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Abstract

Type 1 diabetes, Type 2 diabetes, and gestational diabetes are the three forms of diabetes. However,
Type 2 diabetes is the most frequent diabetes in Malaysia. People with serious disease like diabetes
tend to be affected by pandemic Covid-19 since the virus is able to inflict direct injury to the pancreas.
Overweight and obesity are also the main contributors to diabetes since it can increase level of
fatty acids in blood. In addition, insulin for diabetic individuals nowadays costs between RM500 and
RM1000 per month, including injection equipment, medicine, and supplements. Therefore, to reduce
the cost, healthy lifestyle such as proper diet and exercise can help diabetic patients to reduce their
blood sugar level, boost insulin sensitivity and indirectly can help everyone in Malaysia, including low-
and middle-income people. To manage a proper diet, a diet optimization model, based on linear
programming with the aid of Microsoft Excel is one of the best techniques to develop menus that are
acceptable for Malaysian preferences for diabetic patients at a low cost but at the same time provide
adequate nutrition. As a result, we created palatable menus for one day for diabetic patients that
require 1400, 1600 and 1800 kcal per day with only cost below RM12 only. However, we can increase
the number of decision variables and constraints in the model by include more food items and calorie
consumption to get better results. Future researchers should take into account particular parameters
including gender, age, blood pressure, and blood lipid
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1. Introduction

Diet optimization using Linear Programming (LP) is one of the mathematical methods for creating a
menu plan that adheres to nutrition guidelines. The overall cost of food or the total energy content of
the diet might be the objective functions of a diet optimization model, while the constraints ensure that
the suggested diet plans match the requisite nutrition and palatability.

Malaysia has the highest obesity and overweight rates in Asia, with 64 percent of men and 65
percent of women being obese or overweight, which can lead to diabetes [33]. Diabetes is a chronic
and non-communicable disease caused by the pancreas' failure to produce adequate insulin. Diabetic
individuals experience frequent urination, especially at night, as well as a constant sense of hunger
and thirst. In April 2022, Malaysia has been declared covid-19 as an endemic in Malaysia. Covid-19
and diabetes have a bidirectional relationship since the virus is able to inflict direct injury to pancreas.
Covid-19 infection is more common in the elderly and individuals who have significant illnesses. It
might be challenging for diabetic people, in particular, because it involves pulmonary and cardiac [29].
Others than that, adults who live in food-insecure households have a 50% higher risk of diabetes than
those who live in food-secure households [13] since deficiency of a dense meal can heighten the risk
for diabetes complications and hyperglycemia.

In Malaysia, the overall yearly cost of diabetes was projected to be around USD 600 millionor
RM 2,537,100,000 which were associated with age, type of hospital or health provider. This research
study can help the government to restore economic recovery by decreasing the usage of insulin by
taking proper diet and exercise to reduce blood sugar levels and boost insulin sensitivity.
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This research aims to (1) to formulate Linear Programming (LP) to find the minimum cost food
for diabetic patients, (2) to find the optimal nutrients in each meal for diabetic patients based on
nutrition recommendation and (3) to construct the menus for diabetic patients that is suitable for
Malaysia preferences.

2. Literature Review

2.1. Types of Diabetes Mellitus

Diabetes, commonly known as diabetes mellitus (DM), is a serious medical condition in which the
amount of sugar in the blood is unusually high due to a lack of insulin production. Diabetes Type 1,
Diabetes Type 2, and gestational diabetes are the three basic kinds of diabetes. T2DM (Type 2
Diabetes Mellitus) is the most common type of diabetes in the world. In 2019, 1,614,363 patients were
registered, with T2DM being diagnosed in 99.3% of them and the majority of the patients (57.1%)
were female and Malay (59.2%) [3]. Type 1 Diabetes Mellitus (T1DM) accounts for around 5% of all
diabetes diagnoses, and its global prevalence is increasing at an alarming rate [6]. TILDM occurs
because pancreas unable to produce insulin or less insulin because of dysfunction by T cells.
Gestational Diabetes Mellitus (GDM) is a medical condition that can develop in women at any stage of
pregnancy, even if they do not have diabetes at the start. Pregnant ladies require a sufficient supply
of nourishing foods.

2.2. Diet For Diabetic Patients

Coronavirus, also known as covid-19, is a long-term global health problem that has progressed from
epidemic to endemic status as the number of cases and deaths has risen rapidly. People with
diabetes, hypertension, and excessive obesity (BMI greater than 40 kg/m2) are more likely to develop
problems and die [26]. Depending on their preferences, diabetic patients can pick from a variety of
healthful diets that are high in protein, high in vegetables and fruits, and low in fat and carbohydrates.
A moderate weight loss of 5% to 10% of body weight has been shown to decrease insulin resistance
in T2DM patients [19]. Diabetic patients must also limit their sugar intake, which includes carbonated
and soft drinks. Fiber plays such an important role in any diet because it can decrease the glycemic
index of foods and control our blood glucose level.

2.3. Mathematical Model for Diet Planning
2.3.1 Diet Optimization Model (Linear Programming)

Diet optimization modelling is a strategy for determining the best food combinations to suit a person's
nutritional needs. In a range of industries, including banking, petroleum, education, and trucking, LP
has been utilised to solve optimization challenges [11]. LP can also be used to resolve concerns
about diets matching nutritional constraints with the fewest number of alterations [34].

2.3.2 Robust Optimization Approach

To determine how much food affects our blood glucose level, a robust optimization technique is used
to account for uncertainty in dietary Glycemic Load (GL) data. This problem can be solved using
mathematical modelling techniques such as Mixed-Integer Programming, Chance-Constrained
Programming (CCP), and Linear Programming with a Margin of Safety [5].

2.3.3 Bacterial Foraging Optimization Algorithm

The Bacterial Foraging Optimization Algorithm (BFOA) is a new approach to swarm intelligence.
BFOA uses chemo-taxis, swarming, reproduction, and elimination-dispersal processes to address the
continuous optimization problem [7]. It was used to build an objective function that adhered to the
Laws of Quantity and Quality in order to close the gap between how many calories a person requires
and how many calories a healthy food supplies [18].

2.3.4 DASH Diet Model
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DASH is a mathematical methodology for creating a menu for hypertension patients who want to
lower their blood pressure by following a specific eating plan. DASH diet model can also be used to
evaluate the nutrition needs of diabetic individuals because hypertension can lead to diabetes [15].

3. Methodology

3.1. Data Collection

The main data for this study is the varieties of Malaysian foods with nutrition decomposition form
Malaysian Food Database Composition (MyFCD).Table 1 indicates the upper and lower limit for each
nutrition based on calorie intake while table 2 below shows the assumption of daily nutrition values for
1400, 1600 and 1800 kcal per day which are applicable for all stages of diabetes patients regardless
of sex and age to minimize the cost for daily menu in Ringgit Malaysia with enough requirement daily
intake of protein (P), carbohydrate (H), fiber (B), iron (), sodium (S), vitamin C (V) and thiamine (T).

Table 1: Upper and lower limit for each nutrition based on calorie intake

1400 kcal 1600 kcal 1800 kcal
Lower Upper Lower Upper Lower Upper
limit limit limit limit limit limit
Protein (g) 45 70 53 80 60 90
Fat (g) 33 54 39 62 44 70
Carbohydrate (g) 135 193 158 220 180 248
Fiber (g) 20 30 20 30 20 30
Iron (mg) 29 45 29 45 29 45
Sodium (mg) 500 2300 500 2300 500 2300
Vitamin C (mg) 70 1000 70 1000 70 1000
Thiamin (B1) 1.1 500 11 500 11 500
(mg)

Table 2: Calorie intake per day

Nutrition Calorie Intake (kcal)
Composition
Model A Model B Model C
1400 kcal 1600 kcal 1800 kcal
Protein (g) 245 =53 =60
Fat (g) <54 <62 <70
Carbohydrate (g) =135 =158 =180
Fiber (g) =20 =20 =20
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Iron (mg) =29 =29 229
Sodium (mg) <2300 <2300 <2300
Vitamin C (mg) =270 =270 =270
Thiamin (B1) (mg) >21.1 >21.1 >21.1

3.2. Linear Programming Model Formulation
Diet optimization model, formulated by LP will be solved using Microsoft Excel to determine the portion
size of all food items that satisfies nutrition recommendation at the possible lowest cost. The
formulation of LP is as below:

Objective function: To minimizes cost

Subjected to constraints
32
j=1
32
j=1
32
2. b
j=1
32
2. bu
j=1

32
Z byx; = I (Grams of iron per serving) (5)
j=1

32
=1

32
Z byyx; = V (Grams of vitamin C per serving) (7)
j=1

v

P (Grams of protein per serving) (1)

IA

F (Grams of fat per serving) (2)
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H (Grams of carbohydrate per serving) (3)
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B (Grams of fiber per serving) (4)

IA
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32
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32
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32 32
Z b],z x]- >0
1

j= i=1
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The objective function defines the objective of the optimization which is to minimize the total cost for
the menu while the constraints are the restriction and limitations on the total amount of all nutrients to
get the optimal nutrients at a very minimum cost. The aim for this model is to minimize the cost C
where is the cost of food item j and is the number of servings of food j in gram. Then, is amount of
nutrient in each food j based on MyFCD while grams of protein per serving (P), grams of carbohydrate
per serving (H), grams of fiber per serving (B), milligrams of iron per serving (1), milligrams of sodium
per serving (S), milligrams of vitamin C per serving (V) and milligrams of thiamin per serving (T) stand
for the amount of target value for each daily nutrient.

4, Results and discussion

Table 3, 4 and 5 shows the result of LP technique for diabetes patients that need 1400 (A), 1600 (B)
and 1800 (C) kcal per day respectively. As we can see from all outputs below, the lowest price for A, B
and C to get enough daily nutrients are only under RM12 per day for three main meals which are
breakfast, lunch and dinner.

Table 3: Constraint and outcomes for 1400 kcal calorie intake per day

Objective Cell (Min)

Original
Name Value Final Value
TOTAL VALUE Cost (RM) 0 9.664410823
Variable Cells
Final ReducedCost Coefficient Allowable Allowable
Name Value Increase Decrease
White rice 0 0.818891697 1 1E+30 0.818891697
Fried mee hoon 0 0.993221082 1.5 1E+30 0.993221082
Egg 0 0.799348996 1 1E+30 0.799348996
Whole meal bread 0 0.264542084 0.5 1E+30 0.264542084
Green apple 0 0.725060484 1 1E+30 0.725060484
Tempeh 0 0.208718462 1 1E+30 0.208718462
Ikan kembong kari 0 2.208725817 25 1E+30 2.208725817
Ikan pari masak asam
pedas 0 2.311817853 2.5 1E+30 2.311817853
Lempeng kelapa 0.069225331 0 1.5 31.10829575 0.788349424
Chicken rice 0 4.753938242 5 1E+30 4.753938242
Nasi dagang 0 3.77053523 5 1E+30 3.77053523
Bubur kacang hijau 0 1.622674807 25 1E+30 1.622674807
Sambal sotong kering 2.148947408 0 2.5 0.609999334 2.197539867
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Sardine sandwich 0 1.808967655 2 1E+30 1.808967655
Banana 0 1.254055781 1.5 1E+30 1.254055781
Bayam masak air 0 0.035627247 1 1E+30 0.035627247
Fried cabbage 0 0.544581417 1 1E+30 0.544581417
Lettuce 0 0.199197246 0.5 1E+30 0.199197246
Fried kuih teow 0 0.692847118 1.5 1E+30 0.692847118
Fried rice 2.116294975 0 1.5 0.14749819 1.185930024
Nasi lemak 0 0.974622301 1.5 1E+30 0.974622301
mee sup 0 1.824626125 2 1E+30 1.824626125
Ikan tongkol masak

lemak 0 2.204219444 2.5 1E+30 2.204219444
Ikan kerisi masak kicap 0 2.265916213 25 1E+30 2.265916213
Kuih pau ayam 0 1.750438051 2.5 1E+30 1.750438051
Ayam kurma 0 2.196532543 3 1E+30 2.196532543
Spaghetti with

vegetables 0 3.446057887 4 1E+30 3.446057887
Tomato 0 0.260734948 0.5 1E+30 0.260734948
Cucumber 0 0.249852456 0.5 1E+30 0.249852456
Basmathi rice 0.393746798 0 1 1.786907865| 0.324820369
Sambal udang 0 2.295771451 25 1E+30 2.295771451
papaya 0.620015046 0 1 0.082017102| 0.543356256

87

—
| —




Asni & Aziz (2022) Proc. Sci. Math. 9:82-98

Constraints

Constraint | Allowable Allowable
Name Final Value Shadow Price R.H. Side Increase Decrease
TOTAL VALUE Protein
P) 48.5006452 0 45 3.5006452 1E+30
TOTAL VALUE Fat (F) 51.73849553 0 54 1E+30 2.261504466
TOTAL VALUE
Carbohydrate (H) 135 0.004819 135 14.41290175 26.54014838
TOTAL VALUE Fiber (B) 20 0.253712024 20 1.239890537 2.275760336
TOTAL VALUE Iron (1) 20 0.176977937 20 1.981373295 10.46974304
TOTAL VALUE Sodium
(S) 1205.682594 0 2300 1E+30 1094.317406
70 0.004817108 70 29.8367559 69.93595711
TOTAL VALUE vitamin C
(V)
TOTAL VALUE thiamin 1.1 0.057135484 1.1 | 13.20245723 0.955163869

(M
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Objective Cell (Min)

Table 4: Constraint and outcomes for 1600 kcal calorie intake per day

Name

Original Value

Final Value

TOTAL VALUE Cost (RM) 0 11.36804926

Variable Cells
Coefficien Allowable Allowable
Name Final Value| Reduced Cost t Increase Decrease
White rice 0 0.818891697 1 1E+30 0.818891697
Fried mee hoon 0 0.993221082 1.5 1E+30 0.993221082
Egg 0 0.799348996 1 1E+30 0.799348996
Whole meal bread 0 0.264542084 0.5 1E+30 0.264542084
Green apple 0 0.725060484 1 1E+30 0.725060484
Tempeh 0 0.208718462 1 1E+30 0.208718462
Ikan kembong kari 0 2.208725817 2.5 1E+30 2.208725817
Ikan pari masak asam
pedas 0 2.311817853 2.5 1E+30 2.311817853
Lempeng kelapa 0.064952019 0 1.5 31.10829575 0.788349424
Chicken rice 0 4.753938242 5 1E+30 4.753938242
Nasi dagang 0 3.77053523 5 1E+30 3.77053523
Bubur kacang hijau 0 1.622674807 25 1E+30 1.622674807
Sambal sotong kering 2.143990101 0 25 0.609999334 2.197539867
Sardine sandwich 0 1.808967655 2 1E+30 1.808967655
Banana 0 1.254055781 1.5 1E+30 1.254055781
Bayam masak air 0 0.035627247 1 1E+30 0.035627247
Fried cabbage 0 0.544581417 1 1E+30 0.544581417
Lettuce 0 0.199197246 0.5 1E+30 0.199197246
Fried kuih teow 0 0.692847118 15 1E+30 0.692847118
[ =]
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Fried rice 3.342386925 0 1.5 0.14749819 1.185930024
Nasi lemak 0 0.974622301 1.5 1E+30 0.974622301
mee sup 0 1.824626125 2 1E+30 1.824626125
Ikan tongkol masak
lemak 0 2.204219444 25 1E+30 2.204219444
Ikan kerisi masak kicap 0 2.265916213 25 1E+30 2.265916213
Kuih pau ayam 0 1.750438051 2.5 1E+30 1.750438051
Ayam kurma 0 2.196532543 3 1E+30 2.196532543
Spaghetti with
vegetables 0 3.446057887 4 1E+30 3.446057887
Tomato 0 0.260734948 0.5 1E+30 0.260734948
Cucumber 0 0.249852456 0.5 1E+30 0.249852456
Basmathi rice 0.277016447 0 1 1.786907865 0.324820369
Sambal udang 0 2.295771451 2.5 1E+30 2.295771451
papaya 0.620049142 0 1 0.082017102 0.543356256
Constraints
Constrain
t R.H. Allowable Allowable
Name Final Value Shadow Price Side Increase Decrease
TOTAL VALUE Protein
P 53.44703212 0 53 0.447032121 1E+30
TOTAL VALUE Fat F 60.90425529 0 62 1E+30 1.095744714
TOTAL VALUE
Carbohydrate H 158 0.004819 158 15.97355882 5.307628534
TOTAL VALUE Finer B 20 0.253712024 20 0.600752076 0.290614419
TOTAL VALUE Iron | 29 0.176977937 29 0.960015489 1.336985375
TOTAL VALUE Sodium
S 1748.023616 0 2300 1E+30 551.976384
TOTAL VALUE
VitaminC V 70 0.004817108 70 33.06753793 60.82952502
TOTAL VALUE
Thiamin T 1.1 0.057135484 1.1 2.224229703 0.896201167
TOTAL VALUE Calorie
L 1537.289735 0 1600 1E+30 62.7102651
[ o0 )
§ J




Asni & Aziz (2022) Proc. Sci. Math. 9:82-98

Table 5: Constraint and outcomes for 1800 kcal calorie intake per day

Objective Cell (Min)

Name Original Value Final Value
TOTAL VALUE Cost (RM) 0 11.60994858
Variable Cells
Coefficien Allowable Allowable
Name Final Value Reduced Cost t Increase Decrease
White rice 0 0.827263831 1 1E+30 0.827263831
Fried mee hoon 0 0.954162727 15 1E+30 0.954162727
Egg 0 0.639133141 1 1E+30 0.639133141
Whole meal bread 0 0.240384066 0.5 1E+30 0.240384066
Green apple 0 0.771499896 1 1E+30 0.771499896
Tempeh 0.651026828 0 1 0.204348506 0.208718462
Ikan kembong kari 0 1.915765496 2.5 1E+30 1.915765496
Ikan pari masak asam
pedas 0 1.94113035 2.5 1E+30 1.94113035
Lempeng kelapa 0.062390522 0 1.5 29.09687891 0.869802861
Chicken rice 0 4.611201507 5 1E+30 4.611201507
Nasi dagang 0 3.669715293 5 1E+30 3.669715293
Bubur kacang hijau 0 1.520304486 2.5 1E+30 1.520304486
Sambal sotong kering 1.967756828 0 25 0.581608174 1.258448299
Sardine sandwich 0 1.791229345 2 1E+30 1.791229345
Banana 0 1.295265957 1.5 1E+30 1.295265957
Bayam masak air 0 0.030683535 1 1E+30 0.030683535
Fried cabbage 0 0.527602615 1 1E+30 0.527602615
Lettuce 0 0.20440339 0.5 1E+30 0.20440339
Fried kuih teow 0 0.626613657 15 1E+30 0.626613657
Fried rice 3.130933809 0 1.5 0.128964815 1.070359581
Nasi lemak 0 0.944829831 15 1E+30 0.944829831
mee sup 0 1.752537461 2 1E+30 1.752537461
Ikan tongkol masak
lemak 0 1.991478477 2.5 1E+30 1.991478477
Ikan kerisi masak kicap 0 1.816555755 25 1E+30 1.816555755
Kuih pau ayam 0 1.586543767 2.5 1E+30 1.586543767
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Ayam kurma 0 1.911923604 3 1E+30 1.911923604
Spaghetti with
vegetables 0 3.148218949 4 1E+30 3.148218949
Tomato 0 0.25880255 0.5 1E+30 0.25880255
Cucumber 0 0.271929515 0.5 1E+30 0.271929515
Basmathi rice 0.63582227 0 1 1.453003583 0.16724027
Sambal udang 0 2.144019838 2.5 1E+30 2.144019838
papaya 0.613720913 0 1 0.070673699 0.548151102
Constraints
Constrain
t R.H. Allowable Allowable
Name Final Value Shadow Price Side Increase Decrease
TOTAL VALUE Protein
P 60 0.028910735 60 39.20451723 4.700029869
TOTAL VALUE Fat F 60.02158781 0 70 1E+30 9.97841219
TOTAL VALUE
Carbohydrate H 180 0.002384009 180 43.89108186 44.60347056
TOTAL VALUE Fiber B 20 0.209240634 20 3.055477189 11.8347961
TOTAL VALUE Iron | 29 0.167311393 29 8.839299806 20.02986728
TOTAL VALUE Sodium
S 1638.099993 0 2300 1E+30 661.900007
TOTAL VALUE
VitaminC V 70 0.004858558 70 82.78014602 69.24107478
TOTAL VALUE Thiamin
T 1.1 0.062946047 1.1 39.07756622 0.862126497
TOTAL VALUE Calorie
L 1642.53657 0 1800 1E+30 157.4634303

Three different meals were produced from list of food for each calorie intake per day by using LP. For
model A, the highest calorie intake is 1343.43 kcal per day with cost RM 9.66, 1537.29 kcal per day for
model B with only RM 11.37 while for model C is 1642.54 kcal per day at the lowest cost RM 11.61. For
all models, we used the lower limit value for nutrition like protein, carbohydrate, fiber, iron, vitamin C and
thiamine because the patients need to take high amounts of these macronutrients in their diet. However,
we restricted the value for fat, sodium and calorie intake per day by using upper limit values to control
body weight and improve lipid profile. The outcome of excel by using LP does not come out if we use
either upper limit or lower limit only for all macronutrients.
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‘Allowable increase’ and ‘allowable decrease’ for variables and constraints mean the allowable
amount of cost for each food items and allowable value for each nutrition composition that can be
increase or decrease respectively without changing the optimal serving for each listed foods. Table 6
represents the percentage of increment for each nutrition composition between 1400 & 1600 kcal and

1600 & 1800 kcal.

Table 6: Percentage of increment for each nutrition composition

Nutrition Percentage of increment Percentage of increment
composition between 1400 & 1600 kcal (%) between 1600 & 1800 kcal (%)
Protein 10.1986 12.2607
Fat 17.7156 -1.4493
Carbohydrate 17.037 13.9241
Fiber 0 0
Iron 45 0
Sodium 44,9821 -6.2885
Vitamin C 0 0
Thiamin 0 0

Based on table 6, the highest percentage of increment of nutrition composition between 1400
and 1600 kcal is iron because it plays a big role in helping hemoglobin to transport oxygen to the
blood. However, there is no change increment between 1600 and 1800. This is because too much
iron in our body will cause insulin resistance by lowering the liver's ability to extract insulin and
blocking glucose uptake in muscle tissues and lipids, resulting in increased hepatic glucose synthesis
[8]. Percentage of increment for sodium between 1400 and 1600 kcal is 44.9821% but then, between
1600 and 1800 kcal the percentage of increment becomes -6.2885%. Enough amount of sodium in
our body based on calorie intake is good to control our blood pressure however for diabetic patients,
they need to restrict the amount of sodium in their daily life since it can raise the blood pressure. That
is the reason why the percentage of protein increases between 1600 and 1800 kcal but decreases in
fat and sodium. Other than that, the percentage of carbohydrate composition is decreasing from
17.037% (1400 & 1600 kcal) to 13.9341% (1600 & 1800 kcal) because it can raise the blood glucose
level and increase risk of diabetes.

Iculation for daily meal portion for m LA
i. For basmati rice: 0.39x100g = 399
ii. For sambal sotong kering: 2.15x100g = 215¢g
iii. For fried rice: 2.12x100g = 212g
iv. For papaya: 0.62x158.99g = 98.52¢g

Iculation for daily meal portion for m 1B
i. For basmati rice: 0.28x100g = 28g
ii. For sambal sotong kering: 2.14x100g = 2149
iii. For fried rice: 3.34x100g = 3349
iv. For papaya: 0.62x158.9g = 98.52¢g

lculation for dail | ion f el
i. For basmati rice: 0.64x100g = 64g
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ii. For sambal sotong kering: 1.97x100g = 197¢g
iii. For fried rice: 3.13x100g = 313g
iv. For papaya: 0.62x158.99g = 98.52¢g
v. For tempeh: 0.65x70.99g = 46.09¢g

Calculation above shows the number of portions for each meal that diabetes patients need to
take to get enough nutrition per day. Table 7 below represent the schedule of menu for breakfast,
lunch and dinner for all models based on the LP outcomes.

Table 7: Optimal Menu for One day

A (1400 kcal)

B (1600 kcal)

C (1800 kcal)

Fried rice (212Q) Fried rice (334 g) Fried rice (313 g)
Green tea (1 cup) Green tea (1 cup) Greentea (1 cup)
Breakfast
Basmati rice (39 g) Basmati rice (28 g) Basmati rice (64 g)
h Sambal sotong kering (215 g) Sambal sotong kering (214 g) | Sambal sotong kering (197 g)
Lunc Papaya (98.52 g) Papaya (98.52 g) Tempeh (46.09 g)
Papaya (98.52 @)
Lempeng kelapa (1 pcs) Lempeng kelapa (1 pcs) Lempeng kelapa (1 pcs)
Coffee without sugar (1 cup) coffee without sugar ( 1 cup) Coffee without sugar ( 1 cup)
Dinner
COST RM 9.66 RM 11.37 RM 11.61
TOTAL 1343.42 kcal 1537.29 kcal 1642.54 kcal
CALORIE
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Based on the results above, model A, B and C produces the same type of foods for one day but
different values per serving and only tempeh is added in model C because we used the same list
foods for each calorie intake. Each model consists of basmati rice which is good for diabetes patients
since it has high fiber and lower glycemic index than white rice. Lempeng kelapa which its main
ingredient is coconut flour also was listed to all models due to rich in nutrient and beneficial fats.
Coconut flour has a relatively low glycemic index (Gl) of 35, high content of protein, fat, and fiber [30]
that can keep blood sugar level stable. Diabetes patients does not need to avoid all fruits that contain
sugar such as papaya that contains a lot of vitamin C which is sufficient for diabetes patients that
need 70-90 mg/dl dose of vitamin C per day. Besides that, we can add green tea and coffee without
sugar in our daily meals since it contains only zero and two calories respectively which can help their
diets.

This method only can produce one day meal only for all calorie intake. We tried to construct
menu for day 2 and day 3 by removing the meals from the list that already come out in day 1 to avoid
repetition. However, the food price per day for all three main meals become higher that already does
not meet with our aim which is to construct menu for diabetes patients at minimum cost.

Based on the overall findings from this study, this study has success to create the diet plan
for one day where all the food items are widely accessible in Malaysia that contains enough nutrition
at a very minimum cost which is less than RM 12. However, this method needs to be improved so that
we can construct the menu plan for day 2 and day 3 to be a reference for diabetes patients. No matter
how, physical activity like sports, leisure activities or households are still important to improve
glycemic control and improve insulin sensitivity.

Conclusion

Based on the overall findings from this study, this study has success to create the diet plan for one
day where all the food items are widely accessible in Malaysia that contains enough nutrition at a very
minimum cost which is less than RM 12. However, this method needs to be improved so that we can
construct the menu plan for day 2 and day 3 to be a reference for diabetes patients. No matter how,
physical activity like sports, leisure activities or households are still important to improve glycemic
control and improve insulin sensitivity. The lack of variety of foods in MyFCD and the inability to
discover adequate nutrition for Malaysian food are both limitations of this study. Future researchers
should take into account particular parameters including gender, age, blood pressure, and blood lipid
levels.

Acknowledgement

The researcher would like to express sincere appreciation to the main thesis supervisor for
encouragement, guidance, critics and friendship.

References

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

[2] Ali, M., Sufahani, S., Ismail, Z., & Arbin, N. (2017). A new binary programming and
mathematical approach for serving healthy and palatable menu. Journal of Engineering and
Applied Sciences,12(8). https://doi.org/10.3923/jeasci.2017.1958.1960

[3] Arunah Chandran, Mohd Nazri Abdullah, F. A. (2019). National Diabetes Registry Report
2013- 2019. Disease Control Division Ministry of Health Malaysia, 1-34.
http://www.aafp.org/afp/2006/0915/p971.htmI%5Cnhttp://search.proquest.com/docview/21629
88 26?accountid=15115%5Cnhttp://ndep.nih.gov/medialyouth_factsheet.pdf

[4] Babalola, A. E., Ojokoh, B. A., & Odili, J. B. (2020, March 1). Diet Optimization
Techniques: A Review. 2020 International Conference in Mathematics, Computer
Engineering and Computer Science, ICMCECS 2020.
https://doi.org/10.1109/ICMCECS47690.2020.240857

[5] Bas, E. (2014). A robust optimizationrapproac? to diet problem with overall glycemic

L > )



http://search.proquest.com/docview/2162988
http://search.proquest.com/docview/2162988
http://ndep.nih.gov/media/youth_factsheet.pdf

Asni & Aziz (2022) Proc. Sci. Math. 9:82-98

(6]

(7]

(8]

9]

(10]

(11]

(12]

(13]

(14]

(18]

[16]

[17]

(18]

(19]

(20]

load as objective function. Applied Mathematical Modelling, 38(19-20).
https://doi.org/10.1016/j.apm.2014.03.049

Boddu, S. K., Aurangabadkar, G., & Kuchay, M. S. (2020). New onset diabetes, type 1
diabetes and COVID-19. In Diabetes and Metabolic Syndrome: Clinical Research and
Reviews (Vol. 14, Issue 6). https://doi.org/10.1016/j.dsx.2020.11.012

Chen, Y. P., Li, Y., Wang, G., Zheng, Y. F., Xu, Q., Fan, J. H., & Cui, X. T. (2017). A novel
bacterial foraging optimization algorithm for feature selection. Expert Systems with
Applications,83. https://doi.org/10.1016/j.eswa.2017.04.019

Daoud, A. G., Jaber, H.,, & Abdalah, M. E. (2019). Iron status in diabetes mellitus. Al
Mustansiriyah  Journal  of = Pharmaceutical  Sciences, January 2020, 7-12.
https://doi.org/10.32947/ajps.19.03.0407

Deed, G., Barlow, J., Kawol, D., Kilov, G., Sharma, A., & Hwa, L. Y. (2015). Diet and
diabetes. In Australian family physician (Vol. 44, Issue 5).
https://doi.org/10.7748/phc.1.3.14.514

Eghbali-Zarch, M., Tavakkoli-Moghaddam, R., Esfahanian, F., Azaron, A., & Sepehri, M.
M. (2017). A New Multi-objective Optimization Model for Diet Planning of Diabetes Patients
underUncertainty. Health Education & Health Promotion, 5(3).

Fauzi, N. F., Alias, R., & Shafii, N. H. (2019). Cost-Minimized Diets For UiTM Perlis
Students Using Goal And Linear Programming. Jurnal Intelek, 14(2).
https://doi.org/10.24191/ji.v14i2.240

Gazan, R., Brouzes, C. M. C., Vieux, F., Maillot, M., Lluch, A., & Darmon, N. (2018).
Mathematical optimization to explore tomorrow’s sustainable diets: A narrative
review. In Advances in Nutrition (Vol. 9, Issue 5).
https://doi.org/10.1093/ADVANCES/NMY049

Gucciardi, E., Vahabi, M., Norris, N., Del Monte, J. P., & Farnum, C. (2014). The
Intersection between Food Insecurity and Diabetes: A Review. In Current Nutrition Reports
(Vol. 3, Issue 4).https://doi.org/10.1007/s13668-014-0104-4

Hartmann-Boyce, J., Morris, E., Goyder, C., Kinton, J., Perring, J., Nunan, D., Mahtani, K.,
Buse, J. B., Del Prato, S., Ji, L., Roussel, R., & Khunti, K. (2020). Diabetes and COVID-19:
Risks, management, and learnings from other national disasters. Diabetes Care, 43(8).
https://doi.org/10.2337/dc20-1192

Hashemi, R., Rahimlou, M., Baghdadian, S., & Manafi, M. (2019). Investigating the effect of
DASH diet on blood pressure of patients with type 2 diabetes and prehypertension:
Randomizedclinical trial. Diabetes and Metabolic Syndrome: Clinical Research and Reviews,
13(1). https://doi.org/10.1016/j.dsx.2018.06.014

Hashim, J. H., Adman, M. A, Hashim, Z., Mohd Radi, M. F., & Kwan, S. C. (2021). COVID-
19 Epidemic in Malaysia: Epidemic Progression, Challenges, and Response. In Frontiers in
PublicHealth (Vol. 9). https://doi.org/10.3389/fpubh.2021.560592

Heidari, F., Khamnian, Z., Sharafkhani, R., Baradaran-Binazir, M., & Sarshar, H. (2020). The
association of food insecurity with type 2 diabetes and hypertension: A multicenter case-
controlstudy in urban population. Malaysian Journal of Medicine and Health Sciences, 16(3),
169-175.

Hernandez-Ocana, B., Chavez-Bosquez, O., Hernandez-Torruco, J., Canul-Reich, J., &
Pozos- Parra, P. (2018). Bacterial foraging optimization algorithm for menu planning. IEEE
Access, 6.https://doi.org/10.1109/ACCESS.2018.2794198

Hussein, Z., Taher, S. W., Gilcharan Singh, H. K., & Chee Siew Swee, W. (2015). Diabetes
Care in Malaysia: Problems, New Models, and Solutions. In Annals of Global Health (Vol. 81,
Issue 6).https://doi.org/10.1016/j.aogh.2015.12.016

Iwuiji, A. C., & Agwu, E. U. (2017). A Weighted Goal Programming Model for the DASH
Diet Problem: Comparison with the Linear Programming DASH Diet Model. American

( 1
L > )


https://doi.org/10.32947/ajps.19.03.0407
https://doi.org/10.7748/phc.1.3.14.s14
https://doi.org/10.1007/s13668-014-0104-4
https://doi.org/10.1109/ACCESS.2018.2794198

Asni & Aziz (2022) Proc. Sci. Math. 9:82-98

[21]

[22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

[34]

(35]

(36]

[37]

Journal ofOperations Research, 07(05). https://doi.org/10.4236/ajor.2017.75023

Jain, K. K., Bhardwaj, R., & Choudhary, S. (2018). Weighted goal programming for
vitamin,structure and control of diet. Materials Today: Proceedings, 29, 651-660.
https://doi.org/10.1016/j.matpr.2020.07.329

Khashim, S., & Rajikan, R. (2019). Development and Acceptance of Healthy and Balanced
Diet for Diabetes Mellitus Patients among UKM Staff Using Linear Programming. Pakistan
Journal ofNutrition, 18(6). https://doi.org/10.3923/pjn.2019.571.578

Mamat, M., Zulkifli, N. F., Deraman, S. K., & Mohamad Noor, N. M. (2012). Fuzzy linear
programming approach in balance diet planning for eating disorder and disease-related
lifestyle.Applied Mathematical Sciences, 6(101-104).

McRae, M. P. (2018). Dietary Fiber Intake and Type 2 Diabetes Mellitus: An Umbrella
Review ofMeta-analyses. In Journal of Chiropractic Medicine (Vol. 17, Issue 1).
https://doi.org/10.1016/j.jcm.2017.11.002

Ministry of Health Malaysia. (2020). National health and morbidity survey 2019: non-
communicable diseases, healthcare demand and health literacy. In Ministry of Health
Malaysia(Vol. 1).

Muniyappa, R., & Gubbi, S. (2020). COVID-19 pandemic, coronaviruses, and diabetes
mellitus.In American Journal of Physiology - Endocrinology and Metabolism (Vol. 318,
Issue 5). https://doi.org/10.1152/ajpendo.00124.2020

Olokoba, A. B., Obateru, O. A., & Olokoba, L. B. (2012). Type 2 diabetes mellitus: A
review ofcurrent trends. In Oman Medical Journal (Vol. 27, Issue 4, pp. 269-273). Oman
Medical Specialty Board. https://doi.org/10.5001/0mj.2012.68

Paidipati, K. K., Komaragiri, H., & Chesneau, C. (2021). Pre-emptive and non-pre-
emptive goal programming problems for optimal menu planning in diet management of
indian diabetes mellitus patients. International Journal of Environmental Research and
Public Health, 18(15).https://doi.org/10.3390/ijerph18157842

Peric, Slobodan, and Thomas M. Stulnig. “Diabetes and COVID-19.” Wiener Klinische
Wochenschrift, vol. 132, no. 13-14, 20 May 2020, pp. 356-361, 10.1007/s00508-020-
01672-3.

Raczyk, M., Kruszewski, B., & Michatowska, D. (2021). Effect of coconut and chestnut
flour supplementations on texture, nutritional and sensory properties of baked wheat
based bread. Molecules, 26(15). https://doi.org/10.3390/molecules26154641

Rewers, M., & Ludvigsson, J. (2016). Environmental risk factors for type 1 diabetes. In
The Lancet (Vol. 387, Issue 10035). https://doi.org/10.1016/S0140-6736(16)30507-4

Sapri, N. S. M., Bedi, M. R. B. D. S., Abdul-Rahman, S., & Benjamin, A. M. (2019). A diet
recommendation for diabetic patients using integer programming. AIP Conference
Proceedings,2138. https://doi.org/10.1063/1.5121101

Tajuddin, S. K. A. (2019). Malaysia and WHO call for more investment in primary health care
the21st century. Ministry of Health Malaysia, April.

Tzanetakou, I. P. (2011). Nutrition During Pregnancy and the Effect of Carbohydrates on the
Offspring’s Metabolic Profile: In Search of the “Perfect Maternal Diet.” The Open
CardiovascularMedicine Journal, 5(1). https://doi.org/10.2174/1874192401105010103

van Dooren, C. (2018). A Review of the Use of Linear Programming to Optimize Diets,
Nutritiously, Economically and Environmentally. In Frontiers in Nutrition (Vol. 5).
https://doi.org/10.3389/fnut.2018.00048

Wang, L. L., Wang, Q., Hong, Y., Ojo, O., Jiang, Q., Hou, Y. Y., Huang, Y. H., & Wang, X. H.
(2018). The effect of low-carbohydrate diet on glycemic control in patients with type 2
diabetesmellitus. Nutrients, 10(6). https://doi.org/10.3390/nu10060661

Wagas, S., Tahir, A., Nadeem Shafique, B., & Hamid, M. R. A. (2017). Effect of diet on type

( 1
L 7 )


https://doi.org/10.5001/omj.2012.68
https://doi.org/10.1063/1.5121101
https://doi.org/10.2174/1874192401105010103
https://doi.org/10.3389/fnut.2018.00048
https://doi.org/10.3390/nu10060661

Asni & Aziz (2022) Proc. Sci. Math. 9:82-98

2 diabetes mellitus: A review. In International Journal of Health Science (Vol. 11, Issue 2,
pp. 39-51). https://linkinghub.elsevier.com/retrieve/pii/S0168822717312561

98

—
| —



