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The factors that influence food choices nowadays are time, cost
and deliciousness. An obvious example is fast food. Although consumers are
aware that fast food is not a healthy choice, many still chooses fast food
because it is convenient. Therefore in this paper, by using linear
programming, we analyzed McDonald’s Malaysia menu in order to find

the cheapest menu and the ‘healthiest’” menu. We developed a linear

programming model for McDonald’s Malaysia menu which adheres
Keywords: to Malaysia Recommended Nutrient Intake 2017 (RNI 2017). Then we
. Lo solved the model and proposed the cheapest menu and also the ‘healthiest’
D!et optimization menu that meets the nutrient requirement based on RNI 2017. The result
Diet problem showed that price for the cheapest palatable menu is RM21.69 a day. For set
F?St food ) menu, we found that no menu meets this requirement, suggesting that
Linear programming McDonald’s set menu should not be taken three times a day. The price
for the ‘healthiest” McDonald’s menu with the least total of fat, sugar
and salt that meets the nutrient requirement is RM42.99 a day.
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1. INTRODUCTION

Diet plays an important role in human’s health. We need to take sufficient nutrients to have a good
health. Over nutrition or lack of nutrients may cause illness [1]. However diet requirements are not the same
for everyone, they depend on age, ethnic and others. Individuals with a particular disease require different
diet compared to normal people [2]. Diet requirements for children are not the same as adults [3].
Diet requirements depend on age and energy needed by specific individual. In Malaysia, Ministry of Health
has published Recommended Nutrient Intake regularly as guidelines [4]. Fast food refers to food that can be
prepared and served quickly. Famous fast food chains such as KFC, Pizza Hut, McDonald’s, Subway,
Kenny Rogers, and Burger King provide quick service, convenience, and tastes good. However, fast food
is often made with ingredients such as high fat meat, refined grains, and added sugar and fats, instead
of nutritious ingredients. Fast food is more flavorful and palatable because it is high in sodium which
is used as a preservative.

Eating too much fast food is not good for health. A person can get obese by eating fast food
regularly. British researchers from the Medical Research Council Human Nutrition Center and the London
School of Hygiene and Tropical Medicine mentioned frequent intake of McDonald's, KFC or Subway meals
will make people to be more likely to gain weight and become obese. Malaysia recorded an increase in its
obesity rate last year, with the latest statistics showing that the overweight and obese make up nearly half
of its 30 million populace. Malaysia’s Health Minister has given warning that almost half the country
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population being overweight or obese. Restaurant owners can play an important role in promoting healthier
choice. A study has shown that some teenage customers would choose less fat/calorie menu when nutrition
information was provided when ordering food [5]. In the study, teenagers were asked to order a dinner
and then they were asked again to order dinner from modified menus that contained calorie and fat content
information. In another study, children would select a healthier menu if toy premiums are only offered
with healthier food option [6]. By providing nutrition information and offering free toy to accompany
healthier food option, customers are encouraged to choose healthier menu.

Linear programming has been used to solve diet problem since it was introduced by Stigler
in 1945 [7]. The Stigler’s original problem has opened the path to many minimum-cost problems such as
animal feed, chemical and fertilizer blending [8]. Now, linear programming problems can be solved
relatively easier with the help of faster computers compared to seventy years ago. Most of the diet problem
involve minimizing the cost as it the main factor in choosing a meal [9]. The cost is minimized while
following the required nutrient intake. Palatability is usually also considered. This way, people can have tasty
optimal diet without burdening their finance. In Ethiopia where the populations are mostly under nutritious
and stunted, linear programming was applied to produce a diet which is affordable for the lowest
income [10]. In another study which focused on a rural area in Mozambique, minimum-cost porridge mix
formulation is suggested in an effort to combat child malnutrition [11]. The proposed porridge mix is a big
step because the conventional way of feeding the children in the area is mashed adult food that contained low
energy and insufficient nutrients. In the study, no solution can be found if all the ingredients are local
products. This problem was solved by adding zinc and calcium salts supplements to the children diet.

University students are also conscious of meal cost. A model for students’ diet in Universiti Utara
Malaysia has been developed and optimal result was obtained. The result helped the students in choosing
a meal with the lowest possible cost [12]. However, in some cases, healthy food is very costly. Previous
study has shown that in Armenia, people earning minimum salary need to spend more than half of their
monthly income on food to afford a healthy diet [13]. While in Brazil, feasible solution was found after
nutritional constraints was relaxed to meet a set of nutritional goals to reduce prevalence of inadequate
nutrient intakes [14]. In another recent study in Brazil where the focus is on the low-income households,
the allowable amount of nutrient increment is determined from the developed model without increasing
the cost [15]. In the study, complete nutrition requirement is not achieved, however, diet quality was
improved without any additional cost. In order to ensure healthy diet, a person may need to change his eating
habit, but not everyone is willing to do so. A research has shown that linear programming modelling can
provide a healthier menu that meet nutrient requirements without too much change from a person’s current
eating habits [16]. In Japan, while designing the optimal diet for Japanese adult by using linear
programming [17], the researchers found that the older group needs to make minor modifications in their
eating habit so that they can achieve the nutrition goal, while the younger group needs to take more fruits
and vegetable in their meal. However, the participants might be highly health-conscious because almost all
of them completed the study despite the strict study design. It is difficult to achieve nutritional goals
for a culture-specific nutrient [18].

Different country has different gastronomical palates and cuisine choices. Thus, recommended
nutrient intake may differ for different country and different time period. The application of linear
programming for diet problems have been done for Malaysian case [19-21]. A healthy and palatable diet was
suggested for low income female adult in Malaysia [19]. The data of the study showed that average nutrient
intake for low income female adults is less than the recommended level. With the suggested menu, low
income female adults can make a healthier choice. The risk of getting chronic disease can be reduced
with the right choice of food [22]. Linear programming was applied in three independent studies to develop
a healthy and balanced menu with minimum cost that could prevent cancer [20, 23] and anemia [24].
In recent years, the researchers have shown interest in sustainable diets [25-28]. Sustainable diets are defined
as nutritionally adequate, safe and healthy, culturally acceptable, financially affordable and have low
environmental impacts [29]. Food system contributes to greenhouse gas emissions (GHGES) and thus affect
climate change. GHGESs occur at every stage in the life cycle of food from primary production to processing,
packaging, distribution, consumption, and waste. A study in the UK managed to provide two new diets that
minimized the change in eating habit while reducing GHGEs and achieving the dietary
recommendations [26]. Meanwhile a study in France managed to minimize GHGEs without compromising
the dietary recommendations and at the same time affordable [25]. The main strength of the study was it
considered simultaneously several dimensions of diet sustainability, namely nutritional adequacy,
environmental impact, affordability and cultural acceptability.

Even when knowing the fact that eating fast food can cause many problems, this type of food is still
popular. Eating meals without considering the calories or balanced nutrients will worsen the problems.
Some fast food chain such as McDonald’s provided nutrition information in their effort to promote balanced
lifestyle. To our knowledge, no study has been done before to identify the cheapest McDonald’s Malaysia
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menu that contains optimal diet. There is also no study has been done to determine the ‘healthiest’ menu,
which is menu with the least total of fat, sugar and salt that meets the nutrient requirement. Hence, this study
aims to construct the cheapest and the ‘healthiest’” McDonald’s Malaysia menu that satisfy the Malaysia
Recommended Nutrient Intake 2017 by using linear programming. This way, it is possible for the consumer
to choose the cheapest menu but at the same time still meets the nutrient requirement or to choose the least
harmful menu that meets the nutrient requirement.

2. RESEARCH METHOD

Data on nutrient intake recommendation for adult between ages 19-59 years old is gathered
from Recommended Nutrient Intakes for Malaysia (RNI) 2017. Data for all McDonald’s menu, price
and nutrients information was obtained from McDonald’s Malaysia website. There are five nutrients
information provided by McDonald’s Malaysia website which are carbohydrates, protein, fats, salt and sugar.
However, this website does not provide the nutrients for all menu, for example, nutrients information
for the new Nasi Lemak McD was unavailable. In total, the study managed to gather the required information
for 104 food and beverages from the said website.

In this research, we consider that adults would require energy between 2520 kcal and 1610 kcal,
carbohydrates between 410g and 210g, protein between 62g and 52, fats between 75g and 51g, salt less than
5g and sugar less than 50g daily as in Table 1. These requirements are based on RNI Malaysia 2017.
All the food with their prices as well as upper bound and lower bound of each nutrient were filled
into Microsoft Excel. Based on these data, the linear programming model is developed. Excel Solver was
later used to determine the cheapest McDonald’s Malaysia menu that contains optimal diet
and the ‘healthiest’ menu, which is menu with the least total of fat, sugar and salt that meets the nutrient
requirement. The linear programming model for minimizing the cost of McDonald’s menus which satisfies
RNI Malaysia is developed as follows:

Min X127 ¢;x;
subjectto p; < Xi%t a;x; < by, 1)
x; = 0 and integer,

where the variable x; is the number of food i to be taken, c; is the cost of food i, a;; is the amount of nutrient
j contained in food i, p; is the lower bound for nutrient j and b; is the upper bound for nutrient j. In this
model, we wish to find the cheapest menu for a day. This can be achieved by minimizing the cost of the food
for a day if McDonald’s menu is considered for breakfast, lunch and dinner. The constraints of this model is
the recommended amount of each nutrient that should be consumed in a day. Total for each nutrient
consumed must be more than or equal to the lower bound and less than or equal to the upper bound. Now we
introduce another constraint so that the menu is palatable. We limit the side dishes to three as follows.

Y. x; < 3,i € {side dishes} 2)
We also limit the beverages to three as the following constraints.

Y. x; < 3,i € {beverages 3)

Table 1. Energy, carbohydrates, protein, fats, salt and sugar requirements per day for adults based
on RNI Malaysia 2017

Nutrient Upper bound Lower bound
Energy(kcal) 2520 1610
Carbohydrates(g) 410 201
Protein (g) 62 52
Fats (g) 75 51
Salt (9) 5 -
Sugar (9) 50

If we did not consider these constraints, we may get undesirable solution such as in Table 2 where
the solution gives one Beef burger, one Sausage McMuffin with Egg, one large French Fries, one small
French Fries and two Sundae Cones. Many would not like to have these meals for a day.
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Table 2. The feasible but undesirable McDonald’s menu that meet the nutrient requirement
which cost RM21.55

Food Number of food to be taken
Beef burger 1
Sausage McMuffin with Egg
French Fries Large
French Fries Small
Sundae Cone

NP R

The second model is for the ‘healthiest’” McDonald’s Malaysia menu that satisfies the RNI 2017.
For this model, we minimize the total fat, sugar and salt as follows;

subjectto p; < %12 a;;x; < by, ©)
x; = 0 and integer,

where j = 1 is fat, j = 2 is sugar and j = 3 is salt. Other notations are the same as the first model.

3. RESULTS AND ANALYSIS

The cheapest McDonald’s menu for a day that satisfies the RNI 2017 is given in Table 3. This is
the solution for solving problem (1) while considering the given constraint (2). The suggested menu is 2 Beef
burgers, 2 apple pies, 1 Sundae Cone and a Mix&Match set (Cheeseburger and small French Fries). The cost
for the menu is RM21.69.

Table 3. The cheapest palatable McDonald’s menu that meets the nutrient requirement which costs RM21.69

Food Number of food to be taken
Beef burger 2
Apple pie 2
Sundae Cone 1
M&M Cheeseburger + French 1
Fries Small

The total cost in Table 3 does not differ much compared to Table 2 but the menu in Table 3 is more
desirable because it has 3 burgers to be taken in a day. Note that the solution does not list any drink, therefore
this choice is suitable for take away. The solution for the second model is given in Table 4. It is
the ‘healthiest” McDonald’s Malaysia menu that satisfies RNI 2017 with least total of fat, sugar and salt as
modeled in problem (3). The proposed menu contained two Filet O-Fishes, one small French Fries, one large
Corn Cup, one Apple pie, three cups of black coffees and Mix&Match set (Chicken McNuggets 4pcs
and a small French Fries).

Table 4. The ‘healthiest’” McDonald’s menu with least total of fat, sugar and salt that meets the nutrient

requirement which costs RM42.99

Food Number of food to be taken
Filet O-Fish 2
French Fries Small
Corn Cup Large
Apple pie
McCafé® Premium Roast Coffee black
M&M Chicken McNuggets 4pcs + French
Fries Small

Wk R e

The total of fat, sugar and salt for the menu in Table 3 is 123.1g and Table 4 is 100.7g. Total fat,
sugar and salt is reduced but the price is significantly higher. The price for the healthiest menu is almost
twice the price for the cheapest menu. When only set menu is considered, there is no feasible solution exists.
This means that there is no menu that meets the RNI 2017 requirement. Hence taking McDonald’s set menu
for breakfast, lunch and dinner in a day should be avoided. When only the lower bound is removed, there
is also no feasible solution. When only the upper bound is removed, we have the solution for the suggested
menu as in Table 5.
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Table 5. The cheapest McDonald’s set menu when the upper bound is removed which costs RM23.97

Food Number of food to be taken
M&M Cheeseburger + French Fries Small 1
McChicken McValue 2

The suggested menu in Table 5 has excess of fats, salts and sugar by 17.1g, 2.5g and 48.2g
respectively. The total of fats, salt and sugar for this menu is 197.8g. When we change the objective function
to the least total of fats, sugar and salts, the solution is given as in Table 6 with the total fats, salts and sugar
is 171.99. The menu has excess of fats, salts and sugar by 131.1g, 0.3g and 28.5g respectively. Total fats,
salts and sugar is less than the solution in Table 5 but the price is a little higher. There is one limitation
encountered in this study, that is only five nutrients are included in the models because their information
are readily available on the McDonald’s Malaysia menu which are carbohydrates, protein, fats, salt and sugar.
Other nutrients such as fibre, vitamin, iron and calcium should also be considered in the models.

Table 6. The healthiest McDonald’s set menu with the least total of fats, sugar and salts when the upper
bound is removed which costs RM25.89

Food Number of food to be taken
Mm Chicken McNuggets 4pcs + French Fries s 1
Chicken McNuggets 6pcs McValue 2

4. CONCLUSION

In this paper we have presented the cheapest McDonald’s menu and the healthiest McDonald’s
menu that meet the RNI 2017 requirements. First we developed the linear programming models and solved
the model using Excel Solver. The menus produced are ideal for those who want to eat McDonald’s food but
at the same time is also conscious about health and cost
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