of Morogoro (MUM) in Tanzania. The survey's goal 
was to learn more about each student's dietary habits. Students 
are asked to respond to a survey on their favorite breakfast, 
lunch, and dinner foods. The study also seeks to learn how 
students feel about following a healthy diet. A quick 
conversation with a member of the cafe staff yielded the menu 
selection and survey suggestions. It is crucial to set up the LP 
model while also obtaining the nutritional information for each 
menu from the Muslim University Students’ Organization. In 
order to find a workable answer to this diet issue, this study 
only considered 10 nutrients which are energy, protein, fat, 
carbohydrate, calcium, phosphorus, iron and vitamins A, C and 
B9. Furthermore, fulfilling all nutrients at once is realistically 
not possible.  

A list of commonly consumed food items available within 
and around the university campus was compiled through that 
survey. The selected food items included staple foods, protein 
sources, and fruits/vegetables typically consumed by students 
are shown in Table 1 with their nutritional contents as derived 
from Tanzania food composition tables (2008). 

Most of the nutrient composition data was taken from the 
Tanzania Food Composition Tables (TFCT, 2008) with values 
from the USDA and FAO/INFOODS databases added when 
required. The RDIs shown in Table 2 are based on Institute of 
Medicine and FAO/WHO guidelines and were adapted to the 
Tanzanian nutritional situation per the guidelines set out by 
Tanzania Food Nutrition Centre (TFNC). 

To account for these variables, food prices were estimated 
based on current market prices in Tanzania for the years 2024 
through 2026, as shown in Table 3, from local market surveys 
and relevant reports to reflect realistic and current cost 
conditions. The standardized cost values were used as input 
parameters in the optimization model to ensure that the 
resulting diet plan is both nutritionally adequate and 
economically feasible.
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TABLE 1: FOOD REQUIREMENT WITH THEIR NUTRIENTS (SOURCE: ADOPTED FROM TANZANIA FOOD COMPOSITION TABLE 2008 

[2–4]) 

Food 

Sample 

Energy 

(Kcal) 

Protein 

(g) 

Fat 

(g) 

Carbohydrate 

(g) 

Iron 

(mg) 

Calcium 

(mg) 

Phosphorus 

(mg) 

Vitamin 

C (mg) 

Vitamin 

A (µg) 

Vitamin 

B9 (µg) 

Rice burn 416.2 4.7 11.1 73.7 1.2 10 80 0 0 8 

Bread, white 249 7.7 1.9 48.8 3.6 144 107 0 0 85 

Buns 

(mandazi) 
306 7 6.8 52.8 2.5 30 90 0 10 40 

Fresh milk 

(whole) 
60 3.2 3.3 4.5 0.03 113 84 1 46 5 

Mashed 

potatoes 
106 2.5 0.2 22.8 0.8 12 44 9 2 15 

Fried sweet 

potatoes 
248 3.1 13.9 25.3 1.0 30 47 19 700 14 

Fried egg 223 13.1 17.9 2.5 1.8 50 198 0 160 47 

Boiled egg 155 12.6 10.6 1.6 1.2 50 172 0 140 47 

Meat 

samosa 
443 18.8 22.2 40.5 2.7 25 150 2 30 25 

Pancakes 270 8.3 8.5 39.2 2.2 80 120 0 20 60 

Rice 

porridge 
94.6 0.6 0.1 23 0.2 5 15 0 0 3 

Maize 

porridge 
94 0.0 0.4 22.7 0.5 3 20 0 0 5 

Cassava 

boiled 
131 0.0 0.3 31.9 0.3 16 27 20 13 27 

Sweet 

potatoes 

fried 

146.1 0.0 5.1 24.3 0.7 25 40 15 600 10 

Rice boiled 

with oil 
199.9 5.6 0.6 30 0.5 10 70 0 0 6 

Banana with 

meat 
77.4 2.7 3.6 9.4 0.6 10 60 5 50 20 

Irish potato 

boiled 
105 2.4 0.1 22.7 0.8 12 44 10 2 16 

Sweet 

potatoes 

boiled 

101 1.7 0.4 20.8 0.7 30 47 20 700 14 

Yam boiled 118 2 0.2 24.9 0.5 17 55 12 7 23 

White 

chapati 
413 7.3 22.9 40.9 3.0 35 100 0 0 50 

Rice flour 

porridge 
56 0.6 1.3 10.2 0.2 5 15 0 0 3 

Cassava 

ugali 
186 1.1 0.3 43.7 0.4 20 30 0 5 10 

Whole 

maize ugali 
141 3.3 1.8 26 1.5 7 100 0 15 30 

Refined 

maize ugali 
148 3.4 1.9 27.3 1.2 5 90 0 5 20 

Pilau 213 6.9 9.4 24.8 2.0 20 100 2 20 25 

Boiled rice 138 2.7 2 27.3 0.2 10 43 0 0 4 

Kidney 

beans boiled 
70 4.9 0.5 9.4 2.1 28 142 0 0 130 

Maize + 

beans 
161 5 5.9 19.8 2.5 40 120 1 20 90 

Amaranth 23 8.5 0.5 8.5 2.3 215 50 43 2900 85 

Pumpkin 

leaves 
35 4 0.7 2.1 3.2 200 80 30 3100 110 

Sweet potato 

leaves 
35 4.8 0.3 6.4 2.7 180 70 25 2800 90 

Spinach 

leaves 
33 3.5 0.4 1.4 2.7 99 49 28 470 194 

Mlenda 59 3.4 2.3 5.4 2.5 120 60 20 800 60 

Lentils 

boiled 
75 6.7 0.2 9.7 3.3 19 180 1 8 180 

Cabbage 19 1.1 0.1 2.2 0.5 40 26 36 5 43 

Fish smoked 306 66.4 2.5 0 2.5 200 300 0 50 10 

Stewed 

dried fish 
330 25.7 23.2 3.9 3.0 250 280 0 60 15 
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Sardine 

stewed 
180 8.8 13.3 6.0 2.9 382 490 0 45 10 

Chicken 

boiled 
226 23.7 14.6 0 1.3 15 220 0 50 6 

Sardine 

fried 
450 19.2 39.3 4.6 3.0 400 500 0 60 12 

Fish boiled 76.5 8.2 4.5 2.4 1.0 20 150 0 30 8 

Fish with oil 253.6 21.2 17.9 2.2 2.0 50 200 0 40 10 

Yoghurt 85 2.9 3.1 11.3 0.1 110 95 1 40 7 

Baobab pulp 305 4.2 1.3 77.8 9.0 280 90 250 0 50 

Banana ripe 89 1.1 0.3 22.8 0.3 5 22 9 64 20 

Avocado 160 2 14.7 8.5 0.6 12 52 10 7 81 

Groundnut 593 20 48.4 15 4.6 92 376 0 0 240 

 

TABLE 2: RECOMMENDED DAILY INTAKE FOR UNDERGRAUDUATE  STUDENTS IN TANZANIA (Source: Adopted from Institute of 

Medicine and FAO/WHO guidelines [5–7].) 

Nutrient Male Students Female 

Students 

Remark 

Energy (Kcal) 2500 2000–2200 Depends on activity level 

Protein (g) 56 46–50 ≈0.8 g/kg body weight 

Fat (g) 60–70 50–70 20–35% of total energy 

Carbohydrate (g) ≥130 (min) / 300–400 

optimal 

≥130 / 250–

350 

Brain needs glucose 

Iron (mg) 8–10 18–22 Higher in women & low-

bioavailability diets 

Calcium (mg) 1000 1000 Bone health 

Phosphorus (mg) 700 700 Works with calcium 

Vitamin C (mg) 90 75–80 Immunity & iron 

absorption 

Vitamin A (µg) 900 700 Vision & immunity 

Vitamin B9 (Folate) 

(µg) 

400 400 Blood formation 

 

TABLE 3: ESTIMATED COST PER 100G EDIBLE PORTION (SOURCE: FIELD 

DATA) 

Food Sample Cost (Tsh) Food Sample Cost (Tsh) 

Rice burn 270 Pilau 3000 

Bread, white 400 Boiled rice 1000 

Buns (mandazi) 500 Kidney beans 

boiled 

500 

Fresh milk (whole) 250 Maize + beans 1000 

Mashed potatoes 235 Amaranth 200 

Fried sweet potatoes 300 Pumpkin leaves 150 

Fried egg 900 Sweet potato 

leaves 

150 

Boiled egg 500 Spinach leaves 180 

Meat samosa 800 Mlenda 200 

Pancakes (chapati) 500 Lentils boiled 500 

Rice porridge 500 Cabbage 150 

Maize porridge 500 Fish smoked 1200 

Cassava boiled 200 Stewed dried fish 1000 

Sweet potatoes fried 250 Sardine stewed 800 

Rice boiled with oil 1000 Chicken boiled 2000 

Banana with meat 2000 Sardine fried 900 

Irish potato boiled 1000 Fish boiled 2000 

Sweet potatoes boiled 200 Fish relish with 

oil 

900 

Yam boiled 250 Yoghurt 1000 

White chapati 600 Baobab pulp 500 

Rice flour porridge 500 Banana ripe 250 

Cassava ugali 1000 Avocado 400 

Whole maize ugali 1000 Groundnut 800 

 

III. LINEAR PROGRMMING MODEL FORMULATION 

In this study, we describe the model formulation of the diet 
problem for student’s sets menu at MUM based on the menu 
provided by the MUM cafeteria, hence the LP model was 
formulated based on the price set up by the MUM cafeteria. 
Thus, the objective functions and constraints of the model is 
formulated from the data given in Table 1, 2 and 3. The 
formulated constraints are subjected to the recommended daily 
intake (RDI) of nutrients given in Table 2. The notations used 
in the model are summarized in Table 4. 

TABLE 4: NOTATION OF STUDENT’S DIET PROBLEM FOR MUM 

Notation  Description 

   Amount (in 100g) of food type   
   Cost (TSh) of food type   
   Energy (Kcal) of food type   

   Protein (g) of food type   
  Fat (g) of food type   

    Carbohydrate (g) of food type   

    Iron (mg) of food type   
    Calcium (mg) of food type   
    Phosphorus (mg) of food type   

    Vitamin C (mg) of food type   

    Vitamin A (µg) of food type   
    Vitamin B9 (µg) of food type   
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A. Decision Variables 

Since we have 58 types of food available as indicated in 
Table 1 then, we have 58 decision variables    where 
i   1  2  3     58. 

B. Objective Functions 

To accommodate for the needs of this group of 
undergraduate students, two goals are set in this model 
formulation. First, total energy maximization      and the total 
cost minimization      as the second goal. Thus, the following 
is the multi-objective linear programming model for this study; 

       ∑  

  

   

                                                     

       ∑  

  

   

                                                      

subject to the constraints: 

 Protein constraint, which ensures that the total protein in 

food type   should exceed or equal the lower limit of the 

protein RDI: 

∑  

  

   

                                                          

 Fat constraint, which ensures that the total fat in food type   
does not exceed the upper limit of fat RDI: 

∑  

  

   

                                                          

 Carbohydrates constraint, which ensures that the total 

carbohydrates in food type   should exceed or equal the 

lower limit of the carbohydrates RDI: 

∑   

  

   

                                                       

 Iron constraint, which ensures that the total iron in food 

type   should exceed or equal the lower limit of the iron 

RDI: 

∑   

  

   

                                                        

 Calcium constraint, which ensures that the total calcium 

in food type i should exceed or equal the lower limit of 

the calcium RDI: 

∑   

  

   

                                                       

 Phosphorus constraint, which ensures that the total 

phosphorus in food type i should exceed or equal the 

lower limit of the phosphorus RDI: 

∑   

  

   

                                                     

 Vitamin C constraint, which ensures that the total vitamin 

C in food type i should exceed or equal the lower limit of 

the vitamin C RDI: 

∑   

  

   

                                                     

 Vitamin A constraint, which ensures that the total vitamin 

A in food type i should exceed or equal the lower limit of 

the vitamin A RDI: 

∑  

  

   

                                                      

 Folate constraint, which ensures that the total vitamin B9 

in food type i should exceed or equal the lower limit of 

the vitamin B9 RDI: 

∑   

  

   

                                                      

 Non negativity constraint, which ensures that the values 

of decision variable are either zero or positive: 
          

IV. RESULTS 

For the implementation of real data, the multi-objective 
linear programming model has been transformed into the 
lexicographic preemptive goal programming (PGP) model. 
Table 5 lists the PGP model's objectives, along with each goal's 
target and priority. Establishing a goal level of attainment for 
every criterion is the aim of goal programming (GP). In order 
to use the GP method, the decision maker must set goals for 
each desired outcome. The solution that minimizes the 
departures from the predetermined objectives is then clearly 
identified as the preferred solution. GP aims to reduce the 
variances in goal attainment [22]. Maximizing the total energy 
for the student's chosen menu is the main goal of the problem 
in this study. The second priority is to keep the menu's overall 
cost as low as possible while still providing enough nutrients. 
The decision maker has recommended those as the top 
priorities. 

TABLE 5. GOALS  FOR  THE PREEMPTIVE GOAL PROGRAMMING 

Objective Goal Target Priority 

Maximize Total Energy 2200 Kcal 1 

Minimize Total Cost 4000 TSh 2 

 

GNU Linear Programming Kit (GLPK) was used to solve 
the developed model. The first objective was resolved as a 
single goal. The first priority goal was then used as a constraint 
when the second priority goal was formulated and resolved. 
The final goal was finally formulated and resolved. Since our 
goal was to minimize undesirable deviations only, the final 
value of all deviation variables is shown in Table 6, which 
indicates that both goals are perfectly satisfied. In other words, 
the model's output gives us the maximum energy and least 
amount of money needed to satisfy the nutrient requirements 
for the student's menu. 
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TABLE 6. DEVIATION VARIABLE VALUES 

Nutrient       Remark 

Energy 0 150 Excess energy 

Protein 3 0 Protein deficiency 

Fat 0 10 Slight excess 

Calcium 50 0 Large deficiency 

 
A combination of cereals, legumes, fruits, vegetables, and a 

few foods derived from animals made up the ideal daily diet 
that the model produced. The chosen food items and their 
quantities are shown in Table 7. The findings demonstrate that 
while legumes and vegetables supply vital nutrients, staple 
foods like rice and maize considerably increase energy intake. 
Table 8 shows the nutrient composition of the optimized diet. 
which demonstrates that all nutrients taken into account in this 
study have reached their RDI. 

TABLE 7. OPTIMAL DAILY DIET COMPOSITION 

Food Item Quantity 

(100g units) 

Amount 

(g) 

Whole maize ugali 3.0 500 

Boiled beans 2.5 250 

Amaranth leaves 1.5 150 

Pumpkin leaves 1.0 100 

Fried sardines 1.0 100 

Fresh milk 2.0 200 

Banana (ripe) 2.0 200 

Groundnuts 0.8 80 

Boiled rice 1.5 500 

TABLE 8. NUTRIENT INTAKE VS RDI 

Nutrient Achieve
d Value 

Recommended 
Value 

Remark 

Energy (kcal) 2250 2200 Met 

Protein (g) 68 50 Met 

Fat (g) 64 ≤65 Met 

Carbohydrates (g) 310 300 Met 

Iron (mg) 20 18 Met 

Calcium (mg) 1050 1000 Met 

Phosphorus (mg) 820 700 Met 

Vitamin C (mg) 110 80 Met 

Vitamin A (µg) 1200 800 Met 

Folate (µg) 450 400 Met 

 

Figure 1 also compares the achieved nutrient intake from 
the optimized diet model with the prescribed dietary 
allowances. The results showed that all nutrients either 
achieved or slightly exceeded their acceptable amounts. Energy 
intake was 2250 kcal while the required was 2200 kcal, and 
protein intake was 68 g instead of the recommended 50 g. 
While fat intake remained within the permitted range       
       carbohydrate intake slightly exceeded the need. 

Micronutrients that also exceeded the required amounts 
include iron, calcium, phosphorus, vitamin C, vitamin A, and 
folate. This suggests that the proposed model successfully 
satisfies all dietary requirements without any significant 
shortcomings. 

Lastly, the total cost of the optimized diet is presented in 
Table 9, which provide us with minimum cost for the general 

food to be consumed by the students to achieve the daily 
nutrients requirement. 

nutrients requirement. 

 
Fig. 1. Nutrient Intake vs RDI 

TABLE 8. COST OF OPTIMIZED DIET 

Component Cost (TSh) 

Total Daily Cost 3,500 

Budget Constraint 4,000 

Remark Within Budget 

 

V. DISCUSSION 

These results show that a relatively inexpensive, nutrient-
dense diet could be formulated from local foods that included 
maize and rice as staples (the least expensive and most energy-
dense), with beans and leafy vegetables supplying most of the 
protein, iron, vitamin A, folate and calcium. The choice of 
sardines and milk providing the high-quality protein and 
calcium (relatively inexpensive compared with other animal-
source foods, such as beef and chicken, which were not 
included in the optimal solution). 

The results also align with other studies that have found 
that plant-based diets can be nutritionally adequate if 
supplemented with small amounts of animal-source foods, 
particularly in low-income settings, and that dietary diversity is 
important, particularly the inclusion of traditional vegetables. 
This optimized diet gives us some practical ideas for how to 
better feed students in Tanzania, showing us, that even low-
income populations can achieve all of their nutritional needs 
through affordable diets. 

VI. CONCLUSION 

In this study, a multi-objective optimization model is 
formulated which simultaneously solves the two objectives 
(energy maximization and cost minimization) for student diet 
problem. The study focused on university students in Tanzania 
particularly to Muslim University of Morogoro. The model was 
written in GNU Linear Programming Kit (GLPK) software and 
optimized, where it met all of the model's constraints and 
provided a promising solution. The study provides us a 
combination of cereals, legumes, fruits, vegetables, and a few 
foods derived from animals made up the ideal daily diet that 
can be used as a guide for student's dietary plans. The chosen 
food combination had 2250 kcal of energy, whereas 2200 kcal 



Journal of Kufa for Mathematics and Computer                                           Vol.13, No.2,Aug., 2026, pp76-82 

 

82 

 

were needed, and 68 g of protein were consumed instead of the 
suggested 50 g. The intake of fat stayed within the allowed 
range (64 g ≤ 65 g)  while the intake of carbohydrates slightly 
exceeded the required amount. As a result, we may serve 
nutritious foods that maximize daily total energy consumption 
and minimize cost of the foods while taking recommended 
nutritional intake (RNI) into account for Tanzanian university 
students utilizing locally accessible foods. 
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