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Abstract. Boarding school student aged 13-18 need to eat nutritious meals which contains proper 

calories, vitality and nutrients for appropriate development with a specific end goal to repair and 

upkeep the body tissues. Furthermore, it averts undesired diseases and contamination. Serving 

healthier food is a noteworthy stride towards accomplishing that goal. However, arranging a 

nutritious and balance menu manually is convoluted, wasteful and tedious. Therefore, the aim of 

this study is to develop a mathematical model with an optimization technique for menu 

scheduling that fulfill the whole supplement prerequisite for boarding school student, reduce 

processing time, minimize the budget and furthermore serve assortment type of food each day. 

It additionally gives the flexibility for the cook to choose any food to be considered in the 

beginning of the process and change any favored menu even after the ideal arrangement and 

optimal solution has been obtained. This is called sensitivity analysis. A recalculation procedure 

will be performed in light of the ideal arrangement and seven days menu was produced. The data 

was gathered from the Malaysian Ministry of Education and schools authorities. Menu arranging 

is a known optimization problem. Therefore Binary Programming alongside optimization 

technique and “Sufahani-Ismail Algorithm” were utilized to take care of this issue. In future, this 

model can be implemented to other menu problem, for example, for sports, endless disease 

patients, militaries, colleges, healing facilities and nursing homes. 

 

 

1. Introduction 
Organizing adequate menus confronts various budgetary and mental objectives. It incorporates synchronous 

idea of a few sorts of prerequisites: the desired stimulating substance, the inclinations of the person that it 

is being prepared for, the whole (volume or weight) of nourishment to be devoured, and the typical shape 

and substance of different sorts of meals. The menu or eating routine problem was studied by Stigler in 

1945 [5, 17, 18, 19, 20]. This model, as in most operational research models, has been set up on the ordinary 

foremost supposition that the decision makers tries to progress or advance the goal work. The problem has 

continued being analyzed by specialists and dietitians: [1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 13, 14, 15, 17, 18, 19, 

20, 21]. As needs in this paper, we expand the present data in menu masterminding focusing on Malaysian 
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recipe, constraining the cost, fulfill the supporting essentials, serve variety of food each day and upgrade 

the customer preference. We use Binary Programming to choose the most nutritious and adequate meals 

for Malaysian secondary school student from 13 to 18 years old. It is most likely going to be used by the 

Ministry of Education Malaysia and school authorities. The menu records are given to the school's cooks 

(in comprehensively) who give six meals everyday: Breakfast [B], Morning Tea [M], Lunch [L], Evening 

Tea [E], Dinner [D] and Supper [S]. The menu provided is a non-selective menu where the boarding school 

students are not given the choice to pick favoured menu. Planning adequate and pleasant menus is basic to 

keep the life of boarding school student from torment any undesirable infections.  

 

 

2. Data Collection 
There are a few sorts of data that we need in order to build menu planning model. This include the cost of 

each Malaysian food, the dietary substance for each food, the Recommended Daily Allowance (RDA) 

which fuse with the upper bound (UB) and lower bound (LB) of each supplement, the nutrient involves for 

the Malaysian boarding school student and the administration budget for the caterer. The information on 

current budgetary arrangement and cost per serving for each meal was assembled from the nutritionists of 

the Ministry of Education, the schools authorities through interviews and school's cook.  The monetary 

allowance per student each day is Malaysian Ringgit 15.00. There are 11 supplements considered; Vitamins 

(A, B1, B2 and C), Calcium (Cal), Energy (E), Niacin (Ni), Protein (Pr), Carbohydrate (Car), Iron (I) and 

Fat (F) as appeared in Table 1. In addition, 10 sorts of food groups will be considered in this research; 

Cereal Based Meal (CBM), Rice Flour Based (RFB), Cereal Flour Based (CFB), Wheat Flour Based 

(WFB), Seafood and Fish (SF), Meat (MT), Fruit (FR), Vegetable (VG), Beverage (BV) and Miscellaneous 

(MS) as appeared in Table 2. We require 18 dishes from 10 sorts of food groups for consistently. 

 

Table 1. UB and LB of the 11 supplements. 

LB Supplements 

(Nutrients) 

UB 

600mg A 2800mg 

1.1mg B1 - 

1mg B2 - 

65mg C 1800mg 

1000g Cal 2500g 

2050kcal E 2840kcal 

16mg Ni 30mg 

54g Pr - 

180g Car 330g 

15mg I 45mg 

46g F 86g 
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Table 2. Nourishment requirement each day. 

Type of nourishment Requirement everyday 

(k) 

Variable Notation 

CBM 1 + 1 plain rice (x114 - x126) 

RFB 1 (x86 - x113) 

CFB 1 (x38 - x85) 

WFB 1 (x262 - x286) 

SF 1 (x287 - x324) 

MT 1 (x127 - x158) 

FR 2 (x213 - x261) 

VG 2 (x159 - x212) 

BV 4 + 2 plain water (x1 - x37) 

MS 1 (x325 - x426) 

Total Dishes Per Day 18  

 

Besides considering the whole 426 menus, the caterer is also given the flexibility to choose the number of 

days that he or she wants the system to generate nutritious menus for the school children. The caterer can 

choose from 1 day to 7 days menus. If the caterer choose 3 days and below, the caterer is given the choice 

to choose either using automatic selection (consider the whole 426 menu) or manual selection (only 

consider 230 menu). Now if the caterer chooses manual selection, there is a limitation on the variable where 

the caterer can narrow down their preference to the following food (refer Table 3); 

 

Table 3.  Number of food for manual selection from each food group. 

Food Group Number of 

Food 

Beverages (including Plain Water) 20 

Cereal Flour Based 25 

Rice Flour Based 25 

Cereal Based Male (Including Rice 

Cooked) 

10 

Meat 25 

Vegetable 25 

Fruit 25 

Wheat Flour Based 25 

Seafood 25 

Miscellaneous 25 

Total 230 

  

This will help the caterer to meet with their preference. However this only applied for 3 days menu and 

below. For 4 days and beyond, the system will apply automatic selection where the system needs more than 

230 variables to serve variety food for higher number of days. 
 

 

3. Mathematical Model 
The essential purpose of this research study is to characterize a menu planning model that minimize the 

budget given by the administration to the school's cooks, maximizes the assortment of nourishment and 

nutritious needs based on the Malaysian RDA requirements. Subsequently in a week we require 126 dishes 

that will be sensibly chosen from the 230 or 426 dishes that are available. For automatic selection, all 426 
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variables will be considered in the calculation and for manual selection 230 variables will be considered.  

We will minimize the total cost J, Therefore the objective function will becomes 

 

                                        J = ∑ Cost("#)
%&'
#)*  = ∑ +#"#

%&'
#)*    or J = ∑ Cost("#)

&,-
#)*  = ∑ +#"#

&,-
#)*                     (1) 

 

by choosing the dish and giving an adequate daily menu. The maximum budget gave the administration per 

student per day is RM15.00. Hence, we try to restrain the cost. The daily constraints are, 

 

                                       LB ≤  ∑ Supplements("#) or  ∑ Supplements("#) or  &,-
#)*

%&'
#)* ≤ UB                 (2) 

 

where i=1,2,..,11, and LB and UB is the restricted boundaries value that need to be followed. It gives an 

alternate incentive for each supplement. This is to ensure that we meet the supplements essentials. We have 

11 restrictions of supplements with lower and upper bound regards beside protein, vitamin B1 and B2 as 

communicated in Table 2. In light of Table 1, we determine the 10 food group requirements as, 

 

                                                   ∑ Type of nourishment ("#) *-
#)* = k;                                           (3) 

 

where i=1,2,..,10 and k  is the number of requirement for each food group. The aim of this model is to serve 

18 dishes each day. We have 230/426 variables which are in binary, 

 

                                                                    "# = {0, 1}                                                                   (4) 

 

Each food must be serve once (1 picked or otherwise 0) for seven days except for plain water and plain rice. 

Each time looping, the program will consider available variables. For example, 18 variables are chosen 

from the 230 or 426 components that are available to be served on Day 1. The chose variables will be meant 

as 1 (except for plain water which is 2) and the rest are zeros. As said mention in (4), all variables are 

binaries except for plain water and plain rice. Binary suggests that the lower headed a motivator for the 

variable is 0 and the upper bound regard is noted as 1. Before running for Day 2, each factor that are chosen 

in Day 1 will be wipe out beside plain water and plain rice. It infers that every last one of the food that are 

served on day(i) will be deleted from the model and will not be served again on day(i+1) except for the two 

obligatory sustenance. We will use a looping technique for running the program for 7 days; eliminating the 

chosen variables from the present model and reshuffle all the perfect components into a genuine serving 

design. The chosen variables in day(i) will be adjust as xi={0,0}, where the lower bound is still 0 and the 

upper bound is swing down to 0 beside plain water and plain rice. By then, the chosen variables will be 

engineered into fitting the serving for each of the 6 meals. In spite of the way that an optimal solution has 

been obtained, the customers are still being given the versatility to change any food from the optimal results. 

As determine earlier, for Day 1, 18 foods are being chosen from each pf the nourishment classes. In the 

event that the customer needs to choose other food on that day, they can replace the chosen food with 

whatever food that is still available and a recalculation method will be done in light of the optimal result. 

The new cost will be, 

 

                                                                             M’ = M – wix’i + wix”i                                                     (5) 

 

where M' is the new total cost, wix'i is the cost of the food that being rejected and wix"i is the cost of the new 

sustenance that being incorporated. By then the new consistently oblige will be, 

 

               LB ≤  ∑ Supplements("# ) − Supplements("7
# ) + Supplements("′′# )

&,- :; %&'
#)* ≤ UB        (6) 
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where Supplements ("7
#) is the supplement of the sustenance that being rejected and Supplements ("′′#) is 

the new supplement of the food that being incorporated. The rejected sustenances are open to be considered 

for the rest of the days. If the lower bound (LB) and the upper bound (UB) are not satisfied (through the 

substitution of the new food), the structure will show which supplement does not meet the prerequisite. 

Everything is being considered in this process and we introduce a new calculation.  Therefore we call this 

algorithm as the “Sufahani-Ismail Algorithm” (refer Figure 1). This present examination incorporates 

various decision variables, objectives and parameters. The coding was developed using Matlab with 

LPSolve and optimal results were obtained through 2.26GHz PC. By eliminating the optimal solution 

(obtained for that day) before running for the next day and lessening the measure of variables, it will 

empower the program to run faster. 
 

 
 

Figure 1. Sufahani-Ismail Algorithm Flowchart. 

 

 

4. Result and Discussion 
The results are shown in Table 3 and Table 4. It shows meal for one day to be given by the organization of 

the school to the boarding school student. In Table 4, we can see that there are a collection of refreshments 

and sustenance showed in the essential primary ideal plan which consolidates six meals per day from 

breakfast to supper. By then we would like to change the menu one each in Beverages and Fruits from the 

essential primary ideal plan in light of our best menu. A recalculation process was done and second perfect 

course of action exhibits the results. Table 4 shows the different supplement recompense between the two 

perfect plans. The two results meet the daily nutritious essential for the boarding school student at a 

minimum cost 
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Table 4. Optimal and re-optimal result for Day 1. 

Day 1: Optimal Result Type of nourishment Day 1: Re-Optimal Result 

Rice, chicken [L]; Rice, cooked 

[D] 

CMB Rice, chicken [L]; Rice, cooked 

[D] 

Kuih kasui [B] RFB Kuih kasui [B] 

Biscuit soda/plain [S] CFB Biscuit soda/plain [S] 

Doughnut [E] WFB Doughnut [E] 

Fish unspecified, dried, salt [D] SF Fish unspecified, dried, salt [D] 

Chicken satay [L] MT Chicken satay [L] 

Guava [L]; Nangka [D] FR Guava [L]; Lychee [D] 

Celery(daun seladeri) [L]; 

Mengkudu [D] 

VG Celery(daun seladeri) [L]; 

Mengkudu [D] 

Orange flavoured drink, powder 

[B]; Plain water (2 times) [T,L]; 

Coconut water [E]; Sugar cane 

juice D]; Milo [S] 

BV Milk powder, skim [B]; Plain 

water (2 times) [T,L]; Orange 

flavoured drink, powder [E]; 

Sugar cane juice D]; Milo [S] 

Candy coconut [M] MS Candy coconut [M] 

RM6.05 COST RM6.61 

 

Table 5. Optimal and re-optimal supplement intake for Day 1. 

LB Day 1: Optimal Result Type of supplements Day 1: Re-Optimal Result UB 

600mg 1010mg A 978mg 2800mg 

1.1mg 1.53mg B1 1.47mg - 

1mg 2.03mg B2 2.24mg - 

65mg 270.1mg C 255.6mg 1800mg 

1000g 1037g Cal 1021g 2500g 

2050kcal 2399kcal E 2359kcal 2840kcal 

16mg 23.5mg Ni 22.9mg 30mg 

54g 91g Pr 90.3g - 

180g 318.5g Car 320g 330g 

15mg 20.3mg I 17mg 45mg 

46g 55.5g F 55.8g 86g 

 RM6.05  RM6.61  
 

 

5. CONCLUSION 

The researchers have conveyed a sensible menu planning that can be used as a guide for the 

boarding school authorities. The model was developed by using Matlab with LPSolve. It fulfilled 

each one of the goals set by the researcher and give an unrivaled arrangement which is differ from 

other systems, for instance, Genetic Algorithms. This investigation focused on 13 to 18 years old 

boarding school student. The nutritious essentials required for youngsters underneath 12 years old 

and adults are not the same as the one used here. It will give an impact to the menu decision and 

the cost of setting up the meals. The total cost for each day is under RM15.00. In this way we can 

serve expensive and better nature of foods for the boarding school student. The post-optimality 

approach was used in this research and affectability examination was made in this study towards 

the perspective of modifications in the coefficient value. 

 

 



7

1234567890 ‘’“”

ISMAP 2017 IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 995 (2018) 012047  doi :10.1088/1742-6596/995/1/012047

Acknowledgments 

We would like to say thank you to Universiti Tun Hussein Onn Malaysia (UTHM) and Office for 

Research, Innovation, Commercialization and Consultancy Management (ORICC), UTHM for 

kindly proving us with the internal funding (Vot E15501). 

 

Reference 

[1] Armstrong R D & Sinha P 1974 Application Of Quasi-Integer Programming To The Solution Of  

    Menu Planning Problems With Variable Portion Size, Management Science 21(4) 474. 

[2] Balintfy J L 1975 A Mathematical Programming System for Food Management Applications,  

   INTERFACES 6(1) 2. 

[3] Bassi L J 1976 The Diet Problem Revisited The American Economist 20(2) 35-39. 

[4] Benson H P & Morin T I 1987 A Bicriteria Mathematical Programming Model For Nutrition  

   Planning In Developing Nations, Management Science 33(12) 1593. 

[5] Dantzig G B 2002 Linear Programming, Operation Research 50(1) 42-47. 

[6] Endres J M, McCann-Rugg M & White G P 1983 Using Goal Programming to Improve the  

    Calculation of Diabetic Diets, Computer & Operation Research 10(4) 365-373. 

[7] Foytik J 1981 Devising and Using a Computerized Diet: An Exploratory Study, The Journal of  

    Consumer Affairs 15(1) 158. 

[8] Gallenti G 1997 The Use of Computer for the Analysis of Input Demand in Farm Management: A  

    Multicriteria Approach to the Diet Problem, First European Conference for Information  

    Technology in Agriculture. 

[9] Garille S G & Gass S I 2001 Stigler’s Diet Problem Revisited, Operation Research 49(1) 1-13. 

[10] Lancaster L M 1992 The Evolution Of The Diet Model In Managing Food Systems, INTERFACES  

    22(5) 59-68. 

[11] Leung P S, Wanitprapha K & Quinn L A 1995 A Recipe-Based, Diet-Planning Modelling System,  

    British Journal of Nutrition 74 151-162. 

[12] Sherina M S & Rozali A 2004 Childhood Obesity: Contributing Factors, Consequences and  

    Intervention, Malaysian Journal of Nutrition 10(1) 13-22. 

[13] Silberberg E 1985 Nutrition and the Demand for Tastes, Journal of Political Economy 93(5) 36 

[14] Sklan D & Dariel I 1993 Diet Planning for Humans Using Mixed-Integer Linear Programming,  

    British Journal of Nutrition 70 27-35. 

[15] Smith V E 1959 Linear Programming Models for the Determination of Palatable Human Diets,  

   Journal of Farm Economics 41 272-283. 

[16] Stigler G L 1945 The Cost of Subsistence, Journal of Farm Economics 27 303-314. 

[17] Sufahani S & Ismail Z 2014 A New Menu Planning Model for Malaysian Secondary Schools using  

    Optimization Approach, Applied Mathematical Sciences 8(151) 7511-7518. 

[18] Suliadi Sufahani & Zuhaimy Ismail 2015 Planning a Nutrition and Healthy Menu For Malaysian  

    School Children Aged 13-18 Using “Delete-Reshuffle Algorithm” in Binary Integer 
Programming, Journal of Applied Sciences 15(10) 7 1239-1244.  

[19] Suliadi Sufahani, Zuhaimy Ismail & Maselan Ali 2016 Mathematical Optimization Method on Diet  

    Planning for School Children Aged 13-18 Using DRRA Approach, Wulfenia Journal 23(1) 103- 

               112.  

[20] Maselan Ali, Suliadi Sufahani & Zuhaimy Ismail 2016 A New Diet Scheduling Model for  

     Malaysian School Children Using Zero-One Optimization Approach, Global Journal of Pure  

     and Applied Mathematics 12(1) 413-419. 

[21] Westrich B J, Altmann M A & Potthoff S J 1998 Minnesota’s Nutrition Coordinating Center Uses  
     Mathematical Optimization to Estimate Food Nutrient Values, INTERFACES 28(5) 86-99. 


