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Abstract— Most HIV - infected patients lose weight, 

and weight loss is linked to mortality in HIV patients. An 

adequate diet is essential at all times to avoid weight loss, 

combat infection, and build and retain muscular mass. A 

linear programming model has been employed to model 

the diet for HIV - infected children aged 6-9 years to 

maximize energy intake using locally available foods. 

Fifty-eight food items obtained from a previous 24 - hours 

dietary recall assessment was modeled. A food exchange 

list was used to distribute food items into breakfast, lunch 

and dinner. Three different dietary plans were formulated 

from locally available food with recommended amount of 

energy intake of greater than or equal to 1815 Kcal. 

 

Keywords— Energy intake, HIV - infected children, 

Linear programming, Dietary plan, Recommended 

nutritional intake, Ready-to-use formulations, Food 

exchange list, Optimal. 

I. INTRODUCTION 
HE number of various food groups consumed over a 
reference period (often 24 hours) is referred to as dietary 
variety. It is commonly acknowledged as a crucial aspect 

of diet quality because eating foods from different food groups 
can potentially meet one's daily nutrient needs. Compared to 
non-infected persons, people living with HIV/AIDS  

 
 

 
(PLWHA) need more nutrients to maintain their immune 
systems. For instance, an adult who is HIV-uninfected needs 
about 2070 kcal of energy and 57 grams of protein per day, 
but an adult who is HIV-infected needs about 10 to 15% more 
energy and 50 to 100% more protein per day in people who 
are the same age, sex, and level of physical activity, [1]. 

Globally, approximately 36.9 million people are infected 
with HIV/AIDS, with 3.2 million being children under the age 
of 15 years. In Sub-Saharan Africa, 31% of those hospitalized 
to nutrition rehabilitation facilities had HIV, [2]. Furthermore, 
Tanzania HIV Impact Survey research funded by UNICEF 
indicated an HIV prevalence of 0.4% among Tanzanian 
children under the age of 15 years, [3]. 

Most HIV patients lose weight, and weight loss is linked to 
mortality in HIV patients. An adequate diet is essential at all 
times to avoid weight loss, combat infection, and build and 
retain muscular mass. Carbohydrates, protein, fats, vitamins, 
and minerals are all nutrients that the body requires to function 
effectively. Some of these nutrients (carbohydrates, proteins, 
and fats) are extremely important, [4]. 

The amount of energy required depends on the stage of the 
infection (viral load). Asymptomatic HIV-positive children 
and adults require 10% more energy than healthy HIV-
negative children and adults of the same age, gender, and 
physical activity. HIV-positive children and adults with 
symptoms (symptomatic) require 20-30% more energy than 
HIV-negative children and adults of the same age, gender, and 
physical activity. Children who are HIV- positive and losing 
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weight should consume 50-100 percent more calories, [2], [5], 
[6]. For example, energy requirements for HIV-positive 
children between 2 to 5 and 6 to 9 years who are 
asymptomatic are 1390 and 1815 kcal respectively, [5]. An 
individual's energy intake is controlled by the role of each 
nutrient in their diets and how their nutritional needs are 
addressed, [7]. There is no single food that can provide 
consumers with the necessary nutrients. 

The protein requirement for humans is 12-15 percent of 
daily energy consumption. Protein is recommended to be 
consumed at 0.8 g per kilogram of ideal body weight per day 
by healthy adults, [8]. Protein requirements per kg of body 
weight per day for children aged 4 to 13 years are 0.95 g per 
kilogram of body weight per day. According to [4], people 
living with HIV should consume the same amount of protein 
as HIV-negative people of the same age, gender, and degree of 
physical activity. However, as a result of their increased 
energy consumption, HIV patients may consume more protein, 
[9]. 

Dietary fat contains necessary fatty acids and concentrated 
energy. People living with HIV who do not have fat 
malabsorption or diarrhea can consume fat to help satisfy their 
increased energy requirements, [9]. [4], does not recommend 
that HIV-positive patients have a larger percentage of fat in 
their entire diet than HIV-negative people. However, the 
amount of fat required to maintain the amount of energy 
produced from fat will increase due to the increased energy 
consumption. 

A linear programming model has been employed to model 
the diet for Malaysian boarding school students to minimize 
the budget provided by the Malaysian government and  
maximizing the variety of food intake, [10, [11]. Their model 
also wanted to achieve the maximum nutritional requirement 
based on the Malaysian Recommended Daily Allowance 
(RDA) requirements. 

[12], developed a linear programming model for instant 
food formulation for Tanzanian children aged 2 to 23 months. 
Their model computes the grams of each food type – Quelea 
mixed with either Green Banana or White Rice or Irish Potato 
and Onions, Tomatoes, Carrots and Green bell Pepper. When 
those foods are combined, an instant food complement will be 
created and entirely satisfy the preset needs of malnourished 
children. 

The study by [13], which combined multiple linear 
regression models and linear programming models for people 
living with HIV as well as AIDS patients by considering age, 
weight, height and gender. The linear programming problem 
formulated is solved by the two-phase simplex method in 
MATLAB. Results show that adequate amounts of foods that 
achieve the recommended nutrients were determined. 

[14], created linear goal programming models in five 
Ethiopian areas for three scenarios (non-fasting, continuous 
fasting, and intermittent fasting). The models try to minimize a 
function of deviations from nutrient reference values for 11 
nutrients (protein, calcium, iron, zinc, folate, and vitamins A, 
B1, B2, B3, B6, and B12). 494 Ethiopian women of 
reproductive age completed two non-consecutive 24-hour 
dietary recalls (24HDR). In comparison to the current diet, 
women's mean energy intake was well above 2000 kcal across 

all socio-demographic groupings. The simulated diets may be 
realistic for reproductive-age women because they are similar 
to their existing diets and meet their energy and nutritional 
requirements. 

[15], employed goal programming to balance nutrients in 
the Thai people's daily diet (19). In North America, [16], used 
linear programming to create a new nutrition plan for low-
income American families (20). Since then, modeling has 
become more popular across various population groups, [17].  
A linear goal programming technique adapted from the model 
proposed by [18], was employed in the current investigation. 
Previous research in the Netherlands and Tanzania employed 
the goal programming technique to optimize individual diets, 
[19], [20]. 

The study on solving diet problems using optimization 
approach as the intervention for menu plans for HIV - infected 
children has been lacking in Tanzania. Thus, the current 
knowledge about menu planning and diet problems is 
expanded for Tanzanian HIV - infected children aged 6 to 9 
years that focuse on locally available foods. Therefore, this 
study aims to develop mathematical model of healthy diet 
menu plan that maximizes the daily total energy intake, with 
consideration of recommended nutrient intake (RNI) for 
Tanzanian HIV - infected children aged 6 to 9 years old. 

The following are the remaining sections of this paper: 
Section 2 describes the materials and methods used in this 
study. The model analysis is presented in Section 3 of the 
manuscript. The results are discussed in Section 4. Section 5 
presents a summary of the findings, highlights the research 
contributions, and identifies opportunities for future 
investigation. 

II. MATERIAL AND METHODS 
Breakfast, lunch and dinner are the three meals served each 

day in most of Tanzania. The optimization method was used to 
address the healthy food menu plan for HIV-infected children, 
and linear programming was chosen as a technique to 
formulate a mathematical model for this study. 

A. Developing of Linear programmed dietary plan (LPDP) 

The primary goal of this study is to develop a menu 
planning model that maximizes total calorie intake in HIV-
infected children. This model also attempts to meet the 
maximum nutritional needs based on Tanzanian RNI 
guidelines. Table I shows the upper and lower boundaries for 
four nutrients which are energy, fats, carbohydrates, and 
protein with the percentage excess for HIV-infected children. 
 
TABLE I. DAILY NUTRIENTS REQUIREMENT FOR HIV - INFECTED 

CHILDREN 6-9 
Nutrients Lower Bound (LB) Upper Bound (UB) 

Energy (kcal) 1390 1815 
Fat (g) 42 46.3 

Carbohydrate (g) 130 191.1 
Protein (g) 13 52.1 

 
The concept of developing the linear programmed dietary 

plan was adopted from, [21]. The dietary plan was developed 
using the food list obtained from a 24-hour recall conducted at 
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the baseline data collection. During the baseline phase, a total 
of 58 food items that were commonly consumed by children 
were gathered from their caretakers as shown in Table II. 

 

TABLE II. FOOD REQUIREMENTS WITH THEIR NUTRIENTS 

S/N FOOD SAMPLE ENERGY 
(Kcal) 

PROT 
EIN(g) 

FAT(g) CARBO 
HYDRATE 
(g) 

1 Rice burn 416.2 4.7 11.1 73.7 
2 Bread, white 249 7.7 1.9 48.8 
3 Buns (mandazi) 306 7 6.8 52.8 
4 Fresh milk 

(whole) 
60 3.2 3.3 4.5 

5 Mashed potatoes 106 2.5 0.2 22.8 
6  Fried sweet 

potatoes 
248 3.1 13.9 25.3 

7 Fried Egg 223 13.1 17.9 2.5 
8 Boiled egg 155 12.6 10.6 1.6 
9 Meat samosa 443 18.8 22.2 40.5 
10 Pancakes (chapati 

za maji) 
270 8.3 8.5 39.2 

11 Rice porridge 
with sugar 

94.6 0.6 0.1 23 

12 Maize porridge 
with sugar 

94 0.0 0.4 22.7 

13 Cassava boiled 131 0.0 0.3 31.9 
14 Sweet potatoes 

fried 
146.1 0.0 5.1 24.3 

15 Rice boiled with 
oil 

199.9 5.6 0.6 30 

16 Rice with milk 176 3.9 5.7 27.2 
17 Sorghum, grain, 

red flour 
366 9.3 3.5 59.9 

18 Banana with meat 77.4 2.7 3.6 9.4 
19 Potato, Irish 

peeled boiled  
105 2.4 0.1 22.7 

20 Maize and 
sorghum ugali 

110 3 0.9 24.7 

21 Sweet potatoes 
boiled, drained 

101 1.7 0.4 20.8 

22 Yam, white, 
boiled drained 

118 2 0.2 24.9 

23 White chapati 413 7.3 22.9 40.9 
24 Rice flour 

porridge 
56 0.6 1.3 10.2 

25 Cassava flour 
ugali 

186 1.1 0.3 43.7 

26 Whole maize 
flour ugali 

141 3.3 1.8 26 

27 Refined maize 
flour ugali 

148 3.4 1.9 27.3 

28 Cassava and red 
sorghum ugali 

116 2.1 0.8 23.4 

29 Sorghum, millet 
and cassava 
porridge 

46 0.5 0.1 10.2 

30 Pilau 213 6.9 9.4 24.8 
31 Boiled rice 138 2.7 2 27.3 
32 Potatoes in rice 111 2.2 1.9 21.1 
33 Beans kidney dry 

unsoaked boiled 
70 4.9 0.5 9.4 

34 Sweet potatoes 
with peanut butter 

89 22 4.4 9 

35 Dehulled maize 
and beans 

161 5 5.9 19.8 

37 Amaranth  23 8.5 0.5 8.5 
38 Pumpkin leaves 

boiled 
35 4 0.7 2.1 

39 Sweet potatoes 
leave 

35 4.8 0.3 6.4 

S/N FOOD SAMPLE ENERGY 
(Kcal) 

PROT 
EIN(g) 

FAT(g) CARBO 
HYDRATE 
(g) 

40 Spinach leaves  33 3.5 0.4 1.4 
41 Mlenda  59 3.4 2.3 5.4 
42 Pigeon peas, 

boiled 
95 6.5 0.7 12.1 

43 Lentils, unsoaked, 
boiled 

75 6.7 0.2 9.7 

44 Cabbage 19 1.1 0.1 2.2 

45 Fish smoked  306 66.4 2.5 0 
46 Stewed dried fish 330 25.7 23.2 3.9 
47 Pork, meat, 

boiled 
374 29.1 28.6 0 

48 Sardine dried 
stewed 

180 8.8 13.3 6.0 

49 Chicken boiled 226 23.7 14.6 0 

50 Sardine fried 450 19.2 39.3 4.6 
51 Fish boiled 76.5 8.2 4.5 2.4 
52 Fish relish with 

oil 
253.6 21.2 17.9 2.2 

53 Yoghurt, cow 
milk whole plain 

85 2.9 3.1 11.3 

54 Baobab pulp 305 4.2 1.3 77.8 
55 Banana ripe 89 1.1 0.3 22.8 
56 Avocado 160 2 14.7 8.5 
57 Sunflower oil 900 0 100 0 
58 Groundnut 593 20.1 48.4 15 

 [22], Extracted from Tanzania food composition table 2008 

To achieve the required energy intake to meet the energy 
needs of asymptomatic HIV-infected children aged 6-9 years, 
a 10% increase in energy intake was used. The linear 
programming model under consideration aims to maximize 
energy intake by optimizing the consumption of 
carbohydrates, proteins, and fats. 

The objective function of our model was to maximize the 
total amount of calories (energy) to be eaten per day. We let 
the food list obtained into,  [21]. The development of the 
linear model involved the objective function utilized in this 
study was calculated from Kilocalories (Kcal), whereas the 
constraints were determined based on the individual nutrients, 
namely carbohydrates, proteins, and fats. These nutrient 
values were obtained from the Tanzania food composition 
table, [22]. The models were entered into computerized 
software and encoded using Lingo version 8.0 software, [20]. 
These models were then solved to optimize energy and 
determine the amount of each type of food included in the 
dietary plan. Subsequently, the acquired values were 
multiplied by a factor of 100g to determine the accurate gram 
measurement of the food.  

Among 57 list foods, 30 lists of food were obtained from 
lingo and the food exchange list were used to convert the gram 
of food selected into food portion size. The meal planning 
food exchange list is a tool designed to facilitate the 
substitution of foods within a certain food group. This tool 
offers consumers the freedom to adhere to their dietary plan 
for illness management more effectively, [23]. Three dietary 
plans were formulated from locally available food with a  
recommended amount of energy intake of 1390 Kcal, [24] as 
shown in Fig. 1. The initial version was submitted for expert 
evaluation, and a consultation was conducted with a nutrition 
specialist from the Tanzania Food and Nutrition Center as well 
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as a linear programming expert. Following a comprehensive 
expert examination, the initial draft was then declared suitable 
for usage in the field and has thus been accepted as the final 
draft. The final draft was also pretested to assess its 
effectiveness. 

 
Fig. 1 LPDP developmental framework 

B. Model Formulation 

 Based on the data given in Table I and Table II, a linear 
programming model is developed. The model should produce 
3 menus (breakfast, lunch and dinner) for HIV - infected 
children.   
  As previous said, we have 58 types of food available, hence 
we have 58 variables (𝑥𝑖) where 𝑖 = 1,2,3, … ,58. Table II 
shows the available range of selection for each type of food.  

C. Objective Function 

The goal of this study is to increase the number of 
kilocalories of the anticipated menu formulation to meet the 
needs of this group of children. Consequently, the following is 
the linear programming model for this study: 

𝑀𝑎𝑥 𝑍 = ∑ 𝑒𝑖𝑥𝑖

𝑛

𝑖=1

                                     (1) 

subject to; 

∑ 𝑎𝑖𝑗𝑥𝑖  

𝑛

𝑖=1

≥ 𝐿𝑗 ,    𝑗 = 1, 2, 3, … , 𝑛             (2) 

∑ 𝑎𝑖𝑗𝑥𝑖  

𝑛

𝑖=1

≤ 𝑈𝑗 , 𝑗 = 1, 2, 3, … , 𝑛    (3) 

𝑥𝑖 ≥ 0, 𝑖 = 1, 2, 3, … , 𝑛                    (4) 
 
where 𝑍 is the total energy to be maximized 

𝑥𝑖 =Amount in 100 grams of food type 𝑖 
𝑒𝑖  = The number of calories in 100 grams of food 
type 𝑖 

𝑎𝑖𝑗  = Amount of nutrient in 100 grams of nutrients 𝑗 
in food type 𝑖 
𝐿𝑗 = Maximum daily intake of nutrient 𝑗 in food type 
𝑖 
𝑈𝑗 = Minimum daily intake of nutrient 𝑗 in food type 

𝑖 

𝑛 = Number of foods used in the diet 

The sum of equation (1) is the total energy of the food type  
to be maximized. Equation (2) is the constraint that ensures 
that the sum of nutrients in food type 𝑖 should exceed or equal 
to the lower bound of the RDA. Equation (3) is an upper 
bound constraint, which ensures that the sum of nutrients in 
food type  does not exceed the upper limits of RDA while 
equation (4) is a non-negativity constraint, which ensures that 
the values of the decision variable are either zero or positive. 

III. RESULTS – DIETARY PLAN FOR HIV INFECTED 
CHILDREN 

The list of 30 foods was obtained and the food exchange list 
was used to convert the grams of food selected into food 
portions. Three dietary menus were formulated from locally 
available food with a recommended amount of energy intake 
of greater than or equal to 1815 Kcal. Table III shows that 
each menu includes a variety of items presented in different 
ways, as well as three sorts of meals: breakfast, lunch, and 
dinner. All of these items meet the daily dietary needs of HIV-
infected children. As a result, all of the meals chosen are 
nutritious and should be served to HIV-infected children aged 
6 to 9 years old. 

 
TABLE III. THREE DIFFERENT DIETARY MENUS FORMULATED 

 
The models were coded in the Lingo version 8.0 software as 

shown in Fig. 2 and solved to optimal, which gives out the 
amount of each type of food chosen in the menu for breakfast, 
lunch, and dinner. Fig. 3 shows the sample model results for 
one menu. The obtained values were then multiplied by 100g 
to yield the actual gram of food. 

 
 
 
 

MENU 1 MENU 2 MENU 3 

BREAKFAST BREAKFAST BREAKFAST 

1 Bun (Andazi) 
Fresh milk(whole) , (1

/2   cup) 1 orange 
Rice with milk 1 cup (bokoboko) 
Baobab juice (1 glass) 

Maize porridge with sugar 
(2 cups), 1 Boiled egg  

LUNCH LUNCH LUNCH 

Whole maize flour stiff porridge 2 cups (ugali) 

Boiled fish (1
/2   palm) 

Pumpkin leaves (1
/2   cup) 

Yoghurt, cow milk (whole plain) (1
/3   cup)   

Maize and kidney bean dish 2 cups 

(Makande), stewed Sardine (1 cup) 

Mlenda / Sweet potatoes leaves (1
/2   cup) 

Avocado (1 piece) 

Boiled rice (2 cups) 

Fish smoked (1
/2   palm) 

Amaranth (1 cups) 
Fresh Milk (1

/2   cup) 

DINNER DINNER DINNER 

Dried sweet potatoes 2 cups (michembe) 

Chinese leaves (2 cups) 

 

White chapatti (1
/2   piece) 

Beans kidney dry unsoaked boiled (1 cup) 

Whole maize flour stiff porridge 2 cups 

(Ugali) 

Beef stew (1 piece)  

Cabbage (1 cup) 
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Max Z = 245*x1 + 249*x2 + 306*x3+ 150*x4 + 122*x5 + 
366*x6+ 341*x7 + 105*x8+ 101*x9 + 118*x10 + 66*x11 + 
70*x12 + 159*x13 + 30*x14 + 35*x15 + 43*x16+ 33*x17 + 
185*x18 + 36*x19 + 59*x20 + 152*x21 + 330*x22 + 106*x23 + 
248*x24 + 326*x25 + 95*x26 + 75*x27 + 73*x28 + 41*x29 + 
96*x30 + 374*x31 + 152*x32 + 900*x33 + 413*x34 + 56*x35 + 
186*x36 + 141*x37 + 148*x38 +116*x39 + 46*x40 + 223*x41 
+ 443*x42 + 270*x43 + 213*x44 +138*x45 + 185*x46 + 
356*x47 + 85*x48 + 48*x49 + 134*x50. + 331*x51 + 226*x52 
+ 228*x53 + 166*x54 + 593*x55 + 19*x56 + 402*x57; 
 
Constrain for Protein 

13 <= 8*x1 + 7.7*x2 + 7*x3 + 5.6*x4 + 4.4*x5 + 9.3*x6 
+10.8*x7 + 2.4*x8+ 1.7*x9 + 2*x10 + 5.6*x11 + 4.9*x12 + 
14*x13 + 0.7*x14 + 4*x15 + 2.8*x16+ 3.5x17 + 1.6*x18 + 
1.1*x19 + 3.4*x20 + 2.7*x21 + 25.7*x22 + 2.5*x23 + 3.1*x24 + 
4.8*x25 + 6.5*x26 + 6.7*x27 + 6.4*x28 + 0.48*x29 + 0.8*x30 + 
29.1*x31 + 27*x33 + 7.3*x34 + 0.5*x35 + 1.1*x36 + 3.3*x37 + 
3.4*x38 + 2.1*x39 + 0.5*x40 + 13.1*x41 + 18.8*x42 + 8.3*x43 
+ 6.9*x44 + 2.7*x45 + 3.2*x46 + 25.9*x47 + 2.9*x48 + 
11.2*x49 + 12.7*x50. + 16.1*x51 + 23.7*x52 + 24*x53 + 
18.6*x54 + 20.1*x55 + 1.1x56 + 31.1*x57>=52.1; 
Constrain for Fats 

42 <= 1.5*x1 + 1.9*x2 + 6.8*x3+ 0.6*x4 + 0.5*x5 + 3.5*x6+ 
3.5*x7 + 0.1*x8+ 0.4*x9 + 0.2*x10 + 0.3*x11 + 0.5*x12 + 
7.9*x13 + 0.2*x14 + 0.7*x15 + 0.5*x16+ 0.4*x17 + 19.6*x18 + 
1.2*x19 + 2.3*x20 + 3.2*x21 + 23.2*x22 + 0.2*x23 + 13.9*x24 
+ 13.6*x25 + 0.7*x26 + 0.2*x27 + 0.4*x28 + 0.2*x29 + 0.1*x30 
+ 28.6*x31 + 4.8*x32 + 100*x33 + 22.9*x34 + 1.3*x35 + 
0.3*x36 + 1.8*x37 + 1.9*x38 +0.8*x39 + 0.1*x40 + 17.9*x41 + 
22.2*x42 + 8.5*x43 + 9.4*x44 +2*x45 + 5.1*x46 + 28*x47 + 
3.1*x48 +8.1*x50. + 28.2*x51 + 14.6*x52 + 14.7*x53 + 
8.6*x54 + 48.4*x55 + 0.1*x56 + 30.8*x57 >= 46.3; 
Constrain for Carbohydrate 

130 <= 49.6*x1 + 48.8*x2 + 52.8*x3+ 30*x4 + 24.5*x5 + 
59.9*x6+ 60.5*x7 + 22.7*x8+ 20.8*x9 + 24.9*x10 + 7.7*x11 + 
9.4*x12 + 4*x13 + 4.5*x14 + 2.1*x15 + 5.5*x16+ 1.4*x17 + 
5.4*x19 + 5.4*x20 + 27.9*x21 + 3.9*x22 + 22.8*x23 + 
25.3*x24 + 44.4*x25 + 12.1*x26 + 9.7*x27 + 9*x28 + 8.1*x29 
+ 22.9*x30 +  40.9*x34 + 10.2*x35 + 43.7*x36 + 26*x37 + 
27.3*x38 + 23.4*x39 + 10.2*x40 + 2.5*x41 + 40.5*x42 + 39.2*x43 + 

24.8*x44 +27.3*x45 + 31.2*x46 + 11.3*x48 + x49 + 2*x50. + 3*x51 + 3.5*x54 
+ 15*x55 + 2.2*x56 >=191.1; 

Fig. 2 Lingo code for the formulated linear programming 
model 

 
 
 
 
 
 
 
 
 

  Global optimal solution found. 

  Objective value:                              1815.872 

  Infeasibilities:                              0.000000 

  Total solver iterations:                             3 

  Elapsed runtime seconds:                          0.21 

 

  Model Class:                                        LP 

 

  Total variables:                      10 

  Nonlinear variables:                  0 

  Integer variables:                    0 

 

  Total constraints:                    4 

  Nonlinear constraints:                0 

 

  Total nonzeros:                      10 

  Nonlinear nonzeros:                   0 

 

 

                                Variable           Value        Reduced Cost 

                                      X3        1.500000            0.000000 

                                      X4       0.5000000            0.000000 

                                     X20        1.374404            0.000000 

                                     X25        2.000000            0.000000 

                                     X37        1.000000            0.000000 

                                     X39        4.448147            0.000000 

                                     X52       0.8000000            0.000000 

                                     X55        1.200000            0.000000 

                                     X56       0.3540980E-01        0.000000 

                                     X58       0.4000000            0.000000 

 

                                     Row    Slack or Surplus      Dual Price 

                                       1        1815.872            1.000000 

                                       2        0.000000            6.747515 

                                       3        0.000000            9.000000 

                                       4        0.000000            4.131213 

                                       5        0.000000           -20.56064 

                                       6        0.000000           -9.882505 

                                       7        0.000000           -4.878330 

                                       8        0.000000           -6.965606 

                                       9        0.000000           -9.150497 

                                      10        0.000000           -20.91034 

                                     11        0.000000           -43.00636 

Fig. 3 Lingo solution for one menu 

IV. DISCUSSION 
 This was the first study to explain in detail the dietary menu 
planning model of HIV-infected children aged 6 to 9 years in 
Tanzania, as well as to construct a linear programming model 
that maximized energy intake for this group. Their current 
supplemental feeding strategies cannot meet the calorie 
requirements of this group of children.  

In contrast to [25] , the method for achieving an ideal 
nutritional dietary plan via a linear programming model is to 
substitute nutrient-dense food groups with energy-dense food 
groups. As indicated in Table I, the majority of the food 
categories in the optimized dietary menu were energy-dense, 
with fewer quantities being nutrient-dense. As the most 
nutrient-dense food, green vegetables and red-yellow 
vegetables increased the most in quantity, which is 
challenging for children in this age range to ingest, [20]. The 
presence of coarse grains (maize flour) in each optimal dietary 
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menu might be substantiated by the fact that coarse grains 
contributed the most energy and 15 nutrients, [25]. 

The objective function was to maximize energy intake 
while reducing deviation from RDA to ensure an optimum 
nutritional diet that reflected variances in food choices across 
geographical locations. Higher intakes of wheat maize flour, 
boiled fish, green vegetables (Pumpkin and Chinese), sweat 
potato, and milk (fresh and yogurt) are included in Menu 1. As 
a result, by specifying a goal function such as reduced 
deviation from RDA, the optimized dietary menu could be 
nutritionally adequate while still reflecting food preferences 
based on geographical area. 

The nutritional requirements for children under the age of 
two and those beyond the age of fourteen will differ from 
those used here, and this will influence menu selection. Each 
menu contains more than 1815 Kcal of total energy. As a 
result, we may serve nutritious foods that maximize daily total 
energy consumption while taking recommended nutritional 
intake (RNI) into account for Tanzanian HIV-infected children 
utilizing locally accessible foods. Based on changes in the 
model's parameters, a strategy based on post-optimality 
analysis and further translation into the local menu will be 
developed in the future. 

Table III shows how the developed model gives the best 
menu (breakfast, lunch, and dinner) in three different types of 
meals. The decision variables, which are the amounts of each 
type of food displayed in Fig. 3, indicate that the calorie 
content of diets can be improved as long as the number of 
servings on each menu is increased. According to the findings, 
the optimized diets meet the daily energy (1815 kcal) and 
nutrient requirements of HIV-infected children. The developed 
dietary menu plan model will need further translation into 
local menu development and to be experimented with in 
practice. 

V. CONCLUSION 
The study developed three different meal plans that can be 

used as a guide for HIV-infected children's dietary plans. The 
model was written in LINGO version 8.0 and optimized. It 
met all of the study's constraints and provided a promising 
solution. This study focused on HIV-infected children aged 6 
to 9 years in Tanzania. We recommend validation of the 
nutrient contents and amount of energy by using different 
methods however the planned menu can be used to address 
nutrition needs of the group. Thus, to create new ready-to-use 
formulations, clinical nutritionists might utilize the linear 
programming methodology presented in this work. 
Nonetheless, nutritional composition analyses and evaluations 
of the formulations' acceptability and therapeutic efficacy are 
the initial steps towards verifying the LP's creations' nutritious 
content. 

REFERENCES   
[1] D.C. Spencer, C. Harman, C. Botha, Nutrition and 

HIV/AIDS: Nutritional guidelines for HIV-infected 
adults and children in Southern Africa: Meeting the 
needs (sections 3-6), South. Afr. J. HIV Med. (2008). 
https://doi.org/10.4102/sajhivmed.v9i1.660. 

[2] F.D. Intiful, H. Abdulai, R. Nyarko, E. Tette, M. 

Asante, Malnutrition in HIV infected children on 
antiretroviral drugs in a cohort of Ghanaian children, 
Heliyon. 7 (2021). 
https://doi.org/10.1016/j.heliyon.2021.e08636. 

[3] A. Exavery, J. Charles, E. Kuhlik, A. Barankena, A. 
Koler, L. Kikoyo, E. Jere, Understanding the 
association between caregiver sex and HIV infection 
among orphans and vulnerable children in Tanzania: 
Learning from the USAID Kizazi Kipya project, BMC 
Health Serv. Res. 20 (2020). 
https://doi.org/10.1186/s12913-020-05102-y. 

[4] World Health Organization, Nutrient requirements for 
people living with HIV / AIDS: a report of a technical 
consultation, WHO Tech. Consult. Nutr. Requir. 
People Living with HIV/AIDS. (2003) 13–15. 
Accessed 18 February 2024 at   
http://www.who.int/nutrition/publications/Content_nut
rient_requirements.pdf. 

[5] World Health Organization, Nutritional care and 
support for People Living With HIV/AIDS: A training 
course, 2009. Accessed 18 February 2024 at  
http://apps.who.int/iris/bitstream/10665/44384/1/9789
241591898_eng_Director.pdf. 

[6] A.M. Rose, C.S. Hall, N. Martinez-Alier, Aetiology 
and management of malnutrition in HIV-positive 
children, Arch. Dis. Child. 99 (2014). 
https://doi.org/10.1136/archdischild-2012-303348. 

[7] J. Kinabo, P. Mamiro, A. Mwanri, N. Bundala, K. 
Kulwa, J. Picado, J. Ntwenya, A. Nombo, R. 
Mzimbiri, F. Ally, A. Salmini, A. Juma, E. Macha, E. 
Cheung, J. Msuya, Adequacy of macro and 
micronutrients in infants and young children’s diets in 
Zanzibar, Tanzania, Afr. Health Sci. 19 (2019). 
https://doi.org/10.4314/ahs.v19i4.28. 

[8] Report of a Joint WHO/FAO/UNU Expert 
Consultation., Protein and amino acid requirements in 
human nutrition: report of a joint, 2007. Accessed 18 
February 2024 at  
http://www.ncbi.nlm.nih.gov/pubmed/18330140. 

[9] Tanzania Food and Nutrition Centre (TFNC), National 
Guidelines FFor Nutrition Care And Support OF 
People With HIV, Dar es Salaam, Tanzania, 20016. 
https://www.fantaproject.org/sites/default/files/resourc
es/Tanzania-Nutrition-HIV-Guidelines-2016.pdf. 

[10] N.D. Jalil, M. Masrom, W. Normeza, W. Zakaria, A 
mathematical model of healthy diet menu plan for 
MARA Junior Science College boarding schools, J. 
Adv. Res. Des. J. Homepage. 33 (2017) 8–14. 
www.akademiabaru.com/ard.html. 

[11] M. Ali, S. Sufahani, Z. Ismail, A new diet scheduling 
model for Malaysian school children using zero-one 
optimization approach, Glob. J. Pure Appl. Math. 12 
(2016). 

[12] H.A. Lyeme, L. Katalambula, Linear programming for 
instant complimentary food formulations among 
Tanzanian children aged 6 to 23 months, Math. 
Comput. Sci. 4 (2023) 36–44. http://mcs.qut.ac.ir/. 

[13] Y.K. Kowa, Y. Nkansah-Gyekye, E. Mpolya, 
Modeling Diet Decisions for People Living with HIV 

INTERNATIONAL JOURNAL OF APPLIED MATHEMATICS AND INFORMATICS 
DOI: 10.46300/91014.2024.18.1 Volume 18, 2024

E-ISSN: 2074-1278 6



 
 
 

 

in Consideration of Age, Weight, Height, and Gender 
Constraints, Appl. Math. 5 (2015) 77–83. 

[14] T.H. Bekele, M. Van Rooijen, J.C. Gerdessen, I.D. 
Brouwer, E.J.M. Feskens, L. Trijsburg, D. 
Alemayehu, J.H.M. De Vries, Developing feasible 
healthy diets for Ethiopian women of reproductive 
age: a linear goal programming approach, Public 
Health Nutr. 26 (2023). 
https://doi.org/10.1017/S1368980023001374. 

[15] A.M. Anderson, M.D. Earle, Diet planning in the third 
world by linear and goal programming, J. Oper. Res. 
Soc. 34 (1983). https://doi.org/10.1057/jors.1983.2. 

[16] J. Foytik, Very low-cost nutritious diet plans designed 
by linear programming, J. Nutr. Educ. 13 (1981). 
https://doi.org/10.1016/S0022-3182(81)80098-2. 

[17] A. Van Der Merwe, H. Kruger, T. Steyn, A diet expert 
system utilizing linear programming models in a rule-
based inference engine, J. Appl. Oper. Res. 7 (2015) 
13–22. 
http://orlabanalytics.ca/jaor/archive/v7/n1/jaorv7n1p1
3.pdf. 

[18] J.C. Gerdessen, J.H.M. De Vries, Diet models with 
linear goal programming: Impact of achievement 
functions, Eur. J. Clin. Nutr. 69 (2015). 
https://doi.org/10.1038/ejcn.2015.56. 

[19] J. Raymond, N. Kassim, J.W. Rose, M. Agaba, 
Optimal dietary patterns designed from local foods to 
achieve maternal nutritional goals, BMC Public 
Health. 18 (2018). https://doi.org/10.1186/s12889-
018-5369-x. 

[20] C. van Dooren, A Review of the Use of Linear 
Programming to Optimize Diets, Nutritiously, 
Economically and Environmentally, Front. Nutr. 5 
(2018). https://doi.org/10.3389/fnut.2018.00048. 

[21] R. Alaini, R. Rajikan, S.M. Elias, Diet optimization 
using linear programming to develop low cost cancer 
prevention food plan for selected adults in Kuala 
Lumpur, Malaysia, BMC Public Health. 19 (2019). 
https://doi.org/10.1186/s12889-019-6872-4. 

[22] E. Hertzmark, Tanzania Food Composition Tables - 
brothsvit_090406, Muhimbili Univ. Allied Sci. Food 
Nutr. Cent. Havard Sch. Public Heal. (2008). 
Accessed 18 February 2024 at  
https://core.ac.uk/download/pdf/77101563.pdf. 

[23] S.B. Soofi, G.N. Khan, S. Ariff, Y. Ihtesham, M. 
Tanimoune, A. Rizvi, M. Sajid, C. Garzon, S. de Pee, 
Z.A. Bhutta, Effectiveness of nutritional 
supplementation during the first 1000-days of life to 
reduce child undernutrition: A cluster randomized 
controlled trial in Pakistan, Lancet Reg. Heal. - 
Southeast Asia. 4 (2022). 
https://doi.org/10.1016/j.lansea.2022.100035. 

[24] World Health Organization (WHO), Guide for local 
adaptation, Guidel. an Intergrated Approach to Nutr. 
Care HIV Infected Child. (6 Mon. (2009). Accessed 
18 February 2024 at  
https://iris.who.int/bitstream/handle/10665/44043/978
9241597524_eng_Guide.pdf?sequence=2&isAllowed
=y 

[25] K. Yu, Y. Xue, W. Zhao, A. Zhao, W. Li, Y. Zhang, 
P. Wang, Translation of nutrient recommendations 
into personalized optimal diets for Chinese urban 
lactating women by linear programming models, BMC 
Pregnancy Childbirth. 18 (2018). 
https://doi.org/10.1186/s12884-018-2008-6. 

 
 
 
Contribution of individual authors to the creation of a 

scientific article (ghostwriting policy) 

We confirm that all Authors equally contributed in the present 
research, at all stages from the formulation of the problem to 
the final findings and solution. 
 
Sources of funding for research presented in a scientific 

article or scientific article itself 

No funding was received for conducting this study. 
 

Conflicts of Interest 

The authors have no conflicts of interest to declare that are 
relevant to the content of this article. 
 

Creative Commons Attribution License 4.0 (Attribution 

4.0 International, CC BY 4.0) 

This article is published under the terms of the Creative 
Commons Attribution License 4.0 
https://creativecommons.org/licenses/by/4.0/deed.en_US 
 
 
 

INTERNATIONAL JOURNAL OF APPLIED MATHEMATICS AND INFORMATICS 
DOI: 10.46300/91014.2024.18.1 Volume 18, 2024

E-ISSN: 2074-1278 7

https://creativecommons.org/licenses/by/4.0/deed.en_US



