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The Free Nutritious Meal (MBG) Program requires a systematic menu
selection process to consider multiple nutritional criteria and changing
priorities. This study aims to develop a web-based decision support system
for MBG menu selection using the Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS) method with a dynamic weighting
mechanism based on user preferences. Thirty menu alternatives were
evaluated using five criteria: energy, protein, fat, carbohydrates, and dietary
fiber. TOPSIS was applied to rank alternatives based on their relative
closeness to the ideal solution. The results show that the system
successfully performs all core functions and produces rankings consistent
with manual calculations. Menu 4 achieved the highest preference score of
0.7215. The dynamic weighting mechanism allows changes in criterion
priorities to generate adaptive recommendations. The developed system
supports a more objective, consistent, and flexible menu selection process
for the MBG Program.
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1. Introduction

The Free Nutritious Meal (MBG) Program is
a strategic government initiative designed to
improve national nutritional status. Beyond
addressing nutritional needs, the program aims
to enhance the quality of human resources
through the provision of nutritionally balanced
meals [1]. The program is administered by the
National Nutrition Agency (BGN) and is
expected to contribute to improving nutritional
status and strengthening human resources
toward the realization of Golden Indonesia
2045 [2]. The formulation of nutritious meals
should consider the Angka Kecukupan Gizi
(AKG), Indonesia's national dietary adequacy
standard, according to age groups and
physiological conditions[3].

The success of Indonesia's Free Nutritious
Meal (MBG) Program depends not only on the
ability to distribute meals to beneficiaries but
also on the ability of program administrators to
select menus that appropriately meet nutritional
requirements. Menu selection constitutes a
complex decision-making problem because
each alternative ~ has  different
characteristics and needs to be evaluated across

menu
multiple aspects simultaneously. Previous

research on school meal planning has
demonstrated that menu selection may involve
trade-offs among nutritional quality, cost,
student consumption, and environmental
impacts, indicating that menu selection cannot
adequately rely on a single indicator [4]. In
addition to nutritional content, menu
acceptability among beneficiaries is an
important aspect of school meal programs. A
nutritionally appropriate menu may not
necessarily be optimally consumed if it is not
well accepted by students. A systematic review
of school feeding programs showed that menu
acceptability has been evaluated using various
approaches, including hedonic  scales,
questionnaires, interviews, and measurements
of food consumption and leftovers. These
findings indicate the need for a systematic
evaluation mechanism through which multiple

menu alternatives can be consistently compared
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based on predefined criteria. Multi-Criteria
Decision Making (MCDM), including TOPSIS,
can support this process by simultaneously
ranking alternatives across multiple criteria [5].

TOPSIS is widely used to rank alternatives
based on their proximity to the positive ideal
solution and their distance from the negative
ideal solution [6]. In the context of food
selection, the integration of the Analytic
Hierarchy Process (AHP) and TOPSIS has been
applied to rank food packages by considering
nutritional value and user preferences [7].
Furthermore, food recommendation systems
have highlighted the importance of integrating
nutritional requirements with user preferences
to generate personalized and adaptive
recommendations [8].

However, most existing decision support
systems for food selection still employ
predefined criteria and fixed weights
established during the model design stage [7].
In contrast, recent advances in food
recommender systems have shifted toward
personalized and adaptive
recommendations by  incorporating
preferences, health conditions, and individual

more
user

nutritional requirements [8], [9]. Within the
Free Nutritious Meal Program (MBG), menu
planning must satisfy nutritional requirements
across different age groups while also
considering budget constraints, menu variety,
availability, and local food
[10]. Nevertheless, a gap
remains between the use of fixed weighting
schemes and the need for a flexible
capable of

ingredient
characteristics

recommendation system
accommodating changes in the priority of
nutritional criteria.

This study develops a decision support
system that enables users to dynamically adjust
the relative importance of nutritional criteria.
Changes in criterion weights can influence the
preference scores and ranking order generated
by the TOPSIS method [11], [12]. The proposed
system provides flexibility in prioritizing
energy, protein, fat, carbohydrates, and dietary
fiber without modifying the underlying TOPSIS
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algorithm. This approach is consistent with the
concept of adaptive decision support systems,
which incorporate user needs and preferences
into the decision-making process [13]. The
main contribution of this study is the
implementation of a dynamic weighting
mechanism that enables the generation of
multiple recommendation scenarios in response
to changing user [11] while
supporting menu planning based on Indonesia's
national nutritional standards [10]

This study aims to develop a web-based
decision support system that applies the

priorities

Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) for menu selection in
Indonesia's Free Nutritious Meal (MBG)
Program. The proposed system allows users to
dynamically adjust the weights of nutritional
criteria according to their preferences and
evaluates menu alternatives based on energy,
protein, fat, carbohydrates, and dietary fiber.
The system is subsequently validated through
functional testing, and its computational results
are compared with manual calculations to verify
the accuracy of the TOPSIS implementation.

2. Research Methods
This study adopts a

Development (R&D) approach to develop a

web-based application for evaluating and

Research and

ranking menu alternatives in Indonesia's Free
Meal (MBG) Program. The
application was developed using the Waterfall

Nutritious

software development model, which consists of
five sequential phases: requirements analysis,
system design, implementation, testing, and
maintenance. These phases are executed in a
structured and systematic manner [14]. The
Waterfall model was selected because the
system requirements and core functionalities
were clearly defined at the outset of the project,
enabling a systematic and well-controlled
development process.

The study utilized secondary data obtained
from the Free Nutritious Meal (MBG) Program
guidelines and the AKG issued by the Ministry
of Health of the Republic of Indonesia. The
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AKG specifies the recommended intake of
energy, protein, fat, carbohydrates, dietary
fiber, water, vitamins, and minerals for different
population groups [3] . A total of 30 menu
alternatives were evaluated based on five
nutritional criteria: energy, protein, fat,
carbohydrates, and dietary fiber. These criteria
were selected based on the scope of nutritional
data that was consistently available across all
menu alternatives and used as the primary
indicators in the decision matrix. Energy was
used to represent the energy adequacy of each
menu, whereas protein, fat, and carbohydrates
represented  the  major  macronutrient
components. Dietary fiber was included as an
additional  indicator related to  food
composition. Although the AKG also includes
other nutritional components, such as vitamins
and minerals [3] , these components were not
incorporated into the initial model because the
dataset for all 30 alternatives was focused on the
five selected indicators. Therefore, the five
criteria are not intended to represent all
dimensions of nutritional adequacy in the MBG
Program but rather define the scope of the
nutritional evaluation used in the proposed
system. The weights assigned to the five
nutritional criteria can be dynamically adjusted
by users through the system interface. This
mechanism  allows  different  weighting
configurations to be applied before the TOPSIS
calculation, enabling the resulting preference
scores and menu rankings to reflect different
user-defined priorities.

This study did not employ respondents
intended to represent the Indonesian population.
The nutritional values used in the ranking
process were obtained from secondary data,
whereas the criterion weights in the system can
be adjusted by users through the application
different
scenarios in the decision-making process. The
intended users of the proposed system are
SPPG/MBG kitchen administrators involved in
menu evaluation and selection. Therefore, the
criterion weights should not be interpreted as

interface to represent priority

representing the preferences of all MBG
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beneficiaries in Indonesia; rather, they serve as
adjustable decision parameters that can be
modified by system users according to their
menu management priorities

The 30 menu alternatives represent meal
combinations containing complete information
on energy, protein, fat, carbohydrates, and
dietary fiber required to construct the TOPSIS
decision matrix. The alternatives were compiled
within the scope of menus for junior and senior
high school students with reference to the
nutritional standards adopted in this study. They
were included because all alternatives contained
that
consistently evaluated using the five selected
criteria. Accordingly, the dataset was used for
system development and computational testing

nutritional  information could be

and was not intended to represent all menu
variations implemented throughout Indonesia's
MBG Program.

In determining the ranking of MBG menu
alternatives, the TOPSIS procedure was
performed sequentially. First, the decision
matrix was constructed using the nutritional
values of each menu alternative across the five
evaluation criteria. Second, the decision matrix
so that criterion values
could be
compared. Third, the normalized matrix was
multiplied by the corresponding criterion

was normalized

expressed on different scales

weights to obtain the weighted normalized
decision matrix. Fourth, the positive ideal
solution (A+) and negative ideal solution (A—)
were determined based on the best and worst
values for each criterion. Fifth, the separation
distance of each alternative from the positive
ideal solution (D+) and the negative ideal
solution (D—) was calculated using Euclidean
distance. Sixth, the relative closeness
coefficient (Ci) was calculated based on the
distances of each alternative from both ideal
solutions. Finally, all menu alternatives were
ranked in descending order according to their Ci
values. The alternative with the highest Ci value
was identified as the highest-priority menu
alternative[6].
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3. Results and Discussions

The Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS) has been
widely applied to various food selection
problems involving individuals with specific
nutritional requirements or health conditions.
Previous studies have employed TOPSIS to
support menu selection for undernourished
children [15], while other researchers have
developed decision support systems for menu
selection among individuals with obesity[16].
Similar approaches have also been applied to
food selection for patients with hypertension by
evaluating menu alternatives against predefined
criteria [17]. In the context of child nutrition,
TOPSIS has further been utilized to recommend
complementary feeding menus based on infants'
caloric requirements [18]. Collectively, these
studies demonstrate that TOPSIS is an effective
method for evaluating multiple nutritional
indicators and systematically ranking food
alternatives.

Despite these contributions, most existing
studies focus on recommendations for
individuals or specific patient groups and rely
on predefined evaluation criteria and fixed
weighting schemes. More recently, decision
support systems have also been developed to
support menu selection in Indonesia's Free
Nutritious Meal (MBG) Program through web-
based platforms. Nevertheless, there remains an
opportunity to enhance these systems by
enabling MBG administrators to dynamically
adjust the relative importance of each
nutritional criterion before the ranking process
is performed.

This study develops a web-based decision
support system to evaluate 30 menu alternatives
based on five nutritional criteria: energy,
protein, fat, carbohydrates, and dietary fiber.
The primary contribution of this research is the
implementation of a user preference-based
dynamic weighting mechanism, which enables
MBG administrators to specify the relative
importance of each nutritional criterion through
the system interface. Based on the user-defined
weights, the system recalculates the relative
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closeness coefficient and the ranking of menu
alternatives using the Technique for Order
Preference by Similarity to Ideal Solution
(TOPSIS). Variations in criterion weights can
influence the ranking results because they
reflect the relative importance assigned to each
nutritional criterion [12]. Consequently, the
proposed approach allows the system to
generate different menu recommendation
scenarios that are aligned with the priorities and
preferences of MBG administrators.

Requirements Planning

The first phase of the Waterfall
development model involved requirements
analysis, which was conducted to identify both
the functional and non-functional requirements
of the proposed system based on the business
process and stakeholder needs. The functional
requirements include the management of menu
alternatives and nutritional information, menu
ranking using the Technique for Order
Preference by Similarity to Ideal Solution
(TOPSIS), presentation of the recommended
menu, and user management by the system
administrator. The non-functional requirements
encompass usability, data security, and
computational efficiency. Business process
analysis revealed that menu selection was
previously performed manually and was
therefore susceptible to subjective judgment,
while verifying nutritional information was
relatively time-consuming. Furthermore, menu
selections that do not adequately reflect the
preferences of the intended beneficiaries may
contribute to increased food waste. Two
primary system users were identified: the
System Administrator and the SPPG/Kitchen
Officer. The SPPG Manager acts as the
decision-maker who uses the recommendation
generated by the system for menu planning.

System Design

The system was designed based on the
results of the requirements analysis,
encompassing the system architecture, database
structure, TOPSIS computational workflow,
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and a web-based user interface. The proposed
system adopts a three-tier architecture
consisting of a presentation layer (front-end), a
business logic layer that executes the Technique
for Order Preference by Similarity to Ideal
Solution (TOPSIS) algorithm, and a data layer
responsible for storing menu data, nutritional
criteria, and calculation results. This
architecture was designed to automate the menu
selection process, which had previously been
performed manually and in an unstructured
manner. The user interface was developed to
ensure ease of use, allowing MBG Food Service
Unit (SPPG/Kitchen) administrators to operate
the system without requiring specialized
technical expertise. Consequently, the proposed
system is expected to generate menu
recommendations that are more objective,
efficient, measurable, and compliant with
Indonesia's national nutritional standards
(AKG), while supporting a more effective and
systematic decision-making process.

Table 1. Stakeholder Roles and System

Requirements
Stakeh Role in Sysfem
No the Requireme
older
System nts
1 System | Manages | Requires

Admini | the overall | functionaliti
strator system es to

and its manage user
data. accounts,
evaluation
criteria,
menu
alternatives,
and system
configuratio
n, including
the
execution of
the menu
evaluation

process.
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2 MBG Primary Requires
Food user functionaliti
Service | responsibl | es to input
Unit e for the menu data
(SPPG/ | menu and
Kitchen | selection nutritional
) process. information
Officer and to view

the
recommende
d menu
generated by
the system.

The proposed decision support system for Free
Nutritious Meal (MBG) menu selection
involves MBG Food Service Unit (SPPG)
officers as the primary users responsible for
managing menu data, nutritional criteria, and
the evaluation process, while the SPPG
Manager serves as the decision-maker who
utilizes the recommendation results in menu
planning. As the intended beneficiaries,
students are indirectly represented in the
recommendation process through the nutritional
requirements corresponding to their age groups.
Overall, the proposed system is expected to
support a more objective, efficient, and
evidence-based menu selection process while
ensuring compliance with Indonesia's national
nutritional standards (AKG).

Dashboard

Figure 1. Dashboard of the Web-Based
Decision Support System for MBG Menu
Selection
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Manage User Data

Manage Criteria Data

Manage Criteria Weights

Manage Menu Data

SPPG / MBG System Administrator
Kitchen Staft
Input Menu Criteria Values

Perform TOPSIS Calcutation

i

Print / Export Report

Figure 2. Use Case Diagram
The wuse case diagram illustrates the
interactions between the System Administrator
and the MBG Food Service Unit
(SPPG/Kitchen)  Officer. The  System
Administrator is responsible for managing user
accounts, evaluation criteria, criterion weights,
and system access control. Meanwhile, the
SPPG Officer manages menu data, enters
criterion values, the
Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) calculations, and
accesses the recommended menu and generated
reports. In addition, the activity diagram depicts

nutritional executes

the workflow of the proposed system, beginning
with user authentication, followed by data
management, TOPSIS computation, and the
presentation of menu recommendations and
reports. Together, these diagrams illustrate the
structured interaction between users and the
system, demonstrating how each functional
component supports a more objective, efficient,
and systematic menu selection process that
aligns and the

with user requirements

implementation of the MBG Program.
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SPPG Staff

10

Collect alternative menu
data and nutritional
information

I

Check nutritional data
based on standards or
nutritional guidelines

1

Compare nutritional
content between menus
manually

1

Determine the menu that
best meets nutritional
requirements

]

Record / communicate
the menu
recommendation results

O

Figure 3. Activity Diagram of the Existing
Business Process

The activity diagram illustrates the menu
selection process prior to the implementation of
the proposed decision support system. In the
existing workflow, menu selection is performed
manually by compiling menu alternatives and
reviewing their nutritional content, including
energy, protein, fat, carbohydrates, and dietary
fiber. SPPG officers compare the nutritional
values against established guidelines and
internal considerations without relying on a
The

selected menu is subsequently documented or

structured  decision-making method.

communicated to the relevant stakeholders.
This manual process is time-consuming, lacks
system integration, and may lead to inconsistent
decision-making. The implementation of the
Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS)-based decision
support system transforms this workflow into a
structured and automated process, enabling
menu alternatives to be evaluated more
efficiently, objectively, and consistently based
on predefined nutritional criteria.
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SPPG / MBG Kitchen Staff

®

(o

System Administrator

Logn t

Figure 4. Activity Diagram of the Proposed
Business Process

The business process for
selection in Indonesia's Free Nutritious Meal
(MBG) Program was significantly improved

following the implementation of the proposed

menu

decision support system. Prior to system
implementation, MBG Food Service Unit
(SPPG/Kitchen) officers manually collected
menu data and nutritional information before
comparing menu alternatives based on the
nutritional of the intended
documentation

requirements
The
evaluation processes relied heavily on the

beneficiaries. and
officers' judgment, making the workflow more

time-consuming, less structured, and
susceptible to inconsistent decision-making.
Following the implementation of the
proposed system, the menu selection process is
performed through an integrated web-based
application. Users can authenticate, enter menu
data and nutritional information, assign weights
to the evaluation criteria, and execute the
Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) algorithm. The system
then automatically performs decision matrix
normalization, constructs the  weighted
normalized decision matrix, determines the

positive and negative ideal solutions, and ranks
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the menu alternatives based on their relative
closeness coefficients. Finally, the alternative
with the highest relative closeness coefficient is
presented as the recommended menu.

The implementation of the proposed system
transforms the Free Nutritious Meal (MBG)
menu selection process from a manual
evaluation approach into a TOPSIS-based
decision-making process. Activities that were
previously performed manually are now
executed systematically and automatically by
the  system. The  generated  menu
recommendations can be displayed, stored, and
exported as reports, thereby facilitating the
documentation and traceability of decision-
making outcomes. Consequently, the proposed
TOPSIS-based decision support system
improves the efficiency, consistency, and
objectivity of the menu evaluation and selection
process by systematically assessing menu
alternatives based on predefined nutritional
criteria.

Implementation

During the implementation phase, the system
design was translated into a web-based
application capable of supporting the menu
selection process for Indonesia's Free Nutritious
Meal (MBG) Program. The Technique for
Order Preference by Similarity to Ideal Solution
(TOPSIS) algorithm was integrated into the
application as the core decision-making engine
for ranking menu alternatives. The application
was developed with several key functional
modules, including menu and nutritional
criteria management, TOPSIS computation,
menu recommendation generation, and user
administration. The AKG issued by the
Ministry of Health of the Republic of Indonesia
serves as the reference standard for managing
the nutritional values associated with each
menu alternative. Through this implementation,
menu data can be processed automatically by
the system to generate ranked recommendations
based on the relative closeness coefficient
calculated using the TOPSIS method.

Testing

The system was evaluated in terms of both
functional performance and the computational
accuracy of the Technique for Order Preference
by Similarity to Ideal Solution (TOPSIS)
algorithm. Functional performance was
assessed using black-box testing, in which a
series of test scenarios was conducted to verify
the functionality of each system feature. In
addition, the computational accuracy of the
TOPSIS implementation was validated by
tracing each computational stage and
comparing the system-generated results with
manual calculations performed in Microsoft
Excel. This evaluation approach ensured that
the proposed system operated correctly from
both the user perspective and the algorithmic
implementation perspective.

A total of 21 test scenarios were successfully
executed to evaluate the system's core
functionalities, including user authentication,
the dashboard, menu management, TOPSIS
computation, ranking generation, and report
generation. A total of 21 test scenarios were
executed to evaluate the system's core
functionalities, including user authentication,
dashboard operation, menu management,
TOPSIS computation, ranking generation, and
report generation. The functional evaluation
achieved an overall score of 84.9%, indicating
that the major system functionalities operated
according to the predefined test scenarios.The
decision matrix module obtained the highest
score (8.1). Meanwhile, each of the core
TOPSIS procedures—including decision matrix
normalization, weighted normalization,
determination of the positive and negative ideal
solutions, and calculation of the relative
closeness coefficient (RC)—received a score of
4.5. These results indicate that all major system
functionalities operated successfully and
performed in accordance with the predefined
testing scenarios.

The computational accuracy of the
Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) algorithm was verified
by comparing the outputs generated by the
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proposed system with those obtained from
Microsoft Excel calculations. The comparison
covered the normalized decision matrix, the
weighted normalized decision matrix, the
positive and negative ideal solutions, the
separation distances for each alternative, and
the relative closeness coefficient (RC). The two
approaches produced identical computational
patterns and the same ranking order of menu
alternatives.  Minor  discrepancies  were
observed only in certain decimal places due to
numerical rounding and had no effect on the
final ranking results.

Hasil Rekomendasi Menu

Figure 5. Menu Ranking Results Generated by
the Web-Based Decision Support System

Table 2. Menu Ranking Results Obtained from
Manual TOPSIS Calculations

Menu D+ | D- | C |Rank
Alternative
4 0,04 | 0,11 | 0,7215 1
30 0,08 | 0,06 | 0,4144 2
6 0,09 | 0,06 | 0,4139 3
12 0,08 | 0,06 | 0,4139 3
28 0,09 | 0,05 | 0,3620 5
21 0,09 | 0,04 | 0,3330 6
5 0,09 | 0,05 | 0,3274 7
11 0,09 | 0,05 | 0,3274 8
27 0,09 | 0,04 | 0,3202 9
22 0,09 | 0,04 | 0,3191 10

As presented in Table 2, Menu 4 achieved the
highest relative closeness coefficient (Ci) of
0.7215, with a separation distance from the
positive ideal solution (D+) of 0.0456 and a
separation distance from the negative ideal
solution (D—) of 0.1181, thereby ranking first

among all evaluated alternatives. As an
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illustrative calculation, the relative closeness
coefficient of Menu 4 was calculated using
\(C_i=D_i*~/(D_i*+ +D_i*)\), resulting in
\(C _4=0.1181/(0.0456+0.1181)=0.7215\). The
relatively low D+ value indicates that Menu 4 is
closer to the positive ideal solution, whereas the
higher D— value indicates that the alternative is
farther from the negative ideal solution.
Therefore, a higher Ci value represents a higher
priority in the TOPSIS ranking [6] .

Menu 30 ranked second with a Ci value of
0.4144, while Menu 6 and Menu 12 obtained Ci
values of 0.4139. The difference of 0.3071
between Menu 4 and Menu 30 indicates that,
under the applied weighting configuration,
Menu 4 exhibits greater proximity to the ideal
solution than the other alternatives. This finding
is consistent with previous applications of
TOPSIS to food-menu selection, in which
alternatives were prioritized according to their
shortest distance from the positive ideal
solution and greatest distance from the negative
ideal solution [15]. Therefore, the present
findings further support the use of TOPSIS as a
menu-ranking mechanism, while extending its
application through dynamic weighting to
accommodate changes in user-defined criterion
priorities.

Maintenance

The maintenance phase aims to ensure that the
application remains aligned with operational
requirements and evolving national nutritional
policies. Maintenance activities include
correcting system errors, updating the AKG
references whenever revisions to the nutritional
standards are issued by the Ministry of Health
of the Republic of Indonesia, accommodating
changing user requirements, and expanding the
menu database to reflect the availability of local
food resources. In addition, periodic system
evaluations are necessary to ensure that the
evaluation criteria, weighting mechanism, and
application functionalities remain relevant and
effective in supporting menu selection within

the Free Nutritious Meal (MBG) Program.
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4. Conclusion and Suggestions

This study successfully developed a web-
based decision support system for menu
selection in Indonesia's Free Nutritious Meal
(MBG) Program using the Technique for Order
Preference by Similarity to Ideal Solution
(TOPSIS). The system evaluates 30 menu
alternatives based on five nutritional criteria:
energy, protein, fat, carbohydrates, and dietary
fiber. Computational validation showed that the
preference scores and ranking order generated
by the system were consistent with the results
obtained from manual calculations using
Microsoft Excel, indicating that the TOPSIS
algorithm was correctly implemented. Under
the weighting configuration used in the
evaluation, Menu 4 achieved the highest
relative closeness coefficient (Ci) of 0.7215 and
ranked first among the evaluated alternatives. In
addition, the dynamic weighting mechanism
allows users to adjust the relative importance of
each criterion before the TOPSIS calculation is
performed, enabling the system to evaluate
menu alternatives under different criterion-
priority scenarios.

This study has several limitations. First, the
system was developed and validated using 30
menu alternatives; therefore, the resulting
rankings are limited to the alternatives included
in the study dataset and do not represent all
menu variations implemented throughout
Indonesia's MBG Program. Second, the menu
evaluation was limited to five nutritional
criteria—energy, protein, fat, carbohydrates,
and dietary fiber—and did not incorporate other
relevant factors such as micronutrients, menu
cost, ingredient availability, food safety, and
menu acceptability. Third, the study did not
involve a representative sample of SPPG users
or MBG beneficiaries. Consequently, the
criterion weights used in the system represent
user-defined priority scenarios and should not
be generalized as representing the preferences
of all SPPG administrators or MBG
beneficiaries in Indonesia.

Future research should extend the proposed
model by incorporating additional criteria,
including menu cost, ingredient availability,
micronutrients, food safety, beneficiary
preferences, and menu acceptability, to provide
a more comprehensive evaluation framework.
Weight sensitivity analysis should also be
conducted to evaluate the stability of menu
rankings under changes in the relative
importance of individual criteria. Furthermore,
multi-objective  optimization could be
integrated to identify menu combinations while
simultaneously considering multiple objectives
and constraints. The use of actual operational
data and direct implementation within Nutrition
Fulfillment Service Units (SPPG) is also
recommended to evaluate the effectiveness,
scalability, and practical applicability of the
proposed system under real-world MBG
operational conditions.
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